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 Abstract 

The major histocompatibility complex (MHC) is an important immune gene family involved in the 

vertebrate immune response, with genes designated as class I, class II, or class III. The MHC class I 

and class II genes are responsible for antigen presentation to T-cells. Class I and class II genes have 

vital roles in resistance to disease, for example, in bank voles (Myodes glareolus), two alleles of 

the DQβ gene have been associated with infection risk of Borrelia afzelii. MHC genes, in particular 

the peptide binding region (PBR), show incredible levels of diversity with more than 10,000 alleles 

identified in human class II genes. The PBR is the region of the MHC molecule involved in directly 

binding peptides, with class I molecules able to bind peptides of 8-11 amino acids and class II 

molecules peptides of 10-30 amino acids. MHC genes evolve through a birth and death process 

with class I genes evolving faster compared to class II genes, this results in class II genes showing 

orthology across lineages, meanwhile orthology of class I genes is rarely seen. It is predicted that 

diversity in MHC genes is maintained through co-evolution with pathogens and in addition to 

single nucleotide polymorphisms (SNPs), MHC genes have high levels of copy number variation 

(CNV) both within and between species. For these reasons studying MHC genes, particularly in 

non-model organisms, is technologically challenging, with most studies choosing only to focus on 

the PBR. Due to the role of the MHC in immunity there have been numerous studies looking at the 

diversity of the MHC in eutherians and marsupials. However, in marsupials, due in part to the lack 

of genomic resources, there is very little known about the genomic repertoire and organisation of 

the MHC. Most studies have only looked at diversity in a single exon (most commonly exon 2 or 3 

which encodes the PBR) and therefore the true level of diversity in MHC genes is largely unknown. 

Marsupials are an interesting study system as they give birth to highly altricial and immunologically 

naïve young. Early investigations of the marsupial MHC were hampered by a lack of genomic data 
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however, researchers were able to determine that the class II genes in marsupials were not 

orthologous to eutherian class II genes. Additionally, it is known that the number of MHC genes is 

highly variable between species, for example, woylies (Bettongia penicillata ogilbyi) have 12 DAβ 

loci, but Tasmanian devils (Sarcophilus harrisii) have only three DAβ loci and no genes from the DB 

or DC cluster. Efforts to annotate MHC genes and investigate their diversity in marsupials has been 

challenging due to the absence of high-quality reference genomes. The limited genomic resources 

available for marsupials make it difficult to accurately annotate and characterise MHC genes, 

hindering our understanding of their function and evolution. With recent advancements in 

sequencing technologies and bioinformatic tools, the cost of generating high-quality reference 

genomes has significantly decreased. The number of reference genomes available for marsupials 

has dramatically increased and it is now possible to bioinformatically annotate and compare the 

repertoire of MHC genes across marsupials and trace the patterns of gene birth and death. 

Additionally, the reduction in the cost of generating sequence data has made it possible to 

investigate diversity across entire gene families in large numbers of individuals compared to 

investigating only a few genes or a few populations previously. The koala (Phascolarctos cinereus) 

is a useful case study species to investigate MHC diversity because it has, a high-quality reference 

assembly and accurate immune gene annotation already available. Koalas are an iconic Australian 

marsupial threatened by two pathogens, Chlamydia pecorum and koala retrovirus (KoRV) and are 

currently listed as Endangered , making research into their immune system imperative for 

conservation of the species. 

This thesis aims to investigate the birth, death and diversity of MHC genes in marsupials. To 

achieve this I aim to, trace patterns of gene gain and loss in class II MHC genes across the marsupial 

lineage (29 species). Secondly, to compare sequencing approaches for investigating marsupial 

MHC diversity. Thirdly, I aim to investigate the associations between variation in immune genes, 
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including the MHC, and disease progression using koalas and Chlamydia. Finally, I investigate 

a iatio  i  SNPs a d op  u e  ithi  MHC ge es a oss the koala s e ti e geog aphi al a ge 

to understand patterns of selection and variation in a critical gene family. 

To trace patterns of MHC gene gain and loss, in Chapter 2, I annotated the marsupial class II MHC 

genes in 29 species. When investigating complex immune gene families, such as the MHC, a 

necessary first step is manual annotation as automated pipelines are unable to accurately 

annotate these genes. I manually annotated a total of 384 genes across the 29 species and found 

a wide range in the number of genes present. All species had a single copy of the Daα, DMα and 

DMβ genes, with the number of DAβ genes ranging from one to 12. I was unable to identify DCβ 

genes the Peramelidae, Thylacomyidae, Notoryctidae and Dasyuridae families (which contain 

bandicoots, bilbies, the marsupial mole and devils). Additionally, in Dasyuridae I was unable to 

identify DBα or DCα genes, indicating that two gene deletion events have occurred, one in the 

ancestor of the polyprotodont marsupials and the second in the ancestor of Dasyuridae. 

Previously very little has been known about the MHC class II repertoire and evolution in marsupial 

species and my annotations have allowed me to investigate patterns of birth and death of MHC 

genes in marsupials. 

The remainder of the thesis uses koalas as a case study for investigating immune genes, due to 

the availability of a high-quality reference genome, accurate annotation of immune genes and the 

significant impact of chlamydiosis on the species. Through the course of my candidature, the costs 

associated with obtaining high coverage whole genome sequencing (WGS) data rapidly decreased, 

making new technologies more accessible. The koala genome survey was launched in 2021, by our 

team, and generated WGS, of 438 wild koalas, to 30x coverage. To determine the utility of WGS 

data for investigating diversity in complex immune gene families, in Chapter 3, I used ten samples 
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that were sequenced in Chapter 4 and as part of the koala genome survey to compare genotype 

calls at MHC genes. Comparing these ten samples allowed me to determine a minimum of 20x 

coverage is required to reliably call genotypes in MHC genes. To identify associations between 

immune genes and disease progression, in Chapter 4, I used a targeted sequencing approach to 

investigate diversity within functional immune regions. By targeting specific genomic regions, the 

amount of sequencing data required to achieve high coverage of complex regions is reduced (for 

example my study achieved an average of 264x coverage across targeted genes). I investigated 

1,209 immune related genes to identify key genetic drivers of chlamydiosis progression in koalas. 

Using 43 koalas, where 12 individuals had resolved a C. pecorum infection without medical 

intervention, I identified variants in 17 genes that were involved in aspects of immunity including 

the i ate i u e espo se TLR  a d defe e TLR , IFNγ, SERPINE , STAT  a d STX4). I also 

determined that heterozygosity in one MHC class I gene has a protective effect in the progression 

of C. pecorum infection to disease, highlighting the importance of maintaining diversity at MHC 

genes. Elucidation of the role of host genetics in disease progression and resolution in koalas 

highlights the potential for genomic research to inform conservation. 

Investigating both SNPs and CNV in MHC genes is important to assess the susceptibility of 

populations to pathogens. By leveraging the koala genome survey dataset, for the first time in a 

wildlife species, in Chapter 5, I was able to investigate the MHC diversity across both the entire 

gene length and geographical range of koalas (24 genes and 438 individuals). I was able to achieve 

this significant investigation as our WGS survey sequenced samples to 30x coverage. Through 

analysis of WGS data I identified CNV between and within populations with gene deletions seen 

in Victorian and South Australian koalas representative of historical population bottlenecks. I 

identified signatures of purifying selection in two class I genes that is likely a result of pathogen 

mediated selection due to high prevalence of C. pecorum in Queensland. Additionally, I clustered 
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class I genes into 28 supertypes that show strong geographical signatures and may represent 

diffe e t pathoge  p essu es a oss the koala s a ge. These esults sig ifi a tl  i ease ou  

knowledge of the diversity in koala MHC genes and provides the first foray into CNV and supertype 

identification in koalas. 

Overall, my thesis demonstrates the power of genomic technologies to investigate the birth, 

death, and diversity of MHC genes. By leveraging existing genomic resources and investigating 

sequencing and analysis methods, I was able to identify patterns of gene gain and loss, investigate 

the role of MHC diversity in disease resistance, compare sequencing approaches, and measure 

MHC diversity across the entire range of koalas. These findings have important implications for 

understanding the evolution and function of the MHC in marsupials. The methods showcased 

throughout this thesis are becoming commonplace as genomic technologies increasingly become 

more accessible across the globe. This thesis provides a workflow for investigating evolution and 

diversity of any gene family in any wildlife species.  
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BLAST basic local alignment search tool 

BP basepair 

BUSCO benchmarking universal single-copy 

ortholog 

BVB Brisbane Valley Barrier 

BWA Burrows-Wheeler aligner 

CDS coding domain sequence 

CNV copy number variation 

DAPC discriminant analysis of principal 

components 

DarTseq diversity arrays technologies 

sequencing 

DFTD devil facial tumour disease 

DNA deoxyribonucleic acid 

EB elementary body 

EBP Earth Biogenome Project 

FEL fixed effects likelihood 

FST pairwise fixation index 

GATK genome analysis toolkit 

Gbp giga base pairs 

GDR Great Dividing Range 

GO gene ontology  

GWAS genome wide association study 

HE expected heterozygosity 

HMW high molecular weight 

HO observed heterozygosity 

HV Hidden Vale 

IFN interferon 

Ig immunoglobulin 

IGV integrative genomics viewer 

IL interleukin 

Kbp kilo base pairs 

KoRV koala retrovirus 

lcWGS low coverage whole genome 

sequencing 

LRC leukocyte receptor complex 

LRR leucine rich repeat 

MAF minor allele frequency 

Mbp mega base pairs 

MBR Moreton Bay Region 

MEME mixed effect model of evolution 

MHC major histocompatibility complex 

MYA million years ago 
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NCBI National Centre for Biotechnology 

Information 

NGS next generation sequencing 

NKC natural killer cells 

NSW  New South Wales 

ONT Oxford nanopore technology 

PAMP pathogen-associated molecular 

patterns 

PBR peptide binding region 

PC principal component 

PCoA principal coordinate analysis 

PCR polymerase chain reaction 

QLD Queensland 

RB reticulate body 

RNA ribonucleic acid 

ROH runs of homozygosity 

RPK reads per kilobase 

RRS reduced representation sequencing 

SNP single nucleotide polymorphism 

SSCP single-stranded conformation 

polymorphism 

TCR T-cell receptor 

TLR toll-like receptor 

TNF tumour necrosis factor 

TSI Threatened Species Initiative 

VCF variant call format 

VGP Vertebrate Genome Project 

WES whole exome sequencing 

WGS whole genome sequencing 
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Chapter 1: Introduction and Literature Review 

1.1 Literature Review 

The Major Histocompatibility Complex 

The major histocompatibility complex (MHC) is one of the major components of the adaptive 

immune system and is found in all jawed vertebrates (gnathostomes). The MHC consists of three 

subclasses, class I, class II, and class III, and contains numerous genes responsible for the 

presentation of antigens to the host immune system. Class I and class II MHC molecules are 

involved in adaptive immunity and have a similar overall structure consisting of a peptide binding 

region (PBR), immunoglobulin like domain and membrane spanning region. However, they also 

have some key differences resulting in each class having distinct functions in antigen presentation. 

Class I molecules are expressed on the surface of all nucleated cells and contain an α chain 

encoded within the MHC, and a β2-microglobulin which is not encoded within the MHC region. In 

class I genes the α chain encodes two peptide binding domains allowing class I molecules to bind 

peptides of 8-11 amino acids in length by the tail of the peptides (Gastaldello et al., 2021; Gfeller 

et al., 2018). Similarly, class II genes also contain an α and β chain encoded by separate genes, 

however both chains are encoded within the MHC region (Brown et al., 1993; Viluma et al., 2017). 

Class II genes also have a more constricted expression profile compared to class I, with class II 

molecules primarily expressed on B lymphocytes (Kelley et al., 2005). Class II molecules can bind 

peptides of 10 - 30 amino acids at any point along the peptide (Batalia & Collins, 1997; 

Rammensee, 1995). Class III genes are primarily involved in innate immunity, antigen presentation 

and other non-immune related functions (Milner & Campbell, 2001). 

The genes contained in class I and class II are designated as either classical or non-classical. 

Classical class I genes typically have ubiquitous tissue expression and present foreign peptides 
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from intracellular pathogens to cytotoxic T cells (Bjorkman & Parham, 1990; Cresswell et al., 2005). 

Whereas classical class II genes are expressed on antigen presenting cells and present exogenous 

peptides (Neefjes et al., 2011). Compared to the classical genes, the non-classical class I genes 

have more constricted expression across tissues and lower levels of polymorphism. Multiple 

copies of non-classical class I genes are present in many marsupials, which appear to arise through 

species specific duplications (Braud et al., 1999). Similarly, the non-classical class II genes are 

characterised by low polymorphism and restricted tissue expression. These genes primarily serve 

as accessory proteins in antigen presentation (Alfonso & Karlsson, 2000). 

MHC genes evolve via a birth and death model resulting in various numbers of MHC genes 

identified between species. Typically, class I genes undergo a more rapid rate of birth and death 

compared to class II genes, meaning orthology of class I genes is rarely seen across mammalian 

lineages (Hughes & Nei, 1989). Whereas the class II genes show orthologous relationships 

between gene regions within various clades (eutherians, birds, marsupials) (Hughes & Nei, 1990; 

Takahashi et al., 2000). There is incredible diversity seen within MHC genes, with over 25,000 class 

I and over 10,000 class II alleles identified to date in humans (Barker et al., 2023). It is hypothesised 

that there are fitness benefits associated with higher levels of MHC diversity as increased diversity 

allows a population to bind a broader range of pathogens (Hughes & Nei, 1989; Sommer, 2005), 

and that this diversity is maintained through pathogen mediated balancing selection (Jeffery & 

Bangham, 2000; Spurgin & Richardson, 2010). There are two types of balancing selection predicted 

to act upon MHC genes, heterozygote advantage and rare allele advantage. The heterozygote 

advantage theory predicts that a heterozygous individual will have increased fitness relative to a 

homozygous individual by having more alleles at a given locus allowing the heterozygote to detect 

a wider range of pathogens (Borghans et al., 2004; Penn et al., 2002). Rare allele advantage is 

based on the co-evolutionary arms race between pathogens and host. This p edi ts that e  o  
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rare alleles are more resistant to pathogens and therefore increase in frequency in a population 

resulting in increased selection p essu e o  pathoge s to a oid dete tio   a o o  allele 

(Borghans et al., 2004; Meyer-Lucht & Sommer, 2005; Sommer, 2005). With an increasing range 

of technologies available to conservation, including next generation amplicon sequencing, target 

enrichment, whole genome sequencing (WGS) and long read sequencing, it is possible and 

necessary to investigate MHC diversity to identify alleles associated with disease progression and 

genetic resilience in threatened populations (Cheng et al., 2022; Montero et al., 2021; Scherman 

et al., 2021; Silver et al., 2022). 

Marsupials 

Marsupials are a clade of therian mammals that diverged from eutherian mammals around 147 

million years ago (MYA) and are distinguished by unique reproductive physiology (Bininda-Emonds 

et al., 2007). Since divergence, marsupials have evolved into over 300 species with the majority 

endemic to Australia (Bininda-Emonds et al., 2007). The defining characteristic of a marsupial is 

the presence of a pouch in the female, where young undergo most of their development (Old & 

Deane, 2000). Young of marsupials are born extremely undeveloped, with only the forelimbs and 

head being properly formed allowing the offspring to climb into the pouch and attach to the 

othe s teat (Tyndale-Biscoe, 2005; Tyndale-Biscoe & Renfree, 1987). Development of the young 

o ti ues i  the pou h he e the  a e suppo ted  the othe s ilk. 

The Marsupial Immune System 

The young of marsupials are born immunologically naïve after an incredibly short gestation period 

(ranging from 11 days in the stripe-faced dunnart (Sminthopsis macroura) to 35 days in the koala 

(Phascolarctos cinereus)) (Martin et al., 1999; Selwood & Woolley, 1991). In contrast to 
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eutherians, where the primary period of development occurs within the sterile uterus, in 

marsupials, the majority of development occurs within the non-sterile environment of the pouch 

(Old & Deane, 2000). I itiall  o side ed to e p i iti e  (Jurd, 1994), we now know the marsupial 

immune system contains many of the same tissues and cells as the eutherian immune system and 

is therefore functionally comparable to eutherians (Belov et al., 2013; Belov et al., 2007; Old & 

Deane, 2000). 

The immune tissue development in pouch young follows a similar pattern across marsupials with 

initial protection provided by a haematopoietic liver before rapid development of the innate 

immune system as a first line of defence against pathogens (Baker et al., 1999; Basden et al., 1997; 

Old & Deane, 2000). The adaptive immune system is slower to develop with lymphocytes not 

appearing until later during development, around day 10 – 12 in the Virginian opossum (Didelphis 

virginiana) (Basden et al., 1997; Cutts & Krause, 1980). Maturation of T and B-cells does not occur 

until much later, with adult like cells appearing at day 60 postpartum in the tammar wallaby 

(Macropus eugenii) (Basden et al., 1997; Old & Deane, 2000). During development the naïve young 

rely on protection via placental transfer of immunoglobulins (Igs), the presence of immune 

compounds in milk, antimicrobial pouch secretions and maternal cleaning of the pouch (Edwards 

et al., 2012). 

In adult marsupials, the thymus is the primary organ for T-cell maturation. Some marsupials 

possess both a thoracic and cervical thymus, whereas others have only a thoracic thymus 

(Johnstone, 1898). Typically the polyprotodont marsupials (such as quolls and bandicoots) have 

only a thoracic thymus, whereas diprotodont marsupials (such as kangaroos and wallabies) 

possess both a cervical and thoracic thymus, apart from the koala who lack a thoracic thymus 

(Yadav, 1973). In those species with a thoracic and cervical thymus the cervical thymus is larger, 
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however, both thymuses have the same functional role and show similar expression of key genes 

(Wong et al., 2011; Yadav et al., 1972). As with eutherians, the spleen and lymph nodes are primary 

sites of B-cell proliferation (Conley & Cooper, 1998).  

Genetics of the Marsupial Immune System 

Exploration of the underlying genetics involved in the marsupial immune system began in the late 

1990s using probes to isolate cDNA sequences of single genes. These early investigations resulted 

in the identification of some of the more conserved genes such as constant regions of Igs (Belov 

et al., 1998; Belov et al., 1999b, 1999a, 2002; Belov et al., 1999c; Miller et al., 1999; Miller et al., 

1998). These early studies determined that the marsupial Igs were largely similar to eutherian 

counterparts with the exception of the absence of IgD (Miller & Belov, 2000). By the mid-2000s 

the first reference genomes of marsupials became available. 

The grey short-tailed opossum (Monodelphis domestica) was the first marsupial to have its 

genome sequenced (Mikkelsen et al., 2007), with sequencing completed using whole genome 

shotgun sequencing. The resulting assembly was 3.48 giga-basepairs (Gbp) in size with a scaffold 

N50 (N50 is the length of the contig for which all other larger contigs cover 50% of the total 

assembly length and is commonly used as a metric for genome contiguity) of 59.8 mega-basepairs 

(Mbp) (Mikkelsen et al., 2007) (Table 1-1). Analysis of the opossum genome determined over 

15,000 of the 20,000 protein coding genes identified shared orthologs with eutherian species, 

including major immune gene families. The availability of a reference genome allowed for 

investigation into the genomic organisation of immune gene clusters including the MHC, natural 

killer complex (NKC) and leukocyte receptor complex (LRC) (Belov et al., 2007). The opossum 

genome enabled researchers to characterise the full complement of immune genes such as the 

MHC and elucidate their genomic organisation (Belov et al., 2006; Belov et al., 2007). These first 
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investigations into the marsupial immune genes allowed researchers to compare the marsupial 

immune system more broadly to that of eutherians and determined that they are largely similar. 

Analysis of immune genes within the opossum genome identified members of all major immune 

gene families establishing that the highly complex immune system of eutherians had likely evolved 

prior to divergence of mammal and marsupial lineages (Belov et al., 2007).  

Table 1-1 Comparison of marsupial reference genome assembly qualities 

Species grey short-

tailed 

opossum 

(Mikkelsen et 

al., 2007) 

tammar 

wallaby 

(Renfree et 

al., 2011) 

Tasmanian 

devil (Miller 

et al., 2011)l 

Tasmanian 

devil 

(Murchison et 

al., 2012) 

koala 

(Johnson et 

al., 2018) 

Year 2007 2011 2011 2012 2018 

Sequencing 

Technology 

Whole-

genome 

shotgun  

Sanger, ABI 

SOLiD 

Roche/454 

Life Sciences, 

Illumina 

Illumina PacBio, 

Illumina, 

BioNano 

and HiC 

Genome Size 

(Gbp) 

3.48 3.07 3.23 3.17 3.19 

No. Scaffolds 5223 277711 148891 35974 NA 

No. Contigs 72674 1174000 457980 237291 1906 

Scaffold N50 

(Mbp) 

59.8 0.0418 0.147 1.8 NA 

Contig N50 

(Mbp) 

0.108 0.0026 0.009 0.02 11.6 

Following this, the first Australian marsupial to have their genome sequenced was the tammar 

wallaby (Renfree et al., 2011), which was completed using a combination of whole genome 

shotgun sequencing and Sanger sequencing. This assembly was poorer quality compared to the 

opossum, with a scaffold N50 of only 41.8 kilo-basepairs (Kbp) (Table 1-1). The genome assembly 

of the tammar wallaby provided detailed insights into the genomic organization of the MHC and 

found that there has been significant rearrangement compared to the opossum, with classical 

class I genes moving out of the core MHC region (Siddle et al., 2011). As part of the conservation 

actions for the Tasmanian devil (Sarcophilus harrisii), two genome sequencing projects took place 
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in early 2010 (Table 1-1). The first used a combination of Roche/454 and Illumina sequencing of 

two individuals to assemble a 3.3 Gbp genome with a scaffold N50 of 147.6 Kbp (Miller et al., 

2011). The second genome assembly used Illumina next generation sequencing (NGS) to assemble 

a 3.17 Gbp genome with contigs assigned to chromosomes and a scaffold N50 of 1.85 Mbp, 

resulting in a more contiguous genome that has been the basis for the myriad of genetic work that 

has occurred on devils (Murchison et al., 2012) (for an overview of devil genetic work see Brandies 

et al. (2019); Hogg et al. (2019)). In 2018, PacBio long read sequencing technology was used to 

assemble a koala reference genome, with Illumina NGS used for polishing and BioNano optical 

maps to generate a 3.19 Gbp assembly with a scaffold N50 of 480 Mbp (Johnson et al., 2018) 

(Table 1-1). The high contiguity of this assembly allowed for the first complete reconstruction of 

the marsupial immune gene repertoire, including the MHC and T-cell receptor (TCR) regions 

(Cheng et al., 2018; Johnson et al., 2018). These four genome projects (opossum, tammar wallaby, 

Tasmanian devil, koala) were possible due to collaborations across research groups, institutions 

(both academic and industry), and countries. More recently as bioinformatic tools and the cost of 

sequencing decreases it has become possible for individual research groups to sequence and 

assemble genomes (Brandies et al., 2020; Peel et al., 2021b). 

MHC 

The marsupial MHC class II contains three classical molecules (DA, DB and DC) that show no 

orthology to eutherian MHC class II (DP, DQ and DR) (Belov et al., 2004; Schneider et al., 1991), 

and a single non-classical molecule (DM), which is orthologous to eutherian species. In the 

marsupial species investigated to date, the β chain of the DA molecule, and the α and β chains of 

the DB molecule are typically duplicated, whereas for all other molecules there is a single copy of 

the α and β chain (Belov et al., 2006; Cheng et al., 2012a; Cheng et al., 2009a; Peel et al., 2022b). 
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The size and gene content of the marsupial MHC region is similar to that of eutherians, however 

the organisation is dissimilar. Marsupials studied so far have interspersed class I and class II genes 

whereas in eutherians the class I and class II genes are separated by the class III gene region (Belov 

et al., 2006; Kelley et al., 2005). 

The majority of MHC diversity studies in marsupials have occurred in devils and koalas due to the 

associations between disease (devil facial tumour disease [DFTD] in devils and chlamydiosis in 

koalas) and the MHC region (Belov, 2011; Lau et al., 2014a; Quigley et al., 2018a; Robbins et al., 

2020; Siddle et al., 2007a; Siddle et al., 2012). The initial studies on devils used single-strand 

conformation polymorphism (SSCP) to identify different alleles and found low diversity in class I 

genes in addition to the host tissue sharing the same alleles as tumour tissue (Caldwell et al., 2018; 

Siddle et al., 2007a). The shared MHC molecules means the devil s immune system does not 

recognize DFTD cells as foreign and therefore does not mount an immune response upon infection 

(Siddle et al., 2007a; Siddle et al., 2007b). Investigations into the MHC diversity in koalas has 

occurred primarily through amplicon sequencing of the PBR (Cheng et al., 2018; Lau et al., 2013). 

These studies have identified higher diversity in both class I and class II MHC genes compared to 

devils. Amplicon sequencing to measure MHC diversity has also occurred in brushtail possums 

(Trichosurus vulpecula) (Holland et al., 2008c, 2008b, 2008a; Holland et al., 2009), tammar wallaby 

(Cheng et al., 2009a), western-barred bandicoot (Perameles bougainville) (Smith et al., 2010), red-

tailed phascogale (Phascogale calura) (Hermsen et al., 2017), common wombats (Vombatus 

ursinus) (Old et al., 2020), Gracilinanus microtarsus and Marmosops incanus (Meyer-Lucht et al., 

2010). With the wealth of genomes and genomic resources available for non-model species it is 

imperative that more wide scale detailed investigations into the marsupial MHC occur, especially 

those threatened with disease. 
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Koalas 

Koalas are a characteristic and iconic Australian marsupial. Koalas are declining across their range 

(Adams-Hosking et al., 2016) a d ha e e e tl  ee  listed as E da ge ed  u de  the Australian 

Go e e t s E i o e t P ote tio  a d Biodi e sit  Co se atio  A t . Koalas a e the 

only member of the family Phascolarctidae and are most closely related to wombats. They feed 

exclusively on the leaves of Eucalyptus species and individuals often show preferences to specific 

species or individual trees (Marsh et al., 2021; Marsh et al., 2013). Historically, koala populations 

have been impacted by numerous local contractions and expansions, bottlenecks, disease 

outbreaks, and hunting. All of hi h ha e o t i uted to thei  listi g of E da ge ed  a d i pa ted 

overall health of koala populations. It is thought that upon European settlement koala numbers 

were relatively low. Throughout European colonisation koala populations expanded, and numbers 

increased to the point where the fur trade became viable. The fur trade occurred from the late 

1800s to the early 1900s, with millions of koalas being killed between 1919 and 1924 (Melzer et 

al., 2000). This trade contributed to the extinction of koalas in South Australia and severe 

reduction in numbers across Victoria (Melzer et al., 2000). In the early 1900s, to mitigate the 

widescale population reduction, a small number of koalas were introduced to French Island off 

the coast of Victoria. However, this population was only established with two or three koalas 

resulting in a severe population bottleneck (Martin et al., 1999; Melzer et al., 2000). Individuals 

from French Island have been translocated to populate other islands in the surrounding region, 

including Phillip Island (in 1923), Quail Island (between 1930-33) and Kangaroo Island (between 

1923-25) (Martin et al., 1999). Whilst these management actions were made with good intentions 

in mind, they have resulted in populations of koalas with high levels relatedness to each other and 

high levels of inbreeding, resulting in testicular abnormalities in 19% of individuals on Kangaroo 

Island, and low genetic diversity (Cristescu et al., 2009; Kjeldsen et al., 2019). 
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Contemporary threats faced by koalas are primarily anthropogenic including habitat degradation, 

vehicle strike and dog attacks (Beyer et al., 2018; Dique et al., 2003; Goldingay & Dobner, 2014; 

Rhodes et al., 2011) but they are also threatened with two infectious diseases, chlamydiosis and 

koala retrovirus (KoRV) (Beyer et al., 2018; Cockram & Jackson, 1974; Hanger et al., 2000; 

Polkinghorne et al., 2013). Current numbers of koalas are unknown with population estimates 

varying widely. Expert elicitation estimates koala numbers in each state to be: 36,350 (13,825 - 

73,015) in New South Wales (NSW); 79,264 (33,328 – 353,824) in Queensland (QLD); 33,319 

(19,037 – 51,220) in South Australia; and 182,505 (77.763 – 326,515) in Victoria. Many populations 

across Australia have declined by 24% over the last three koala generations (15 – 21 years) 

(Adams-Hosking et al., 2016). These declines have only been exacerbated by the 2019/20 

megafires where 12.6 million acres burned (Wintle et al., 2020), much of this overlapping with 

known koala habitat. Combined with the already high levels of land clearing for human use, the 

increased habitat fragmentation from fires will impede gene flow (Seddon & Schultz, 2020). 

Throughout their range koalas exhibit varying levels of neutral diversity, with southern 

populations showing lower levels of diversity compared to other populations (Johnson et al., 2018; 

Kjeldsen et al., 2019). This is consistent with documented historical bottlenecks caused by hunting 

and small founder numbers for island populations (Lewis, 1934, 1954; Menkhorst, 2008). Reduced 

diversity across the genome could result in fitness declines and lower genomic plasticity to 

respond to future pressures posed by evolving pathogen pressures or environmental changes. 

Genetic studies on koalas have primarily used microsatellites, with 46 different microsatellites 

developed by five different studies (Brandies et al., 2018; Cristescu et al., 2009; Dennison et al., 

2016; Houlden et al., 1996; Ruiz-Rodriguez et al., 2014), of which three are MHC linked 

microsatellites (Brandies et al., 2018). These microsatellite studies have primarily focused on 

koalas from Victoria and South Australia. Their findings have all been complementary; that 
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populations on French Island, Kangaroo Island, Eyre Peninsula, Mt Lofty Ranges and other sites in 

Victoria, with the exception of the South Gippsland region and Strzelecki ranges, have low levels 

of diversity (Cristescu et al., 2009; Cristescu et al., 2010; Lee et al., 2012; Ruiz-Rodriguez et al., 

2016; Seymour et al., 2001; Wedrowicz et al., 2018). These studies also determined southern 

Australian populations are closely related to one another and koalas in South Australia were 

founded singularly from Victorian koalas, which agrees with the reported translocation history of 

these populations (Seymour et al., 2001). Studies on koalas from north-east NSW and south-east 

QLD determined individuals north of the Brisbane River form a population separate to that south 

of the Brisbane River. Additionally, individuals from northern NSW and the Gold Coast form a 

single population and, koalas from Coffs Harbour and Port Macquarie form two distinct 

populations based on STRUCTURE analysis of microsatellites (Dennison et al., 2016; Lee et al., 

2013; Lee et al., 2010).  

There have been four studies investigating genome-wide single nucleotide polymorphisms (SNPs) 

in koalas (Hogg et al., 2023; Schultz et al., 2020), with three of these investigating genetic diversity 

across their entire range (Kjeldsen et al., 2019; Kjeldsen et al., 2015; Lott et al., 2022). The results 

of these studies are largely similar to the microsatellite studies, but investigation of more range-

wide populations enabled wider inferences on population structuring. These studies have 

determined the highest levels of diversity are present in koalas from the Blue Mountains, 

highlighting the significance of ensuring this population is well protected. Southern Australian 

populations showed the lowest levels of diversity, having primarily originated from translocated 

individuals (Kjeldsen et al., 2019; Kjeldsen et al., 2015). Furthermore, SNP data has been able to 

identify historical barriers to gene flow. These studies estimate there to be five major clades of 

koalas, with the Brisbane Valley, Clarence River, Sydney Basin and Australian Alps the most likely 

boundaries of these clades (Kjeldsen et al., 2019; Lott et al., 2022). Unfortunately, in part due to 
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low population numbers, these studies have analysed limited samples from west of the Great 

Dividing Range (GDR) with only a few individuals from Gunnedah, Narrandera, Pilliga and 

Coonabarabran (Kjeldsen et al., 2019; Lott et al., 2022). Future investigations should attempt to 

analyse more individuals from west of the GDR as individuals from these regions may harbour 

genetics variants not found in other populations. 

Chlamydia 

Chlamydiae are a genus of obligate intracellular bacterium that cause disease in a range of species, 

most notably humans. In humans, Chlamydia trachomatis is the most common cause of sexually 

transmitted disease worldwide (Horn, 2008). The Chlamydia bacterium have a unique biphasic 

lifecycle that is dependent on eukaryotic host cells (AbdelRahman & Belland, 2005; Abdelsamed 

et al., 2013; Gitsels et al., 2019). In the extracellular phase, Chlamydia bacteria exist as an 

elementary body (EB). The EBs invade susceptible eukaryote cells and are internalized in 

membrane bound vacuoles, causing the initial infection (AbdelRahman & Belland, 2005). Once 

inside the cell, the EBs differentiate into reticulate bodies (RB). RBs are the metabolically active 

forms of the bacteria which rapidly replicate and eventually differentiate back into EBs before the 

cell lyses and the EBs can infect neighbouring cells (AbdelRahman & Belland, 2005). Chlamydia 

pecorum is the primary disease-causing species which infects koalas, Chlamydia pneumoniae has 

also been identified but is less pathogenic (Devereaux et al., 2003; Hulse et al., 2018). 

Koalas and Chlamydia 

In koalas, chlamydiosis is associated with clinical signs in the ocular and urogenital region, 

including conjunctivitis leading to corneal scarri g a d li d ess, as ell as et- otto  a d 

inflammation in the reproductive tract resulting in infertility (Cockram & Jackson, 1974; McColl et 
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al., 1984; Polkinghorne et al., 2013). However, not all instances of Chlamydia infection result in 

disease with subclinical infections occurring up to 28% of the time in a south-east QLD population 

of koalas (Quigley et al., 2018b; Quigley et al., 2019). In this same population, 18% of the 

mortalities observed over a four-year period were attributed to chlamydiosis (Beyer et al., 2018), 

indicating that C. pecorum infection could exhibit significant selective pressures. 

With advances in sequencing technology and bioinformatic capability there has been increasing 

research into the genetic contributions to chlamydiosis from both the Chlamydia bacteria and the 

host (Menon et al., 2015; Quigley et al., 2018a). Researchers are beginning to disentangle the host 

genetic mechanisms that influence chlamydiosis across a range of species, primarily humans and 

koalas but also livestock (Kinnunen et al., 2002; Lau et al., 2014a; Robbins et al., 2020). Much of 

the focus on the genetic relationship in koalas and Chlamydia has been on MHC diversity. The first 

study looking for associations between MHC variants and chlamydiosis investigated the β chain of 

the DA and DB genes in koalas from the Port Macquarie region on the mid-north coast of NSW 

(Lau et al., 2014a). Lau et al. (2014a) identified eight and four variants from the DA and DB β chain, 

respectively, of which three showed some association with various aspects of chlamydiosis. A 

higher proportion of Chlamydia infected koalas had the DAβ*10 variant compared to uninfected 

koalas. In addition, presence of the DBβ*4 variant was associated with higher levels of c-hsp60 

antibody, indicating the DBβ*4 variant binds strongly to c-hsp60 to illicit a strong humoral immune 

response (Kollipara et al., 2013). A later study also investigated the β chain of the DA and DB gene 

in a south-east QLD population of koalas (Quigley et al., 2018a). This study identified 11 and four 

alleles in DAβ and DBβ, respectively, with only one variant (DBβ*3) associated with chlamydiosis 

(Quigley et al., 2018a). A wider study investigated six MHC genes, two Class I (UA and UC) and four 

Class II (the β hai  of DA, DB, DC and DM genes) in 80 koalas from two south-east QLD populations 

and identified 61 alleles across the six genes (Robbins et al., 2020). Robbins et al. (2020) 
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determined DCβ*3 and DBβ*4 were significantly more prevalent in diseased koalas, with 

individuals possessing the DCβ*3 alleles being 3.7 times more likely to progress to disease than 

those who did not. Two alleles were also identified as being protective variants, with DAβ*10 and 

UC01:01 being significantly more prevalent in healthy animals than animals with chlamydiosis. 

Individuals with the DAβ*10 alleles were 5.49 times less likely to progress to disease than those 

not possessing the DAβ*10 allele (Robbins et al., 2020). Whilst these three studies have identified 

eight alleles associated with chlamydiosis in koalas, only small regions of the MHC genes were 

investigated (exon 2 for both class I and class II genes (Abts et al., 2018; Cheng et al., 2018; Lau et 

al., 2013)). The availability of a genome assembly for the koala made it possible to 

bioinformatically characterise the entire MHC region (Cheng et al., 2018; Johnson et al., 2018). 

Combined with decreasing cost of obtaining sequence data, it is now possible to investigate the 

entire length of MHC genes through target probes, long read amplicon sequencing or WGS (Cheng 

et al., 2022). Aside from MHC genes, studies have also focused on the role of cytokines in the 

response to Chlamydia infection. These studies have primarily used RNA data to investigate 

altered expression levels in koalas or cells infected with Chlamydia. Several interleukin genes (IL10, 

IL17A, IL16, IL1B and IL8) have been identified as being differentially expressed in koalas infected 

with Chlamydia (Maher et al., 2014; Mathew et al., 2013a; Phillips et al., 2019). Additionally, both 

tumour necrosis factor α (TNFα) and interferon γ (IFNγ) have been shown to be upregulated in 

cells infected in-vitro with Chlamydia as well as in wild-infected koalas (Mathew et al., 2013a; 

Mathew et al., 2013b). Increasing numbers of studies of koala genomics will increase our 

understanding of the immune mechanisms involved in chlamydiosis and better develop vaccines. 

Whilst the studies discussed above have provided vital insights into the genetic pathways involved 

in Chlamydia infection in koalas, results were not always consistent. This highlights the complex 

nature of pathogen infection and pathways involved in disease resolution. One explanation could 
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be the impact of chlamydial strains, with ompA genotype shown to influence disease progression 

(Robbins et al., 2020). Methodological approach may also be a contributing factor, as in of these 

studies all bar one (Phillips et al., 2019) the gene of interest was specifically targeted, most 

probably due to high costs and labour intensity of investigating numerous genes. With the increase 

in sequencing capabilities, it is now more feasible to sequence the entire transcriptome, or 

numerous genes at a time, allowing researchers to investigate a wider repertoire of genes 

potentially involved in Chlamydia infection. Further considerations should also be given to 

including individuals from more diverse populations, as the majority of the studies to date have 

focused on individuals from south-east QLD, or the Port Macquarie region in NSW (Cheng et al., 

2018; Lau et al., 2014a; Lau et al., 2013; Mathew et al., 2013a; Mathew et al., 2013b; Phillips et 

al., 2019; Quigley et al., 2018a; Robbins et al., 2020). 

During the 2019/2020 megafires in Australia significant areas of koala habitat were lost, combined 

with existing threats of disease, dog attacks and vehicle collision signalled the fact that koalas 

could become extinct by 2050 (NSW Portfolio Committee No. 7 – Planning and Environment, 2020; 

Wintle et al., 2020). Owing to these facts it is imperative that a full genomic investigation of one 

of Aust alia s ost i o i  spe ies is u de take  ith ut ost u ge . 

Using Genomic Technologies to Understand the MHC 

Sequencing technology, assembly algorithms and bioinformatic pipelines are rapidly advancing, 

enabling researchers to answer biological questions that were unattainable only decades 

previously. The genomics era is facilitating ambitious projects to sequence all eukaryotic life, 

driven by international consortia such as the Earth Biogenome Project (EBP) (Lewin et al., 2018), 

the Vertebrate Genomes Project (VGP), Darwin Tree of Life (Darwin Tree of Life), Bat 1k (Jebb et 

al., 2020; Teeling et al., 2018), Bird 10k (Jarvis, 2016; Zhang et al., 2015), Genome 10K (Genome 
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10K Community of Scientists, 2009) and the Threatened Species Initiative (TSI) (Hogg et al., 2022) 

amongst others. 

We are currently within the era of genomics where traditional marker-based methods are being 

rapidly replaced by widescale genomic applications (Allendorf, 2017; Supple & Shapiro, 2018). 

Technologies are now available to conservation researchers to sequence SNPs across the genome 

through enzymatic methods (Peterson et al., 2012), targeted probes to sequence numerous genes 

or the entire exome (Mamanova et al., 2010), or WGS of individuals for a fraction of the cost 

(Ellegren, 2014; Flanagan et al., 2018). The resulting higher density data is driving higher precision 

estimates of population genetic metrics compared to microsatellite markers. For example, analysis 

of over 3,000 SNPs in eastern tiger salamanders (Ambystoma tigrinum) determined that roads 

were barriers to movement between ponds (McCartney-Melstad et al., 2018), whereas 

microsatellite markers found high gene flow and migration between ponds (Titus et al., 2014). 

Whilst SNP data can inform us of how populations of species are connected to one another and 

give a general overview of the genetic health of a population, it is variation within functional 

coding regions of the genome that is responsible for most of the phenotypic variation. Genome-

wide association study (GWAS) permit the identification of alleles associated with a specific 

phenotypic trait. For example, a study of Indo-Pacific bottlenose dolphins (Tursiops aduncus) using 

WGS identified 689 SNPs in 295 protein coding genes associated with susceptibility of death during 

a cetacean morbillivirus outbreak (Batley et al., 2021). The ability to sequence select regions of 

the genome, through target enrichment methods, allows researchers to investigate functionally 

important regions of the genome without having to sequence the entire genome which is still 

expensive for non-model species. Target enrichment is commonly used in phylogeny studies 

where probes are designed to target conserved genes across numerous species and has been used 
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to reconstruct the phylogeny of ray-finned fishes (Jiang et al., 2019). Additionally, target 

enrichment can be used to investigate variation within genes and identify associations with 

phenotypes or genes under selection. For example, Fijarczyk et al. (2016) targeted 634 immune 

genes in two Lissotriton newt species and identified 34 genes under either positive or balancing 

selection that could be potential targets for further analysis into finding variants associated with 

chytridiomycosis. 

The MHC is one of the most polymorphic regions of the genome and is a common first stop when 

looking for associations with disease phenotypes due to its role in binding of foreign pathogens 

and antigen presentation (Klein, 1986; Kumanovics et al., 2003; Trowsdale & Knight, 2013). 

Methods of investigating MHC diversity vary from using MHC linked microsatellites (which use 

diversity in microsatellites as a proxy for true MHC diversity under the assumption the 

microsatellite is in linkage with the MHC gene of interest (Cheng & Belov, 2012; Cheng et al., 

2009b)) to long read sequencing of amplicons of the entire MHC region (Cheng et al., 2022). Most 

methods to target MHC variants involve PCR amplification of the region of interest (most 

commonly the PBR, encoded by exon 2 and 3 of the gene) (Babik, 2010; Cheng et al., 2022; Cheng 

et al., 2018; Hermsen et al., 2017). It is important that primers used to amplify MHC genes be 

tested for each species investigated, as the diversity and duplication of MHC genes may result in 

these primers not amplifying all potential variants (Lane et al., 2012). Additionally, issues may arise 

during the PCR amplification such as the formation of chimeras or heteroduplexes which can be 

accounted for before sequencing by altering the PCR conditions such as reducing the number of 

PCR cycles or increasing the elongation time (see Babik (2010) and Lenz and Becker (2008) for a 

detailed review). 
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There are also different methods used to sequence the MHC amplicons. Sanger sequencing of 

amplicons is a popular choice as this method has a high base accuracy, however, it suffers from 

extremely low coverage and often requires cloning of amplicons, making it a laborious process 

(Cheng et al., 2012a; Lane et al., 2012; Old et al., 2020; Siddle et al., 2010; Smith et al., 2010). NGS 

is becoming a more popular sequencing choice with declining costs as it alleviates the issue of low 

coverage and removes the need for cloning of amplicons (Abts et al., 2018; Quigley et al., 2020; 

Robbins et al., 2020). Although NGS is limited by the length of the read being sequenced, meaning 

that investigation of entire genes requires assembly of sequenced reads which could potentially 

introduce assembly errors. NGS platforms also have lower base call accuracy compared to Sanger 

sequencing, although this is partially offset by the higher sequencing depth and parameters used 

for filtering variants (Chen et al., 2014; Harismendy et al., 2009; Hoffmann et al., 2009). Most 

studies using NGS will commonly investigate only a single exon of the MHC gene to alleviate the 

requirement of read assembly (as exons of MHC genes are typically ~200-300bp that can be 

covered by the read length of NGS platforms) (Cheng et al., 2022). One method to overcome the 

issue of read assembly is with long read sequencing technologies, such as PacBio or Oxford 

Nanopore Technologies (ONT). The long sequence reads generated by these technologies (up to 

20 kbp in length) enable sequencing of the entire MHC region (Cheng et al., 2022; Duckworth et 

al., 2021; Lucas et al., 2020; Suzuki et al., 2018). Finally, the increase of WGS in conservation offers 

exciting potential for the study of the entire MHC repertoire in non-model species. Although, the 

volume of data produced by WGS and the need to align reads across the whole genome offers its 

own challenges in terms of computational power required and the accuracy of read alignment 

(Fuentes-Pardo & Ruzzante, 2017). WGS offers advantages over other MHC typing methods as it 

allows for the resolution of the entire MHC gene as well as insights into the sequence surrounding 

the coding region including potential promoter regions that may influence expression.  
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The two major issues with investigating allelic diversity MHC region in non-model species is the 

lack of a larger database containing hundreds or thousands of identified alleles for that species. 

For example, the IPD-IMGT/HLA database for human MHC genes contains over 25,000 sequences 

(Robinson et al., 2020). Secondly, due to technological challenges the majority of studies utilise 

NGS or Sanger sequencing of amplicons containing only the protein binding region of the MHC 

gene (Cheng et al., 2022). The increase number of reference genomes generated for non-model 

species, specifically those sequenced with long read technologies have allowed for assembly of 

the entire (or at least the majority) of the MHC region (Peel et al., 2022b). These advances mean 

it is possible to determine the genomic location of the MHC region within a species genome which 

simplifies downstream analysis such as primer design to amplify multiple exons of genes and 

multiple genes through either traditional PCR methods or target enrichment methods. As the 

volume of genomic data increases and more full-length MHC sequences for non-model species are 

annotated, we can begin to elucidate the true diversity within the MHC region of non-model 

species. In this thesis, I primarily use koalas as a case study of how genomic data can be best used 

for investigating the immune system and elucidating associations with disease threats. 
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1.2 Aims 

This thesis aims to investigate the birth, death, and diversity of MHC genes in marsupials. To 

achieve this I aim to, trace patterns of gene gain and loss in class II MHC genes across the marsupial 

lineage (29 species). Secondly, compare sequencing approaches for investigating marsupial MHC 

diversity. Thirdly, I aim to investigate the associations between variation in immune genes, 

including the MHC, and disease progression using koalas and Chlamydia. Finally, I investigate SNPs 

and CNV within MHC genes across the koala s e ti e geog aphi al a ge to u de sta d patte s 

of selection and variation in a critical gene family. To achieve these aims I completed the following 

steps: 

• To trace patterns of MHC gene gain and loss, I annotated the marsupial class II MHC genes 

in 29 species (Chapter 2). 

• To determine the utility of WGS data for investigating diversity in complex immune gene 

families, I compared genotype calls between WGS and target enrichment data at MHC 

genes (Chapter 3). 

• To identify associations between immune genes and chlamydiosis progression in koalas, I 

used a targeted sequencing approach to investigate diversity within functional immune 

regions (Chapter 4). 

• To investigate the MHC diversity across both the entire repertoire of koala MHC genes and 

geographical range (24 genes and 438 individuals), I used WGS to 30x coverage (Chapter 

5). 
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Chapter 2: Plethora of New Marsupial Genomes Informs Our 

Knowledge of the Marsupial MHC 

2.1 Background 

The research presented in Chapter 2 is currently under review with Genome Biology 

Evolution. Historically, the repertoire and diversity of MHC genes has been investigated 

through designing species-specific primers and sequencing of amplicons. With the increase in 

the number of reference assemblies sequenced with long read, or scaffolding, technologies it 

has become possible to bioinformatically characterise the MHC genes. This chapter involved 

manual annotation of the class II MHC genes across the marsupial lineage and determined 

Dasyurids have lost clusters of class II genes and have a reduced repertoire of MHC genes 

compared to other marsupial families. These results combined with the rapid and 

energetically costly reproductive methods of Dasyurid species generate hypotheses about the 

impact of MHC genes on pregnancy. 

I designed this study, performed all gene annotations, and wrote the first draft. Carolyn J. 

Hogg and Katherine Belov helped draft the final manuscript. 
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Abstract 

The major histocompatibility complex (MHC) plays a vital role in the vertebrate immune 

s ste  due to its ole i  esista e to disease a d autoi u it  o  e og itio  of self . MHC 

class II genes are expressed on the surface of immune cells and are responsible for binding 

and presentation of peptides from intravesicular and extracellular pathogens. The marsupial 

MHC class II genes show divergence from eutherian MHC class II genes and have been 

implicated in susceptibility to Chlamydia pecorum infection in koalas. Due to the complexity 

of the gene family, automated annotation is not possible so here we manually annotate 384 

class II MHC genes in 29 marsupial species. We find losses of key components of the marsupial 

MHC repertoire in the Dasyuromorphia order and the Pseudochiridae family. We hypothesise 
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these gene losses may be linked to life history traits in these lineages including the energetic 

cost and trade-offs associated with pregnancy and reproduction, and increases susceptibility 

of Dasyuridae species to neoplasia. Additionally, these annotations provide a valuable 

resource to the immunogenetics research community to move forward and investigate 

diversity in MHC genes in marsupials. 

Keywords: evolution, major histocompatibility complex, genomes, marsupial, 

comparative genomics 

Background 

The major histocompatibility complex (MHC) is a major component of the vertebrate immune 

system. The MHC region is one of the most gene dense and polymorphic regions in the 

genome and plays a vital role in resistance to disease and autoimmunity or recognition of 

self  (Klein, 1986; Kumanovics et al., 2003; Trowsdale & Parham, 2004). The MHC consists of 

three subclasses, class I, class II and class III and contains numerous genes responsible for the 

presentation of antigens to the host immune system. Class I molecules are expressed on the 

surface of all nucleated cells and contain an α hai  su u it, e oded ithi  the MHC egio  

a d a β -microglobulin found outside the MHC region. Class I genes can be divided into 

classical (Ia) and non-classical (Ib) molecules. Classical molecules have ubiquitous tissue 

expression and are involved in presentation of peptides derived from intracellular pathogens 

to T-cells (Klein, 1986). Class II MHC molecules are primarily expressed on antigen presenting 

cells and are responsible for presenting peptides from extracellular pathogens (primarily 

bacteria and parasites) to T-cells (Bernatchez & Landry, 2003). Class II molecules are 

hete odi e s o sisti g of a  α a d β hai , oth e oded fo   lass II A a d lass II B ge es, 

respectively. The classical class II molecules are responsible for direct binding and 
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presentation of pathogen peptides whereas nonclassical class II molecules primarily serve as 

accessory proteins in antigen presentation (Alfonso & Karlsson, 2000; Neefjes et al., 2011). 

Class II genes have a slower evolutionary rate than class I genes resulting in class II genes 

showing homology across orders of eutherian mammals, whereas class I genes tend to show 

little orthology across taxa (Hughes & Nei, 1990; Kumanovics et al., 2003). This feature lends 

class II genes to being more suitable for comparative studies (Hughes & Nei, 1990; Zhang et 

al., 2019). Eutherian class II molecules consist of three classical clusters; DQ, DP and DR and 

the nonclassical DM and DN/DO clusters with the three classical clusters forming 

monophyletic groups in gene trees (Hughes & Nei, 1990). Genes within the MHC are some of 

the most polymorphic genes with over 10,000 alleles identified in human class II genes to date 

(IPD- IMGT/HLA Database; (Barker et al., 2023; Robinson et al., 2020)). The high diversity of 

MHC genes is a result of co-evolution with pathogens which constantly evolve new ways of 

avoiding host detection and elimination (Jiang & Fares, 2010). A large portion of variation in 

MHC genes is located within the peptide binding region (PBR) which allows binding to a wide 

range of peptides (Chen et al., 2022; Cheng et al., 2022; Gowane et al., 2022; Martin et al., 

2022). High levels of diversity within MHC genes is considered an important indicator of 

population health. However, diversity is not just restricted to mutations within MHC genes 

but also the overall number of MHC genes or copy number variation (CNV). As a higher 

number of MHC genes allows a single individual to harbour an increased number of MHC loci 

and thus respond to a broad range of pathogens (Bentkowski & Radwan, 2019). There are 

three ways in which the MHC is predicted to be important to population health, either 

through having the highest number of alleles/loci allowing a population to respond to the 

widest range of pathogens, heterozygosity at MHC loci or the presence/absence of specific 

genotypes (Chong, 2020; Lau et al., 2014a; Robbins et al., 2020; Silver et al., 2022). 
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Marsupials are a clade of mammals which diverged from eutherian mammals around 147 

million years ago (MYA) and are distinguished from eutherians by unique reproductive and 

immune physiology (Bininda-Emonds et al., 2007). The unique physiology of marsupials 

makes them an ideal system to study immune and reproductive evolutions as, in contrast to 

eutherians, where the primary period of development occurs within the sterile uterus, in 

marsupials, the majority of development occurs in the non-sterile environment of the pouch 

(Old & Deane, 2000).Additionally, during development the immunologically naïve young rely 

on protection via placental transfer of immunoglobulins, the presence of immune compounds 

in milk, antimicrobial pouch secretion and maternal cleaning of the pouch (Edwards et al., 

2012).Marsupials have radiated into over 300 species and are found primarily in Australia but 

also persist in Papua New Guinea, South America and a single species in North America 

(Graves & Renfree, 2013). Early studies into the underlying genetics of the marsupial immune 

system determined the complexity in the mammalian immune system evolved before the 

divergence of marsupials and eutherians, though there are some notable expansions and 

losses (Belov et al., 1998; Belov et al., 1999b, 1999a; Belov et al., 2007). The classical class II 

MHC genes in marsupials show no orthology to the clusters seen in eutherians indicating 

these two lineages have retained different MHC gene clusters in early speciation (Belov et al., 

2006; Belov et al., 2004). The marsupial MHC class II have been given the nomenclature of 

DA, DB and DC (Belov et al., 2006; Belov et al., 2004). Gene copy number also varies between 

marsupial species (Belov et al., 2006; Cheng et al., 2009a; Cheng et al., 2012b; Johnson et al., 

2018; Morris et al., 2018; Siddle et al., 2011), within species (Mason et al., 2011; Siddle et al., 

2010) and within populations (Cheng et al., 2012b). This can be attributed to a birth-and-

death evolutionary process where new MHC genes arise through gene duplication, or become 

non-functional through accumulation of deleterious mutations (Nei et al., 1997). 
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For species with genomic resources available, the MHC is often one of the first regions 

targeted and investigated due to its vital role in the immune response to infection. Some of 

the first work on MHC in marsupials occurred in Tasmanian devils (Sarcophilus harrisii). Devils 

are currently threated by devil facial tumour disease (DFTD) which has reduced populations 

of devils by over 80% since its discovery in 1996 (Hawkins et al., 2006; McCallum, 2008; Pearse 

& Swift, 2006; Siddle et al., 2013). Development of MHC typing methods in devils showed that 

devils have low MHC diversity and much of this diversity is shared with DFTD cells (Belov, 

2011; Cheng et al., 2012a; Siddle et al., 2007a; Siddle et al., 2010). The high similarity between 

devil and tumour MHC as well as downregulation of MHC genes in tumour cells has resulted 

in rapid transmission of DFTD between devils (Siddle et al., 2013). In koalas (Phascolarctos 

cinerus), alleles of both class I and class II MHC genes have been implicated with clinical 

disease signs upon infection with Chlamydia pecorum bacterium (Lau et al., 2014a; Quigley et 

al., 2018a; Robbins et al., 2020; Silver et al., 2022). Lower MHC class II heterozygosity has 

been associated with increased nematode parasitism in a wild population of Tasmanian devils 

(Chong, 2020). Additionally, a study comparing MHC diversity of two species of opossum 

(Gracilinanus microtarsus and Marmosops incanus) determined that M. incanus showed low 

levels of DAβ di e sit  a d high pa asite load he eas G. microtarsus had higher levels of DAβ 

diversity and lower parasite load, highlighting the importance of maintaining diversity in MHC 

genes to respond to infection of a wide range of pathogens (Meyer-Lucht et al., 2010). 

Until recently, investigating the MHC repertoire of species has been primarily assessed using 

PCR primers to amplify exon 2 and/or exon 3 (which encode the PBR) of MHC genes (Cheng 

et al., 2012a; Hermsen et al., 2017; Lau et al., 2013; Old et al., 2020). Genomes for non-model 

species are being generated at an exceptional rate by both individual research groups and 
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large international consortia (Brandies et al., 2020; Dudchenko et al., 2017; Dudchenko et al., 

2018; Feigin et al., 2022; Koepfli et al., 2015; Lewin et al., 2018; Peel et al., 2021b; Rhie et al., 

2021; Teeling et al., 2018; Voolstra et al., 2017), enabling the evolution of immune genes 

across species to be investigated through a comparative framework. Here we investigated the 

MHC class II repertoire of 29 marsupial species representing 15 families and six orders utilising 

publicly available reference genomes. This study represents a timely contribution to the 

growing body of marsupial immunology and evolutionary research. 

Results and Discussion 

We downloaded 30 publicly available reference genomes for marsupials representing 29 

species, 15 families and six orders. We were unable to locate a genome of any species within 

the order Paucituberculata, or families Hypsiprymnodontidae, Tarsipedidae and Acrobatidae. 

Genome sizes ranged from 2.84Gbp for the fat-tailed dunnart (Sminthopsis crassicaudata) to 

3.82Gbp for the eastern barred bandicoot (Perameles gunnii) and number of scaffolds from 

17 for the monito del monte (Dromiciops gliroides) to 4,188,623 for the northern quoll 

(Dasyurus hallucatus) (Table A2-1). In total we annotated 384 class II MHC genes across the 

 ge o es, i ludi g  α hai s a d  β hai s Figure 2-1, Figure 2-2, Figure 2-3, Figure 

2-4, Figure 2-5, Table 2-1, Supplementary Data A2-1, Table A2-3). More detailed results of the 

MHC gene repertoire can be found in A2.1 Supplementary Results. As described by others, all 

species investigated had a range of combinations of DA, DB, DC and DM gene families (Belov 

et al., 2006; Cheng et al., 2012b; Hermsen et al., 2017; Lau et al., 2013), but by investigating 

representatives from the majority of marsupial families and mapping genes onto a 

phylogenetic tree allowed us to propose the order of gene loss and beyond that hypothesise 

about how species biology relates to the evolutionary trajectory of the MHC. 



 

35 

 

Figure 2-1 Genomic organisation of class II MHC genes and synteny relationship between the grey short-tailed opossum and monito del monte. 

The grey short-tailed opossum is depicted as a model of a potential ancestral marsupial MHC organisation. Dashed lines indication regions of 

the scaffold excluded for the purpose of clarity. Colour of the synteny blocks is representative of the MHC locus (DA – blue; DB – green; DC - red; 

DM - orange). 

 

Figure 2-2 Genomic organisation of class II MHC genes and synteny relationship between the grey short-tailed opossum and southern marsupial 

mole and greater bilby. The grey short-tailed opossum is depicted as a model of a potential ancestral marsupial MHC organisation. Dashed lines 

indication regions of the scaffold excluded for the purpose of clarity. Colour of the synteny blocks is representative of the MHC locus (DA – blue; 

DB – green; DC - red; DM - orange). Only names of scaffolds with multiple MHC genes are labelled. 



 

36 

 

Figure 2-3 Genomic organisation of class II MHC genes and synteny relationship between the grey short-tailed opossum and Dasyuridae species. 

The grey short-tailed opossum is depicted as a model of a potential ancestral marsupial MHC organisation. Dashed lines indication regions of 

the scaffold excluded for the purpose of clarity. Colour of the synteny blocks is representative of the MHC locus (DA – blue; DB – green; DC - red; 

DM - orange). Only names of scaffolds with multiple MHC genes are labelled. 



 

37 

 

Figure 2-4 Genomic organisation of class II MHC genes and synteny relationship between the grey short-tailed opossum and Diprotodontia 

species. The grey short-tailed opossum is depicted as a model of a potential ancestral marsupial MHC organisation. Dashed lines indication 

regions of the scaffold excluded for the purpose of clarity. Colour of the synteny blocks is representative of the MHC locus (DA – blue; DB – 

green; DC - red; DM - orange). Only names of scaffolds with multiple MHC genes are labelled. 
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Figure 2-5 Genomic organisation of class II MHC genes and synteny relationship between the grey short-tailed opossum and Pseudocheridae 

species. The grey short-tailed opossum is depicted as a model of a potential ancestral marsupial MHC organisation. Dashed lines indication 

regions of the scaffold excluded for the purpose of clarity. Colour of the synteny blocks is representative of the MHC locus (DA – blue; DB – 

green; DC - red; DM - orange). Only names of scaffolds with multiple MHC genes are labelled. 
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Table 2-1 Counts of each MHC class II gene in 30 genome assemblies of 29 species, numbers in brackets indicate partial genes 

Species Order Family DAα DAβ DBα DBβ DCα DCβ DMα DMβ Total 

Grey short-tailed opossum 

(modo) 

Didelphimorphia  Didelphidae 1 1 2 2 1 1 1 1 
10 

Monito del monte (drgl) Microbiotheria  Microbiotheriidae 1 8 1 1 0 1 (1) 1 1 14 (1) 

Southern marsupial mole 

(noty) 

Notoryctemorphia  Notoryctidae 1 2 2 3 1 (1) 0 1 1 
11 (1) 

Bilby (mala) Peramelemorphia  Thylacomyidae 1 5 2 2 1 0 1 1 13 

Eastern barred bandicoot 

(pegu) 

Peramelemorphia  Peramelidae 1 3 (2) 1 1 1 0 1 1 
9 (2) 

Numbat (myfa) Dasyuromorphia  Myrmecobiidae 1 4 (2) 0 1 0 0 0 0 6 (2) 

Numbat DNAzoo 

(myfa_DNAzoo) 

Dasyuromorphia  Myrmecobiidae 1 3 (3) 0 0 0 0 1 1 (1) 6 (4) 

Tasmanian devil (saha) Dasyuromorphia  Dasyuridae 1 4 0 1 0 0 1 1 8 

Eastern quoll (davi) Dasyuromorphia  Dasyuridae 1 1 0 1 0 0 1 1 5 

Northern quoll (daha) Dasyuromorphia  Dasyuridae 1 1 0 0 0 0 1 1 4 

Brush-tailed phascogale 

(phta) 

Dasyuromorphia  Dasyuridae 1 5 (2) 0 1 0 0 1 1 9 (2) 

Antechinus (anst) Dasyuromorphia  Dasyuridae 1 11 (4) 0 0 0 0 1 1 14 (4) 

Fat-tailed dunnart (smcr) Dasyuromorphia  Dasyuridae 1 7 0 1 0 0 1 1 11 

Koala (phci) Diprotodontia  Phascolarctidae 1 5 3 3 1 1 1 1 16 

Common wombat (vour) Diprotodontia  Vombatidae 1 1 1 0 1 1 1 1 7 

Mountain pygmy possum 

(bupa) 

Diprotodontia  Burramyidae 1 6 (4) 1 1 1 1 1 1 
13 (4) 

Ground cuscus (phgy) Diprotodontia  Phalangeridae 1 7 (7) 2 1 1 (1) 1 1 1 15 (8) 

Brushtail possum (trvu) Diprotodontia  Phalangeridae 1 12 2 2 1 1 1 1 21 

Eastern grey kangaroo 

(magi) 

Diprotodontia  Macropodidae 1 1 7 5 1 (1) 1 1 1 
18 (1) 

Red kangaroo (maru) Diprotodontia  Macropodidae 1 5 1 1 1 (1) 1 1 1 12 (1) 
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Species Order Family DAα DAβ DBα DBβ DCα DCβ DMα DMβ Total 

Western grey kangaroo 

(mafu) 

Diprotodontia  Macropodidae 1 18 

(16) 

7 2 1 (1) 1 1 1 
32 (17) 

Mala (lahi) Diprotodontia  Macropodidae 1 6 (1) 4 (3) 1 1 (1) 1 1 1 16 (5) 

Tammar wallaby (maeu) Diprotodontia  Macropodidae 1 3 2 2 1 (1) 1 1 1 12 (1) 

Quokka (sebr) Diprotodontia  Macropodidae 1 6 (1) 1 2  1 (1) 1 1 1 14 (2) 

Woylie (bepe) Diprotodontia  Potoroidae 1 12 2 5 1 (1) 1 2 1 25 (1) 

Gilberts potoroo (pogi) Diprotodontia  Potoroidae 1 6 4 3 1 (1) 1 1 1 18 (1) 

Lead eate s possu  
(gyle) 

Diprotodontia  Petauridae 1 8 3 3 1 0 1 1 
18 

Plush coated ringtail 

possum (psco) 

Diprotodontia  Pseudocheiridae 1 8 (4) 0 0 0 1 (1) 1 1 
12 (5) 

Western ringtail possum 

(psoc) 

Diprotodontia  Pseudocheiridae 1 4 (2) 0 0 1 (1) 0 1 1 
8 (3) 

Coppery ringtail possum 

(pscu) 

Diprotodontia  Pseudocheiridae 1 3 0 0 0 1 (1) 1 1 
7 (1) 
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All a supial spe ies i estigated had a si gle op  of DAα, DMα a d DMβ apart from two 

DMα ge es fou d i  the o lie Bettongia penicillata ogilbyi). All species had at least one copy 

of the DAβ ge e, ut up to  e e ide tified i  oth the o lie a d ushtail possu  

(Trichosurus vulpecula . The DAβ ge es e e o e u e ous tha  DBβ ge es i  all spe ies, 

except for the eastern grey kangaroo (Macropus giganteus). In the Peramelidae, 

Th la o idae a d Noto tidae fa ilies o DCβ ge e as ide tified, the loss of the DCβ ge e 

results in a non-fu tio al DC ge e. Additio all , i  the Mi o iothe iidae o l  a pa tial DCβ 

a d o DCα ge e ould e ide tified a d i  the Noto tidae o l  a pa tial DCα as lo ated, 

indicating that the loss of one chain of a MHC molecule relaxes selective pressure on genes 

which encode the other chain of the molecule. Species in the Dasyuridae and Myrmecobiidae 

fa ilies ha e o DBα, DCα o  DCβ ge es i  thei  ge o es, esulti g i  o -functional DB and 

DC genes. We hypothesise the DCβ ge e has ee  lost i  the a esto  of the pol p otodo tia 

(Dasyuridae, Myrmecobiidae, Notoryctidae, Thylacomyidae, Peramelidae) and undergone 

pseudogenization in the ancestor or the Microbiotheriidae (Figure 2-6 . Additio all , the DBα 

a d DCα ha e ee  lost i  the a esto  of the Das uidae a d M e o iidae. Fu the o e, 

o DBα o  DBβ ge es e e ide tified i  the Pseudo hei idae i di ati g the loss of the DB ge e 

in this family (Figure 2-6  a d o l  pa tial se ue es of eithe  DCα o  DCβ ould e ide tified. 

From our phylogenetic gene trees all gene clusters form monophyletic groups, with DC genes 

most closely clustering to DA genes (Figure A2-1, Figure A2-2). The eutherian DP genes are 

most closely related to the marsupial DC genes and the eutherian DR genes are most closely 

related to the DA genes (Figure A2-1, Figure A2-2). Additionally, the eutherian DO and DQ 

genes show some orthology to the marsupial DB genes (Figure A2-1, Figure A2-2). 
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Figure 2-6 Marsupial species tree with potential points in evolutionary history where genes 

may have been lost. Labels on the right-hand size represent 17 marsupial families based on 

phylogeny determined by Duchene et al. (2018) 

The marsupial lineage originated on the Laurasia supercontinent and radiated out of present-

day North America to the Gondwanan supercontinent (Bi et al., 2018; Luo et al., 2011). The 

Didelphidae are proposed to be the most basal order of marsupials (Eldridge et al., 2019; 

Gallus et al., 2015). We investigated a single species in the Didelphidae family, the grey short-

tailed opossum (Monodelphis domestica) (Dudchenko et al., 2018; Edwards & Westerman, 

1995; Mikkelsen et al., 2007).We identified ten MHC class II genes all located on a single 

scaffold with each gene present in a single copy except the DB genes where two copies of both 

the α a d β chain were identified (Figure 2-1). As a result of this species being located in North 

America, the location of the earliest marsupial species, we could hypothesis that the MHC 

repertoire seen within the grey short-tailed opossum is representative of the ancestral 

marsupial MHC. In the grey short-tailed opossum we found genes encoding each chain of the 
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DB, DC and DM molecules adjacent to one another and the alpha and beta genes of the DA 

molecule separated by the genes of the two DB and the DM molecule (Figure 2-1) (Belov et 

al., 2006). 

Similar to the Didelphidae, all species investigated in the Diprotodontia order (apart from the 

Pseudochiridae family [discussed below]) had at least a single copy of each gene (Figure 2-4). 

The Diprotodontia order is a large radiation of herbivorous marsupials consisting of 11 

families, of which eight are investigated here. The Phascolarctidae family contains a single 

species, the koala (Dudchenko et al., 2017; Dudchenko et al., 2018; Johnson et al., 2018). We 

identified 16 MHC class II genes in the koala genome and these genes were located on a single 

scaffold with an identical organisation to the grey short-tailed opossum MHC with the DC 

ge es upst ea  f o  the DAα, hi h is sepa ated f o  the DAβ ge es  the DB a d DM 

genes (Figure 2-4) showing conserved genomic organisation of the class II MHC across the 

Didelphidae and Diporotodontia lineages. The conserved genomic organisation is shown 

further by the synteny plot between scaffold 2 and scaffold 3 of the opossum and koala, 

respectively (Figure 2-7). 

Microbiotheriidae is a single species family, the monito del monte, which is a South American 

species of marsupial. Despite being found in South America the monito del monte shows 

closer relationship to the Australidelphia marsupials. Whole genome data show the monito 

del monte as the sister lineage to all Australian marsupials although it shares features of both 

Diprotodontia and Dasyurmorphia orders as a result of incomplete lineage sorting (Feng et al., 

2022) We ide tified  ge es i  the o ito del o te, eight of these a e DAβ ge es a d a 

si gle op  of the DAα a d oth the DB a d DM ge es. We failed to ide tif  a  DCα ge es 
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a d ould o l  ide tif  a pa tial DCβ ge e, i di ati g that the loss of the DCα has de eased 

sele ti e p essu e o  the DCβ ge e. All ge es ide tified i  the o ito del o te sho ed 

s te  ith the opossu  ith the e eptio  of the DCβ ge e hi h has ee  i e ted Figure 

2-1). 

 

Figure 2-7 Synteny dot plot of the scaffold 2 of the grey short-tailed opossum and scaffold 3 

of the koala, showing the same orientation of the genes within the class II MHC region. 

In the Peramelidae, Thylacomyidae and Notoryctidae families, which contain the bandicoots, 

greater bilby (Macrotis lagotis) and southern marsupial mole (Notoryctes typhlops), 

espe ti el , o DCβ ge e as ide tified, the loss of the DCβ ge e esults i  a o -functional 

DC ge e. Additio all , the southe  a supial ole has o l  a pa tial DCα, i di ati g ith the 

loss of the DCβ ge e sele ti e p essu e has ee  ela ed o  the DCα a d it has u de go e 

pseudogenisation. There has been a large inversion event in the ancestor of the southern 

a supial ole a d g eate  il , ith o e eakpoi t o u i g et ee  the DCα a d DCβ 
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gene in the opossum and the other breakpoint downstream from the DM locus (Figure 2-2). 

The inversion event can be seen in the synteny plot between scaffold 2 and scaffold 6 of the 

opossum and bilby, respectively where the portion of bilby scaffold 6 containing a number of 

class II genes has been inverted relative to the opossum scaffold 2 (Figure 2-8). Marsupial 

chromosomes are known to undergo rearrangement with significant differences in gene 

organisation seen between devils, tammar wallaby (Macropus eugenii) and opossum (Deakin, 

2018; Deakin et al., 2012). Rearrangement of MHC genes is also not unusual in marsupials with 

class I genes in the tammar wallaby located across chromosomes (Deakin et al., 2007). The 

bilby and bandicoots are characterised by their extremely rapid rate of reproduction with a 

gestation length of just 12.5 days in some species (Tyndale-Biscoe & Renfree, 1987). Bilbies 

and bandicoots are also the only marsupials to have chorioallantoic placenta which supports 

rapid development of the young (Renfree, 2010; Tyndale-Biscoe & Renfree, 1987). It could be 

proposed that the increased energetic cost of this mode of reproduction may have 

contributed to our finding of a reduced repertoire of MHC loci in these species. During 

pregnancy trophoblast cells (the cells forming the outer layer of a blastocyst) downregulate 

expression of MHC class I genes and completely supress class II gene expression (Bacon et al., 

2002; Holtz et al., 2003) in order to avoid detection by maternal immune responses. It has 

been observed that birth and death of MHC genes occurs on an individual level through CNV 

(Bentkowski & Radwan, 2019; Cheng et al., 2012b; Siddle et al., 2010), it is plausible that a 

chromosomal inversion (Figure 2-8) in a single individual in the ancestor of bilbies and 

a di oots esulted i  the deletio  of DCβ. It a  ha e ee  that this i di idual due to the 

reduced histocompatibility barrier) has an increased reproductive rate and therefore there 

was intense sele tio  fo  the ge ot pe ithout a DCβ ge e. Fu the  to this, ea l  MHC lass I 
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investigations in the bilby show fewer class I genes compared to other marsupials (7 compared 

to 16 in the koala (Peel et al., 2022b)), with an increased number of partial class I genes, 

highlighting the need for further investigations into the interplay between reproduction and 

immunity in marsupials (Batley, K.C., personal communication, March 16 2023). 

 

Figure 2-8 Synteny dot plot of the scaffold 2 of the grey short-tailed opossum and scaffold 6 

of the bilby, showing a portion of class II MHC region has been inverted in the bilby genome. 

Dasyuromorphia represents the carnivorous marsupial species and is made up of two extant 

families. The Myrmecobiidae family contains a single species, the numbat (Myrmecobius 

fasciatus) which feed exclusively on termites. We investigated two genome assemblies for this 

species, one assembled using solely short linked-read data (Peel et al., 2022a) and the other 

assembled using a combination of both short read and HiC data (Dudchenko et al., 2017; 

Dudchenko et al., 2018). We used both assemblies as neither assembly contained the 

o plete MHC lass II epe toi e. The sho t ead asse l  o tai ed si  ge es, a si gle DAα 
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a d DBα, t o o plete a d t o pa tial DAβ ge es. The HiC asse l  o tai ed si  ge es, a 

si gle DAα ge e this ge e as split a oss t o s affolds i  the asse l  a d DMα ge e as 

ell as th ee pa tial DAβ a d a pa tial DMβ ge e. F o  the o i atio  of the two assemblies, 

e a  o lude the u at has at least a si gle DAα, oth DB a d DM ge es a d th ee DAβ 

genes. The Dasyuridae family contains insectivores and carnivorous species which are 

primarily nocturnal. We investigated six species of Dasyurids here: Tasmanian devil, eastern 

(Dasyurus viverrinus) and northern quolls, brush-tailed phascogale (Phascogale tapoatafa), 

antechinus (Antechinus stuartii) and fat-tailed dunnart (Brandies et al., 2020; Dudchenko et 

al., 2017; Dudchenko et al., 2018; Stammnitz et al., 2023). We identified between four 

o the  uoll  a d  a te hi us  MHC lass II ge es. All spe ies ha e a si gle op  of DAα, 

DBβ e ept the o the  uoll, he e o DBβ as lo ated  a d oth DM ge es. The DAβ 

genes ranged in number from one in the northern and eastern quolls to 11 in the antechinus. 

The DBα o  DC ge e e e u a le to e ide tified i  a  of the Das u idae spe ies. F o  ou  

a otatio s e dete i ed the loss of the DCα, DCβ a d DBα ge es i  the Das u o o phia 

order. Additionally in the siste  o de s Noto te o phia a d Pe a ele o phia the DCβ 

genes are lost. This is not uncommon as MHC genes evolve through a rapid birth and death 

model through duplications, deletions and rearrangements (Nei et al., 1997). By mapping 

these gene loss events onto a species tree, we can hypothesise two gene loss events, one in 

the a esto  of the Noto te o phia, Pe a ele o phia a d Das u o o phia he e the DCβ 

gene was lost and a second in the ancestor of the Dasyuromorphia, he e the DCα a d DBα 

genes were lost. A similar pattern is seen within the felids which are missing the DQ region 

and have a pseudogenized DP region (Yuhki et al., 2008). Cetaceans also appear to be missing 

DPα ge es, hile o l  f ag e ts of the DPβ ge e ha e ee  ide tified (Zhang et al., 2019). 
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We see that within the Dasyuridae family genomic organisation of the class II genes is well 

conserved (Figure 2-3). However, similar to the bilby, the region containing the MHC class II 

genes in the Tasmanian devil has been inverted compared to the opossum (Figure 2-9). 

 

Figure 2-9 Synteny dot plot of the scaffold 2 of the grey short-tailed opossum and scaffold 

NC_045429 of the Tasmanian devil, showing the entire MHC class II region has been inverted 

in the Tasmanian devil. 

Dasyurids appear to make a larger energetic investment into reproduction (Tyndale-Biscoe & 

Renfree, 1987), with average litter sizes higher when compared to those species with a full 

complement of MHC class II genes. For example, the northern quoll has an average litter size 

of 6.4 and only 4 class II genes compared to the koala which has an average litter size of one 

and 16 class II genes (Table 2-1) (Tyndale-Biscoe & Renfree, 1987). It is possible that variation 

in the presence/absence of MHC loci has evolved in parallel to the range of reproductive 

strategies and overall energetic investment into reproduction shown by marsupials. Future 
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studies that investigate immune gene expression during gestation across a range of marsupials 

may elucidate the role of MHC in marsupial pregnancy. 

Each individual allele of an MHC gene broadens the spectrum of pathogens capable of being 

recognized by an individual and higher polymorphism within MHC genes has been associated 

with increased pathogen tolerance (Madsen & Ujvari, 2006; Meyer-Lucht et al., 2010; Minias 

et al., 2019). Diversity in the number of MHC genes provides an additional level of diversity to 

an individual. For example Minias et al. (2019) ide tified CNV i  MHC Class II β ge es as 

associated with migratory distance in avian species, with the assumption that long distance 

migrators are exposed to broader taxonomic array of pathogens and it is therefore selectively 

beneficial to harbour an increased number of MHC genes (Altizer et al., 2011). Minias et al. 

(2019) also identified the number of class I genes increased with lifespan, again with the 

assumption that longer lived species will encounter higher numbers of pathogens over their 

lifespan. In our study we identify similar patters with shorter lived species, such as Dasyurids, 

having fewer copies of MHC class II genes compared to longer lived species, such as 

Macropods. We hypothesise that the higher number of MHC genes in Macropodidae and 

Potoroidae species provides increased fitness by increasing the range of pathogens able to be 

recognised and defended against. 

Our finding that the Dasyuromorphia order rely solely on DA molecules as a part of their 

classical class II system is significant as Dasyurids are far more prone to developing cancerous 

lesions when compared to other species (Canfield et al., 1990; Flies et al., 2020; Peck et al., 

2019) which may in part be explained by these species only having a functional DA and DM 

gene in their MHC class II repertoire. MHC class II has been implicated in susceptibility to 
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cancer in Californian sea lions (Zalophus californianus), which generate diversity in class II 

genes primarily through CNV athe  tha  SNPs a d the p ese e of the DRβ.A lo us as 

associated with increased risk of cancer (Bowen et al., 2005; Bowen et al., 2004). Cervical 

carcinoma in humans has been positively associated with the presence of the DQβ1*03 allele 

and negatively associated with the DRβ1*13 allele (Lin et al., 2001; Nawa et al., 1995; Wank 

& Thomssen, 1991). Tasmanian devils are susceptible to two of only nine known transmissible 

cancers, and only three are in vertebrates (Hawkins et al., 2006; Metzger et al., 2016; Murgia 

et al., 2006; Pye et al., 2016; Yonemitsu et al., 2019). In addition to low diversity at MHC class 

I genes (Cheng et al., 2012b; Siddle et al., 2007a), a reduced number of MHC genes may have 

lowered the histocompatibility barrier resulting in transmission of tumour cells between 

individual devils (Siddle et al., 2010). It has also been noted that there are distinct similarities 

between the way DFTD cells and trophoblast cells in the foetus avoid detection by the immune 

system (Moffett & Loke, 2006; Siddle et al., 2013) and it has been shown that there are 

similarities between the cellular behaviour of cancerous and trophoblast cells (Khorami 

Sarvestani et al., 2023). Furthermore, Dujon et al. (2023) have determined that cancer is more 

likely to occur in species with larger litter sizes, longer lactation periods and a with a semi-

invasive placenta emphasising the interplay between reproduction, cancer and immunity. 

Immunity is an energetically demanding process and there are trade-offs between increased 

energy expenditure on immunity and decreased reproductive output and vice versa (Hawash 

et al., 2021; Schwenke et al., 2016). For example the Dasyuridae family typically have a short 

life span (1 to 6 years) with a high reproductive input which in the case of the genus Antechinus 

results in a synchronized mating period followed by reduced immunoglobulin concentration 
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and increased parasite load followed by total male mortality (a phenomenon known as 

semelparity) (Bradley et al., 1980; Naylor et al., 2008). 

Pseudochiridae contain the ringtail possums, three of which we investigate here, the western 

ringtail possum (Pseudocheirus peregrinus occidentalis), coppery ringtail possum 

(Pseudochirops cupreus) and plush-coated ringtail possum (Pseudochirops corinnae) 

(Dudchenko et al., 2017; Dudchenko et al., 2018). All species contained a single copy of the 

DAα a d oth DM ge es a d opies of DAβ a ied f o  th ee oppe  ringtail possum) to 

eight (plush- oated i gtail possu . Fo  the DC ole ule o l  pa tial DCα se ue e ould e 

lo ated i  the este  i gtail possu  ge o e a d pa tial DCβ se ue es i  the oppe  a d 

plush coated ringtail possums and neither DB gene could be identified in any of the three 

assemblies (Figure 2-5). 

Out of the seven families without a genome, two are represented by a sole species 

(Hypsiprymnodontidae and Tarsipedidae) (Bates et al., 2014; Edwards & Westerman, 1995), 

one is represented by two species (Acrobatidae) (Meredith et al., 2009) and remaining families 

are of the order Paucituberculata which is represented by seven shrew opossums confined to 

isolated and rugged regions of the Andes Mountains in South America (Patterson et al., 2015). 

From the current phylogeny available for marsupials (Duchene et al., 2018) we can 

hypothesise the gene repertoire of these species without genomic resources available. We 

could expect the Hypsiprymnodontidae family would have an MHC arrangement most like 

that of the Macropods (Figure 2-6). Additionally, investigation into the MHC of Tarsipididae 

and Acrobatidae would determine at what evolutionary time point the loss of the DB and 

pseudogenisation of the DC genes occurred, as these two families share common ancestors 
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with the Pseudocheiridae (Figure 2-6). Hypothesising the makeup of the MHC in the order 

Paucituberculata is more difficult, as its place in phylogeny is difficult to ascertain, though it is 

thought that they diverged after the split of Didelphimorphia and forms a sister clade to the 

Australidelphia (Goin et al., 2016; Meredith et al., 2008). We might expect species in the order 

Paucituberculata to have a MHC like that of the Didelphimorphia or the Microbiotheriidae.  

Finally, this research unequivocally supports the idea that the complexity of the MHC system 

evolved prior to the divergence of the eutherian mammals and marsupial lineages (Belov et 

al., 2004; Belov et al., 2007). However, within the marsupial lineage there have been at least 

three deletion events, one resulting in the loss of the DCβ gene in the ancestor of the 

pol p otodo ts, o e esulti g i  the loss of the DCα a d DBα i  the a esto  of the 

Das u o o phia lade a d o e esulti g i  the loss of the DBα a d DBβ ge es i  the a esto  

of the Pseudocheiridae family. This study represents the largest marsupial MHC investigation 

to date, with a total of 384 MHC class II genes annotated across 29 species. 

Methods 

We downloaded available marsupial reference genomes from the national centre for 

biotechnology information (NCBI), DNAZoo (https://www.dnazoo.org/) and the Australasian 

Genomes github (https://awgg-lab.github.io/australasiangenomes/). We calculated basic 

genome quality statistics such as number of scaffolds and N50 using BBmap v37.98 

(http://sourceforge.net/projects/bbmap) and BUSCO completeness using BUSCO v5.3.2 on 

the public server; galaxy.org.au (Simao et al., 2015). Where multiple assemblies were available 

for the same species, we chose the most recent version (with the exception of the numbat as 
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we were unable to annotate the entire class II repertoire in either of the two assemblies) 

(Dudchenko et al., 2017; Dudchenko et al., 2018; Peel et al., 2022a; Peel et al., 2021b). To 

investigate MHC class II genes we used BLAST v2.2.30 searches (Altschul et al., 1990) with 

known marsupial MHC sequences as queries (Table A2-2) (Belov et al., 2006; Cheng et al., 

2018; Peel et al., 2022b; Silver et al., 2022). BLAST results were inspected manually, and 

potential genes were visualised in IGV (Robinson et al., 2011) to identify accurate exon 

boundaries following the AG/GT convention. Complete exon sequences were extracted from 

the reference genome using Bedtools v2.29.2 Getfasta (Quinlan & Hall, 2010). Genomic 

organisation and synteny of MHC genes was visualised using the gggenomes package (Hackl 

& Ankenbrand, 2022) in R v4.2.1 (R Core Team, 2022). Genomic organisation and synteny was 

only investigated for those species where most class II genes were present on a single scaffold. 

Pairwise synteny between scaffolds containing the MHC class II genes of grey short-tailed 

opossum, greater bilby, Tasmanian devil and koala were investigated using mummer4 v4.0.0 

(Marcais et al., 2018) and dot plots were visualised using ggplot2 (Wickham, 2016) in R 

v4.2.1(R Core Team, 2022). Nucleotide sequences were aligned for each gene cluster (DA, DB, 

DC and DM) with human class II sequences (DQ, DP, DR and DM) using muscle in MEGAX 

(Kumar et al., 2018). Maximum likelihood trees constructed using a general time reversible 

model with a gamma distribution (Kumar et al., 2018; Nei & Kumar, 2000) with 1,000 

bootstrapping replicates and the tree was rooted using already annotated koala MHC class I 

genes phci-UC and phci-UE as the outgroup (Cheng et al., 2018). Abbreviations used for 

naming the MHC class II genes followed convention of the first two letters of the genus and 

species as follows; anst brown antechinus, bepe woylie , bupa mountain pygmy possum 

(Burramys parvus), daha northern quoll, davi eastern quoll, drgl monito del monte, gyle 
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Lead eate s possu  Gymnobelideus leadbeateri), hosa human, lahi Mala (Lagorchestes 

hirsutus), maeu tammar wallaby, mafu western grey kangaroo (Macropus fuliginosus), magi 

eastern grey kangaroo, mala bilby, maru red kangaroo (Macropus rufus), modo grey short-

tailed opossum, myfa numbat, myfa_DNAzoo numbat DNAzoo assembly, noty southern 

marsupial mole, pegu eastern barred bandicoot, phci koala, phgy ground cuscus (Phalanger 

gymnotis), phta brush-tailed phas ogale, pogi Gil e t s poto oo Potorous gilbertii), psco plush 

coated ringtail possum, pscu coppery ringtail possum, psoc western ringtail possum, saha 

Tasmanian devil, sebr quokka (Setonix brachyurus), smcr fat-tailed dunnart, trvu brushtail 

possum, vour common wombat (Vombatus ursinus). 
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Chapter 3: How Much Coverage? Determining Sequencing Depth 

Required to Reliably Identify SNPs in Immune Genes 

3.1 Background 

The research presented in Chapter 3 is currently under review with BMC Genomics. The 

volume of genomic data available for non-model species is rapidly increasing with whole 

genome sequencing (WGS) data being available for many species. A commonly asked, but 

infrequently answered, question for WGS is the depth of coverage needed to reliably call 

genotypes throughout the genome. Here we answer this valuable question by investigating a 

conserved gene family (toll-like receptor [TLR] genes), and a high complex, duplicated gene 

family (the major histocompatibility complex [MHC] genes). Both gene families are utilised for 

disease investigation studies. I designed this study in conjunction with Carolyn J. Hogg and 

Katherine Belov. I performed all alignments of sequences, filtering of variants, data analysis 

and wrote the first draft. Peter Timms provided the samples used for target enrichment and 

WGS. Peter Timms, Carolyn J. Hogg, and Katherine Belov helped draft the final manuscript. 
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disease. The duplicated nature of MHC genes has made discrimination of paralogs challenging. 

Functional regions of the genome are typically analysed as single or few genes via PCR and 

amplicon sequencing, or on a larger scale, through target enrichment methods which 

selectively target specified regions of the genome. As sequencing becomes cheaper, 

conservation programs are beginning to utilise whole genome sequencing (WGS). However, it 

is vital to determine the level of coverage needed to reliably genotype polymorphic and 

evolutionarily significant genes.  

Results 

Here we provide a comparison between target enrichment sequencing and whole genome 

sequencing of a highly polymorphic and duplicated gene family (MHC) and a more conserved 

gene family (TLR) to identify the sweet spot of sequence depth coverage required to 

accurately capture variants and detect copy number variations. Low coverage WGS (  2x) 

misses over 30% of real variants and results in 22% of incorrect variant calls in MHC genes. We 

determined that TLR genes require  10x coverage to achieve 90% concordance across 9 genes 

and MHC genes require  20x coverage to achieve 90% concordance across 22 genes. We 

demonstrate that deletions can be detected with sequencing depth as low as 1x, but 

duplications are more difficult to reliably detect.  

Conclusions 

This information will help guide study design for other species that optimises sequencing 

strategies as well as improving the value of conservation dollars. 
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Background 

High throughput DNA sequencing technologies have brought genomics to the world of 

conservation (Allendorf, 2017; Supple & Shapiro, 2018). Next generation sequencing (NGS) 

technologies sequence short fragments of DNA (reads) that are then mapped to a reference 

genome for that species (or a closely related species (Galla et al., 2018)) or aligned de novo. 

The number of reads which covers any given position in a genome is referred to as the 

sequencing depth or depth of coverage. Higher sequencing depth increases the accuracy of 

genotypes however, this higher sequencing depth requires more sequence data, therefore 

increasing the cost per sample. Lower sequencing depth reduces the certainty around 

genotype calls but requires less sequencing data, resulting in a lower cost per sample. 

Another important consideration that can drastically alter sequencing costs, is the 

sequencing method used. For example, whole genome sequencing (WGS) requires far 

greater sequencing data to achieve the same read depth as compared to sequencing only 

coding regions or a few hundred genes (Table 3-1). For many non-model species, 

understanding the trade-offs between sequencing methods, sequencing depth and accuracy 

of variant calling is needed to inform sampling design. 
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Table 3-1 Comparison of the amount of sequencing data required to reach a range of 

sequencing depths if targeting the entire koala genome, entire exome  or using a koala target 

probe containing 1209 immune genes (Johnson et al., 2018; Silver et al., 2022). 

 Whole Genome Entire Exome  Koala Target Probe 

(1209 genes) 

Size 3.42Gbp (Johnson et 

al., 2018) 

95.21Mbp  4.26Mbp (Silver et al., 

2022) 

0.5x 1.71Gbp 47.61Mbp 2.13Mbp 

1x 3.42Gbp 95.21Mbp 4.26Mbp 

2x 6.84Gbp 190.42Mbp 8.52Mbp 

5x 17.1Gbp 476.05Mbp 21.3Mbp 

10x 34.2Gbp 952.1Mbp 42.6Mbp 

15x 51.3Gbp 1.43Gbp 63.9Mbp 

20x 68.4Gbp 1.90Gbp 85.2Mbp 

30x 102.6Gbp 2.86Gbp 127.8Mbp 

 Assuming that 100% of sequenced reads aligned to either the whole genome (i.e., no contamination) or the to 

the target regions (i.e., no erroneous mapping) 

 calculated by summing the total number of bases from all exons annotated in koala genome annotation file 

(Johnson et al., 2018) 

Our world is more connected than ever and the threat of zoonotic and emerging infectious 

diseases continues to increase. This can be seen by the rapid spread of chytridiomycosis 

around the globe which has severely impacted global amphibian populations (Martel et al., 

2014; Scheele et al., 2019). With increasing disease pressures on already under-threat 

populatio s, ide tifi atio  of ge eti  a ia ts that i p o e a  i di idual s ha e of su i al 

are key. Genes related to the immune system are some of the most polymorphic regions in 

the genome (Hughes, 1999; Hughes & Nei, 1989; Tanaka & Nei, 1989). The major 

histocompatibility complex (MHC) is one of the key components of the adaptive immune 

system and is found in all jawed vertebrates (gnathostomes). The MHC consists of three 

subregions, class I, class II and class III and contains numerous genes responsible for the 

presentation of antigens to the host immune system (Cresswell et al., 2005; Pieters, 2000). 

Class I genes are phylogenetically distinct between species and evolve through species specific 
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expansions, whilst class II genes show orthologous relationships between gene regions within 

various clades (eutherians, Aves, marsupials). The marsupial class II MHC have three genes 

which show no orthology to eutherians (DA, DB and DC) (Belov et al., 2004; Schneider et al., 

1991), although they do share the non-classical DM gene. Toll-like receptors (TLRs) are an 

important component of the innate immune system but unlike the MHC, TLR genes are widely 

conserved. Marsupial TLR gene sequences show orthology to eutherian TLR genes and lower 

levels of diversity with 40 single nucleotide polymorphisms (SNPs) identified within 10 TLR 

genes in 20 koalas (Phascolarctos cinereus) (Cui et al., 2015b). TLRs are membrane spanning 

molecules that are present on the surface of numerous cells and organelles. Their role is to 

recognise and bind to conserved molecules expressed on the surface of pathogens, known as 

pathogen-associated molecule patterns (PAMPs) (Akira et al., 2006). The binding of TLRs to 

PAMPs activates aspects of both the innate and adaptive immune systems. A defining feature 

of TLRs is the presence of multiple leucine rich repeats (LRR) motifs making up the extracellular 

domain (Werling & Jungi, 2003). There are ten TLR genes present in marsupials, nine of these 

have direct orthologs with eutherians (TLR2-5, TLR7-10 and TLR13), whilst TLR1/6 is marsupial 

specific and is thought to be an ancestral form of the TLR1 and TLR 6 genes present in 

eutherians (Cui et al., 2015a; Cui et al., 2015b; Peel et al., 2021a; Peel et al., 2022b). 

Genomes for non-model species are being generated at an exceptional rate by both individual 

research groups and large international consortia (Brandies et al., 2020; Feigin et al., 2022; 

Koepfli et al., 2015; Lewin et al., 2018; Peel et al., 2021b; Rhie et al., 2021; Teeling et al., 2018; 

Voolstra et al., 2017). The availability of a reference genome is a key first step to allow 

annotation and investigation of immune genes (Brandies et al., 2019). The emergence of long 
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read and scaffolding technologies has greatly improved our ability to annotate immune genes 

in non-model species (Peel et al., 2022b), for example the koala (Phascolarctos cinereus) 

reference genome assembled in 2018 using Pacific Biosciences (PacBio) long reads, Illumina 

short reads, and BioNano optical maps allowed for the first complete reconstruction of MHC 

gene clusters from a marsupial (Cheng et al., 2018; Johnson et al., 2018). 

The MHC and TLR families are of great interest to immunogeneticists as they are involved in 

two vital aspects of host immunity, with MHC molecules responsible binding of foreign 

pathogens and antigen presentation to T-cells. For example, Knafler et al. (2016) identified 

evidence of selection in avian TLR3 in response to beak and feather disease in red-crowned 

parakeets (Cyanoramphus novaezelandiae). Additionally, various TLR genes have been 

associated with infection by Chlamydia bacterium, particularly TLR2 in humans (Beckett et al., 

2012; Massari et al., 2013). In koalas MHC alleles of both class I and class II genes, identified 

through both PCR typing and NGS methods, have been associated with chlamydiosis (Lau et 

al., 2014a; Quigley et al., 2018a; Robbins et al., 2020; Silver et al., 2022). High levels of diversity 

within the peptide binding region (PBR) of MHC genes results in a species having a large 

repertoire of MHC molecules to provide that species with immunity against a wide range of 

pathogens (Radwan et al., 2010). However, this high level of diversity and gene duplication 

within the MHC regions provides technical challenges for studying these genes in non-model 

species (Babik, 2010; Cheng et al., 2022). This diversity can be seen within the koala MHC, with 

35 genes identified in the koala reference genome (Johnson et al., 2018), and 846 SNPs 

resulting in 140 alleles observed within 24 of these genes in two populations from south-east 

Queensland (Silver et al., 2022). 
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Traditionally in non-model species, TLR and MHC genes are investigated through species 

specific, gene specific primers (Cheng et al., 2022; Cui et al., 2015b; Grueber & Jamieson, 

2013). As sequencing technologies evolve and become increasingly affordable, wildlife 

geneticists begin to use high throughput methods capable of targeting multiple genes at once 

through a target enrichment approach or the entire genome with WGS. PCR based typing 

methods combined with Sanger sequencing are most commonly used to identify MHC variants 

in non-model species (Babik, 2010; Cheng et al., 2022; Cheng et al., 2012a; Lau et al., 2014b) 

due to the high accuracy of genotype calls. This method is labour intensive and limited by the 

size of the amplicon being targeted. As access to NGS technology increases and cost of 

obtaining sequence data decreases high throughput amplicon sequencing is becoming the 

dominant method of variant identification (Biedrzycka & Kloch, 2016; Caskey et al., 2019; 

Cheng et al., 2018; Schwensow et al., 2019). NGS provides advantages over Sanger sequencing 

as it; provides high coverage to capture all variants present, is far less laborious and it is 

possible to pool individual samples into the same sequencing run (Shendure & Ji, 2008). One 

shortcoming of amplicon sequencing is the limitation of the length of amplicon that can be 

obtained, often meaning only a single exon (typically exon 2, which encodes for the peptide 

binding region [PBR]) of MHC genes is investigated (Castro-Prieto et al., 2011; Cheng et al., 

2018; Quigley et al., 2018a). One method of obtaining MHC genotypes through NGS is via a 

target enrichment or whole exome sequencing (WES). Target enrichment technologies offer 

advantages over WGS and WES as researchers can specifically target predefined regions 

through design of short oligonucleotide sequences to capture the specified genomic regions. 

The targeted regions are then amplified and sequenced, resulting in lower cost per sample 

(Mamanova et al., 2010). In a previous study, we used a target enrichment approach to 
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investigate 1209 immune genes in koalas including 22 MHC class I and II genes which provided 

sequencing depths of at least 60x and up to 500x across the target regions (Silver et al., 2022). 

A far greater quantity of data and higher quality of genotype information than can be 

reasonably obtained from WGS. When developing a study design researchers must consider 

the potential trade-offs of each technology and the sequencing depth required to achieve the 

desired reliability of variant calls. 

Koalas are an iconic Australian marsupial. The species has seen population declines across 

their range (Adams-Hosking et al., 2016) and were listed in 2022 as Endangered  under the 

Aust alia  Go e e t s E i o e t P ote tio  a d Biodi e sit  Co se atio  A t . 

Threats faced by koalas are primarily anthropogenic including habitat degradation, vehicle 

strike and dog attacks (Beyer et al., 2018; Dique et al., 2003; Goldingay & Dobner, 2014; 

Rhodes et al., 2011) but they are also threatened with two infectious diseases, Chlamydia and 

Koala retrovirus (KoRV) (Beyer et al., 2018; Cockram & Jackson, 1974; Hanger et al., 2000; 

Polkinghorne et al., 2013). Koalas are found from northern Queensland (QLD) down the 

eastern and southern coastlines of Australia to Kangaroo Island in South Australia. In this study 

we sequenced ten individuals from the Moreton Bay Region (MBR) in QLD using both a WGS 

approach and a target enrichment probe (Silver et al., 2022). We investigate the concordance 

of genotype calls in two important immune gene families (MHC [22 genes] and TLR [9 genes]) 

with two sequencing methods (target enrichment and WGS). These two families were used as 

both have been implicated in several disease and fitness associations. As the use of WGS 

increases in the field of conservation genomics it is important to determine whether 

genotypes in highly polymorphic regions of the genomes (represented in this study by 22 MHC 
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genes) can be reliably assessed. We also set out to determine the minimum sequencing depth 

required to accurately call genotypes in other regions of the genome (represented in this study 

by 9 TLR genes). 

Results 

Sequencing 

All ten samples were successfully sequenced to high coverage by both methods, target 

enrichment samples had an average coverage of 264.64x across the target regions (59.3-

501.2x) and whole genome samples had an average coverage across the genome of 47.31x 

(42.1-59.3x) (Table A3-1). 

Concordance of Variant Calls 

For MHC genes, target enrichment identified 269 variants, due to the high average coverage 

of the target enrichment samples we designate these as t ue  alls. The full o e age >  

whole genome data identified 262 variants and the down-sampled whole genomes found 

between 49 (0.5x coverage) and 272 variants (20x coverage). For TLR genes, we identified 26 

variants in the target enrichment data, due to the high average coverage of the target 

e i h e t sa ples e desig ate these as t ue  alls. Do -sampled WGS identified 

between 10 (0.5x coverage) and 26 (  15x coverage) variants. For both gene families, at low 

coverage (0.5x -2x) far more variants were not identified in the whole genome data set (Figure 

3-1 . As o e age i eased, o e a ia ts p ese t i  the t ue  dataset e e ide tified i  the 

whole genome dataset (Figure 3-1). In MHC genes the percentage of concordance plateaus at 
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 15x coverage whilst in TLR genes it plateaus at  10x coverage (Figure 3-2). Interestingly, 

there were additional MHC variants identified in the whole genome data that were not 

present in the target capture (28 MHC variants present only in the whole genome set at full 

coverage) (Figure 3-1). This trend was not observed in the TLR genes, and at 15x coverage and 

above, all 26 variants were present in both datasets (Figure 3-1). As expected, as the depth of 

coverage of the whole genome data increased there was higher overlap between the variants 

identified through WGS and target enrichment (Figure 3-1). Additionally, as the coverage 

increased there was higher concordance of overlapping variants (Figure 3-2). At low coverage 

(0.5-2x) the biggest source of non-concordant calls was due to missing data, with 66% and 

63% of overlapping variants missing genotype calls in MHC and TLR genes, respectively, in the 

WGS dataset at 0.5x coverage (Figure 3-2). Overall, concordance was similar between target 

enrichment and WGS in the TLR genes compared to MHC genes (Figure 3-2). 

 

Figure 3-1 Stacked column chart showing the number of variants present in MHC genes (A) 

and TLR genes (B) at different depths of coverage. Colours indicate the number of variants 

present only identified through target enrichment (pink), only through whole genome 

sequencing (blue) and overlapping between the two sequencing types (orange). 
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Figure 3-2 Stacked line chart showing the concordance of genotypes calls between target 

enrichment and whole genome sequencing for variants identified through both WGS and 

target enrichment at different depths of coverage in MHC genes (A) and TLR genes (B). Red 

lines show the percentage correct calls, blue lines show the percentage of individual 

genotypes present in target enrichment but missing in WGS, yellow lines show the percentage 

of non-concordance calls and black lines shows percentage of individual genotypes present in 

WGS but missing in target enrichment 

Detection of Copy Number Variation 

From our copy number analysis, we propose in the ten samples investigated for this study 

there is MHC CNV in the class I genes UA, UG and UH and in the class II genes DBα2 and DBβ2 

(Figure 3-3, Figure 3-4) UG appears to contain a hemizygous deletion in all individuals 

investigated for this study and UH appears to have a hemizygous duplication with each 

individual having three copies and UA contains a duplication with some individuals having four 

copies of a UA allele. DBα2 and DBβ2 have deletions in this population with some individuals 

having a single allele and others having two alleles. It is possible to detect complete deletion 

of a gene (zero copies) at sequencing coverages as low as 1x, however, as coverage increases 

(>10x) it is possible to identify hemizygous variation and more reliably identify gene 

duplications (Figure 3-3, Figure 3-4).
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Figure 3-3 A dot plot showing the calculated copy number at 11 class I genes at nine different coverages. Each coloured dot represents a 

single individual. Points that fall between the two dotted lines (1.5 and 2.5) are presumed to be single copy genes in those individuals, 

points falling below the lower dotted line (1.5) are presumed to be deletions in those individuals and points above the higher dotted line 

(2.5) are putative duplications in those individuals. Genes names are labelled as identified in Cheng et al. (2018) 
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Figure 3-4 A dot plot showing the calculated copy number at 11 class II genes at nine different coverages. Each coloured dot represents a 

single individual. Points that fall between the two dotted lines (1.5 and 2.5) are presumed to be single copy genes in those individuals, 

points falling below the lower dotted line (1.5) are presumed to be deletions in those individuals and points above the higher dotted line 

(2.5) are putative duplications in those individuals. Genes names are labelled as identified in Silver et al. (2022)
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Discussion 

As we proceed through the Holocene epoch, genomic technologies are just one of a suite of 

tools available to conservation managers in the preservation of species and populations (Hogg 

et al., 2022). Koalas are just one example of a species under threat from human processes 

where genomic technologies are being utilised to inform conservation management actions 

(Johnson et al., 2018; Kjeldsen et al., 2019; Lott et al., 2022; Silver et al., 2022). When 

undertaking genomic investigations, the first considerations of researchers are what to 

sequence and how much to sequence? The answer to these questions is dependent on funds 

available and the study questions (Fuentes-Pardo & Ruzzante, 2017; Goodwin et al., 2016). 

Whilst WGS provides the widest breadth of data and accuracy increases with higher coverage, 

both can drastically increase the cost of sequencing when compared to reduced 

representation sequencing (RRS) or target enrichment of selected genes. The increased utility 

of WGS in conversation programmes warrants investigation into the accuracy of genotype 

calls across a range of sequencing depths. Here we have undertaken a quantitative assessment 

that will assist researchers to develop sound sampling design and select methods appropriate 

for their study questions and their funding resources available (Table 3-2). 

Although there have been studies investigating the accuracy of variant calling pipelines (Jasper 

et al., 2022; Wright et al., 2019), arguably more important is the choice of sequencing 

methodology and sequencing depth. Our study aimed to investigate the accuracy of genotype 

calls from WGS across a range of coverages (0.5x - ~50x). We determined that for a conserved 

gene family, like TLR genes, > 90% concordance between WGS and target enrichment occurs 

with 10x coverage sequencing (Table 3-2). For a polymorphic and duplicated gene family, like 
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the MHC genes, > 90% concordance occurs at 20x coverage (Figure 3-2). The use of low 

coverage WGS (lcWGS), read depth below 2x, has become commonplace in many model 

organisms as a cost-effective approach to sequencing (Gilly et al., 2019; Pasaniuc et al., 2012). 

Whilst lcWGS may provide sufficient coverage to estimate population level statistics, such as 

genetic structuring, population heterozygosity and inbreeding, the ability to investigate and 

identify functional differences, between individuals or populations, that increases their 

chances of survival is not possible with lcWGS (Batley et al., 2021; Bay & Palumbi, 2014; Wright 

et al., 2017; Wright et al., 2020). As shown in this study, lcWGS is not sufficient to accurately 

determine genotypes of these more variable regions. We recommend at least 20x coverage 

to determine genotypes in polymorphic, duplicated gene families (e.g. MHC (Trowsdale & 

Knight, 2013)) and more than 10x coverage to identify genotypes in conserved gene families 

(e.g. TLR genes). 

Table 3-2 Sequencing coverage recommended to reliably measure diversity or calculate 

population genetic estimates in wild populations 

Requirement Sequencing Coverage 

Population diversity statistics (e.g. Ho, FST) 2x 

Gene deletions 1x 

Diversity of conserved gene families (e.g. 

TLR) 

10x 

Diversity of duplicated gene families (e.g. 

MHC) 

20x 

Gene duplications and other structural 

variants 

30x 

MHC genes evolve through a birth and death process making structural variation a key 

component of MHC diversity (Nei et al., 1997). It has been proposed that in order to detect 

structural variants a minimum 30x sequencing coverage should be used (Wold et al., 2021). In 

contrast to this we have shown with just ten samples it is possible to detect deletions with as 
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low as 1x coverage (Figure 3-3, Figure 3-4), however, gene duplications are much more difficult 

to reliably identify (Wold et al., 2021) and we recommend at least 30x coverage (Table 3-2). 

As the field of conservation genomics continues to advance and obtaining sequencing data 

becomes cheaper, it will become feasible for a pan-genomic approach, where the genomes of 

multiple individuals are sequenced and assembled de novo in order to have a set of all possible 

variation of a species (Wang et al., 2022; Wold et al., 2021) 

At low coverage ( 2x), between 15% and 22% of MHC genotypes were incorrect, and between 

15% and 20% of TLR genotypes were incorrect. The largest source of non-concordance at low 

coverage was missing genotypes in the WGS data with greater than 30% of genotypes 

determined in high coverage target enrichment not present in the WGS data. When 

attempting to identify causative variants, this represents a massive potential of missing the 

important variant. Interestingly, in MHC genes in the higher coverage samples (  30x), there 

were 28 variants observed in the WGS data that were not found in the target enrichment. 

These sites may represent inefficiencies in binding within the target enrichment set due to the 

highly similar and repetitive sequence in the MHC region. Out of these 28 variants, 18 were 

initially present in the target enrichment dataset but were filtered out. Of the 18 sites, 10 were 

removed based on low quality (<80), five were filtered based on allelic balance (>90), one 

because of low mapping quality (<40), one was multiallelic and one because of low average 

depth (<10). The remaining 10 sites present only in the WGS dataset are located within a single 

class I gene, UH. Highlighting the difficult nature of sequencing, and mapping sequence data 

to MHC regions (Babik, 2010), and suggests that class I genes are more difficult to target and 

sequence compared to class II genes. Most likely because class I genes evolve through lineage 
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specific duplication and deletion, meaning that genes within a species have a closer 

relationship than the same genes between species (Nei et al., 1997). This has been observed 

in the koala MHC class I genes with nucleotide similarities between class I genes of up to 95% 

(Cheng et al., 2018). At sequencing coverages of 15x and above, TLR genes only had 19 

mismatched variant calls. All 19 of these mismatches were identified in a single individual 

suggesting an issue with sample quality or sequencing rather than the ability of WGS to reliably 

call genotypes. Our results indicate that both high coverage WGS and target enrichment 

methods are appropriate for studying variation in polymorphic, duplicated gene families of 

non-model populations. However if researchers are solely interested in the MHC region, a 

more MHC specific long-read sequencing method may be preferred, especially to more 

thoroughly investigate class I genes (Cheng et al., 2022). The nucleotide sequence similarity 

between regions of interest may also impact the ability to reliably call genotypes, in koalas 

where class I genes show similarities between 63% and 95% (Cheng et al., 2018), there were 

some regions where reads did not align. This is important as some genetically depauperate 

species such as Tasmanian devils (Sarcophilus harrisii) show sequence similarity as high as 97% 

between MHC genes(Cheng et al., 2012b). Researchers may also need to investigate sequence 

similarities in a small number of individuals before selecting a sequencing methodology for a 

large number of individuals as sequence similarities are species specific. 

Conclusions 

Here we show the required depth of sequencing to reliably call genotypes in two immune 

gene families. As low as 10x coverage may be sufficient to accurately call variants in immune 

gene families suitable for association analysis. Additionally, this study shows the trade-off 
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between sequencing more samples at lower coverage compared to fewer samples at higher 

coverage, a vital consideration where conservation dollars may be limited (Supple & Shapiro, 

2018). We urge researchers and users of genomic data to consider their species and specific 

questions prior to data collection and sequencing, as the study design and technology selected 

may impact their ability to accurately call variants that are biologically informative. 

Methods 

Sample Collection 

Koalas from a single population in the MBR (27.0946° S, 152.9206° E) were used for this study. 

Koalas in this location were regularly monitored from 2013-2017 (Robbins et al., 2019). During 

the program animals were subject to regular monitoring and capture, blood was taken from 

the cephalic vein and samples were stored in EDTA at -20 °C prior to processing. DNA was 

extracted from 200 µl of whole blood using the standard MagAttract HMW DNA kit (QIAGEN) 

protocol with elution in 100 µl buffer AE. Quantity of DNA was determined by Nanodrop 2000 

spectrophotometer (ThermoFisher Scientific) and quality assessed through 0.8% agarose TBE 

gel stained with SYBR Safe (Life Technologies), where 2 µl of DNA was stained with 4 µl of 10% 

loading dye (Bioline). DNA was separated alongside a 1-kb size standard (Bioline) for 30 min 

at 90V and bands visualised using a Gel Doc xR + (Bio-Rad) under ultraviolet light and images 

analysed with ImageLab (Bio-Rad). 
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Sequencing 

Each sample was sequenced via two methods. The first using a target enrichment probe (see 

Silver et al. (2022) for more details). Briefly, DNA libraries were prepared using the Kapa 

Hyperprep Kit (Roche) and DNA was hybridised to RNA baits and sequenced on an Illumina 

NovaSeq SP 2 x 150 bp flowcell at The Ramaciotti Centre for Genomics (Kensington). Secondly, 

WGS was performed as part of a larger project (Hogg et al., 2023) on extracted DNA on a 

Novaseq 6000 S4 flowcell after a TruSeq DNA PCR Free library preparation. For both types of 

sequence data, raw fastq files were quality checked and aligned to the koala reference 

genome (Johnson et al., 2018) GCA_ . _phaCi _u s _ .  usi g Illu i a s 

Dragen Germline pipeline v3.8.4 with default parameters. For the WGS data, aligned bam files 

were downsampled using samtools v1.6 to average coverages of 0.5x, 1x,2x,5x,10x,15x,20x 

and 30x (Li & Durbin, 2009; Li et al., 2009). Ba  files e e the  used as i put to Illu i as  

Dragen Germline pipeline v3.8.4 to call variants within regions targeted by the target 

enrichment probe to produce single sample gvcf files. For each level of coverage single sample 

g f files e e used as i put to Illu i as  D age  Joi t Ge ot pi g pipeli e . .  to p odu e 

multi-sample vcf files. For TLR genes, vcftools v0.1.14 (Danecek et al., 2011) was used to retain 

only biallelic SNPs within TLR exons (Table A3-2). Genome analysis toolkit (GATK) v4.2.0.0 

(McKenna et al., 2010) VariantFiltration and SelectVariants was used to filter sites with quality 

less than 80 and mapping quality less than 40. Bcftools v1.3.1 (Danecek et al., 2021; Li, 2011) 

and vcftools v0.1.14 (Danecek et al., 2011) was used to calculate depth for each genotype and 

remove sites with an average depth less than 1/3 the target sequencing depth up to 10x (i.e. 

for a target coverage of 15x, sites with average depth less than 5 were removed). For MHC 
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genes, vcftools v0.1.14 (Danecek et al., 2011) was used to retain only biallelic SNPs within MHC 

exons (Table A3-2). GATK v4.2.0.0 (McKenna et al., 2010) VariantFiltration and SelectVariants 

was used to filter sites with quality less than 80, mapping quality less than 40 MQRankSum 

greater than 12.5 or less than -12.5 and ReadPosRankSum greater than 8 or less than -8. 

Bcftools v1.3.1 (Danecek et al., 2021; Li, 2011) and vcftools v0.1.14 (Danecek et al., 2011) was 

used to calculate depth for each genotype and remove sites with an average depth less than 

1/3 the target sequencing depth. Bcftools v1.3.1 (Danecek et al., 2021; Li, 2011) and vcftools 

v0.1.14 (Danecek et al., 2011) were also used to calculate allelic balance and remove sites with 

a difference of greater than 90%. 

Concordance of Variant Calls 

To assess the concordance of variants called between target enrichment and whole genome 

data, we first identified which variant sites were present in both data types for both MHC and 

TLR gene families. Secondly, for each genotype call in each individual a letter of the alphabet 

as assig ed e.g. A  as assig ed he  oth the ta get e i h e t a d WGS a ia t fo  a  

individual was a reference homozygote; see Table 3-3). Concordance was determined by the 

number of matching genotype calls between target enrichment and WGS compared to non-

matching calls. A value for concordance (when the genotype in an individual was the same 

with both target enrichment and WGS), missing WGS calls (when a genotype was called in an 

individual with target enrichment but not called in the same individual with WGS), missing 

target enrichment call (when a genotype was called in an individual with WGS but not called 

in the same individual with target enrichment) and non-concordant genotype calls (when the 

genotype in an individual was different between target enrichment and WGS) was calculated.
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Concordance = ∑ A + ∑ F + ∑ K +  ∑ P∑ A + ∑ B + ∑ C + ∑ D + ∑ E + ∑ F + ∑ G + ∑ H + ∑ I + ∑ J + ∑ K + ∑ L + ∑ M + ∑ N + ∑ O + ∑ P  
Missing Whole Genome Calls = ∑ M + ∑ N + ∑ O∑ A + ∑ B + ∑ C + ∑ D + ∑ E + ∑ F + ∑ G + ∑ H + ∑ I + ∑ J + ∑ K + ∑ L + ∑ M + ∑ N + ∑ O + ∑ P  

Missing Target Enrichment Calls
= ∑ D + ∑ H + ∑ L∑ A + ∑ B + ∑ C + ∑ D + ∑ E + ∑ F + ∑ G + ∑ H + ∑ I + ∑ J + ∑ K + ∑ L + ∑ M + ∑ N + ∑ O + ∑ P  

Non − Concordance = ∑ B + ∑ C + ∑ E +  ∑ G +  ∑ I +   ∑ J∑ A + ∑ B + ∑ C + ∑ D + ∑ E + ∑ F + ∑ G + ∑ H + ∑ I + ∑ J + ∑ K + ∑ L + ∑ M + ∑ N + ∑ O + ∑ P  
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Table 3-3 Codi g used to assess o o da e et ee  t ue  ta get e i h e t a ia ts a d 
whole genome sequencing variant calls at nine different coverages (0.5x, 1x, 2x, 5x, 10x, 15x, 

20x, 30x and full coverage- see Table S1 for full coverage depths) 

 Target 

Enrichment 

Homozygous 

Reference 

(0/0) 

Target 

Enrichment 

Heterozygous 

(0/1) 

Target 

Enrichment 

Homozygous 

Alternate (1/1) 

Target 

Enrichment 

Missing (./.) 

WGS Homozygous 

Reference (0/0) 

A B C D 

WGS Heterozygous 

(0/1) 

E F G H 

WGS Heterozygous 

Alternate (1/1) 

I J K L 

WGS Missing (./.) M N O P 

Detection of Copy Number Variation 

For the WGS data we used differences in coverage to identify putative CNV in MHC genes. For 

each of the ten samples at each of the eight down sampled coverages and the full dataset we 

used samtools coverage v1.14 (Li et al., 2009) to determine the number of reads spanning 

each MHC and TLR gene as well as the number of bases covered by reads in each gene. The 

number of reads was then divided by the gene length in kbp to determine the numbers of 

reads per kilobase (RPK). To identify potential CNV the RPK value for each MHC gene was 

divided by the average RPK value for the nine TLR genes and multiplied by two to give an allelic 

copy number (with a value of two indicating a single copy of a particular gene). The allelic copy 

numbers were plotted using the ggplot2 package (Wickham, 2016) in R v4.2.1 (R Core Team, 

2022) to allow for comparison and estimation of CNV between individuals. To identify putative 

CNV any individual with an allelic copy number value between 1.5 and 2.5 were said to have 

a single copy of the gene (Bidon et al., 2015). 
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Chapter 4: A Targeted Approach to Investigating Immune Genes of an 

Iconic Australian Marsupial 

4.1 Background 

Chapter 4 comprises the published manuscript: 

Silver, L. W., Cheng, Y., Quigley, B. L., Robbins, A., Timms, P., Hogg, C. J., & Belov, K. (2022). A 

targeted approach to investigating immune genes of an iconic Australian marsupial. Molecular 

Ecology, 31(12), 3286-3303. https://doi.org/10.1111/mec.16493. 

In this Chapter, I developed a target enrichment probe to investigate the association between 

immune genes and progression of Chlamydia pecorum infection in koalas. The work in this 

chapter is an example of the utility of genomic technologies for non-model organisms. 

Specifically, I identified 17 immune genes, including two MHC class I genes implicated with 

chlamydiosis in koalas. This work elucidates of the role of host genetics in disease progression 

and resolution in koalas will contribute to vaccine development in endangered koalas. 

I compiled the list of genes to target with the probe and wrote the manuscript. With guidance 

from Yuanyuan Cheng, I developed the probe, performed lab work and bioinformatic analysis. 

Tissue samples and clinical disease data were provided by Peter Timms, Bonnie L. Quigley, and 

Amy Robbins. Carolyn J. Hogg, Katherine Belov and Yuanyuan Cheng contributed to the study 

design. All authors revised the manuscript. The published version of this manuscript is 

provided in Appendix 1.  

https://doi.org/10.1111/mec.16493
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Abstract 

Disease is a contributing factor to the decline of wildlife populations across the globe. Koalas, 

iconic yet declining Australian marsupials, are predominantly impacted by two pathogens, 

Chlamydia and koala retrovirus. Chlamydia is an obligate intracellular bacterium and one of 

the most widespread sexually transmitted infections in humans worldwide. In koalas, 
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Chlamydia infections can present as asymptomatic or can cause a range of ocular and 

urogenital disease signs, such as conjunctivitis, cystitis and infertility. In this study, we looked 

at differences in response to Chlamydia in two northern populations of koalas using a targeted 

gene sequencing of 1,209 immune genes in addition to genome-wide reduced representation 

data. We identified two MHC class I genes associated with chlamydiosis as well as 25 single 

nucleotide polymorphisms across 17 genes that were associated with resolution of Chlamydia 

infection. These genes are involved in the innate immune response (TLR5) and defence (TLR5, 

IFNγ, SERPINE , STAT  a d STX . This stud  deepe s ou  u de sta di g of the ole that 

genetics plays in disease progression in koalas and leads into future work that will use whole 

genome resequencing of a larger sample set to investigate in greater detail regions identified 

in this study. Elucidation of the role of host genetics in disease progression and resolution in 

koalas will directly contribute to better design of Chlamydia vaccines and management of 

koala populations which have recently been listed as Endangered . 

Keywords: Chlamydia, GWAS, koala, conservation genomics, wildlife disease 

Background 

Wildlife diseases a e a ajo  o t i uto  to spe ies  de li es a oss the glo e, i ludi g 

chytridiomycosis in amphibians (Berger et al., 1998; Longcore et al., 1999), devil facial tumour 

disease (DFTD) in Tasmanian devils (Sarcophilus harissii) (Hawkins et al., 2006; Jones et al., 

2007; McCallum, 2008; Pye et al., 2016), and sylvatic plague in black-footed ferrets (Mustella 

nigripes) (Matchett et al., 2010; Williams et al., 1994). Koalas (Phascolarctos cinereus) are an 

iconic arboreal Australian marsupial occurring along the eastern coast of Australia. The species 

has suffered declines of approximately 24% over the past three generations (15 – 21 years) 
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occurring across their entire range (Adams-Hosking et al., 2016) and have recently been listed 

as Endangered  u de  the Aust alia  Go e e t s E i o e t P ote tio  a d Biodi e sit  

Conservation Act 1999. Anthropogenic factors, including land clearing that results in habitat 

loss and fragmentation, vehicle strike and dog attacks, are contributing to this decline (Beyer 

et al., 2018; Dique et al., 2003; Goldingay & Dobner, 2014; McAlpine et al., 2006; Rhodes et 

al., 2015). Disease is also a known threatening process. A four year longitudinal monitoring 

study determined that predation was the cause of 49.5% of koala deaths, with disease the 

second biggest contributor at 28.9% with 62.1% of these attributed to Chlamydia (Beyer et al., 

2018). With such a large proportion of koalas succumbing to disease pressures it is plausible 

that Chlamydia is acting as a selective pressure on koala populations. Two main pathogens, 

Chlamydia (Cockram & Jackson, 1974; Polkinghorne et al., 2013) and koala retrovirus (KoRV) 

(Hanger et al., 2000), contribute to the decline of koala populations. Koala population declines 

have been highest throughout the northern region of their range, with Queensland (QLD) 

populations decreasing by 53% overall (Adams-Hosking et al., 2016). High prevalence of 

Chlamydia infection in northern populations can reduce fertility and reproductive rates, 

impacting the ability of these populations to stabilise or increase (Polkinghorne et al., 2013; 

Rhodes et al., 2011). 

Chlamydia are obligate intracellular bacteria which can cause ocular or genital tract disease in 

a range of hosts, including humans, mice (Mus musculus), great barred frogs (Mixophyes 

iteratus), chickens (Gallus gallus) and koalas (Horn, 2008). In the extracellular phase of the 

Chlamydia lifecycle the bacterium exist as inactive particles called elementary bodies which 

are then phagocytosed into the cell where they become actively replicating reticulate bodies 

(Quigley & Timms, 2020; Zuck et al., 2017). This lifecycle takes advantage of the host 
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phagocytic machinery and there is potential that genes involved in phagocytosis may influence 

a  i di iduals  a ilit  to lea  a  i fe tio .  

Two main species of Chlamydia infect koalas; C. pneumoniae and C. pecorum, however, C. 

pecorum is more prevalent and more commonly associated with disease (Horn, 2008; 

Polkinghorne et al., 2013). Clinical disease signs of Chlamydia infection are characterised by 

inflammatory and fibrotic lesions in the ocular tissues, such as conjunctivitis, and urinary and 

reproductive tracts, which in severe cases, can cause infertility or death (Cockram & Jackson, 

1974; McColl et al., 1984; Polkinghorne et al., 2013). 

Disease occurs because of complex interactions between the host and the microbe. An 

i di idual s sus epti ilit  to disease is due to a o i atio  of fa to s, i ludi g se , age, life 

history, nutrition, immune response and genetics (Casadevall & Pirofski, 1999, 2015; Godbout 

et al., 2020).  

Koala populations show highly variable levels of Chlamydia infection and disease prevalence, 

with some populations having only 4% (Mount Lofty) of Chlamydia infected koalas showing 

disease signs and others with 71% (Brisbane) of infected koalas showing disease signs (Quigley 

& Timms, 2020). Studies have attempted to identify and quantify drivers of chlamydiosis, with 

both pathogen and host factors assessed, including: Chlamydia species, Chlamydia load 

(copies/µl), Chlamydial major outer membrane protein gene ompA genotype, infection site, 

host age, sex and coinfection with KoRV (Griffith et al., 2013; Legione et al., 2016; Quigley et 

al., 2018a; Wan et al., 2011). 

Recent studies have identified genetic associations with Chlamydia susceptibility. Lau et al. 

(2014a) identified a single major histocompatibility complex (MHC) class II a ia t DAβ*  

that was more prevalent in koalas with Chlamydia infection and a second MHC class II variant 
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DBβ*  asso iated ith high Chla dia-hsp60 antibody levels. Quigley et al. (2018a) 

identified six alleles of the marsupial MHC class II DAβ, that pote tiall  o t i uted to 

urogenital disease. Robbins et al. (2020) identified an additional four MHC alleles from the 

class II DCβ, DBβ, DAβ a d class I UC genes that were associated with disease progression. 

Cytokines (TNF-α a d IFNγ  a d i te leuki s IL-17A, IL-4 and IL-6) (Maher et al., 2014; Mathew 

et al., 2013a; Mathew et al., 2013b; Mathew et al., 2014; Quigley & Timms, 2020) have also 

previously been implicated in response to Chlamydia in koalas. 

In this study, we aimed to measure levels of immune gene diversity at 1,209 immune genes 

from 43 individuals in two koala populations from south-east QLD. We used a target 

enrichment approach to target single nucleotide polymorphisms (SNPs) within single copy 

immune genes. Immunoglobulins (Igs), T cell receptors (TCR) and natural killer cell receptors 

(NKC) were not targeted due to their multi-copy nature. We discovered 25 SNPs across 17 

genes that were associated with resolution of Chlamydia infection. Additionally, we identified 

two MHC class I genes with differences in allele frequencies between individuals that were 

able to resolve an infection and those that were not. 

Methods 

Study populations and sample collection 

Two koala populations were utilised for this study. The first population, in the Moreton Bay 

Region (MBR) (27.0946° S, 152.9206° E), is located in peri urban/urban koala habitat 

approximately 25 km north of Brisbane. The second population, at Old Hidden Vale (HV) 

(27.6594° S, 152.4672° E), is located approximately 70 km southwest of Brisbane. The two 
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study sites are separated by the Brisbane Valley barrier (BVB) (Johnson et al., 2018). These 

koala populations were part of ongoing population management programs (Robbins et al., 

2019, 2020). As part of these programs, animals were subject to regular field monitoring and 

capture for comprehensive clinical examinations under anaesthesia and treatment of 

chlamydiosis, if required (for detailed methods see Robbins et al. (2020)). Briefly, at each 

clinical examination, swab samples were taken from ocular conjunctiva and urogenital sinus 

and blood was taken from the cephalic vein. Whole blood samples were stored in EDTA at -20 

°C prior to processing. Veterinarians also performed a physical examination, sonographic 

examination of the urogenital tract and cytological examination of the blood and urine 

sediment. 

Detailed clinical observations and diagnostic test results were also recorded for each koala. 

Analysis for C. pecorum presence 

Detection of C. pecorum followed methods used by Robbins et al. (2020). Briefly, ocular 

conjunctiva and urogenital tract swab samples were mixed with 500 µL of phosphate-buffered 

saline and DNA extracted from the suspension using a QIAamp DNA mini kit (Qiagen), 

a o di g to the a ufa tu e s i st u tio s. The e t a ted DNA was then used to screen for 

C. pecorum using a specific qPCR assay that targets a 209 bp region of the conserved gene 

CpecG_05739 (Jelocnik et al., 2017; Robbins et al., 2019), and Chlamydial plasmid DNA using 

a CDS5-specifc qPCR (Phillips et al., 2018). A standard curve was generated for quantification 

of C. pecorum infection loads using a known concentration of C. pecorum genomic DNA. 

Samples were run in duplicate with positive and negative controls included in all qPCR assays. 
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The qPCR and close veterinary observations were chosen for Chlamydia detection as these are 

more reliable than antibody tests in koalas (Hanger et al., 2013). 

Koala study groupings 

Based on the clinical observations and C. pecorum test results obtained during the monitoring 

period, koalas were divided into clinical groups for the purposes of this study. Study groups 

were created based on koalas that acquired a Chlamydia infection at some point during the 

monitoring period and either: A) resolved that infection without medical intervention 

(resolvers, n = 12 koalas), or B) continued to carry C. pecorum for the remainder of the 

monitoring period and either did not develop clinical disease signs or developed clinical 

disease signs (non-resolvers, n = 31 koalas). 

Probe design 

We manually annotated MHC class I and class II in the koala genome (Johnson et al., 2018) 

using BLAST searches (Altschul et al., 1990) using previously identified marsupial MHC 

sequences. Manual inspection of all BLAST hits was used to identify start and stop codon sites 

and splicing locations between exons (Table A4-1). Exon sequences were then extracted from 

the genome assembly and submitted to Arbour Biosciences for bait development as described 

below. Genes to be targeted for enrichment were chosen using Gene Ontology (GO) 

(Ashburner et al., 2000; Gene Ontology, 2021) to generate a list of putative genes involved in 

i u e p o esses . B oad ite ia e e used to i lude ge es to minimise the risk of missing 

any genes which may impact the koala immune response, albeit indirectly. These genes were 

then searched within the koala genome annotation 
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(Phascolarctos_cinereus.phaCin_unsw_v4.1.98.gff3) (Johnson et al., 2018). Exon sequences 

for the target genes were extracted from the koala genome assembly (phaCin_unsw_v4.1.fa) 

(Johnson et al., 2018) using BEDtools v.2.29.2 (Quinlan & Hall, 2010) with a 40 bp flanking 

region either side of each exon. The exon sequences were sent to Daicel Arbour Biosciences 

(Ann Arbor) who designed 80 bp RNA baits with a 40 bp overlap between baits. Each bait was 

quality checked for BLAST (Altschul et al., 1990) specificity to the intended region of the koala 

genome (Johnson et al., 2018) at an estimated hybridisation melting temperate (Tm °C) as well 

as GC content. Baits were filtered based on Arbour Biosciences moderate filtering criteria 

where a bait passed if; at most 10 BLAST hits between 62.5 – 65 °C and 2 BLAST hits above 65 

°C, and fewer than 2 passing baits on each flank. Baits were also removed if they were more 

than 25% masked based on repeats in the mammalian database or if they were more than 

25% masked based on repeats soft marked in the koala genome (Johnson et al., 2018). Any 

genes which had baits entirely filtered out of the probe set were searched on Web of Science 

ith ge e a e  a d Chlamydia  a d ge es that had pu lished e a ples of asso iatio s 

with Chlamydia disease were retained to capture all potential associations. The final bait set 

(see results) was sent to Arbour Bioscience for synthesis. 

DNA extraction, library preparation and target capture 

DNA was extracted from 200 µl of whole blood using the standard MagAttract HMW DNA kit 

(QIAGEN) protocol with elution in 100 µl buffer AE. Quantity of DNA was determined by 

Nanodrop 2000 spectrophotometer (ThermoFisher Scientific) and quality assessed through 

0.8% agarose TBE gel stained with SYBR Safe (Life Technologies), where 2 µl of DNA was 

stained with 4 µl of 10% loading dye (Bioline). DNA was separated alongside a 1-kb size 
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standard (Bioline) for 30 min at 90V and bands visualised using a Gel Doc XR + (Bio-Rad) under 

ultraviolet light and images analysed with ImageLab (Bio-Rad). DNA libraries were prepared 

using Kapa Hyperprep Kit (Roche) following standard procedures. Briefly, 400 ng of DNA was 

cleaned using 3 X volume magnetic beads and eluted in 30 µl of buffer EB. Following this, 120 

ng of DNA in 35 µl of EB was fragmented for 23 minutes at 37 °C before A-tailing, end repair 

and adapter ligation with KAPA unique dual indexed adapters (Roche). Libraries were then 

amplified in a T100TM thermocycler (Bio-Rad) with Illumina primers with an initial denaturation 

for 45 seconds at 98 °C, then 5 cycles of denaturation at 98 °C for 15 seconds, annealing at 

60 °C for 30 seconds and extension for 30 seconds at 72 °C and a final extension at 72 °C for 1 

minute. Amplified libraries were then cleaned with a 1 X bead volume and eluted in 15 µl of 

buffer EB. Quantity of library was determined using a Nanodrop 2000 spectrophotometer 

(ThermoFisher) and average library size estimated on a 2100 Bioanalyzer instrument (Agilent). 

For target enrichment, eight samples were pooled in equimolar concentrations for a total of 

500 ng of DNA. Hybridisation of DNA to RNA baits occurred for 16 hours at 63 °C, following 

this, the solution was washed with magnetic beads and a wash solution and eluted in 30 µl 

0.05% TWEEN-20 solution. Fifteen µl of enriched library was amplified through 10 PCR cycles 

with conditions as listed above and a final 1x bead clean-up and elution in 20 µl of buffer EB. 

Enriched libraries were quantified using a Qubit 2.0 fluorometer (Invitrogen). Confirmation of 

enrichment of intended gene regions was determined through copy number qPCR with two 

genes included that were present in the bait set (LOX and EOMES) and two genes as controls 

(ACRBP and CRCP) using primers designed for this study (Table A4-2). For qPCR, 2 µl of 

enriched library was diluted with 14 µl of EB and unenriched libraries diluted to similar 

concentration (~0.5 ng/µl), reactions were cycled on a CFX Connect Real-Time PCR Detection 
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System (Bio-Rad) with initial denaturation at 95 °C for 5 minutes, followed by 40 cycles of 95 °C 

for 10 seconds, and then 55 °C for 30 seconds, with images taken each cycle. This was followed 

by a melt curve from 50 °C in 1 °C increments every 5 seconds to 95 °C. Copy number was 

analysed on the CFX Maestro Software v.1.0 (Bio-Rad). All target reactions were then pooled 

equimolar with a final concentration of 2 nM in 40 µl of buffer EB. Sequencing occurred on an 

Illumina NovaSeq SP 2 x 150 bp flowcell at The Ramaciotti Centre for Genomics (Kensington). 

Bioinformatics 

Sequencing reads were removed if their length was less than 50 bases and reads were 

trimmed if leading or trailing bases had a quality below 20 or if read quality was below 20 in a 

4 bp sliding window. Adapter sequences were removed using trimmomatic v0.38 (Bolger et 

al., 2014). Fastqc v0.11.8 (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/) was 

run on trimmed reads and checked for read length and contamination. Trimmed reads were 

aligned to the koala reference genome (Johnson et al., 2018) using the Burrows Wheeler 

Aligner v0.7.17 (BWA) mem function with default parameters (Li & Durbin, 2009) and 

duplicated reads marked with the picard v2.21.9 mark duplicates function 

(http://broadinstitute.github.io/picard/). Ngscat v0.1 (Lopez-Domingo et al., 2014) was run to 

assess coverage across target regions. The Genome Analysis Toolkit (GATK) v4.1.9.0 (McKenna 

et al., 2010) est p a ti es  pipeli e as u  o  alig ed eads. B iefl , Haplot peCalle  as 

used to genotype individual samples over target regions, then GenomicsDBImport was used 

to combine multiple g.vcf files to build a database of multi-sample variants, and finally 

GenotypeGVCFs was used to build multi-sample vcf files. Variant statistics were determined 

for each variant using the GATK VariantsToTable function and distributions of each statistic 
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visualised in R v4.0.2 (R Core Team, 2022) (Figure A4-1) to determine filtering metrics. Variants 

were filtered through the GATK VariantFiltration function by; QD <2, AN <77.4, SOR >3, FS >60, 

MQ < 40, -2.5< MQRankSum <2.5, -2.5< ReadPosRankSum <2.5 and -3< BaseQRankSum <3. 

Following this, only biallelic SNPs were retained and alleles present at a MAF <0.08 (to ensure 

an allele was seen in at least 2 individuals) were removed. 

RRS sequencing 

Samples were also sequenced with reduced representation sequencing (RRS) to investigate 

genome wide neutral diversity. RRS was performed using DArTseqTM (Diversity Arrays 

Technology PL; DArT). Sample DNA quality and quantity was assessed, as above, to ensure 

each sample met the minimum concentration of 50 ng/µL and volume of 20 µl required by 

DArT. The combination of frequent and infrequent cutting restriction enzymes (SphI and PstI, 

respectively) were used to prepare the genomic DNA and sequencing of size selected 

amplified fragments was achieved with a HiSeq2500 using 77-bp single-end reads. 

Reads were processed and genotypes called using our in-house bioinformatic pipeline (Wright 

et al., 2019). Briefly, FASTQ files were quality checked with FastQC v0.11.8, cleaned and 

trimmed using Stacks v2.0 process_radtags (Catchen et al., 2013) and aligned to the koala 

reference genome (Johnson et al., 2018) using BWA (Li & Durbin, 2009). SNPs were called 

using Stacks ref_map pipeline to output one random SNP per locus, using a minimum call rate 

of 20% and maximum observed heterozygosity of 70%. Additional filtering was performed in 

R to retain loci with alleles sequenced to a minimum mean depth of 2.5, allelic coverage 

difference no greater than 80%, reproducibility (based on technical replicates performed by 

DArT) above 90%, MAF > 0.05 and removal of any potential sex-linked loci (Wright et al., 2019). 
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Comparison of target enrichment and RRS 

Exploratory principal coordinates analysis (PCoA) was performed using target enrichment and 

RRS variants (hereafter "immune gene" and "genome-wide" SNPs, respectively) separately 

and plotted using adegenet (Jombart, 2008) in R to investigate genetic differences between 

koalas from HV and MBR. ANNOVAR v20180416 (Wang et al., 2010) was used to characterise 

SNPs against the koala genome annotation (Johnson et al., 2018) as intergenic, intronic or 

exonic (non-synonymous or synonymous). Heterozygosity of each animal was calculated using 

the genhet package (Coulon, 2010) in R. Average heterozygosity of individuals from each 

population (MBR and HV) was calculated separately for each data type and compared using 

an ANOVA. 

Identifying candidate SNPs  

Levels of inbreeding were calculated for each individual using PLINK (Purcell et al., 2007), with 

the mean F of each group (resolvers, non-resolvers) compared using an independent sample 

t-test. An increased level of inbreeding results in a decrease in overall genetic diversity which 

may cause a loss of alleles responsible for disease resistance (Hedrick & Garcia-Dorado, 2016). 

Secondly, a genome wide association study (GWAS) was performed using PLINK (Purcell et al., 

2007) with both a chi-s ua e test a d Fishe s e a t test to ide tif  a  SNPs asso iated ith 

the ability of a Chlamydia infected koala to resolve their infection (Figure A4-2). Any SNPs with 

a p- alue  .  e e sele ted as sig ifi a t SNPs (Batley et al., 2019; Batley et al., 2021). 

The basic GWAS is a commonly used approach that compares allele frequencies between case 

and control phenotypes and is used to identify loci associated with the trait of interest (Korte 
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& Farlow, 2013), in this study we used both a chi-squared test and Fisher's exact test to reduce 

the chance of false positives whilst maintaining the greatest number of candidate SNPs 

possi le. Ou  GWAS as o ple e ted ith the Wei  a d Co ke ha s FST test (Weir & 

Cockerham, 1984) using the -weir-fst-pop tool in vcftools v0.1.14 (Danecek et al., 2011) and 

SNPs with an FST more than 5 standard deviations from the mean were said to be significant 

SNPs (Axelsson et al., 2013; Batley et al., 2021) (Figure A4-2 . We used Wei  a d Co ke ha s 

FST to identify regions of genetic differentiation between our resolvers and non-resolvers. 

These two methods work differently with a GWAS aiming to identify loci associated with a 

chosen phenotype (Korte & Farlow, 2013) whereas as FST outlier identifies loci with allele 

frequency differences between groups than would be expected under drift alone (Lotterhos 

& Whitlock, 2014). Any SNP which was identified as significant in two or more of the three 

tests were chosen to be candidate SNPs to reduce false positives (Figure A4-2). The gene 

location of each candidate SNP was determined, and the GO slim for immunology annotation 

set in GOnet (Pomaznoy et al., 2018) was used to investigate key pathways candidate genes 

were involved in. We identified any additional SNPs located within our candidate genes and 

determined whether those SNPs were synonymous or non-synonymous using ANNOVAR 

v20180416 (Wang et al., 2010). 

MHC Analysis 

Single sample bam files (N = 43) were used as input to GATK v4.1.9.0 (McKenna et al., 2010) 

to call variants occurring within annotated MHC genes in koala genome (Johnson et al., 2018). 

HaplotypeCaller was used to call variants across scaffolds in the koala genome containing MHC 

genes, then GenomicsDBImport combined multiple g.vcf files and GenotypeGVCFs was used 
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to build multi-sample vcf files. Variants within exons of MHC genes were phased using phase 

v2.1.1 (Stephens & Scheet, 2005; Stephens et al., 2001), an allele was only considered real if 

it appeared twice within the dataset. A Pearson's chi-square test was used to test for 

differences between observed and expected MHC allele frequencies for animals able to 

resolve a Chlamydia infection and those unable to resolve an infection. As the number of MHC 

genes with variants investigated is small (23) and the nature of this study is exploratory to 

identify as many variants as possible for further investigation we decided it not necessary to 

correct for multiple testing (Bender & Lange, 2001). For the two MHC class I genes significantly 

associated with being able to resolve a Chlamydia infection we conducted Akaike information 

criterion (AICC) based model selection following Grueber et al. (2013). We investigated the 

effects of heterozygosity at each gene as well as the effect of each allele on the ability to 

resolve an infection. Heterozygosity at each gene was coded as 0/1 (for homozygous and 

heterozygous, respectively) and each individual was coded as 1/0 for presence/absence of the 

allele in question. All models included heterozygosity as a factor. Each model was ranked 

based on AICC values and models 2 AICC from the base model were interpreted to be evidence 

for the given allele being able to influence the ability to resolve a Chlamydia infection (Grueber 

et al., 2013; Sepil et al., 2013). 

Regulatory approvals 

Koala management programs were conducted under approvals issued by the QLD Department 

of Agriculture and Fisheries (approvals CA 2012/03/597, CA 2013/09/719, CA 2014/06/777, 

CA 2015/03/852, and CA 2016/03/950), and work with koalas was authorised by scientific 

purposes permits issued by the QLD Department of Environment and Heritage Protection 
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(approvals WISP 11525212, WISP 16125415, WISP 13661313, WITK 14173714, WISP 

17273716 and WA 0008304). Swab samples were analysed under approval numbers 

AN/A/13/80 and AN/E/19/33 issued by the University of the Sunshine Coast Animal Ethics 

Committee. 

Results 

Koala samples and C. pecorum status 

Fourteen koalas from HV and 29 from MBR were included in the study, all of which were 

infected with C. pecorum during the monitoring period. Out of the 43 sampled koalas; 31 

individuals were not able to resolve an infection (non-resolvers), and 12 individuals (resolvers) 

were able to resolve an infection. For RRS 41 samples (resolvers = 11, non-resolvers 30) had 

the required concentration and volume of DNA. Of the 12 resolvers, 11 were from MBR and 

one from HV, of the 31 non resolvers, 18 were from MBR and 13 from HV (Figure 4-1). 

Bait probe design 

Our initial probe set consisted of 99,034 baits targeting 14,820 exonic sequences 

representing 1,258 immune related genes (Table A4-3). We did not attempt to target 

immunoglobulin or T-cell receptor genes as variation in these regions is largely generated 

through V(D)J recombination (Tonegawa, 1983; Ujvari & Belov, 2015). We identified 19 MHC 

class I genes, including all 11 identified by Cheng et al. (2018), 14 of these with full length 

coding sequence (CDS), we also found 16 MHC class II for inclusion in our probe (Table 

4-1,Figure 4-2). Based on filtering by Arbour Biosciences, 1,140 baits failed the moderate 

filtering criteria, 5,936 baits were more than 25% masked by the mammalian repeat 
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database and 22,446 baits were more than 25% masked based on repeats in the koala 

genome. Manual screening of the removed baits resulted in 2,151 bait sequences being 

reintroduced to the probe set. This process brought the final bait probe set to 73,397 

sequences (Table A4-4) containing 13,783 exons from 1,209 immune related genes and 

covering 4,253,688 bp (or approximately 0.13% of the total genome). 

 

Figure 4-1 A) PCoA plot produced using genome-wide neutral SNPs from 41 sequenced 

individuals, with individuals labelled by whether they were able to resolve a Chlamydia 

infection (Resolvers-purple triangles) or not (Non-Resolvers-black circles). B) PCoA plot 

produced using genome-wide neutral SNPs from 41 sequenced individuals, with individuals 

labelled by study population, either Moreton Bay or Hidden Vale. C) PCoA plot produced using 

biallelic SNPs from targeted immune genes in 43 sequenced individuals, with individuals 

labelled by whether they were able to resolve a Chlamydia infection (Resolvers) or not (non-

Resolvers). D) PCoA plot produced using biallelic SNPs from targeted immune genes in 43 

sequenced individuals, with individuals labelled by study population, either Moreton Bay (blue 

triangles) or Hidden Vale (red circles). 
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Genetic variants 

Sequencing of the koala genomic fragments enriched from the bait probe screening resulted 

in 907,793,964 total raw reads, ranging from 5,369,327 to 69,984,213 per individual, at an 

average coverage over the target regions of 226.87 (59.4 - 652.4). After processing and 

filtering, 19,310 immune gene variants were detected, of which 14,921 were biallelic SNPs 

(Table 4-2). There was a total of 132,416,470 raw sequences from DArT; two samples did not 

have the required quantity for sequencing. Prior to filtering, there were 23,408 SNPs, and after 

filtering, 8,801 (genome-wide) SNPs remained with 1.90% of these falling in coding regions 

(Table 4-2). 

 

Figure 4-2 Genomic location of the 19 MHC class I and 16 MHC class II genes annotated, with 

yellow bars indicating which genes were included in our target probe set. Created with 

BioRender.com. 
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Table 4-1 Genomic coordinates of the 35 MHC genes we annotated as well as the number of 

haplotypes observed and P-value from chi-squared test investigating allele frequency 

differences between individuals who resolved a Chlamydia infection and individuals who did 

not resolve an infection 

Gene Scaffold Strand Start 

Position 

End 

Position 

No. 

Alleles 

P-

Value 

DAA MSTS01000255 - 1,210,001 1,214,547 4 0.20 

DAB1 MSTS01000401 + 78,815 85,317 0 NA 

DAB2 MSTS01000401 - 145,139 153,948 15 0.06 

DAB3 MSTS01000544 + 63,131 71,649 12 0.47 

DAB4 MSTS01000840 - 12,395 23,791 2 0.89 

DAB5 MSTS01000302 + 47,412 85,351 0 NA 

DBA1 MSTS01000255 - 1,175,692 1,178,484 6 0.44 

DBA2 MSTS01000255 - 1,141,123 1,143,891 0 NA 

DBA3 MSTS01000255 - 1,071,439 1,074,196 5 0.22 

DBB1 MSTS01000255 + 1,049,332 1,053,643 3 0.35 

DBB2 MSTS01000255 + 1,071,439 1,074,196 4 0.21 

DBB3 MSTS01000255 + 1,118,112 1,122,579 6 0.59 

DCA MSTS01000255 - 1,414,232 1,417,702 0 NA 

DCB MSTS01000255 + 1,420,849 1,430,221 4 0.16 

DMA MSTS01000255 + 316,690 319,085 4 0.33 

DMB MSTS01000255 + 340,447 343,862 6 0.37 

MHCI-1(UI) MSTS01000347 + 1,561,564 1,564,694 5 0.87 

MHCI-10(UF) MSTS01000255 + 986,710 989,373 4 0.20 

MHCI-11 MSTS01000314 + 2,329,060 2,332,457 0 NA 

MHCI-12(UH) MSTS01000129 - 3,854,947 3,858,138 6 0.85 

MHCI-13(UG) MSTS01000129 - 3,816,284 3,819,564 6 0.29 

MHCI-14 MSTS01000778 - 11,798 15,205 0 NA 

MHCI-15(UJ) MSTS01000454 - 94,471 97,231 3 0.46 

MHCI-16 MSTS01001120 - 62 3,236 0 NA 

MHCI-17 MSTS01000129 + 3,931,562 3,934,737 0 NA 

MHCI-18 MSTS01000381 - 34,572 37,792 0 NA 

MHCI-19(UB) MSTS01000381 - 11,690 15,571 8 0.38 

MHCI-2-partial(UD) MSTS01000347 + 1,588,258 1,590,606 4 0.63 

MHCI-3-partial MSTS01000347 + 1,624,069 1,626,296 0 NA 

MHCI-4(UA) MSTS01000263 - 3,139,825 3,143,043 17 0.04* 

MHCI-5(UK) MSTS01000255 + 400,493 407,225 3 0.17 

MHCI-6-partial MSTS01000255 + 548,482 551,594 0 NA 

MHCI-7 MSTS01000255 + 618,950 622,135 0 NA 

MHCI-8(UC) MSTS01000255 + 764,362 767,048 4 0.03* 

MHCI-9(UE) MSTS01000255 + 839,055 841,733 9 0.37 

*Denotes a significant difference between allele frequencies of individuals who resolved a Chlamydia infection 

and those who did not 
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Table 4-2 Breakdown of the number of variants detected in immune genes and across the 

genome. Immune gene SNPs were detected via target enrichment and genome-wide SNPs 

were detected via DArT 

 Immune Gene Genome-Wide 

Unfiltered Variants 24,425 23,408 

Filtered Variants 19,310 8,801 

SNPs 15,048 8,801 

INDEL 4,062  NA 

Biallelic SNPs 14,921 8,801 

Non-synonymous 2,953 64 

Synonymous 3,110 103 

Comparison of immune gene and genome-wide SNPs 

Exploratory population analysis using immune gene SNPs and genome-wide SNPs produced 

similar structuring within PCoA plots, indicating that genome wide SNPs and targeted 

functional SNPs show similar population structuring and that each type of data is adequate to 

elucidate population trends (Figure 4-1). In contrast, comparison of heterozygosity between 

the two data types showed immune gene SNPs are significantly more homozygous than 

genome-wide SNPs (Figure 4-3; F=97.31 df = 1, p-value =1.56 x10-15). As intended, a higher 

proportion of our immune gene SNPs fell within coding regions of the genome, compared to 

genome-wide SNPs (40.6% vs 1.9%). 

Identification of candidate SNPs 

Using immune gene SNPs, no significant difference in inbreeding was detected between 

resolvers and non-resolvers (resolvers = 0.051 ± 0.10; non-resolvers 0.024 ± 0.059, p-value = 

0.3977) suggesting that inbreeding was not a factor in the ability to resolve a Chlamydia 

infection. Our GWAS aimed to identify loci associated with the ability to resolve a Chlamydia 

infection and we used both a chi-squared test and Fisher's exact test to reduce the chance of 
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false positives whilst maintaining the greatest number of candidate SNPs possible. Using our 

immune gene variants, the chi-s ua e test i  PLINK,  SNPs had sig ifi a e le els  . , 

hile Fishe s e a t test ide tified t o SNPs as sig ifi a t Figure A4-2). The FST outlier test 

identified loci with allele frequency differences between our two groups (resolvers and non-

resolvers) than would be expected under drift alone (Lotterhos & Whitlock, 2014), we 

identified 42 SNPs as significant using this method. A total of 13 SNPs showed signatures of 

sele tio  hile Fishe s e a t test ide tified t o SNPs as sig ifi a t a d  SNPs as sig ifi a t 

using FST test of differentiation. A total of 13 SNPs showed signatures of selection from two or 

more methods and were designated as candidate SNPs (Figure A4-2). These 13 SNPs are 

located across eight genes (HSD3B7, PATZ1, RAB35, SERPINE1, STAT2, STX4, TLR5 and TOB2). 

Four SNPs are located within exons and result in synonymous substitutions, two SNPs were 

within introns and seven SNPs were within untranslated regions (Table 4-3). 

 

Figure 4-3 Boxplot displaying the proportion of heterozygotes (PHt) at HV and MBR 

determined from immune gene SNPs (red) and genome-wide neutral SNPs (blue). Whiskers 

a k the i i u  Q- . *IQR  a d a i u  Q+ . *IQR , ith outlie s sho  as dots. 
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Table 4-3 Results of a GWAS and Weir and Cockerham FST (Weir & Cockerham, 1984) investigation into the association of SNPs with the 

ability to resolve Chlamydia infection. SNPs were identified by two methods; target capture for immune gene SNPs and DArT for genome-

wide SNPs. 

Gene GO Terms 
No. SNPs in 

Gene (NS) 

Scaffold 

Position 

A1 A2 Fst 
Fisher's 

p-value 
Χ2 

P-

value 

TLR5 

activation of innate immune response, innate 

immune response-activating signal 

transduction, immune response, regulation of 

immune response, defence response, positive 

regulation of immune system process, signal 

transduction 

25(3) 

MSTS01000013.1 

14,802,487 

C A 0.28 
1.21 

x10-3 
12.46 

4.15 

x10-

4 

TOB2 
negative regulation of immune system process, 

regulation of hemopoiesis 

9(4) 

MSTS01000014.1 

15,243,211 

G A 0.29 
1.10 

x10-3 
12.29 

4.56 

x10-4 

 

MSTS01000014.1 

15,244,189 

A G 0.30 
6.51 

x10-4 
13.57 

2.30 

x10-4 

LAAO-like NA 1(0) 

MSTS01000015.1 

11,680,781 

G C 0.32 
1.25 

x10-3 
13.60 

2.26 

x10-4 

SEC31A 

protein-containing complex assembly, protein-

containing complex assembly, membrane 

organization, vesicle-mediated transport, 

cellular response to stress, antigen processing 

and presentation, signal transduction, 

transport 

1(0) 

MSTS01000032.1 

13,163,640 

C T 0.31 
2.64 

x10-4 
13.59 

2.27 

x10-4 

NA NA  

MSTS01000034.1 

3,701,342 

A G 0.57 
9.65 

x10-6 
22.12 

2.57 

x10-6 



 

103 

Gene GO Terms 
No. SNPs in 

Gene (NS) 

Scaffold 

Position 

A1 A2 Fst 
Fisher's 

p-value 
Χ2 

P-

value 

STAT2 
immune response, immune effector process, 

defence response, signal transduction 
14(2) 

MSTS01000038.1 

1,206,796 

A G 0.33 
2.63 

x10-4 
15.74 

7.25 

x10-5 

upstream 

IFNγ 

signal transduction, defence response, 

immune response, regulation of programmed 

cell death, regulation of hemopoiesis, immune 

effector process, cell cycle, leukocyte 

activation, cell death, positive regulation of 

immune system process, regulation of immune 

response, regulation of leukocyte activation, 

regulation of immune effector process 

5(0) 

MSTS01000038.1 

14,472,749 

T C 0.31 
5.26 

x10-4 
13.87 

1.96 

x10-4 

OCA2 
secondary metabolic process, transmembrane 

transport, transport, biosynthetic process 
2(1) 

MSTS01000049.1 

7,212,126 

G T† 0.27 
9.36 

x10-4 
12.02 

5.26 

x10-4 

lncRNA NA  

MSTS01000052.1 

3,493,071 

C T 0.30 
3.95 

x10-4 
13.00 

3.11 

x10-4 

PATZ1 
lymphocyte differentiation, immune system 

development, leukocyte activation 

23(8) 

MSTS01000065.1 

7,839,581 

T C 0.23 
5.00 

x10-3 
10.84 

9.95 

x10-4 

 

MSTS01000065.1 

7,864,118 

A C 0.29 
1.22 

x10-3 
13.71 

2.13 

x10-4 

EIF4ENIF1 transport, nucleocytoplasmic transport 3(0) 

MSTS01000065.1 

7,972,423 

G A 0.44 
1.90 

x10-4 
13.00 

3.11 

x10-4 

C12orf4 
positive regulation of immune system process, 

regulation of immune response, regulation of 
1(0) 

MSTS01000092.1 
A G 0.27 

7.95 

x10-4 
11.11 

8.58 

x10-4 
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Gene GO Terms 
No. SNPs in 

Gene (NS) 

Scaffold 

Position 

A1 A2 Fst 
Fisher's 

p-value 
Χ2 

P-

value 

leukocyte activation, regulation of immune 

effector process 

7,018,265 

RAD51AP1 

cellular response to stress, cellular nitrogen 

compound metabolic process, DNA metabolic 

process 

1(0) 

MSTS01000092.1 

7,018,265 

A G 0.27 
7.95 

x10-4 
11.11 

8.58 

x10-4 

lncRNA NA  

MSTS01000116.1 

286,263 

C G 0.39 
2.73 

x10-4 
15.02 

1.07 

x10-4 

RAB35 

vesicle-mediated transport, antigen processing 

and presentation, cell division, mitotic cell 

cycle, signal transduction, cell cycle, transport 

5(0) 

MSTS01000127.1 

6,437,123 

G A 0.25 
2.13 

x10-3 
11.00 

9.11 

x10-4 

 

MSTS01000127.1 

6,437,706 

T C 0.25 
2.13 

x10-3 
11.00 

9.11 

x10-4 

NA NA  

MSTS01000129.1 

5,151,686 

C T 0.30 
4.47 

x10-4 
12.99 

3.13 

x10-4 

HSD3B7 

biosynthetic process, lipid metabolic process, 

catabolic process, small molecule metabolic 

process, cell motility, leukocyte migration 

7(0) 

MSTS01000131.1 

4,423,003 

C T 0.25 
2.60 

x10-3 
10.90 

9.61 

x10-4 

 

MSTS01000131.1 

4,423,041 

T C 0.25 
2.60 

x10-3 
10.90 

9.61 

x10-4 

STX4 

cell-cell signalling, protein-containing complex 

assembly, protein-containing complex 

assembly, membrane organization, immune 

response, regulation of immune response, 

regulation of programmed cell death, 

20(2) 

MSTS01000131.1 

4,444,745 

T C 0.25 
2.60 

x10-3 
10.90 

9.61 

x10-4 

 
MSTS01000131.1 

T C 0.25 
2.60 

x10-3 
10.90 

9.61 

x10-4 
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Gene GO Terms 
No. SNPs in 

Gene (NS) 

Scaffold 

Position 

A1 A2 Fst 
Fisher's 

p-value 
Χ2 

P-

value 

regulation of leukocyte activation, regulation 

of immune effector process, defence response, 

positive regulation of immune system process, 

vesicle-mediated transport, signal 

transduction, transport 

4,477,817 

SERPINE1 

extracellular matrix organization, aging, 

regulation of leukocyte migration, defence 

response, regulation of programmed cell 

death, positive regulation of immune system 

process, vesicle-mediated transport, transport 

19(3) 

MSTS01000168.1 

6,941,273 

G A 0.23 
5.00 

x10-3 
10.84 

9.95 

x10-4 

RBFOX1 
mRNA processing, cellular nitrogen compound 

metabolic process, transport 
5(0) 

MSTS01000235.1 

1,520,037 

A C 0.31 
1.56 

x10-3 
12.25 

4.65 

x10-4 

UCN3 cellular response to stress, signal transduction 1(0) 

MSTS01000246.1 

224,660 

G A 0.50 
4.43 

x10-6 
23.17 

1.48 

x10-6 

† Indicates the change in nucleotide results in a nonsynonymous mutation
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Using genome-wide SNPs, the chi-squared association test in PLINK identified 12 SNPs with 

sig ifi a e le els  . , hile Fishe s e a t test ide tified  SNPs a d the FST outlier test 

identified 32 significant SNPs. Using genome-wide SNPs identified from DArTseq data, the chi-

squared association test in PLINK identified 12 SNPs with sig ifi a e le els  . , hile 

Fishe s e a t test ide tified  SNPs a d the FST outlier test identified 32 significant SNPs. A 

total of 12 SNPs showed signatures of selection from two or more methods and were also 

designated as candidate SNPs (Figure A4-2). Seven SNPs are located within gene regions 

(LAAO-like, C12orf4 and RAD51AP1, EIF4ENIF1, OCA2, RBFOX1, SEC31A and UCN3), two are 

ithi  RNA a d o e is  p do st ea  f o  IFNγ Table 4-3). Of the seven SNPs 

located within genes, six are within introns and one SNP, located in OCA2 is located within an 

exon and result in the change of a Cysteine amino acid to a Tryptophan in the peptide 

sequence. Out of the 17 candidate genes we have identified, additional SNPs were identified 

within 12 of these genes and seven of these genes contained non-synonymous substitutions 

(OCA2, PATZ1, SERPINE1, STAT2, STX4, TLR5 and TOB2) that may influence biological function 

(Table 4-3 . STX  a d IFNγ had the ost asso iated GO te s ith  highlighti g the 

importance of these two genes in the overall immune response to pathogen infection (Figure 

4-4), while SERPINE1 was associated with 8 GO terms (Figure A4-3). The most implicated GO 

terms were signal transduction, transport, defence response, positive regulation of immune 

system process and immune response. 
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Figure 4-4 I te a tio  of fou  ge es IFNγ, RAB , STAT  a d TLR5) with GO terms, 

determined using GOnet (Pomaznoy et al., 2018), with genes in orange circles and GO terms 

in blue rectangles. For the full interaction plot, see Figure A4-3. 

MHC Analysis 

Our target probe captures sequence from 24 of the 35 genes we annotated, within these 24 

genes we identified a total of 846 biallelic SNPs within MHC genes with 69 alleles in 11 MHC 

class I genes and 71 alleles across 12 MHC class II genes and no variation in one MHC class II 

gene, DBα2 (Table 4-1). Two MHC class I genes (MHCI-4 (UA), MHCI-8 (UC)) had significant 

differences in allele frequency between individuals who resolved a Chlamydia infection and 

ones who did not (Table 4-1, Figure 4-5). Similar levels of variation within MHC class I and II 

genes were observed in our study finding 17 and four alleles in UA and UC genes compared 

to the seven and nine alleles identified by Cheng et al. (2018). In class II genes we identified 

29, 11 and 13 alleles in DAβ, DBα and DBβ genes, respectively, compared with eight, three 
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and five alleles identified by Lau et al. (2013). We conducted AICC model selection on all alleles 

for UA (N = 17) and UC (N = 4) to determine alleles influencing the ability to resolve a 

Chlamydia infection. For gene UA we identified one model  2 AICC from the base model with 

the presence of allele UA*6 more prevalent in koalas that resolved Chlamydia infection (25%, 

3/12) than those that did not resolve an infection (0%, 0/31) (Table 4-4). For gene UC we failed 

to identify any models  2 AICC and interpret this as heterozygosity at UC having the biggest 

impact on being able to resolve a Chlamydia infection. Koalas who were heterozygous at UC 

were more likely to resolve a Chlamydia infection (50%, 6/12) than those who did not resolve 

an infection (9.68%, 3/31) (Table 4-4). 

 

Figure 4-5 Bar plot representing the differences in proportion of each allele present between 

koalas who resolved a Chlamydia infection and koalas that did not resolve an infection in 

genes UA and UC 
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Table 4-4 Effect of MHC class I genotypes on the ability to resolve a Chlamydia infection for 

gene UA (A) and UC (B). Model in bold is the best model supported by the data. 

Model k Deviance AICC ΔAICC AICCWt 

(A): UA      

Base + UA*6 3 42.6 49.22 0 0.4 

Base + UA*10 3 44.3 50.92 1.7 0.17 

Base + UA*1 3 45.14 51.75 2.54 0.11 

Base 3 46.01 52.63 3.41 0.07 

Base + UA*2 3 46.03 52.65 3.43 0.07 

Base + UA*7 3 48.19 54.81 5.59 0.02 

Base + UA*9 3 48.99 55.61 6.39 0.02 

Base + UA*17 3 48.99 55.61 6.39 0.02 

Base + UA*5 3 49.13 55.75 6.53 0.02 

Base + UA*11 3 49.48 56.1 6.88 0.01 

Base + UA*4 3 49.72 56.33 7.11 0.01 

Base + UA*15 3 49.87 56.48 7.26 0.01 

Base + UA*16 3 49.87 56.48 7.26 0.01 

Base + UA*14 3 49.87 56.48 7.26 0.01 

Base + UA*12 3 50.13 56.75 7.53 0.01 

Base + UA*13 3 50.13 56.75 7.53 0.01 

Base + UA*3 3 50.37 56.99 7.77 0.01 

Base + UA*8 3 50.43 57.04 7.82 0.01 

(B): UC      

Base 2 43.15 47.45 0 0.31 

Base + UC*3 3 41.25 47.86 0.42 0.25 

Base + UC*4 3 41.25 47.86 0.42 0.25 

Base + UC*2 3 43.12 49.74 2.29 0.1 

Base + UC*1 3 43.14 49.76 2.31 0.1 

k, number of pa a ete s; ΔAICC, increase in AICC compared to top model; AICCWt, model weight. 

Discussion 

In this study, we used a targeted sequencing approach, complemented with reduced 

representation sequencing, to investigate the role of immune genes in Chlamydia infection 

resolution in koalas. Despite our two study sites being only 80km from each other genome-

wide SNP data shows significant population structuring (Figure 4-1) consistent with previous 

identification of the BVB as a biogeographic barrier to gene flow (Johnson et al., 2018). We 

identified higher heterozygosity in the RRS dataset than in the immune gene dataset which 
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was expected, as neutral regions have a higher differentiation between populations, which is 

why they are used for population genetics (Holderegger et al., 2006). Variation within 

functional regions is expected to be lower as these regions are under selection with variants 

only maintained if they are beneficial to the population (Horscroft et al., 2019). We could also 

have potentially biased our heterozygosity measures of functional regions by targeting genes, 

such as TLR genes, that are highly conserved and therefore unlikely to contain high levels of 

variation. 

Across the two methods, we identified 25 SNPs located in 17 genes. Of these 17 genes, seven 

are predicted to be involved in transport (EIF4AENIF1, OCA2, RAB35, RBFOX1, SEC31A, 

SERPINE1 and STX4) and signalling (IFNγ, RAB35, SEC31A, STAT2, STX4, TLR5 and UCN4), six 

in the regulation of the immune response (C12orf4, IFNγ, SERPINE1, STX4, TLR5 and TOB2). 

Five genes are involved in defence (IFNγ, SERPINE1, STAT2, STX4 and TLR5). Others played a 

role in lymphocyte differentiation (PATZ1), the cellular response to stress (RAD51AP1), 

leukocyte migration (HSD3B7) while LAAO-like had no GO term associations. Of the 17 genes, 

only three have previously been associated with disease caused by Chlamydia infection in 

other species (TLR5, STAT2 and IFNγ  (Beckett et al., 2012; Derbigny et al., 2005; Hosey et al., 

2015; Perfettini et al., 2003; Sixt, 2021). We also identified two MHC class I genes associated 

with disease progression.  

Our study identified TLR5, STAT2 and IFNγ as genes significantly associated with the ability of 

a koala to resolve a Chlamydia infection. TLR genes have previously been shown to play a 

critical role in response to urogenital infection of mice with C. muridarum (Beckett et al., 2012; 

Derbigny et al., 2005). TLR genes are membrane bound receptors which bind to pathogen-

associated molecule patterns (PAMPs) (Akira et al., 2006; Kawai & Akira, 2010) and are 
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involved in the innate immune system response and signalling (Figure 4-4). Binding of TLRs to 

PAMPs initiates the host immune response and synthesis of cytokines and chemokines, such 

as interferons (IFNs) (Akira et al., 2006; Derbigny et al., 2005). It is therefore plausible that in 

the koala, variation in TLR genes could result in variable levels of PAMPs binding to Chlamydia 

causing variable immune responses to infection. In addition, STAT genes have been 

hypothesised to be involved in IFN-β production through the JAX/STAT pathway during 

infection with C. muridarum (Hosey et al., 2015). Therefore, it is significant that we also 

identified variation in both STAT2 and IFNγ asso iated ith i fe tio  esolutio  i  the koala. 

IFNγ has a ole as a  i u o odulato  p odu ed  NKC and T lymphocytes (Farrar & 

Schreiber, 1993). It has ee  sho  that the p ese e of IFNγ i  ells i fe ted  Chlamydia 

can halt the developmental cycle of Chlamydia resulting in a persistent infection (Perfettini et 

al., 2003; Sixt, 2021). IFNγ is required for the activation of the antibody mediated response to 

Chlamydia infection (Hafner & Timms, 2018; Naglak et al., 2016). The role of IFNγ in the 

adaptive immune system is through its expression in CD4 TH1 and CD8 cytotoxic T lymphocyte 

effector T cells (Schoenborn & Wilson, 2007). 

Our study found RAB35 to be significantly associated with the ability to resolve a Chlamydia 

infection. RAB proteins are regulators of membrane trafficking and the docking of vesicles 

and vesicle budding (Zerial & McBride, 2001). RAB35 is required for the recycling of 

endocytosed MHC-I and MHC-II complexes (Klinkert & Echard, 2016), and as such, variation 

in RAB35 in koalas may also impact MHC function. SERPINE1, STX4 and SEC31A, along with 

RAB35, are also involved in membrane trafficking and the innate immune response, which is 

an important initial host response to infection of cells with Chlamydia bacteria (Dockterman 

& Coers, 2021). 
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We identified additional genes with no previous published associations with Chlamydia 

infection, however, these were all involved in similar immune pathways (Figure A4-3). For 

example, STX4 plays a vital role in exocytosis (Kennedy et al., 2010) and has been shown to 

participate in increasing the Salmonella-containing vacuole (Stevenin et al., 2019). Also 

involved in transport and membrane organisation is SEC31A, which has been implicated in 

the spread of Listeria between cells (Gianfelice et al., 2015). Natural variation in RBFOX1 has 

been shown, in Drosophila, to alter the phagocytotic ability in response to infection with 

Staphylococcus aureus (Nazario-Toole et al., 2018). C12orf4 is a relatively undescribed gene 

found on human chromosome 12, is conserved across the animal kingdom and appears to be 

involved in mast cell degranulation (Dudkiewicz & Pawlowski, 2019; Mazuc et al., 2014). 

Despite other identified genes having no published examples of involvement in bacterial 

infections, GO term analysis shows the interaction between each identified gene and 

numerous aspects of the immune response from cell signalling, transport and the innate 

immune response to lymphocyte differentiation and aspects of humoral immunity. The 

complex interaction of genes and immune processes emphasises the importance of both 

innate and humoral immunity to clear infection (Beckett et al., 2012; Khan et al., 2016; Lad et 

al., 2005; Robbins et al., 2020). Also vital is genetic variation in immune related genes allowing 

populations to respond to a range of pathogens (Flanagan et al., 2018; Nandakumar & Ishtiaq, 

2020; Savage et al., 2016) 

Our findings provide additional evidence of the importance of the MHC in response to 

Chlamydia infection in koalas. We found associations between two MHC class I genes (UA and 

UC) and disease progression. UA and UC are classical MHC class I genes (Cheng et al., 2018). 

We found 17 UA alleles and four UC alleles in our dataset. Class I MHC genes are responsible 



 

113 

for presenting peptides derived from intracellular pathogens to cytotoxic T Cells (Cresswell et 

al., 2005), and Chlamydia is an intracellular bacteria (Horn, 2008; Zuck et al., 2017). We 

identified the presence of UA*6 allele results in a koala being more likely to resolve a 

Chlamydia infection as does being heterozygous at UC. Investigating koalas from additional 

populations as well as identifying the role of specific MHC alleles in clearing a Chlamydia 

infection will further contribute to our understanding of the factors involved in the 

progression of Chlamydia infection. 

We did not find any associations with MHC class II genes, despite previous published 

asso iatio s. Lau et al  ide tified a si gle MHC Class II a ia t DAβ*  that as o e 

prevalent in koalas with Chlamydia infection and a second MHC class II a ia t DBβ*  

associated with high Chlamydia-hsp60 antibody levels. These genes were targeted in our 

probe set but these alleles were not present in our sample set, possibly due to the two studies 

using koalas from two different locations (Port Macquarie and south-east QLD). Further 

research should investigate diversity within MHC genes across multiple koala populations. 

Similarly to Lau et al. (2014a) we found class II diversity to be high and the majority of koalas 

shared only a few DAβ alleles. We identified 29 alleles occurring across three DAβ genes. 

Robbins et al. (2020) identified four MHC alleles from the MHC class II DCβ* , DBβ* , 

DAβ*  a d class I (UC*01:01) genes were associated with disease progression. We also 

ide tified alleles DCβ*  a d UC* :  i  ou  stud  a i als a d a  asso iatio  et ee  UC 

alleles and the ability to resolve a Chlamydia infection. 

Despite ou  p o e i ludi g  ge es asso iated ith the GO te  phago tosis  

(GO:0006909) as Chlamydia is phagocytosed by macrophages (Mitchell et al., 2009; Quigley 

& Timms, 2020; Zuck et al., 2017), none were associated with Chlamydia disease traits. Our 
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probe also included additional genes previously associated with Chlamydia including IL-4, IL-

6, IL- A, IFNγ a d TNF-α ith asso iatio  o l  see  i  this stud  ith IFNγ. 

In conclusion, through targeted sequencing and RRS, we identified 25 SNPs in 17 genes 

associated with progression of Chlamydia infection to clinical disease, with 14 of these genes 

not previously associated with Chlamydia infection. Most of these genes are involved in the 

innate immune response, indicating that the initial host immune response to infection with 

C. pecorum is vital to resolving the infection. We build on the work of others to show 

association between MHC genes and Chlamydia infection. Future work will include confirming 

candidate SNPs in other populations and carrying out GWAS using whole genome 

resequencing now that we have a strong proof of concept that genomic associations exist. 

Also of interest will be investigating MHC diversity across numerous populations as currently 

information is only available on koalas from three populations (Port Macquarie, HV and MBR) 

(Cheng et al., 2018; Lau et al., 2014a; Lau et al., 2013; Quigley et al., 2018a; Robbins et al., 

2020). It is interesting to note that we found two scaffolds (MSTS01000038.1 and 

MSTS01000065.1) with significant SNPs from both target capture and RRS methods 

suggesting that a functionally important SNP is present within these two regions but not 

sequenced using our assay. 

The results generated here will assist conservation biologists to effectively manage wild koala 

populations. In general, maintenance of genome wide variation to allow for adaptive 

potential and population persistence (Ralls et al., 2018) is more important than managing a 

population to increase the proportion of individuals with specific disease resistance variants 

(Hohenlohe et al., 2021). However, as koala populations exist in a fragmented landscape, 

which limits their gene flow (Johnson et al., 2018), conservation biologists should consider 
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our findings if population viability is being negatively impacted by chlamydial disease. These 

populations may benefit from the input of certain individuals with genetic variants associated 

with the ability to resolve a Chlamydia infection. 
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Chapter 5: Spatial Immunogenetic Structuring of Koala Populations 

5.1 Background 

The research presented in Chapter 5 utilises 438 koala whole genomes sequences to 

investigate the diversity present within MHC genes. The work in this chapter is an example of 

the research that can be conducted using large volumes of genomic data. Specifically, I 

investigated diversity within 25 MHC genes and found MHC diversity is reflective of 

geographic structuring. Additionally, I have provided a baseline level of diversity present 

across the koala range which future studies can compare to.  

In conjunction with Carolyn J. Hogg, Elspeth A. McLennan, and Katherine Belov, I designed the 

study. Bioinformatic and analysis advice was provided by Elspeth A. McLennan. Samples from 

Queensland, New South Wales and Victoria were provided to Carolyn J. Hogg and Katherine 

Belov as part of the Koala Genome Survey. Samples from South Australian koalas were 

provided by Julian Beaman and Karen Burke da Silva as part of the ARC Linkage project 

(LP210100450). Carolyn J. Hogg and Katherine Belov are Chief Investigators on this Linkage 

project along with Corey Bradshaw, Luciano Beheregaray, Frederik Saltre and Karen Burke da 

Silva. I wrote the first draft and feedback was provided from Elspeth A. McLennan, Carolyn J. 

Hogg, and Katherine Belov. 
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Abstract 

The major histocompatibility complex (MHC) is a vital immune gene family involved in the 

presentation of foreign peptides to the host immune system. High levels of MHC diversity 

within a population is an indicator of genetic resilience of that population as harbouring more 

MHC alleles means a broader range of pathogens can be detected. Koalas are an iconic, 

endangered Australian marsupial which face anthropogenic threats as well as disease. The 
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Koala Genome Survey has sequenced 438 wild koalas to 30x coverage and aims to determine 

a baseline level of genetic diversity in both neutral and functional regions to which future 

investigations can compare to. We found 270 biallelic single nucleotide polymorphisms (SNPs) 

across 24 MHC genes in 438 wild koalas including, 164 variants predicted to be amino acid 

altering. This study has also identified copy number variation (CNV) within class I and class II 

MHC genes and has clustered class I alleles into 28 supertypes. Overall, we have provided a 

bioinformatic workflow for investigating variation in a complex immune gene family from 

whole genome sequencing data and have determined current levels of diversity within koala 

MHC genes. 

Keywords: MHC, selection, disease, koala, WGS 

Background 

The major histocompatibility complex (MHC) is a major component of the adaptive immune 

system and is found in all jawed vertebrates (gnathostomes) (Klein, 1986). The MHC consists 

of three subclasses, class I, class II, and class III and contains numerous genes responsible for 

the presentation of antigens to the host immune system. Class I molecules are expressed on 

the surface of all nucleated cells and these molecules contain an α chain, encoded within the 

MHC and a β2-microglobulin that is not located elsewhere within the genome. In class I genes 

the α chain encodes both peptide binding domains allowing class I molecules to bind peptides 

of 8-11 amino acids in length by the tail of the peptides (Gastaldello et al., 2021; Gfeller et al., 

2018). Similarly, class II genes also contain an α and β chain, however these are both encoded 

within the MHC region (Brown et al., 1993; Viluma et al., 2017). Class II genes also have a 

more constricted expression profile compared to class I, with the class II molecules primarily 
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found on B lymphocytes (Kelley et al., 2005). Class II molecules can bind peptides of 10-30 

amino acids at any point along the peptide (Batalia & Collins, 1997; Rammensee, 1995). The 

genes contained in class I and class II are designated as either classical or non-classical. 

Classical class I genes typically have ubiquitous tissue expression and present foreign peptides 

from intracellular pathogens to cytotoxic T cells (Bjorkman & Parham, 1990; Cresswell et al., 

2005). Whereas the classical class II genes are expressed on antigen presenting cells and 

encode exogenous peptides. 

MHC genes evolve through a birth and death process giving rise to copy number differences 

both between and within species (Minias et al., 2020; Minias et al., 2019; Nei et al., 1997; 

Siddle et al., 2010). MHC genes have high levels of polymorphism with over 21,000 alleles 

identified in human class I MHC genes so far and 3,500 alleles found in a population of sedge 

warblers (Acrocephalus schoenobaenus) (Biedrzycka et al., 2017; Radwan et al., 2020; 

Robinson et al., 2020). Increased diversity within MHC genes is associated with higher fitness. 

High levels of polymorphism at a population level allow the population to be able to bind and 

respond to a wide variety of pathogens and increased gene copy number allows any one 

individual to harbour an increased number of alleles (Garamszegi & Nunn, 2011; Kloch et al., 

2013; Ši ko á et al., ). MHC diversity is predicted to be maintained through two types 

of balancing selection. Firstly, heterozygote advantage, whereby a heterozygous individual is 

expected to have higher fitness compared to a homozygous parent. The theory that the 

presence of multiple alleles at a locus will allow an individual to detect a broader range of 

pathogens (Hughes & Nei, 1989, 1992; Sommer, 2005). Secondly, frequency dependent 

selection or rare allele advantage, which predicts alleles present at low frequencies are more 

advantages compared to alleles present at high frequencies. This is due to the co-evolutionary 
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a s a e et ee  pathoge  a d host that p edi ts a e  a e allele is o e esista t to 

pathoge s a d the  i eases i  f e ue  th ough a populatio  to e o e o o , 

the e  i easi g sele ti e p essu e o  the pathoge  to a oid dete tio   o o  alleles 

(Borghans et al., 2004; Meyer-Lucht & Sommer, 2005; Sommer, 2005). Negative frequency 

dependent selection increases the variation in a population by selecting for rare alleles 

(Brisson, 2018). 

Whole genomes offer unrivalled opportunity to investigate evolutionary and selective 

processes, demographic history, and assessments of genetic diversity. In addition to increases 

in genomic data, the number of high-quality reference assemblies being generated are 

increasing (Rhie et al., 2021). A major advantage of high-quality reference assemblies is the 

use of long read sequencing technologies where reads are capable of spanning entire gene 

regions compared to short read assemblies where duplicated and highly similar MHC genes 

may collapse into a single locus (Gordon et al., 2016; Larsen et al., 2014; O'Connor et al., 2019; 

Peel et al., 2022b). The combination of high-quality reference assemblies and whole genome 

sequencing data allows for identification of functional genetic variation that may impact 

phenotypic or disease traits, fitness, and represents adaptive potential of a species (Onley et 

al., 2021; Theissinger et al., 2023). Adaptive potential is the ability of populations to persist 

despite environmental shifts or changes in selective pressures (Hoffmann et al., 2017; 

Holderegger et al., 2006). Neutral genetic variation is often used as a proxy for adaptive 

potential, although strong correlations have been shown between whole genome diversity 

and neutral diversity,  there is discussion that high levels of neutral diversity may not be 

representative of adaptive potential and that genetic diversity at particular loci may be a more 

important measure of adaptive potential (Teixeira & Huber, 2021). For example, Petersen et 
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al. (2022) investigated genome-wide SNPs and MHC diversity in olive baboons (Papio anubis) 

and determined genome-wide levels of diversity are not correlated with levels of variation 

within MHC genes. Additionally, Manlik et al. (2019) investigated MHC and neutral 

microsatellite diversity in two bottlenose dolphin (Tursiops aduncus) populations one with 

high reproductive output and fitness (Shark Bay) and the other with lower reproductive 

output (Bunbury). Manlik et al. (2019) determined the Shark Bay population exhibited higher 

levels of MHC diversity compared to Bunbury whereas neutral microsatellite diversity was 

similar between the two populations. It is therefore important that conservation decisions 

based on genomic data consider both, neutral levels of genetic variation and functional 

variation. 

Koalas are an iconic Australian marsupial. Koalas (Phascolarctos cinereus) have declined by 

approximately 24% in the past 20 years across Queensland (QLD), New South Wales (NSW) 

and the Australian Capital Territory (ACT) (Adams-Hosking et al., 2016) and were listed as 

E da ge ed  i   u de  the Aust alia  Go e e t s E i o e t P ote tio  a d 

Biodiversity Conservation Act 1999. Contemporary threats faced by koalas include 

anthropogenic threats such as habitat degradation, vehicle strike and dog attacks (Beyer et 

al., 2018; Dique et al., 2003; Goldingay & Dobner, 2014; Rhodes et al., 2011) and biological 

ones such as two infectious diseases, Chlamydia and Koala retrovirus (KoRV) (Beyer et al., 

2018; Cockram & Jackson, 1974; Hanger et al., 2000; Polkinghorne et al., 2013). Historically, 

koala populations have also been impacted by local contractions and expansions with 

populations in Victoria hunted to near extinction by European colonisers (Menkhorst, 2008). 

The declines in koala numbers were further exacerbated by the 2019/20 megafires where 

12.6 million acres burned (Wintle et al., 2020), much of this overlapping with known koala 
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habitat (Hogg et al., 2023). Combined with the already high levels of land clearing for human 

use, the increased habitat fragmentation from fires will impede gene flow (Seddon & Schultz, 

2020). Throughout their range koalas exhibit varying levels of neutral diversity, with southern 

populations showing lower levels of diversity compared to other populations (Johnson et al., 

2018; Kjeldsen et al., 2019). This is consistent with documented historical bottlenecks caused 

by hunting and small founder numbers for island populations (Lewis, 1934, 1954; Menkhorst, 

2008). Exon capture data has been able to identify historical barriers to gene flow, it has been 

determined there are most likely 5 major clades of koalas with the Brisbane Valley, Clarence 

River, Sydney Basin and Australian Alps the most likely boundaries of these clades (Lott et al., 

2022). Unfortunately, in part due to low population numbers, these studies have analysed 

limited samples from west of the Great Dividing Range (GDR) with only a few individuals from 

Gunnedah, Narrandera, Pilliga and Coonabarabran analysed (Kjeldsen et al., 2019; Lott et al., 

2022). Genome wide data including samples across the entire koala range, however, has only 

identified the Sydney Basin as a barrier to gene flow (McLennan et al., under review). 

Chlamydia pecorum is the primary disease-causing pathogen infecting koalas (Devereaux et 

al., 2003; Hulse et al., 2018). Chlamydial disease is associated with clinical signs in the ocular 

and urogenital region, including conjunctivitis leading to corneal scaring and blindness as well 

as et- otto  a d i fla atio  i  the ep odu ti e t a t esulti g i  i fe tilit  (Cockram 

& Jackson, 1974; McColl et al., 1984; Polkinghorne et al., 2013). In a south-east QLD 

population of koalas, a total of 18% of the mortality observed over a four-year period could 

be attributed to chlamydial disease (Beyer et al., 2018) indicating that C. pecorum infection 

could exhibit significant selective pressures. Researchers are beginning to disentangle the 

host genetic mechanisms that influence chlamydial disease (Kinnunen et al., 2002; Lau et al., 
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2014a; Robbins et al., 2020) with much of the focus in koalas on MHC diversity. Whilst these 

studies have identified eight alleles associated with chlamydial disease in koalas, only small 

regions of the MHC genes were investigated (exon 2 for both class I and class II genes (Abts 

et al., 2018; Cheng et al., 2018; Lau et al., 2013)). The availability of a high-quality reference 

genome assembly for the koala made it possible to bioinformatically characterise the entire 

MHC region with 11 class II and 14 class II genes identified (Cheng et al., 2018; Johnson et al., 

2018; Lau et al., 2013; Silver et al., 2022). By using whole genome sequencing data of 438 wild 

koalas (Hogg et al., 2023) for the first time we have been able to investigate range wide 

diversity across the entire length of MHC genes. 

Methods 

Sample Collection, Extraction and Sequencing 

Commencing in March 2021, we contacted all known koala researchers and museum 

collections to obtain samples across the koala range from northern QLD to Victoria and South 

Australia and received 802 koala samples comprising of ear biopsies and whole blood in EDTA. 

We performed either a MagAttract HMW DNA kit (Qiagen, Germany; cat: 67563), or a high 

salt method (following a modified protocol from Aljanabi and Martinez (1997)) extraction on 

672 ear biopsy and 128 whole blood samples. DNA concentration and quality were assessed 

using a Nanodrop 2000 Spectrophotometer (ThermoFisher Scientific), 0.8% agarose gel 

electrophoresis for 30 minutes at 90V, and quantified using a Qubit 2.0 Flurometer 

(ThermoFisher Scientific). WGS took place at the Ramaciotti Centre for Genomics (University 

of New South Wales, Australia) on an Illumina NovaSeq 6000, using a TruSeq DNA PCR free 

library prep kit. An initial sequencing run of 24 samples were pooled across one lane of a S4 
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200 cycle flowcell and coverage assessed. The initial sequencing yielded uneven coverage 

across sampling due to varying DNA quality and library pooling. As a result, we undertook an 

additional DNA repair step using a FFPE DNA repair protocol (New England Biosciences) (see 

Hogg et al. (2023) for details). Further sequencing runs took place by pooling 48 samples 

across one lane of a S4 200 cycle flowcell with coverage assessed following the completion of 

the sequencing and pooling adjusted accordingly to meet the 30X coverage goal. 

Raw fastq files were quality checked and aligned to the koala reference genome 

(GCA_002099425.1_phaCin_unsw_v4.1) (Johnson et al., 2018) using the Dragen Platform 

. . . , Illu i a Sa  Diego  o  Illu i a s Basespa e po tal. Follo i g ea h se ue i g u  

raw and aligned data files (fastq and BAM) were publicly released on the Amazon Web 

Services (AWS) Open Data program (https://awgg-

lab.github.io/australasiangenomes/species/Phascolarctos_cinereus.html). 

Once sequencing of all samples had been completed, we used the Dragen gVCF genotyper in 

the non-iterative mode on a Dragen V4 server to generate a multi sample vcf file. Following 

this e used the D age  Joi t Ge ot pi g Pipeli e . .  o  Illu i a s Basespace portal to 

run joint genotype calling on the multi sample vcf file. 

MHC Filtering and Analysis 

To investigate MHC diversity within the koala population we first filtered the whole genome 

joint genotyped multi sample vcf file to include only biallelic SNPs found within MHC exons 

(Table A5-1) using vcftools v0.1.14 (Danecek et al., 2011) and Genome Analysis Toolkit (GATK) 

SelectVariants v4.2.0.0 (McKenna et al., 2010). We then used GATK VariantFiltration 

(McKenna et al., 2010) to remove variants with QUAL < 80, MQ <40, -12.5 < MQRankSum 

https://awgg-lab.github.io/australasiangenomes/species/Phascolarctos_cinereus.html
https://awgg-lab.github.io/australasiangenomes/species/Phascolarctos_cinereus.html
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<12.5 and -8 < ReadPosRankSum < 8. Additionally, and bcftools v1.3.1 (Danecek et al., 2021; 

Li, 2011) to remove sites with an average depth across all samples of less than 10 and sites 

with an allelic balance greater than 0.9. 

For all analysis samples were divided into seven regions (five reflective of the genetic clusters 

determined by McLennan et al (under review), South Australia and Narrandera [Narrandera 

was included as a separate region as there are reports that these koalas originated from 

mixing individuals from Victoria and another unknown location (Sullivan, 1990)]). To assess 

genetic differentiation between individuals we generation principal coordinate analysis 

(PCoA) plots using our filtered MHC variants using adegenet (Jombart, 2008) in R v4.1.1 (R 

Core Team, 2022). To determine the correlation between genetic distance and geographical 

distance we conducted a Mantel test using the dartR package for R (Gruber et al., 2018). We 

then phased SNPs by first using gatk FastaAlternateReferenceMaker v4.2.0.0 (McKenna et al., 

2010) to convert the multi sample vcf file to a single sample consensus fasta sequences for 

each gene investigated. SeqPHASE (Flot, 2010) was used to convert the fasta sequences into 

phase format then PHASE v.2.1.1 (Stephens & Scheet, 2005; Stephens et al., 2001) was run to 

generate alleles to investigate diversity across the koala range. SeqPHASE (Flot, 2010) was 

used to convert phase output into phases fasta sequences to give 900 sequences for each 

gene (2 sequences per individual). Any sequence with unresolved alleles was then removed 

and data imported into DNA Sequence Polymorphism v6.12.03 (Rozas et al., 2017) to label 

alleles and calculate diversity statistics including nucleotide diversity, allelic diversity and 

Taji a s D (Tajima, 1989).Taji a s D dete ts egio s of the ge o e hi h a e u de  o -

neutral processes and these proceses could be sective processes or rapid population 

bottlenecks or expansions, it is well documented that many koala populations have 
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u de go e e e t populatio  o t a tio s a d so sig ifi a t positi e alues of Taji a s D a  

be explained by these population contractions or selective pressures (Adams-Hosking et al., 

2016; Tajima, 1989). Prior to diversity metrics being calculated any alleles that occurred at a 

frequency less than 0.005 (4 or less) were removed. Allelic diversity was visualised using 

ggplot2 (Wickham, 2016) in R v.4.1.1. PCoA plots based on allele assignment was conducted 

as described above. 

Wei  a d Co ke ha s Fst (Weir & Cockerham, 1984) was calculated using vcftools v0.1.14 

(Danecek et al., 2011) between each cluster. Testing for evidence of individual residues under 

negative or positive selection was carried out using the mixed effects model evolution 

(MEME) (Murrell et al., 2012) and fixed effects likelihood (FEL) (Kosakovsky Pond & Frost, 

2005) methods on the Datamonkey webserver (Delport et al., 2010) 

Non-synonymous variations have functional consequences and these amino acid 

su stitutio s a  i pa t a  MHC ole ule s a tige  i di g a ilit . It is p edi ted that MHC 

supertypes can bind pathogens with similar antigenic profiles. We attempted to cluster class 

I alleles into supertypes by first retaining only amino acids predicted to be involved in peptide 

binding as determined by Cheng et al. (2018). Then substituting each amino acid for five z 

scores representing a range of physiochemical properties as per Sandberg et al. (1998). We 

then used discriminant analysis of principal components (DAPC) clustering as part of the 

adegenet (Jombart, 2008) package in R by first using 1000 repeats, through the replicate() 

function, of find.clusters() with the following parameters; n.pca=30, max.n.clust=30, 

n.iter=5e5, n.start=500. We then identified the best k based on the most common occurrence 

of minimum Bayesian information criterion (BIC). We then performed DAPC retaining 15 

principal components (PC) and all discriminant functions, we then ran optim.a.score() to 
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determine the most appropriate number of PCs to retain and then a second iterations of 

dapc() with the number of PCs as chosen by optim.a.score(). We then extracted the clusters 

each amino acid sequences were assigned to and assigned supertypes to each individual. 

PCoA plots based on supertype assignment was conducted as described above. 

Copy number variation (CNV) detection was performed by investigating coverage differences 

between MHC genes and toll like receptor (TLR) genes as these occur in single copies within 

the genome. Coverage over gene regions was determined using samtools coverage v1.6 (Li, 

2011) to identify the number of reads covering the gene region and the number of bases 

covered by one or more reads. For each sample at each MHC and TLR gene, the number of 

reads was divided by the number of bases covered/1000 to give a value of reads per kilobase 

(RPK). For the TLR genes the RPK values were averaged for each sample to give an average 

RPK for each individual. To calculate the copy number of MHC genes the RPK for each 

individual at each MHC gene was divided by the average RPK of the TLR genes, this value was 

multiplied by two to determine the number of alleles for each gene (i.e., a single copy gene 

would have two alleles). CNVs were visualised using a violin and scatter plot using ggplot2 

(Wickham, 2016) in R v4.1.1 (R Core Team, 2022) to identify regions and genes with CNV. 

Results 

Sample Collection, Extraction and Sequencing 

A total of 438 samples were sequenced across 53 wild locations with an average sequencing 

depth of coverage 32.25X (range: 11.3-66.8X) (in addition to 418 wild koala samples in Hogg 

et al. (2023) we sequenced an additional 20 koalas from Kangaroo Island, South Australia). 

The multi sample vcf file containing all sequenced koalas consisted of 48,695,015 variants. 
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MHC Analysis 

Following identification and filtering of MHC variants we located 270 biallelic SNPs in 438 

koalas, including 144 in class I and 126 in class II genes with only one gene (DAβ1) not having 

any variants detected. Out of the 270 variants, 164 are predicted to be amino acid altering, 

with non-synonymous variation present in 21 genes. UA, UH and DAβ3 all had more than 20 

non-synonymous variants, UA also had the most alleles with 27. Across the 24 MHC genes 

with variants detected, we identified 180 alleles including 75 class I and 105 class II (Table 5-1, 

Table A5-3). Overall, the 24 genes with variants had an average of 11.25 exonic SNPs (range: 

1-53), 7.5 alleles (range: 2-27) and 6.8 non-synonymous SNPs (range: 0-36) (Table 5-1). On 

average class I genes had higher numbers of exonic SNPs, non-synonymous SNPs, and fewer 

alleles. Five class I (UA, UB, UE, UH and UJ) and 11 class II (DAα, DAβ2, DAβ3, DAβ4 DBα1, 

DBα2, DBβ3, DCα, DCβ, DMα and DMβ  sho  de iatio  f o  eut alit  usi g Taji a s D which 

is indicative of non-neutral processes acting on these genes, including selection or rapid 

population size changes (Tajima, 1989) (Table 5-1). The highest nucleotide diversity was seen 

in UH and UA had the highest allelic diversity (Table 5-1). Exploratory population analysis 

using SNPs in MHC genes indicate homogenous genetic structuring with minimal structuring 

between populations found in NSW and QLD (Figure 5-1). There is tight clustering of 

individuals sequenced from Victoria and South Australia that is also supported by extremely 

low population differentiation (as measured by Fst; 0.029: Table 5-2). Similarly low 

differentiation is seen between northern QLD and south-east QLD and northern NSW (0.051), 

as well as mid-coast NSW and southern NSW koalas (0.063). Between wild populations the 

highest level of differentiation is seen between northern QLD and Victorian koalas (0.318: 

Table 5-2). When looking at population structuring through alleles, we can see overlapping 
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clusters according to regions defined from genome wide variation (McLennan et al., under 

review), with individuals from northern QLD forming a distinct group, koalas from NSW and 

south-east QLD forming another cluster and Victoria and South Australian koalas forming two 

additional clusters (Figure 5-1). In our PCoAs using alleles and supertype data, koalas from 

Narrandera sit between Victorian individuals and NSW individuals, supportive of the 

anecdotal evidence of this population being formed by mixing Victorian koalas and koalas 

from other regions (Figure 5-1) (Sullivan, 1990). As anticipated, the mantel test showed 

significant correlation between geographical distance and genetic distance (r=0.8461, 

p=0.002). 
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Table 5-1 Diversity statistics for each MHC gene investigated including number of non-

synonymous SNPs, number of alleles, allelic diversity, a d Taji a s D 

Gene N SNPs SNPs 

(ns) 

dN/dS π No. 

alleles 

Allelic 

divers

ity 

Tajima's D 

MHCI1 (UI) 876 1 1 NA 0.00045 2 0.483 2.11148 

MHCI2 (UD) 876 1 0 0 0.00036 2 0.37 1.42337 

MHCI4 (UA) 611 53 36 2.117647 0.01914 27 0.888 4.78521*** 

MHCI5 (UK) 874 4 4 NA 0.00121 2 0.33 2.12891 

MHCI8 (UC) 822 2 1 1 0.00068 4 0.603 1.88848 

MHCI9 (UE) 814 4 2 1 0.00128 6 0.703 2.24720* 

MHCI10 (UF) 876 2 1 1 0.00054 3 0.524 1.26345 

MHCI12 (UH) 363 50 21 0.724138 0.01948 13 0.787 4.92216*** 

MHCI13 (UG) 825 15 12 4 0.00267 7 0.602 0.97892 

MHCI15 (UJ) 875 1 0 0 0.00052 2 0.499 2.21201* 

MHCI19 (UB) 785 10 4 0.666667 0.00333 7 0.802 3.21858** 

DAα 876 5 0 0 0.00313 4 0.569 4.12797*** 

DAβ2 611 12 7 1.4 0.00682 18 0.869 4.59083*** 

DAβ3 599 27 20 2.857143 0.01521 25 0.821 5.34260*** 

DAβ4 875 3 1 0.5 0.00149 3 0.407 2.17823* 

DAβ5 876 2 2 NA 0.00081 3 0.589 1.68632 

DBα1 812 18 12 2 0.00793 11 0.738 3.41063** 

DBα2 835 23 17 2.833333 0.01052 8 0.569 3.79360*** 

DBβ2 869 5 4 4 0.00148 2 0.245 1.29364 

DBβ3 840 12 7 1.4 0.00462 12 0.732 2.79504* 

DCα 873 8 4 1 0.00347 6 0.757 2.55693* 

DCB 876 5 4 4 0.00173 5 0.712 2.15496* 

DMα 876 3 1 0.5 0.00134 3 0.598 2.15208* 

DMβ 768 3 3 NA 0.00141 5 0.764 2.35350* 

n, number of sequences; π, nucleotide diversity; * P<0.05; ** P<0.01; *** P<0.0001. 

Table 5-2 Mea  eighed Wei  a d Co ke ha s FST values at 270 MHC SNPs between 7 

regions as determined by McLennan et al (under review) 

 
Northern 

QLD 

South-east QLD 

and Northern NSW 

Mid-coast 

NSW 

Narrandera Southern NSW Victoria 

South-East QLD and 

Northern NSW 0.051161       

Mid-coast NSW 0.12434 0.062581      

Narrandera 0.18975 0.11861 0.070785     

Southern NSW 0.15066 0.10217 0.029405 0.10271    

Victoria 0.31849 0.26508 0.19068 0.1217 0.18289   

South Australia 0.27092 0.21625 0.15857 0.10518 0.14573 0.029027 
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For many genes, allele frequencies are similar across regions, often with Victorian and South 

Australian koalas having higher frequency of the most common allele (Figure 5-2, Figure 5-3). 

The lower diversity in South Australia and Victoria is shown by these populations being 

dominated by a single allele for seven out of 11 class I and six out of 13 class II genes. There 

are some genes where the most common allele differs between regions, for example UB 

where H7 is the most common in Victoria and South Australia with far higher occurrence of 

this allele compared to the most common allele in other regions (Figure 5-2). At UA, regions 

in NSW and QLD show high allelic diversity with many alleles seen at low frequency in the 

population, whereas Victoria and South Australia have one allele present in high frequency 

(Figure 5-2). A slightly contrasting pattern is seen at DAβ3 where populations in NSW and QLD 

have a high frequency of H2, whereas South Australian koalas have high frequency of H9, and 

Victorian koalas shows many alleles at low frequency (Figure 5-3). 
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Figure 5-1 Principal component analysis plots of 438 wild koalas based on A) MHC SNPs, B) MHC alleles and C) MHC supertypes with individuals 

coloured according to region from which they originate. 
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Figure 5-2 Heatmap of allele frequencies of class I MHC genes. The x-axis designates each region where koalas were sampled, and the y-axis each 

allele as assigned during phasing. Darker blue colours represent low frequency and yellow colours represent higher frequency. 
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Figure 5-3 Heatmap of allele frequencies of class II MHC genes. The x-axis designates each region koalas were sampled, and the y-axis each allele 

as assigned during phasing. Darker blue colours represent low frequency and yellow colours represent higher frequency. 
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Our selection analysis identified a number of codon positions under selection within four class I 

and six class II genes (Table A5-2). Two codons under directional are located at predicted peptide 

binding sites (UB; codon 98 [p=0.03] and UH; codon 97 [p=0.04]). An additional twenty-three 

codons are predicted to be under directional selection, with 14 of these in two class I genes (UA 

and UH). Due to the divergence in individuals from northern QLD (Figure 5-1) we conducted 

selection analysis on these individuals at UA and UH and determined that all bar two of the same 

sites are under selection within this population (Table A5-2). 

Using a cluster analysis to identify supertypes in class I genes we determined an optimal number 

of clusters to be of 28 based on minimum BIC. We identified a total of 28 supertypes in koala class 

I MHC genes with each gene being represented by a single supertype apart from UA (13 

supertypes), UB (3 supertypes) and UG (4 supertypes) (Table A5-4). When investigating population 

structuring based on supertypes far more regional differentiation is seen compared to PCoAs 

constructed with SNPs or alleles (Figure 5-1). Each regions forms a distinct cluster with mixing only 

observed between mid-coast NSW and southern NSW koalas (Figure 5-1). 

Investigation of coverage across MHC genes revealed differences in coverage between genes and 

individuals. We identified coverage difference in four class I genes (UA, UB, UG and UH) (Figure 

5-4) and five Class II genes (DAβ2, DAβ3, DBα2, DBβ2 and DBβ3) (Figure 5-4). We found potential 

duplications in UA with the coverage difference suggesting some individuals contain up to six allele 

copies, particularly in south-east QLD and northern NSW populations (Figure 5-4). We find 

complete gene deletions in UB in individuals from South Australia and Victoria and single copy 

hemizygous deletions of UG in all regions (Figure 5-4). Most interestingly we identify within the 

same populations copy number variation in DBα2 with complete deletion, single copy deletion 

and two alleles seen in QLD and NSW koalas (Figure 5-4). 
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Discussion 

This study used a bioinformatic approach to characterise the levels of diversity of koala MHC 

genes from whole genome resequencing data. To date, this is the widest ranging study on koala 

immune genes, with previous studies focusing on either a small number of MHC genes or koalas 

from few populations (Lau et al., 2014a; Lau et al., 2014b; Lau et al., 2013; Quigley et al., 2018a; 

Robbins et al., 2020; Silver et al., 2022). We characterised diversity in 24 MHC genes from 438 

koalas from 54 wild locations across four states representing the entire koala range and 

identified 270 SNPs, of which 164 resulted in non-synonymous variation. 

By using the koala reference genome (Johnson et al., 2018) and WGS we have been able to identify 

the complete MHC repertoire of koalas and through a comparison of sequencing depth identified 

nine genes with CNV. This is the first time CNV has been detected in koalas with most previous 

MHC studies occurring without alignment to a reference genome and only having estimates of the 

potential number of MHC loci in koalas (Lau et al., 2014b; Quigley et al., 2018a; Robbins et al., 

2020). Typical methods of investigating MHC diversity through species specific primers and 

amplicon sequencing allow identification of SNPs, however, are limited in their ability to detect 

CNV due to the lack of locus specific information. The number of MHC loci is often estimated via 

dividing the number of unique alleles identified in an individual by two (this assumes each locus is 

heterozygous and therefore contains two unique alleles) (Minias et al., 2019; Minias et al., 2021). 

Our results are supportive of the conclusions of Lau et al. (2014b) in that there are fewer copy 

numbers of MHC genes in Victorian populations as shown in this study by the deletion of the UB 

gene and hemizygosity of UG (Figure 5-4).  
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Figure 5-4 Violin plot of predicted allele copy number for MHC genes. Each dot is representative of one individual with colours representing 

populations. Dotted horizontal lines at 1.5 and 2.5 indicate bounds of single copy genes. Plots are divided into seven wild regions. 
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It appears that severe population bottlenecking (Menkhorst, 2008) has resulted in a reduction in 

diversity at both coding and non-coding regions of the genome (Cristescu et al., 2010; Kjeldsen 

et al., 2015). We identified two types of genetic variation within MHC genes, SNPs and CNVs 

(Stervander et al., 2020). Victorian koalas have a lower level of diversity with an average of 1.19 

alleles in an individual at each class I gene compared to an average of 1.47 in NSW and QLD 

populations. Although in contrast to what is generally accepted, where it is assumed that higher 

diversity results in higher fitness, it appears Victorian and South Australian koala populations are 

relatively healthy with large numbers of individuals and with very few individuals suffering 

clinical signs of C. pecorum infection (Fabijan et al., 2019; Speight et al., 2016). In marsupials 

CNVs have been detected in class I genes in Tasmanian devils and it has been proposed that 

devils rely primarily on CNV for MHC diversity (Cheng et al., 2012b; Siddle et al., 2010). 

Koalas face two major pathogen pressures Chlamydia and KoRV both of which are more 

prevalent and result in higher disease burdens in northern populations (Polkinghorne et al., 

2013; Quigley & Timms, 2020; Rhodes et al., 2011). Whilst our dataset did not have clinical 

information available for all individuals, and we are unable to make firm conclusions, it is 

interesting to note that in northern QLD koalas we find two class I genes (UA and UG) with 

several sites under purifying selection. We hypothesise that C. pecorum is exerting selective 

pressure on koala populations. A four-year study of koalas from Moreton Bay determined 28.9% 

of deaths were due to disease with 62.1% of these individuals being infected with Chlamydia 

(Beyer et al., 2018). Moreover, several previous studies have implicated MHC class I variants in 

the progression of Chlamydia infection to disease (Lau et al., 2014a; Quigley et al., 2018a; 

Robbins et al., 2020; Silver et al., 2022). Heterozygosity and specific alleles in the classical class I 

gene, UC have been implicated in the progression of Chlamydia infection to disease (Robbins et 
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al., 2020; Silver et al., 2022). Future work should focus on the role of classical class I genes on 

disease progression given these molecules play a role in presenting peptides from intracellular 

pathogens to cytotoxic T cells (Cresswell et al., 2005). An alternative consideration is that the 

majority of our samples from Northern QLD were collected from Australia Zoo koala hospital 

which may result in bias toward individuals who suffer from chlamydiosis. 

Another way to classify MHC diversity is through supertype clustering. Supertypes are alleles 

that share similar biochemical properties (Sette & Sidney, 1999; Sidney et al., 1996), we 

clustered 75 class I alleles into 28 supertypes, the first supertype identification carried out in 

koalas. We find distinct supertype clustering of koalas from each region suggesting pathogen 

induced selective pressures on MHC genes vary widely across the range of koalas. Future work 

should identify the potential pathogens that can be bound by these identified supertypes. 

Results from Narrandera are interesting, anecdotally this population is a mixture of translocated 

koalas from French Island, in Victoria and another unknown location (Sullivan, 1990). Recent 

genomic data supports this hypothesis (McLennan et al. under review). From our PCoA plots we 

see that individuals from Narrandera form an intermediate group between Victoria and 

NSW/QLD populations, suggesting that genetic mixing has occurred between the founder 

individuals and diversity has been retained both across the genome and in functional regions. 

Additional evidence that mixing genetically differentiated populations increases diversity can be 

seen in our CNV analysis. Victorian koalas have a deletion of UB but koalas from Narrandera 

have two alleles per individual. There is also anecdotal evidence of some koalas from QLD being 

translocated to Kangaroo Island in 1940 (Fabijan et al., 2019; Lindsay, 1950) that may explain 

why these koalas also cluster between Victorian and NSW/QLD individuals (Figure 5-1). However, 

SA koalas do still show a deletion at UB and allelic diversity generally comparable with Victorian 
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koalas suggesting genetic mixing may not have been as effective due to lower number of 

translocated individuals or that over time diversity has eroded. Genetic mixing has also been 

seen in Tasmanian devils, as shown by neutral genetic data (McLennan et al., 2020). A critically 

small population of adders (Vipera berus) increased diversity in class I MHC genes as a result of 

mixing with a genetically distinct population (Roca et al., 2018). Further support for mixing 

genetically distinct populations to increase diversity has been shown in two populations of 

inbred New Zealand South Island robins (Petroica australis) (Grueber et al., 2017). Whilst mixing 

populations is known to increase genetic diversity there are important considerations around 

the impact of outbreeding depression (Frankham et al., 2011) To better ascertain the outcome 

of mixing genetically distinct koala populations, functional diversity at more genomic regions and 

overall fitness of individuals should be assessed. 

A limitation of our study is the use of short read sequencing. The read length for short reads is 

generally shorter than the exons of MHC genes meaning that read assembly is required for 

alignment to occur. Due to the high similarity in class I genes (up to 95% (Cheng et al., 2018)) 

there may be some erroneous alignment, to overcome this in this study we used stringent 

filtering cut-offs to ensure only true variants are called (Silver et al, under review). Even with high 

coverage and stringent filtering we were unable to resolve alleles for 10% of our samples. With 

the ongoing reduction in sequencing costs, long-read technologies are becoming accessible to 

non-model organisms but have primarily only been used for reference assemblies (Rhie et al., 

2021). Long reads can span large portions of highly repetitive sequence to allow for accurate 

assembly (Peel et al., 2022b). By using long reads to investigate MHC diversity the entire 

repertoire of genetic diversity would be able to be targeted. Additionally, long reads would allow 
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for highly accurate phasing of SNPs to reconstruct more reliable haplotype sequences and 

identify differences as little as a single base pair between sequences (Cheng et al., 2022). 

Our study has been able to investigate functional diversity in several koala populations for which 

there is no data on MHC diversity available, with MHC data previously only available for koalas 

from South-East QLD and Northern NSW, Port Macquarie, Gunnedah, South-West Sydney and 

Victorian populations (Cheng et al., 2018; Lau et al., 2014a; Lau et al., 2014b; Lau et al., 2013; 

Quigley et al., 2018a; Robbins et al., 2020). We show evidence of purifying selection in 

populations of koalas threatened by Chlamydia and that mixing genetically distinct populations 

can increase MHC diversity and allelic copy number. We also provide a bioinformatic method for 

investigating MHC diversity from WGS highlighting that as large genomic datasets become 

commonplace for non-model organisms it is possible to investigate variation within complex 

gene families. In addition to providing insights into the MHC diversity of this iconic Australian 

animal, we have shown the utility of using WGS data for investigating key immune gene families. 

As WGS becomes more common place the methods used here will become more efficient and 

cost-effective than NGS amplicon sequencing (Allendorf, 2017; Supple & Shapiro, 2018; 

Theissinger et al., 2023). 
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Chapter 6: Discussion 

This thesis has demonstrated the utility of genomic technologies to investigate the birth, death, 

and diversity of the marsupial major histocompatibility complex (MHC). As the cost of generating 

genetic data continues to decrease, the level of bioinformatic expertise required to analyse such 

large data remains a challenge. This thesis provides a worked example of a workflow for others 

who are seeking to investigate evolution, diversity, and genotype-phenotype associations in non-

model organisms (Figure 6-1). 

6.1 Summary of Results 

The results from this thesis are focused on the MHC region however, the methodologies applied 

herein are applicable to any gene family of interest. In summary, this thesis has achieved the 

following: 

1. I traced patterns of MHC gene gain and loss, by manually annotating 384 marsupial class II 

MHC genes in 29 species. When investigating complex immune gene families, such as the 

MHC, a necessary first step is manual annotation as automated pipelines are unable to 

accurately annotate these genes (Chapter 2). 

2. I determined the utility of whole genome sequencing (WGS) data for investigating diversity 

in complex immune gene families. I determined a minimum of 20x coverage is required to 

reliably call genotypes in MHC genes (Chapter 3). 

3. I identified associations between immune genes and disease progression, by using a 

targeted sequencing approach to investigate diversity within functional immune regions. I 

identified 17 genes that were involved in aspects of immunity including the innate immune 
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espo se TLR  a d defe e TLR , IFNγ, SERPINE , STAT  a d STX . I also dete i ed 

that heterozygosity in one MHC class I gene has a protective effect in the progression of 

Chlamydia pecorum infection to disease, highlighting the importance of maintaining 

diversity at MHC genes (Chapter 4). 

4. Using WGS data of 438 koalas (Phascolarctos cinereus) I investigated both single nucleotide 

polymorphisms (SNPs) and copy number variation (CNV) in MHC genes. I identified CNV 

between and within populations with gene deletions seen in Victorian and South Australian 

koalas, representative of historical population bottlenecks. I identified signatures of 

purifying selection in two class I genes that are likely a result of pathogen mediated 

selection due to high prevalence of C. pecorum in Queensland (QLD). Additionally, I 

clustered class I genes into 28 supertypes that show strong geographical signatures and 

a  ep ese t diffe e t pathoge  p essu es a oss the koala s a ge Chapte  . 

These results have demonstrated the power of genomic technologies to investigate the birth, 

death, and diversity of MHC genes. The methods showcased throughout this thesis are becoming 

commonplace as genomic technologies increasingly become more accessible across the globe. 
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Figure 6-1: The workflow utilised for this thesis, the blue rectangular boxes represent the four 

main steps needed to identify associations between phenotype and genotype; purple diamonds 

represent how the chapters of this thesis fit into the workflow; green ellipses represent how to 

appendices in this thesis fit into the workflow; red hexagons represents the koala reference 

genome that was available prior to this thesis; and yellow circles indicate data that could be 

added into the workflow in the future or if funding allows. 

6.2 A Workflow for Investigating Evolution, Diversity and Associations in Gene 

Families 

Overall, this thesis provides a worked example of a bioinformatic workflow for investigating 

evolution and diversity of any gene family in any non-model species (Figure 6-1). With the 

current biodiversity crisis there is a concentrated effort to sequence all life of Earth (Hogg et al., 
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2022; Koepfli et al., 2015; Lewin et al., 2018; Rhie et al., 2021; Teeling et al., 2018). It is well 

posited that genomics is a key tool in the conservation of threatened species (Allendorf, 2017; 

Hogg et al., 2022; Supple & Shapiro, 2018). With the ever increasing volume of genomic data 

there are, however, bioinformatic challenges to analyse and interpret these data (Brandies & 

Hogg, 2021; Hogg et al., 2022). One application of genomic data for conservation decision-

making is to identify genotypic associations with key advantageous or disadvantageous 

phenotypes (Bay & Palumbi, 2014; Wright et al., 2020). More specifically, immune genes are of 

heightened interest due to an increase in diseases decimating wild populations. Noteworthy 

examples include chytridiomycosis in amphibians (Berger et al., 1998; Longcore et al., 1999), 

white nose syndrome in bats (Hoyt et al., 2021; Maslo et al., 2015), sylvatic plague in black 

footed ferrets (Mustela nigripes) (Matchett et al., 2010) and devil facial tumour disease (DFTD) in 

Tasmanian devils (Sarcophilus harrisii) (Hawkins et al., 2006; Pye et al., 2016). The MHC is a vital 

immune gene family due to its role in pathogen binding and presentation, and numerous 

examples of association with disease have been identified (Chen et al., 2022; Kloch et al., 2013; 

Scherman et al., 2021; Siddle et al., 2010). 

The availability of a high-quality reference assembly for the species of interest is a key first step 

in investigating MHC diversity. The generation of a reference genome provides an important tool 

with which a range of research and conservation questions can be investigated including 

inbreeding, disease susceptibility and adaptive potential (Batley et al., 2019; Brandies et al., 

2019; Supple & Shapiro, 2018). With the decrease in sequencing costs chromosome length 

assemblies are now obtainable for a range of species. It has been shown that the availability of a 

long read, scaffolded reference assembly is imperative in studying immune genes, in particular 

the MHC, immunoglobulin (Ig) and T-cell receptor (TCR) families, of wildlife species (Peel et al., 
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2022b). Throughout my PhD, I assisted with the assembly of reference genomes for two 

marsupial species, the numbat (Myrmecobius fasciatus) (Appendix 7), and the woylie (Bettongia 

penicillata ogilbyi) (Appendix 6) (Peel et al., 2022a; Peel et al., 2021b). Additionally, Peel et al. 

(2022b) (also Appendix 8) demonstrated the need for manual annotation of immune genes in 

marsupials as automated pipelines can incorrectly annotate up to 59% of genes. 

The availability of reference assemblies for 29 marsupial species and manual annotation allowed 

me to investigate the birth and death of the marsupial MHC class II genes (Chapter 2). These 

annotations represent a vast increase in our knowledge of the marsupial class II MHC system 

with only the grey short-tailed opossum (Monodelphis domestica), tammar wallaby (Macropus 

eugenii), Tasmanian devil and koala being previously characterised at a genomic level and their 

genomic organisation investigated (Belov et al., 2006; Cheng et al., 2012b; Johnson et al., 2018; 

Siddle et al., 2011). I have been able to trace patterns of gene death across the marsupial lineage 

and hypothesise how the evolution of MHC class II genes is related to species biology and life 

history traits. The major finding is that three gene deletion events have occurred, one resulting 

i  the loss of the DCβ ge e i  the a esto  of the pol p otodo ts, o e esulti g i  the loss of the 

DCα a d DBα i  the a esto  of the Das u o o phia lade, and one resulting in the loss of the 

DBα a d DBβ ge es i  the a esto  of the Pseudo hei idae fa il . Loss of MHC ge e luste s is 

not uncommon, with felids missing the DQ region and having a pseudogenized DP region (Yuhki 

et al., 2008), a d eta ea s issi g DPα genes, with o l  f ag e ts of the DPβ ge e ha ing 

been identified (Zhang et al., 2019). Loss of MHC gene families may have lowered the 

histocompatibility barrier and increased the susceptibility of Dasyurids to infectious diseases 

such as DFTD. Additionally, the reduction in the histocompatibility barrier may have also allowed 

for an increased reproductive rate within this marsupial family. For example northern quolls 
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(Dasyurus hallucatus) have an average litter size of 6.4, Tasmanian devils have a litter size of 

four, compared to other marsupials such as kangaroos and wallabies which have a single young 

per litter (Tyndale-Biscoe & Renfree, 1987; Ward, 1998). Comparative genomic studies can offer 

key insights into species biology, especially when there are notable differences in phenotype 

between the two species.  

Before beginning to generate genomic data for any investigation into species biology, it is 

essential to determine which sequencing and analysis methods are most appropriate to answer 

the research or conservation questions. Due to the impact of chlamydiosis on koalas and the 

availability of a high-quality reference assembly and comprehensive characterisation of immune 

genes, I focused my investigations into MHC diversity and its associations to disease using koalas 

as my study species (Johnson et al., 2018; Polkinghorne et al., 2013). As both my research and 

conservation questions around koala genomics were grounded in disease, I decided that target 

enrichment or WGS would be the most appropriate method to use as both of these would allow 

investigation of a number of genes at once (Chapter 3). Through a comparison of target 

enrichment and WGS, I determined sequencing of at least 20x coverage is needed to investigate 

variants within MHC genes. Although WGS is sufficient for accurately genotyping MHC genes in 

koalas, this may not be the case for all species. For example, the Tasmanian devil has MHC 

similarity greater than 97% (Cheng et al., 2012b) and is therefore technologically challenging to 

accurately genotype. In such cases long read sequencing of amplicons covering the entire MHC 

region may be required (Cheng et al., 2022). Additionally, even with 30x coverage WGS is it 

difficult to reliably phase variants and identify alleles, with ~10% of individuals unable to have 

alleles assigned in our koala WGS dataset (Chapter 5). The use of long read sequencing in the 

future would enable improved allele resolution and identify complete MHC haplotypes. In the 
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case of the Tasmanian devil, 50 full length haplotypes were detected with a confidence >0.99 

using long-read sequencing (Cheng et al., 2022). However, due to the high cost of long read 

sequencing and laboratory intensive methods this MHC typing method may be limited to small 

numbers of genes and individuals. As new genomic technologies become accessible for 

researchers working on species of conservation concern it remains imperative that there is 

consideration for which technology is the most appropriate and suited for answering the key 

conservation and research questions for that species (Fuentes-Pardo & Ruzzante, 2017; 

McLennan et al., 2019). 

One of the key themes in conservation genomics is the maintenance of genetic diversity 

(Frankham, 2010). Typically, diversity is measured in neutral genomic regions such as with 

microsatellites or reduced representation sequencing (RRS), that has a bias towards neutral 

regions. By leveraging the koala genome survey dataset (Hogg et al., 2023), I was able to 

investigate the MHC diversity across both the entire gene length and geographical range of 

koalas (24 genes and 438 individuals). I identified CNV between, and within, populations with 

gene deletions observed in Victorian and South Australian koalas which is likely representative of 

historical population bottlenecks. CNV in MHC genes has been widely identified in a number of 

species including humans, birds and fish. It is predicted that higher diversity of parasite exposure 

is positively associated with harbouring an increased number of MHC alleles (Eizaguirre et al., 

2011; Stervander et al., 2020). Another key distinction of diversity is through supertype 

identification, the idea that different MHC molecules contain amino acids that are biochemically 

similar and therefore bind similar antigens (Sette & Sidney, 1999; Sidney et al., 1996). I 

undertook supertype identification and clustered class I genes into 28 supertypes that show 

strong geographical signatures that may represent different pathogen pressures across the 
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koala s a ge. These esults sig ifi a tl  i ease ou  k o ledge of the di e sit  i  koala MHC 

genes and provides the first foray into CNV and supertype identification in koalas. Future work 

will now need to link genotypic and phenotypic data. Diversity within functional gene regions is 

an important consideration for conservation genomics as identifying genotypes impacting key 

phenotypes can provide insights for management. For example, investigation of reproductive 

genes in Tasmanian devils using WGS identified genes associated with reproductive success in 

captivity (Wright et al., 2020). Using target enrichment of 1209 immune genes, I was able to 

identify 17 genes associated with chlamydiosis. The most promising association is with IFNγ that 

has been shown to halt the developmental cycle of Chlamydia bacteria and activates the 

antibody mediated immune response (Hafner & Timms, 2018; Naglak et al., 2016; Perfettini et 

al., 2003). Additional associations were identified in class I MHC genes which is significant as 

these genes bind and present peptides originating from intracellular pathogens and in the 

metabolically active life stage Chlamydia bacteria are intracellular (AbdelRahman & Belland, 

2005; Cresswell et al., 2005; Horn, 2008; Zuck et al., 2017). The approach I have used here can be 

easily applied to other species that are threatened by disease, such as amphibians (Kosch et al., 

2019). However, a limiting factor for amphibians at this time is the lack of well annotated 

reference genomes (Dimitrakopoulou et al., 2023; Kosch et al., 2023). 

6.3 Future Directions 

As wildlife habitat continues to degrade and become increasingly fragmented, human wildlife 

conflict will become more prevalent with potentially devastating effects for humanity as 

evidenced by the COVID-19 pandemic (Irving et al., 2021). Continued research and development 

of the methods with which we investigate wildlife diseases and host immunity is imperative. 

Immune genes offer unique challenges as they contain some of the most polymorphic genes in 
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the genome and this polymorphism is generated through not only SNPs, but also CNV, gene 

duplications and rapid evolution (Ming et al., 2020; Peel et al., 2022b; Trowsdale & Parham, 

2004). Here I have demonstrated a worked example of a workflow which enables investigation 

of these complex and polymorphic regions of the genome. 

There is now an array of international and national consortia dedicated to generating reference 

assemblies of every living species (Hogg et al., 2022; Koepfli et al., 2015; Lewin et al., 2018; Rhie 

et al., 2021; Teeling et al., 2018). Whilst these resources have the potential to enable numerous 

comparative genomic studies which can investigate evolution across genera or families of 

species they are often limited by a lack of transcriptomic data to assist with annotation (Jarvis, 

2016; Jebb et al., 2020; Peng et al., 2023). Manual annotation of genes is a necessary first step 

for any detailed investigation of functional genomic diversity and enables detection of genotypic 

associations with phenotypes of interest (Peel et al., 2022b). In the context of disease, 

comparative genomic studies could offer insights into species biology and the mechanisms by 

which a pathogen acts on a host in cases where there is differing levels of susceptibility within a 

taxonomic family. For example, American bullfrogs (Lithobates catesbeianus) are highly tolerant 

to infection by Batrachochytrium dendrobatidis (the fungal isolate which causes 

chytridiomycosis) and by comparing the immune system of American bullfrogs to susceptible 

amphibian species may elucidate the mechanisms behind disease caused by Bd (Eskew et al., 

2015; Gervasi et al., 2013). Comparative genomic studies of the immune system of bullfrogs to 

other amphibians may offer insights into the genes implicated in infection with Bd resulting in 

disease. Another order which currently lack genomic data that could would benefit from 

increased number of references genomes are the testudines where the Bellinger river snapping 

turtle (Myuchelys georgesi) is highly susceptible to disease from nidovirus infection but other 
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closely related species are more resilient to disease (Chessman et al., 2020; Zhang et al., 2018). 

Additionally, the use of long read technologies to generate these reference assemblies has 

greatly aided annotation of immune genes (Ming et al., 2020; Peel et al., 2022b). As costs 

continue to decrease long read sequencing offers opportunities far beyond generating reference 

genomes (Hook & Timp, 2023). 

Whilst I have been able to show that both target enrichment and WGS with short read 

technology is adequate for identifying SNPs and gene deletions in MHC, these technologies are 

limited in their ability to generate phased alleles and complete haplotypes (Chapter 3 and 5). For 

humans and many economically valuable species, long read amplicon or target enrichment 

sequencing approaches are accessible, these have benefit of being able to capture the full length 

of a gene of interest and enable assignment of accurate haplotypes (Cheng et al., 2022; Deiner et 

al., 2017; Maniego et al., 2023). Long read amplicon or target enrichment has been primarily 

used in human genomics and has advantages over short read sequencing methods in identifying 

structural variants (Hook & Timp, 2023). As MHC and many other immune genes have high levels 

of duplication and CNV, long reads offer a superior tool to investigate both complete haplotypes 

and identify structural variations. Long read amplicon sequencing has been tested in Tasmanian 

devils and has allowed for identification of fully phased alleles and revealed higher functional 

diversity than could be determined with short read amplicons (Cheng et al., 2022). Long read 

target enrichment offers an exciting avenue for research in non-model species as it combines the 

cost reduction and fully customisable properties of target enrichment with the ability to 

investigate structural variants and identify fully phased alleles provided by long read sequences 

(Steiert et al., 2022). Specifically, for koalas using a long-read target enrichment methodology 

would allow the probe designed in Chapter 4 to be adapted and include complex gene regions 



 

155 

such as Igs and TCRs to investigate the role of these genes in chlamydiosis. Another usage would 

be for the critically endangered Corroboree frog (Pseudophryne corroboree), where MHC alleles 

have previously been identified through PCR amplification and sequencing of exon 2 of class I 

genes (Kosch et al., 2019). A number of these alleles have been associated with survival after 

infection with Bd (Kosch et al., 2019). Using a long read target enrichment approach would allow 

characterisation of the entire MHC gene as well as other immune genes which may be involved 

in the chytrid immune response and could pave the way for more drastic conservation actions 

such as genome editing (Kosch et al., 2022; Phelps et al., 2020). 

Another exciting avenue of research is the diversity and evolutionary importance of structural 

variants (Wold et al., 2021). Structural variants are key contributors to genetic diversity and are 

associated with key traits of interest such as adaptation to freshwater environments in 

numerous fish species (Ishikawa et al., 2022) and a number of diseases in humans (Balachandran 

& Beck, 2020). There are numerous challenges that are currently limiting the ability to 

investigate structural variation within non-model organisms (Pokrovac & Pezer, 2022; Wold et 

al., 2023). These challenges include short-read data having particular difficulty characterising 

genomic insertions (Delage et al., 2020) and the fact that common used structural variant callers 

are developed to perform best when utilised with human datasets (Cameron et al., 2019). One 

promising approach which could be feasible for koalas is the generation of a pangenome. By 

selecting a small number of individuals from across the entire koala range to perform long read 

sequencing on it would be possible to identify a comprehensive reference set of structural 

variants for koalas which could be used to improve performance of structural variant detection 

tools from short read data (Ebler et al., 2022; Nguyen et al., 2023). 
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6.4 Conclusion 

The research presented throughout this thesis has significantly advanced our current 

understanding of the marsupial MHC. This thesis has utilised a wide range of genomic 

technologies and data to investigate the birth, death, and diversity of MHC genes. I have 

successfully traced patterns of evolution of class II MHC genes across the marsupial lineage and 

linked gene deletions to both reproductive and immune related traits prompting deeper 

investigations into the interplay with genomics, reproduction, and immunity in this unique group 

of mammals. As sequencing costs continue to decrease obtaining large volumes of genomic data 

will become more accessible for conservation researchers and this thesis has provided a 

bioinformatic workflow to investigate functional diversity. The work in this thesis will serve 

future research for koalas specifically by firstly, identifying genetic variants associated with 

disease progression. If these variants are found to be protective in other koala populations, 

could serve as one selection criteria for translocations of koalas into populations highly impacted 

by chlamydiosis (see Kosch et al. (2022) for targeted genetic intervention strategies for 

endangered species). Secondly, providing a baseline measure of standing functional diversity 

a oss the koala s a ge that can be referred to in the future as populations of koalas continue to 

be impacted by anthropogenic climate change. More generally, this thesis has provided a start to 

finish worked examples of a workflow for investigating evolution, diversity, and associations in 

any gene family (Figure 6-1). 
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Appendix 2: Supplementary Material Chapter 2 

A2.1 Supplementary Results 

Didelphidae 

We investigated a single species in the Didelphidae family, the grey short-tailed opossum 

(Monodelphis domestica) (Dudchenko et al., 2018; Edwards & Westerman, 1995; Mikkelsen et al., 

2007). We identified ten MHC class II genes all located on a single scaffold with each gene present 

i  a si gle op  e ept the DB ge es he e t o opies of oth the α a d β e e ide tified Figu e 

1). All genes identified were full length sequences in a genome that had 5,136 scaffolds and 78.7% 

BUSCO completeness. 

Microbiotheriidae 

Microbiotheriidae is a single species family, the monito del monte (Dromiciops gliroides), which is 

a South American species of marsupial. We identified 14 genes in the monito del monte, eight of 

these a e DAβ ge es a d a si gle op  of the DAα a d oth the DB a d DM ge es. We failed to 

ide tif  a  DCα ge es a d ould o l  ide tif  a pa tial DCβ ge e. All se ue es e e lo ated o  

a single scaffold, the genome had 17 scaffolds and was 93.9% complete. 

Notoryctidae 

The Notoryctidae family contains two species of marsupial moles, we investigated the southern 

marsupial mole (Notoryctes typhlops) (Dudchenko et al., 2017; Dudchenko et al., 2018) and 

ide tified  ge es. A si gle op  of the DAα a d oth DM ge es, t o opies of DAβ a d DBα a d 

th ee opies of DBβ e e ide tified. We failed to lo ate a DCβ a d ould o l  ide tif  a pa tial 
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DCα ge e. Se ue es e e lo ated a oss t o s affolds, o e o tai i g o l  a si gle DAβ ge e. 

This genome was 87.0% complete with 10,900 scaffolds. 

Thylacomyidae 

Thylacomyidae contains a single extant species, the greater bilby (Macrotis lagotis) with the lesser 

bilby (Macrotis leucura) goi g e ti t i  the s. We lo ated  ge es, a si gle op  of DAα, 

DCα a d oth DM ge es, t o opies of oth DB ge es a d fi e opies of DAβ. We e e u a le to 

lo ate a DCβ ge e a d all se ue es e e lo ated o  a si gle s affold. This d aft ge o e as 

88.5% complete with 663 scaffolds (C. Hogg, unpublished data). 

Peramelidae 

The Peramelidae family contains a number of bandicoot species occurring in New Guinea and 

Australia, we investigated one species from this family, the eastern barred bandicoot (Perameles 

gunnii). We ide tified i e MHC lass II ge es, a si gle o plete op  of DCα a d oth DA, DB a d 

DM ge es a d t o pa tial DAβ se ue es. We did ot lo ate a DCβ gene, and the nine genes 

identified were located across seven scaffolds. This draft genome was 65.2% complete with 

170,614 scaffolds (A. Weeks, unpublished data). 

Myrmecobiiidae 

The Myrmecobiidae family contains a single species, the numbat (Myrmecobius fasciatus) which 

feed exclusively on termites. We investigated two genome assemblies for this species, one 

assembled using solely short linked-read data (Peel et al., 2022a) and the other assembled using 

a combination of both short read and HiC data (Dudchenko et al., 2017; Dudchenko et al., 2018). 

We used both assemblies as neither assembly contained the complete MHC class II repertoire. The 
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sho t ead asse l  o tai ed si  ge es, a si gle DAα a d DBα, t o o plete a d t o pa tial DAβ 

genes. The HiC assembly contained six genes, a si gle DAα ge e this ge e as split a oss t o 

s affolds i  the asse l  a d DMα ge e as ell as th ee pa tial DAβ a d a pa tial DMβ ge e. 

From the combination of the two assemblies we can conclude the numbat has at least a single 

DAα, oth DB a d DM ge es a d th ee DAβ ge es. The sho t li ked-read genome had 112,299 

scaffolds and was 73.2% complete, whilst the DNAZoo genome had 110,7131 scaffolds and was 

73.2% complete. 

Dasyuridae 

The Dasyuridae family contains several insectivores and carnivorous species which are primarily 

nocturnal. We investigated six species of Dasyurids here: Tasmanian devil (Sarcophilus harrisii) 

(106 scaffolds, 91.7% complete), eastern (Dasyurus viverrinus) (386,594; 84.6%) and northern 

quolls (Dasyurus hallucatus) (4,188,623 scaffolds, 92.5%), brush-tailed phascogale (Phascogale 

tapoatafa) (295,136 scaffolds, 89.0%), antechinus (Antechinus stuartii) (30,876 scaffolds and 

92.5%) and fat-tailed dunnart (Sminthopsis crassicaudata) (1,644 scaffolds and 85.0%) (Brandies 

et al., 2020; Dudchenko et al., 2017; Dudchenko et al., 2018; Stammnitz et al., 2023). We identified 

between four (northern quoll) and 14 (antechinus) MHC class II genes. All species have a single 

op  of DAα, DBβ e ept the o the  uoll, he e o DBβ as lo ated  a d oth DM ge es. The 

DAβ ge es a ged i  u e  f o  o e i  the o the n and eastern quolls to 11 in the antechinus. 

The DBα o  DC ge e e e u a le to e ide tified i  a  of the Dasyuridae species. 
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Phascolarctidae 

The Phascolarctidae family contains a single species, the koala (Phascolarctos cinereus) 

(Dudchenko et al., 2017; Dudchenko et al., 2018; Johnson et al., 2018). We identified 16 MHC class 

II ge es i  the koala ge o e, a si gle op  of DAα, oth DC a d DM ge es, th ee opies of oth 

DB ge es a d fi e opies of the DAβ ge e. These ge es e e lo ated o  a si gle s affold; the 

genome has 1,318 scaffolds and is 94.0% complete. 

Vombatidae 

The Vombatidae family contain three species of wombat, one of which we investigated here, the 

common wombat (Vombatus ursinus) (Dudchenko et al., 2017; Dudchenko et al., 2018). We 

located seven genes, a single copy of each class II gene apart from DBβ he e o ge e as lo ated, 

and all seven genes were located on a single scaffold; the genome has 633,737 scaffolds and is 

89.3% complete. 

Burramyidae 

The Burramyidae family consists of five species of pygmy possum, we investigated the mountain 

pygmy possum (Burramys parvus) here. We located 14 MHC class II genes across 11 scaffolds in 

the ge o e asse l , a si gle op  of DAα a d of oth DB, DC a d DM ge es a d t o opies of 

DAβ. The DCβ ge e as lo ated a oss t o s affolds i  the asse l . In addition, we identified 

five partial segments of the DAβ ge e. This d aft ge o e as . % o plete ith ,  

scaffolds (A. Weeks, unpublished data). 
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Phalangeridae 

Phalangeridae contains a number of arboreal possum-like species, the best known being the 

brushtail possum (Trichosurus vulpecula). We investigated the genomes of both the brushtail 

possum and the ground cuscus (Phalanger gymnotis) (Dudchenko et al., 2017; Dudchenko et al., 

2018) and identified 21 and 15 genes, respectively. In both species we located a single copy of 

DAα a d oth ge es of the DC the DCα ge e i  the g ou d us us is a pa tial se ue e a d the 

DCβ ge e is split et ee  t o s affolds,  a d DM ole ule, e lo ated two copies of both DB 

ge es i  the ushtail possu  a d t o opies of DBα a d a si gle DBβ i  the g ou d us us. We 

ide tified  DAβ ge es i  the ushtail possu  a d se e  pa tial DAβ ge es i  the g ou d us us. 

The possum genome is 211 scaffolds and 94.0% complete, whilst the ground cuscus is 1,143,155 

scaffolds and 83.1% complete. 

Macropodidae 

The Macropodidae family is one of the largest and arguable most well know family of marsupials 

containing a number of kangaroo and wallaby species. We investigated six Macropodidae species: 

eastern grey kangaroo (Macropus giganteus) (1,012,396 scaffolds, 88.7% complete), western grey 

kangaroo (Macropus fuliginosus) (1,417,922 scaffolds; 84.2%), red kangaroo (Macropus rufus) 

(1,417,180 scaffold and 86.3%), tammar wallaby (Macropus eugenii) (750,707 scaffold and 84.2%), 

Mala (Lagorchestes hirsutus) (569,651 scaffold and 89.8%) and quokka (Setonix brachyurus) 

(1,480,866 scaffolds and 87.7%) (Dudchenko et al., 2017; Dudchenko et al., 2018). Across all the 

species investigated we located a similar number and distribution of MHC class II genes, in all 

spe ies a si gle op  of the DAα a d oth DC a d DM ge es e e lo ated. Nu e s of DAβ a ged 

from one (eastern grey kangaroo) to six (Mala and quokka), DBα ge es a ged f o   uokka a d 

ed ka ga oo  to se e  este  g e  ka ga oo  a d DBβ ge es a ged f o   Mala a d ed 
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ka ga oo  to fi e easte  g e  ka ga oo . Whilst e a otated  DAβ ge es i  the este  g e  

kangaroo, 16 of these were partial sequences and they were located across 18 different scaffolds. 

Potoroidae 

The Potoroidae show similar features to the Macropodidae however are much smaller and often 

nocturnal, we investigate two species the woylie (Bettongia penicillata ogilbyi) (1,116 scaffolds; 

. % o plete  a d Gil e t s poto oo (Potorous gilbertii) (1,148,657 scaffolds; 85.3% complete) 

in this study (Dudchenko et al., 2017; Dudchenko et al., 2018; Peel et al., 2021b). We annotated 

 a d  ge es fo  Gil e t s poto oo a d the o lie, ith a si gle op  of DAα a d oth DC a d 

DM ge es the DMβ ge e i  Gil e t s poto oo is split et ee  t o s affolds  ide tified, ho e e  

i te esti gl  e lo ated t o opies of the DMα gene in the woylie. We annotated the highest 

u e  of DAβ ge es out of a  spe ies i  the o lie ith , e also a otated t o a d fi e 

opies of the DBα a d DBβ ge e espe ti el . Fo  Gil e t s poto oo e a otated si , fou  a d 

th ee DAβ, DBα a d DBβ ge es, respectively. 

Petauridae 

The Petauridae family contain striped possu s, the glide s a d Lead eate s possu  

(Gymnobelideus leadbeateri), which is the only species investigated here (Dudchenko et al., 2017; 

Dudchenko et al., 2018). We a otated a total of  MHC lass II ge es, a si gle op  of DAα, DCα 

a d oth DM ge es, th ee opies of oth DB ge es, eight opies of the DAβ ge e a d o ge e as 

ide tified fo  the DCβ ge e. This ge o e has ,  s affolds a d is . % o plete. 
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Pseudochiridae 

Pseudochiridae contain the ringtail possums, three of which we investigate here, the western 

ringtail possum (Pseudocheirus occidentalis) (918,255 scaffolds; 77.3% complete), coppery ringtail 

possum (Pseudochirops cupreus) (1,056,859 scaffold and 82.6%) and plush-coated ringtail possum 

(Pseudochirops corinnae) (552,633 scaffold and 77.9%) (Dudchenko et al., 2017; Dudchenko et al., 

2018). All species contained a single copy of the DAα a d oth DM ge es a d opies of DAβ a ied 

from three (coppery ringtail possum) to eight (plush coated ringtail possum). For the DC molecule 

o l  pa tial DCα se ue e ould e lo ated i  the este  i gtail possu  ge o e a d pa tial 

DCβ se ue es in the coppery and plush coated ringtail possums and neither DB gene could be 

identified in any of the three assemblies. 
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A2.2 Supplementary Tables and Figures 

Table A2-1 Order and family classification of the 29 marsupial species investigated in this study, along with name of the genome assembly file and 

basic genome statistics such as N50 and genome size. Superscripts are listed below the table and represent the reference for the genome assembly. 

Species Order Family Version 
Size 

(Gbp) 

No. 

Scaffolds 

N50 

(Mbp) 

N90 

(Mbp) 
Gaps (%) Busco v5.3.2 

Grey short-tailed 

opossum (modo) 
Didelphimorphia Didelphidae MonDom5_HiC 1,2,3 3.57 5136 524.29 437.18 2.063 

C:78.7%[S:73.2%,D:5.5%],

F:6.3%,M:15.0%,n:9226 

Monito del 

monte (drgl) 
Microbiotheria Microbiotheriidae 

GCF_019393635.1_

mDroGli1.pri_geno

mic 4 

3.30 17 670.78 496.99 0.089 
C:93.9%[S:90.2%,D:3.7%],

F:1.0%,M:5.1%,n:9226 

Southern 

marsupial mole 

(noty) 

Notoryctemorphia Notoryctidae 

Notoryctes_typhlop

s_wtdbg2.shortRea

dsPolished_HiC 1,2 

3.48 10900 317.69 302.65 0.504 
C:87.0%[S:78.9%,D:8.1%],

F:3.1%,M:9.9%,n:9226 

Bilby (mala) Peramelemorphia Thylacomyidae 
bilby.v1.4.4b.hirise

plus 5 
3.66 663 343.87 305.05 0.876 

C:93.3%[S:88.5%,D:4.8%],

F:1.2%,M:5.5%,n:9226 

Eastern barred 

bandicoot (pegu) 
Peramelemorphia Peramelidae 

EBB_10x-

rails.scaffolds 6 
3.83 170614 0.06 0.05 1.517 

C:65.2%[S:60.9%,D:4.3%],

F:11.4%,M:23.4%,n:9226 

Numbat (myfa) Dasyuromorphia Myrmecobiidae 
mMyrfas1.pri.2021

1206 7 
3.42 112299 0.22 0.13 3.524 

C:78.7%[S:73.2%,D:5.5%],

F:6.3%,M:15.0%,n:9226 

Numbat DNAzoo 

(myfa_DNAzoo) 
Dasyuromorphia Myrmecobiidae 

Myrmecobius_fasci

atus_HiC 1,2 
3.30 1107131 321.46 0.0139 0.984 

C:74.7%[S:73.2%,D:1.5%],

F:8.2%,M:17.1%,n:9226 

Tasmanian devil 

(saha) 
Dasyuromorphia Dasyuridae 

GCF_902635505.1_

mSarHar1.11_geno

mic 8 

3.09 106 611.35 464.89 0.002 
C:91.7%[S:90.4%,D:1.3%],

F:1.5%,M:6.8%,n:9226 

Eastern quoll 

(davi) 
Dasyuromorphia Dasyuridae 

Dasyurus_viverrinu

s_HiC 1,2 
3.09 386594 531.48 250.65 0.841 

C:84.6%[S:83.5%,D:1.1%],

F:4.6%,M:10.8%,n:9226 
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Species Order Family Version 
Size 

(Gbp) 

No. 

Scaffolds 

N50 

(Mbp) 

N90 

(Mbp) 
Gaps (%) Busco v5.3.2 

Northern quoll 

(daha) 
Dasyuromorphia Dasyuridae 

Dasyurus_hallucatu

s_10X_01_style3ps

eudohapfull_HiC 1,2 

3.15 4188623 605.08 462.37 1.958 
C:92.5%[S:91.0%,D:1.5%],

F:1.5%,M:6.0%,n:9226 

Brush-tailed 

phascogale 

(phta) 

Dasyuromorphia Dasyuridae 
Phascogale_tapoat

afa_HiC 1,2 
3.2 295136 577.65 441.18 0.736 

C:89.0%[S:87.2%,D:1.8%],

F:3.2%,M:7.8%,n:9226 

Antechinus 

(anst) 
Dasyuromorphia Dasyuridae 

antechinusM_pseu

dohap2.1 9 
3.31 30876 72.73 77.88 2.75 

C:92.5%[S:90.5%,D:2.0%],

F:1.6%,M:5.9%,n:9226 

Fat-tailed 

dunnart (smcr) 
Dasyuromorphia Dasyuridae 

Sminthopsis_crassic

audata_HiC 1,2 
2.84 1644 578.92 423.56 1.245 

C:85.0%[S:83.6%,D:1.4%],

F:1.0%,M:14.0%,n:9226 

Koala (phci) Diprotodontia Phascolarctidae 
phaCin_unsw_v4.1

_HiC 1,2,10 
3.19 1318 480.11 413.95 0.01 

C:94.0%[S:92.5%,D:1.5%],

F:1.2%,M:4.8%,n:9226 

Common 

wombat (vour) 
Diprotodontia Vombatidae vu-2k 1,2 3.34 633737 576.11 438.25 0.541 

C:89.3%[S:87.4%,D:1.9%],

F:2.8%,M:7.9%,n:9226 

Mountain pygmy 

possum (bupa) 
Diprotodontia Burramyidae 

MPP_2019_10x_LR

_assembly 6 
2.99 33138 0.20 0.10 0 

C:69.8%[S:65.8%,D:4.0%],

F:4.4%,M:25.8%,n:9226 

Ground cuscus 

(phgy) 
Diprotodontia Phalangeridae pg-2k 1,2 3.62 1143155 353.05 333.94 0.926 

C:83.1%[S:79.7%,D:3.4%],

F:5.1%,M:11.8%,n:9226 

Brushtail possum 

(trvu) 
Diprotodontia Phalangeridae 

mTriVul1.pri.cur.20

200115 4 
3.36 211 442.56 310.11 0.557 

C:94.0%[S:89.8%,D:4.2%],

F:1.1%,M:4.9%,n:9226 

Eastern grey 

kangaroo (magi) 
Diprotodontia Macropodidae mg-2k 1,2 3.54 1012396 392.87 382.18 0.771 

C:88.7%[S:86.6%,D:2.1%],

F:3.1%,M:8.2%,n:9226 

Red kangaroo 

(maru) 
Diprotodontia Macropodidae mr-2k 1,2 3.60 1417180 238.28 138.08 0.774 

C:86.3%[S:84.2%,D:2.1%],

F:3.9%,M:9.8%,n:9226 

Western grey 

kangaroo (mafu) 
Diprotodontia Macropodidae mf-2k 1,2 3.64 1417922 341.28 341.28 0.789 

C:84.2%[S:82.2%,D:2.0%],

F:4.9%,M:10.9%,n:9226 

Mala (lahi) Diprotodontia Macropodidae 
Lagorchestes_hirsu

tus_HiC 1,2 
3.38 569651 401.33 271.95 0.744 

C:89.8%[S:87.1%,D:2.7%],

F:2.8%,M:7.4%,n:9226 
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Species Order Family Version 
Size 

(Gbp) 

No. 

Scaffolds 

N50 

(Mbp) 

N90 

(Mbp) 
Gaps (%) Busco v5.3.2 

Tammar wallaby 

(maeu) 
Diprotodontia Macropodidae me-1k 1,2 3.45 750707 387.07 375.26 0.767 

C:84.2%[S:81.8%,D:2.4%],

F:5.0%,M:10.8%,n:9226 

Quokka (sebr) Diprotodontia Macropodidae 
Setonix_brachyurus

_HiC 1,2 
3.69 1480866 260.85 183.11 0.558 

C:87.7%[S:84.9%,D:2.8%],

F:3.7%,M:8.6%,n:9226 

Woylie (bepe) Diprotodontia Potoroidae 
mBetpen1.pri.2021

0916 11 
3.39 1116 6.94 4.76 0.403 

C:94.2%[S:91.6%,D:2.6%],

F:1.0%,M:4.8%,n:9226 

Gil e t s poto oo 
(pogi) 

Diprotodontia Potoroidae 
Potorous_gilbertii_

HiC 1,2 
3.83 1148657 557.81 266.13 0.668 

C:85.3%[S:74.9%,D:10.4%]

,F:4.1%,M:10.6%,n:9226 

Lead eate s 
possum (gyle) 

Diprotodontia Petauridae LBP_v1_HiC 1,2 3.48 1702 317.96 280.49 0.166 
C:94.3%[S:86.0%,D:8.3%],

F:1.2%,M:4.5%,n:9226 

Plush-coated 

ringtail possum 

(psco) 

Diprotodontia Pseudocheiridae 
Pseudochirops_cori

nnae_HiC 1,2 
3.50 552633 209.25 203.75 0.964 

C:77.9%[S:73.3%,D:4.6%],

F:6.6%,M:15.5%,n:9226 

Western ringtail 

possum (psoc) 
Diprotodontia Pseudocheiridae 

Pseudocheirus_occi

dentalis_HiC 1,2 
3.60 918255 213.46 208.56 0.953 

C:77.3%[S:72.3%,D:5.0%],

F:6.9%,M:15.8%,n:9226 

Coppery ringtail 

possum (pscu) 
Diprotodontia Pseudocheiridae 

Pseudochirops_cup

reus_HiC 1,2 
3.58 1056859 425.24 425.24 0.932 

C:82.6%[S:79.5%,D:3.1%],

F:5.4%,M:12.0%,n:9226 

1 (Dudchenko et al., 2017), 2 (Dudchenko et al., 2018), 3 (Mikkelsen et al., 2007), 4 VGP, 5 (C. Hogg, unpublished data), 6 (A. Weeks, unpublished data), 
7 (Peel et al., 2022a), 8 (Stammnitz et al., 2023), 9 (Brandies et al., 2020), 10 (Johnson et al., 2018), 11 (Peel et al., 2021b) 
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Table A2-2 MHC class II gene sequences used to blast to 30 marsupial genomes 

Species Gene Sequence 

Grey short-

tailed 

opossum 

DCA 

ATGACCTCTAGCCTCGTCTCAATCTTGGGGATCCTCAGCCTGGCTGCCCTGCTGATCAAATGGAGAGTCTGGGCTACGAATGATCACGTAATC

AACTCTGTGACATTTGTTCAGACCCACAAACCATCTGGACAGTTCCTGCATGAATTTGATGGGGATGAGCAATTGCACGTGGACCTTGACAGG

AAGGAAATAGTCTGGCGGCTTCCTGAGTTTGGCCACATCTTCAGCTTCAGTGCACAGATTGGGTTAGGCAACATTGCTGTGGATATGGCTAAC

CTGAATCACCTTATCAGGCAAACAAACCACACCCCGGCCACAGTTGTGGCTCCAGAGGTGACAATATTTCCCAAGGAACCCGTGGAAGCAGA

AGAGCCCAATTTGCTCATCTGCCACATTGATAAGTTCTCGCCCCCAGTGATCAATGTCACATGGCTGCGCAATGGACAATCAGTCACCACAGG

GATAGATGAGACTGTCTTCCTGCCTCGAGATGACTACTCTTTCCACAAGTTCCATTACCTTACTTTCTTCCCCTCGAATGATGATGTCTATGACTG

CGTGGTTGAACATTGGGGCCTGGAAAAGCCACTTTTCAAGCACTGGGAGCCTGAGATGCTAACACCACCATCTGAGATAATGGAGACAATTG

TCTGTGTTCTAGGACTGGTCATGGGCCTGACACCAAGAGTTGTAGCAGAACCTGAGGAGAAGAAGAACAGCATCAGAAGATCTCACACAGCA

ACTGTGACACCCTGA 

Grey-

short-

tailed 

opossum 

DCB 

ATGGTGTTTTTGGAGTTGCTGGGAGGTCCCTCTGTGACAGTCCTGTTGATGGTGCTGGATACACTCACAGTCTGGAGCACGGACATTCCAGAG

AATTACCTACATCAAGTGAGGTCTGAGTGTCATATGACCAATGGAACCCAGCGGGTACACTTCGTGGGAAGACTCATCTATGACCGGGAAGA

GTTTGTGCGCTTTGACAGTGATGTGGGTCTATTTGAGGCAAGAACGGAACTGTGGAAATCCCAGGTCCAGAAATGGAACAGTCAAAAGGAAA

TAGTTGAACGAGCACGGTCCATAGTGAATGTGTGCAGACACAACTACCAATTCTATAATAAAACTATAGTGCAGAGAAAAGTCAAGCCCCGA

GTGAAAGTTTTCCCAGCAAAAACGCAACCACTCGGGCACCACAACTTGCTCCTCTGTTCTGTGACCAGTTTCTATCCTGGTGAGATAAAGGTCA

GCTGGTTCAGAAATGCAAAAGAAGAGAAATCTGGAGTCCTGTCTACAGGCCAAATCCGGAATGGTGACTGGACCTTCCAGACCCTTGTAATG

CTGGAAATGACCCCCCAAAGGGGAGATGTCTTTACTTGCCGTGTGGACCATGTCAGCTTGCAGAGCCCTGTCTTCGTGGATTGGAGAGCACA

GTCAGAATCTGCCCAGACTAAGATGCTGATTGGAGTTGGGAGCCTGGTGTTTGGAATGATTTTACTTGGAGTGGGACTTGTCATCAGCCTCAG

AAGCTCAAAAGGGAATATTGAAGTTATTCCAGTCTTATACTGA 

Brushtail 

Possum 
DCA 

ATGACCTCCGGCCTACACTCAATATTGGGGATTCTCAGCCTGGCTACCTTGCTGATCAAACAAAGAACCTGGGTCACTAATGACCCTGTAATCA

GCTCCATGACATTTGTTCAGACCCACAAACCTTCTGGCAGTACCTGCATGAATTTGATGAGGATGAGCAGTTCCATGTGGACTTTGACAGGAA

GGAAACAGTCTGGTGGCTTCCTGAGTTTGGCCACATCTTCAGTTTCCATGCACAGATTGGGCTAGGCAACATTGCTGTGGACATGGCTAACTT

GAACCAACTTATCAGGCAAAACAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGTTTCCCAAGGAGCCCGTGGAGCTAGAAG

AACCCAGAATCCTCATCTGCCACACTGATAAGTTCTCACCCCCAGTGGTCAATGTCACGTGGCTGTGCAATGGCAAGCCAGTCACCACAGGGG

TGTCTGAGACCACCTTCCTGCATCAGGATGACTATTCTTTCCACAAGTTCAATTAGCTCGCTTTCCTGCCCTCAGCTGATGATGTCTATGACTGT

GTAGTTGAACACTGGGGCCTGGAAAAGCCACTTTTCAAGCACTGGGATATGAAGCCTGAGATGCTAACACCACCTTCTGAGACAGTGGAGAC

ACTCATCTGTATTCTAGGACTGACTGTGGGCGTGGTGGGCAACCCTGTTGCTGCCACCCTCATTATCAAAGGCTTGTGATTAAGCAAATGATGC

CTGACCCCATATATGGATCAAGTATCAACTTCTGCAAGAAATCTTTTCCAATGCTCCTTAATCTTAGTGCTTTCCCCTGA 
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Species Gene Sequence 

Brushtail 

Possum 
DCB 

ATGGTGTGTGTGGAGTTTCTGGGAAGCCCCTGTAGGACAGTCCTATTGATAGAGCTGAGCACGCCCACAGCCTGGGGCAGGGAAATTCCAGA

GAATTACCTACATCAGGTGAAGTCCGAGTGTCACATGGCCAATGGAACCCAACGGGTGCACATCGTGGGAAGACTCGTCTACATCCAAGTGG

AGTTTGTGTGCTTTGACAGTGATGTGAGACTATTTGAGGCAAGAATGGAGCTGTGGAAATCCCAAGTCCAGAAATGGAACAGTCAGAAGGA

GATAGTGAAGCATGCAAGGTCCATAGTGAATTTGTGCAGACAAAACTATCTTTTATATGATAAATTCATAGTGCAAAGGAAAGTCCAGCCCCA

AGTGAAGGTTTTCCCCTCAAAGATACAACCAGTTGGGCACCACAACCTGCTCCTCTGTTCTGTGACCAGTTTCTGTCCTGGTGAGATCAAGGTC

AGCTGGTTCAGGAACACAAAAGAAGAGAAAGCTGGAGTTCTGTCCACAGGCTGAATCCAGAATGGTGACTGGACCTTCCAAACCCTTGTGAT

GTTGGAAATGACTCCCCTCCCCAAAGAGGAGATGTCTTTACTTGCCATGTAGACCATGTCAGCTTGCAGAGCCTTGTCACTGTAGACTGAAGA

GCGCTGGCTGAATCTGCCCAGACTCAGATGCTGACTGGGCTTGGTGCTTGGACTGCTCTTACTTGGAGTGGGACTTTTCATCCTCCTCAGAAAC

TTGAAAGATTCCTACTCTGTGACCAAAGAAGATTCAGATTTGGAAGGGATTGTGAACATTGCCCCATTGCAACAAGATTTTCCCAGAGCTGTTA

CCCAGTCCTAG 

Common 

Wombat 
DCA 

ATGACTTCAAGTGTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCGGTTGATCAAACAAAGAACCAGGGCCACTAATGACCATGTAATC

AGCTCTGTGACATTTGTTCAGACCCACAAACCATCTGGGCAGTACCTGCACAAGTTTGATGAGCATGAGCAATTCCATGTGGACTTTGACCAG

AAGGAAACAGTCTGGTGGCTTCTTAAGTTTGGCCATATCTTCAGTTTTGATGCACAGATTGGGCTAGGTGACATCGCTGTGGACGTGGCTAAC

TTGAACCAACTTATCAAGTAAACCAACCACACCCAGGCCACCATTGCCACTCCAGAGGTGACAGTGTTTCCCAAGGAGCCCATGGAACTGGAA

GAACACAACATCCTCATCTGCCACATTGATAAGTTCTCACCCCCAGTGATTAATGTCACATGGCTGTGCCATGGAGAGCCAGTCACCACAGGG

GTATCTGAGACCACCTTCATGCCTCGGGATGACTATTCTTTCCTCAAGTTCCATTATCTCACTTTCCTTCCCCCAACTGATGATGTCTATGACTGT

GTGGTTGAACACTGGGGCCTGGAAAAGCCACTTTTCAAGCATTGGGAGCCTGAGATGCTGACACCACCATCTGAGCCAATGGAGACACTCCT

CTATATTATAGGCCTGGCTGGGGGCCTGGTGGGCATCACTGTGGCTGCCACCCTTATTATGAGAAGCTTGCACTTAGGCAAATCACACCTGAC

CCCACAGATCAAATCTTTTCCAGTCCTACTTAATCTTACTGCCTTCCCCTGA 

Common 

Wombat 
DCB 

TGTGTGTGGAGCTTCTGGGAGGCCCCTGTATGACAGTCCTATTGATGGTACTGAGCACACCCACAGCCTGGGGCAGGGACATTCCAGGTAAA

ATTACCTACGTCAGGTGAGGTCTGAGTGTCACATGACCAATGGAATCCAACAGGTCCACTTTTGAAGACTCATCTATGACCGGGAGGAGTTTG

TGCACTTTGACAGTGACGTGGGACTATTTGAGGCAAAAATGGAGTTGTGGAGATCCCAAGTCCAGAAATGGAACAGGCAGAAGGAAATAGT

CAAGCGTGCAAGGTCCATAGTGAATGTGTGCAGGCACAATTACCTTTTATATGATAAACTCATATTGCAAAGGAAAGGCCAGGGTTAAGGTTT

TCCCCTCAAAGATACGACCTCTTGGGCACCACAACCTGCTCCTCTGTTCTGTGACCAGTTTCTATCCTGGTGAGATCAAGGTCAGCTGGTTCAG

GAATGCAAAAGAAGAAAAGGCTGGAGTCTGGTCCACAGGCCAAATCCAGAATGGTGACTGGACCTTCCAGACCCTTGTGATGCTGGAAATGA

CCCCCCAAAGAGGAGATGTCTTTATTTGCCATGTGGACCATGTCAGCTTGCAGAGCCCTATCACTGTAGACTGGAGGGCACCGACTGAATCTG

CCCGGACTAAATGCTTACTGGAATTGGGACTTGGTGCTTGGACCGATTTTACTTGGAGTGGGACTTGTCATCCACCTCAGAAGTTTGACAGATT

CCTATTCTGGGACCAAAAAAGACTCAATTTTGGAAGGGATTGTGAACATTGCCCCATTGCAGCAAGATTTTCCCAGAGCTGTTGCCCAGTCCTA

G 
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Species Gene Sequence 

Koala DAA 

ATGACCCCCAACAAAGCCTTGATCCTAGGAGTCTTCATCCTGGCAGTGCTGTTGAGTCCCTGGGGTGCCAGAGCTGTTAAAGAGAAGCATGTG

ATCATCCAGGCAGAGTTCTACCAGACCCACGACCCCTTGGGAGAGTTCATGTTTGACTTTGATGGAGATGAGATTTTCCATGTGGATTTGAAG

AGCAAAGAGACAGTCtggaggcttcctgacttcagcaaATTTGCCAGTTTTGAGGCTCAGGGTGCTCTGGCCAACCTTGCTGTGGACAAAGCCAACCT

GGAAACCATGATGAAACGGTCCAACAACACCCCTGACACCAACGTACCCCCTGAAGTGACAGTGTTTCCCAAGGGCCCAGTGGAGCTGGGCC

AGCCCAACGTCCTTGTCTGCTTTGTTGACAAGTTCTCTCCTCCCGTGCTTACTGTGACATGGCTTCATAATGGGCGTCCCATCACTGATGGTGTG

TTTGAGACTGTCTTCCTCCCCCGTCCTGACCACTCCTTCAGAAAATTCCACTACCTCACTTTCATCCCCTCTGCCACCGATTACTATGACTGCAAG

GTCGAGCACTGGGGACTGGAACAACCTGCTGTCAAACATTGGGAACCAGAAATACGGACCCCACTGCCAGAGACAACAGAGACTGTGGTCT

GTGCCCTGGGCCTGGCCATAGGCCTGGTGGGCATCGTCGTAGGCACCATCCTTATTATTAAGGGCATGCGAGCAAGCAACGCTTCCCGTGGT

GGCCCTCGTGGAACCCTGTAA 

Koala DAB 

ATGCTATGTGTGTGGACAAAAGTTCTGATGATGACCCTGCTAGTGCTGAATTCCCTAGTGGCTGCAGGCAGAGAAACTCCAGAGCACTTTATG

GAGCAGATGAAGGCTGAGTGTCACTTTGGCAATGGGATTGAGCACGTGCGGTTTGTGGGGAGACTCATCTACAACCTCCAGGAGATCTTGCG

CTTCGACAGTGATGTGGGGGAGTTCGTGGCCTTGACGGAGCTGTGGCGGCCCATTGCAGAGCTAATGAATAGCCTGGTGGAGGCCCTGGAG

CAAGCGCGGGCCCAGGTGGCCATGTGCAGGGACAACTATAGGTTGTTGGAGTCCTGGATGCAGAAGAAGGttgAGCCTCAAGTGACTGTGTA

TCCATCAAAGATTGCTACCCTAGAATACCCAAACCAGCTTATCTGTTTTGTTACTGGTTTCTATCCTGGGGACATTGAGGTAAGGTGGTTCCTG

AATGGTCAGGAGGAGACATTTGGGGTTATGTCCACAGGCCTGATTAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGAT

CCCCAAGTATGGACAAGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAACTCTGTCATTGTGGTCTGGGAAGCACCGTCCAGCTCTGA

CCAGAGAAAGATGCTGAGTGGACTTGGGGGCCTTGTGCTAGGGCTGATCTTCCTTGGGGTTGGCCTCGCTGTTCACCTTAGGAGTCTGAAAG

GTGA 

Koala DAB 

ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACA

TGCCCCAAAGCACTTCACGGAGCAGTTAAGTCCGAGTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGAGATACATCCACAA

CCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCCGATGCTGAGCGTTGGAACAG

CCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGTGGACACTTGTGCAGGCACAACTACGGGGTGTCTGAGCCCTTCTTAGTGCGCAGGAG

CGttGAGCCTGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGG

GACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACGGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACC

AGCTCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGACGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAAACCTGTTGTCTTGG

ACTGGAAAGCACAGTCTGAATCTGCCCAGAGTAAGATGCTGAGTGGAGTCGGGGGCCTCGTGCTGGGCCTGATCTTCTTTGGGGTTGGCCTC

TTTGTCTACAAGAGGAGTCAGAAAGGTGA 
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Species Gene Sequence 

Koala DAB 

ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACA

TGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGAGATACATCCAC

AACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGACGGCTCAGTGCTGAGCGTTTGAAC

AGCCAGAAGGAGATCCTGGAGGACGAACGGGCCGCGGTGGACACTTGTGCAGGCACAACTACGGGGTGTCTGAGCCCTTCTTACTGCGCAG

GAGCGttGAGCCCGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCT

GGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACGGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCT

ACCAGCTCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGACGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAAACCTGTTGTCT

TGGACTGGAAAGCACAGTCTGAATCTGCCCAGAGTAAGATGCTGAGTGGAGTCGGGGGCCTCGTGCTGGGCCTGATCTTCTTTGGGGTTGGC

CTCTTTGTCTACAAGAGGAGTCAGAAAGGTGA 

Koala DAB 

ATGGTGTGTGTGCTGTTCCCCAGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACA

TGCCCCAAAGCACTTCACCGAGCAGGCTAAGTCCGAGTATCACTTTGAGAACAGGAGGGAGCACGTGCGGTTTGTGGATAGATACATCCACA

ACCGCGAGGAGTTTATGCGCTTCGACAGCTACCTGGGGGAGTATGAGGCGCTGACGGAGCTGGGGCGGCCCAGTGCTGAGTATTATAACAG

CCGCAAGGAGATTCTGGAGCAGAGACGAGCGGCAGTGGACTGGTTTTGCAGGGTCTGCTACAAGGTGTCTGAGCTCTTTTTAGTGCACAGGA

GCGttgAGCCCGAGGTGATTGTGCATCCATCAAAGATGGCTCCCCTGGGACACCACAATCTGCTTATCTGCTCTGTCAGTGGTTTCTATCCTGGG

GACATTGAGGTCAGTCGTTACTGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCA

GCTCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAAAGACCTGTCATGTTGGA

TTGGAAAGCACAGTCTGAATCCGCCCAGAGTAAGATGCTGAGTGGAGTGGGAGTCCTAGTGCTGGGCCTGATCTGCGTTTGGGGTTGGCCTC

ATTGTCCACAAGAAGAGTCAGAAAGGTGA 

Koala DAB 

ATGGTGTGTGTGCTGCTCCCCAGGGGCGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACA

TGCCCCAAAGTACTTCACGAGGCTGTTAAAGTTCGAGTGTTACTTTGAGAACGGGACGGAGCACGTGCGGTATGTGGAGAGACACATCCACA

ACCGGGAGGAGCTCATGCGCTTTGACAGCGACGTGGGAGAGTATGTGGTGCTGATGGAGCTGGGGCTGCGCGAAGCTGAGCATAGGAACA

GTCAGAGAGAGATCCTGGAGAACGAACGGGCAGTGGTGGACACTTACTGCAGGCCCAACTACGAGGCTGCTGAGATCTTCTTACTGGGCAG

GAGCTttGAGCCCGAGGTGATTGTGTATCCATCAAAGATGGCTCCTCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTACTATCCT

GGGAACATTGAGGTCAGGTCGTTACTGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTT

ACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAAAGACCTGCCATCT

TGGACTGGAAAGCACAGTCTGAATCTGCCCAGAATAAAATGCTGAGTAGAGTCGGGGGCCTCCTGCTGGGCCTGATGTTCTTTGGGGTTGGC

CTCATTGTCCACAACAGGAGTCAGAAAGGTGA 
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Species Gene Sequence 

Koala DBA 

ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGCTGACCAC

GTGGGGGTCCATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACACGAATTTGATGGAGATGAGTTGTTTTATGTGGAC

CTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGCCAGCTTTGACCCTCAGGGAGGGCTGAGAAACATAGACATAGC

CAAGCACAACCTGGACATCCTGATCAAACGCTCCAACAGAACCAGGGCCATCATGCCTCCTGAGGTGACTGTGTTCTCAGAGAGTCCCGTGGA

GATGGGTCAGCCGAACATACTCATCTGCTTGGTGGACAACATCTTTCCCCCAGTGGTCAACATCACGTGGCTTCGTAATGGACAGTTGGTCACT

GTAGGTGTGTCTGAGACAGACTTCTACCCTCGGTCTGACTACAAGTTCCGCAAGTTCCACTACCTCACTTTTCTCCCTAACACAGAAGACTTTTA

TGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTTCTCAAGCACTGGGagCCCCAGGTTCCATCCCCACTGCCAGAGACAACAGAAA

CTGTGGTCTGTGCCCTTGGTCTGGCTGTGGGCCTGGTGGGCATCGTTGTGGGCACCATCCTCATAATCAGGGGCATGCGTTCCAGCAGCAGG

ATCCAACATCAAGGGCCTCTGTGA 

Koala DBA 

ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGCTGACCAT

GTGGGGGTCTACTGCACAGGTGTGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAGTTGTTTTATGTGGA

CCTGCAGAAGAAGGAGACCATGTGGTGGCTGCCAGAATTTAACCACTTTGCTGGCTTTGACCCTCAGGGAGGGCTGAGGGAAAGAGCCACA

GTCAAGCACAACCTGGAAATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGAGGTGACTGTATTATCAGAGAGTCCCTTG

GAGATGGATGAGCTGAACATACTCATCTGCTTGGTGGACAACAACTTCCCCCCAGTGGTCAACATCACGTGGTTTCGTAATGGGCCGTTTGTC

ACTGTAGGTGCATCTGAGACAGACTTCTACCCTCGGTCTGACTACAAATTCCACAAGCTCCACTACTTCACTTTTCTCCCAAGCACAGAAGACTT

TTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTTCTCAAGCACTGGGaTCCCCAGGTTTCATTCCCACTGCCAAAGACAACAGA

AACTGTGGTCTGTGCCCTTGGTCTGGCTGTGGGCCTGGTGGGCATCGTTGTGGGCACCATCCTCATAATCAGGGGCATGCATTCCAGCAGTAG

GATCCAACATCAAGGACCTCTGTGA 

Koala DBA 

ATGGCTGCAGATGGAGTCCTGATCTTAGAGATCCTCTCACTGGCCCTACTGCTGAGTCCCCAAGGAGCTTCTGAATCTATTAAAGCTGACCATG

TGGGGGTCTACAGCACAACTATGTACCAATCCTATGGGCCCTCAGGCCAGTTTACACAAGAATTTGATGAGGATGAGAAGTTTTAGGTGGACT

TGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAGTTTAGCTATTTTGCTGGCTTTGACCCACAGGAAGGGCTGAGATGCATAGCCATAGTC

AAGCACAACCTGGACATCCTGATCCAATGCTCCAACAGAACCAGGGCCATCATGCCCCTGAGGTGACTGTATTCTCAGAGAGTCCAGTGGAGA

TAGGCCAGCCCAATGTACTCATCCGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCACGTGGCTTCGTAATGGGCAGTTGGTCACTGT

AGGTGTGTCTGAGACAGACTTCTACCCTCAGCCTGACCACAAATTTCACAAGTTCTCCTACCTTGCTTTTCTCCCCAACACAGAAGATTTTTATG

ACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTTCTCAAGCACTGGGagCCCCAGGTTCCATCCCCCCTGCCAGAGACAACAGAAACT

GTGGTCTGTGCCCTTGGTCTGGCTATTGGCCTAGTGGGCATCGTTGTGGGCACCATCCTCATAATCAGGGGCATGTGTTCCAGCAGCAGGAGC

CAACATTAAGGGCCAGTGTGA 
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Species Gene Sequence 

Koala DBB 

ATGGTTGATGTTTGGATCTGTGCTGGCTGTTGGAAGATTGGTCTGTTAATGACATCACTGGTGTTGAGTCTACCTGCATCTTGGGCCAGGGAC

ATCCCAGAGGATTTCGTGTTTCAGCACAAGGCTGAGTGTTACTTCACCAACGGCACGCAGCTGGTGCGGCATGTTTGTAGATATATCTACAAT

GATGAGGAATACGCTCACTTCGACAGCGTCTTGGGGGAGTTCGTGGCTGTGACAGAGTTGGGGCAGCCAAGCGCTGAGCGTTGGAACAATC

AGAAGGACTTCCTGGAGAAAGAACAAGCCGTTGTGGACGCGGTGTGCAGATACAACTACGAGACAGACAAGTCTTTAGAGGTGGACAGAAG

AGTCCAGCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTACTAGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATC

AAGGTCACCTGGCTCAAGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCAGGGGTGTTATACAAAATGGAGACTGGACCTACCAGACCC

TGGTCATGTTGGAAATGATTCCTCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCGTGCCAGCCTTCAGAGCCCCATCAATGTGGAATGG

AGGGTACAGTCTGAATCTGCCCAGAACAAATTGTTGAGTGGAATTGGAGGCTTTGTCCTGGGGCTGATCTTCCTAGGTGTAGGACCGATCATC

CACCTGAAGAACCAGAAAGGTGA 

Koala DBB 

ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTTCTTCTTGGGCCAGGGAG

ATCCCAGAGGATTTCGTGCTTCAGTTCAAGGCTTACTGTTACTTCACCAACGGCACGCAGCTGGTGCGGCATGTGTGTAGATATATCTACAATG

ATGAGGAATACGCTCACTTCGACAGCGACGTGGGGGAGTTCGTGGCTGTGACGGAGCTGGGGCGGCCCGATGCTAAGTACTGGAACAGTCA

GAAGGAAATCCTGGAGGAACAACGAGCCATTGTGGACACGGTGTGCCGACACAACTACGAGATAGATAAGCCCTTCACGGTGGACAGAAGA

GTCCAGCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCA

AGGTCACCTGGCTCAAGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGATCCT

AGTCATGTTGGAAATGATTCCCCAGAGCAGAGACATCTACACCTGCAGTGTGGAGCATGCCAGCCTGCAGAGCCCCATCAGTGTGGAATGGA

GAGCACAGTCTGACTCTGCCCAGAGCAAATTGCTGAGTGGAATTGGAGGCTTTGTCCTGGGGCTGATATTGCTAGGTGTAGGACTGTTCATCC

ACCTCAAGAACCAGAAAGGTAA 

Koala DBB 

ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGCCAGGGAC

ATCCCAGAGGATTTCGTGTATCAGTTCAAGGGAGAGTGTTACTTCACCAACAGCACGGAGCGGGTGCGGCTTGTGGCCAGACGCTTCTACAA

TGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCCGATGCTAAGTACTGGAACAGT

CAGGAGGAAATCCTGGAGGAATATCGAGCTTACGTGGACACGGTGTGCAGACACAACTACGAGATAGAGAAGCCCTTCGCGGTGGACAGAA

GAGTCCAGCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTGTGCTCTGTCACTGGCTTCTATCCAAGCAAGA

TCAAGGTCACCTGGCTCAAGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGAT

CCTAGTCATGTTGGAAATGATTCCCCAGAGCAGAGACATCTACACCTGCAGTGTGGAGCATGCCAGCCTGCAGAGCCCCATCAGTGTGGAAT

GGAGAGCACAGTCTGACTCTGCCCAGAGCAAATTGCTGAGTGGAATTGGAGGCTTTGTCCTGGGGCTGATCTTCCTAGGTGTAGGACTTTTCA

TCCACCTCAAGAACCAGAAAGGTAA 
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Species Gene Sequence 

Koala DCA 

ATGACTTCCAGTCTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCTGCTGATCAAACAAAGAACCTGGGCCACTAATGACCATGTAATCA

GCTCTGTGACATTTGTTCAGACCCACAAACCATCTGGGCAGTACCTGCATGAATTTGATGAGCATGAGCTATTCCATGTGGACTTTGACCAGAA

GGAAACAGTCTGGAGGCTTCCTGAGTTTGGGCACATCTTCAGTTTCGATGCACAGATTGGGCTAGGTGACATTGCTGTGGACATGGCTAACTT

GAACCAACTTATCAAGCAAACCAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGTTTCCCAAGGAGCCCGTGGAACTGGAAG

AACCCAACATCCTCATCTGCCACGTTGATAAGTTTTCACCCCCAGTGGTTAATGTCACATGGTTGTGCAATGGAGAACCAGTCACCACAGGGGT

ATCTGAGACTGCCTTAATGCCTCGGGATGACTATTCTTTCCATAAGTTCCATTATCTCACTTTCCTCCCCTCAGCCAATGATGTCTATGACTGTGT

GGTTGAACACTGGAGCCTGGAAAAGCCACTTTTCAAGCATTGGGAGCCTGAGATATTAACACCACCATCTGAGACAATGGAGACACTCCTCTG

TATTCTAGGCCTGGCCGTGGGCCTGGTGGGCATCACTGTGGCTGCCTCCCTTATTATCAAAAGCTTGCACTTAGGCGAATGA 

Koala DCB 

ATGGTATGTGTGGAGCTTCTGGGAAGCCTCTGTATGACAGTCTTATTAATGGTGCTGAGCAGGCCCACAGCCTGGGGCAGGGACATTCCAGG

TAAAGAATTACCTACATCAGGTGAGGTCTGAGTGTCACATGACCAATGGAACCCAACGGGTCCGCTTTGTGGGAAGACTCATCTATGACCGG

AAGGAGTTTGTGCACTTTGACAGTGACGTGGGACTATTTGAGGCAAAAATGGAGTTGTGGAGATCCCAAGTCCAGAAATGGAACAGTCAGAA

GGAAATAGTCAAGACTGCAAGGTCCATAGTGAATGTGTGCAGACACAATTACCTTTTATATGATAAACTCATAGTGCAAAGGAAAGccccgaGT

GAAGGTTTTCCCCTCAAAGATACAACCACTTGGGCACCACAACCTGCTCCTCTGTTCCGTGACCAGTTTCTATCCTGGTGAGATCAAGGTCAGC

TGGTTCAGGaatgcaaaagaagaaaagtctGGAGTCCTGTCCACAGGCCAAATCCAGAATGGTGACTGGACCTTCCAGACCCTTGTGATGCTAGAAG

TGACCCCCCAAAGAGGAGATGTCTTTACTTGCCATGTGGACCATGTCAGCTTGCAGAGCCCTATCACCGTAGACTGGAGAGCACAGTCTGAAT

CTGCCCGGACTAAGATGCTGACTGGAATTGGGGGCTTGGTGCTTGGACTGATCTTACTTGGAGTGGGACTTGTCATCCACCTTAGAAGTTTGA

TTCCTATTCTGCGACCAAAGAAGACTCAAATTTGGAAGGGATTGTGAACATTGCCCCATTGCAACAAGATTTTCCCAGAGATGTTGCCCAGTCC

TAG 

Koala DMA 

ATGGGACCTGAGCAAAGCCTGGGAGCTATGCTGCTACTGCTGCAGCTACAGTCATCCCTGCTTTTATCCCTGTCCTGGGGAGCCACTCCAGTG

TTGGCATCATTATTGGAGAATAGCCTACAGAACTACACGTTCTCTCACACACTGTTCTGCCAGGATGAGGATCCTGTCCTGAGTCTGTCAGAGG

CCTTCAATGAAGACCAGCTCTTCTCCTTTGACTTCTCCAGGAACTCCCGGGTGCCCCGGCTGCCTGAGTTTGCTCCTTGGGCCAGTGACAAGGG

AGATATCGAGGCCATAAAAGCTGACCAGCGGCTCTGCCAGGAACTGCAAAAAGAATTGAGTAAACTATTGGAAGGCCACATCCCTGAGGCTA

GAGGAAACCCTGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTATGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAATATCTTCCCACC

TCAAGTAACTGTGAGCTGGCAGTACCAACAAGTCCCTGTGCAAAGCAGCAGCCCTACTTTTCTCTCAGCTATAGATGGACTTGCCTTCCAGGCC

TTCTCTTATCTGAACTTCACACCCACATCCTCTGATGTCTTCTCTTGCACTGTGACCTGGGAAGGTGACCTCTTCAGCACTATAGCCTTCTGGGT

GCCTCAGAATCCTATACCCTCTGAATTGTTGGAAAATATATTGTGTGGCATTGCCCTTGGCTTGGGAATTGTTGGCATCATAGTGGGTACTGCG

CTCATCATCTACTTCCAAAAACCATGTGCAAGTGGTGCAGGTAA 
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Species Gene Sequence 

Koala DMB 

ATGAGGTTACTCCACCTACTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGGCTGTAT

GCTGGATGAAGAAGGATCAGTAAAGGACTTCACATATTGTATCTCCTTCAACAAGGATGTGCTGACCTGCTGGGACTCAGAGGCTAACAAGA

TGGCTGCTGTTGATTTTGGGATCCTGAATCCATTAGCTAAAAAGCTTTCTGAAATCCTCAGTAACGATAGTGCTTTGATGGACCGTCTGAGCAA

AGGACTCCAGGACTGCGCCATTCACACAAAGCCCTTCTGGGGAGCGTTGACCCAAAGGACACGGCCACCATCAGTGCAAATAGCCCAGACCA

CACCTTTCAACACAAGGGAGTCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTggccattttatggttgaagaatGGGCAGCCTA

TCCCAAACAGTGGCATCCAGAAGGCTGTACAATCCAATGGGGACTGGACTTATCAGACACGATCCTACTTACCCCTTACCCCCTCTAGTGGGG

ATATTTACACTTGCCATGTAGAGCACAGTGGAACTTCCCAGCCTATCTTGCAAACCTGGACACCTGGCCTCTCTCTGAAGCAGACAGTGAAGAT

CTCTGTGTCTGTATTGACTCTGAGCCTTGGACTCACCTTCTTCTTCCTTGGCCTGGTTGCCTGCCGAAAAGCTGGCCCCTCTGacTACACTCCTCT

CTCGGGGTCCAATTATCCTGAAGGTAA 

Additional supplementary tables and data are too large to include in this thesis, however, are provided in an additional file accompanying this thesis. 

Table A2-3 GTF file of MHC class II annotations for 384 genes from 30 genome assemblies 

Supplementary Data A2-1 Fasta sequences of 384 MHC class II genes from 30 genome assemblies 
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Figure A2-1 Phylogenetic arrangement of marsupial MHC class II alpha genes. Phylogenetic tree 

was constructed in MEGAX using a maximum likelihood method using General Time Reversible 

model with a Gamma distribution and rooted using koala class I genes (Cheng et al., 2018; Kumar 

et al., 2018; Nei & Kumar, 2000). Prefixes of gene names are first two letters of the genus and first 

two lette s of the spe ies see ethods fo  all spe ies a e iatio s . DAα ge es a e olou ed 
lue, DMα ge es a e olou ed pu ple, DCα ge es a e olou ed ed a d DBα ge es a e olou ed 

orange 
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Figure A2-2 Phylogenetic arrangement of marsupial MHC class II beta genes. Phylogenetic tree 

was constructed in MEGAX using a maximum likelihood method with General Time Reversible 

model with a Gamma distribution and rooted using koala class I genes (Cheng et al., 2018; Kumar 

et al., 2018; Nei & Kumar, 2000). Prefixes of gene names are first two letters of the genus and first 

t o lette s of the spe ies see ethods fo  all spe ies a e iatio s . DAβ ge es a e olou ed 
lue, DMβ ge es a e olou ed pu ple, DCβ ge es a e olou ed ed a d DBβ ge es a e olou ed 

orange. 

  



 

227 

Appendix 3:Supplementary Material Chapter 3 

A3.1 Supplementary Tables 

Table A3-1 Comparison of number of sequencing reads and coverage between target enrichment 

and whole genome sequencing 

    Target Enrichment Whole Genome Resequencing 

Name Site Sample Date Sex No. Reads 
%Reads 

on Target 

Coverage 

Depth 
No. Reads 

Coverage 

Depth 

Andrew MBR 11/10/2013 Male 8,166,456 37.25 84.08 1,145,800,000 44.6 

Bubbles MBR 23/04/2013 Female 5,425,543 29.6 45.26 1,238,900,000 48.3 

Coco MBR 11/10/2013 Female 5,101,088 38.01 54.01 1,080,100,000 42.1 

Doddy MBR 25/03/2013 Male 5,446,559 38.02 57.46 1,117,900,000 43.7 

Jadore MBR 13/10/2016 Female 8,604,656 30.86 73.48 1,257,700,000 48.7 

Josie MBR 11/11/2015 Female 13,144,282 30.84 112.72 1,076,300,000 42.2 

Julia MBR 4/04/2013 Female 6,724,397 40.37 75.35 1,606,300,000 57.1 

Tamara O MBR 30/04/2014 Female 12,327,751 39.7 135.82 1,079,200,000 42.9 

Tanja MBR 13/04/2016 Female 7,871,212 35.71 78.47 1,706,500,000 59.3 

The Hoff MBR 22/10/2013 Female 3,148,053 40.4 34.83 1,136,700,000 44.2 

 

Table A3-2 Genomic Coordinates of koala MHC and TLR genes investigated in Chapter 3 

Scaffold Start Position End Position Gene Name Strand 

MSTS01000129.1 3816288 3816333 phci_MHCI_13_exon_7 - 

MSTS01000129.1 3816520 3816553 phci_MHCI_13_exon_6 - 

MSTS01000129.1 3817070 3817175 phci_MHCI_13_exon_5 - 

MSTS01000129.1 3817328 3817604 phci_MHCI_13_exon_4 - 

MSTS01000129.1 3817817 3818096 phci_MHCI_13_exon_3 - 

MSTS01000129.1 3818272 3818551 phci_MHCI_13_exon_2 - 

MSTS01000129.1 3819500 3819564 phci_MHCI_13_exon_1 - 

MSTS01000129.1 3854951 3854996 phci_MHCI_12_exon_7 - 

MSTS01000129.1 3855181 3855214 phci_MHCI_12_exon_6 - 

MSTS01000129.1 3855693 3855798 phci_MHCI_12_exon_5 - 

MSTS01000129.1 3855951 3856227 phci_MHCI_12_exon_4 - 

MSTS01000129.1 3856431 3856710 phci_MHCI_12_exon_3 - 

MSTS01000129.1 3856894 3857173 phci_MHCI_12_exon_2 - 

MSTS01000129.1 3858074 3858138 phci_MHCI_12_exon_1 - 

MSTS01000255.1 316690 316781 phci_DMA_1_exon_1 + 

MSTS01000255.1 317434 317719 phci_DMA_1_exon_2 + 

MSTS01000255.1 318437 318716 phci_DMA_1_exon_3 + 

MSTS01000255.1 318946 319081 phci_DMA_1_exon_4 + 

MSTS01000255.1 340432 340502 phci_DMB_1_exon_1 + 
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MSTS01000255.1 340891 341176 phci_DMB_1_exon_2 + 

MSTS01000255.1 342357 342639 phci_DMB_1_exon_3 + 

MSTS01000255.1 343580 343697 phci_DMB_1_exon_4 + 

MSTS01000255.1 343822 343858 phci_DMB_1_exon_5 + 

MSTS01000255.1 400493 400557 phci_MHCI_5_exon_1 + 

MSTS01000255.1 404277 404547 phci_MHCI_5_exon_2 + 

MSTS01000255.1 404780 405059 phci_MHCI_5_exon_3 + 

MSTS01000255.1 405931 406207 phci_MHCI_5_exon_4 + 

MSTS01000255.1 406356 406452 phci_MHCI_5_exon_5 + 

MSTS01000255.1 406957 406989 phci_MHCI_5_exon_6 + 

MSTS01000255.1 407176 407248 phci_MHCI_5_exon_7 + 

MSTS01000255.1 764362 764426 phci_MHCI_8_exon_1 + 

MSTS01000255.1 764666 764927 phci_MHCI_8_exon_2 + 

MSTS01000255.1 765146 765425 phci_MHCI_8_exon_3 + 

MSTS01000255.1 765773 766049 phci_MHCI_8_exon_4 + 

MSTS01000255.1 766206 766314 phci_MHCI_8_exon_5 + 

MSTS01000255.1 766791 766824 phci_MHCI_8_exon_6 + 

MSTS01000255.1 766999 767044 phci_MHCI_8_exon_7 + 

MSTS01000255.1 767245 767250 phci_MHCI_8_exon_8 + 

MSTS01000255.1 839055 839119 phci_MHCI_9_exon_1 + 

MSTS01000255.1 839359 839619 phci_MHCI_9_exon_2 + 

MSTS01000255.1 839850 840129 phci_MHCI_9_exon_3 + 

MSTS01000255.1 840478 840756 phci_MHCI_9_exon_4 + 

MSTS01000255.1 840913 841021 phci_MHCI_9_exon_5 + 

MSTS01000255.1 841476 841509 phci_MHCI_9_exon_6 + 

MSTS01000255.1 841684 841729 phci_MHCI_9_exon_7 + 

MSTS01000255.1 986710 986768 phci_MHCI_10_exon_1 + 

MSTS01000255.1 986963 987233 phci_MHCI_10_exon_2 + 

MSTS01000255.1 987484 987763 phci_MHCI_10_exon_3 + 

MSTS01000255.1 988091 988367 phci_MHCI_10_exon_4 + 

MSTS01000255.1 988530 988639 phci_MHCI_10_exon_5 + 

MSTS01000255.1 1118112 1118212 phci_DBB_2_exon_1 + 

MSTS01000255.1 1120898 1121168 phci_DBB_2_exon_2 + 

MSTS01000255.1 1121592 1121868 phci_DBB_2_exon_3 + 

MSTS01000255.1 1122464 1122643 phci_DBB_2_exon_4 + 

MSTS01000255.1 1141123 1141278 phci_DBA_2_exon_4 - 

MSTS01000255.1 1141697 1141979 phci_DBA_2_exon_3 - 

MSTS01000255.1 1142410 1142656 phci_DBA_2_exon_2 - 

MSTS01000255.1 1143806 1143891 phci_DBA_2_exon_1 - 

MSTS01000255.1 1153152 1153252 phci_DBB_3_exon_1 + 

MSTS01000255.1 1155832 1156102 phci_DBB_3_exon_2 + 

MSTS01000255.1 1156470 1156746 phci_DBB_3_exon_3 + 

MSTS01000255.1 1157329 1157508 phci_DBB_3_exon_4 + 

MSTS01000255.1 1175692 1175847 phci_DBA_1_exon_4 - 
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MSTS01000255.1 1176287 1176569 phci_DBA_1_exon_3 - 

MSTS01000255.1 1176989 1177238 phci_DBA_1_exon_2 - 

MSTS01000255.1 1178399 1178484 phci_DBA_1_exon_1 - 

MSTS01000255.1 1210001 1210162 phci_DAA_1_exon_4 - 

MSTS01000255.1 1210439 1210721 phci_DAA_1_exon_3 - 

MSTS01000255.1 1211210 1211456 phci_DAA_1_exon_2 - 

MSTS01000255.1 1214465 1214547 phci_DAA_1_exon_1 - 

MSTS01000255.1 1420780 1420940 phci_DCB_1_exon_1 + 

MSTS01000255.1 1425401 1425668 phci_DCB_1_exon_2 + 

MSTS01000255.1 1428166 1428448 phci_DCB_1_exon_3 + 

MSTS01000255.1 1429124 1429235 phci_DCB_1_exon_4 + 

MSTS01000255.1 1430123 1430221 phci_DCB_1_exon_5 + 

MSTS01000263.1 3139829 3139874 phci_MHCI_4_exon_7 - 

MSTS01000263.1 3140058 3140091 phci_MHCI_4_exon_6 - 

MSTS01000263.1 3140592 3140697 phci_MHCI_4_exon_5 - 

MSTS01000263.1 3140847 3141123 phci_MHCI_4_exon_4 - 

MSTS01000263.1 3141322 3141601 phci_MHCI_4_exon_3 - 

MSTS01000263.1 3141770 3142049 phci_MHCI_4_exon_2 - 

MSTS01000263.1 3142979 3143043 phci_MHCI_4_exon_1 - 

MSTS01000347.1 1561564 1561628 phci_MHCI_1_exon_1 + 

MSTS01000347.1 1562458 1562728 phci_MHCI_1_exon_2 + 

MSTS01000347.1 1562922 1563201 phci_MHCI_1_exon_3 + 

MSTS01000347.1 1563388 1563664 phci_MHCI_1_exon_4 + 

MSTS01000347.1 1563813 1563915 phci_MHCI_1_exon_5 + 

MSTS01000347.1 1564426 1564459 phci_MHCI_1_exon_6 + 

MSTS01000347.1 1564645 1564690 phci_MHCI_1_exon_7 + 

MSTS01000347.1 1588258 1588322 phci_MHCI_2_exon_1 + 

MSTS01000347.1 1589149 1589428 phci_MHCI_2_exon_2 + 

MSTS01000347.1 1589616 1589895 phci_MHCI_2_exon_3 + 

MSTS01000347.1 1590109 1590385 phci_MHCI_2_exon_4 + 

MSTS01000347.1 1590510 1590606 phci_MHCI_2_exon_5 + 

MSTS01000347.1 1591125 1591158 phci_MHCI_2_exon_6 + 

MSTS01000381.1 11694 11739 phci_MHCI_19_exon_7 - 

MSTS01000381.1 11926 11959 phci_MHCI_19_exon_6 - 

MSTS01000381.1 12438 12531 phci_MHCI_19_exon_5 - 

MSTS01000381.1 12679 12955 phci_MHCI_19_exon_4 - 

MSTS01000381.1 13151 13430 phci_MHCI_19_exon_3 - 

MSTS01000381.1 13597 13876 phci_MHCI_19_exon_2 - 

MSTS01000381.1 15507 15571 phci_MHCI_19_exon_1 - 

MSTS01000401.1 145117 145254 phci_DAB_2_exon_6 - 

MSTS01000401.1 145730 146012 phci_DAB_2_exon_5 - 

MSTS01000401.1 147747 147805 phci_DAB_2_exon_4 - 

MSTS01000401.1 147806 147995 phci_DAB_2_exon_3 - 

MSTS01000401.1 147997 148014 phci_DAB_2_exon_2 - 
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MSTS01000401.1 153848 153948 phci_DAB_2_exon_1 - 

MSTS01000454.1 94475 94520 phci_MHCI_15_exon_7 - 

MSTS01000454.1 94707 94740 phci_MHCI_15_exon_6 - 

MSTS01000454.1 95448 95553 phci_MHCI_15_exon_5 - 

MSTS01000454.1 95706 95982 phci_MHCI_15_exon_4 - 

MSTS01000454.1 96178 96457 phci_MHCI_15_exon_3 - 

MSTS01000454.1 96666 96936 phci_MHCI_15_exon_2 - 

MSTS01000454.1 97167 97231 phci_MHCI_15_exon_1 - 

MSTS01000544.1 63131 63231 phci_DAB_3_exon_1 + 

MSTS01000544.1 68767 69037 phci_DAB_3_exon_2 + 

MSTS01000544.1 70776 71058 phci_DAB_3_exon_3 + 

MSTS01000544.1 71534 71671 phci_DAB_3_exon_4 + 

MSTS01000840.1 12395 12511 phci_DAB_4_exon_5 - 

MSTS01000840.1 12950 13079 phci_DAB_4_exon_4 - 

MSTS01000840.1 13126 13231 phci_DAB_4_exon_3 - 

MSTS01000840.1 15004 15274 phci_DAB_4_exon_2 - 

MSTS01000840.1 23691 23791 phci_DAB_4_exon_1 - 

MSTS01000003.1 11877704 11880122 phci_TLR1/6-like_exon_1 + 

MSTS01000003.1 11925125 11927487 phci_TLR10_exon_1 + 

MSTS01000013.1 14858499 14861079 phci_TLR5_exon_1 + 

MSTS01000040.1 4959426 4961655 phci_TLR4_exon_1 - 

MSTS01000056.1 7981884 7984236 phci_TLR2_exon_1 + 

MSTS01000122.1 1447018 1450159 phci_TLR7_exon_1 + 

MSTS01000122.1 1496962 1500084 phci_TLR8_exon_1 + 

MSTS01000124.1 160216 160445 phci_TLR3_exon_4 - 

MSTS01000124.1 162868 164721 phci_TLR3_exon_3 - 

MSTS01000124.1 170745 170937 phci_TLR3_exon_2 - 

MSTS01000124.1 174929 175373 phci_TLR3_exon_1 - 

MSTS01000216.1 372490 375570 phci_TLR9_exon_1 - 
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Appendix 4: Supplementary Material Chapter 4 

A4.1 Supplementary Tables and Figures 

Table A4-1 Genomic coordinates of 19 MHC class I genes and 16 MHC class II genes targeted in 

Chapter 4 

Scaffold Name Feature Type Start End 

MSTS01000129.1 MHCI-13 (UG) gene 3816284 3819564 

MSTS01000129.1 MHCI-13 (UG):exon 7 exon 3816284 3816333 

MSTS01000129.1 MHCI-13 (UG):exon 6 exon 3816516 3816553 

MSTS01000129.1 MHCI-13 (UG):exon 5 exon 3817070 3817175 

MSTS01000129.1 MHCI-13 (UG):exon 4 exon 3817328 3817604 

MSTS01000129.1 MHCI-13 (UG):exon 3 exon 3817817 3818096 

MSTS01000129.1 MHCI-13 (UG):exon 2 exon 3818272 3818551 

MSTS01000129.1 MHCI-13 (UG):exon 1 exon 3819500 3819564 

MSTS01000129.1 MHCI-12 (UH) gene 3854947 3858138 

MSTS01000129.1 MHCI-12 (UH):exon 7 exon 3854947 3854996 

MSTS01000129.1 MHCI-12 (UH):exon 6 exon 3855181 3855214 

MSTS01000129.1 MHCI-12 (UH):exon 5 exon 3855693 3855798 

MSTS01000129.1 MHCI-12 (UH):exon 4 exon 3855951 3856227 

MSTS01000129.1 MHCI-12 (UH):exon 3 exon 3856431 3856710 

MSTS01000129.1 MHCI-12 (UH):exon 2 exon 3856894 3857173 

MSTS01000129.1 MHCI-12 (UH):exon 1 exon 3858074 3858138 

MSTS01000129.1 MHCI-17 gene 3931562 3934737 

MSTS01000129.1 MHCI-17:exon1 exon 3931562 3931624 

MSTS01000129.1 MHCI-17:exon2 exon 3932506 3932785 

MSTS01000129.1 MHCI-17:exon3 exon 3932936 3933209 

MSTS01000129.1 MHCI-17:exon4 exon 3933430 3933706 

MSTS01000129.1 MHCI-17:exon5 exon 3933859 3933961 

MSTS01000129.1 MHCI-17:exon6 exon 3934468 3934505 

MSTS01000129.1 MHCI-17:exon7 exon 3934688 3934737 

MSTS01000255.1 DMA gene 316690 319085 

MSTS01000255.1 DMA:exon1 exon 316690 316781 

MSTS01000255.1 DMA:exon2 exon 317434 317719 

MSTS01000255.1 DMA:exon3 exon 318437 318716 

MSTS01000255.1 DMA:exon4 exon 318946 319085 

MSTS01000255.1 DMB gene 340447 343862 

MSTS01000255.1 DMB:exon1 exon 340447 340502 

MSTS01000255.1 DMB:exon2 exon 340891 341176 

MSTS01000255.1 DMB:exon3 exon 342357 342639 

MSTS01000255.1 DMB:exon4 exon 343580 343697 

MSTS01000255.1 DMB:exon5 exon 343822 343862 

MSTS01000255.1 MHCI-5 (UK) gene 400493 407225 
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MSTS01000255.1 MHCI-5 (UK):exon1 exon 400493 400557 

MSTS01000255.1 MHCI-5 (UK):exon2 exon 404277 404547 

MSTS01000255.1 MHCI-5 (UK):exon3 exon 404783 405059 

MSTS01000255.1 MHCI-5 (UK):exon4 exon 405931 406207 

MSTS01000255.1 MHCI-5 (UK):exon5 exon 406356 406452 

MSTS01000255.1 MHCI-5 (UK):exon6 exon 406957 406993 

MSTS01000255.1 MHCI-5 (UK):exon7 exon 407176 407225 

MSTS01000255.1 MHCI-6-partial gene 548482 551594 

MSTS01000255.1 MHCI-6-partial:exon1 exon 548482 548550 

MSTS01000255.1 MHCI-6-partial:exon2 exon 549359 549629 

MSTS01000255.1 MHCI-6-partial:exon3 exon 549836 550071 

MSTS01000255.1 MHCI-6-partial:exon4 exon 550282 550557 

MSTS01000255.1 MHCI-6-partial:exon5 exon 550712 550817 

MSTS01000255.1 MHCI-6-partial:exon6 exon 551549 551594 

MSTS01000255.1 MHCI-7 gene 618950 622135 

MSTS01000255.1 MHCI-7:exon1 exon 618950 619014 

MSTS01000255.1 MHCI-7:exon2 exon 619909 620146 

MSTS01000255.1 MHCI-7:exon3 exon 620374 620652 

MSTS01000255.1 MHCI-7:exon4 exon 620834 621108 

MSTS01000255.1 MHCI-7:exon5 exon 621264 621362 

MSTS01000255.1 MHCI-7:exon6 exon 621866 621903 

MSTS01000255.1 MHCI-7:exon7 exon 622086 622135 

MSTS01000255.1 MHCI-8 (UC) gene 764362 767048 

MSTS01000255.1 MHCI-8 (UC):exon1 exon 764362 764426 

MSTS01000255.1 MHCI-8 (UC):exon2 exon 764666 764927 

MSTS01000255.1 MHCI-8 (UC):exon3 exon 765146 765425 

MSTS01000255.1 MHCI-8 (UC):exon4 exon 765773 766049 

MSTS01000255.1 MHCI-8 (UC):exon5 exon 766206 766314 

MSTS01000255.1 MHCI-8 (UC):exon6 exon 766791 766828 

MSTS01000255.1 MHCI-8 (UC):exon7 exon 766999 767048 

MSTS01000255.1 MHCI-9 (UE) gene 839055 841733 

MSTS01000255.1 MHCI-9 (UE):exon1 exon 839055 839119 

MSTS01000255.1 MHCI-9 (UE):exon2 exon 839359 839623 

MSTS01000255.1 MHCI-9 (UE):exon3 exon 839850 840129 

MSTS01000255.1 MHCI-9 (UE):exon4 exon 840478 840756 

MSTS01000255.1 MHCI-9 (UE):exon5 exon 840915 841021 

MSTS01000255.1 MHCI-9 (UE):exon6 exon 841476 841513 

MSTS01000255.1 MHCI-9 (UE):exon7 exon 841694 841733 

MSTS01000255.1 MHCI-10 (UF) gene 986710 989373 

MSTS01000255.1 MHCI-10 (UF):exon1 exon 986710 986774 

MSTS01000255.1 MHCI-10 (UF):exon2 exon 986963 987233 

MSTS01000255.1 MHCI-10 (UF):exon3 exon 987484 987763 

MSTS01000255.1 MHCI-10 (UF):exon4 exon 988091 988367 

MSTS01000255.1 MHCI-10 (UF):exon5 exon 988530 988639 



 

233 

Scaffold Name Feature Type Start End 

MSTS01000255.1 MHCI-10 (UF):exon6 exon 989120 989157 

MSTS01000255.1 MHCI-10 (UF):exon7 exon 989324 989373 

MSTS01000255.1 DBB1 gene 1049332 1053643 

MSTS01000255.1 DBB1:exon1 exon 1049332 1049432 

MSTS01000255.1 DBB1:exon2 exon 1051987 1052257 

MSTS01000255.1 DBB1:exon3 exon 1052679 1052955 

MSTS01000255.1 DBB1:exon4 exon 1053526 1053643 

MSTS01000255.1 DBA3 gene 1071439 1074196 

MSTS01000255.1 DBA3:exon4 exon 1071439 1071594 

MSTS01000255.1 DBA3:exon3 exon 1071991 1072272 

MSTS01000255.1 DBA3:exon2 exon 1072704 1072950 

MSTS01000255.1 DBA3:exon1 exon 1074111 1074196 

MSTS01000255.1 DBB2 gene 1118112 1122579 

MSTS01000255.1 DBB2:exon1 exon 1118112 1118212 

MSTS01000255.1 DBB2:exon2 exon 1120898 1121168 

MSTS01000255.1 DBB2:exon3 exon 1121592 1121868 

MSTS01000255.1 DBB2:exon4 exon 1122464 1122579 

MSTS01000255.1 DBA2 gene 1141123 1143891 

MSTS01000255.1 DBA2:exon4 exon 1141123 1141278 

MSTS01000255.1 DBA2:exon3 exon 1141697 1141979 

MSTS01000255.1 DBB3:exon2 exon 1142410 1142656 

MSTS01000255.1 DBB3:exon1 exon 1143806 1143891 

MSTS01000255.1 DBA1 gene 1153152 1157444 

MSTS01000255.1 DBA1:exon1 exon 1153152 1153252 

MSTS01000255.1 DBA1:exon2 exon 1155832 1156102 

MSTS01000255.1 DAA:exon3 exon 1156470 1156746 

MSTS01000255.1 DAA:exon4 exon 1157329 1157444 

MSTS01000255.1 DCA gene 1175692 1178484 

MSTS01000255.1 DCA:exon4 exon 1175692 1175847 

MSTS01000255.1 DCA:exon3 exon 1176287 1176569 

MSTS01000255.1 DCB:exon2 exon 1176992 1177238 

MSTS01000255.1 DCB:exon1 exon 1178399 1178484 

MSTS01000255.1 DAA gene 1210001 1214547 

MSTS01000255.1 DAA:exon4 exon 1210001 1210162 

MSTS01000255.1 DAA:exon3 exon 1210439 1210721 

MSTS01000255.1 DAA:exon2 exon 1211210 1211456 

MSTS01000255.1 DAA:exon1 exon 1214465 1214547 

MSTS01000255.1 DCA gene 1414232 1417702 

MSTS01000255.1 DCA:exon4 exon 1414232 1414363 

MSTS01000255.1 DCA:exon3 exon 1414573 1414855 

MSTS01000255.1 DCA:exon2 exon 1415764 1416007 

MSTS01000255.1 DCA:exon1 exon 1417620 1417702 

MSTS01000255.1 DCB gene 1420849 1430221 

MSTS01000255.1 DCB:exon1 exon 1420849 1420944 
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MSTS01000255.1 DCB:exon2 exon 1425401 1425668 

MSTS01000255.1 DCB:exon3 exon 1428171 1428448 

MSTS01000255.1 DCB:exon4 exon 1429124 1429235 

MSTS01000255.1 DCB:exon5 exon 1430123 1430221 

MSTS01000263.1 MHCI-4 (UA) gene 3139825 3143043 

MSTS01000263.1 MHCI-4 (UA):exon7 exon 3139825 3139874 

MSTS01000263.1 MHCI-4 (UA):exon6 exon 3140054 3140091 

MSTS01000263.1 MHCI-4 (UA):exon5 exon 3140592 3140697 

MSTS01000263.1 MHCI-4 (UA):exon4 exon 3140847 3141123 

MSTS01000263.1 MHCI-4 (UA):exon3 exon 3141322 3141601 

MSTS01000263.1 MHCI-4 (UA):exon2 exon 3141766 3142049 

MSTS01000263.1 MHCI-4 (UA):exon1 exon 3142975 3143043 

MSTS01000302.1 DAB5 gene 47412 85351 

MSTS01000302.1 DAB5:exon1 exon 47412 47686 

MSTS01000302.1 DAB5:exon2 exon 49275 49557 

MSTS01000302.1 DAB5:exon3 exon 50047 50162 

MSTS01000302.1 DAB5:exon4 exon 85251 85351 

MSTS01000314.1 MHCI-11 gene 2329060 2332457 

MSTS01000314.1 MHCI-11:exon1 exon 2329060 2329128 

MSTS01000314.1 MHCI-11:exon2 exon 2330328 2330607 

MSTS01000314.1 MHCI-11:exon3 exon 2330729 2331002 

MSTS01000314.1 MHCI-11:exon4 exon 2331200 2331468 

MSTS01000314.1 MHCI-11:exon5 exon 2331621 2331725 

MSTS01000314.1 MHCI-11:exon6 exon 2332201 2332238 

MSTS01000314.1 MHCI-11:exon7 exon 2332408 2332457 

MSTS01000347.1 MHCI-1 (UI) gene 1561564 1564694 

MSTS01000347.1 MHCI-1 (UI):exon1 exon 1561564 1561632 

MSTS01000347.1 MHCI-1 (UI):exon2 exon 1562458 1562732 

MSTS01000347.1 MHCI-1 (UI):exon3 exon 1562922 1563201 

MSTS01000347.1 MHCI-1 (UI):exon4 exon 1563388 1563664 

MSTS01000347.1 MHCI-1 (UI):exon5 exon 1563813 1563915 

MSTS01000347.1 MHCI-1 (UI):exon6 exon 1564426 1564463 

MSTS01000347.1 MHCI-1 (UI):exon7 exon 1564645 1564694 

MSTS01000347.1 MHCI-2 (UD)-partial gene 1588258 1590606 

MSTS01000347.1 MHCI-2 (UD)-partial:exon1 exon 1588258 1588322 

MSTS01000347.1 MHCI-2 (UD)-partial:exon2 exon 1589149 1589428 

MSTS01000347.1 MHCI-2 (UD)-partial:exon3 exon 1589616 1589895 

MSTS01000347.1 MHCI-2 (UD)-partial:exon4 exon 1590109 1590385 

MSTS01000347.1 MHCI-2 (UD)-partial:exon5 exon 1590510 1590606 

MSTS01000347.1 MHCI-3-partial gene 1624069 1626296 

MSTS01000347.1 MHCI-3-partial:exon1 exon 1624069 1624339 

MSTS01000347.1 MHCI-3-partial:exon2 exon 1624533 1624809 

MSTS01000347.1 MHCI-3-partial:exon3 exon 1624998 1625265 

MSTS01000347.1 MHCI-3-partial:exon4 exon 1625418 1625520 
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MSTS01000347.1 MHCI-3-partial:exon5 exon 1626028 1626065 

MSTS01000347.1 MHCI-3-partial:exon6 exon 1626247 1626296 

MSTS01000381.1 MHCI-19 (UB) gene 11690 15571 

MSTS01000381.1 MHCI-19 (UB):exon6 exon 11922 11959 

MSTS01000381.1 MHCI-19 (UB):exon5 exon 12438 12531 

MSTS01000381.1 MHCI-19 (UB):exon4 exon 12679 12955 

MSTS01000381.1 MHCI-19 (UB):exon3 exon 13151 13430 

MSTS01000381.1 MHCI-19 (UB):exon2 exon 13597 13876 

MSTS01000381.1 MHCI-19 (UB):exon1 exon 15503 15571 

MSTS01000381.1 MHCI-18 gene 34572 37792 

MSTS01000381.1 MHCI-18:exon7 exon 34572 34635 

MSTS01000381.1 MHCI-18:exon6 exon 34810 34847 

MSTS01000381.1 MHCI-18:exon5 exon 35367 35469 

MSTS01000381.1 MHCI-18:exon4 exon 35601 35861 

MSTS01000381.1 MHCI-18:exon3 exon 36051 36309 

MSTS01000381.1 MHCI-18:exon2 exon 36469 36743 

MSTS01000381.1 MHCI-18:exon1 exon 37724 37792 

MSTS01000401.1 DAB1 gene 78815 85317 

MSTS01000401.1 DAB1:exon1 exon 78815 78897 

MSTS01000401.1 DAB1:exon2 exon 83889 84157 

MSTS01000401.1 DAB1:exon3 exon 84544 84826 

MSTS01000401.1 DAB1:exon4 exon 85202 85317 

MSTS01000401.1 DAB2 gene 145139 153948 

MSTS01000401.1 DAB2:exon4 exon 145139 145254 

MSTS01000401.1 DAB2:exon3 exon 145730 146012 

MSTS01000401.1 DAB2:exon2 exon 147743 148014 

MSTS01000401.1 DAB2:exon1 exon 153848 153948 

MSTS01000454.1 MHCI-15 (UJ) gene 94471 97231 

MSTS01000454.1 MHCI-15 (UJ):exon7 exon 94471 94520 

MSTS01000454.1 MHCI-15 (UJ):exon6 exon 94703 94740 

MSTS01000454.1 MHCI-15 (UJ):exon5 exon 95448 95553 

MSTS01000454.1 MHCI-15 (UJ):exon4 exon 95706 95982 

MSTS01000454.1 MHCI-15 (UJ):exon3 exon 96178 96457 

MSTS01000454.1 MHCI-15 (UJ):exon2 exon 96666 96936 

MSTS01000454.1 MHCI-15 (UJ):exon1 exon 97167 97231 

MSTS01000544.1 DAB3 gene 63131 71649 

MSTS01000544.1 DAB3:exon1 exon 63131 63231 

MSTS01000544.1 DAB3:exon2 exon 68769 69040 

MSTS01000544.1 DAB3:exon3 exon 70776 71058 

MSTS01000544.1 DAB3:exon4 exon 71534 71649 

MSTS01000778.1 MHCI-14 gene 11798 15205 

MSTS01000778.1 MHCI-14:exon7 exon 11798 11847 

MSTS01000778.1 MHCI-14:exon6 exon 12017 12054 

MSTS01000778.1 MHCI-14:exon5 exon 12534 12639 
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Scaffold Name Feature Type Start End 

MSTS01000778.1 MHCI-14:exon4 exon 12795 13066 

MSTS01000778.1 MHCI-14:exon3 exon 13264 13536 

MSTS01000778.1 MHCI-14:exon2 exon 13657 13935 

MSTS01000778.1 MHCI-14:exon1 exon 15137 15205 

MSTS01000840.1 DAB4 gene 12395 23791 

MSTS01000840.1 DAB4:exon4 exon 12395 12511 

MSTS01000840.1 DAB4:exon3 exon 12950 13226 

MSTS01000840.1 DAB4:exon2 exon 15000 15274 

MSTS01000840.1 DAB4:exon1 exon 23691 23791 

MSTS01001120.1 MHCI-16 gene 62 3236 

MSTS01001120.1 MHCI-16:exon6 exon 62 99 

MSTS01001120.1 MHCI-16:exon5 exon 573 678 

MSTS01001120.1 MHCI-16:exon4 exon 832 1099 

MSTS01001120.1 MHCI-16:exon3 exon 1294 1567 

MSTS01001120.1 MHCI-16:exon2 exon 1689 1968 

MSTS01001120.1 MHCI-16:exon1 exon 3168 3236 

Table A4-2 Primers for two genes included in the target capture probe and two control genes  

Control/

Probe 
Gene Primer Primer Seq Length Tm GC% 

Max 

Hairpin 

ΔG 

Max Self 

Di e  ΔG 

Max 

Heterodi

e  ΔG 

Top 

BLAST 

hit 

Probe LOX 

Forward 
CCCACCCTAAG

CAACCTCAG 
20 57.48 60 1.3 -3.14 -6.01 Y 

Reverse 
ATCCAGTCCCA

TAGCCAGGT 
20 56.64 55 0.47 -3.14  Y 

Probe EOMES 

Forward 
GTGAGAGAAC

CGTCCCACAG 
20 56.99 60 -0.13 -3.61 -6.35 Y 

Reverse 
AGGAGTCACG

AGCCATCTCT 
20 58.72 55 -0.73 -3.61  Y 

Control ACRBP 

Forward 
TAGGGAACTCC

TACCAGGGC 
20 56.73 60 -1.67 -5.63 -6.24 Y 

Reverse 
TCTACCGAGGA

CAGAGGTGG 
20 57.69 60 -1.19 -4.41  Y 

Control CGRP 
Forward 

AAGGATGCCAA

TGCTGCTCT 
20 58.78 50 -0.75 -3.14 -7.72 Y 

Reverse 
ATCCTCTGATCCC

CACTGCT 
20 57.59 55 0.7 -4.62  Y 

Supplementary Tables 3 and 4 are too large to include in this thesis but are available online at 

https://onlinelibrary.wiley.com/doi/full/10.1111/mec.16493 

Table A4-3 Initial 1258 genes to be included in the target probe along with genomic location and 

associated GO term name and accession for each gene 

Table A4-4 Genomic coordinates and gene ID of all probes included in the target capture probe 

https://onlinelibrary.wiley.com/doi/full/10.1111/mec.16493
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Figure A4-1 Distribution of filtering metrics used to filter target probe variants, distributions were 

determined through GATK VariantsToTable and visualised in R 

 

Figure A4-2 Flow chart showing the methods used to determine the 25 candidate SNPs from both 

the target capture and DArTseq data, including the number of significant SNPs identified from 

each method
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Figure A4-3 Interaction of all GO terms and genes, determined using GOnet with genes in orange circles and GO terms in blue rectangles
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Appendix 5: Supplementary Material Chapter 5 

A5.1 Supplementary Tables 

Table A5-1 Start and End coordinated of each exon of each gene investigated in Chapter 5 including 

14 class II genes and 11 class I genes 

Scaffold Start End Gene Name Strand 

MSTS01000255.1 1214465 1214547 phci_DAA_1_exon_1 - 

MSTS01000255.1 1211210 1211456 phci_DAA_1_exon_2 - 

MSTS01000255.1 1210439 1210721 phci_DAA_1_exon_3 - 

MSTS01000255.1 1210001 1210162 phci_DAA_1_exon_4 - 

MSTS01000401.1 78815 78897 phci_DAB_1_exon_1 + 

MSTS01000401.1 83889 84153 phci_DAB_1_exon_2 + 

MSTS01000401.1 84544 84826 phci_DAB_1_exon_3 + 

MSTS01000401.1 85202 85339 phci_DAB_1_exon_4 + 

MSTS01000401.1 153848 153948 phci_DAB_2_exon_1 - 

MSTS01000401.1 147997 148014 phci_DAB_2_exon_2 - 

MSTS01000401.1 147806 147995 phci_DAB_2_exon_3 - 

MSTS01000401.1 147747 147805 phci_DAB_2_exon_4 - 

MSTS01000401.1 145730 146012 phci_DAB_2_exon_5 - 

MSTS01000401.1 145117 145254 phci_DAB_2_exon_6 - 

MSTS01000544.1 63131 63231 phci_DAB_3_exon_1 + 

MSTS01000544.1 68767 69037 phci_DAB_3_exon_2 + 

MSTS01000544.1 70776 71058 phci_DAB_3_exon_3 + 

MSTS01000544.1 71534 71671 phci_DAB_3_exon_4 + 

MSTS01000840.1 23691 23791 phci_DAB_4_exon_1 - 

MSTS01000840.1 15004 15274 phci_DAB_4_exon_2 - 

MSTS01000840.1 13126 13231 phci_DAB_4_exon_3 - 

MSTS01000840.1 12950 13079 phci_DAB_4_exon_4 - 

MSTS01000840.1 12395 12511 phci_DAB_4_exon_5 - 

MSTS01000302.1 47357 47682 phci_DAB_5_exon_1 + 

MSTS01000302.1 49275 49557 phci_DAB_5_exon_2 + 

MSTS01000302.1 50047 50158 phci_DAB_5_exon_3 + 

MSTS01000302.1 50627 50746 phci_DAB_5_exon_4 + 

MSTS01000255.1 1178399 1178484 phci_DBA_1_exon_1 - 

MSTS01000255.1 1176989 1177238 phci_DBA_1_exon_2 - 

MSTS01000255.1 1176287 1176569 phci_DBA_1_exon_3 - 

MSTS01000255.1 1175692 1175847 phci_DBA_1_exon_4 - 

MSTS01000255.1 1143806 1143891 phci_DBA_2_exon_1 - 

MSTS01000255.1 1142410 1142656 phci_DBA_2_exon_2 - 

MSTS01000255.1 1141697 1141979 phci_DBA_2_exon_3 - 

MSTS01000255.1 1141123 1141278 phci_DBA_2_exon_4 - 

MSTS01000255.1 1118112 1118212 phci_DBB_2_exon_1 + 

MSTS01000255.1 1120898 1121168 phci_DBB_2_exon_2 + 

MSTS01000255.1 1121592 1121868 phci_DBB_2_exon_3 + 



 

240 

Scaffold Start End Gene Name Strand 

MSTS01000255.1 1122464 1122643 phci_DBB_2_exon_4 + 

MSTS01000255.1 1153152 1153252 phci_DBB_3_exon_1 + 

MSTS01000255.1 1155832 1156102 phci_DBB_3_exon_2 + 

MSTS01000255.1 1156470 1156746 phci_DBB_3_exon_3 + 

MSTS01000255.1 1157329 1157508 phci_DBB_3_exon_4 + 

MSTS01000255.1 1417620 1417702 phci_DCA_1_exon_1 - 

MSTS01000255.1 1415764 1416007 phci_DCA_1_exon_2 - 

MSTS01000255.1 1414573 1414855 phci_DCA_1_exon_3 - 

MSTS01000255.1 1414232 1414363 phci_DCA_1_exon_4 - 

MSTS01000255.1 1420780 1420940 phci_DCB_1_exon_1 + 

MSTS01000255.1 1425401 1425668 phci_DCB_1_exon_2 + 

MSTS01000255.1 1428166 1428448 phci_DCB_1_exon_3 + 

MSTS01000255.1 1429124 1429235 phci_DCB_1_exon_4 + 

MSTS01000255.1 1430123 1430221 phci_DCB_1_exon_5 + 

MSTS01000255.1 316690 316781 phci_DMA_1_exon_1 + 

MSTS01000255.1 317434 317719 phci_DMA_1_exon_2 + 

MSTS01000255.1 318437 318716 phci_DMA_1_exon_3 + 

MSTS01000255.1 318946 319081 phci_DMA_1_exon_4 + 

MSTS01000255.1 319908 319913 phci_DMA_1_exon_5 + 

MSTS01000255.1 340432 340502 phci_DMB_1_exon_1 + 

MSTS01000255.1 340891 341176 phci_DMB_1_exon_2 + 

MSTS01000255.1 342357 342639 phci_DMB_1_exon_3 + 

MSTS01000255.1 343580 343697 phci_DMB_1_exon_4 + 

MSTS01000255.1 343822 343858 phci_DMB_1_exon_5 + 

MSTS01000255.1 344424 344441 phci_DMB_1_exon_6 + 

MSTS01000347.1 1561564 1561628 phci_MHCI_1_UI_exon_1 + 

MSTS01000347.1 1562458 1562728 phci_MHCI_1_UI_exon_2 + 

MSTS01000347.1 1562922 1563201 phci_MHCI_1_UI_exon_3 + 

MSTS01000347.1 1563388 1563664 phci_MHCI_1_UI_exon_4 + 

MSTS01000347.1 1563813 1563915 phci_MHCI_1_UI_exon_5 + 

MSTS01000347.1 1564426 1564459 phci_MHCI_1_UI_exon_6 + 

MSTS01000347.1 1564645 1564690 phci_MHCI_1_UI_exon_7 + 

MSTS01000347.1 1566225 1566230 phci_MHCI_1_UI_exon_8 + 

MSTS01000255.1 986710 986768 phci_MHCI_10_UF_exon_1 + 

MSTS01000255.1 986963 987233 phci_MHCI_10_UF_exon_2 + 

MSTS01000255.1 987484 987763 phci_MHCI_10_UF_exon_3 + 

MSTS01000255.1 988091 988367 phci_MHCI_10_UF_exon_4 + 

MSTS01000255.1 988530 988639 phci_MHCI_10_UF_exon_5 + 

MSTS01000255.1 989120 989152 phci_MHCI_10_UF_exon_6 + 

MSTS01000255.1 989324 989369 phci_MHCI_10_UF_exon_7 + 

MSTS01000255.1 989570 989575 phci_MHCI_10_UF_exon_8 + 

MSTS01000129.1 3858074 3858138 phci_MHCI_12_UH_exon_1 - 

MSTS01000129.1 3856894 3857173 phci_MHCI_12_UH_exon_2 - 

MSTS01000129.1 3856431 3856710 phci_MHCI_12_UH_exon_3 - 
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Scaffold Start End Gene Name Strand 

MSTS01000129.1 3855951 3856227 phci_MHCI_12_UH_exon_4 - 

MSTS01000129.1 3855693 3855798 phci_MHCI_12_UH_exon_5 - 

MSTS01000129.1 3855181 3855214 phci_MHCI_12_UH_exon_6 - 

MSTS01000129.1 3854951 3854996 phci_MHCI_12_UH_exon_7 - 

MSTS01000129.1 3854764 3854769 phci_MHCI_12_UH_exon_8 - 

MSTS01000129.1 3819500 3819564 phci_MHCI_13_UG_exon_1 - 

MSTS01000129.1 3818272 3818551 phci_MHCI_13_UG_exon_2 - 

MSTS01000129.1 3817817 3818096 phci_MHCI_13_UG_exon_3 - 

MSTS01000129.1 3817328 3817604 phci_MHCI_13_UG_exon_4 - 

MSTS01000129.1 3817070 3817175 phci_MHCI_13_UG_exon_5 - 

MSTS01000129.1 3816520 3816553 phci_MHCI_13_UG_exon_6 - 

MSTS01000129.1 3816288 3816333 phci_MHCI_13_UG_exon_7 - 

MSTS01000129.1 3816075 3816104 phci_MHCI_13_UG_exon_8 - 

MSTS01000454.1 97167 97231 phci_MHCI_15_UJ_exon_1 - 

MSTS01000454.1 96666 96936 phci_MHCI_15_UJ_exon_2 - 

MSTS01000454.1 96178 96457 phci_MHCI_15_UJ_exon_3 - 

MSTS01000454.1 95706 95982 phci_MHCI_15_UJ_exon_4 - 

MSTS01000454.1 95448 95553 phci_MHCI_15_UJ_exon_5 - 

MSTS01000454.1 94707 94740 phci_MHCI_15_UJ_exon_6 - 

MSTS01000454.1 94475 94520 phci_MHCI_15_UJ_exon_7 - 

MSTS01000454.1 94286 94291 phci_MHCI_15_UJ_exon_8 - 

MSTS01000381.1 15507 15571 phci_MHCI_19_UB_exon_1 - 

MSTS01000381.1 13597 13876 phci_MHCI_19_UB_exon_2 - 

MSTS01000381.1 13151 13430 phci_MHCI_19_UB_exon_3 - 

MSTS01000381.1 12679 12955 phci_MHCI_19_UB_exon_4 - 

MSTS01000381.1 12438 12531 phci_MHCI_19_UB_exon_5 - 

MSTS01000381.1 11926 11959 phci_MHCI_19_UB_exon_6 - 

MSTS01000381.1 11694 11739 phci_MHCI_19_UB_exon_7 - 

MSTS01000381.1 11507 11512 phci_MHCI_19_UB_exon_8 - 

MSTS01000347.1 1588258 1588322 phci_MHCI_2_UD_exon_1 + 

MSTS01000347.1 1589149 1589428 phci_MHCI_2_UD_exon_2 + 

MSTS01000347.1 1589616 1589895 phci_MHCI_2_UD_exon_3 + 

MSTS01000347.1 1590109 1590385 phci_MHCI_2_UD_exon_4 + 

MSTS01000347.1 1590510 1590606 phci_MHCI_2_UD_exon_5 + 

MSTS01000347.1 1591125 1591158 phci_MHCI_2_UD_exon_6 + 

MSTS01000347.1 1591555 1591560 phci_MHCI_2_UD_exon_7 + 

MSTS01000263.1 3142979 3143043 phci_MHCI_4_UA_exon_1 - 

MSTS01000263.1 3141770 3142049 phci_MHCI_4_UA_exon_2 - 

MSTS01000263.1 3141322 3141601 phci_MHCI_4_UA_exon_3 - 

MSTS01000263.1 3140847 3141123 phci_MHCI_4_UA_exon_4 - 

MSTS01000263.1 3140592 3140697 phci_MHCI_4_UA_exon_5 - 

MSTS01000263.1 3140058 3140091 phci_MHCI_4_UA_exon_6 - 

MSTS01000263.1 3139829 3139874 phci_MHCI_4_UA_exon_7 - 

MSTS01000263.1 3139640 3139645 phci_MHCI_4_UA_exon_8 - 
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Scaffold Start End Gene Name Strand 

MSTS01000255.1 400493 400557 phci_MHCI_5_UK_exon_1 + 

MSTS01000255.1 404277 404547 phci_MHCI_5_UK_exon_2 + 

MSTS01000255.1 404780 405059 phci_MHCI_5_UK_exon_3 + 

MSTS01000255.1 405931 406207 phci_MHCI_5_UK_exon_4 + 

MSTS01000255.1 406356 406452 phci_MHCI_5_UK_exon_5 + 

MSTS01000255.1 406957 406989 phci_MHCI_5_UK_exon_6 + 

MSTS01000255.1 407176 407248 phci_MHCI_5_UK_exon_7 + 

MSTS01000255.1 764362 764426 phci_MHCI_8_UC_exon_1 + 

MSTS01000255.1 764666 764927 phci_MHCI_8_UC_exon_2 + 

MSTS01000255.1 765146 765425 phci_MHCI_8_UC_exon_3 + 

MSTS01000255.1 765773 766049 phci_MHCI_8_UC_exon_4 + 

MSTS01000255.1 766206 766314 phci_MHCI_8_UC_exon_5 + 

MSTS01000255.1 766791 766824 phci_MHCI_8_UC_exon_6 + 

MSTS01000255.1 766999 767044 phci_MHCI_8_UC_exon_7 + 

MSTS01000255.1 767245 767250 phci_MHCI_8_UC_exon_8 + 

MSTS01000255.1 839055 839119 phci_MHCI_9_UE_exon_1 + 

MSTS01000255.1 839359 839619 phci_MHCI_9_UE_exon_2 + 

MSTS01000255.1 839850 840129 phci_MHCI_9_UE_exon_3 + 

MSTS01000255.1 840478 840756 phci_MHCI_9_UE_exon_4 + 

MSTS01000255.1 840913 841021 phci_MHCI_9_UE_exon_5 + 

MSTS01000255.1 841476 841509 phci_MHCI_9_UE_exon_6 + 

MSTS01000255.1 841684 841729 phci_MHCI_9_UE_exon_7 + 

MSTS01000255.1 841930 841935 phci_MHCI_9_UE_exon_8 + 

Table A5-2 P value results from MEME and FEL selection analysis on datamonkey webserver as 

well as amino acid/s at codon specified. * codon site is predicted to be involved in peptide binding 

Population Gene Selection Site p-value Amino Acid 

All DAA1 Directional - alternate allele 41 0.0115 H 

All DAB2 Episodic Positive/diversifying 58 0.04 H/Y 

All DAB2 Diversifying 58 0.0393 H/Y 

All DAB2 Directional - alternate allele 124 0.0098 P 

All DAB3 Directional - reference allele 48 0.0048 N 

All DAB3 Episodic Positive/diversifying 103 0.01 A/Q 

All DBA1 Episodic Positive/diversifying 93 0.03 A/L 

All DBA1 Directional - reference allele 105 0.0057 N 

All DBA1 Directional - reference allele 147 0.0017 T 

All DBB3 Episodic Positive/diversifying 100 0.04 K/Y 

All DBB3 Directional - reference allele 205 0.0188 A 

All DBB3 Diversifying 272 0.0323 L/R 

All DCA Directional - reference allele 219 0.0024 C 

All MHCI_12_UH Directional - reference allele 8 0.0092 L 

All MHCI_12_UH Directional - reference allele 93 0.0001 G 

All MHCI_12_UH Episodic Positive/diversifying 97* 0.04 A/V 

All MHCI_12_UH Directional - reference allele 102 0.0096 L 



 

243 

Population Gene Selection Site p-value Amino Acid 

All MHCI_12_UH Directional - reference allele 110 0.0263 N 

All MHCI_12_UH Episodic Positive/diversifying 211 0.01 A/S 

All MHCI_12_UH Directional - reference allele 211 0.0124 A/S 

All MHCI_12_UH Directional - reference allele 262 0.0328 G 

All MHCI_13_UG Directional - alternate allele 235 0.0207 P 

All MHCI_19_UB Episodic Positive/diversifying 98* 0.03 T/Y 

All MHCI_19_UB Directional - reference allele 117 0.0211 H 

All MHCI_4_UA Directional - reference allele 36 0.0087 P 

All MHCI_4_UA Directional - alternate allele 71 0.0015 A 

All MHCI_4_UA Directional - reference allele 147 0.001 Y 

All MHCI_4_UA Directional - reference allele 168 0.0004 K 

All MHCI_4_UA Directional - alternate allele 173 0.0097 A 

All MHCI_4_UA Episodic Positive/diversifying 177 0.03 I/Y 

All MHCI_4_UA Directional - reference allele 211 0.003 S 

All MHCI_4_UA Directional - reference allele 260 0.0188 P 

All MHCI_4_UA Directional - reference allele 294 0.0197 P 

All MHCI_4_UA Directional - alternate allele 309 0.0073 I 

Northern QLD MHCI_12_UH Directional - reference allele 8 0.0083 L 

Northern QLD MHCI_12_UH Directional - reference allele 93 0.0021 G 

Northern QLD MHCI_12_UH Episodic Positive/diversifying 97* 0.03 A/V 

Northern QLD MHCI_12_UH Directional - reference allele 102 0.0071 L 

Northern QLD MHCI_12_UH Directional - reference allele 110 0.0228 N 

Northern QLD MHCI_12_UH Episodic Positive/diversifying 211 0.04 A/S 

Northern QLD MHCI_12_UH Directional - reference allele 211 0.0268 A/S 

Northern QLD MHCI_12_UH Directional - reference allele 262 0.0326 G 

Northern QLD MHCI_4_UA Directional - reference allele 36 0.0081 P 

Northern QLD MHCI_4_UA Directional - reference allele 168 0.0002 K 

Northern QLD MHCI_4_UA Directional - alternate allele 173 0.0348 A 

Northern QLD MHCI_4_UA Episodic Positive/diversifying 177 0.01 I/Y 

Northern QLD MHCI_4_UA Directional - reference allele 211 0.0301 S 

Northern QLD MHCI_4_UA Directional - reference allele 260 0.013 P 

Northern QLD MHCI_4_UA Directional - reference allele 294 0.0117 P 

Northern QLD MHCI_4_UA Directional - alternate allele 309 0.0081 I 

Additional supplementary tables and data are too large to include in this thesis, however, are 

provided in an additional file accompanying this thesis. 

Table A5-3 Table containing 450 koalas investigated in this study and the alleles designated for 

each allele at each gene, NA means allele could not be resolved. 

Table A5-4 Table containing 450 koalas investigated in this study and the supertypes designated 

for each allele at each gene, NA means supertype could not be resolved. 

Supplementary Data A5-1 Fasta sequence for each unique allele identified.  
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Appendix 6: A Reference Genome for the Critically Endangered Woylie, 

Bettongia penicillata ogilbyi 

A6.1 Background 

The following article reports a 3.39 Gbp reference assembly for the critically endangered woylie. 

The genome was sequenced with Pacific Biosciences HiFi long-reads resulting in a scaffold N50 or 

6.49 Mbp and 86.5% complete mammalian BUSCOs. This assembly is a valuable resource for 

conservation, providing a starting point for investigations into the disease-induced decline of the 

species. 

The work was led by Emma Peel, I assisted in the assembly and annotation of the genome and 

transcriptomes. 

A6.2 Article 

The a ti le titled A efe e e ge o e fo  the iti all  e da ge ed o lie, Bettongia penicillata 

ogilbyi  as pu lished i  the jou al Gigas ie e. 
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Appendix 7:Genome Assembly of the Numbat (Myrmecobius fasciatus), 

the Only Termitivorous Marsupial 

A7.1 Background 

The numbat is the only member of the Myrmecobiidae family with estimates of only 1,000 

individuals surviving in south-west Western Australia. The numbat is listed as endangered on the 

IUCN Red List. Numbats also have interesting life history traits, undergoing torpor and being the 

only diurnal and temitivorous marsupial species. We sequenced a 3.42 Gbp genome with a scaffold 

N50 of 223 Kbp using 10x Genomics Chromium linked-read technology, additionally, we generated 

transcriptome resources from liver, lung and tongue tissue. 

This work was led by Emma Peel, and I assisted in genome assembly and annotation along with 

Parice Brandies 

A7.2 Article 

The a ti le titled Ge o e asse l  of the u at Myrmecobius fasciatus), the only 

te iti o ous a supial  as pu lished i  the jou al Gigas ie e. 
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Appendix 8: Best Genome Sequencing Strategies for Annotation of 

Complex Immune Gene Families in Wildlife 

A8.1 Background 

Reference genomes for species across the tree of life are being generated at an unprecedented 

rate using a broad spectrum of sequencing methodologies. We wanted to determine the quality 

of genome required to accurately annotate immune genes as well as elucidate immune gene 

clusters and genomic organisation. The study determined that at the minimum long-read 

technology is required to reassemble immune gene clusters and be confident the entire repertoire 

of immune genes has been identified. We also determined that manual annotation of complex 

immune genes such as the MHC, immunoglobulins and T cell receptors is required as automated 

pipelines incorrectly annotate the majority of immune genes. 

This study was led by Emma Peel, and I contributed by assembling the woylie genome and 

transcriptome as well as annotating MHC, immunoglobulin, TLR and cytokine genes across the six 

species investigated. I also determined the percentage of concordance between manual 

annotation and automated annotation of immune genes. 

A8.2 Article 

The a ti le titled Best ge o e se ue i g st ategies fo  a otatio  of o ple  i u e ge e 

fa ilies i  ildlife  as pu lished i  the jou al Gigas ie e 
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Appendix 9: Koala Genome Survey: An Open Data Resource to Improve 

Conservation Planning 

A9.1 Background 

The following article describes the details around the public release of 430 koala whole genome 

sequences as part of the koala genome survey. These data have allowed investigations into the 

diversity of koala populations across their range at both neutral and functional regions of the 

genome including key immune gene families such as MHC and TLR. The whole genome data will 

be used as a snapshot in time with any future genomic work on koalas able to compare back to 

the data generated here and show the value of genomic data for conservation of biodiversity. 

This work was led by Carolyn J. Hogg and Katherine Belov. I contributed by curating the dataset 

including aligning raw sequences to the koala reference genome, calling genetic variants and 

uploading raw data to the Amazon Web Services Open Data program. 

A9.2 Article 

The a ti le titled Koala Ge o e Su e : A  ope  data esou e to i p o e o se atio  

pla i g  as pu lished i  the jou al Ge es. 
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Table A2‑3 GTF file of MHC class II annotations for 384 genes from 30 genome assemblies
Sequence Name Scaffold Source Feature Start End Strand
MHCII-modo-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Gene 265810840 265816285 +
MHCII-modo-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 265810840 265810922 +
MHCII-modo-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 265814869 265815115 +
MHCII-modo-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 265815432 265815714 +
MHCII-modo-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 265816124 265816285 +
MHCII-modo-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Gene 282361611 282397641 +
MHCII-modo-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 282361611 282361711 +
MHCII-modo-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 282395937 282396211 +
MHCII-modo-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 282396785 282397067 +
MHCII-modo-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 282397526 282397641 +
MHCII-modo-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Gene 265869191 265872013 +
MHCII-modo-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 265869191 265869276 +
MHCII-modo-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 265870439 265870688 +
MHCII-modo-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 265871135 265871417 +
MHCII-modo-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 265871858 265872013 +
MHCII-modo-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Gene 266086900 266089690 +
MHCII-modo-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 266086900 266086985 +
MHCII-modo-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 266088118 266088367 +
MHCII-modo-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 266088814 266089096 +
MHCII-modo-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 266089535 266089690 +
MHCII-modo-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Gene 265983887 265993484 -
MHCII-modo-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 265993384 265993484 -
MHCII-modo-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 265985210 265985480 -
MHCII-modo-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 265984561 265984841 -
MHCII-modo-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 265983887 265984002 -
MHCII-modo-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Gene 266110659 266116532 -
MHCII-modo-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 266116432 266116532 -
MHCII-modo-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 266111958 266112228 -
MHCII-modo-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 266111335 266111611 -
MHCII-modo-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 266110659 266110774 -
MHCII-modo-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Gene 265587931 265591999 +
MHCII-modo-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Exon 265587931 265588013 +
MHCII-modo-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Exon 265589903 265590142 +
MHCII-modo-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Exon 265591359 265591641 +
MHCII-modo-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Exon 265591866 265591999 +
MHCII-modo-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Gene 265576398 265584949 -
MHCII-modo-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 265584854 265584949 -
1



Sequence Name Scaffold Source Feature Start End Strand
MHCII-modo-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 265581496 265581763 -
MHCII-modo-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 265578086 265578368 -
MHCII-modo-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 265577467 265577578 -
MHCII-modo-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 265576398 265576496 -
MHCII-modo-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Gene 267127260 267129837 -
MHCII-modo-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 267129746 267129837 -
MHCII-modo-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 267128682 267128970 -
MHCII-modo-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 267127614 267127893 -
MHCII-modo-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 267127260 267127399 -
MHCII-modo-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Gene 267109161 267112956 -
MHCII-modo-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 267112901 267112956 -
MHCII-modo-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 267112239 267112524 -
MHCII-modo-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 267110596 267110878 -
MHCII-modo-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 267109345 267109462 -
MHCII-modo-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 267109161 267109201 -
MHCII-Drgl-DAA1 NC_057864.1 manual-annotation Gene 241286507 241290973 +
MHCII-Drgl-DAA1 NC_057864.1 manual-annotation Exon 241286507 241286589 +
MHCII-Drgl-DAA1 NC_057864.1 manual-annotation Exon 241289520 241289766 +
MHCII-Drgl-DAA1 NC_057864.1 manual-annotation Exon 241290248 241290530 +
MHCII-Drgl-DAA1 NC_057864.1 manual-annotation Exon 241290812 241290973 +
MHCII-Drgl-DAB1 NC_057864.1 manual-annotation Gene 256116373 256133268 +
MHCII-Drgl-DAB1 NC_057864.1 manual-annotation Exon 256116373 256116473 +
MHCII-Drgl-DAB1 NC_057864.1 manual-annotation Exon 256130377 256130651 +
MHCII-Drgl-DAB1 NC_057864.1 manual-annotation Exon 256132408 256132690 +
MHCII-Drgl-DAB1 NC_057864.1 manual-annotation Exon 256133153 256133268 +
MHCII-Drgl-DAB2 NC_057864.1 manual-annotation Gene 256226825 256243330 +
MHCII-Drgl-DAB2 NC_057864.1 manual-annotation Exon 256226825 256226925 +
MHCII-Drgl-DAB2 NC_057864.1 manual-annotation Exon 256240439 256240713 +
MHCII-Drgl-DAB2 NC_057864.1 manual-annotation Exon 256242470 256242752 +
MHCII-Drgl-DAB2 NC_057864.1 manual-annotation Exon 256243215 256243330 +
MHCII-Drgl-DAB3 NC_057864.1 manual-annotation Gene 256332313 256348798 +
MHCII-Drgl-DAB3 NC_057864.1 manual-annotation Exon 256332313 256332413 +
MHCII-Drgl-DAB3 NC_057864.1 manual-annotation Exon 256345906 256346181 +
MHCII-Drgl-DAB3 NC_057864.1 manual-annotation Exon 256347948 256348231 +
MHCII-Drgl-DAB3 NC_057864.1 manual-annotation Exon 256348683 256348798 +
MHCII-Drgl-DAB4 NC_057864.1 manual-annotation Gene 256395387 256409037 +
MHCII-Drgl-DAB4 NC_057864.1 manual-annotation Exon 256395387 256395487 +
MHCII-Drgl-DAB4 NC_057864.1 manual-annotation Exon 256406184 256406458 +
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Sequence Name Scaffold Source Feature Start End Strand
MHCII-Drgl-DAB4 NC_057864.1 manual-annotation Exon 256408177 256408459 +
MHCII-Drgl-DAB4 NC_057864.1 manual-annotation Exon 256408922 256409037 +
MHCII-Drgl-DAB5 NC_057864.1 manual-annotation Gene 256460145 256471001 +
MHCII-Drgl-DAB5 NC_057864.1 manual-annotation Exon 256460145 256460245 +
MHCII-Drgl-DAB5 NC_057864.1 manual-annotation Exon 256468142 256468416 +
MHCII-Drgl-DAB5 NC_057864.1 manual-annotation Exon 256470139 256470421 +
MHCII-Drgl-DAB5 NC_057864.1 manual-annotation Exon 256470886 256471001 +
MHCII-Drgl-DAB6 NC_057864.1 manual-annotation Gene 256504158 256515075 +
MHCII-Drgl-DAB6 NC_057864.1 manual-annotation Exon 256504158 256504258 +
MHCII-Drgl-DAB6 NC_057864.1 manual-annotation Exon 256512051 256512325 +
MHCII-Drgl-DAB6 NC_057864.1 manual-annotation Exon 256514214 256514496 +
MHCII-Drgl-DAB6 NC_057864.1 manual-annotation Exon 256514960 256515075 +
MHCII-Drgl-DAB7 NC_057864.1 manual-annotation Gene 256538359 256562505 +
MHCII-Drgl-DAB7 NC_057864.1 manual-annotation Exon 256538359 256538459 +
MHCII-Drgl-DAB7 NC_057864.1 manual-annotation Exon 256559325 256559599 +
MHCII-Drgl-DAB7 NC_057864.1 manual-annotation Exon 256561655 256561937 +
MHCII-Drgl-DAB7 NC_057864.1 manual-annotation Exon 256562391 256562505 +
MHCII-Drgl-DAB8 NC_057864.1 manual-annotation Gene 256580236 256596243 +
MHCII-Drgl-DAB8 NC_057864.1 manual-annotation Exon 256580236 256580336 +
MHCII-Drgl-DAB8 NC_057864.1 manual-annotation Exon 256593269 256593543 +
MHCII-Drgl-DAB8 NC_057864.1 manual-annotation Exon 256595382 256595664 +
MHCII-Drgl-DAB8 NC_057864.1 manual-annotation Exon 256596128 256596243 +
MHCII-Drgl-DBA1 NC_057864.1 manual-annotation Gene 241328257 241331172 +
MHCII-Drgl-DBA1 NC_057864.1 manual-annotation Exon 241328257 241328342 +
MHCII-Drgl-DBA1 NC_057864.1 manual-annotation Exon 241329496 241329742 +
MHCII-Drgl-DBA1 NC_057864.1 manual-annotation Exon 241330135 241330417 +
MHCII-Drgl-DBA1 NC_057864.1 manual-annotation Exon 241331017 241331172 +
MHCII-Drgl-DBB1 NC_057864.1 manual-annotation Gene 241363303 241367763 -
MHCII-Drgl-DBB1 NC_057864.1 manual-annotation Exon 241367663 241367763 -
MHCII-Drgl-DBB1 NC_057864.1 manual-annotation Exon 241364686 241364956 -
MHCII-Drgl-DBB1 NC_057864.1 manual-annotation Exon 241363994 241364270 -
MHCII-Drgl-DBB1 NC_057864.1 manual-annotation Exon 241363303 241363418 -
MHCII-Drgl-DCB1_partial NC_057864.1 manual-annotation Gene 237592858 237593978 +
MHCII-Drgl-DCB1_partial NC_057864.1 manual-annotation Exon 237592858 237593130 +
MHCII-Drgl-DCB1_partial NC_057864.1 manual-annotation Exon 237593863 237593978 +
MHCII-Drgl-DMA1 NC_057864.1 manual-annotation Gene 241955313 241957615 -
MHCII-Drgl-DMA1 NC_057864.1 manual-annotation Exon 241957524 241957615 -
MHCII-Drgl-DMA1 NC_057864.1 manual-annotation Exon 241956593 241956878 -
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Sequence Name Scaffold Source Feature Start End Strand
MHCII-Drgl-DMA1 NC_057864.1 manual-annotation Exon 241955678 241955957 -
MHCII-Drgl-DMA1 NC_057864.1 manual-annotation Exon 241955313 241955452 -
MHCII-Drgl-DMB1 NC_057864.1 manual-annotation Gene 241933604 241936972 -
MHCII-Drgl-DMB1 NC_057864.1 manual-annotation Exon 241936917 241936972 -
MHCII-Drgl-DMB1 NC_057864.1 manual-annotation Exon 241936247 241936532 -
MHCII-Drgl-DMB1 NC_057864.1 manual-annotation Exon 241934844 241935126 -
MHCII-Drgl-DMB1 NC_057864.1 manual-annotation Exon 241933769 241933886 -
MHCII-Drgl-DMB1 NC_057864.1 manual-annotation Exon 241933604 241933644 -
MHCII-Noty-DNAzoo-DAA1 HiC_scaffold_7 manual-annotation Gene 259715573 259719912 -
MHCII-Noty-DNAzoo-DAA1 HiC_scaffold_7 manual-annotation Exon 259719830 259719912 -
MHCII-Noty-DNAzoo-DAA1 HiC_scaffold_7 manual-annotation Exon 259716784 259717030 -
MHCII-Noty-DNAzoo-DAA1 HiC_scaffold_7 manual-annotation Exon 259716016 259716298 -
MHCII-Noty-DNAzoo-DAA1 HiC_scaffold_7 manual-annotation Exon 259715573 259715734 -
MHCII-Noty-DNAzoo-DAB1 HiC_scaffold_2780 manual-annotation Gene 1791 16627 -
MHCII-Noty-DNAzoo-DAB1 HiC_scaffold_2780 manual-annotation Exon 16527 16627 -
MHCII-Noty-DNAzoo-DAB1 HiC_scaffold_2780 manual-annotation Exon 4023 4297 -
MHCII-Noty-DNAzoo-DAB1 HiC_scaffold_2780 manual-annotation Exon 2410 2689 -
MHCII-Noty-DNAzoo-DAB1 HiC_scaffold_2780 manual-annotation Exon 1791 1907 -
MHCII-Noty-DNAzoo-DAB2 HiC_scaffold_7 manual-annotation Gene 244981735 244993067 -
MHCII-Noty-DNAzoo-DAB2 HiC_scaffold_7 manual-annotation Exon 244992963 244993067 -
MHCII-Noty-DNAzoo-DAB2 HiC_scaffold_7 manual-annotation Exon 244984089 244984362 -
MHCII-Noty-DNAzoo-DAB2 HiC_scaffold_7 manual-annotation Exon 244982356 244982627 -
MHCII-Noty-DNAzoo-DAB2 HiC_scaffold_7 manual-annotation Exon 244981735 244981850 -
MHCII-Noty-DNAzoo-DBA1 HiC_scaffold_7 manual-annotation Gene 259478447 259481127 -
MHCII-Noty-DNAzoo-DBA1 HiC_scaffold_7 manual-annotation Exon 259481042 259481127 -
MHCII-Noty-DNAzoo-DBA1 HiC_scaffold_7 manual-annotation Exon 259479689 259479916 -
MHCII-Noty-DNAzoo-DBA1 HiC_scaffold_7 manual-annotation Exon 259478447 259478602 -
MHCII-Noty-DNAzoo-DBA2 HiC_scaffold_7 manual-annotation Gene 259479006 259671198 -
MHCII-Noty-DNAzoo-DBA2 HiC_scaffold_7 manual-annotation Exon 259671113 259671198 -
MHCII-Noty-DNAzoo-DBA2 HiC_scaffold_7 manual-annotation Exon 259667266 259667515 -
MHCII-Noty-DNAzoo-DBA2 HiC_scaffold_7 manual-annotation Exon 259479006 259479272 -
MHCII-Noty-DNAzoo-DBA2 HiC_scaffold_7 manual-annotation Exon 259666581 259666863 -
MHCII-Noty-DNAzoo-DBA2 HiC_scaffold_7 manual-annotation Exon 259665988 259666143 -
MHCII-Noty-DNAzoo-DBB1 HiC_scaffold_7 manual-annotation Gene 259308444 259312544 +
MHCII-Noty-DNAzoo-DBB1 HiC_scaffold_7 manual-annotation Exon 259308444 259308544 +
MHCII-Noty-DNAzoo-DBB1 HiC_scaffold_7 manual-annotation Exon 259310901 259311171 +
MHCII-Noty-DNAzoo-DBB1 HiC_scaffold_7 manual-annotation Exon 259311522 259311799 +
MHCII-Noty-DNAzoo-DBB1 HiC_scaffold_7 manual-annotation Exon 259312429 259312544 +
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Sequence Name Scaffold Source Feature Start End Strand
MHCII-Noty-DNAzoo-DBB2 HiC_scaffold_7 manual-annotation Gene 259457012 259461343 +
MHCII-Noty-DNAzoo-DBB2 HiC_scaffold_7 manual-annotation Exon 259457012 259457110 +
MHCII-Noty-DNAzoo-DBB2 HiC_scaffold_7 manual-annotation Exon 259459792 259460064 +
MHCII-Noty-DNAzoo-DBB2 HiC_scaffold_7 manual-annotation Exon 259460380 259460656 +
MHCII-Noty-DNAzoo-DBB2 HiC_scaffold_7 manual-annotation Exon 259461228 259461343 +
MHCII-Noty-DNAzoo-DBB3 HiC_scaffold_7 manual-annotation Gene 259628187 259632879 +
MHCII-Noty-DNAzoo-DBB3 HiC_scaffold_7 manual-annotation Exon 259628187 259628287 +
MHCII-Noty-DNAzoo-DBB3 HiC_scaffold_7 manual-annotation Exon 259631325 259631595 +
MHCII-Noty-DNAzoo-DBB3 HiC_scaffold_7 manual-annotation Exon 259631939 259632211 +
MHCII-Noty-DNAzoo-DBB3 HiC_scaffold_7 manual-annotation Exon 259632764 259632879 +
MHCII-Noty-DNAzoo-DCA1_partial HiC_scaffold_7 manual-annotation Gene 260021756 260025904 -
MHCII-Noty-DNAzoo-DCA1_partial HiC_scaffold_7 manual-annotation Exon 260025697 260025904 -
MHCII-Noty-DNAzoo-DCA1_partial HiC_scaffold_7 manual-annotation Exon 260022150 260022432 -
MHCII-Noty-DNAzoo-DCA1_partial HiC_scaffold_7 manual-annotation Exon 260021756 260021919 -
MHCII-Noty-DNAzoo-DMA1 HiC_scaffold_7 manual-annotation Gene 259152251 259154612 +
MHCII-Noty-DNAzoo-DMA1 HiC_scaffold_7 manual-annotation Exon 259152251 259152342 +
MHCII-Noty-DNAzoo-DMA1 HiC_scaffold_7 manual-annotation Exon 259153030 259153315 +
MHCII-Noty-DNAzoo-DMA1 HiC_scaffold_7 manual-annotation Exon 259154040 259154316 +
MHCII-Noty-DNAzoo-DMA1 HiC_scaffold_7 manual-annotation Exon 259154473 259154612 +
MHCII-Noty-DNAzoo-DMB1 HiC_scaffold_7 manual-annotation Gene 259174061 259177540 +
MHCII-Noty-DNAzoo-DMB1 HiC_scaffold_7 manual-annotation Exon 259174061 259174122 +
MHCII-Noty-DNAzoo-DMB1 HiC_scaffold_7 manual-annotation Exon 259174472 259174757 +
MHCII-Noty-DNAzoo-DMB1 HiC_scaffold_7 manual-annotation Exon 259176069 259176351 +
MHCII-Noty-DNAzoo-DMB1 HiC_scaffold_7 manual-annotation Exon 259177266 259177383 +
MHCII-Noty-DNAzoo-DMB1 HiC_scaffold_7 manual-annotation Exon 259177500 259177540 +
MHCII-Mala-DAA1 SCAF_006 manual-annotation Gene 7196775 7200941 -
MHCII-Mala-DAA1 SCAF_006 manual-annotation Exon 7200859 7200941 -
MHCII-Mala-DAA1 SCAF_006 manual-annotation Exon 7197954 7198200 -
MHCII-Mala-DAA1 SCAF_006 manual-annotation Exon 7197226 7197492 -
MHCII-Mala-DAA1 SCAF_006 manual-annotation Exon 7196775 7196936 -
MHCII-Mala-DAB1 SCAF_006 manual-annotation Gene 18773060 18799461 +
MHCII-Mala-DAB1 SCAF_006 manual-annotation Exon 18773060 18773160 +
MHCII-Mala-DAB1 SCAF_006 manual-annotation Exon 18797014 18797288 +
MHCII-Mala-DAB1 SCAF_006 manual-annotation Exon 18798366 18798648 +
MHCII-Mala-DAB1 SCAF_006 manual-annotation Exon 18799346 18799461 +
MHCII-Mala-DAB2 SCAF_006 manual-annotation Gene 18968648 18985475 +
MHCII-Mala-DAB2 SCAF_006 manual-annotation Exon 18968648 18968748 +
MHCII-Mala-DAB2 SCAF_006 manual-annotation Exon 18983044 18983318 +
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Sequence Name Scaffold Source Feature Start End Strand
MHCII-Mala-DAB2 SCAF_006 manual-annotation Exon 18984393 18984675 +
MHCII-Mala-DAB2 SCAF_006 manual-annotation Exon 18985360 18985475 +
MHCII-Mala-DAB3 SCAF_006 manual-annotation Gene 19008288 19021306 +
MHCII-Mala-DAB3 SCAF_006 manual-annotation Exon 19008288 19008395 +
MHCII-Mala-DAB3 SCAF_006 manual-annotation Exon 19013259 19013558 +
MHCII-Mala-DAB3 SCAF_006 manual-annotation Exon 19020219 19020501 +
MHCII-Mala-DAB3 SCAF_006 manual-annotation Exon 19021191 19021306 +
MHCII-Mala-DAB4 SCAF_006 manual-annotation Gene 19072571 19083674 +
MHCII-Mala-DAB4 SCAF_006 manual-annotation Exon 19072571 19072671 +
MHCII-Mala-DAB4 SCAF_006 manual-annotation Exon 19081446 19081720 +
MHCII-Mala-DAB4 SCAF_006 manual-annotation Exon 19082792 19083074 +
MHCII-Mala-DAB4 SCAF_006 manual-annotation Exon 19083559 19083674 +
MHCII-Mala-DAB5 SCAF_006 manual-annotation Gene 19097640 19115494 +
MHCII-Mala-DAB5 SCAF_006 manual-annotation Exon 19097640 19097730 +
MHCII-Mala-DAB5 SCAF_006 manual-annotation Exon 19113380 19113642 +
MHCII-Mala-DAB5 SCAF_006 manual-annotation Exon 19114612 19114894 +
MHCII-Mala-DAB5 SCAF_006 manual-annotation Exon 19115379 19115494 +
MHCII-Mala-DBA1 SCAF_006 manual-annotation Gene 7063072 7066615 -
MHCII-Mala-DBA1 SCAF_006 manual-annotation Exon 7063072 7063227 -
MHCII-Mala-DBA1 SCAF_006 manual-annotation Exon 7063659 7063941 -
MHCII-Mala-DBA1 SCAF_006 manual-annotation Exon 7064365 7064614 -
MHCII-Mala-DBA1 SCAF_006 manual-annotation Exon 7066530 7066615 -
MHCII-Mala-DBA2 SCAF_006 manual-annotation Gene 7140426 7143080 -
MHCII-Mala-DBA2 SCAF_006 manual-annotation Exon 7142995 7143080 -
MHCII-Mala-DBA2 SCAF_006 manual-annotation Exon 7141715 7141961 -
MHCII-Mala-DBA2 SCAF_006 manual-annotation Exon 7141020 7141302 -
MHCII-Mala-DBA2 SCAF_006 manual-annotation Exon 7140426 7140581 -
MHCII-Mala-DBB1 SCAF_006 manual-annotation Gene 7047329 7051020 +
MHCII-Mala-DBB1 SCAF_006 manual-annotation Exon 7047329 7047429 +
MHCII-Mala-DBB1 SCAF_006 manual-annotation Exon 7049371 7049641 +
MHCII-Mala-DBB1 SCAF_006 manual-annotation Exon 7050090 7050366 +
MHCII-Mala-DBB1 SCAF_006 manual-annotation Exon 7050905 7051020 +
MHCII-Mala-DBB2 SCAF_006 manual-annotation Gene 7116304 7120185 +
MHCII-Mala-DBB2 SCAF_006 manual-annotation Exon 7116304 7116386 +
MHCII-Mala-DBB2 SCAF_006 manual-annotation Exon 7118488 7118758 +
MHCII-Mala-DBB2 SCAF_006 manual-annotation Exon 7119112 7119388 +
MHCII-Mala-DBB2 SCAF_006 manual-annotation Exon 7119964 7120185 +
MHCII-Mala-DCA1 SCAF_006 manual-annotation Gene 7818539 7821881 -
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Sequence Name Scaffold Source Feature Start End Strand
MHCII-Mala-DCA1 SCAF_006 manual-annotation Exon 7821799 7821881 -
MHCII-Mala-DCA1 SCAF_006 manual-annotation Exon 7819973 7820188 -
MHCII-Mala-DCA1 SCAF_006 manual-annotation Exon 7818828 7819106 -
MHCII-Mala-DCA1 SCAF_006 manual-annotation Exon 7818539 7818669 -
MHCII-Mala-DMA1 SCAF_006 manual-annotation Gene 6433553 6435792 +
MHCII-Mala-DMA1 SCAF_006 manual-annotation Exon 6433553 6433644 +
MHCII-Mala-DMA1 SCAF_006 manual-annotation Exon 6434296 6434581 +
MHCII-Mala-DMA1 SCAF_006 manual-annotation Exon 6435145 6435424 +
MHCII-Mala-DMA1 SCAF_006 manual-annotation Exon 6435653 6435792 +
MHCII-Mala-DMB1 SCAF_006 manual-annotation Gene 6457600 6461174 +
MHCII-Mala-DMB1 SCAF_006 manual-annotation Exon 6457600 6457655 +
MHCII-Mala-DMB1 SCAF_006 manual-annotation Exon 6458035 6458320 +
MHCII-Mala-DMB1 SCAF_006 manual-annotation Exon 6459706 6459988 +
MHCII-Mala-DMB1 SCAF_006 manual-annotation Exon 6460910 6461027 +
MHCII-Mala-DMB1 SCAF_006 manual-annotation Exon 6461134 6461174 +
MHCII-Pegu-DAA1 scaffold12584 manual-annotation Gene 20167 24232 -
MHCII-Pegu-DAA1 scaffold12584 manual-annotation Exon 24150 24232 -
MHCII-Pegu-DAA1 scaffold12584 manual-annotation Exon 21354 21600 -
MHCII-Pegu-DAA1 scaffold12584 manual-annotation Exon 20588 20872 -
MHCII-Pegu-DAA1 scaffold12584 manual-annotation Exon 20167 20322 -
MHCII-Pegu-DAB1_partial scaffold24518 manual-annotation Gene 27515 29879 +
MHCII-Pegu-DAB1_partial scaffold24518 manual-annotation Exon 27515 27780 +
MHCII-Pegu-DAB1_partial scaffold24518 manual-annotation Exon 29024 29304 +
MHCII-Pegu-DAB1_partial scaffold24518 manual-annotation Exon 29779 29879 +
MHCII-Pegu-DAB2_partial scaffold3626 manual-annotation Gene 7184 9537 +
MHCII-Pegu-DAB2_partial scaffold3626 manual-annotation Exon 7184 7455 +
MHCII-Pegu-DAB2_partial scaffold3626 manual-annotation Exon 8673 8955 +
MHCII-Pegu-DAB2_partial scaffold3626 manual-annotation Exon 9422 9537 +
MHCII-Pegu-DAB3 scaffold3626 manual-annotation Gene 29565 40388 +
MHCII-Pegu-DAB3 scaffold3626 manual-annotation Exon 29565 29665 +
MHCII-Pegu-DAB3 scaffold3626 manual-annotation Exon 37806 38073 +
MHCII-Pegu-DAB3 scaffold3626 manual-annotation Exon 39511 39793 +
MHCII-Pegu-DAB3 scaffold3626 manual-annotation Exon 40273 40388 +
MHCII-Pegu-DBA1 scaffold25298 manual-annotation Gene 33732 36557 +
MHCII-Pegu-DBA1 scaffold25298 manual-annotation Exon 33732 33817 +
MHCII-Pegu-DBA1 scaffold25298 manual-annotation Exon 35069 35315 +
MHCII-Pegu-DBA1 scaffold25298 manual-annotation Exon 35678 35960 +
MHCII-Pegu-DBA1 scaffold25298 manual-annotation Exon 36402 36557 +
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Sequence Name Scaffold Source Feature Start End Strand
MHCII-Pegu-DBB1 scaffold71575 manual-annotation Gene 6276 10183 +
MHCII-Pegu-DBB1 scaffold71575 manual-annotation Exon 6276 6358 +
MHCII-Pegu-DBB1 scaffold71575 manual-annotation Exon 8600 8870 +
MHCII-Pegu-DBB1 scaffold71575 manual-annotation Exon 9211 9487 +
MHCII-Pegu-DBB1 scaffold71575 manual-annotation Exon 10068 10183 +
MHCII-Pegu-DCA1 scaffold15285 manual-annotation Gene 44402 47926 -
MHCII-Pegu-DCA1 scaffold15285 manual-annotation Exon 47844 47926 -
MHCII-Pegu-DCA1 scaffold15285 manual-annotation Exon 46009 46220 -
MHCII-Pegu-DCA1 scaffold15285 manual-annotation Exon 44682 44963 -
MHCII-Pegu-DCA1 scaffold15285 manual-annotation Exon 44402 44531 -
MHCII-Pegu-DMA1 scaffold15836 manual-annotation Gene 8989 11423 +
MHCII-Pegu-DMA1 scaffold15836 manual-annotation Exon 8989 9080 +
MHCII-Pegu-DMA1 scaffold15836 manual-annotation Exon 9712 9997 +
MHCII-Pegu-DMA1 scaffold15836 manual-annotation Exon 10782 11061 +
MHCII-Pegu-DMA1 scaffold15836 manual-annotation Exon 11284 11423 +
MHCII-Pegu-DMB1 scaffold15836 manual-annotation Gene 33818 37240 +
MHCII-Pegu-DMB1 scaffold15836 manual-annotation Exon 33818 33873 +
MHCII-Pegu-DMB1 scaffold15836 manual-annotation Exon 34239 34524 +
MHCII-Pegu-DMB1 scaffold15836 manual-annotation Exon 35776 36058 +
MHCII-Pegu-DMB1 scaffold15836 manual-annotation Exon 36970 37087 +
MHCII-Pegu-DMB1 scaffold15836 manual-annotation Exon 37200 37240 +
MHCII-Myfa-DAA1 pri304333_MYRFA_USYD1HAP304333 manual-annotation Gene 30236 34947 -
MHCII-Myfa-DAA1 pri304333_MYRFA_USYD1HAP304333 manual-annotation Exon 34865 34947 -
MHCII-Myfa-DAA1 pri304333_MYRFA_USYD1HAP304333 manual-annotation Exon 31426 31672 -
MHCII-Myfa-DAA1 pri304333_MYRFA_USYD1HAP304333 manual-annotation Exon 30670 30952 -
MHCII-Myfa-DAA1 pri304333_MYRFA_USYD1HAP304333 manual-annotation Exon 30236 30397 -
MHCII-Myfa-DAB1 pri304060_MYRFA_USYD1HAP304060 manual-annotation Gene 14475 23373 -
MHCII-Myfa-DAB1 pri304060_MYRFA_USYD1HAP304060 manual-annotation Exon 23273 23373 -
MHCII-Myfa-DAB1 pri304060_MYRFA_USYD1HAP304060 manual-annotation Exon 16890 17160 -
MHCII-Myfa-DAB1 pri304060_MYRFA_USYD1HAP304060 manual-annotation Exon 15056 15338 -
MHCII-Myfa-DAB1 pri304060_MYRFA_USYD1HAP304060 manual-annotation Exon 14475 14590 -
MHCII-Myfa-DAB2_partial pri459817_MYRFA_USYD1HAP459817 manual-annotation Gene 20888 23667 -
MHCII-Myfa-DAB2_partial pri459817_MYRFA_USYD1HAP459817 manual-annotation Exon 23397 23667 -
MHCII-Myfa-DAB2_partial pri459817_MYRFA_USYD1HAP459817 manual-annotation Exon 21648 21930 -
MHCII-Myfa-DAB2_partial pri459817_MYRFA_USYD1HAP459817 manual-annotation Exon 20888 21003 -
MHCII-Myfa-DAB3_partial pri459818_MYRFA_USYD1HAP459818 manual-annotation Gene 20267 23041 -
MHCII-Myfa-DAB3_partial pri459818_MYRFA_USYD1HAP459818 manual-annotation Exon 22771 23041 -
MHCII-Myfa-DAB3_partial pri459818_MYRFA_USYD1HAP459818 manual-annotation Exon 21027 21309 -
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MHCII-Myfa-DAB3_partial pri459818_MYRFA_USYD1HAP459818 manual-annotation Exon 20267 20382 -
MHCII-Myfa-DAB4 pri5483_MYRFA_USYD1HAP5483 manual-annotation Gene 87600 101060 +
MHCII-Myfa-DAB4 pri5483_MYRFA_USYD1HAP5483 manual-annotation Exon 87600 87698 +
MHCII-Myfa-DAB4 pri5483_MYRFA_USYD1HAP5483 manual-annotation Exon 98164 98433 +
MHCII-Myfa-DAB4 pri5483_MYRFA_USYD1HAP5483 manual-annotation Exon 100185 100467 +
MHCII-Myfa-DAB4 pri5483_MYRFA_USYD1HAP5483 manual-annotation Exon 100945 101060 +
MHCII-Myfa-DBB1 pri6635_MYRFA_USYD2HAP6635 manual-annotation Gene 114020 119344 +
MHCII-Myfa-DBB1 pri6635_MYRFA_USYD2HAP6635 manual-annotation Exon 114020 114121 +
MHCII-Myfa-DBB1 pri6635_MYRFA_USYD2HAP6635 manual-annotation Exon 116381 116641 +
MHCII-Myfa-DBB1 pri6635_MYRFA_USYD2HAP6635 manual-annotation Exon 117685 117959 +
MHCII-Myfa-DBB1 pri6635_MYRFA_USYD2HAP6635 manual-annotation Exon 119230 119344 +
MHCII-Myfa-DNAzoo-DAA1 HiC_scaffold_152774 manual-annotation Gene 158 240 -
MHCII-Myfa-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Gene 193452027 193453463 -
MHCII-Myfa-DNAzoo-DAA1 HiC_scaffold_152774 manual-annotation Exon 158 240 -
MHCII-Myfa-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 193453217 193453463 -
MHCII-Myfa-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 193452461 193452743 -
MHCII-Myfa-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 193452027 193452188 -
MHCII-Myfa-DNAzoo-DAB1_partial HiC_scaffold_40977 manual-annotation Gene 6083 7125 -
MHCII-Myfa-DNAzoo-DAB1_partial HiC_scaffold_40977 manual-annotation Exon 6843 7125 -
MHCII-Myfa-DNAzoo-DAB1_partial HiC_scaffold_40977 manual-annotation Exon 6083 6198 -
MHCII-Myfa-DNAzoo-DAB2_partial HiC_scaffold_67098 manual-annotation Gene 2195 3054 +
MHCII-Myfa-DNAzoo-DAB2_partial HiC_scaffold_67098 manual-annotation Exon 2195 2477 +
MHCII-Myfa-DNAzoo-DAB2_partial HiC_scaffold_67098 manual-annotation Exon 2939 3054 +
MHCII-Myfa-DNAzoo-DAB3_partial HiC_scaffold_93432 manual-annotation Gene 289 1152 +
MHCII-Myfa-DNAzoo-DAB3_partial HiC_scaffold_93432 manual-annotation Exon 289 571 +
MHCII-Myfa-DNAzoo-DAB3_partial HiC_scaffold_93432 manual-annotation Exon 1037 1152 +
MHCII-Myfa-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Gene 193355389 193357726 +
MHCII-Myfa-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 193355389 193355480 +
MHCII-Myfa-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 193356119 193356401 +
MHCII-Myfa-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 193357078 193357357 +
MHCII-Myfa-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 193357587 193357726 +
MHCII-Myfa-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Gene 193372446 193375345 +
MHCII-Myfa-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 193372446 193372728 +
MHCII-Myfa-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 193373889 193374171 +
MHCII-Myfa-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 193375075 193375192 +
MHCII-Myfa-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 193375305 193375345 +
MHCII-Saha-DAA1 NC_045429.1 manual-annotation Gene 284687796 284691911 -
MHCII-Saha-DAA1 NC_045429.1 manual-annotation Exon 284691829 284691911 -
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MHCII-Saha-DAA1 NC_045429.1 manual-annotation Exon 284688970 284689216 -
MHCII-Saha-DAA1 NC_045429.1 manual-annotation Exon 284688212 284688498 -
MHCII-Saha-DAA1 NC_045429.1 manual-annotation Exon 284687796 284687951 -
MHCII-Saha-DAB1 NC_045429.1 manual-annotation Gene 270943619 270968087 +
MHCII-Saha-DAB1 NC_045429.1 manual-annotation Exon 270943619 270943719 +
MHCII-Saha-DAB1 NC_045429.1 manual-annotation Exon 270963785 270964055 +
MHCII-Saha-DAB1 NC_045429.1 manual-annotation Exon 270967221 270967503 +
MHCII-Saha-DAB1 NC_045429.1 manual-annotation Exon 270967972 270968087 +
MHCII-Saha-DAB2 NC_045429.1 manual-annotation Gene 271091663 271100233 -
MHCII-Saha-DAB2 NC_045429.1 manual-annotation Exon 271100133 271100233 -
MHCII-Saha-DAB2 NC_045429.1 manual-annotation Exon 271093504 271093779 -
MHCII-Saha-DAB2 NC_045429.1 manual-annotation Exon 271092226 271092508 -
MHCII-Saha-DAB2 NC_045429.1 manual-annotation Exon 271091663 271091778 -
MHCII-Saha-DAB3 NC_045429.1 manual-annotation Gene 271138969 271146260 -
MHCII-Saha-DAB3 NC_045429.1 manual-annotation Exon 271146160 271146260 -
MHCII-Saha-DAB3 NC_045429.1 manual-annotation Exon 271141327 271141597 -
MHCII-Saha-DAB3 NC_045429.1 manual-annotation Exon 271139568 271139849 -
MHCII-Saha-DAB3 NC_045429.1 manual-annotation Exon 271138969 271139084 -
MHCII-Saha-DAB4 NC_045429.1 manual-annotation Gene 271416351 271424312 -
MHCII-Saha-DAB4 NC_045429.1 manual-annotation Exon 271424212 271424312 -
MHCII-Saha-DAB4 NC_045429.1 manual-annotation Exon 271418132 271418406 -
MHCII-Saha-DAB4 NC_045429.1 manual-annotation Exon 271416928 271417210 -
MHCII-Saha-DAB4 NC_045429.1 manual-annotation Exon 271416351 271416466 -
MHCII-Saha-DBB1 NC_045429.1 manual-annotation Gene 284618891 284625703 +
MHCII-Saha-DBB1 NC_045429.1 manual-annotation Exon 284618891 284618988 +
MHCII-Saha-DBB1 NC_045429.1 manual-annotation Exon 284621962 284622221 +
MHCII-Saha-DBB1 NC_045429.1 manual-annotation Exon 284622564 284622607 +
MHCII-Saha-DBB1 NC_045429.1 manual-annotation Exon 284623972 284624211 +
MHCII-Saha-DBB1 NC_045429.1 manual-annotation Exon 284625645 284625703 +
MHCII-Saha-DMA1 NC_045429.1 manual-annotation Gene 284491857 284494204 +
MHCII-Saha-DMA1 NC_045429.1 manual-annotation Exon 284491857 284491946 +
MHCII-Saha-DMA1 NC_045429.1 manual-annotation Exon 284492583 284492865 +
MHCII-Saha-DMA1 NC_045429.1 manual-annotation Exon 284493558 284493837 +
MHCII-Saha-DMA1 NC_045429.1 manual-annotation Exon 284494065 284494204 +
MHCII-Saha-DMB1 NC_045429.1 manual-annotation Gene 284504832 284508125 +
MHCII-Saha-DMB1 NC_045429.1 manual-annotation Exon 284504832 284504887 +
MHCII-Saha-DMB1 NC_045429.1 manual-annotation Exon 284505252 284505534 +
MHCII-Saha-DMB1 NC_045429.1 manual-annotation Exon 284506665 284506947 +
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MHCII-Saha-DMB1 NC_045429.1 manual-annotation Exon 284507850 284507963 +
MHCII-Saha-DMB1 NC_045429.1 manual-annotation Exon 284508085 284508125 +
MHCII-Davi-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Gene 246049009 246053089 +
MHCII-Davi-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 246049009 246049091 +
MHCII-Davi-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 246051703 246051949 +
MHCII-Davi-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 246052415 246052697 +
MHCII-Davi-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 246052928 246053089 +
MHCII-Davi-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Gene 234257121 234265641 -
MHCII-Davi-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 234265541 234265641 -
MHCII-Davi-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 234259110 234259384 -
MHCII-Davi-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 234257683 234257960 -
MHCII-Davi-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 234257121 234257236 -
MHCII-Davi-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Gene 246019306 246026162 -
MHCII-Davi-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 246026065 246026162 -
MHCII-Davi-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 246022880 246023103 -
MHCII-Davi-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 246022457 246022499 -
MHCII-Davi-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 246020872 246021130 -
MHCII-Davi-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 246019306 246019367 -
MHCII-Davi-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Gene 245905241 245907599 +
MHCII-Davi-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 245905241 245905332 +
MHCII-Davi-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 245905971 245906253 +
MHCII-Davi-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 245906949 245907228 +
MHCII-Davi-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 245907460 245907599 +
MHCII-Davi-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Gene 245918216 245921504 +
MHCII-Davi-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 245918216 245918271 +
MHCII-Davi-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 245918634 245918916 +
MHCII-Davi-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 245920044 245920326 +
MHCII-Davi-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 245921225 245921342 +
MHCII-Davi-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 245921464 245921504 +
MHCII-Daha-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Gene 280744499 280748615 -
MHCII-Daha-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 280748533 280748615 -
MHCII-Daha-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 280745679 280745925 -
MHCII-Daha-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 280744915 280745201 -
MHCII-Daha-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 280744499 280744654 -
MHCII-Daha-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Gene 267391100 267415821 +
MHCII-Daha-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 267391100 267391200 +
MHCII-Daha-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 267411563 267411833 +
MHCII-Daha-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 267414956 267415238 +
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MHCII-Daha-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 267415706 267415821 +
MHCII-Daha-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Gene 280549164 280551512 +
MHCII-Daha-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 280549164 280549255 +
MHCII-Daha-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 280549894 280550176 +
MHCII-Daha-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 280550866 280551145 +
MHCII-Daha-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 280551373 280551512 +
MHCII-Daha-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Gene 280560323 280563611 +
MHCII-Daha-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 280560323 280560378 +
MHCII-Daha-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 280560742 280561024 +
MHCII-Daha-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 280562151 280562433 +
MHCII-Daha-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 280563332 280563449 +
MHCII-Daha-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 280563571 280563611 +
MHCII-Phta-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Gene 267985576 267989722 -
MHCII-Phta-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 267989640 267989722 -
MHCII-Phta-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 267986750 267986996 -
MHCII-Phta-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 267985996 267986278 -
MHCII-Phta-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 267985576 267985737 -
MHCII-Phta-DNAzoo-DAB1_partial HiC_scaffold_3165 manual-annotation Gene 3398 6077 +
MHCII-Phta-DNAzoo-DAB1_partial HiC_scaffold_3165 manual-annotation Exon 3398 3672 +
MHCII-Phta-DNAzoo-DAB1_partial HiC_scaffold_3165 manual-annotation Exon 5210 5487 +
MHCII-Phta-DNAzoo-DAB1_partial HiC_scaffold_3165 manual-annotation Exon 5962 6077 +
MHCII-Phta-DNAzoo-DAB2_partial HiC_scaffold_32080 manual-annotation Gene 22 881 +
MHCII-Phta-DNAzoo-DAB2_partial HiC_scaffold_32080 manual-annotation Exon 22 299 +
MHCII-Phta-DNAzoo-DAB2_partial HiC_scaffold_32080 manual-annotation Exon 766 881 +
MHCII-Phta-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Gene 255097151 255113620 +
MHCII-Phta-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Exon 255097151 255097251 +
MHCII-Phta-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Exon 255108658 255108932 +
MHCII-Phta-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Exon 255112754 255113036 +
MHCII-Phta-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Exon 255113505 255113620 +
MHCII-Phta-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Gene 255188189 255196079 -
MHCII-Phta-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Exon 255195979 255196079 -
MHCII-Phta-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Exon 255189757 255190007 -
MHCII-Phta-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Exon 255188680 255188962 -
MHCII-Phta-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Exon 255188189 255188304 -
MHCII-Phta-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Gene 255315023 255322239 -
MHCII-Phta-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Exon 255322139 255322239 -
MHCII-Phta-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Exon 255317365 255317639 -
MHCII-Phta-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Exon 255315619 255315890 -
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MHCII-Phta-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Exon 255315023 255315135 -
MHCII-Phta-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Gene 267902663 267909240 +
MHCII-Phta-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 267902663 267902768 +
MHCII-Phta-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 267905387 267905647 +
MHCII-Phta-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 267906713 267906750 +
MHCII-Phta-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 267907423 267907664 +
MHCII-Phta-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 267909163 267909240 +
MHCII-Phta-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Gene 267799841 267802402 +
MHCII-Phta-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 267799841 267799932 +
MHCII-Phta-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 267800772 267801054 +
MHCII-Phta-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 267801751 267802030 +
MHCII-Phta-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 267802263 267802402 +
MHCII-Phta-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Gene 267813746 267817055 +
MHCII-Phta-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 267813746 267813801 +
MHCII-Phta-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 267814163 267814445 +
MHCII-Phta-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 267815574 267815856 +
MHCII-Phta-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 267816776 267816893 +
MHCII-Phta-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 267817015 267817055 +
MHCII-anst-DAA1 427 manual-annotation Gene 9789222 9793349 +
MHCII-anst-DAA1 427 manual-annotation Exon 9,789,222       9,789,304       +
MHCII-anst-DAA1 427 manual-annotation Exon 9,791,936       9,792,182       +
MHCII-anst-DAA1 427 manual-annotation Exon 9,792,647       9,792,929       +
MHCII-anst-DAA1 427 manual-annotation Exon 9,793,188       9,793,349       +
MHCII-anst-DAB1 448 manual-annotation Gene 78505 89850 -
MHCII-anst-DAB1 448 manual-annotation Exon 89,750            89,850            -
MHCII-anst-DAB1 448 manual-annotation Exon 82,044            82,318            -
MHCII-anst-DAB1 448 manual-annotation Exon 79,098            79,375            -
MHCII-anst-DAB1 448 manual-annotation Exon 78,505            78,620            -
MHCII-anst-DAB10_partial 448 manual-annotation Gene 2988 4786 +
MHCII-anst-DAB10_partial 448 manual-annotation Exon 2,988               3,255               +
MHCII-anst-DAB10_partial 448 manual-annotation Exon 4,013               4,295               +
MHCII-anst-DAB10_partial 448 manual-annotation Exon 4,671               4,786               +
MHCII-anst-DAB11_partial 158933 manual-annotation Gene 5402 7395 +
MHCII-anst-DAB11_partial 158933 manual-annotation Exon 5,402               5,672               +
MHCII-anst-DAB11_partial 158933 manual-annotation Exon 6,550               6,832               +
MHCII-anst-DAB11_partial 158933 manual-annotation Exon 7,280               7,395               +
MHCII-anst-DAB2 163329 manual-annotation Gene 29951 38518 -
MHCII-anst-DAB2 163329 manual-annotation Exon 38,418            38,518            -
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Sequence Name Scaffold Source Feature Start End Strand
MHCII-anst-DAB2 163329 manual-annotation Exon 31,899            32,169            -
MHCII-anst-DAB2 163329 manual-annotation Exon 30,539            30,821            -
MHCII-anst-DAB2 163329 manual-annotation Exon 29,951            30,066            -
MHCII-anst-DAB3_partial 163329 manual-annotation Gene 85135 116061 -
MHCII-anst-DAB3_partial 163329 manual-annotation Exon 115,961          116,061          -
MHCII-anst-DAB3_partial 163329 manual-annotation Exon 106,928          107,198          -
MHCII-anst-DAB3_partial 163329 manual-annotation Exon 85,135            85,250            -
MHCII-anst-DAB4 163329 manual-annotation Gene 170631 178858 -
MHCII-anst-DAB4 163329 manual-annotation Exon 178,758          178,858          -
MHCII-anst-DAB4 163329 manual-annotation Exon 172,579          172,849          -
MHCII-anst-DAB4 163329 manual-annotation Exon 171,224          171,506          -
MHCII-anst-DAB4 163329 manual-annotation Exon 170,631          170,746          -
MHCII-anst-DAB5 163988 manual-annotation Gene 6537 13356 +
MHCII-anst-DAB5 163988 manual-annotation Exon 6,537               6,637               +
MHCII-anst-DAB5 163988 manual-annotation Exon 11,308            11,578            +
MHCII-anst-DAB5 163988 manual-annotation Exon 12,485            12,767            +
MHCII-anst-DAB5 163988 manual-annotation Exon 13,241            13,356            +
MHCII-anst-DAB6 163988 manual-annotation Gene 92971 102696 +
MHCII-anst-DAB6 163988 manual-annotation Exon 92,971            93,071            +
MHCII-anst-DAB6 163988 manual-annotation Exon 100,436          100,707          +
MHCII-anst-DAB6 163988 manual-annotation Exon 101,870          102,113          +
MHCII-anst-DAB6 163988 manual-annotation Exon 102,581          102,696          +
MHCII-anst-DAB7 163988 manual-annotation Gene 178264 193510 +
MHCII-anst-DAB7 163988 manual-annotation Exon 178,264          178,364          +
MHCII-anst-DAB7 163988 manual-annotation Exon 185,098          185,368          +
MHCII-anst-DAB7 163988 manual-annotation Exon 192,643          192,925          +
MHCII-anst-DAB7 163988 manual-annotation Exon 193,395          193,510          +
MHCII-anst-DAB8 158463 manual-annotation Gene 1796 4338 -
MHCII-anst-DAB8 158463 manual-annotation Exon 4,068               4,338               -
MHCII-anst-DAB8 158463 manual-annotation Exon 2,373               2,655               -
MHCII-anst-DAB8 158463 manual-annotation Exon 1,796               1,911               -
MHCII-anst-DAB9_partial 158931 manual-annotation Gene 2106 4285 -
MHCII-anst-DAB9_partial 158931 manual-annotation Exon 4,015               4,285               -
MHCII-anst-DAB9_partial 158931 manual-annotation Exon 2,688               2,970               -
MHCII-anst-DAB9_partial 158931 manual-annotation Exon 2,106               2,221               -
MHCII-anst-DMA1 427 manual-annotation Gene 10013754 10016305 -
MHCII-anst-DMA1 427 manual-annotation Exon 10,016,214    10,016,305    -
MHCII-anst-DMA1 427 manual-annotation Exon 10,015,094    10,015,376    -
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Sequence Name Scaffold Source Feature Start End Strand
MHCII-anst-DMA1 427 manual-annotation Exon 10,014,122    10,014,401    -
MHCII-anst-DMA1 427 manual-annotation Exon 10,013,754    10,013,893    -
MHCII-anst-DMB1 427 manual-annotation Gene 9998555 10001860 -
MHCII-anst-DMB1 427 manual-annotation Exon 10,001,805    10,001,860    -
MHCII-anst-DMB1 427 manual-annotation Exon 10,001,159    10,001,441    -
MHCII-anst-DMB1 427 manual-annotation Exon 9,999,741       10,000,023    -
MHCII-anst-DMB1 427 manual-annotation Exon 9,998,717       9,998,834       -
MHCII-anst-DMB1 427 manual-annotation Exon 9,998,555       9,998,595       -
MHCII-Smcr-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 263879634 263879716 -
MHCII-Smcr-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 263876810 263877056 -
MHCII-Smcr-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 263876054 263876336 -
MHCII-Smcr-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Exon 263875621 263875782 -
MHCII-Smcr-DNAzoo-DAA1 HiC_scaffold_4 manual-annotation Gene 263875621 263879716 -
MHCII-Smcr-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 250064073 250064173 +
MHCII-Smcr-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 250077570 250077844 +
MHCII-Smcr-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 250086414 250086696 +
MHCII-Smcr-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Exon 250087166 250087281 +
MHCII-Smcr-DNAzoo-DAB1 HiC_scaffold_4 manual-annotation Gene 250064073 250087281 +
MHCII-Smcr-DNAzoo-DAB2 HiC_scaffold_4 manual-annotation Exon 250201746 250201849 -
MHCII-Smcr-DNAzoo-DAB2 HiC_scaffold_4 manual-annotation Exon 250194669 250194943 -
MHCII-Smcr-DNAzoo-DAB2 HiC_scaffold_4 manual-annotation Exon 250193308 250193585 -
MHCII-Smcr-DNAzoo-DAB2 HiC_scaffold_4 manual-annotation Exon 250192749 250192864 -
MHCII-Smcr-DNAzoo-DAB2 HiC_scaffold_4 manual-annotation Gene 250192749 250201849 -
MHCII-Smcr-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Exon 250233688 250233788 -
MHCII-Smcr-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Exon 250219679 250219953 -
MHCII-Smcr-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Exon 250218919 250219201 -
MHCII-Smcr-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Exon 250218493 250218608 -
MHCII-Smcr-DNAzoo-DAB3 HiC_scaffold_4 manual-annotation Gene 250218493 250233788 -
MHCII-Smcr-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Exon 250314131 250314231 -
MHCII-Smcr-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Exon 250295700 250295974 -
MHCII-Smcr-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Exon 250295169 250295451 -
MHCII-Smcr-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Exon 250294741 250294856 -
MHCII-Smcr-DNAzoo-DAB4 HiC_scaffold_4 manual-annotation Gene 250294741 250314231 -
MHCII-Smcr-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Exon 250410794 250410894 -
MHCII-Smcr-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Exon 250392424 250392695 -
MHCII-Smcr-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Exon 250391893 250392175 -
MHCII-Smcr-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Exon 250391481 250391596 -
MHCII-Smcr-DNAzoo-DAB5 HiC_scaffold_4 manual-annotation Gene 250391481 250410894 -
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Sequence Name Scaffold Source Feature Start End Strand
MHCII-Smcr-DNAzoo-DAB6 HiC_scaffold_4 manual-annotation Exon 250444153 250444253 -
MHCII-Smcr-DNAzoo-DAB6 HiC_scaffold_4 manual-annotation Exon 250433266 250433540 -
MHCII-Smcr-DNAzoo-DAB6 HiC_scaffold_4 manual-annotation Exon 250431894 250432176 -
MHCII-Smcr-DNAzoo-DAB6 HiC_scaffold_4 manual-annotation Exon 250431462 250431577 -
MHCII-Smcr-DNAzoo-DAB6 HiC_scaffold_4 manual-annotation Gene 250431462 250444253 -
MHCII-Smcr-DNAzoo-DAB7 HiC_scaffold_4 manual-annotation Exon 250567658 250567758 -
MHCII-Smcr-DNAzoo-DAB7 HiC_scaffold_4 manual-annotation Exon 250549284 250549558 -
MHCII-Smcr-DNAzoo-DAB7 HiC_scaffold_4 manual-annotation Exon 250548752 250549034 -
MHCII-Smcr-DNAzoo-DAB7 HiC_scaffold_4 manual-annotation Exon 250548322 250548437 -
MHCII-Smcr-DNAzoo-DAB7 HiC_scaffold_4 manual-annotation Gene 250548322 250567758 -
MHCII-Smcr-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 263824861 263824958 +
MHCII-Smcr-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 263828184 263828439 +
MHCII-Smcr-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 263829477 263829515 +
MHCII-Smcr-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 263830960 263831205 +
MHCII-Smcr-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Exon 263832608 263832678 +
MHCII-Smcr-DNAzoo-DBB1 HiC_scaffold_4 manual-annotation Gene 263824861 263832678 +
MHCII-Smcr-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 263694306 263694397 +
MHCII-Smcr-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 263695038 263695320 +
MHCII-Smcr-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 263696014 263696293 +
MHCII-Smcr-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Exon 263696509 263696648 +
MHCII-Smcr-DNAzoo-DMA1 HiC_scaffold_4 manual-annotation Gene 263694306 263696648 +
MHCII-Smcr-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 263707559 263707614 +
MHCII-Smcr-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 263707974 263708256 +
MHCII-Smcr-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 263712715 263712997 +
MHCII-Smcr-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 263713924 263714041 +
MHCII-Smcr-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Exon 263714163 263714203 +
MHCII-Smcr-DNAzoo-DMB1 HiC_scaffold_4 manual-annotation Gene 263707559 263714203 +
MHCII-phci-DAA1 HiC_scaffold_3 manual-annotation Gene 233964631 233969177 +
MHCII-phci-DAA1 HiC_scaffold_3 manual-annotation Exon 233,964,631  233,964,713  +
MHCII-phci-DAA1 HiC_scaffold_3 manual-annotation Exon 233,967,722  233,967,968  +
MHCII-phci-DAA1 HiC_scaffold_3 manual-annotation Exon 233,968,457  233,968,739  +
MHCII-phci-DAA1 HiC_scaffold_3 manual-annotation Exon 233,969,016  233,969,177  +
MHCII-phci-DAB1 HiC_scaffold_3 manual-annotation Gene 248411393 248417895 -
MHCII-phci-DAB1 HiC_scaffold_3 manual-annotation Exon 248,417,813  248,417,895  -
MHCII-phci-DAB1 HiC_scaffold_3 manual-annotation Exon 248,412,557  248,412,821  -
MHCII-phci-DAB1 HiC_scaffold_3 manual-annotation Exon 248,411,884  248,412,166  -
MHCII-phci-DAB1 HiC_scaffold_3 manual-annotation Exon 248,411,393  248,411,508  -
MHCII-phci-DAB2 HiC_scaffold_3 manual-annotation Gene 248342762 248351571 +
16
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MHCII-phci-DAB2 HiC_scaffold_3 manual-annotation Exon 248,342,762  248,342,862  +
MHCII-phci-DAB2 HiC_scaffold_3 manual-annotation Exon 248,348,696  248,348,963  +
MHCII-phci-DAB2 HiC_scaffold_3 manual-annotation Exon 248,350,698  248,350,980  +
MHCII-phci-DAB2 HiC_scaffold_3 manual-annotation Exon 248,351,456  248,351,571  +
MHCII-phci-DAB3 HiC_scaffold_3 manual-annotation Gene 248560341 248568859 +
MHCII-phci-DAB3 HiC_scaffold_3 manual-annotation Exon 248,560,341  248,560,441  +
MHCII-phci-DAB3 HiC_scaffold_3 manual-annotation Exon 248,565,977  248,566,246  +
MHCII-phci-DAB3 HiC_scaffold_3 manual-annotation Exon 248,567,986  248,568,268  +
MHCII-phci-DAB3 HiC_scaffold_3 manual-annotation Exon 248,568,744  248,568,859  +
MHCII-phci-DAB4 HiC_scaffold_3 manual-annotation Gene 248784871 248796267 +
MHCII-phci-DAB4 HiC_scaffold_3 manual-annotation Exon 248,784,871  248,784,971  +
MHCII-phci-DAB4 HiC_scaffold_3 manual-annotation Exon 248,793,388  248,793,658  +
MHCII-phci-DAB4 HiC_scaffold_3 manual-annotation Exon 248,795,431  248,795,712  +
MHCII-phci-DAB4 HiC_scaffold_3 manual-annotation Exon 248,796,151  248,796,267  +
MHCII-phci-DAB5 HiC_scaffold_3 manual-annotation Gene 248834972 248889299 +
MHCII-phci-DAB5 HiC_scaffold_3 manual-annotation Exon 248,834,972  248,835,072  +
MHCII-phci-DAB5 HiC_scaffold_3 manual-annotation Exon 248,886,549  248,886,819  +
MHCII-phci-DAB5 HiC_scaffold_3 manual-annotation Exon 248,888,412  248,888,694  +
MHCII-phci-DAB5 HiC_scaffold_3 manual-annotation Exon 248,889,184  248,889,299  +
MHCII-phci-DBA1 HiC_scaffold_3 manual-annotation Gene 234000694 234003486 +
MHCII-phci-DBA1 HiC_scaffold_3 manual-annotation Exon 234,000,694  234,000,779  +
MHCII-phci-DBA1 HiC_scaffold_3 manual-annotation Exon 234,001,940  234,002,186  +
MHCII-phci-DBA1 HiC_scaffold_3 manual-annotation Exon 234,002,609  234,002,891  +
MHCII-phci-DBA1 HiC_scaffold_3 manual-annotation Exon 234,003,331  234,003,486  +
MHCII-phci-DBA2 HiC_scaffold_3 manual-annotation Gene 234035287 234038055 +
MHCII-phci-DBA2 HiC_scaffold_3 manual-annotation Exon 234,035,287  234,035,372  +
MHCII-phci-DBA2 HiC_scaffold_3 manual-annotation Exon 234,036,522  234,036,768  +
MHCII-phci-DBA2 HiC_scaffold_3 manual-annotation Exon 234,037,199  234,037,481  +
MHCII-phci-DBA2 HiC_scaffold_3 manual-annotation Exon 234,037,900  234,038,055  +
MHCII-phci-DBA3 HiC_scaffold_3 manual-annotation Gene 234104982 234107739 +
MHCII-phci-DBA3 HiC_scaffold_3 manual-annotation Exon 234,104,982  234,105,067  +
MHCII-phci-DBA3 HiC_scaffold_3 manual-annotation Exon 234,106,228  234,106,474  +
MHCII-phci-DBA3 HiC_scaffold_3 manual-annotation Exon 234,106,906  234,107,187  +
MHCII-phci-DBA3 HiC_scaffold_3 manual-annotation Exon 234,107,584  234,107,739  +
MHCII-phci-DBB1 HiC_scaffold_3 manual-annotation Gene 234125535 234129846 -
MHCII-phci-DBB1 HiC_scaffold_3 manual-annotation Exon 234,129,746  234,129,846  -
MHCII-phci-DBB1 HiC_scaffold_3 manual-annotation Exon 234,126,921  234,127,191  -
MHCII-phci-DBB1 HiC_scaffold_3 manual-annotation Exon 234,126,223  234,126,499  -
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MHCII-phci-DBB1 HiC_scaffold_3 manual-annotation Exon 234,125,535  234,125,650  -
MHCII-phci-DBB2 HiC_scaffold_3 manual-annotation Gene 234056599 234061066 -
MHCII-phci-DBB2 HiC_scaffold_3 manual-annotation Exon 234,060,966  234,061,066  -
MHCII-phci-DBB2 HiC_scaffold_3 manual-annotation Exon 234,058,010  234,058,280  -
MHCII-phci-DBB2 HiC_scaffold_3 manual-annotation Exon 234,057,310  234,057,586  -
MHCII-phci-DBB2 HiC_scaffold_3 manual-annotation Exon 234,056,599  234,056,714  -
MHCII-phci-DBB3 HiC_scaffold_3 manual-annotation Gene 234021734 234026026 -
MHCII-phci-DBB3 HiC_scaffold_3 manual-annotation Exon 234,025,926  234,026,026  -
MHCII-phci-DBB3 HiC_scaffold_3 manual-annotation Exon 234,023,076  234,023,346  -
MHCII-phci-DBB3 HiC_scaffold_3 manual-annotation Exon 234,022,432  234,022,708  -
MHCII-phci-DBB3 HiC_scaffold_3 manual-annotation Exon 234,021,734  234,021,849  -
MHCII-phci-DCA1 HiC_scaffold_3 manual-annotation Gene 233761476 233764946 +
MHCII-phci-DCA1 HiC_scaffold_3 manual-annotation Exon 233,761,476  233,761,558  +
MHCII-phci-DCA1 HiC_scaffold_3 manual-annotation Exon 233,763,171  233,763,414  +
MHCII-phci-DCA1 HiC_scaffold_3 manual-annotation Exon 233,764,323  233,764,605  +
MHCII-phci-DCA1 HiC_scaffold_3 manual-annotation Exon 233,764,815  233,764,946  +
MHCII-phci-DCB1 HiC_scaffold_3 manual-annotation Gene 233748957 233758329 -
MHCII-phci-DCB1 HiC_scaffold_3 manual-annotation Exon 233,758,234  233,758,329  -
MHCII-phci-DCB1 HiC_scaffold_3 manual-annotation Exon 233,753,510  233,753,777  -
MHCII-phci-DCB1 HiC_scaffold_3 manual-annotation Exon 233,750,730  233,751,007  -
MHCII-phci-DCB1 HiC_scaffold_3 manual-annotation Exon 233,749,947  233,750,054  -
MHCII-phci-DCB1 HiC_scaffold_3 manual-annotation Exon 233,748,957  233,749,055  -
MHCII-phci-DMA1 HiC_scaffold_3 manual-annotation Gene 234860093 234862488 -
MHCII-phci-DMA1 HiC_scaffold_3 manual-annotation Exon 234,862,397  234,862,488  -
MHCII-phci-DMA1 HiC_scaffold_3 manual-annotation Exon 234,861,459  234,861,744  -
MHCII-phci-DMA1 HiC_scaffold_3 manual-annotation Exon 234,860,462  234,860,741  -
MHCII-phci-DMA1 HiC_scaffold_3 manual-annotation Exon 234,860,093  234,860,232  -
MHCII-phci-DMB1 HiC_scaffold_3 manual-annotation Gene 234835316 234838731 -
MHCII-phci-DMB1 HiC_scaffold_3 manual-annotation Exon 234,838,676  234,838,731  -
MHCII-phci-DMB1 HiC_scaffold_3 manual-annotation Exon 234,838,002  234,838,287  -
MHCII-phci-DMB1 HiC_scaffold_3 manual-annotation Exon 234,836,539  234,836,821  -
MHCII-phci-DMB1 HiC_scaffold_3 manual-annotation Exon 234,835,481  234,835,598  -
MHCII-phci-DMB1 HiC_scaffold_3 manual-annotation Exon 234,835,316  234,835,356  -
MHCII-vour-DAA1 HiC_scaffold_4 manual-annotation Gene 225262575 225266692 -
MHCII-vour-DAA1 HiC_scaffold_4 manual-annotation Exon 225,266,610  225,266,692  -
MHCII-vour-DAA1 HiC_scaffold_4 manual-annotation Exon 225,263,790  225,264,036  -
MHCII-vour-DAA1 HiC_scaffold_4 manual-annotation Exon 225,263,013  225,263,295  -
MHCII-vour-DAA1 HiC_scaffold_4 manual-annotation Exon 225,262,575  225,262,736  -
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MHCII-vour-DAB1 HiC_scaffold_4 manual-annotation Gene 211944214 211955927 -
MHCII-vour-DAB1 HiC_scaffold_4 manual-annotation Exon 211,955,827  211,955,927  -
MHCII-vour-DAB1 HiC_scaffold_4 manual-annotation Exon 211,947,646  211,947,920  -
MHCII-vour-DAB1 HiC_scaffold_4 manual-annotation Exon 211,945,593  211,945,875  -
MHCII-vour-DAB1 HiC_scaffold_4 manual-annotation Exon 211,945,000  211,945,111  -
MHCII-vour-DAB1 HiC_scaffold_4 manual-annotation Exon 211,944,214  211,944,294  -
MHCII-vour-DBA1 HiC_scaffold_4 manual-annotation Gene 225244165 225246913 -
MHCII-vour-DBA1 HiC_scaffold_4 manual-annotation Exon 225,246,828  225,246,913  -
MHCII-vour-DBA1 HiC_scaffold_4 manual-annotation Exon 225,245,451  225,245,701  -
MHCII-vour-DBA1 HiC_scaffold_4 manual-annotation Exon 225,244,739  225,245,021  -
MHCII-vour-DBA1 HiC_scaffold_4 manual-annotation Exon 225,244,165  225,244,320  -
MHCII-vour-DCA1 HiC_scaffold_4 manual-annotation Gene 225358984 225362534 -
MHCII-vour-DCA1 HiC_scaffold_4 manual-annotation Exon 225,362,452  225,362,534  -
MHCII-vour-DCA1 HiC_scaffold_4 manual-annotation Exon 225,360,595  225,360,838  -
MHCII-vour-DCA1 HiC_scaffold_4 manual-annotation Exon 225,359,382  225,359,664  -
MHCII-vour-DCA1 HiC_scaffold_4 manual-annotation Exon 225,358,984  225,359,175  -
MHCII-vour-DCB1 HiC_scaffold_4 manual-annotation Gene 225365653 225379591 +
MHCII-vour-DCB1 HiC_scaffold_4 manual-annotation Exon 225,365,653  225,365,744  +
MHCII-vour-DCB1 HiC_scaffold_4 manual-annotation Exon 225,374,618  225,374,880  +
MHCII-vour-DCB1 HiC_scaffold_4 manual-annotation Exon 225,377,577  225,377,854  +
MHCII-vour-DCB1 HiC_scaffold_4 manual-annotation Exon 225,378,515  225,378,624  +
MHCII-vour-DCB1 HiC_scaffold_4 manual-annotation Exon 225,379,493  225,379,591  +
MHCII-vour-DMA1 HiC_scaffold_4 manual-annotation Gene 224812596 224814973 +
MHCII-vour-DMA1 HiC_scaffold_4 manual-annotation Exon 224,812,596  224,812,687  +
MHCII-vour-DMA1 HiC_scaffold_4 manual-annotation Exon 224,813,321  224,813,606  +
MHCII-vour-DMA1 HiC_scaffold_4 manual-annotation Exon 224,814,327  224,814,606  +
MHCII-vour-DMA1 HiC_scaffold_4 manual-annotation Exon 224,814,834  224,814,973  +
MHCII-vour-DMB1 HiC_scaffold_4 manual-annotation Gene 224841928 224845332 -
MHCII-vour-DMB1 HiC_scaffold_4 manual-annotation Exon 224,845,262  224,845,332  -
MHCII-vour-DMB1 HiC_scaffold_4 manual-annotation Exon 224,844,601  224,844,886  -
MHCII-vour-DMB1 HiC_scaffold_4 manual-annotation Exon 224,843,139  224,843,421  -
MHCII-vour-DMB1 HiC_scaffold_4 manual-annotation Exon 224,842,090  224,842,207  -
MHCII-vour-DMB1 HiC_scaffold_4 manual-annotation Exon 224,841,928  224,841,968  -
MHCII-Bupa-DAA1 contig_3764 manual-annotation Gene 6809 11166 -
MHCII-Bupa-DAA1 contig_3764 manual-annotation Exon 11084 11166 -
MHCII-Bupa-DAA1 contig_3764 manual-annotation Exon 8011 8257 -
MHCII-Bupa-DAA1 contig_3764 manual-annotation Exon 7240 7521 -
MHCII-Bupa-DAA1 contig_3764 manual-annotation Exon 6809 6970 -
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MHCII-Bupa-DAB1_partial contig_11493 manual-annotation Gene 73082 73974 -
MHCII-Bupa-DAB1_partial contig_11493 manual-annotation Exon 73692 73974 -
MHCII-Bupa-DAB1_partial contig_11493 manual-annotation Exon 73082 73198 -
MHCII-Bupa-DAB2 contig_12258 manual-annotation Gene 100050 116504 -
MHCII-Bupa-DAB2 contig_12258 manual-annotation Exon 116404 116504 -
MHCII-Bupa-DAB2 contig_12258 manual-annotation Exon 105353 105627 -
MHCII-Bupa-DAB2 contig_12258 manual-annotation Exon 100644 100927 -
MHCII-Bupa-DAB2 contig_12258 manual-annotation Exon 100050 100165 -
MHCII-Bupa-DAB3_partial contig_19642 manual-annotation Gene 4483 5364 -
MHCII-Bupa-DAB3_partial contig_19642 manual-annotation Exon 5082 5364 -
MHCII-Bupa-DAB3_partial contig_19642 manual-annotation Exon 4483 4598 -
MHCII-Bupa-DAB4_partial contig_21332 manual-annotation Gene 12143 13045 +
MHCII-Bupa-DAB4_partial contig_21332 manual-annotation Exon 12143 12426 +
MHCII-Bupa-DAB4_partial contig_21332 manual-annotation Exon 12930 13045 +
MHCII-Bupa-DAB5_partial contig_24739 manual-annotation Gene 6329 6429 -
MHCII-Bupa-DAB5_partial contig_24739 manual-annotation Exon 6329 6429 -
MHCII-Bupa-DAB6 contig_24739 manual-annotation Gene 23242 29063 +
MHCII-Bupa-DAB6 contig_24739 manual-annotation Exon 23242 23313 +
MHCII-Bupa-DAB6 contig_24739 manual-annotation Exon 27356 27629 +
MHCII-Bupa-DAB6 contig_24739 manual-annotation Exon 28300 28582 +
MHCII-Bupa-DAB6 contig_24739 manual-annotation Exon 28948 29063 +
MHCII-Bupa-DAB7_partial contig_35898 manual-annotation Gene 15780 18740 +
MHCII-Bupa-DAB7_partial contig_35898 manual-annotation Exon 15780 16054 +
MHCII-Bupa-DAB7_partial contig_35898 manual-annotation Exon 17866 18148 +
MHCII-Bupa-DAB7_partial contig_35898 manual-annotation Exon 18625 18740 +
MHCII-Bupa-DBA1 contig_6514 manual-annotation Gene 137311 140076 -
MHCII-Bupa-DBA1 contig_6514 manual-annotation Exon 139991 140076 -
MHCII-Bupa-DBA1 contig_6514 manual-annotation Exon 138576 138825 -
MHCII-Bupa-DBA1 contig_6514 manual-annotation Exon 137888 138170 -
MHCII-Bupa-DBA1 contig_6514 manual-annotation Exon 137311 137466 -
MHCII-Bupa-DBB1 contig_6514 manual-annotation Gene 91346 95945 +
MHCII-Bupa-DBB1 contig_6514 manual-annotation Exon 91346 91446 +
MHCII-Bupa-DBB1 contig_6514 manual-annotation Exon 94278 94555 +
MHCII-Bupa-DBB1 contig_6514 manual-annotation Exon 94968 95244 +
MHCII-Bupa-DBB1 contig_6514 manual-annotation Exon 95830 95945 +
MHCII-Bupa-DCA1 contig_29543 manual-annotation Gene 11999 15583 -
MHCII-Bupa-DCA1 contig_29543 manual-annotation Exon 15501 15583 -
MHCII-Bupa-DCA1 contig_29543 manual-annotation Exon 13617 13854 -
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MHCII-Bupa-DCA1 contig_29543 manual-annotation Exon 12412 12685 -
MHCII-Bupa-DCA1 contig_29543 manual-annotation Exon 11999 12198 -
MHCII-Bupa-DCB1 contig_29543 manual-annotation Gene 20734 27621 +
MHCII-Bupa-DCB1 contig_14998 manual-annotation Gene 17073 17982 +
MHCII-Bupa-DCB1 contig_29543 manual-annotation Exon 20734 20823 +
MHCII-Bupa-DCB1 contig_29543 manual-annotation Exon 27354 27621 +
MHCII-Bupa-DCB1 contig_14998 manual-annotation Exon 17073 17345 +
MHCII-Bupa-DCB1 contig_14998 manual-annotation Exon 17869 17982 +
MHCII-Bupa-DMA1 contig_6929 manual-annotation Gene 608729 611093 -
MHCII-Bupa-DMA1 contig_6929 manual-annotation Exon 611002 611093 -
MHCII-Bupa-DMA1 contig_6929 manual-annotation Exon 610083 610371 -
MHCII-Bupa-DMA1 contig_6929 manual-annotation Exon 609095 609374 -
MHCII-Bupa-DMA1 contig_6929 manual-annotation Exon 608729 608868 -
MHCII-Bupa-DMB1 contig_6929 manual-annotation Gene 585116 588473 -
MHCII-Bupa-DMB1 contig_6929 manual-annotation Exon 588418 588473 -
MHCII-Bupa-DMB1 contig_6929 manual-annotation Exon 587789 588074 -
MHCII-Bupa-DMB1 contig_6929 manual-annotation Exon 586357 586639 -
MHCII-Bupa-DMB1 contig_6929 manual-annotation Exon 585281 585398 -
MHCII-Bupa-DMB1 contig_6929 manual-annotation Exon 585116 585156 -
MHCII-Phgy-DNAzoo-DAA1 HiC_scaffold_17382 manual-annotation Gene 5149 9452 -
MHCII-Phgy-DNAzoo-DAA1 HiC_scaffold_17382 manual-annotation Exon 9370 9452 -
MHCII-Phgy-DNAzoo-DAA1 HiC_scaffold_17382 manual-annotation Exon 6338 6584 -
MHCII-Phgy-DNAzoo-DAA1 HiC_scaffold_17382 manual-annotation Exon 5575 5857 -
MHCII-Phgy-DNAzoo-DAA1 HiC_scaffold_17382 manual-annotation Exon 5149 5307 -
MHCII-Phgy-DNAzoo-DAB1_partial HiC_scaffold_31372 manual-annotation Gene 1005 1922 +
MHCII-Phgy-DNAzoo-DAB1_partial HiC_scaffold_31372 manual-annotation Exon 1005 1287 +
MHCII-Phgy-DNAzoo-DAB1_partial HiC_scaffold_31372 manual-annotation Exon 1807 1922 +
MHCII-Phgy-DNAzoo-DAB2_partial HiC_scaffold_46120 manual-annotation Gene 3151 4047 -
MHCII-Phgy-DNAzoo-DAB2_partial HiC_scaffold_46120 manual-annotation Exon 3766 4047 -
MHCII-Phgy-DNAzoo-DAB2_partial HiC_scaffold_46120 manual-annotation Exon 3151 3266 -
MHCII-Phgy-DNAzoo-DAB3_partial HiC_scaffold_47992 manual-annotation Gene 3149 4048 -
MHCII-Phgy-DNAzoo-DAB3_partial HiC_scaffold_47992 manual-annotation Exon 3766 4048 -
MHCII-Phgy-DNAzoo-DAB3_partial HiC_scaffold_47992 manual-annotation Exon 3149 3264 -
MHCII-Phgy-DNAzoo-DAB4_partial HiC_scaffold_6 manual-annotation Gene 194030079 194033226 -
MHCII-Phgy-DNAzoo-DAB4_partial HiC_scaffold_6 manual-annotation Exon 194032952 194033226 -
MHCII-Phgy-DNAzoo-DAB4_partial HiC_scaffold_6 manual-annotation Exon 194030742 194031024 -
MHCII-Phgy-DNAzoo-DAB4_partial HiC_scaffold_6 manual-annotation Exon 194030079 194030194 -
MHCII-Phgy-DNAzoo-DAB5_partial HiC_scaffold_6 manual-annotation Gene 194094581 194097131 -
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MHCII-Phgy-DNAzoo-DAB5_partial HiC_scaffold_6 manual-annotation Exon 194096859 194097131 -
MHCII-Phgy-DNAzoo-DAB5_partial HiC_scaffold_6 manual-annotation Exon 194095068 194095350 -
MHCII-Phgy-DNAzoo-DAB5_partial HiC_scaffold_6 manual-annotation Exon 194094581 194094696 -
MHCII-Phgy-DNAzoo-DAB6_partial HiC_scaffold_6 manual-annotation Gene 194135563 194138379 -
MHCII-Phgy-DNAzoo-DAB6_partial HiC_scaffold_6 manual-annotation Exon 194138122 194138379 -
MHCII-Phgy-DNAzoo-DAB6_partial HiC_scaffold_6 manual-annotation Exon 194136113 194136395 -
MHCII-Phgy-DNAzoo-DAB6_partial HiC_scaffold_6 manual-annotation Exon 194135563 194135678 -
MHCII-Phgy-DNAzoo-DAB7_partial HiC_scaffold_67591 manual-annotation Gene 1024 2784 -
MHCII-Phgy-DNAzoo-DAB7_partial HiC_scaffold_67591 manual-annotation Exon 2513 2784 -
MHCII-Phgy-DNAzoo-DAB7_partial HiC_scaffold_67591 manual-annotation Exon 1507 1789 -
MHCII-Phgy-DNAzoo-DAB7_partial HiC_scaffold_67591 manual-annotation Exon 1024 1139 -
MHCII-Phgy-DNAzoo-DBA1 HiC_scaffold_5740 manual-annotation Gene 5284 7989 -
MHCII-Phgy-DNAzoo-DBA1 HiC_scaffold_5740 manual-annotation Exon 7904 7989 -
MHCII-Phgy-DNAzoo-DBA1 HiC_scaffold_5740 manual-annotation Exon 6523 6769 -
MHCII-Phgy-DNAzoo-DBA1 HiC_scaffold_5740 manual-annotation Exon 5863 6145 -
MHCII-Phgy-DNAzoo-DBA1 HiC_scaffold_5740 manual-annotation Exon 5284 5439 -
MHCII-Phgy-DNAzoo-DBA2 HiC_scaffold_7449 manual-annotation Gene 4656 7388 -
MHCII-Phgy-DNAzoo-DBA2 HiC_scaffold_7449 manual-annotation Exon 7303 7388 -
MHCII-Phgy-DNAzoo-DBA2 HiC_scaffold_7449 manual-annotation Exon 5884 6133 -
MHCII-Phgy-DNAzoo-DBA2 HiC_scaffold_7449 manual-annotation Exon 5226 5508 -
MHCII-Phgy-DNAzoo-DBA2 HiC_scaffold_7449 manual-annotation Exon 4656 4811 -
MHCII-Phgy-DNAzoo-DBB1 HiC_scaffold_48783 manual-annotation Gene 1 4160 -
MHCII-Phgy-DNAzoo-DBB1 HiC_scaffold_48783 manual-annotation Exon 4060 4160 -
MHCII-Phgy-DNAzoo-DBB1 HiC_scaffold_48783 manual-annotation Exon 1237 1507 -
MHCII-Phgy-DNAzoo-DBB1 HiC_scaffold_48783 manual-annotation Exon 593 869 -
MHCII-Phgy-DNAzoo-DBB1 HiC_scaffold_48783 manual-annotation Exon 1 43 -
MHCII-Phgy-DNAzoo-DCA1_partial HiC_scaffold_6 manual-annotation Gene 209522146 209522388 +
MHCII-Phgy-DNAzoo-DCA1_partial HiC_scaffold_6 manual-annotation Exon 209522146 209522388 +
MHCII-Phgy-DNAzoo-DCB1 HiC_scaffold_6 manual-annotation Gene 1074 1969 +
MHCII-Phgy-DNAzoo-DCB1 HiC_scaffold_90630 manual-annotation Gene 209372088 209379694 +
MHCII-Phgy-DNAzoo-DCB1 HiC_scaffold_6 manual-annotation Exon 209372088 209372188 +
MHCII-Phgy-DNAzoo-DCB1 HiC_scaffold_6 manual-annotation Exon 209379427 209379694 +
MHCII-Phgy-DNAzoo-DCB1 HiC_scaffold_90630 manual-annotation Exon 1074 1351 +
MHCII-Phgy-DNAzoo-DCB1 HiC_scaffold_90630 manual-annotation Exon 1854 1969 +
MHCII-Phgy-DNAzoo-DMA1 HiC_scaffold_6 manual-annotation Gene 209802181 209804534 -
MHCII-Phgy-DNAzoo-DMA1 HiC_scaffold_6 manual-annotation Exon 209804455 209804534 -
MHCII-Phgy-DNAzoo-DMA1 HiC_scaffold_6 manual-annotation Exon 209803536 209803824 -
MHCII-Phgy-DNAzoo-DMA1 HiC_scaffold_6 manual-annotation Exon 209802537 209802816 -
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MHCII-Phgy-DNAzoo-DMA1 HiC_scaffold_6 manual-annotation Exon 209802181 209802320 -
MHCII-Phgy-DNAzoo-DMB1 HiC_scaffold_6 manual-annotation Gene 209781475 209784823 -
MHCII-Phgy-DNAzoo-DMB1 HiC_scaffold_6 manual-annotation Exon 209784768 209784823 -
MHCII-Phgy-DNAzoo-DMB1 HiC_scaffold_6 manual-annotation Exon 209784104 209784386 -
MHCII-Phgy-DNAzoo-DMB1 HiC_scaffold_6 manual-annotation Exon 209782681 209782963 -
MHCII-Phgy-DNAzoo-DMB1 HiC_scaffold_6 manual-annotation Exon 209781639 209781756 -
MHCII-Phgy-DNAzoo-DMB1 HiC_scaffold_6 manual-annotation Exon 209781475 209781515 -
MHCII-Trvu-DAA1 SUPER_7 manual-annotation Gene 268906380 268910629 +
MHCII-Trvu-DAA1 SUPER_7 manual-annotation Exon 268906380 268906462 +
MHCII-Trvu-DAA1 SUPER_7 manual-annotation Exon 268909213 268909459 +
MHCII-Trvu-DAA1 SUPER_7 manual-annotation Exon 268909940 268910222 +
MHCII-Trvu-DAA1 SUPER_7 manual-annotation Exon 268910471 268910629 +
MHCII-Trvu-DAB1 SUPER_7 manual-annotation Gene 242933389 242961027 -
MHCII-Trvu-DAB1 SUPER_7 manual-annotation Exon 242960927 242961027 -
MHCII-Trvu-DAB1 SUPER_7 manual-annotation Exon 242936805 242937078 -
MHCII-Trvu-DAB1 SUPER_7 manual-annotation Exon 242933921 242934198 -
MHCII-Trvu-DAB1 SUPER_7 manual-annotation Exon 242933389 242933504 -
MHCII-Trvu-DAB10 SUPER_7 manual-annotation Gene 243743555 243752517 +
MHCII-Trvu-DAB10 SUPER_7 manual-annotation Exon 243743555 243743655 +
MHCII-Trvu-DAB10 SUPER_7 manual-annotation Exon 243749675 243749949 +
MHCII-Trvu-DAB10 SUPER_7 manual-annotation Exon 243751625 243751902 +
MHCII-Trvu-DAB10 SUPER_7 manual-annotation Exon 243752402 243752517 +
MHCII-Trvu-DAB11 SUPER_7 manual-annotation Gene 243141014 243154944 +
MHCII-Trvu-DAB11 SUPER_7 manual-annotation Exon 243141014 243141114 +
MHCII-Trvu-DAB11 SUPER_7 manual-annotation Exon 243152182 243152456 +
MHCII-Trvu-DAB11 SUPER_7 manual-annotation Exon 243154078 243154355 +
MHCII-Trvu-DAB11 SUPER_7 manual-annotation Exon 243154832 243154944 +
MHCII-Trvu-DAB12 SUPER_7 manual-annotation Gene 243808299 243820366 +
MHCII-Trvu-DAB12 SUPER_7 manual-annotation Exon 243808299 243808399 +
MHCII-Trvu-DAB12 SUPER_7 manual-annotation Exon 243817435 243817703 +
MHCII-Trvu-DAB12 SUPER_7 manual-annotation Exon 243819471 243819748 +
MHCII-Trvu-DAB12 SUPER_7 manual-annotation Exon 243820251 243820366 +
MHCII-Trvu-DAB2 SUPER_7 manual-annotation Gene 243853319 243880570 -
MHCII-Trvu-DAB2 SUPER_7 manual-annotation Exon 243880470 243880570 -
MHCII-Trvu-DAB2 SUPER_7 manual-annotation Exon 243855982 243856256 -
MHCII-Trvu-DAB2 SUPER_7 manual-annotation Exon 243853911 243854188 -
MHCII-Trvu-DAB2 SUPER_7 manual-annotation Exon 243853319 243853434 -
MHCII-Trvu-DAB3 SUPER_7 manual-annotation Gene 243935517 243944879 -
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MHCII-Trvu-DAB3 SUPER_7 manual-annotation Exon 243944779 243944879 -
MHCII-Trvu-DAB3 SUPER_7 manual-annotation Exon 243938432 243938701 -
MHCII-Trvu-DAB3 SUPER_7 manual-annotation Exon 243936113 243936395 -
MHCII-Trvu-DAB3 SUPER_7 manual-annotation Exon 243935517 243935632 -
MHCII-Trvu-DAB4 SUPER_7 manual-annotation Gene 244030871 244040225 -
MHCII-Trvu-DAB4 SUPER_7 manual-annotation Exon 244040125 244040225 -
MHCII-Trvu-DAB4 SUPER_7 manual-annotation Exon 244033842 244034110 -
MHCII-Trvu-DAB4 SUPER_7 manual-annotation Exon 244031490 244031767 -
MHCII-Trvu-DAB4 SUPER_7 manual-annotation Exon 244030871 244030986 -
MHCII-Trvu-DAB5 SUPER_7 manual-annotation Gene 244122046 244138230 -
MHCII-Trvu-DAB5 SUPER_7 manual-annotation Exon 244138130 244138230 -
MHCII-Trvu-DAB5 SUPER_7 manual-annotation Exon 244124967 244125238 -
MHCII-Trvu-DAB5 SUPER_7 manual-annotation Exon 244122646 244122923 -
MHCII-Trvu-DAB5 SUPER_7 manual-annotation Exon 244122046 244122161 -
MHCII-Trvu-DAB6 scaffold_43_arrow_ctg1 manual-annotation Gene 111875 120843 -
MHCII-Trvu-DAB6 scaffold_43_arrow_ctg1 manual-annotation Exon 120740 120843 -
MHCII-Trvu-DAB6 scaffold_43_arrow_ctg1 manual-annotation Exon 114727 114997 -
MHCII-Trvu-DAB6 scaffold_43_arrow_ctg1 manual-annotation Exon 112494 112771 -
MHCII-Trvu-DAB6 scaffold_43_arrow_ctg1 manual-annotation Exon 111875 111990 -
MHCII-Trvu-DAB7 SUPER_7 manual-annotation Gene 243049773 243063022 +
MHCII-Trvu-DAB7 SUPER_7 manual-annotation Exon 243049773 243049873 +
MHCII-Trvu-DAB7 SUPER_7 manual-annotation Exon 243059921 243060191 +
MHCII-Trvu-DAB7 SUPER_7 manual-annotation Exon 243062107 243062384 +
MHCII-Trvu-DAB7 SUPER_7 manual-annotation Exon 243062907 243063022 +
MHCII-Trvu-DAB8 SUPER_7 manual-annotation Gene 243308668 243332506 +
MHCII-Trvu-DAB8 SUPER_7 manual-annotation Exon 243308668 243308768 +
MHCII-Trvu-DAB8 SUPER_7 manual-annotation Exon 243328897 243329167 +
MHCII-Trvu-DAB8 SUPER_7 manual-annotation Exon 243331628 243331910 +
MHCII-Trvu-DAB8 SUPER_7 manual-annotation Exon 243332391 243332506 +
MHCII-Trvu-DAB9 SUPER_7 manual-annotation Gene 243644502 243653938 +
MHCII-Trvu-DAB9 SUPER_7 manual-annotation Exon 243644502 243644602 +
MHCII-Trvu-DAB9 SUPER_7 manual-annotation Exon 243650670 243650938 +
MHCII-Trvu-DAB9 SUPER_7 manual-annotation Exon 243653042 243653319 +
MHCII-Trvu-DAB9 SUPER_7 manual-annotation Exon 243653823 243653938 +
MHCII-Trvu-DBA1 SUPER_7 manual-annotation Gene 268942173 268944876 +
MHCII-Trvu-DBA1 SUPER_7 manual-annotation Exon 268942173 268942258 +
MHCII-Trvu-DBA1 SUPER_7 manual-annotation Exon 268943352 268943601 +
MHCII-Trvu-DBA1 SUPER_7 manual-annotation Exon 268944008 268944290 +
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MHCII-Trvu-DBA1 SUPER_7 manual-annotation Exon 268944721 268944876 +
MHCII-Trvu-DBA2 SUPER_7 manual-annotation Gene 269106722 269109515 +
MHCII-Trvu-DBA2 SUPER_7 manual-annotation Exon 269106722 269106807 +
MHCII-Trvu-DBA2 SUPER_7 manual-annotation Exon 269107977 269108226 +
MHCII-Trvu-DBA2 SUPER_7 manual-annotation Exon 269108635 269108917 +
MHCII-Trvu-DBA2 SUPER_7 manual-annotation Exon 269109360 269109515 +
MHCII-Trvu-DBB1 SUPER_7 manual-annotation Gene 268972749 268976953 -
MHCII-Trvu-DBB1 SUPER_7 manual-annotation Exon 268976853 268976953 -
MHCII-Trvu-DBB1 SUPER_7 manual-annotation Exon 268974098 268974368 -
MHCII-Trvu-DBB1 SUPER_7 manual-annotation Exon 268973424 268973700 -
MHCII-Trvu-DBB1 SUPER_7 manual-annotation Exon 268972749 268972864 -
MHCII-Trvu-DBB2 SUPER_7 manual-annotation Gene 269130380 269134763 -
MHCII-Trvu-DBB2 SUPER_7 manual-annotation Exon 269134663 269134763 -
MHCII-Trvu-DBB2 SUPER_7 manual-annotation Exon 269131729 269131999 -
MHCII-Trvu-DBB2 SUPER_7 manual-annotation Exon 269131072 269131348 -
MHCII-Trvu-DBB2 SUPER_7 manual-annotation Exon 269130380 269130495 -
MHCII-Trvu-DCA1 SUPER_7 manual-annotation Gene 268207518 268211178 +
MHCII-Trvu-DCA1 SUPER_7 manual-annotation Exon 268207518 268207600 +
MHCII-Trvu-DCA1 SUPER_7 manual-annotation Exon 268209273 268209515 +
MHCII-Trvu-DCA1 SUPER_7 manual-annotation Exon 268210455 268210743 +
MHCII-Trvu-DCA1 SUPER_7 manual-annotation Exon 268210964 268211178 +
MHCII-Trvu-DCB1 SUPER_7 manual-annotation Gene 268184939 268200750 -
MHCII-Trvu-DCB1 SUPER_7 manual-annotation Exon 268200659 268200750 -
MHCII-Trvu-DCB1 SUPER_7 manual-annotation Exon 268193823 268194090 -
MHCII-Trvu-DCB1 SUPER_7 manual-annotation Exon 268186562 268186849 -
MHCII-Trvu-DCB1 SUPER_7 manual-annotation Exon 268185960 268186063 -
MHCII-Trvu-DCB1 SUPER_7 manual-annotation Exon 268184939 268185037 -
MHCII-Trvu-DMA1 SUPER_7 manual-annotation Gene 269941666 269944016 -
MHCII-Trvu-DMA1 SUPER_7 manual-annotation Exon 269943938 269944016 -
MHCII-Trvu-DMA1 SUPER_7 manual-annotation Exon 269943017 269943305 -
MHCII-Trvu-DMA1 SUPER_7 manual-annotation Exon 269942023 269942302 -
MHCII-Trvu-DMA1 SUPER_7 manual-annotation Exon 269941666 269941805 -
MHCII-Trvu-DMB1 SUPER_7 manual-annotation Gene 269922318 269925698 -
MHCII-Trvu-DMB1 SUPER_7 manual-annotation Exon 269925643 269925698 -
MHCII-Trvu-DMB1 SUPER_7 manual-annotation Exon 269924973 269925255 -
MHCII-Trvu-DMB1 SUPER_7 manual-annotation Exon 269923539 269923821 -
MHCII-Trvu-DMB1 SUPER_7 manual-annotation Exon 269922482 269922599 -
MHCII-Trvu-DMB1 SUPER_7 manual-annotation Exon 269922318 269922358 -
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MHCII-Magi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Gene 388147167 388151448 -
MHCII-Magi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 388151366 388151448 -
MHCII-Magi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 388148359 388148605 -
MHCII-Magi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 388147599 388147881 -
MHCII-Magi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 388147167 388147328 -
MHCII-Magi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Gene 374450330 374465956 -
MHCII-Magi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 374465855 374465956 -
MHCII-Magi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 374453116 374453390 -
MHCII-Magi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 374450935 374451217 -
MHCII-Magi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 374450330 374450445 -
MHCII-Magi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Gene 387603490 387606243 +
MHCII-Magi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 387603490 387603579 +
MHCII-Magi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 387604713 387604959 +
MHCII-Magi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 387605355 387605637 +
MHCII-Magi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 387606088 387606243 +
MHCII-Magi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Gene 387653039 387656357 +
MHCII-Magi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 387653039 387653130 +
MHCII-Magi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 387654814 387655060 +
MHCII-Magi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 387655467 387655749 +
MHCII-Magi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 387656202 387656357 +
MHCII-Magi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Gene 387730643 387733405 +
MHCII-Magi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 387730643 387730732 +
MHCII-Magi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 387731872 387732118 +
MHCII-Magi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 387732512 387732794 +
MHCII-Magi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 387733250 387733405 +
MHCII-Magi-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Gene 387812825 387822422 -
MHCII-Magi-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Exon 387822333 387822422 -
MHCII-Magi-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Exon 387820983 387821232 -
MHCII-Magi-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Exon 387813426 387813709 -
MHCII-Magi-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Exon 387812825 387812973 -
MHCII-Magi-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Gene 387894263 387897001 -
MHCII-Magi-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Exon 387896912 387897001 -
MHCII-Magi-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Exon 387895520 387895766 -
MHCII-Magi-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Exon 387894842 387895124 -
MHCII-Magi-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Exon 387894263 387894418 -
MHCII-Magi-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Gene 388039094 388041853 -
MHCII-Magi-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Exon 388041764 388041853 -
MHCII-Magi-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Exon 388040378 388040624 -
26



Sequence Name Scaffold Source Feature Start End Strand
MHCII-Magi-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Exon 388039700 388039982 -
MHCII-Magi-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Exon 388039094 388039249 -
MHCII-Magi-DNAzoo-DBA7 HiC_scaffold_2 manual-annotation Gene 388114598 388117339 -
MHCII-Magi-DNAzoo-DBA7 HiC_scaffold_2 manual-annotation Exon 388117250 388117339 -
MHCII-Magi-DNAzoo-DBA7 HiC_scaffold_2 manual-annotation Exon 388115879 388116125 -
MHCII-Magi-DNAzoo-DBA7 HiC_scaffold_2 manual-annotation Exon 388115204 388115486 -
MHCII-Magi-DNAzoo-DBA7 HiC_scaffold_2 manual-annotation Exon 388114598 388114753 -
MHCII-Magi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Gene 387629463 387633720 -
MHCII-Magi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 387633620 387633720 -
MHCII-Magi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 387630828 387631098 -
MHCII-Magi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 387630153 387630429 -
MHCII-Magi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 387629463 387629578 -
MHCII-Magi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Gene 387705545 387709563 -
MHCII-Magi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 387709463 387709563 -
MHCII-Magi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 387706896 387707166 -
MHCII-Magi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 387706226 387706502 -
MHCII-Magi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 387705545 387705660 -
MHCII-Magi-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Gene 387784203 387788476 +
MHCII-Magi-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Exon 387784203 387784303 +
MHCII-Magi-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Exon 387786828 387787098 +
MHCII-Magi-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Exon 387787504 387787780 +
MHCII-Magi-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Exon 387788361 387788476 +
MHCII-Magi-DNAzoo-DBB4 HiC_scaffold_2 manual-annotation Gene 387866023 387870150 +
MHCII-Magi-DNAzoo-DBB4 HiC_scaffold_2 manual-annotation Exon 387866023 387866123 +
MHCII-Magi-DNAzoo-DBB4 HiC_scaffold_2 manual-annotation Exon 387868512 387868782 +
MHCII-Magi-DNAzoo-DBB4 HiC_scaffold_2 manual-annotation Exon 387869181 387869457 +
MHCII-Magi-DNAzoo-DBB4 HiC_scaffold_2 manual-annotation Exon 387870035 387870150 +
MHCII-Magi-DNAzoo-DBB5 HiC_scaffold_2 manual-annotation Gene 388007864 388012087 +
MHCII-Magi-DNAzoo-DBB5 HiC_scaffold_2 manual-annotation Exon 388007864 388007964 +
MHCII-Magi-DNAzoo-DBB5 HiC_scaffold_2 manual-annotation Exon 388010468 388010738 +
MHCII-Magi-DNAzoo-DBB5 HiC_scaffold_2 manual-annotation Exon 388011133 388011409 +
MHCII-Magi-DNAzoo-DBB5 HiC_scaffold_2 manual-annotation Exon 388011972 388012087 +
MHCII-Magi-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Gene 388696217 388697994 -
MHCII-Magi-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 388697751 388697994 -
MHCII-Magi-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 388696551 388696833 -
MHCII-Magi-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 388696217 388696355 -
MHCII-Magi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Gene 388700535 388719291 +
MHCII-Magi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 388700535 388700629 +
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MHCII-Magi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 388707368 388707599 +
MHCII-Magi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 388710258 388710533 +
MHCII-Magi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 388711053 388711140 +
MHCII-Magi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 388718310 388718339 +
MHCII-Magi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 388719193 388719291 +
MHCII-Magi-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Gene 386998147 387000579 +
MHCII-Magi-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 386998147 386998238 +
MHCII-Magi-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 386998886 386999171 +
MHCII-Magi-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 386999941 387000220 +
MHCII-Magi-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 387000440 387000579 +
MHCII-Magi-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Gene 387018127 387021403 +
MHCII-Magi-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 387018127 387018182 +
MHCII-Magi-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 387018507 387018789 +
MHCII-Magi-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 387019954 387020236 +
MHCII-Magi-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 387021123 387021240 +
MHCII-Magi-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 387021363 387021403 +
MHCII-maru-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Gene 68088339 68092613 +
MHCII-maru-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 68088339 68088421 +
MHCII-maru-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 68091174 68091420 +
MHCII-maru-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 68091899 68092181 +
MHCII-maru-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 68092452 68092613 +
MHCII-maru-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Gene 82937437 82947993 +
MHCII-maru-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 82937437 82937537 +
MHCII-maru-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 82945226 82945480 +
MHCII-maru-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 82947104 82947386 +
MHCII-maru-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 82947878 82947993 +
MHCII-maru-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Gene 83048655 83059923 -
MHCII-maru-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 83059823 83059923 -
MHCII-maru-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 83051230 83051504 -
MHCII-maru-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 83049242 83049524 -
MHCII-maru-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 83048655 83048770 -
MHCII-maru-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Gene 83125797 83159806 -
MHCII-maru-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 83159706 83159806 -
MHCII-maru-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 83130749 83131023 -
MHCII-maru-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 83126348 83126630 -
MHCII-maru-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 83125797 83125912 -
MHCII-maru-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Gene 83217845 83226673 -
MHCII-maru-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 83226575 83226673 -
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MHCII-maru-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 83220383 83220657 -
MHCII-maru-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 83218407 83218689 -
MHCII-maru-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 83217845 83217960 -
MHCII-maru-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Gene 83322648 83336803 +
MHCII-maru-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 83322648 83322749 +
MHCII-maru-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 83333930 83334189 +
MHCII-maru-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 83335924 83336206 +
MHCII-maru-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 83336688 83336803 +
MHCII-maru-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Gene 68124449 68127178 +
MHCII-maru-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 68124449 68124538 +
MHCII-maru-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 68125663 68125909 +
MHCII-maru-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 68126290 68126572 +
MHCII-maru-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 68127023 68127178 +
MHCII-maru-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Gene 68143135 68147384 -
MHCII-maru-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 68147284 68147384 -
MHCII-maru-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 68144484 68144754 -
MHCII-maru-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 68143824 68144100 -
MHCII-maru-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 68143135 68143250 -
MHCII-maru-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Gene 67277114 67278978 +
MHCII-maru-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 67277114 67277357 +
MHCII-maru-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 67278278 67278553 +
MHCII-maru-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 67278771 67278978 +
MHCII-maru-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Gene 67254395 67273139 -
MHCII-maru-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 67273045 67273139 -
MHCII-maru-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 67266040 67266271 -
MHCII-maru-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 67263106 67263381 -
MHCII-maru-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 67262510 67262584 -
MHCII-maru-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 67255339 67255368 -
MHCII-maru-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 67254395 67254493 -
MHCII-maru-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Gene 69174106 69176498 -
MHCII-maru-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 69176407 69176498 -
MHCII-maru-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 69175468 69175753 -
MHCII-maru-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 69174465 69174744 -
MHCII-maru-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 69174106 69174245 -
MHCII-maru-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Gene 69153308 69156613 -
MHCII-maru-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 69156558 69156613 -
MHCII-maru-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 69155952 69156234 -
MHCII-maru-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 69154505 69154787 -
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MHCII-maru-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 69153471 69153588 -
MHCII-maru-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 69153308 69153348 -
MHCII-Mafu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Gene 359753260 359757546 -
MHCII-Mafu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 359,757,464  359,757,546  -
MHCII-Mafu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 359,754,452  359,754,698  -
MHCII-Mafu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 359,753,692  359,753,974  -
MHCII-Mafu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 359,753,260  359,753,421  -
MHCII-Mafu-DNAzoo-DAB1_partial HiC_scaffold_117073 manual-annotation Gene 338 1282 +
MHCII-Mafu-DNAzoo-DAB1_partial HiC_scaffold_117073 manual-annotation Exon 338 594 +
MHCII-Mafu-DNAzoo-DAB1_partial HiC_scaffold_117073 manual-annotation Exon 1053 1282 +
MHCII-Mafu-DNAzoo-DAB10_partial HiC_scaffold_3958 manual-annotation Gene 13030 13974 -
MHCII-Mafu-DNAzoo-DAB10_partial HiC_scaffold_3958 manual-annotation Exon 13721 13974 -
MHCII-Mafu-DNAzoo-DAB10_partial HiC_scaffold_3958 manual-annotation Exon 13030 13145 -
MHCII-Mafu-DNAzoo-DAB11_partial HiC_scaffold_46869 manual-annotation Gene 186 1108 +
MHCII-Mafu-DNAzoo-DAB11_partial HiC_scaffold_46869 manual-annotation Exon 186 415 +
MHCII-Mafu-DNAzoo-DAB11_partial HiC_scaffold_46869 manual-annotation Exon 993 1108 +
MHCII-Mafu-DNAzoo-DAB12_partial HiC_scaffold_5108 manual-annotation Gene 11346 12224 -
MHCII-Mafu-DNAzoo-DAB12_partial HiC_scaffold_5108 manual-annotation Exon 11952 12224 -
MHCII-Mafu-DNAzoo-DAB12_partial HiC_scaffold_5108 manual-annotation Exon 11346 11461 -
MHCII-Mafu-DNAzoo-DAB13_partial HiC_scaffold_56024 manual-annotation Gene 1 715 +
MHCII-Mafu-DNAzoo-DAB13_partial HiC_scaffold_56024 manual-annotation Exon 1 111 +
MHCII-Mafu-DNAzoo-DAB13_partial HiC_scaffold_56024 manual-annotation Exon 600 715 +
MHCII-Mafu-DNAzoo-DAB14_partial HiC_scaffold_70 manual-annotation Gene 25066 36311 -
MHCII-Mafu-DNAzoo-DAB14_partial HiC_scaffold_70 manual-annotation Exon 36211 36311 -
MHCII-Mafu-DNAzoo-DAB14_partial HiC_scaffold_70 manual-annotation Exon 26991 27252 -
MHCII-Mafu-DNAzoo-DAB14_partial HiC_scaffold_70 manual-annotation Exon 25066 25262 -
MHCII-Mafu-DNAzoo-DAB15_partial HiC_scaffold_7256 manual-annotation Gene 3962 12695 +
MHCII-Mafu-DNAzoo-DAB15_partial HiC_scaffold_7256 manual-annotation Exon 3962 4062 +
MHCII-Mafu-DNAzoo-DAB15_partial HiC_scaffold_7256 manual-annotation Exon 12421 12695 +
MHCII-Mafu-DNAzoo-DAB16 HiC_scaffold_7651 manual-annotation Gene 3179 11841 -
MHCII-Mafu-DNAzoo-DAB16 HiC_scaffold_7651 manual-annotation Exon 11741 11841 -
MHCII-Mafu-DNAzoo-DAB16 HiC_scaffold_7651 manual-annotation Exon 5764 6032 -
MHCII-Mafu-DNAzoo-DAB16 HiC_scaffold_7651 manual-annotation Exon 3785 4066 -
MHCII-Mafu-DNAzoo-DAB16 HiC_scaffold_7651 manual-annotation Exon 3179 3291 -
MHCII-Mafu-DNAzoo-DAB17_partial HiC_scaffold_82084 manual-annotation Gene 655 1542 +
MHCII-Mafu-DNAzoo-DAB17_partial HiC_scaffold_82084 manual-annotation Exon 655 937 +
MHCII-Mafu-DNAzoo-DAB17_partial HiC_scaffold_82084 manual-annotation Exon 1427 1542 +
MHCII-Mafu-DNAzoo-DAB18_partial HiC_scaffold_95775 manual-annotation Gene 857 1729 -
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MHCII-Mafu-DNAzoo-DAB18_partial HiC_scaffold_95775 manual-annotation Exon 1464 1729 -
MHCII-Mafu-DNAzoo-DAB18_partial HiC_scaffold_95775 manual-annotation Exon 857 972 -
MHCII-Mafu-DNAzoo-DAB2_partial HiC_scaffold_123525 manual-annotation Gene 432 1205 -
MHCII-Mafu-DNAzoo-DAB2_partial HiC_scaffold_123525 manual-annotation Exon 1045 1205 -
MHCII-Mafu-DNAzoo-DAB2_partial HiC_scaffold_123525 manual-annotation Exon 432 547 -
MHCII-Mafu-DNAzoo-DAB3_partial HiC_scaffold_17878 manual-annotation Gene 2943 8380 +
MHCII-Mafu-DNAzoo-DAB3_partial HiC_scaffold_17878 manual-annotation Exon 2943 3219 +
MHCII-Mafu-DNAzoo-DAB3_partial HiC_scaffold_17878 manual-annotation Exon 7557 7828 +
MHCII-Mafu-DNAzoo-DAB3_partial HiC_scaffold_17878 manual-annotation Exon 8265 8380 +
MHCII-Mafu-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Gene 347610881 347646487 -
MHCII-Mafu-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 347646387 347646487 -
MHCII-Mafu-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 347611965 347612129 -
MHCII-Mafu-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 347611383 347611648 -
MHCII-Mafu-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 347610881 347610996 -
MHCII-Mafu-DNAzoo-DAB5_partial HiC_scaffold_2208 manual-annotation Gene 12262 13118 -
MHCII-Mafu-DNAzoo-DAB5_partial HiC_scaffold_2208 manual-annotation Exon 12847 13118 -
MHCII-Mafu-DNAzoo-DAB5_partial HiC_scaffold_2208 manual-annotation Exon 12262 12372 -
MHCII-Mafu-DNAzoo-DAB6_partial HiC_scaffold_23581 manual-annotation Gene 2876 4144 -
MHCII-Mafu-DNAzoo-DAB6_partial HiC_scaffold_23581 manual-annotation Exon 3921 4144 -
MHCII-Mafu-DNAzoo-DAB6_partial HiC_scaffold_23581 manual-annotation Exon 2876 2990 -
MHCII-Mafu-DNAzoo-DAB7_partial HiC_scaffold_31995 manual-annotation Gene 5649 6519 -
MHCII-Mafu-DNAzoo-DAB7_partial HiC_scaffold_31995 manual-annotation Exon 6254 6519 -
MHCII-Mafu-DNAzoo-DAB7_partial HiC_scaffold_31995 manual-annotation Exon 5649 5764 -
MHCII-Mafu-DNAzoo-DAB8_partial HiC_scaffold_34056 manual-annotation Gene 5295 6166 +
MHCII-Mafu-DNAzoo-DAB8_partial HiC_scaffold_34056 manual-annotation Exon 5295 5569 +
MHCII-Mafu-DNAzoo-DAB8_partial HiC_scaffold_34056 manual-annotation Exon 6013 6166 +
MHCII-Mafu-DNAzoo-DAB9_partial HiC_scaffold_34932 manual-annotation Gene 784 1686 +
MHCII-Mafu-DNAzoo-DAB9_partial HiC_scaffold_34932 manual-annotation Exon 784 1066 +
MHCII-Mafu-DNAzoo-DAB9_partial HiC_scaffold_34932 manual-annotation Exon 1571 1686 +
MHCII-Mafu-DNAzoo-DBA1 HiC_scaffold_11901 manual-annotation Gene 6918 9648 +
MHCII-Mafu-DNAzoo-DBA1 HiC_scaffold_11901 manual-annotation Exon 6,918               7,007               +
MHCII-Mafu-DNAzoo-DBA1 HiC_scaffold_11901 manual-annotation Exon 8,118               8,364               +
MHCII-Mafu-DNAzoo-DBA1 HiC_scaffold_11901 manual-annotation Exon 8,760               9,042               +
MHCII-Mafu-DNAzoo-DBA1 HiC_scaffold_11901 manual-annotation Exon 9,493               9,648               +
MHCII-Mafu-DNAzoo-DBA2 HiC_scaffold_19462 manual-annotation Gene 4780 8029 +
MHCII-Mafu-DNAzoo-DBA2 HiC_scaffold_19462 manual-annotation Exon 4,780               4,871               +
MHCII-Mafu-DNAzoo-DBA2 HiC_scaffold_19462 manual-annotation Exon 6,485               6,731               +
MHCII-Mafu-DNAzoo-DBA2 HiC_scaffold_19462 manual-annotation Exon 7,138               7,419               +
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MHCII-Mafu-DNAzoo-DBA2 HiC_scaffold_19462 manual-annotation Exon 7,874               8,029               +
MHCII-Mafu-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Gene 359475426 359478189 -
MHCII-Mafu-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 359,478,100  359,478,189  -
MHCII-Mafu-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 359,476,713  359,476,959  -
MHCII-Mafu-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 359,476,037  359,476,319  -
MHCII-Mafu-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 359,475,426  359,475,581  -
MHCII-Mafu-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Gene 359565730 359575275 -
MHCII-Mafu-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Exon 359,575,186  359,575,275  -
MHCII-Mafu-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Exon 359,573,838  359,574,087  -
MHCII-Mafu-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Exon 359,566,331  359,566,614  -
MHCII-Mafu-DNAzoo-DBA4 HiC_scaffold_2 manual-annotation Exon 359,565,730  359,565,878  -
MHCII-Mafu-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Gene 359627455 359630147 -
MHCII-Mafu-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Exon 359,630,058  359,630,147  -
MHCII-Mafu-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Exon 359,628,700  359,628,949  -
MHCII-Mafu-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Exon 359,628,034  359,628,316  -
MHCII-Mafu-DNAzoo-DBA5 HiC_scaffold_2 manual-annotation Exon 359,627,455  359,627,610  -
MHCII-Mafu-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Gene 359687443 359690321 -
MHCII-Mafu-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Exon 359,690,243  359,690,321  -
MHCII-Mafu-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Exon 359,688,827  359,689,075  -
MHCII-Mafu-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Exon 359,688,134  359,688,416  -
MHCII-Mafu-DNAzoo-DBA6 HiC_scaffold_2 manual-annotation Exon 359,687,443  359,687,598  -
MHCII-Mafu-DNAzoo-DBA7 HiC_scaffold_51190 manual-annotation Gene 1158 4011 +
MHCII-Mafu-DNAzoo-DBA7 HiC_scaffold_51190 manual-annotation Exon 1,158               1,236               +
MHCII-Mafu-DNAzoo-DBA7 HiC_scaffold_51190 manual-annotation Exon 2,394               2,644               +
MHCII-Mafu-DNAzoo-DBA7 HiC_scaffold_51190 manual-annotation Exon 3,053               3,335               +
MHCII-Mafu-DNAzoo-DBA7 HiC_scaffold_51190 manual-annotation Exon 3,856               4,011               +
MHCII-Mafu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Gene 359499263 359541364 +
MHCII-Mafu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 359,499,263  359,499,363  +
MHCII-Mafu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 359,501,657  359,501,927  +
MHCII-Mafu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 359,502,321  359,502,597  +
MHCII-Mafu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 359,541,249  359,541,364  +
MHCII-Mafu-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Gene 359720636 359724753 -
MHCII-Mafu-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 359,724,653  359,724,753  -
MHCII-Mafu-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 359,722,002  359,722,272  -
MHCII-Mafu-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 359,721,328  359,721,604  -
MHCII-Mafu-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 359,720,636  359,720,751  -
MHCII-Mafu-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Gene 359862736 359864603 -
MHCII-Mafu-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 359,864,360  359,864,603  -
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MHCII-Mafu-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 359,863,161  359,863,438  -
MHCII-Mafu-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 359,862,736  359,862,945  -
MHCII-Mafu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Gene 359867145 359885855 +
MHCII-Mafu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 359,867,145  359,867,239  +
MHCII-Mafu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 359,873,932  359,874,165  +
MHCII-Mafu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 359,876,833  359,877,108  +
MHCII-Mafu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 359,877,628  359,877,715  +
MHCII-Mafu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 359,884,882  359,884,911  +
MHCII-Mafu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 359,885,757  359,885,855  +
MHCII-Mafu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Gene 358889372 358891802 +
MHCII-Mafu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 358,889,372  358,889,463  +
MHCII-Mafu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 358,890,113  358,890,398  +
MHCII-Mafu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 358,891,164  358,891,443  +
MHCII-Mafu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 358,891,663  358,891,802  +
MHCII-Mafu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Gene 358909361 358912681 +
MHCII-Mafu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 358,909,361  358,909,416  +
MHCII-Mafu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 358,909,741  358,910,023  +
MHCII-Mafu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 358,911,187  358,911,469  +
MHCII-Mafu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 358,912,401  358,912,518  +
MHCII-Mafu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 358,912,641  358,912,681  +
MHCII-Lahi-DAA1 HiC_scaffold_1 manual-annotation Gene 210756689 210760974 -
MHCII-Lahi-DAA1 HiC_scaffold_1 manual-annotation Exon 210760892 210760974 -
MHCII-Lahi-DAA1 HiC_scaffold_1 manual-annotation Exon 210757881 210758147 -
MHCII-Lahi-DAA1 HiC_scaffold_1 manual-annotation Exon 210757121 210757403 -
MHCII-Lahi-DAA1 HiC_scaffold_1 manual-annotation Exon 210756689 210756850 -
MHCII-Lahi-DAB1 HiC_scaffold_1 manual-annotation Gene 196515412 196527765 -
MHCII-Lahi-DAB1 HiC_scaffold_1 manual-annotation Exon 196527665 196527765 -
MHCII-Lahi-DAB1 HiC_scaffold_1 manual-annotation Exon 196518024 196518293 -
MHCII-Lahi-DAB1 HiC_scaffold_1 manual-annotation Exon 196516009 196516291 -
MHCII-Lahi-DAB1 HiC_scaffold_1 manual-annotation Exon 196515412 196515511 -
MHCII-Lahi-DAB2 HiC_scaffold_1 manual-annotation Gene 196550957 196559742 +
MHCII-Lahi-DAB2 HiC_scaffold_1 manual-annotation Exon 196550957 196551051 +
MHCII-Lahi-DAB2 HiC_scaffold_1 manual-annotation Exon 196556942 196557216 +
MHCII-Lahi-DAB2 HiC_scaffold_1 manual-annotation Exon 196558898 196559180 +
MHCII-Lahi-DAB2 HiC_scaffold_1 manual-annotation Exon 196559627 196559742 +
MHCII-Lahi-DAB3 HiC_scaffold_1 manual-annotation Gene 196640747 196677465 +
MHCII-Lahi-DAB3 HiC_scaffold_1 manual-annotation Exon 196640747 196640847 +
MHCII-Lahi-DAB3 HiC_scaffold_1 manual-annotation Exon 196672255 196672525 +
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MHCII-Lahi-DAB3 HiC_scaffold_1 manual-annotation Exon 196676632 196676913 +
MHCII-Lahi-DAB3 HiC_scaffold_1 manual-annotation Exon 196677350 196677465 +
MHCII-Lahi-DAB4 HiC_scaffold_1 manual-annotation Gene 196865225 196880884 -
MHCII-Lahi-DAB4 HiC_scaffold_1 manual-annotation Exon 196880791 196880884 -
MHCII-Lahi-DAB4 HiC_scaffold_1 manual-annotation Exon 196867773 196867940 -
MHCII-Lahi-DAB4 HiC_scaffold_1 manual-annotation Exon 196865831 196866113 -
MHCII-Lahi-DAB4 HiC_scaffold_1 manual-annotation Exon 196865225 196865339 -
MHCII-Lahi-DAB5 HiC_scaffold_1 manual-annotation Gene 197089970 197097227 -
MHCII-Lahi-DAB5 HiC_scaffold_1 manual-annotation Exon 197097127 197097227 -
MHCII-Lahi-DAB5 HiC_scaffold_1 manual-annotation Exon 197092436 197092712 -
MHCII-Lahi-DAB5 HiC_scaffold_1 manual-annotation Exon 197090577 197090859 -
MHCII-Lahi-DAB5 HiC_scaffold_1 manual-annotation Exon 197089970 197090085 -
MHCII-Lahi-DAB6_partial HiC_scaffold_6330 manual-annotation Gene 8780 11569 -
MHCII-Lahi-DAB6_partial HiC_scaffold_6330 manual-annotation Exon 11298 11569 -
MHCII-Lahi-DAB6_partial HiC_scaffold_6330 manual-annotation Exon 9367 9649 -
MHCII-Lahi-DAB6_partial HiC_scaffold_6330 manual-annotation Exon 8780 8895 -
MHCII-Lahi-DBA1_partial HiC_scaffold_1 manual-annotation Gene 210608270 210609824 -
MHCII-Lahi-DBA1_partial HiC_scaffold_1 manual-annotation Exon 210609578 210609824 -
MHCII-Lahi-DBA1_partial HiC_scaffold_1 manual-annotation Exon 210608889 210609171 -
MHCII-Lahi-DBA1_partial HiC_scaffold_1 manual-annotation Exon 210608270 210608425 -
MHCII-Lahi-DBA2_partial HiC_scaffold_18475 manual-annotation Gene 714 2246 +
MHCII-Lahi-DBA2_partial HiC_scaffold_18475 manual-annotation Exon 714 963 +
MHCII-Lahi-DBA2_partial HiC_scaffold_18475 manual-annotation Exon 1356 1638 +
MHCII-Lahi-DBA2_partial HiC_scaffold_18475 manual-annotation Exon 2091 2246 +
MHCII-Lahi-DBA3_partial HiC_scaffold_18754 manual-annotation Gene 634 2158 +
MHCII-Lahi-DBA3_partial HiC_scaffold_18754 manual-annotation Exon 634 883 +
MHCII-Lahi-DBA3_partial HiC_scaffold_18754 manual-annotation Exon 1271 1553 +
MHCII-Lahi-DBA3_partial HiC_scaffold_18754 manual-annotation Exon 2003 2158 +
MHCII-Lahi-DBA4 HiC_scaffold_748 manual-annotation Gene 4498 7348 +
MHCII-Lahi-DBA4 HiC_scaffold_748 manual-annotation Exon 4498 4576 +
MHCII-Lahi-DBA4 HiC_scaffold_748 manual-annotation Exon 5743 5990 +
MHCII-Lahi-DBA4 HiC_scaffold_748 manual-annotation Exon 6401 6683 +
MHCII-Lahi-DBA4 HiC_scaffold_748 manual-annotation Exon 7214 7348 +
MHCII-Lahi-DBB1 HiC_scaffold_1 manual-annotation Gene 210630289 210635413 +
MHCII-Lahi-DBB1 HiC_scaffold_1 manual-annotation Exon 210630289 210630389 +
MHCII-Lahi-DBB1 HiC_scaffold_1 manual-annotation Exon 210633616 210633882 +
MHCII-Lahi-DBB1 HiC_scaffold_1 manual-annotation Exon 210634600 210634703 +
MHCII-Lahi-DBB1 HiC_scaffold_1 manual-annotation Exon 210635298 210635413 +
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MHCII-Lahi-DCA1_partial HiC_scaffold_1 manual-annotation Gene 211248169 211249963 -
MHCII-Lahi-DCA1_partial HiC_scaffold_1 manual-annotation Exon 211249720 211249963 -
MHCII-Lahi-DCA1_partial HiC_scaffold_1 manual-annotation Exon 211248527 211248800 -
MHCII-Lahi-DCA1_partial HiC_scaffold_1 manual-annotation Exon 211248169 211248307 -
MHCII-Lahi-DCB1 HiC_scaffold_1 manual-annotation Gene 211252502 211271616 +
MHCII-Lahi-DCB1 HiC_scaffold_1 manual-annotation Exon 211252502 211252592 +
MHCII-Lahi-DCB1 HiC_scaffold_1 manual-annotation Exon 211259335 211259579 +
MHCII-Lahi-DCB1 HiC_scaffold_1 manual-annotation Exon 211262227 211262502 +
MHCII-Lahi-DCB1 HiC_scaffold_1 manual-annotation Exon 211263023 211263100 +
MHCII-Lahi-DCB1 HiC_scaffold_1 manual-annotation Exon 211270655 211270684 +
MHCII-Lahi-DCB1 HiC_scaffold_1 manual-annotation Exon 211271518 211271616 +
MHCII-Lahi-DMA1 HiC_scaffold_1 manual-annotation Gene 209788598 209791041 +
MHCII-Lahi-DMA1 HiC_scaffold_1 manual-annotation Exon 209788598 209788689 +
MHCII-Lahi-DMA1 HiC_scaffold_1 manual-annotation Exon 209789336 209789624 +
MHCII-Lahi-DMA1 HiC_scaffold_1 manual-annotation Exon 209790403 209790682 +
MHCII-Lahi-DMA1 HiC_scaffold_1 manual-annotation Exon 209790902 209791041 +
MHCII-Lahi-DMB1 HiC_scaffold_1 manual-annotation Gene 209808796 209812083 +
MHCII-Lahi-DMB1 HiC_scaffold_1 manual-annotation Exon 209808796 209808851 +
MHCII-Lahi-DMB1 HiC_scaffold_1 manual-annotation Exon 209809175 209809457 +
MHCII-Lahi-DMB1 HiC_scaffold_1 manual-annotation Exon 209810603 209810885 +
MHCII-Lahi-DMB1 HiC_scaffold_1 manual-annotation Exon 209811804 209811921 +
MHCII-Lahi-DMB1 HiC_scaffold_1 manual-annotation Exon 209812044 209812083 +
MHCII-Maeu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Gene 61709107 61713387 +
MHCII-Maeu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 61,709,107    61,709,189    +
MHCII-Maeu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 61,711,949    61,712,195    +
MHCII-Maeu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 61,712,673    61,712,955    +
MHCII-Maeu-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 61,713,226    61,713,387    +
MHCII-Maeu-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Gene 50135796 50143604 +
MHCII-Maeu-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 50,135,796    50,135,897    +
MHCII-Maeu-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 50,140,758    50,141,040    +
MHCII-Maeu-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 50,142,765    50,143,036    +
MHCII-Maeu-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 50,143,508    50,143,604    +
MHCII-Maeu-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Gene 74190385 74221418 +
MHCII-Maeu-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 74,190,385    74,190,485    +
MHCII-Maeu-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 74,216,183    74,216,457    +
MHCII-Maeu-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 74,220,585    74,220,867    +
MHCII-Maeu-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 74,221,303    74,221,418    +
MHCII-Maeu-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Gene 74264614 74273435 -
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MHCII-Maeu-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 74,273,337    74,273,435    -
MHCII-Maeu-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 74,267,149    74,267,423    -
MHCII-Maeu-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 74,265,176    74,265,452    -
MHCII-Maeu-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 74,264,614    74,264,729    -
MHCII-Maeu-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Gene 61792303 61794985 +
MHCII-Maeu-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 61,792,303    61,792,388    +
MHCII-Maeu-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 61,793,474    61,793,720    +
MHCII-Maeu-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 61,794,117    61,794,399    +
MHCII-Maeu-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 61,794,830    61,794,985    +
MHCII-Maeu-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Gene 61936251 61939565 +
MHCII-Maeu-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 61,936,251    61,936,335    +
MHCII-Maeu-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 61,938,022    61,938,268    +
MHCII-Maeu-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 61,938,675    61,938,957    +
MHCII-Maeu-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 61,939,410    61,939,565    +
MHCII-Maeu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Gene 61912256 61917236 -
MHCII-Maeu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 61,917,136    61,917,236    -
MHCII-Maeu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 61,913,639    61,913,909    -
MHCII-Maeu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 61,912,967    61,913,243    -
MHCII-Maeu-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 61,912,256    61,912,371    -
MHCII-Maeu-DNAzoo-DBB2 HiC_scaffold_6505 manual-annotation Gene 9408 13419 +
MHCII-Maeu-DNAzoo-DBB2 HiC_scaffold_6505 manual-annotation Exon 9,408               9,508               +
MHCII-Maeu-DNAzoo-DBB2 HiC_scaffold_6505 manual-annotation Exon 11,799            12,069            +
MHCII-Maeu-DNAzoo-DBB2 HiC_scaffold_6505 manual-annotation Exon 12,453            12,729            +
MHCII-Maeu-DNAzoo-DBB2 HiC_scaffold_6505 manual-annotation Exon 13,304            13,419            +
MHCII-Maeu-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Gene 60945769 60947610 +
MHCII-Maeu-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 60,945,769    60,946,012    +
MHCII-Maeu-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 60,946,934    60,947,209    +
MHCII-Maeu-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 60,947,403    60,947,610    +
MHCII-Maeu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Gene 60924559 60943229 -
MHCII-Maeu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 60,943,139    60,943,229    -
MHCII-Maeu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 60,936,179    60,936,410    -
MHCII-Maeu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 60,933,237    60,933,518    -
MHCII-Maeu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 60,932,639    60,932,716    -
MHCII-Maeu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 60,925,460    60,925,489    -
MHCII-Maeu-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 60,924,559    60,924,651    -
MHCII-Maeu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Gene 62316663 62319086 +
MHCII-Maeu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 62,316,663    62,316,754    +
MHCII-Maeu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 62,317,405    62,317,690    +
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MHCII-Maeu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 62,318,448    62,318,727    +
MHCII-Maeu-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 62,318,947    62,319,086    +
MHCII-Maeu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Gene 62335308 62338629 +
MHCII-Maeu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 62,335,308    62,335,363    +
MHCII-Maeu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 62,335,684    62,335,969    +
MHCII-Maeu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 62,337,134    62,337,416    +
MHCII-Maeu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 62,338,349    62,338,466    +
MHCII-Maeu-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 62,338,589    62,338,629    +
MHCII-Sebr-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Gene 389400778 389405046 +
MHCII-Sebr-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 389400778 389400860 +
MHCII-Sebr-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 389403620 389403863 +
MHCII-Sebr-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 389404332 389404614 +
MHCII-Sebr-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 389404885 389405046 +
MHCII-Sebr-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Gene 375227492 375240234 -
MHCII-Sebr-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 375240130 375240234 -
MHCII-Sebr-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 375230120 375230391 -
MHCII-Sebr-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 375228085 375228367 -
MHCII-Sebr-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 375227492 375227607 -
MHCII-Sebr-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Gene 375336004 375344839 +
MHCII-Sebr-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 375336004 375336102 +
MHCII-Sebr-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 375342026 375342300 +
MHCII-Sebr-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 375343995 375344277 +
MHCII-Sebr-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 375344724 375344839 +
MHCII-Sebr-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Gene 375423146 375456988 +
MHCII-Sebr-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 375423146 375423246 +
MHCII-Sebr-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 375451753 375452027 +
MHCII-Sebr-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 375456158 375456440 +
MHCII-Sebr-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 375456873 375456988 +
MHCII-Sebr-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Gene 375669107 375681975 -
MHCII-Sebr-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 375681875 375681975 -
MHCII-Sebr-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 375671662 375671936 -
MHCII-Sebr-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 375669694 375669976 -
MHCII-Sebr-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 375669107 375669222 -
MHCII-Sebr-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Gene 375853278 375867896 +
MHCII-Sebr-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 375853278 375853378 +
MHCII-Sebr-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 375864991 375865265 +
MHCII-Sebr-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 375867007 375867289 +
MHCII-Sebr-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 375867781 375867896 +
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MHCII-Sebr-DNAzoo-DAB6_partial HiC_scaffold_2840 manual-annotation Gene 8344 11187 -
MHCII-Sebr-DNAzoo-DAB6_partial HiC_scaffold_2840 manual-annotation Exon 10910 11187 -
MHCII-Sebr-DNAzoo-DAB6_partial HiC_scaffold_2840 manual-annotation Exon 8930 9200 -
MHCII-Sebr-DNAzoo-DAB6_partial HiC_scaffold_2840 manual-annotation Exon 8344 8457 -
MHCII-Sebr-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Gene 389434726 389437480 +
MHCII-Sebr-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 389434726 389434815 +
MHCII-Sebr-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 389435950 389436196 +
MHCII-Sebr-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 389436592 389436874 +
MHCII-Sebr-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 389437325 389437480 +
MHCII-Sebr-DNAzoo-DBB1 HiC_scaffold_1537 manual-annotation Gene 3996 8188 -
MHCII-Sebr-DNAzoo-DBB1 HiC_scaffold_1537 manual-annotation Exon 8088 8188 -
MHCII-Sebr-DNAzoo-DBB1 HiC_scaffold_1537 manual-annotation Exon 5335 5605 -
MHCII-Sebr-DNAzoo-DBB1 HiC_scaffold_1537 manual-annotation Exon 4673 4949 -
MHCII-Sebr-DNAzoo-DBB1 HiC_scaffold_1537 manual-annotation Exon 3996 4111 -
MHCII-Sebr-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Gene 389352877 389357862 +
MHCII-Sebr-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 389352877 389352977 +
MHCII-Sebr-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 389356219 389356486 +
MHCII-Sebr-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 389356882 389357158 +
MHCII-Sebr-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 389357747 389357862 +
MHCII-Sebr-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Gene 390101928 390103722 -
MHCII-Sebr-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 390103479 390103722 -
MHCII-Sebr-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 390102284 390102559 -
MHCII-Sebr-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 390101928 390102066 -
MHCII-Sebr-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Gene 390106265 390125049 +
MHCII-Sebr-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 390106265 390106359 +
MHCII-Sebr-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 390113097 390113341 +
MHCII-Sebr-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 390116007 390116282 +
MHCII-Sebr-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 390116803 390116889 +
MHCII-Sebr-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 390124050 390124079 +
MHCII-Sebr-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 390124951 390125049 +
MHCII-Sebr-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Gene 388776968 388779429 +
MHCII-Sebr-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 388776968 388777059 +
MHCII-Sebr-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 388777707 388777995 +
MHCII-Sebr-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 388778791 388779070 +
MHCII-Sebr-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 388779290 388779429 +
MHCII-Sebr-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Gene 388797083 388800381 +
MHCII-Sebr-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 388797083 388797129 +
MHCII-Sebr-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 388797453 388797735 +
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MHCII-Sebr-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 388798900 388799182 +
MHCII-Sebr-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 388800101 388800218 +
MHCII-Sebr-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 388800341 388800381 +
MHCII-Bepe-DAA1 betpen_scaffold130 manual-annotation Gene 12277848 12282106 -
MHCII-Bepe-DAA1 betpen_scaffold130 manual-annotation Exon 12,282,024    12,282,106    -
MHCII-Bepe-DAA1 betpen_scaffold130 manual-annotation Exon 12,279,049    12,279,295    -
MHCII-Bepe-DAA1 betpen_scaffold130 manual-annotation Exon 12,278,280    12,278,562    -
MHCII-Bepe-DAA1 betpen_scaffold130 manual-annotation Exon 12,277,848    12,278,009    -
MHCII-Bepe-DAB1 betpen_scaffold88 manual-annotation Gene 3781394 3808512 -
MHCII-Bepe-DAB1 betpen_scaffold88 manual-annotation Exon 3,808,412       3,808,512       -
MHCII-Bepe-DAB1 betpen_scaffold88 manual-annotation Exon 3,784,291       3,784,565       -
MHCII-Bepe-DAB1 betpen_scaffold88 manual-annotation Exon 3,781,979       3,782,261       -
MHCII-Bepe-DAB1 betpen_scaffold88 manual-annotation Exon 3,781,394       3,781,509       -
MHCII-Bepe-DAB10 betpen_scaffold88 manual-annotation Gene 3610162 3643829 +
MHCII-Bepe-DAB10 betpen_scaffold88 manual-annotation Exon 3,610,162       3,610,262       +
MHCII-Bepe-DAB10 betpen_scaffold88 manual-annotation Exon 3,640,951       3,641,225       +
MHCII-Bepe-DAB10 betpen_scaffold88 manual-annotation Exon 3,642,942       3,643,224       +
MHCII-Bepe-DAB10 betpen_scaffold88 manual-annotation Exon 3,643,714       3,643,829       +
MHCII-Bepe-DAB11 betpen_scaffold88 manual-annotation Gene 3883148 3894934 +
MHCII-Bepe-DAB11 betpen_scaffold88 manual-annotation Exon 3,883,148       3,883,248       +
MHCII-Bepe-DAB11 betpen_scaffold88 manual-annotation Exon 3,892,075       3,892,349       +
MHCII-Bepe-DAB11 betpen_scaffold88 manual-annotation Exon 3,894,056       3,894,338       +
MHCII-Bepe-DAB11 betpen_scaffold88 manual-annotation Exon 3,894,819       3,894,934       +
MHCII-Bepe-DAB12 betpen_scaffold88 manual-annotation Gene 4379592 4392411 +
MHCII-Bepe-DAB12 betpen_scaffold88 manual-annotation Exon 4,379,592       4,379,692       +
MHCII-Bepe-DAB12 betpen_scaffold88 manual-annotation Exon 4,389,520       4,389,794       +
MHCII-Bepe-DAB12 betpen_scaffold88 manual-annotation Exon 4,391,542       4,391,819       +
MHCII-Bepe-DAB12 betpen_scaffold88 manual-annotation Exon 4,392,296       4,392,411       +
MHCII-Bepe-DAB2 betpen_scaffold88 manual-annotation Gene 4136871 4174729 -
MHCII-Bepe-DAB2 betpen_scaffold88 manual-annotation Exon 4,174,629       4,174,729       -
MHCII-Bepe-DAB2 betpen_scaffold88 manual-annotation Exon 4,144,070       4,144,344       -
MHCII-Bepe-DAB2 betpen_scaffold88 manual-annotation Exon 4,137,410       4,137,692       -
MHCII-Bepe-DAB2 betpen_scaffold88 manual-annotation Exon 4,136,871       4,136,986       -
MHCII-Bepe-DAB3 betpen_scaffold88 manual-annotation Gene 4241760 4250592 -
MHCII-Bepe-DAB3 betpen_scaffold88 manual-annotation Exon 4,250,492       4,250,592       -
MHCII-Bepe-DAB3 betpen_scaffold88 manual-annotation Exon 4,244,316       4,244,590       -
MHCII-Bepe-DAB3 betpen_scaffold88 manual-annotation Exon 4,242,322       4,242,604       -
MHCII-Bepe-DAB3 betpen_scaffold88 manual-annotation Exon 4,241,760       4,241,875       -
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MHCII-Bepe-DAB4 betpen_scaffold88 manual-annotation Gene 3075731 3091920 +
MHCII-Bepe-DAB4 betpen_scaffold88 manual-annotation Exon 3,075,731       3,075,831       +
MHCII-Bepe-DAB4 betpen_scaffold88 manual-annotation Exon 3,089,027       3,089,301       +
MHCII-Bepe-DAB4 betpen_scaffold88 manual-annotation Exon 3,091,031       3,091,313       +
MHCII-Bepe-DAB4 betpen_scaffold88 manual-annotation Exon 3,091,805       3,091,920       +
MHCII-Bepe-DAB5 betpen_scaffold88 manual-annotation Gene 3216087 3231898 +
MHCII-Bepe-DAB5 betpen_scaffold88 manual-annotation Exon 3,216,087       3,216,187       +
MHCII-Bepe-DAB5 betpen_scaffold88 manual-annotation Exon 3,229,005       3,229,279       +
MHCII-Bepe-DAB5 betpen_scaffold88 manual-annotation Exon 3,231,008       3,231,290       +
MHCII-Bepe-DAB5 betpen_scaffold88 manual-annotation Exon 3,231,782       3,231,898       +
MHCII-Bepe-DAB6 betpen_scaffold88 manual-annotation Gene 3327831 3340146 +
MHCII-Bepe-DAB6 betpen_scaffold88 manual-annotation Exon 3,327,831       3,327,931       +
MHCII-Bepe-DAB6 betpen_scaffold88 manual-annotation Exon 3,337,272       3,337,546       +
MHCII-Bepe-DAB6 betpen_scaffold88 manual-annotation Exon 3,339,264       3,339,546       +
MHCII-Bepe-DAB6 betpen_scaffold88 manual-annotation Exon 3,340,031       3,340,146       +
MHCII-Bepe-DAB7 betpen_scaffold88 manual-annotation Gene 3419721 3435540 +
MHCII-Bepe-DAB7 betpen_scaffold88 manual-annotation Exon 3,419,721       3,419,821       +
MHCII-Bepe-DAB7 betpen_scaffold88 manual-annotation Exon 3,432,667       3,432,941       +
MHCII-Bepe-DAB7 betpen_scaffold88 manual-annotation Exon 3,434,651       3,434,933       +
MHCII-Bepe-DAB7 betpen_scaffold88 manual-annotation Exon 3,435,425       3,435,540       +
MHCII-Bepe-DAB8 betpen_scaffold88 manual-annotation Gene 3542536 3554971 +
MHCII-Bepe-DAB8 betpen_scaffold88 manual-annotation Exon 3,542,536       3,542,636       +
MHCII-Bepe-DAB8 betpen_scaffold88 manual-annotation Exon 3,552,121       3,552,395       +
MHCII-Bepe-DAB8 betpen_scaffold88 manual-annotation Exon 3,554,088       3,554,370       +
MHCII-Bepe-DAB8 betpen_scaffold88 manual-annotation Exon 3,554,856       3,554,971       +
MHCII-Bepe-DAB9 betpen_scaffold88 manual-annotation Gene 3746788 3761045 +
MHCII-Bepe-DAB9 betpen_scaffold88 manual-annotation Exon 3,746,788       3,746,888       +
MHCII-Bepe-DAB9 betpen_scaffold88 manual-annotation Exon 3,758,203       3,758,477       +
MHCII-Bepe-DAB9 betpen_scaffold88 manual-annotation Exon 3,760,168       3,760,453       +
MHCII-Bepe-DAB9 betpen_scaffold88 manual-annotation Exon 3,760,930       3,761,045       +
MHCII-Bepe-DBA1 betpen_scaffold130 manual-annotation Gene 11894414 11897516 -
MHCII-Bepe-DBA1 betpen_scaffold130 manual-annotation Exon 11,897,430    11,897,516    -
MHCII-Bepe-DBA1 betpen_scaffold130 manual-annotation Exon 11,895,667    11,895,916    -
MHCII-Bepe-DBA1 betpen_scaffold130 manual-annotation Exon 11,894,981    11,895,263    -
MHCII-Bepe-DBA1 betpen_scaffold130 manual-annotation Exon 11,894,414    11,894,569    -
MHCII-Bepe-DBA2 betpen_scaffold130 manual-annotation Gene 12247396 12250107 -
MHCII-Bepe-DBA2 betpen_scaffold130 manual-annotation Exon 12,250,018    12,250,107    -
MHCII-Bepe-DBA2 betpen_scaffold130 manual-annotation Exon 12,248,659    12,248,908    -
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MHCII-Bepe-DBA2 betpen_scaffold130 manual-annotation Exon 12,247,985    12,248,267    -
MHCII-Bepe-DBA2 betpen_scaffold130 manual-annotation Exon 12,247,396    12,247,551    -
MHCII-Bepe-DBB1 betpen_scaffold130 manual-annotation Gene 11880083 11885046 +
MHCII-Bepe-DBB1 betpen_scaffold130 manual-annotation Exon 11,880,083    11,880,183    +
MHCII-Bepe-DBB1 betpen_scaffold130 manual-annotation Exon 11,883,408    11,883,682    +
MHCII-Bepe-DBB1 betpen_scaffold130 manual-annotation Exon 11,884,050    11,884,326    +
MHCII-Bepe-DBB1 betpen_scaffold130 manual-annotation Exon 11,884,931    11,885,046    +
MHCII-Bepe-DBB2 betpen_scaffold130 manual-annotation Gene 11961546 11973096 +
MHCII-Bepe-DBB2 betpen_scaffold130 manual-annotation Exon 11,961,546    11,961,646    +
MHCII-Bepe-DBB2 betpen_scaffold130 manual-annotation Exon 11,971,459    11,971,729    +
MHCII-Bepe-DBB2 betpen_scaffold130 manual-annotation Exon 11,972,127    11,972,403    +
MHCII-Bepe-DBB2 betpen_scaffold130 manual-annotation Exon 11,972,981    11,973,096    +
MHCII-Bepe-DBB3 betpen_scaffold130 manual-annotation Gene 12043155 12047514 +
MHCII-Bepe-DBB3 betpen_scaffold130 manual-annotation Exon 12,043,155    12,043,255    +
MHCII-Bepe-DBB3 betpen_scaffold130 manual-annotation Exon 12,045,878    12,046,148    +
MHCII-Bepe-DBB3 betpen_scaffold130 manual-annotation Exon 12,046,547    12,046,823    +
MHCII-Bepe-DBB3 betpen_scaffold130 manual-annotation Exon 12,047,399    12,047,514    +
MHCII-Bepe-DBB4 betpen_scaffold130 manual-annotation Gene 12102295 12105371 +
MHCII-Bepe-DBB4 betpen_scaffold130 manual-annotation Exon 12,102,295    12,102,395    +
MHCII-Bepe-DBB4 betpen_scaffold130 manual-annotation Exon 12,103,719    12,103,989    +
MHCII-Bepe-DBB4 betpen_scaffold130 manual-annotation Exon 12,104,401    12,104,677    +
MHCII-Bepe-DBB4 betpen_scaffold130 manual-annotation Exon 12,105,256    12,105,371    +
MHCII-Bepe-DBB5 betpen_scaffold130 manual-annotation Gene 12218287 12222447 +
MHCII-Bepe-DBB5 betpen_scaffold130 manual-annotation Exon 12,218,287    12,218,387    +
MHCII-Bepe-DBB5 betpen_scaffold130 manual-annotation Exon 12,220,815    12,221,085    +
MHCII-Bepe-DBB5 betpen_scaffold130 manual-annotation Exon 12,221,480    12,221,756    +
MHCII-Bepe-DBB5 betpen_scaffold130 manual-annotation Exon 12,222,332    12,222,447    +
MHCII-Bepe-DCA1_partial betpen_scaffold130 manual-annotation Gene 13017671 13019534 -
MHCII-Bepe-DCA1_partial betpen_scaffold130 manual-annotation Exon 13,019,288    13,019,534    -
MHCII-Bepe-DCA1_partial betpen_scaffold130 manual-annotation Exon 13,018,106    13,018,381    -
MHCII-Bepe-DCA1_partial betpen_scaffold130 manual-annotation Exon 13,017,671    13,017,893    -
MHCII-Bepe-DCB1 betpen_scaffold130 manual-annotation Gene 13022125 13038987 +
MHCII-Bepe-DCB1 betpen_scaffold130 manual-annotation Exon 13,022,125    13,022,215    +
MHCII-Bepe-DCB1 betpen_scaffold130 manual-annotation Exon 13,028,648    13,028,890    +
MHCII-Bepe-DCB1 betpen_scaffold130 manual-annotation Exon 13,031,532    13,031,812    +
MHCII-Bepe-DCB1 betpen_scaffold130 manual-annotation Exon 13,032,325    13,032,409    +
MHCII-Bepe-DCB1 betpen_scaffold130 manual-annotation Exon 13,038,042    13,038,071    +
MHCII-Bepe-DCB1 betpen_scaffold130 manual-annotation Exon 13,038,889    13,038,987    +
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MHCII-Bepe-DMA1 betpen_scaffold130 manual-annotation Gene 11327220 11329619 +
MHCII-Bepe-DMA1 betpen_scaffold130 manual-annotation Exon 11,327,220    11,327,311    +
MHCII-Bepe-DMA1 betpen_scaffold130 manual-annotation Exon 11,327,966    11,328,252    +
MHCII-Bepe-DMA1 betpen_scaffold130 manual-annotation Exon 11,328,991    11,329,270    +
MHCII-Bepe-DMA1 betpen_scaffold130 manual-annotation Exon 11,329,480    11,329,619    +
MHCII-Bepe-DMA2 betpen_scaffold130 manual-annotation Gene 11349388 11351784 +
MHCII-Bepe-DMA2 betpen_scaffold130 manual-annotation Exon 11,349,388    11,349,479    +
MHCII-Bepe-DMA2 betpen_scaffold130 manual-annotation Exon 11,350,134    11,350,419    +
MHCII-Bepe-DMA2 betpen_scaffold130 manual-annotation Exon 11,351,157    11,351,436    +
MHCII-Bepe-DMA2 betpen_scaffold130 manual-annotation Exon 11,351,645    11,351,784    +
MHCII-Bepe-DMB1 betpen_scaffold130 manual-annotation Gene 11370606 11373981 +
MHCII-Bepe-DMB1 betpen_scaffold130 manual-annotation Exon 11,370,606    11,370,661    +
MHCII-Bepe-DMB1 betpen_scaffold130 manual-annotation Exon 11,371,045    11,371,327    +
MHCII-Bepe-DMB1 betpen_scaffold130 manual-annotation Exon 11,372,495    11,372,777    +
MHCII-Bepe-DMB1 betpen_scaffold130 manual-annotation Exon 11,373,700    11,373,817    +
MHCII-Bepe-DMB1 betpen_scaffold130 manual-annotation Exon 11,373,941    11,373,981    +
MHCII-Pogi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Gene 310920144 310924388 +
MHCII-Pogi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 310920144 310920226 +
MHCII-Pogi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 310922943 310923189 +
MHCII-Pogi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 310923675 310923957 +
MHCII-Pogi-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 310924227 310924388 +
MHCII-Pogi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Gene 323010246 323028088 +
MHCII-Pogi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 323010246 323010346 +
MHCII-Pogi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 323024282 323024552 +
MHCII-Pogi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 323027220 323027502 +
MHCII-Pogi-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 323027973 323028088 +
MHCII-Pogi-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Gene 323090494 323104694 -
MHCII-Pogi-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 323104594 323104694 -
MHCII-Pogi-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 323093065 323093339 -
MHCII-Pogi-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 323091090 323091372 -
MHCII-Pogi-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 323090494 323090609 -
MHCII-Pogi-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Gene 323194142 323211237 +
MHCII-Pogi-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 323194142 323194242 +
MHCII-Pogi-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 323208531 323208805 +
MHCII-Pogi-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 323210355 323210637 +
MHCII-Pogi-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 323211122 323211237 +
MHCII-Pogi-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Gene 323282423 323297659 +
MHCII-Pogi-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 323282423 323282523 +
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MHCII-Pogi-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 323294840 323295114 +
MHCII-Pogi-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 323296786 323297068 +
MHCII-Pogi-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 323297544 323297659 +
MHCII-Pogi-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Gene 323317903 323334669 +
MHCII-Pogi-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 323317903 323318003 +
MHCII-Pogi-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 323329268 323329542 +
MHCII-Pogi-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 323333784 323334066 +
MHCII-Pogi-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 323334554 323334669 +
MHCII-Pogi-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Gene 323488857 323497692 -
MHCII-Pogi-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Exon 323497592 323497692 -
MHCII-Pogi-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Exon 323491443 323491717 -
MHCII-Pogi-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Exon 323489424 323489706 -
MHCII-Pogi-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Exon 323488857 323488972 -
MHCII-Pogi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Gene 310948732 310951444 +
MHCII-Pogi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 310948732 310948821 +
MHCII-Pogi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 310949931 310950177 +
MHCII-Pogi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 310950576 310950858 +
MHCII-Pogi-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 310951289 310951444 +
MHCII-Pogi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Gene 311078302 311081593 -
MHCII-Pogi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 311081500 311081593 -
MHCII-Pogi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 311079575 311079818 -
MHCII-Pogi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 311078911 311079173 -
MHCII-Pogi-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 311078302 311078449 -
MHCII-Pogi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Gene 311166078 311168797 +
MHCII-Pogi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 311166078 311166167 +
MHCII-Pogi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 311167282 311167525 +
MHCII-Pogi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 311167919 311168201 +
MHCII-Pogi-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 311168642 311168797 +
MHCII-Pogi-DNAzoo-DBA4 HiC_scaffold_2649 manual-annotation Gene 14042 16754 -
MHCII-Pogi-DNAzoo-DBA4 HiC_scaffold_2649 manual-annotation Exon 16665 16754 -
MHCII-Pogi-DNAzoo-DBA4 HiC_scaffold_2649 manual-annotation Exon 15309 15555 -
MHCII-Pogi-DNAzoo-DBA4 HiC_scaffold_2649 manual-annotation Exon 14628 14910 -
MHCII-Pogi-DNAzoo-DBA4 HiC_scaffold_2649 manual-annotation Exon 14042 14197 -
MHCII-Pogi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Gene 310856791 310860989 +
MHCII-Pogi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 310856791 310856891 +
MHCII-Pogi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 310859373 310859643 +
MHCII-Pogi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 310860021 310860297 +
MHCII-Pogi-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 310860874 310860989 +
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MHCII-Pogi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Gene 311189540 311193725 -
MHCII-Pogi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 311193625 311193725 -
MHCII-Pogi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 311190890 311191160 -
MHCII-Pogi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 311190232 311190508 -
MHCII-Pogi-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 311189540 311189655 -
MHCII-Pogi-DNAzoo-DBB3 HiC_scaffold_525 manual-annotation Gene 4673 7685 -
MHCII-Pogi-DNAzoo-DBB3 HiC_scaffold_525 manual-annotation Exon 7585 7685 -
MHCII-Pogi-DNAzoo-DBB3 HiC_scaffold_525 manual-annotation Exon 5976 6246 -
MHCII-Pogi-DNAzoo-DBB3 HiC_scaffold_525 manual-annotation Exon 5309 5585 -
MHCII-Pogi-DNAzoo-DBB3 HiC_scaffold_525 manual-annotation Exon 4673 4788 -
MHCII-Pogi-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Gene 310576794 310578574 +
MHCII-Pogi-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 310576794 310577037 +
MHCII-Pogi-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 310577874 310578148 +
MHCII-Pogi-DNAzoo-DCA1_partial HiC_scaffold_2 manual-annotation Exon 310578366 310578574 +
MHCII-Pogi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Gene 310563735 310574219 -
MHCII-Pogi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 310,574,132  310,574,219  -
MHCII-Pogi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 310,567,201  310,567,445  -
MHCII-Pogi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 310,564,285  310,564,565  -
MHCII-Pogi-DNAzoo-DCB1 HiC_scaffold_2 manual-annotation Exon 310,563,735  310,563,822  -
MHCII-Pogi-DNAzoo-DMA1 HiC_scaffold_46995 manual-annotation Gene 1059 3430 +
MHCII-Pogi-DNAzoo-DMA1 HiC_scaffold_46995 manual-annotation Exon 1059 1150 +
MHCII-Pogi-DNAzoo-DMA1 HiC_scaffold_46995 manual-annotation Exon 1779 2064 +
MHCII-Pogi-DNAzoo-DMA1 HiC_scaffold_46995 manual-annotation Exon 2809 3088 +
MHCII-Pogi-DNAzoo-DMA1 HiC_scaffold_46995 manual-annotation Exon 3291 3430 +
MHCII-Pogi-DNAzoo-DMB1 HiC_scaffold_31425 manual-annotation Gene 420 2566 -
MHCII-Pogi-DNAzoo-DMB1 HiC_scaffold_14537 manual-annotation Gene 504 785 +
MHCII-Pogi-DNAzoo-DMB1 HiC_scaffold_31425 manual-annotation Exon 2511 2566 -
MHCII-Pogi-DNAzoo-DMB1 HiC_scaffold_31425 manual-annotation Exon 1845 2127 -
MHCII-Pogi-DNAzoo-DMB1 HiC_scaffold_31425 manual-annotation Exon 420 702 -
MHCII-Pogi-DNAzoo-DMB1 HiC_scaffold_14537 manual-annotation Exon 504 621 +
MHCII-Pogi-DNAzoo-DMB1 HiC_scaffold_14537 manual-annotation Exon 745 785 +
MHCII-Gyle-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Gene 14074124 14078340 +
MHCII-Gyle-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 14074124 14074206 +
MHCII-Gyle-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 14076930 14077176 +
MHCII-Gyle-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 14077668 14077950 +
MHCII-Gyle-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 14078179 14078340 +
MHCII-Gyle-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Gene 29234394 29244027 -
MHCII-Gyle-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 29243927 29244027 -
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MHCII-Gyle-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 29236987 29237252 -
MHCII-Gyle-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 29234991 29235273 -
MHCII-Gyle-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 29234394 29234509 -
MHCII-Gyle-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Gene 29289709 29303229 +
MHCII-Gyle-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 29289709 29289809 +
MHCII-Gyle-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 29300155 29300429 +
MHCII-Gyle-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 29302179 29302461 +
MHCII-Gyle-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 29303114 29303229 +
MHCII-Gyle-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Gene 29364517 29378546 +
MHCII-Gyle-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 29364517 29364617 +
MHCII-Gyle-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 29374844 29375115 +
MHCII-Gyle-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 29377646 29377923 +
MHCII-Gyle-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 29378431 29378546 +
MHCII-Gyle-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Gene 29488694 29505386 -
MHCII-Gyle-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 29505286 29505386 -
MHCII-Gyle-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 29491349 29491623 -
MHCII-Gyle-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 29489278 29489560 -
MHCII-Gyle-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 29488694 29488809 -
MHCII-Gyle-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Gene 29549813 29562879 -
MHCII-Gyle-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 29562779 29562879 -
MHCII-Gyle-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 29552406 29552676 -
MHCII-Gyle-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 29550418 29550700 -
MHCII-Gyle-DNAzoo-DAB5 HiC_scaffold_2 manual-annotation Exon 29549813 29549928 -
MHCII-Gyle-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Gene 29620639 29631983 -
MHCII-Gyle-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Exon 29631883 29631983 -
MHCII-Gyle-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Exon 29623330 29623601 -
MHCII-Gyle-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Exon 29621228 29621510 -
MHCII-Gyle-DNAzoo-DAB6 HiC_scaffold_2 manual-annotation Exon 29620639 29620754 -
MHCII-Gyle-DNAzoo-DAB7 HiC_scaffold_2 manual-annotation Gene 29710864 29716968 -
MHCII-Gyle-DNAzoo-DAB7 HiC_scaffold_2 manual-annotation Exon 29716886 29716968 -
MHCII-Gyle-DNAzoo-DAB7 HiC_scaffold_2 manual-annotation Exon 29712328 29712596 -
MHCII-Gyle-DNAzoo-DAB7 HiC_scaffold_2 manual-annotation Exon 29711344 29711626 -
MHCII-Gyle-DNAzoo-DAB7 HiC_scaffold_2 manual-annotation Exon 29710864 29710979 -
MHCII-Gyle-DNAzoo-DAB8 HiC_scaffold_2 manual-annotation Gene 29738355 29745028 +
MHCII-Gyle-DNAzoo-DAB8 HiC_scaffold_2 manual-annotation Exon 29738355 29738455 +
MHCII-Gyle-DNAzoo-DAB8 HiC_scaffold_2 manual-annotation Exon 29743086 29743350 +
MHCII-Gyle-DNAzoo-DAB8 HiC_scaffold_2 manual-annotation Exon 29744118 29744400 +
MHCII-Gyle-DNAzoo-DAB8 HiC_scaffold_2 manual-annotation Exon 29744913 29745028 +
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MHCII-Gyle-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Gene 14124938 14127727 +
MHCII-Gyle-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 14124938 14125023 +
MHCII-Gyle-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 14126191 14126437 +
MHCII-Gyle-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 14126846 14127128 +
MHCII-Gyle-DNAzoo-DBA1 HiC_scaffold_2 manual-annotation Exon 14127572 14127727 +
MHCII-Gyle-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Gene 14221269 14224041 +
MHCII-Gyle-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 14221269 14221348 +
MHCII-Gyle-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 14222510 14222750 +
MHCII-Gyle-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 14223162 14223444 +
MHCII-Gyle-DNAzoo-DBA2 HiC_scaffold_2 manual-annotation Exon 14223886 14224041 +
MHCII-Gyle-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Gene 14381734 14384522 +
MHCII-Gyle-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 14381734 14381819 +
MHCII-Gyle-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 14382987 14383233 +
MHCII-Gyle-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 14383644 14383926 +
MHCII-Gyle-DNAzoo-DBA3 HiC_scaffold_2 manual-annotation Exon 14384367 14384522 +
MHCII-Gyle-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Gene 14170336 14174574 -
MHCII-Gyle-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 14174474 14174574 -
MHCII-Gyle-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 14171676 14171946 -
MHCII-Gyle-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 14171036 14171312 -
MHCII-Gyle-DNAzoo-DBB1 HiC_scaffold_2 manual-annotation Exon 14170336 14170451 -
MHCII-Gyle-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Gene 14261843 14266081 -
MHCII-Gyle-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 14265981 14266081 -
MHCII-Gyle-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 14263182 14263452 -
MHCII-Gyle-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 14262542 14262818 -
MHCII-Gyle-DNAzoo-DBB2 HiC_scaffold_2 manual-annotation Exon 14261843 14261957 -
MHCII-Gyle-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Gene 14398099 14402295 -
MHCII-Gyle-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Exon 14402191 14402295 -
MHCII-Gyle-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Exon 14399445 14399637 -
MHCII-Gyle-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Exon 14398773 14399049 -
MHCII-Gyle-DNAzoo-DBB3 HiC_scaffold_2 manual-annotation Exon 14398099 14398214 -
MHCII-Gyle-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Gene 13930252 13933786 +
MHCII-Gyle-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Exon 13930252 13930335 +
MHCII-Gyle-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Exon 13932015 13932258 +
MHCII-Gyle-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Exon 13933163 13933444 +
MHCII-Gyle-DNAzoo-DCA1 HiC_scaffold_2 manual-annotation Exon 13933655 13933786 +
MHCII-Gyle-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Gene 14962656 14965001 -
MHCII-Gyle-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 14964910 14965001 -
MHCII-Gyle-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 14963962 14964250 -
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MHCII-Gyle-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 14962989 14963268 -
MHCII-Gyle-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 14962656 14962795 -
MHCII-Gyle-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Gene 14942129 14945597 -
MHCII-Gyle-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 14945542 14945597 -
MHCII-Gyle-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 14944874 14945156 -
MHCII-Gyle-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 14943310 14943592 -
MHCII-Gyle-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 14942293 14942410 -
MHCII-Gyle-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 14942129 14942169 -
MHCII-Psco-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Gene 180229289 180233633 +
MHCII-Psco-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 180229289 180229371 +
MHCII-Psco-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 180232187 180232433 +
MHCII-Psco-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 180232916 180233198 +
MHCII-Psco-DNAzoo-DAA1 HiC_scaffold_2 manual-annotation Exon 180233472 180233633 +
MHCII-Psco-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Gene 168946021 168952495 +
MHCII-Psco-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 168946021 168946103 +
MHCII-Psco-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 168950782 168951050 +
MHCII-Psco-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 168951730 168952012 +
MHCII-Psco-DNAzoo-DAB1 HiC_scaffold_2 manual-annotation Exon 168952380 168952495 +
MHCII-Psco-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Gene 169002560 169014451 -
MHCII-Psco-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 169014351 169014451 -
MHCII-Psco-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 169005221 169005491 -
MHCII-Psco-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 169003150 169003423 -
MHCII-Psco-DNAzoo-DAB2 HiC_scaffold_2 manual-annotation Exon 169002560 169002675 -
MHCII-Psco-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Gene 169078055 169094706 +
MHCII-Psco-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 169078055 169078155 +
MHCII-Psco-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 169087707 169087976 +
MHCII-Psco-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 169090489 169090767 +
MHCII-Psco-DNAzoo-DAB3 HiC_scaffold_2 manual-annotation Exon 169094591 169094706 +
MHCII-Psco-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Gene 169163370 169174804 +
MHCII-Psco-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 169163370 169163470 +
MHCII-Psco-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 169171811 169172084 +
MHCII-Psco-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 169173906 169174188 +
MHCII-Psco-DNAzoo-DAB4 HiC_scaffold_2 manual-annotation Exon 169174689 169174804 +
MHCII-Psco-DNAzoo-DAB5_partial HiC_scaffold_24466 manual-annotation Gene 2184 5154 +
MHCII-Psco-DNAzoo-DAB5_partial HiC_scaffold_24466 manual-annotation Exon 2184 2454 +
MHCII-Psco-DNAzoo-DAB5_partial HiC_scaffold_24466 manual-annotation Exon 4254 4536 +
MHCII-Psco-DNAzoo-DAB5_partial HiC_scaffold_24466 manual-annotation Exon 5039 5154 +
MHCII-Psco-DNAzoo-DAB6_partial HiC_scaffold_4005 manual-annotation Gene 6674 9630 -
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MHCII-Psco-DNAzoo-DAB6_partial HiC_scaffold_4005 manual-annotation Exon 9356 9630 -
MHCII-Psco-DNAzoo-DAB6_partial HiC_scaffold_4005 manual-annotation Exon 7258 7535 -
MHCII-Psco-DNAzoo-DAB6_partial HiC_scaffold_4005 manual-annotation Exon 6674 6789 -
MHCII-Psco-DNAzoo-DAB7_partial HiC_scaffold_5216 manual-annotation Gene 11683 13589 -
MHCII-Psco-DNAzoo-DAB7_partial HiC_scaffold_5216 manual-annotation Exon 13321 13589 -
MHCII-Psco-DNAzoo-DAB7_partial HiC_scaffold_5216 manual-annotation Exon 12286 12568 -
MHCII-Psco-DNAzoo-DAB7_partial HiC_scaffold_5216 manual-annotation Exon 11683 11787 -
MHCII-Psco-DNAzoo-DAB8_partial HiC_scaffold_66900 manual-annotation Gene 1095 2990 +
MHCII-Psco-DNAzoo-DAB8_partial HiC_scaffold_66900 manual-annotation Exon 1095 1362 +
MHCII-Psco-DNAzoo-DAB8_partial HiC_scaffold_66900 manual-annotation Exon 2099 2380 +
MHCII-Psco-DNAzoo-DAB8_partial HiC_scaffold_66900 manual-annotation Exon 2876 2990 +
MHCII-Psco-DNAzoo-DCB1_partial HiC_scaffold_120781 manual-annotation Gene 628 891 +
MHCII-Psco-DNAzoo-DCB1_partial HiC_scaffold_2 manual-annotation Gene 180335871 180337646 -
MHCII-Psco-DNAzoo-DCB1_partial HiC_scaffold_120781 manual-annotation Exon 628 891 +
MHCII-Psco-DNAzoo-DCB1_partial HiC_scaffold_2 manual-annotation Exon 180337368 180337646 -
MHCII-Psco-DNAzoo-DCB1_partial HiC_scaffold_2 manual-annotation Exon 180336751 180336862 -
MHCII-Psco-DNAzoo-DCB1_partial HiC_scaffold_2 manual-annotation Exon 180335871 180335961 -
MHCII-Psco-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Gene 179867160 179870417 +
MHCII-Psco-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 179867160 179867251 +
MHCII-Psco-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 179867902 179868187 +
MHCII-Psco-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 179869121 179869400 +
MHCII-Psco-DNAzoo-DMA1 HiC_scaffold_2 manual-annotation Exon 179870278 179870417 +
MHCII-Psco-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Gene 179885523 179889147 +
MHCII-Psco-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 179885523 179885578 +
MHCII-Psco-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 179885962 179886244 +
MHCII-Psco-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 179887638 179887920 +
MHCII-Psco-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 179888865 179888982 +
MHCII-Psco-DNAzoo-DMB1 HiC_scaffold_2 manual-annotation Exon 179889107 179889147 +
MHCII-Psoc-DNAzoo-DAA1 HiC_scaffold_1 manual-annotation Gene 199179504 199183823 +
MHCII-Psoc-DNAzoo-DAA1 HiC_scaffold_1 manual-annotation Exon 199179504 199179586 +
MHCII-Psoc-DNAzoo-DAA1 HiC_scaffold_1 manual-annotation Exon 199182378 199182624 +
MHCII-Psoc-DNAzoo-DAA1 HiC_scaffold_1 manual-annotation Exon 199183110 199183392 +
MHCII-Psoc-DNAzoo-DAA1 HiC_scaffold_1 manual-annotation Exon 199183662 199183823 +
MHCII-Psoc-DNAzoo-DAB1_partial HiC_scaffold_15446 manual-annotation Gene 879 3788 +
MHCII-Psoc-DNAzoo-DAB1_partial HiC_scaffold_15446 manual-annotation Exon 879 1149 +
MHCII-Psoc-DNAzoo-DAB1_partial HiC_scaffold_15446 manual-annotation Exon 2920 3202 +
MHCII-Psoc-DNAzoo-DAB1_partial HiC_scaffold_15446 manual-annotation Exon 3673 3788 +
MHCII-Psoc-DNAzoo-DAB2 HiC_scaffold_20227 manual-annotation Gene 2681 9387 -
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MHCII-Psoc-DNAzoo-DAB2 HiC_scaffold_20227 manual-annotation Exon 9287 9387 -
MHCII-Psoc-DNAzoo-DAB2 HiC_scaffold_20227 manual-annotation Exon 5315 5589 -
MHCII-Psoc-DNAzoo-DAB2 HiC_scaffold_20227 manual-annotation Exon 3256 3538 -
MHCII-Psoc-DNAzoo-DAB2 HiC_scaffold_20227 manual-annotation Exon 2681 2796 -
MHCII-Psoc-DNAzoo-DAB3 HiC_scaffold_21675 manual-annotation Gene 752 7289 +
MHCII-Psoc-DNAzoo-DAB3 HiC_scaffold_21675 manual-annotation Exon 752 834 +
MHCII-Psoc-DNAzoo-DAB3 HiC_scaffold_21675 manual-annotation Exon 5526 5794 +
MHCII-Psoc-DNAzoo-DAB3 HiC_scaffold_21675 manual-annotation Exon 6519 6801 +
MHCII-Psoc-DNAzoo-DAB3 HiC_scaffold_21675 manual-annotation Exon 7174 7289 +
MHCII-Psoc-DNAzoo-DAB4_partial HiC_scaffold_30741 manual-annotation Gene 4027 5766 +
MHCII-Psoc-DNAzoo-DAB4_partial HiC_scaffold_30741 manual-annotation Exon 4027 4288 +
MHCII-Psoc-DNAzoo-DAB4_partial HiC_scaffold_30741 manual-annotation Exon 4993 5275 +
MHCII-Psoc-DNAzoo-DAB4_partial HiC_scaffold_30741 manual-annotation Exon 5651 5766 +
MHCII-Psoc-DNAzoo-DCA1_partial HiC_scaffold_20631 manual-annotation Gene 1159 8211 +
MHCII-Psoc-DNAzoo-DCA1_partial HiC_scaffold_20631 manual-annotation Exon 1159 1256 +
MHCII-Psoc-DNAzoo-DCA1_partial HiC_scaffold_20631 manual-annotation Exon 6414 6694 -
MHCII-Psoc-DNAzoo-DCA1_partial HiC_scaffold_20631 manual-annotation Exon 7204 7313 +
MHCII-Psoc-DNAzoo-DCA1_partial HiC_scaffold_20631 manual-annotation Exon 8120 8211 +
MHCII-Psoc-DNAzoo-DMA1 HiC_scaffold_27600 manual-annotation Gene 1905 5152 +
MHCII-Psoc-DNAzoo-DMA1 HiC_scaffold_27600 manual-annotation Exon 1905 1996 +
MHCII-Psoc-DNAzoo-DMA1 HiC_scaffold_27600 manual-annotation Exon 2657 2942 +
MHCII-Psoc-DNAzoo-DMA1 HiC_scaffold_27600 manual-annotation Exon 3861 4140 +
MHCII-Psoc-DNAzoo-DMA1 HiC_scaffold_27600 manual-annotation Exon 5014 5152 +
MHCII-Psoc-DNAzoo-DMB1 HiC_scaffold_1 manual-annotation Gene 199536287 199539816 +
MHCII-Psoc-DNAzoo-DMB1 HiC_scaffold_1 manual-annotation Exon 199536287 199536342 +
MHCII-Psoc-DNAzoo-DMB1 HiC_scaffold_1 manual-annotation Exon 199536730 199537012 +
MHCII-Psoc-DNAzoo-DMB1 HiC_scaffold_1 manual-annotation Exon 199538328 199538610 +
MHCII-Psoc-DNAzoo-DMB1 HiC_scaffold_1 manual-annotation Exon 199539534 199539651 +
MHCII-Psoc-DNAzoo-DMB1 HiC_scaffold_1 manual-annotation Exon 199539776 199539816 +
MHCII-Pscu-DNAzoo-DAA1 HiC_scaffold_5 manual-annotation Gene 193474134 193478462 +
MHCII-Pscu-DNAzoo-DAA1 HiC_scaffold_5 manual-annotation Exon 193474134 193474216 +
MHCII-Pscu-DNAzoo-DAA1 HiC_scaffold_5 manual-annotation Exon 193477027 193477273 +
MHCII-Pscu-DNAzoo-DAA1 HiC_scaffold_5 manual-annotation Exon 193477755 193478037 +
MHCII-Pscu-DNAzoo-DAA1 HiC_scaffold_5 manual-annotation Exon 193478301 193478462 +
MHCII-Pscu-DNAzoo-DAB1 HiC_scaffold_5 manual-annotation Gene 205198314 205214386 -
MHCII-Pscu-DNAzoo-DAB1 HiC_scaffold_5 manual-annotation Exon 205214286 205214386 -
MHCII-Pscu-DNAzoo-DAB1 HiC_scaffold_5 manual-annotation Exon 205204566 205204837 -
MHCII-Pscu-DNAzoo-DAB1 HiC_scaffold_5 manual-annotation Exon 205201779 205202057 -
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MHCII-Pscu-DNAzoo-DAB1 HiC_scaffold_5 manual-annotation Exon 205198314 205198429 -
MHCII-Pscu-DNAzoo-DAB2 HiC_scaffold_5 manual-annotation Gene 205222181 205234140 +
MHCII-Pscu-DNAzoo-DAB2 HiC_scaffold_5 manual-annotation Exon 205222181 205222281 +
MHCII-Pscu-DNAzoo-DAB2 HiC_scaffold_5 manual-annotation Exon 205231196 205231466 +
MHCII-Pscu-DNAzoo-DAB2 HiC_scaffold_5 manual-annotation Exon 205233268 205233550 +
MHCII-Pscu-DNAzoo-DAB2 HiC_scaffold_5 manual-annotation Exon 205234025 205234140 +
MHCII-Pscu-DNAzoo-DAB3 HiC_scaffold_5 manual-annotation Gene 205301338 205307883 +
MHCII-Pscu-DNAzoo-DAB3 HiC_scaffold_5 manual-annotation Exon 205301338 205301420 +
MHCII-Pscu-DNAzoo-DAB3 HiC_scaffold_5 manual-annotation Exon 205306130 205306398 +
MHCII-Pscu-DNAzoo-DAB3 HiC_scaffold_5 manual-annotation Exon 205307109 205307391 +
MHCII-Pscu-DNAzoo-DAB3 HiC_scaffold_5 manual-annotation Exon 205307768 205307883 +
MHCII-Pscu-DNAzoo-DCB1_partial HiC_scaffold_5 manual-annotation Gene 193408211 193411427 -
MHCII-Pscu-DNAzoo-DCB1_partial HiC_scaffold_5 manual-annotation Exon 193411164 193411427 -
MHCII-Pscu-DNAzoo-DCB1_partial HiC_scaffold_5 manual-annotation Exon 193409724 193409997 -
MHCII-Pscu-DNAzoo-DCB1_partial HiC_scaffold_5 manual-annotation Exon 193409104 193409214 -
MHCII-Pscu-DNAzoo-DCB1_partial HiC_scaffold_5 manual-annotation Exon 193408211 193408301 -
MHCII-Pscu-DNAzoo-DMA1 HiC_scaffold_79881 manual-annotation Gene 740 829 -
MHCII-Pscu-DNAzoo-DMA1 HiC_scaffold_5 manual-annotation Gene 193883292 193885835 -
MHCII-Pscu-DNAzoo-DMA1 HiC_scaffold_79881 manual-annotation Exon 740 829 -
MHCII-Pscu-DNAzoo-DMA1 HiC_scaffold_5 manual-annotation Exon 193885547 193885835 -
MHCII-Pscu-DNAzoo-DMA1 HiC_scaffold_5 manual-annotation Exon 193884305 193884584 -
MHCII-Pscu-DNAzoo-DMA1 HiC_scaffold_5 manual-annotation Exon 193883292 193883431 -
MHCII-Pscu-DNAzoo-DMB1 HiC_scaffold_5 manual-annotation Gene 193861498 193865040 -
MHCII-Pscu-DNAzoo-DMB1 HiC_scaffold_5 manual-annotation Exon 193864985 193865040 -
MHCII-Pscu-DNAzoo-DMB1 HiC_scaffold_5 manual-annotation Exon 193864319 193864601 -
MHCII-Pscu-DNAzoo-DMB1 HiC_scaffold_5 manual-annotation Exon 193862643 193862925 -
MHCII-Pscu-DNAzoo-DMB1 HiC_scaffold_5 manual-annotation Exon 193861663 193861780 -
MHCII-Pscu-DNAzoo-DMB1 HiC_scaffold_5 manual-annotation Exon 193861498 193861538 -
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Supplementary Data A2‑1 Fasta sequences of 384 MHC class II genes from 30 genome assemblies
>anst_DAA_1
ATGATCCCCAACAAAGCTTTGATCCTAGGGGCTTTCACCCTGGCTGTACTGCTGAATCCCTGGGGAGCCAGAGCCATTAAAGAGAATCATGTGATTATCCAAGCTGAGTTCTCCCAGACCCACAGCC
CTTTAGGAGAGTTCATGTTTGATTTTGATGGCGATGAAATTTTCCATGTGGATTTGGACAAGAAAGAGACAGTCTGGCGTCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCTCT
GGCCAATCTTGCTGTGGACAAAGCCAATCTGGACATCATGATGAAAAGGTCCAACTACACTCCTGATACCAATGTGCCCCCTGAAGTCACAGTGTTTCCTCAGAGCCCAGCGGAGCTGGACGAGCC
CAATGTCCTTATCTGCTTCATTGACAAGTTCTCTCCCCCGGTACTTAATGTGACATGGCTTCGTAATGGGCAGCCTGTCACTGAGGGTGTGTTTGAGACTGTCTTCCTCCCCCGCCCTGATCATGCCTT
CAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCAATGATTATTATGACTGCAAGGTCGATCACTGGGGACTGGACCAACCTGTTTTGAAACATTGGGAACCAGAAATACGAACCCCACTGCCA
>anst_DMA_1
ATGGGACTTGAGCAAAACCTGGGAGTTACACTGTCACTACTGAAGCTACAGTCATCATTGCTTTTGTCCCTGTTCTGGGAAGCCACTCCAGTGTTGGCAGTGTTTGGGAATAATTTACAGAATTACA
CATTCTCTCACACACTATTCTGCCAGAATGGAGAATCCTCCTTGGGTCTATCAGAAAACTTCAATGGGGACCATCTCTTCTCCTTTGACTTCTCCAAGAACTCCCGGGTGCCCCGGCTGCCTGAATTT
GCTGCTTGGGCCACTGATAAAGGAGACATCGAGAGCATAGATGCTGACAAGAATCTCTGCCAGGAGCTGCAACATAAATTGAGTAAACTTTGTAAAGGAAAGATCCCTGAGGCTAGAGGAATCCC
CGTGGCTGAAGTTTTCACTCTGGAGCCTCTGGAGTTTGGGAAGCCCAACACTCTCGTTTGTTTTGTTAGCAATTTCTTCCCACCTCGTATAACCGTGACCTGGCAACATGAAGGAGTCTCTGTGGAA
AGCAGCAGCCCCACCTTTCTCTCAGCTACAGATGGACTTAACTTCCAGGCCTTTTCTTATCTGAACATCACACCCAAATCCACTGATGTTTTCTCTTGCATTGTGGCACAGGAAGGTGACCTCTTCAGC
>Mala_DAA_1
ATGGCCCCCAACAAAGCCTTGATCCTAAGTGTCTTCACTCTGACAATGCTACTGAATCCCTGGAGAGTCAGGGCGATTAAAGAGAAACATGTGGTCATCCAAGCAGAGTTCTACCAGACTCATGAA
CCCACGGGAGAATTCATGTTTGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGCAAAAGAAAGAGACAGTTTGGAGACTTTCAGACTTCAGCAAATTTGCCAGTTTTGAGGCTCAGGGTGCT
CTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGGTCCAACAACACCCCTGACACCAATGTGCCCCCTGAAGTGACAGTGTTTCCCAAAGGCCCAGTGGAGCTGGGTCA
GCCCAATGTTCTCATCTGCTTCATTGACAAGTTCTCTCCTCCTGTACTTAATGTGACATGGCTTCATAACAAACGTCCTATCACTGATGGTGTATTTGAGACTGTCTTCCTCCCTCGCTCTGACCATTCC
TTCAGAAAATTCCACTATCTCACCTTTATCCCCTCTGCTGACGATTTCTATGACTGTAAAGTTGATCACTGGGGACTGGAAGAACCTCACCAGAAATACGGACTCCACTGCCAGAGACAACAGAAAC
>Mala_DBA_1
AACCCCAGGTTCTATTCCCACTACCAGAGACAACAGAAACTGTGGTCTGTGCCCTTGGTCTGACTGTAGGCCTGGTGGGCATCATTATGGGCACCATCCTCATTATCAAAGGCATATGCTCCAGCAG
TAGGATACAACACCAAGGACCTCTGTGATGCCCCCTGAGGTGACTGTGTTCTCAGAGAGCCCCGTGGAGGTGGGCCAGCCAAATATCCTTATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTC
AACATCACATGGCTTCGTAATGGGCAGTTGGTCACCACAGGTGTGTCTGAGACAGACTTCTACCCTCGGCCTAACCACAGATTCTGCAAGTTCTATTATCTCACTTTTCTTCCCAGTGCAGAAGATTT
TTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCATTCCTCAAGCATTGGGATGACCATATGGGGACCTATGGCACAACTCTGTACCAGACCTATGAAGCCATAGGCCAGTTTACAGAAG
AATTTGATGAGGATGAGCTCTTTTATGTGGACCTGCAGAAGAAGGACACTGTCTGGCGACTGCCAGAATTTAATCATTTTAGTACCTTTGACCCTCAGGGAGGGCTGAGAAGCATAGCCATAATGA
>Mala_DBA_2
ATGGCCATCAACAGAGTCCTGATCCTAGGGACCCTCTCACTGGCCGTGCTGCTGAGTCCCCCAGGAGCTTGCGAGTCCATTGAAGCTGACCATATAGGAATCTATGGCACAACTCTGTACCAGGAT
TATGGGCCCTCAGGCCAGTATACACAAGAGTTTGATGGTGATGAGCTCTTTTATGTGGACCTACAGAAGAAAGAGACTGTATGGCGACTTGAAGAGTTTAGCCATTTTAGTAGCTTTGATCCTCAG
GGAGGGTTGACAAACATAGCCACAGCAAAGCACAACCTGGACATCTTGATGAAACGCTCCAACAGAACCAGGGCCCTCATGCCCCCCGAGGTAACTGTGTTCTCAGAGAGCCCTGTAGAGGTGGA
CCAGCCAAATGTCCTCATCTGCTTGGTGGACAACATCTTTCCCCCAGTGGTCAACATCACATGGCTTCGTAATGGGCAGTTGGTCACCACAGGTGTGTCTGAGACAGACTTCTACACTCGGCCTGAC
AACAGATTCCGCAAGTTCTACTACCTTACTTTTCTCCCCAACACAGAAGATATCTATGACTGCAAAGTGGAGCATTGGGGCCTGGAGCAGCCAATCCTCAAGCACTGGGAACCCCAGGTTCCATCCC
>Mala_DCA_1
ATGAATCTTAGTCTAGCCTCAGGCTTAGGGATCCTCAGCCTGGCTGCCCGGCTGATCAGACTAAGAGCCTGGGCTGCTAACAACCCTGTAATCAAATCAACATTTGTTCAGACCCACAGACTTGCAT
GAATTTGATGAAGTTGAGTAATTCCACATGGACCTTGAGAGGAAGAAAACAGTAAGGAAGCTTCCTGAGTTTGGCCACATCTTTAGTTTTGATGCCCAGATTGGGCTAGGCTACTACTGTGGACTT
GAACGACCTTATCAGGCAAAACATCCACACCTGGGCCACCCTTATGCCTTTGGAGGTGACAGTATTTCCTAAGGAGCCCATACAACTAGAGGAGCCAAACACCCTCTGCCACACTGATATGTTTCCC
CCCACAGTGATTAATGTCACATGGTTGTGCAATGGACAGTCAGTCACTATAGGGATATCTGAGACCCCTTTCCTCCTTCACAATGACTATTCTTTTCCACAGGTTTCAGTTCCTCACTTTCCTTCCCTC
AACTGATGATGTCTATGACTGCCTGGTTGAACACTAGGACCTGGAGAAGTCACTTTTCAGGCACTGAGCCTGAGATGCTAACACACCATCTGAGACAATGGAGACCCTCATCTTTATTCTAGGACT
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>Mala_DMA_1
ATGGGACCTGAGCAAAGCCTGGGAGCTACACTGTTACTACTGCAACTTCACTCCTCATTGCTTTTGTCCCTGTCCTTGGGAGACACTCCAGAATTTACATCATTACTAGAGAACAGCCTGCAGAACT
ACACATTCTCTCACACGATATTCTGCCAGAATGCGGAACCCTTTGTGGGTCTGTCTGAGAGCTTCAATGGGGACCAGCTCTTCTCCTTTGACTTCCCCAGTAACTCCCGGGTGCCCCGACTCCCCGAG
TTTGCTGCTTGGGCCAGTGATGAGGGAGATGTCCAGGCCATAGATGCTGAAAAAAATCTCTGCCAGAATCTGCAAAATGCATTCAGCCAAGCTTGTCAAGGCCATATCCCTGAGTCTAGAGGAAA
CCCTGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGAAAGCCCAACACTCTCATCTGCTTTGTTAGTAACCTCTTCCCACCTCAAGTATATGTGAAATGGCAGCACAATGGAGTCCCTATAG
AAAGCAACAGCCCCATTTTTCTCTCAGCTATAGATGGACTTGGCTTCCAGGCCTTCTCTTACCTGAACTTCACACCTACATCTTCGGATATCTTTACTTGCGTTGTGGAACGGGATGGTGACCTCTTCA
>Phta_DNAzoo_DAA_1
ATGATCCCCAACAAAGCATTGATCCTAGGGGCTTTCACCCTGGCCGTGCTGCTGAATCCCTGGGGAGCCAGAGCTATTAAAGAGAATCATGTGATCATCCAAGCTGAGTTCTACCAGACCCACAGC
CCTTTAGGAGAGTTCATGTTTGATTTTGATGGCGATGAAATTTTCCATGTGGATTTGGACAAGAGAGAGACAGTCTGGCGTCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCTC
TGGCCAATCTTGCTGTGGACAAAGCCAATCTGGACATCATGATGAAAAGGTCCAACTACACTCCTGATACCAATGTGCCCCCTGAAGTGACAGTGTTTCCTCAGAGCCCAGCGGAGCTGGATGAGC
CCAATGTCCTTATCTGCTTCATTGACAAGTTCTCTCCTCCGGTACTTAACGTGACATGGCTTCGTAATGGTCATCCCATCACTGAGGGTGTGTTTGAGACTGTCTTCCTCCCCCGGCCTGATCATGCCT
TCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCAATGATTACTATGACTGTAAGGTCGATCACTGGGGACTGGACCAACCTGTATTGAAACATTGGGAACCAGAAATACGAACCCCACTGCC
>Phta_DNAzoo_DMA_1
ATGGGACTTGAGCAAAACCTGGGAGTTACACTGTCACTACTGAAGCTACAGTCATTATTGCTGTTGTCCCTGTTCTGGGAAGCCACTCCAGTGTTGGCAGTGTTTGGGAATAATTTACAGAATTACA
CGTTCTCCCGCACACTCTTCTGCCAGAATGGAGAATCCTCCTTGGGTCTATCAGAGAACTTCAATGGGGACTATCTCTTCTCCTTTGACTTCTCCAAGAACTCCCGGATGCCCCGGCTGCCTGAATTT
GCTGCTTGGGCCACTGATAAAGAAGACATCGAGAGCATAGATGCTGACAAGAATCTCTGCCAGGAGCTGCAACACAAATTGAGTAAACTTTGTAAAGGAAAGATCCCTGAGGCTAGAGGAATCCC
TGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCGTTTGTTTTGTTAGCAATTTCTTCCCACCTCGTATAACCGTGACCTGGCAACATGAAGGAGTCTCTGTGGAA
AGCAGCAGCCCCACCTTTCTCTCAGCTACAGATGGCCTTAACTTCCAGGCCTTTTCTTATCTGAACATCACACCCAAATCCACTGATGTTTTCTCTTGTACTGTGGCACAGGAAGGTGACCTCTTCAGC
>Trvu_DAA_1
ATGGACCCCAACAAAGCCTTCATCTTAGGAGTCTTCAACCTAGCAGTGCTGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGAGAATCATGTGATCATCCAAGCAGAGTTCTACCAGACCCACAAC
CCCTCGGGCGAGTTCATGTTTGACTTTGATGGAGATGAGATTTTCCATGTGGATTTGGAGAACAAGCAGACAGTCTGGCGGCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCT
CTGGCCAATCTTGCTGTGGATAAAGCCAACCTGGAAATCATGATGAAACGGTCCAACAATACCCCTGACACCAATGTGGCCCCTGAAGTGACAGTGTTTCCAAAGGGCCCAGTGGAGCTGGGCCA
GCCCAATGTCCTTGTCTGCTTCATTGACAAGTTCTCTCCTCCGGTACTTAACGTGACGTGGCTTCATAATGGGAATCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTCCCCCGTTCTGACCATGC
CTTCAGAAAGTTCCACTATCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGCAAGGTCGAACACTGGGGACTGGAACAACCTGCTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTG
>Trvu_DBA_1
ATGACTGCCAACAGAGTCCTGATCCTAGGGACCCTCTCACTGGCTGTGCTGCTGAGTCCCCAAGGAGCTTCTGAGTCCATTGAAGCTGACCATGTGGGAACCTATGGCACAACTATGTACCAGTCC
TATGGACCCTCAGGCCAGTACACACAAGAATTTGATGAAGATGAGATCTTTTATGTGGACCTGCAGAAGAAGGAGACTGTGTGGCGGCTCCCAGAGTTCAGCCATTTTACTAGCTTTGACTCCCAG
GGAGGGCTGACAAACATAGCCACAGCCAAACACAACCTGGATGTCATGATCAAAGACTCCAACGGAAGCAGGGCCATCAGTGTGCCCCCTGAGGTGACCGTGTTCTCAGAGAGTCCTGTGGAGA
TGGGCGAGCCGAACGTACTCATCTGCTTGGTGGACAACATCTTCCCCCCAGTCGTCAACATCAAGTGGCTTCGTAATGGGCAGTTGGTCACTGAAGGTGTGTCTGAGACAGACTTCTACCCCCGAC
CTGACCACAGATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAAGACTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTCCTCAAGCACTGGGAACCGCAGGTTC
>Trvu_DBA_2
ATGGCTGCCGACAGAGTCCTGATCCTAGGGACCCTCTCACTGGCTGTGCTGCTGAGTCCCCAAGGAGCTTCTGAGTTCATTGAAGCTGAACATGTTGGGGTCTACGGCACAACTTTTTGCCAGTCCT
ATGGGCCCTCAGGCCAGTTTACACAAGAATTTGATGAAGATGAACTCTTTTATGTGGACCTGGAGAAGAAGGAGACTGTGTGGCGGCTCCCAGAGTTCAGCCATTTTGCTAGCTTTGACTCTCAGG
GAGGGCTGACAAACATAGCCATGTGCAAGCGCCACCTGGAAATCTCAATCAAACGCTACAACAGAAGCAGGATCATCGCCGTGCCCCCTGAGGTGACTGTGTTCTCGGAGAGTCCCGTGGAGATG
GGCCAGCCAAACATACTCATCTGCTTGGTGGACAACATCTTCCCCCCAGTGGTCAACATCAAGTGGCTTCGTAATGGGCAGTTGGTCACTGAAGGTGTGTCTGAGACAGACTTTTACCCTCGGCCT
GACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAAGACTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGGTTCCAT
>Trvu_DCA_1
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ATGACCTCCGGCCTACACTCAATATTGGGGATTCTCAGCCTGGCTACCTTGCTGATCAAACAAAGAACCTGGGTCACTAATGACCCTGTAATCAGCTCCATGACATTTGTTCAGACCCACAAACCTTC
TGGCAGTACCTGCATGAATTTGATGAGGATGAGCAGTTCCATGTGGACTTTGACAGGAAGGAAACAGTCTGGTGGCTTCCTGAGTTTGGCCACATCTTCAGTTTCCATGCACAGATTGGGCTAGGC
AACATTGCTGTGGACATGGCTAACTTGAACCAACTTATCAGGCAAAACAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGTTTCCCAAGGAGCCCGTGGAGCTAGAAGAACCCAG
AATCCTCATCTGCCACACTGATAAGTTCTCACCCCCAGTGGTCAATGTCACGTGGCTGTGCAATGGCAAGCCAGTCACCACAGGGGTGTCTGAGACCACCTTCCTGCATCAGGATGACTATTCTTTC
CACAAGTTCAATTAGCTCGCTTTCCTGCCCTCAGCTGATGATGTCTATGACTGTGTAGTTGAACACTGGGGCCTGGAAAAGCCACTTTTCAAGCACTGGGATATGAAGCCTGAGATGCTAACACCAC
>Trvu_DMA_1
ATGGGACCTGAGCAAAGCCTGGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCCCTGTCCTGGGGAGCCACTCCACAGTGTTGGCATCATTATTGGGGAATAACCTAGAGAACTACACATTCT
CTCACACACTGTTCTGCCAGGATATGGAACCCCTCCTGGGTCTGTCCGAGACCTTCAATGGGGACCAGCTCTTCTCCTTCGACTTCTCCAGGAACTCTCGGGTGCCCCGGCTGCCTGAGTTTGCTGCT
TGGGCCGGTGATGAGGGAGACATCAAGGCCATAGAAGATGACAAGAAGCTCTGCCAGGAATTGCAAAACGTTTTGAGTAGAATTTTGGAAGGCCAAATCCCTGAAGCTAGAGGAAACCCTGTGC
CTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAATACACTCGTCTGCTTTGTTAGTAACATCTTCCCACCTCAAATAACTGTGAGCTGGCAGCACAAAGGAGTCTCTGTGGAAGGCA
GTAGCCCCACTTTTCTCTCAGCTATAGATGGACTTGGCTTCCAGGCCTTCTCCTATCTGAACTTCACACCCACATCCTCTGATGTCTTCTCTTGCAATGTGGCACGGGAAGGTGACCTCTTCAGTGCTA
>Pscu_DNAzoo_DAA_1
ATGGCCCCCAACAAAGCCTTGATCCTAGAAGCCTTCATCCTGGCAGTGCTGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCGCCAA
ACCCTCCGGAGAGTTCATGTTTGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGGAAAAGAAGGAGACAGTCTGGCGGCTTTCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGC
TTTGGCCAATCTTGCTGTGGACAAAGCCAATCTGGAAATCATGATGAAACGGTCTAACAACACTCCTGACACCAATGTGCCCCCTGAAGTGACAGTGTTTCCCAAGGGCCCAGTGGAGCTGGAACA
GCCCAACGTCCTTGTCTGCTTTGTTGACAAGTTCTCTCCTCCTGTACTTACTGTGACATGGCTTCATAATGGGAATCCCATCACTGATGGTGTGTTTGACACTGTCTTCCTTCCTCGCCCTGACCATAC
CTTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCACTGATTACTATGACTGCAAGGTCGAGCACTGGGGACTGGAACAACCTGTTGTCAAACACTGGGAACCAGAAATACGGACCCCACTG
>Pscu_DNAzoo_DMA_1
TGGGACCTGTGCAAATCCTGGGAGCTACACTGTTATTCCTGCAGCTGCAGTCATCGCTGTTTTTGTTTCTGTCCTGGGGAGCCACTCCACAGTGTTGGCATCATTATTGGGGAATAGCCTACAAAAC
TACACATTCTCTCACACACTGTTCTGCCAGGATGAGGAACCCTTCCTGGGTCTATCGGAGACCTTCAATGGGGACCAGCTCTTCTCCTTCGACTTCTCCAGGAACTCTCTGGTGCCCCGGCTGCCTGA
GTTTGCTGCTTGGACTGGTGATGAGGAAGACATTGAGACCATAAAAAGTGATGGGAAGCTCTGCCAGGAATTGCAAAAAGTTTTGAGTAGAATTTTGGAAGACCAAATCCCTGAGGCTAGAGGA
AACCCTGTGGCTGAAATTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCACCTGCTTTGTTAGTAACATCTTCCCACCTCAAATAACTGTGAGCTGGCAGCACAAAGGAGTCCCTG
TGGAAAGCAGCAGCCCCACTTTCCTCTCAGCTGTGGATGGACTTGGCTTCCAGGCCTTCTCTTATCTGAACTTCACACCCACATCCTCTGATGTCTTCTCTTGCACTGTGGAACGGGAAGGTGACCTC
>Smcr_DNAzoo_DAA_1
ATGATCCCCAACAAAGCTTTGATCCTAGGGGCTTTCACCCTGGCAGTGTTGCTGAATCCCTGGGGAGCTAGAGCCATTAAAGAGAATCATGTCATCATCCAAGCTGAGTTCTACCAGACCCACAACC
CCTTAGGAGAGTTCATGTTTGATTTTGATGGGGATGAAATTTTCCACGTGGGTTTGGATAAGAGACAGACAGTCTGGCGTCTTCCTGAATTCAGCAATTTTGCCAGCTTTGAGGCTCAGGGTGCTCT
GGCCAATCTTGCTGTGGACAAAGCCAATCTGGAAATCATGATGAAACGGTCCAACAACACTCCTGATGTCAATGTGCCCCCTGAAGTGACAGTGTTTCCTAAGGGCCCAGTGGAGCTGGGCCAGC
CCAATGTCCTTATCTGCTTCATTGACAAGTTCTCTCCTCCAGTACTTAATGTGACATGGCTTCATAATGAGCGTCCCATCACTGAGGGTGTGTTTGAGACTGTTTTCCTCCCCCGCCCTGATCATACCT
TCAGAAAATTCTACTACCTCACCTTCATCCCCTCTGCCAACGATTTCTATGACTGTAAGGTCGATCACTGGGGACTGGAACAACCTGTTATCAAACATTGGGAACCAGAAATACGAACCCCACTGCC
>Smcr_DNAzoo_DMA_1
ATGGGACTTGAGCAAAACCTGGGAGTTACACTGTTACTACTGAAGCTACAGTCATCATTGCTTTTATCCCTGTTTTGGGAAGCCACTCCAGTGTTGGCAGTGTTTGGGAATAATTTACAGAATTACA
CATTCTCTCACACACTATTCTGCCAGAATGGAGAATCTCCCTTGGGTCTGTCAGAAGACTTCAATGGGGACCATCTCTTCTCCTTTGACTTCTCCAAGAACTCCCGGGTGCCTCGGCTGCCTGAATTT
GCTGCTTGGGCCACTGATAAAGGAGACATTAAGAGCATAGATGCTGACAAGAATCTCTGCCAGCAGCTGCAACATGAATTGAGTAAACTTTGTAAAGGACAGATCCCTGAGGCCAGAGGAAACCC
TGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTTGTTTGCTTTGTTAGCAATCTCTTCCCACCTCATGTAACCGTGACCTGGCAACACGAAGGAGTCTCTGTGGAA
AGCAGCAGCCCCACCTTTCTGTCAGCTATAGATGGACTTGGCTTCCAGGCCTTTTCTTATCTGAATATCACACCCACATCCACTGATGTTTTCTCGTGCACTGTGGCACAGGAAGGTGACCTCTTCAG
>Pegu_DAA_1

53



ATGGCCCCCAACAAAGCCTTGATCCTAAGTATCTTCACTCTGACAATGCTACTGAATCCCTGGAGAGCCAGGGCAATTAAAGAGAAACATGTGATCATCCAAGCAGAATTCTACCAGACTCATGAA
CCCTCAGGAGAGTTCATGTTTGACTTTGATGGAGATGAGATTTTCCATGTGGATTTGCAAAAGAAGGAGACAGTTTGGCGACTTTCGGACTTCAGCAAATTTGCCAGTTTTGAGGCTCAGGGTGCT
CTAGCCAATCTTGCTGTAGACAAAGCCAACCTGGAAATCATGATGAAACGATCCAACAACACCCCTGACACCAATGCCCCCTGAAGTGACAGTGTTTCCTAAAGGCCCAGTGGAGCTGGGTCAGCC
CAACGTCCTCATCTGCTTCATTGACAAGTTCTCTCCTCCTGTACTTAATGTGACATGGCTTCATAACAAGCGTCCTATCACTGATGGTGTATTTGAAACTGTCTTCCTCCCTCGCTCTGACCATTCTTTC
AGAAAATTCCACTATCTCACCTTTATCCCTTCTGCTGATGATTTCTATGACTGTAAAGTTGATCACTGGGGACTGGAAGAGCCTGTACTTAGACATTGGGGTAAAAATACGGACTCCACTGCCAGAG
>Pegu_DBA_1
ATGGCCATCAACAGAATCCTGATCCTAAGAACCCTCTCACTGGCTGTGTTGCTGAGTCCCCCAGGGGCTTCCGAGTCCATTGAAGCTGACCATGTGGGGGTCTATGGCACAACTGTGTACCAGTAC
TATGGGCCCTCAGGCCAGTATACACAGGAGTTTGATGAGGATGAGCTCTTTTATGTGGACCTGCAAAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGTCATTTTGCTGGCTTTGATCCTCAA
GGGGGGCTGACAAACATAGCCACAGCAAAGTACAACCTGGACATCCTGATGAAACGCTCCAACAGAAGCAGGGTCATCATACCCCCAGAGGTGACTGTGTTCTCAGAGAGCCCTGTGGAGGTGG
GCCAGCCAAATGTCCTCATCTGCTTCGTGGACAACATCTTCCCCCCAGTGGTCAACATCACATGGCTACGTAATGGACAGCTGGTCACCACAGGTGTGTCTGAGACAGACTTCTACACTCGACCTGA
CGACAGATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAAGATTTTTATGACTGCAAAGTGGAACACTGGGGCCTGGAGCAGCCGGTCCTCAAGCACTGGGAACCCCAAGTTCCATCC
>Pegu_DCA_1
ATGACCTTTAGTCTAGTCTCAGGTTTAGGGATCCTCAGCCTGGCTGCCCTGCTAATCAAACTAAGAGCCTGGGCTGTTAATAGACCATGTAATCAACTCTGTGACATTTGTTCAGACTCACAGACAT
GTATGAATATGATGAGTTTAAGTAATTCCATGTCAAGACAGGAAGAAAATAGTATGGAAGCTTCCTGAGTTTGGCCACATCTTTAATTTTGATGCCCAGATTGGACTAGGCAACACTACTGTGGAT
CTGGCTAACTTGAATGCCTTATCAGGCAAAACGCCCATCGTGTCTGTGGAGGGGACAGTGTTTCCCATGGAGCTTGTGTAACCAGAGGAGCCAAACACCCTCATCTGCCATATTGATATGTTCTCCC
CTCCAGTGATTAATGCCACATGGTTGTGCAATGGACAACCGGTTACTATAGGGTATCTCAGACCTCCTTCCTGCCTTGTGATGACTTTTCTTTCCACAAGTTCCATTTCCTCACTTTCCTCCCCTCAACT
GATGATGTCTGTGACTGCATGGTTGAACACTAGGGCCAGGAGGAGCCACTTTTCAAGCACTGGAAGTTTGAGATGCTAACACCACCATCTGAAACACTAGAGACCCTATTTTTATTCTAGGACTGG
>Pegu_DMA_1
ATGGGACCTGAGCACAGCCTGGTAGCTACACTGTTACTACTGCAACTTCACTCCTCACTTCTTTTGTCCCTGTCCTTGGAAGACACTCCAGAATTAACATCATTACCGGAGAACAGCCTACAGAACTA
CACATTCTTTCACACGATATTCTGCCAAAATGAGGAACCCTTTGTGGGTCTGTCGGAGACCTTTAATGGGGACCAGCTCTTCTCCTTTGACTTCCCCAGAAACTCCCGGGTGCCCCGGCTGCCTGAG
TTTGCTGCTTGGGCCAGTGATGAGGGAGATGTCCAGGCCATAGATGCTGAAAAAGTTCTCTGCCAGAATCTGCTAAACACATTCAGTCAAGTTTGTGAAGGCAAGATCCCTGAGTCTAGAGGAAA
CCCTGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGAAAGCCCAACACACTCATCTGCTTTGTTAGTAATCTCTTCCCACCTCAAGTATCCGTGAAGTGGCAACATGATGGAGTCCCTATA
GAAAGCAACAGCCCCACTTTTCTCTCAGCTGTAGAAGGACTTGGTTTCCAGGCTTTCTCTTACCTGAACTTCACACCCACGTCTTCAGATATCTTTACTTGCATTGTGGAACGGGATGGTGACCTCTT
>Magi_DNAzoo_DAA_1
ATGACTTCCAACAAATCCTTGATCCTAGGAGCCTTCATTCTGTCAGTGCTGCTGGGTCCCTGGGGAGCCAGGGCCATTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCCACGAA
CCCTCTGGAGAGTTTATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGAACAAGAAAGAGACAGTCTGGCGGCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCC
TTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGATCCAATAACACCCCTGACACCAATGTGGGCCCTGAAGTGACAGTGTTTCCCAAAGGCCCAGTGGAGCTGGGCCA
GCCCAACATCCTTGTCTGCTTCATTGACAAGTTCTCTCCTCCGGTACTTACTGTGACCTGGCTTCATAATGGGGTTCCCATCACTGATGGTGTGTTTGAAACTGTCTTCCTCCCTCGCTCTGACCATGC
CTTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGTCAGGTTGAGCACTGGGGACTGGAACAACCTGTTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTG
>Magi_DNAzoo_DBA_1
ATGGCTGCCAGCAGAGTGCTGATCCTAAGGACCCTGTCACTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCACGTGGGGATCTATGGCACAGGTGTATACCA
GTCCTATGAGTCCTCAGGCCAGTACACACAGGAATTTGATGAGGACGAGCTGTTTTACGTAGACCTGCAGAAGAAGGAGACTGTGTGGCGGCTACCAGAGTTTAGCCATTTTAGCAGCTTTGACC
CTCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAGCGCTCCAACAGAAGCAGGGCCATTATGCCCCCTGAAGTGACTGTGTTCTCGGAGAGTCCTGTGGAG
TTGGGGCAGCCAAATGTACTCATATGCTTGGTGGACAACATCTTCCCTCCTGTGGTCAACATCAAGTGGCTTCGTAATGGCCAGGTGATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGGC
CTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGACTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATTCC
>Magi_DNAzoo_DBA_2

54



ATGGCTGTCAACAGAGTTCTGATCCGAGGGACCCTCTCATTAGTTTTGCTCCTGAGTCCCCAAGGAGCTTGAGTCTGTTGAAGCCAAATTGCTGACCATGTTAGGGTCTATGGCACAGATATATGCC
AGAACTATGGGCCCTCAAGCCAGTACACACAAGAATTTGATGATAATGAGCTGTTTTATGTGGATCTGCAGAAGGAGATTGTATGGTGGCTGCCAGAGTTTAGCCATTTTGCTGGCTTTGACCCTC
AGGGAGGGTTAAGAAACATACCCATACCCAAGTTCACCATGGACACCCTCATCAAACACTCCAACAGAAGCAGGGCCATCAGGGTGCCCCCTGAGGTAACAGTATTCTCAGAGAATACTGTGGAG
ATAGGCCAGCCAAATGTACTCATCTGCTTGGTGGACAACATCTTCCCCTCAGCTGTCAGCATCATGTGGCTTCATAATGACCAGTTGGTCACCACTGGTGTGTCTGAGACAGACTTTTACTCTCGGC
CTGACCATGAATTCCACAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGATTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAACAGCCAGTCCTCAAGCACTGGGAACCCCAGATTCC
>Magi_DNAzoo_DBA_3
ATGGCTGCCAGCAGAGTTCTGATCCTAGGGACCCTCTCACTGACTGTGCTGCTGAGTCCCCAAGGAGCTTCTGAGCCCATCGAAGGCAACTGACCATGTGGGGCTCTATGGCACAGATATATACCA
GACCTATGGGCCCTCAGGCCAGTACACACAGGAATTTGATGAGGACGAGCTGTTTTACATAGACCAGCAGAAGAGGGAGACTGTGTGGCGGCTGCCAGAGTTTAGCCATTTTGCTAGCTTTGACC
CTCAGGGAGGACTGCGTGAAATAGCCATATGCAAGCACACCCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGGCCGTCATGCCGCCTGAAGTGACTGTGTTCTCAGAGAGTCCCGTGGAG
GTGGGCCAGCCAAATACACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTAGTCAACATCACGTGGCTTCGTAATGGCCAATTGGTCACCATAGGTGTGTCTGAGACAGACTTCTACACTCGGC
CTGACCACAAATTCCGCAAGTTCCACTACCTCGCTTTTCTCCCCAACACAGAGGATTTTTATGATTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGGTTCC
>Magi_DNAzoo_DBA_4
ATGGCTGCCAGCAGAGTTCTGATCTTAGGGACCCTCTCACTGGCTGTGCTACTGAGTCCCCAAGGAGCTTCTGAGTCCATTGAAGGCAACTGACCATGTTGGGCTCTATGGTACAGATATATACCA
ATCCTATGGGCCCTCAGGCCAGTACGCACAGGAATTTGATGAAGATAAAGAATTTTATGTAGCCTTGCAGAAGAAGGAGACTGTGTGGTGGCTGCCAGAGTTTAGCCATTTTGCTCGCTTTGACCC
TCAGGGAGGACTGCATGAAATAGCCACAAGTAAGTACAACCTGGACATTGTAATCAAATGCTCCAACAGAAGCAGGGCCATCAGCGTGCCGCCTGAGGTGACTATGTTCTCAGAAAGCCTGTGGA
GGTGATGGGCCAGCCAAATATACTCATCTGATTGGTGAACAACATCTTCCCTCCAGTGGTCAACATCACATGGCTTCTTAGTTGCAGTTGGTCACCATAGGTGTGTCTGAGACAGACTTCTACTCTC
AGCCTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGATTTTTATGACTGCAAAGTGGAGCACTGGGGCTTAAAGCAGCCGGTCCTCAAGCACTGGGAACCCCAGTT
>Magi_DNAzoo_DBA_5
ATGGGTGCCAGCAGAGTCCTGATCCTAGGGACCCTCTCATTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCATGTGGGGATCTATGGCACAGGTGTATGCCA
GTCCTATGGGCCCTCAGGCCAGTACACACAGGAATTTGATGGGGATGAAAAATTTTATGTAGACCTGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAGTTTAGCCATTTTACCAGCTTTGACC
CTCAGGGAGGACTGCGTGAAATAGCCACATGCAAGTACAACCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGGCCATCATGCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGAG
GTGGGCCAGCCAAACATACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATAAAGTGGCTTCGTAATGGCCAGGTCATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGGC
CTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGAATTTTATGACTGCAAAGTGGAACACTGGGGCTTGGAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGTTTCC
>Magi_DNAzoo_DBA_6
ATGGCTGCCAGCAGAGGGCTAATCCTAAGGACGCTGTCACTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCACGTGGGGATCTACGGCACAGGTGTATACC
AGTCCTATGAGTCCTCAGGCCAGTACACACAGGAATTTGATGAGGACGAGCTGTTTTACGTAGACCTGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAGTTTAGCCATTTTAGCAGCTTTGAC
CCTCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAACTCTCCAACAGAAGCAGGACCATCATGGCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGA
GTTGGGCCAGCCACATGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTTGTAATGGCCAGGTGATCGCCACTGGTGTGTCTGAGACAGACTTCTACTCTTGG
CCTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGCCTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGTAGCCACTCCTCAAGCACTGGGAACCCCAGATTC
>Magi_DNAzoo_DBA_7
ATGGCTGCCAGTAGAGTGCTGATCCTAAGGACCCTGTCACTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCATGTGGGGATCTATGGCACAGGTGTATACCA
GTCCTATGAGTCCTCAGGCCAGTACACACAGGAATTTGATGAGGACGAGCTGTTTTATGTAGATCTGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAGTTTAGCCATTTTAGCAGCTTTGACCC
TCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAGCGCTCCAACAGAAGCAGGGCCATCATGCCCCCTGAAGTGACTGTGTTCTCGGAGAGTCCTGTGGAGT
TGGGCCAGCCGAACGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGTAATGGCCAGGTGATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGGCC
TGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGACTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATTCCA
>Magi_DNAzoo_DCA_1_partial_exon_2-4
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ACCATGGAATCAGCTCTGTGACAATTGTTCAGACCTACAAGCCATCTGAGCAGGACCTGCATGAATTTGATGAAGATGAACCATTTCACATGGACTATGAAAAGAAGGAAACAGTCTGGCAGCTTC
CTGAGTTTGGCCGTATCTTCAGTTCCAGTGCACAGATTGGGCTAGGTGACATTGCTGCGGACATGGCTAACTTGAACCAACTTATCAGGCAAACCAAGCACACCCAAGCCACCATTGTGACTCCAG
AGGTGGCAATGTTTCCCAAGGAGGCCGTGGAACTAGAAGAACCCAGCGTCCTCCTCTACCACATCCTAGTGATCAATGTCACATGGCTGTGCAATGGTGAGTCAGTCACCACAGCAGTATCTGAAA
CTGTCTTCCTGCCTCAGGATGACTGTTCTTCCCACAAGTTTCATTACTTCACTTTCTTCCTCTCAACTGATGATATTTATGACTGCGTAGTTGAACCCTGGGGCCTCAAAAACCACTTTCCAAGTGTTG
>Magi_DNAzoo_DMA_1
ATGGGACCTGTGCAAAGCCTGGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCACTGTTCTTGTCTCTGTCCTGGGGAGCCACTCCAGTGTTGGCATCATTACTGGGGAATAGCCTACAGAACT
ATACATTCTCTCACACAATGTTCTGCCAGGATGAGCAACCCTTAGTGGGTCTGTCTGAGGTCTTCGATGGGGACCTGCTCTTCTCCTTCGACTTCTCCAGGAACACTCGGGTACCCCGGCTGCCTGA
GTTTGGTGCTTGGGCCAGTGATGAGGGAGATGTCAAGATCATAGAAGATGACAAGACACTCTGCCAGGGATTGCAGAAATTTTTGAGTGAACATTTTGAAGGCCGAATCCCAGAGGCTAGAGGA
AACCCTGTGGCTGAAGTTTTCACTCTGGAACCCCTGGAGTTTGGGAAGCCCAACACTCTCATTTGCTTTGTTAGTAACATCTTCCCACCTCAGATAACAGTGACTTGGCAGTACAAAGAAGTTCCTGT
GGAAAGCAGCAGCCCCACTTTTCTCTCTGCTGTAGATGGACTTGGCTTCCAGGCCTTCTCCTATCTGAATTTCACACCCACTGCCTCTGATATCTTCTCTTGCACTGTGGCACGGGAAGGCGAACTCT
>Davi_DNAzoo_DAA_1
ATGATGCCCAACAAAGCTTTGATCCTAGGGGCTTTCACCCTGGCCGTGCTGTTGAATCCCTGGGGAGCCAGAGCCATTAAAGAGAATCATGTGATCATCCAAGCTGAGTTCTACCAGACCCACAAC
CCTTTAGGAGAGTTCATGTTTGATTTTGATGGGGATGAAATTTTCCATGTGGATTCGAGCAAGAGAGAGACAGTCTGGCGTCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCT
CTGGCCAATCTTGCTGTGGACAAAGCCAATCTGGAAATCATGATAAAACGGTCCAACAACACTCCTGATACTAATGTGCCCCCTGAAGTGACAGTGTTTCCTAAGAGCCCAGCGGAGATGGACCAG
CCCAATGTCCTTATCTGCTTCATTGACAAGTTCTCTCCTCCCGTACTTAATGTGACATGGCTTCGTAATGGGCAGCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTCCCCCGCCCTGATCATGCC
TTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCAATGATTACTATGACTGTAAGGTCGATCACTGGGGACTGGAACAACCTCTTATGAAACATTGGGAACCAGAAATACGAACCCCACTGC
>Davi_DNAzoo_DMA_1
ATGGGACTTGAGCAAAACCTGGGAGTTACACTGTTACTACTGAAGCTACAGTCATCATTGCTTTTGTCCCTGTTCTGGGAAGCCACTCCAGTGTTGTCCGTGTTTGGGAATAATTTACAGAATTATA
CATTCTCTCACATACTATTCTGCCAGAATGGAGAATCCTCTTTGGGTCTGTCAGAAAACTTCAATGGGGACTACCTCTTCTCCTTTGACTTCTCCAAGAACTCCCGGGTGCCCCGGCTGCCTGAATTT
GCTGCTTGGGCCACTGATAAAGGAGACATCAAGACCATAGATGCTGACAAGAATCTCTGCCAGGAGCTACAACATCAATTGAGTAGACTTTGTAAAGGACGGATCCCTGAGGCTAGAGGAAATCC
TGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCGTTTGTTTTGTTAGCAATATCTTCCCACCTCGTATAACCGTGACCTGGCAACATGAAGGAGTCTCTGTGGAA
AGCAGCAGCCCCACCTTTCTCTCAGCTACAGATGGACTTGACTTCCAGGCCTTTTCTTATCTGAACATCACACCCACATCCACTGATGTTTTCTCTTGCACTGTGACACAGGAAGGTGACCTCTTCAGC
>Pogi_DNAzoo_DAA_1
ATGACCCCCAACAAATCCTTGATCCTAGGAGCCTTCATTCTGTCAGTGCTGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGAAAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCCATGAA
CCTTCTGGAGAGTTTATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGCAGAAGAAAGAGACAGTCTGGCGGCTTCCTGACTTCAGTAAATTTGCCAGCTTTGAGGCTCAGGGTGCC
TTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGGTCCAATAACACCCCTGACACCAATGTGGGCCCTGAAGTGACAGTGTTTCCTAAAGGCCCAGTGGAGCTGGGCCA
CCCCAACATCCTTGTCTGCTTCGTTGACAAGTTCTCTCCTCCGGTACTTACTGTGACCTGGCTTCATAATGGGGTTCCCATCACTGATGGTGTGTTTGAAACTGTCTTCCTCCCTCGCTCTGACCATGC
CTTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGCAAGGTCGAACACTGGGGACTGGAACAACCTACTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTG
>Pogi_DNAzoo_DBA_1
ATGGCTGCCAGAACCGTGCTGATCCTAAGGACCCTCTCACTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCACGTGGGGATCTACGGCACAGGTGTGTACCA
GTCCTATGAGTCTTCAGGCCAGTACACACAGGAATTTGATGGGGATGAGCTGTTTTACGTAGACCTGCAGAAGAAGGAGACTGTATGGAGGCTGCCAGAGTTTGGCCATTTTAGCAGCTTTGATC
CTCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGGCCATCATGCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGAG
TTGGGCCAGCCAAACGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGAAATGGCCAGGTGATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGAC
CTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGACTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATTCC
>Pogi_DNAzoo_DBA_2
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ATGGCTTCCAACAGAGTTCTGATCCTAGGGACCCTCTCATTGACTTTGTTGCTGAGTCCTCAAGGAGCTTCTGAGTCTATTGAAGCCAAATTTCTGACCATGTTGGGGTCTATGGTACAGACGTATG
CCAAACCTGTGGGCCCTCAGGCCAATACACACAAGAATTTGATGAGAATAAGCTGTTTTATGTGGACCTGTGGAAGGAGACTCTATGGTGGCTGTCAGAGTTTAGCCATTTTGCTGGATTTCACCC
TCAGGGAGGGTTGAGAAACATATGCATAACCAGGCTCACCCTGAACACCCCCATCAAACACTCCAACAGAAGCAGGGTCATCATGCCCCCTGAGGTGACTGCGTTCTCAGAGAGTCCCGTGGAGA
TGGGTCAGCCAAATGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGATCAACATCACGTGGCTTCGTAATGGTGTCTGAGACAGACTTCTATACTCCGCCTGACCACAAATTCCGCAAGTT
CTACTACCTCACTTTTCTCCCCAACACAGAGAACTTTTATGACTTCCAAGTGGAGCGTTGTTGTTCGGGGCAGCCAGTCCTCAAACATCGGCGTTCTATCCCCACTGACAGAGACAACAGAAACTGT
>Pogi_DNAzoo_DBA_3
ATGGCTGCCAGCAGAGTGCTGATCCTAAGGACCCTCTCACTGGTTGCGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCACGTGGGGATCTATGGCACAGGTGTATACCA
GTCCTATGAGTCCTCAGGCCAGTACACACAGGAATTTTATGAGGATGAGCTGTTTTACATAGACCTGCAGAAGGAGATTGTATGGCGGCTACCAGAGTTTGGTCATTTTAGCAGCTTTGACCCTCA
GGGAGGGCTGCATGAAAAAGCCACATGTAAGTACAACCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGACCATCATACCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGAGTTG
GGCCAGCCAAACGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGTAATGGCCAGGTGATCACCACTGGTGTGTCTGAGACAGACTCTACTCTCGGCCTGA
CCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGAACTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATTCCATCC
>Pogi_DNAzoo_DBA_4
ATGGCTGCCAGAACCGTGCTGATCCTAAGGACCCTCTCACTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCACGTGGGGATCTACGGCACAGGTGTGTACCA
GTCCTATGAGTCTTCAGGCCAGTACACACAGGAATTTGATGGGGATGAGCTGTTTTACGTAGACCTGCAGAAGAAGGAGACTGTATGGAGGCTGCCAGAGTTTGGCCATTTTAGCAGCTTTGATC
CTCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGGCCATCATGCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGAG
TTGGGCCAGCCAAACGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGAAATGGCCAGGTGATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGAC
CTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGACTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATTCC
>Pogi_DNAzoo_DCA_1_partial_exon_2-4
ACCATGTAATCAGCTCTGTGACAATTGTTCAGACCTACAAACTATCTGAGCAGTACCTGCATGAATTTGATGAAGACAAACAATTCCATATGGACTATGAAAAGAAGGAAACAGTCTGGCAGCTTC
CTGTGTTTGGCCATATCTTCAGTTCCAATGCACAGCTTAGGCTAGGTGACATTGCTGTGGACATGTCTAACTTGAACCAACTTATCAGGCAAACCAACCACACCCAAGCCACCATTGTGACTCCAGA
GGTGGCAGTGTTTCCCAAGGAGGCGTGGAACTAGAAGCACCCAGCGTCCCCATCTGCCACATTGATAAGTTCGCCATCCCAGTGATTAATGTCACATGGCTGTGCAATGGTGAGTCAGTTACCACA
GGGGTACCTGAGACCACCTTCCTGCCTCAGGATGACTGTTCTTTCCACAAGTTTCATTACCTCACTTTCTTCCTTTCAACTGATGATATTTATGACTGTGCAGTTGAACACTGAGGCCTCAAAAACCAC
TTTTCAAGTAGCCAGAGATGCTAATATTACCGTCTGAGACGATGGAGATGCTCATCCATATTCTAGGAATGGCTATGGGCCTGGTGGGCATCATGGTGGCTGCCAGCTTCATTATCAGAGGCTTGT
>Pogi_DNAzoo_DMA_1
ATGGGACCTGTGCAAAGCCTGGGAGCTCCACTGTTACTCCTGCAGCTGCAGTCATCACTGTTCTTGTCCCTGTCCTGGGGAGCTCCTCCAGTGTTGGCATCATTACTGGGGAATAGCCTACAGAACT
ATACATTCTCTCACACACTGTTCTGCCAGGATGAGCAACCCGTCCAGGGTCTGTCCGAGGTCTTCGATGGGGACCTGCTCTTCTCCTTCGACTTCTCCAGGAACACTCGTGTACCTCGGCTGCCTGA
GTTTGGTGCTTGGGCCAGTGATGAGGGAGATGTCCAGATCATAGAAGATGACAAGAAGCTCTGCCAGCAATTGCAAAAAGTTTTGAGTAGAATTTTGGAAGGCCAAATCCCAGAGGCTAGAGGA
AACCCTGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAACATCTTTCCACCTCAGATAACAGTGACTTGGCAGTACAAAGAAGTTCCTGT
GGAAAGCAGCAGCCCCACTTTTCTCTCTGCTGTAGACGAACTTGGCTTCCAGGCCTTCTCTTATCTGAATTTCACACCCACTGCCTCTGATATCTTCTCTTGCACTGTGGCACGGGAAGGTGACCTCT
>modo_DNAzoo_DAA_1
ATGGCCCCCAACAAAGCCTGGATCCTAGGGGCCCTCACCCTGGCAGCCCTGCTGAGTCCCTGGGGAGCCAAAGCCATCCAAGAGAATCATGTGATCATCCAAGCAGAATTCGCCCAGACCTCCAAC
CCCGAAGGAGAGTTCATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATATGGATAAAAGGGAAACTGTCTGGCGGCTCACTGACTTCAGCAATTTTGCCAGCTTTGAGGCCCAGGGTGC
TCTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGGTCCAACAACACCCCCGACACCAATGTGCCCCCTGAAGTGACAGTCTTTCCAAAGGGTCCAGTGGAGCTGGGTCA
TCCCAATGTCCTGGTCTGCTTCATTGACAAGTTCTCCCCTCCGGTGCTCAATGTGACATGGCTTCAAAATGGAAAGCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTCCCCCGCGCTGACCATT
CCTTCAGAAAATTCCACTACCTCACCTTCATTCCCTCTGCCACTGATTTCTATGACTGTGAGGTTGACCACTGGGGTTTGGAGCAACCTACTATCAAACACTGGGAACCAGAAGTGCGAACCCCATTG
>modo_DNAzoo_DBA_1

57



ATGGCCTCCAGCAGAGTCCTGATTCTAGGGACCCTCTCACTGGTCATGCTGCTCAGTCCCTGGGCAGCTTCTGAGTTCATCAAAGCTGACCATGTGGGGACCTACGGCACAACCATGGCCCAGTCC
TACGGGCCTTCAGGCCAGTATACCATGGAGTGTGATGAGGATGAAATTTTCTATGTGGACCAGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAATTTAGCCATTTTGCTGGCTATGACCCTCA
GGGAGGGCTGAGAAACATAGATGTAATGGAGCACAACCTGGACATCCTGATTAAACGCTCCAATAGAACAAGGGCCATCCCTGTGGCTCCTGAGGTGACTGTGTTCTCTGAGAGTCCTGTGGAGC
TGGACCAGCCAAATGTACTCATCTGTTTGGTGGACAACATCTTCCCCCCAGTGGTCAACATCACGTGGCTCCGTAATGGGCAGATAATCACCACGGGTGTGTCTGGGACAGAATTCTACCCTAGAT
CTGACCACAGATTCCAAAAGTTCTACTACCTCACCTTTCTCCCCAACACAGAAGATGTTTATGACTGTCAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTCCTCAGGCACTGGGaacctcagtttccatct
>modo_DNAzoo_DBA_2
ATGGCCGCCGGCAGAATCCTGATCCTAGAGACCCTCTCACTGGTCATGCTGCTCAGTCCCTGGGCAGCTTCTGAGTCCATTGAAGCTGACCATGTGGGCAGATACGGCACAACCATGGCCCAGTCC
TACGGGCCTTCAGGCCAGTATACCATGGAGTTTGATGAGGATGAACTTTTCTATGTGGACCAGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAATTTAGCCATTTTGCTGGCTTTGATCCTCAG
ACAGGGCTGAGAGAAATAGCCACAAATGAGCACAACCTGGACTGCCTGATTAAACGCTCCAATAGAACAAAGGCCATCCCTGTGGCTCCTGAGGTGACTGTGTTCCCTGAGAGTCCTGTGGAGCT
GGACCAGCCAAATGTACTCATCTGTTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCACGTGGCTCTGTAATGGGCAGGTGATCACCACGGGTGTGTCTGGGACAGAATTCTACCCTCGATCT
GACTACAAATTTCGCAAGTTCTACTACCTCACCTTTCTCCCCAACACAGAAGATGTTTATGACTGCCAAGTGGAGCACTGGGGCCTGGAGCAGCCAATCTTCAGGTACTGGGaacctcagtttccatctCC
>modo_DNAzoo_DCA_1
ATGACCTCTAGCCTCGTCTCAATCTTGGGGATCCTCAGCCTGGCTGCCCTGCTGATCAAATGGAGAGTCTGGGCTACGAATGATCACGTAATCAACTCTGTGACATTTGTTCAGACCCACAAACCAT
CTGGACAGTTCCTGCATGAATTTGATGGGGATGAGCAATTGCACGTGGACCTTGACAGGAAGGAAATAGTCTGGCGGCTTCCTGAGTTTGGCCACATCTTCAGCTTCAGTGCACAGATTGGGTTA
GGCAACATTGCTGTGGATATGGCTAACCTGAATCACCTTATCAGGCAAACAAACCACACCCCGGCCACATGGCTCCAGAGGTGACAATATTTCCCAAGGAACCCGTGGAAGCAGAAGAGCCCAAT
TTGCTCATCTGCCACATTGATAAGTTCTCGCCCCCAGTGATCAATGTCACATGGCTGCGCAATGGACAATCAGTCACCACAGGGATAGATGAGACTGTCTTCCTGCCTCGAGATGACTACTCTTTCC
ACAAGTTCCATTACCTTACTTTCTTCCCCTCGAATGATGATGTCTATGACTGCGTGGTTGAACATTGGGGCCTGGAAAAGCCACTTTTCAAGCACTGGGAGCCTGAGATGCTAACACCACCATCTGA
>modo_DNAzoo_DMA_1
ATGGGACCTGAGCAAAGCCTGGGGGCTCCACTGTTCCTTCTGCTGCTGCAAGCATCAGTGCTTTTGTCCCTGCCCTGGGAGGACACTCCAGCAGGGCTGACATCGTTCCTGGGGAATAGCCTACAC
AACTACACATTCTCCCACACATTCTTCTGCCAGAATGAGGCACCCATGGTGAGTCTGTCAGAGGCCTTTGGTGGGGACCAGCTTTTCTCCTTTGACTTCTCCAAGAACTCCCGGGTGCCCCGGCTGC
CAGAGTTTGCTCCCTGGGCCGGTGATCAGAGTGACCTCCAGGCCATAGATCGTGACAAGCAACTATGCCAGGAGCTGCAGAAAGCACTGAGTAACTTTTTAGAAGGCCAGATCCCTGAGGCTAGA
GGAAACCCTGTGGCTGAAGTTTTCACTCAGGAGCCCCTGGAGTTTGGGAAGCCCAACACCCTCATCTGCTTCATCAGTAATCTCTTCCCACCCAATATCATGGTGACCTGGCAGCATGATGGAGAAC
CTGTCACGGGCAGCAGCCCTGTTTTTCTCTCAGCTGTAGATGGACTTGGCTTCCAGGCCTTCTCTTACCTGAACTTCACACCTTCATCCACTGACATCTTCACTTGCAGGGTGTCTCGAGAGGGCAAC
>Phgy_DNAzoo_DAA_1
ATGGACCCCAACAAAGCCTTCATCTTAGGAGTCTTCAACCTAGCAGTGTTGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGAGAACCACGTGATCATCCAAGCGGAGTTCTACCAGACCCACAAC
CCCTTGGGCGAGTTCATGTTCGACTTTGATGGAGATGAGATTTTCCACGTGGATTTGGAGAACAAGCAGACGGTCTGGCGGCTTCCTGACTTTAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCT
CTGGCCAACCTTGCTGTGGATAAAGCCAACCTGGAAATCATGATGAAACGGTCCAACAACACCCCTGACACCAATGTGGCCCCTGAAGTGACGGTGTTTCCAAAGGGCCCAATAGAGCTGGGCCA
GCCCAATGTCCTTGTCTGCTTCGTTGACAAGTTCTCTCCTCCGGTACTTAACGTGACGTGGCTTCATAATGGGAATCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTACCCCGTTCTGACCATG
CCTTCAGAAAGTTCCACTACCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGCAAGGTCGAACACTGGGGACTGGAACAACCTGCTGTCAAACACTGGGAACCAGAAGTACGGACCCCACT
>Phgy_DNAzoo_DBA_1
ATGGCTGTCAATAGAGTCCTGATCCTAGGGACCCTCTTACTGGCTGCGCTGGTGAGTCCCCAAGGAGCTTCTGAGTCCATCGAAGCTGACCATGTTGGGGTCTACGGCACAACTATGTACCAGTTC
TATGGCCCCTCAGGCCAGTTTACAGAAGAATTTGATGGGGATGAACTCTTTTATGTGGACCTGGAGAAGAAGGAGACTGTGTGGCGGCTCCCAGAGTTCGGCCATTTTTCTAGCTTTGACCCTCAG
GGAGGGCTGAGAAACATAGCCACAGCCAAACACAACCTGGACATCATGATCAAACGCTCCAACAGAAGCAGGATTATCATGCCCCCTGAGGTGACTGTGCTCTCGGAGAGTCCTGTGGAGATGG
GCCAGCCAAACATACTCATCTGCTTGGTGGACAACATCTTCCCCCCTGTGGTCAGCATCACATGGCTTCGTAATGGGCAGACGGTCACTGAAGGTGTGTCTGAGACAGACTTTTACCCTCGTTCTGA
CCAGAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCGAACACAGAAGACTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCGGCCACTCCTCAAGCACTGGGAACCCCAGGTTCCATCC
>Phgy_DNAzoo_DBA_2
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ATGGCTGTCAATAGAATCCTGATCCTAGGGACCCTCTTACTGGCTGCACTGGTGAGTCCCCAAGGAGCTTCTGAGTCCATTGAAGCTGACCATGTTGGGGTCTACGGCACAACTATGTACCAGTTCT
ATGGCTCCTCAGGCCAGTATACACAAGAATTTGATGGGGATGAGAAGTATTATGTGGACCTAGAGAAGAAGGAGACTGTGTGGAGGGTGCCAGAGTTTGGCCGTTTTGCTAGGTTTGACCCTCA
GGGAGGGCTGAGAAACATAGCCACAGTCAAGCACAACCTGGACATCGTGATCAAACGCTCCAACAGAAGCAGGATTATCAGCGTGCCCCCTGAGGTGACTGTGCTCTCGGAGAGTCCTGTGGAG
ATGGGCCAGCCAAACATACTCATCTGCTTGGTGGACAACATCTTCCCCCCAGTGGTAAACATCACATGGCTTCGTAATGGGCAGACGGTCACTGAAGGTGTGTCTGAGACAGACTTTTACCCTCGG
CCTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCGAACACAGAAGACTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCGGCCACTCCTCAAGCACTGGGAACCCCAGGTTC
>Phgy_DNAzoo_DCA_1_partial_exon_2
TGATAGTGGCCTGGGTGTGGTTGGTTTGCCTGATAAGTTGGTTCAGGTTAGCCATGTCCACAGCAATGTCACCTAGCCCAATCTGGGCATTGAAACTGAAAATGTGGCCAAACTCAGGAAACCATC
AGACTGTTTCCTTCCCGTCAAAGTCCATGTGGATCTGCTCATCCTCATCAAATTCATGAAGGTACTGCCAGAAGGTTTGTGGGTTTGAACAAATGTCATGGAGCTCATTACAGGGT
>Phgy_DNAzoo_DMA_1
ATGGGACCTGAGCAAAGCCTGGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCCCTGTCCTGGGGAGCCACTCCAGCAGCGTTGGCATCATTATTGGGGAATAACGTAGAGAACTACACGTTC
TCTCACACGCTGTTCTGCCAGGATACGGAACCCCTCCTGGGTCTGTCCGAGACCTTCAATGGGGACCAGCTCTTCTCCTTCGACTTCTCCAGGAACTCTCGGGTGCCCCGGCTGCCTGAGTTTGCTG
CTTGGGCCGGTGATGAGGGAGACATCAAGGCCATAGAAGATGACAAGAAGCTCTGCCAGGAATTGCAAAAAGTTTTGAGTACAATTTTGGATGGCAAAATCCCTGAGGCTAGAGGAAGCCCTGT
GCCTGAAGTTTTCACTCTGGAGCCCCTGGAATTTGGGAAGCCCAACACACTCGTCTGCTTTGTTAGTAACATCTTCCCACCTCAAATAACTGTGAGCTGGCAGCACAAAGGAGTCCCTGTGGAAGG
CAGCAGCCCCACTTTTCTCTCAGCTATAGATGGACTTGGCTTCCAGGCCTTCTCCTATCTGAACTTCACACCCACATCCTCTGATGTCTTCTCTTGCAATGTGGCACGGGAAGGTGACCTCTTCAGTGC
>phci_DAA_1
ATGACCCCCAACAAAGCCTTGATCCTAGGAGTCTTCATCCTGGCAGTGCTGTTGAGTCCCTGGGGTGCCAGAGCTGTTAAAGAGAAGCATGTGATCATCCAGGCAGAGTTCTACCAGACCCACGAC
CCCTTGGGAGAGTTCATGTTTGACTTTGATGGAGATGAGATTTTCCATGTGGATTTGAAGAGCAAAGAGACAGTCtggaggcttcctgacttcagcaaATTTGCCAGTTTTGAGGCTCAGGGTGCTCTGGC
CAACCTTGCTGTGGACAAAGCCAACCTGGAAACCATGATGAAACGGTCCAACAACACCCCTGACACCAACGTACCCCCTGAAGTGACAGTGTTTCCCAAGGGCCCAGTGGAGCTGGGCCAGCCCA
ACGTCCTTGTCTGCTTTGTTGACAAGTTCTCTCCTCCCGTGCTTACTGTGACATGGCTTCATAATGGGCGTCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTCCCCCGTCCTGACCACTCCTTCA
GAAAATTCCACTACCTCACTTTCATCCCCTCTGCCACCGATTACTATGACTGCAAGGTCGAGCACTGGGGACTGGAACAACCTGCTGTCAAACATTGGGAACCAGAAATACGGACCCCACTGCCAG
>phci_DBA_1
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGCTGACCACGTGGGGGTCCATGGCACACATATGTACCAGTCC
TATGGGCCCTCAGGCCAGTATACACACGAATTTGATGGAGATGAGTTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGCCAGCTTTGACCCTCAG
GGAGGGCTGAGAAACATAGACATAGCCAAGCACAACCTGGACATCCTGATCAAACGCTCCAACAGAACCAGGGCCATCATGCCTCCTGAGGTGACTGTGTTCTCAGAGAGTCCCGTGGAGATGG
GTCAGCCGAACATACTCATCTGCTTGGTGGACAACATCTTTCCCCCAGTGGTCAACATCACGTGGCTTCGTAATGGACAGTTGGTCACTGTAGGTGTGTCTGAGACAGACTTCTACCCTCGGTCTGA
CTACAAGTTCCGCAAGTTCCACTACCTCACTTTTCTCCCTAACACAGAAGACTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTTCTCAAGCACTGGGagCCCCAGGTTCCATCC
>phci_DBA_2
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGCTGACCATGTGGGGGTCTACTGCACAGGTGTGTACCAGTCC
TATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAGTTGTTTTATGTGGACCTGCAGAAGAAGGAGACCATGTGGTGGCTGCCAGAATTTAACCACTTTGCTGGCTTTGACCCTCAG
GGAGGGCTGAGGGAAAGAGCCACAGTCAAGCACAACCTGGAAATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGAGGTGACTGTATTATCAGAGAGTCCCTTGGAGATGG
ATGAGCTGAACATACTCATCTGCTTGGTGGACAACAACTTCCCCCCAGTGGTCAACATCACGTGGTTTCGTAATGGGCCGTTTGTCACTGTAGGTGCATCTGAGACAGACTTCTACCCTCGGTCTGA
CTACAAATTCCACAAGCTCCACTACTTCACTTTTCTCCCAAGCACAGAAGACTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTTCTCAAGCACTGGGaTCCCCAGGTTTCATTC
>phci_DBA_3
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ATGGCTGCAGATGGAGTCCTGATCTTAGAGATCCTCTCACTGGCCCTACTGCTGAGTCCCCAAGGAGCTTCTGAATCTATTAAAGCTGACCATGTGGGGGTCTACAGCACAACTATGTACCAATCCT
ATGGGCCCTCAGGCCAGTTTACACAAGAATTTGATGAGGATGAGAAGTTTTAGGTGGACTTGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAGTTTAGCTATTTTGCTGGCTTTGACCCACAG
GAAGGGCTGAGATGCATAGCCATAGTCAAGCACAACCTGGACATCCTGATCCAATGCTCCAACAGAACCAGGGCCATCATGCCCCTGAGGTGACTGTATTCTCAGAGAGTCCAGTGGAGATAGGC
CAGCCCAATGTACTCATCCGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCACGTGGCTTCGTAATGGGCAGTTGGTCACTGTAGGTGTGTCTGAGACAGACTTCTACCCTCAGCCTGACC
ACAAATTTCACAAGTTCTCCTACCTTGCTTTTCTCCCCAACACAGAAGATTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTTCTCAAGCACTGGGagCCCCAGGTTCCATCCCCC
>phci_DCA_1
ATGACTTCCAGTCTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCTGCTGATCAAACAAAGAACCTGGGCCACTAATGACCATGTAATCAGCTCTGTGACATTTGTTCAGACCCACAAACCAT
CTGGGCAGTACCTGCATGAATTTGATGAGCATGAGCTATTCCATGTGGACTTTGACCAGAAGGAAACAGTCTGGAGGCTTCCTGAGTTTGGGCACATCTTCAGTTTCGATGCACAGATTGGGCTAG
GTGACATTGCTGTGGACATGGCTAACTTGAACCAACTTATCAAGCAAACCAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGTTTCCCAAGGAGCCCGTGGAACTGGAAGAACCC
AACATCCTCATCTGCCACGTTGATAAGTTTTCACCCCCAGTGGTTAATGTCACATGGTTGTGCAATGGAGAACCAGTCACCACAGGGGTATCTGAGACTGCCTTAATGCCTCGGGATGACTATTCTT
TCCATAAGTTCCATTATCTCACTTTCCTCCCCTCAGCCAATGATGTCTATGACTGTGTGGTTGAACACTGGAGCCTGGAAAAGCCACTTTTCAAGCATTGGGAGCCTGAGATATTAACACCACCATCT
>phci_DMA_1
ATGGGACCTGAGCAAAGCCTGGGAGCTATGCTGCTACTGCTGCAGCTACAGTCATCCCTGCTTTTATCCCTGTCCTGGGGAGCCACTCCAGTGTTGGCATCATTATTGGAGAATAGCCTACAGAACT
ACACGTTCTCTCACACACTGTTCTGCCAGGATGAGGATCCTGTCCTGAGTCTGTCAGAGGCCTTCAATGAAGACCAGCTCTTCTCCTTTGACTTCTCCAGGAACTCCCGGGTGCCCCGGCTGCCTGA
GTTTGCTCCTTGGGCCAGTGACAAGGGAGATATCGAGGCCATAAAAGCTGACCAGCGGCTCTGCCAGGAACTGCAAAAAGAATTGAGTAAACTATTGGAAGGCCACATCCCTGAGGCTAGAGGA
AACCCTGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTATGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAATATCTTCCCACCTCAAGTAACTGTGAGCTGGCAGTACCAACAAGTCCCTG
TGCAAAGCAGCAGCCCTACTTTTCTCTCAGCTATAGATGGACTTGCCTTCCAGGCCTTCTCTTATCTGAACTTCACACCCACATCCTCTGATGTCTTCTCTTGCACTGTGACCTGGGAAGGTGACCTCT
>Gyle_DNAzoo_DAA_1
ATGACCCCCAACAAAGCCTTGATCCTAGGAACCTTTCTCCTGGCAGTGCTACTGAGTCCCTGGGGAGTCAGGGCCATTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCAGCAAT
CCCTTGGGAGAGTTCATGTTTGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGGATAAGAGGGAGACAGTCTggaggcttcctgacttcagcaaATTTGCCAGCTTTGAGGCTCAGGGTGCTTTGGC
CAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGTTCCAAGAACACCACTGACACCAATGTGCCCCCTGAAGTGACAGTGTTTCCCAGGGGCCCAGTGGAGCTGGGACAGCCCA
ACACTCTGGTCTGCTTCGTTGACAAGTTCTCTCCTCCAGTACTTAATGTGACATGGCTTCATAATGGGAATCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTTCCCCGGTCTGATCATGCCTTCA
GAAAATTCCATTACCTCACCTTCATCCCCTCTGCCACTGATTACTATGACTGCAAGGTTGAGCACTGGGGCCTGGAACAGCATGTTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTGCCAG
>Gyle_DNAzoo_DBA_1
ATGGCTACCAACAGAGTCCTGATCCTAGTGACCCTCTCACTGGCTTTGCTGCTGAGTCCCCAAGGAGCTTCTGAATCCATCGAAGCTGACCATGTTGGGGTCTACGGTACAACTATATACCAGTCCT
ATGGGCCTTCAGGCCAGTATACACAAGAATTTGATGGTGATGAGTTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAGTTTAGCCATTTTGCTGGCTTTGACCCTCAG
GGAGGGCTGAGAAACATAGCCACAGTGAAGCACAACCTGGACATCATGATCAAACGCTCCAACAGAAGCAGGGCCATCATGCCGCCTGAGGTGACTGTGTTCTCAGAGAGTCCTGTGGAGATGG
GCCAGCCGAATGTACTCATCTGCTTGGTGGACAACATCTTCCCCGCAGTGGTCAGTGTCACCTGGCTCCGTAATGGTCAGTTGGTCACTGGAGGTGTGTCTGAGACAGACTTTTACCCTAGGCCTG
ACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAAGACTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTCCtcaagcactgggAACCCCAGGTTTCATCCCC
>Gyle_DNAzoo_DBA_2
ATGGCTGCCAACAGAGTCCTGGTCCTAGGGACCCTCTCACTGCTGCTGAGTCCCCAAGGAGCTTCTGAATCCACTGAAACTGACCATGTTGGGGTCTATGGTACAACTATATACCAGTCCTATGGG
CCCTCAGgccagtatacatttgaatttgatGAGGAGGAGATATTTTCTGTGGACCTGAAGAAGAAGGAGACTGTGTGCCGGCTGCTAGAGTTTAGCCATTTTGCTGGCTTTGACCCTCAGGGAAGACTGAC
AGCCACATCGAAGCACAACCTGGTTGTCATGATCAAAGACTCCAACAGAAGCAGGGCCATCATGCCTCCTGAGGTGACTGTGTTCTCAGAGAGTCCTGTGGAGATGGGCCAGCCAAATGTACTCA
TCTGCTTGGTGGACAACATCTTCCCCACAGTGGTCAACATCACCTGGCTTCATAATGGCCAGTTGGTCACTGGAGGTGTGTCTGAGACAGACTTCTACTCTCAGCCTGACCACAAATTCTGCAAGTT
CTACTACCTCACTTTTCTCCCCAACACAGAAGACTTTTATGACTGCAAAGTGGAACACTGGGGCCTGGAGCAGCCAGTCCtcaagcactgggaacCCCAGGTTCCATCCCCACTACCAGAGACAACAGAA
>Gyle_DNAzoo_DBA_3

60



ATGGCTACCAACAGAGTCCTGATCCTAGGGACCCTCTCACTGGCTTTGCTGCTGAGTCCCCAAGGAGCTTCTGAATCCATTGAAGCTGACCATGTTGGGATCTATGGTGAAGGTATGGGCCAGTCC
TATGGGCCCTCAGGCCAGTATACACAAGAATTTGATGGGGACGAGGAGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTGTGGCGGCTTCCAGAGTTTAGCCATTTTGCTGGCTTTGACCCTCA
GGGAGGGCTGACAGAGATAGCCACAGTGAAGCACAACCTGGACGTCATGATCAAACGCTCCAACAGAAGCAGGGCCATCATGCCGCCTGAGGTGACTGTGTTCTCAGAGAGTCCTGTGGAGATG
GGCCAGCCGAACGTACTCATCTGCTTGGTGGACAATATCTTCCCCCCAGTGGTCAACATCACCTGGCTTCATAATGGCCAGTTGGTCACTGGAGGTGTGTCTGAGACAGACTTCTACTCTCGGCCTG
ACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACGGAAGACTTTTATGACTGCAAAGTGGAACACTGGGGCCTAGAGCAGCCAGTCCtcaagcactgggAACCCCAGATTCCATCCCC
>Gyle_DNAzoo_DCA_1
ATGACCTCAAGTCTACACTCAATCTTGGGGAATCCTCAGCCTGACTGCCCTgctgatcaaacaaagaacctggGCCACCAATGACCATGTAATCAGCTAGGTGACATTTGTTCAGACCCATGAACCATTTGG
GCAGTACCTGCATGAATTTGATGAGAATGAACTATTCCATGTGGACTATGACAAGGTGGAAACAGTCTTGTGGCTTCCTGAATTTGGCCACATCTTCAATTTTGATGCACAGATTGGGCTAGGCAA
CATTGCTGTGGACATGGCTAACTTGAACCAACTTATCAGGCAAACCAGTCACACCCAGGTCACCACTGTGACTCCAGATGTGACAGTGTTTCCCAGGAGCCTGTGGGGCTAGAAGAACCCAATATC
CTCACTTGCCACATTGATAAGTTCTCACCCCCAGTGATCAATGTCACATGGCTGTGCAATGGAGAACCAGTCACCACAGGGGTATCTGAGACCATCTTCCTGCTTCAGGATGACTATTCTTTCCACAA
GTTCTATTACCTCACTTTTCTCCCCTCAACTGATGATGTCTATGACCATGTAGTTGAACACTGGggcctggaaaagtcacttttcaAGCATCGGGAGCCTGAGAATCTAACACCACCATCTGAGACAATGAA
>Gyle_DNAzoo_DMA_1
ATGGGACCTGTGCAAATTCTAGGAGCTACACTGTTCCTACTGCAGCTGCAGGCATCACTGTTTTTGTCTGTGTCCTGGGGAGCCACTCCAGCAGTGTTGGCATTATTATTGGGGAATAACCTACAGA
ACTACACATTATCTCACACACTGTTCTGCCAGGATGAGGAACCCCTCCTGGGTCTATCGGAGATGTTTAATGGGGACCAGCTCTTCTCCTTCGACTTCTCCAAGAATGCTCTGGTGCCCCGCCTGCCT
GAGTTTGCTGCTTGGACCGGTGATAAAGAAGACATTCAGACCACAAAAAACGATGGGGACTTCTGCAAGGAATTGCAGATAGCTTTGAGTAGGATTTTGGAAAACAAAATTCCTGAGGCTAGAG
GAAACCCTGTGGCTGAAATTTTCACCCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCATCTGCTATGTCAGTAACATCTTCCCACCTCAGATAACTGTGACCTGGCAGTACAAAAATGTCCC
CGTGGAAAGCAGCAGCCCCACTTTCCTCTCAGCTGTGGATGGACTTGGCTTCCAGGCCTTCTCTTATCTGAACTTCACACCCACATCCTCTGATGTGTTCTCCTGCACTGTGGAAAGGGAAGGTGAC
>Pegr_tran_DAA_1
ATGGCCCCAAACAAAGCCTTGATCCTAGGAGCCTTCCTCCTGGCAGTGCTGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTATCAGACCAGCAA
ACCCTTGGGAGAGTTCATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGGAAAAGAGCGAGACAGTCTGGAGGCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTG
CTTTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGGTCCAAGAACACCACTGATACCAATGTGCCCCCTGAAGTGACAGTGTTTCCCAAGGTCCCAGTGGAGCTGGGAC
AGCCCAACATCCTGGTCTGCTTCGTTGACAAGTTCTCTCCTCCAGTACTTAATGTGACATGGCTTCATAATGGGAATCCTATCACTGAGGGTGTGTTTGAGACTGTCTTCCTTCCCCGCTCTGATCAT
GCCTTCAGAAAATTCCATTACCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGCAAGGTTGAGCACTGGGGACTGGAACAACCTGTTGCCAAACACTGGGAACCAGAAGTACGGACCCCAC
>Pegr_tran_DBA_1
TGGCTGCCAACCGAGTCCTGATCCTAGGGACCCTCTCACTGGTTTTGCTGCTGAGTCCCCAAGGAGCCTCTGAATCCATCAAAGCTGACCATGTAGGGGTCTACGGTACAACTATATCCCAGTCCTA
TGGACCCTCAGGCCAGTATACACAAGAATTTGATGAGGATGAACTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTGTGGCGGCTACCAGAATTTAGCCATTTTTCTGGCTTTGACCCTCAGGG
AGGGCTGAGAAACATAGCCACAGCAAAGTACAACCTGGACATCCTGATCAAACGCTCCAACGGAAGCAGGGCCATCAGTGTGGCCCCTGAGGTGACTGTGTTCTCAGAGAATCCTGTGGAGATG
GGCCAGCCGAACGTACTCATCTGCTTGGTGGACAGCATCTTCCCCCCAGTGGTCAACATCACCTGGCTTCGTAATGGGCAGTTGGTCACTGGAGGTGTGTCTAAGACAGACTTCTACCCTCGGCCT
GACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAAGACTTTTATGACTGCAAAGTGGAACACTGGGGCCTGGAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGGTTCCAT
>Pegr_tran_DMA_1
ATGGGGCCTGTGCAAATCCTAGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCACTGTTTTTGTCTCTGTCCTGGGAAGCCACTCCAGTACTGGCATCATTATTGGGGAATAGCCCACAGAACT
ACACATTCTCTCACACACTGTTCTGCCAGGATGAGGAACCCCTCCTGGGTCTATCGGAGAACTTCAATGGGGACCAGCTCTTCTCCTTCGACTTCTCCAAGAAAGCTCTGGTGCCCCGCCTACCGGA
GTTTGCTGCTTGGACCGGTGATAAAGAAGACATCAAGACCACAGAAAGTGATGGGAAGCTCTGCAAGGAATTGCAAAATGCTTTGAGTAGAATTTTGGAAGACCAAATCCCTGAGGCTAGAGGA
AACCCTGTGGCTGAAATTTTCACCCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAACATCTTCCCACCTCAAATAACTGTGACCTGGCAGTACAAAAAAGTGTCTGT
GGAAAGCAGCAGCCCCACTTTCCTCTCAGCTGTGGATGGACTTGGCTTCCAGGCCTTCTCTTATCTGAACTTCACACCCACATCATCTGATGTCTTCTCTTGCACTGTGGAACGGGAAGGTGACATCT
>Lahi_DAA_1

61



ATGACCTCCAACAAATCCTTGATCCTAGGAGCCTTCATTCTCTCAGTGATGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGTTATGTTTGGTGCCATACAGAGAACCATGTGATCATCCAAGCAG
AGTTCTACCAGACCAACGAACCCTCTGGAGAGTTTATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGAAGAAGAGAGAGACAGTCTGGCGGCTTCCTGACTTCAGCAAATTTGCCA
GCTTTGAGGCTCAGGGTGCCTTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGATCCAATAACACCCCTGACACCAATGTGGGCCCTGAAGTGACTGTGTTTCCCAAAG
GCCCAGTGGAACTGGGCCAGCCCAACATCCTTGTCTGCTTTGTTGACAAGTTCTCTCCTCCAGTACTTACTGTGACCTGGCTTCATAATGGGGTTCCCATCACTGATGGTGTGTTTGAAACTGTCTTC
CTCCCTCGCTTTGACCATGCCTTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGTAAGGTTGAGCACTGGGGACTGGAACAACCTGTTGTCAAACACTGGGAACC
>Lahi_DBA_1_partial_exon_2-4
CTGACCATGTTGGGGTCTACGGCACAGATATATGCCAGAATTATGGGCCCTCAGGCCAGTACACACAAGAATTTGATGATGATGAGATGTTTTATGTGGACCTGCAGAAGGAGATTGTATGGTGG
CTGCCAGAGTTCAGCCATTTTGCTGGCTTTGACCCTCAGGGAGGGTTAAGAAACATACGCATATCCAAGCTCACCATGGACACCCTCATCAAACACTCCAACAGAAGCAGGGCCATCAGGGTGCCC
CCTGAGGTGACTGTATTCTCAGAGGATACTGTGGAGATAGGCCAGCCAAATGTACTCATCTGCTTGGTAGACAACATCTTCCCCTCAGCTGTCAACATCATGCGGCTTCATAATGACCAGTTGGTCA
CCACTGCTGTGTCTGAGACAGACTTCTACTCTCGGCCTGACCATGAATTCCACAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGATTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAA
CAGCCAGTCCTCAAGCACTGGGAACCCCAGATTCCATCCCCAGAGCCAGAGACAACAGAAACTGTGGTCTGTGCCCTTGGTCTGGCAGTGGGCCTGGTGGGCATCATTGTGGGTACCATCCTTATA
>Lahi_DBA_2_partial_exon_2-4
CTGACCACGTGGGGATCTACGGCACAGGTTTATACCAGTCCTATGAGTCCTCAGGACAGTACACACAGGAATTTGATGAGGATGAGCTGTTTTATGTAGATCTGCAGAAGAAGGAGACTGTGTGG
CGGCTGCCAGAGTTTAGCCATTTTAGCAGCTTTGACCCTCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGGCCATCAGTGT
GCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGAGTTGGGCCAGCCAAATGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGTAATGGCCAGGT
GATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGGCCTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGACTTTTATGACTGCAAAGTGGAGCACTGGGGC
TTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATTCCATCCCCAGTGCCAGAGACAACAGAAACTGTGGTCTGTGCCCTTGGTCTGGCAGTGGGCCTGGTGGGCATCATTGTGGGCACCAT
>Lahi_DBA_3_partial_exon_2-4
CTGACCACGTGGGGATCTACGGCACAGGTGTATACCAGTCCTATGAGTCCTCAGGCCAGTACACACAGGAATTTGATGAGGACGAGCTGTTTTATGTAGATCTGCAGAAGAAGGAGACTGTCTGG
CGGCTGCCAGAGTTTAGCCATTTTAGCAGCTTTGACCCTCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGGCCATCAGTGT
GCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGAGTTGGGCCAGCCAAATGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGTAATGGCCAGGT
GATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGGCCTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGACTTTTATGACTGCAAAGTGGAGCACTGGGGC
TTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATTCCATCCCCAGTGCCAGAGACAACAGAAACTGTGGTCTGTGCCCTTGGTCTGGCAGTGGGCCTGGTGGGCATCATTGTGGGCACCAT
>Lahi_DBA_4
ATGGTTGTCCACAGAGTCCTGATCCTAGGGACCCTCTCACTGACTATGCTTCCCAAGGAACTTCTGAGTCCATTGAAGATGACCATGTTGGGGTCTACAGCACAGGTATGTACCAGTCCTATGGGCC
TTCAGGCCAGTATACACAGGAATTTGATGAGGACGAGCTATTTTATGTGGACCTGCAGAAGAAGGAGACTGTGGTGGCAGCCAGAGTTTAGCCATTTTGCTGACTTTCACCCACAGGGAGGACTG
AGAAACATAGCTGTCATGCAGCACAGCCTGGACATCATGATGAAATGCTCCAACAGAAGCAGGGCCATCGGTGTGCCCCCTGAGGTGACTGCGTTCTCAGAGAATCCCGTGGAGATGGGCCAGCT
GAACATATTCATCTACTTGGTGGACAATATCTTCCCTCCAGTGCTTAACATCACATGGCTTCATAATGGCCAGTTGATCACCTCTGGTGTGTCTAAGAAAGACTTCTATTCTTGGCCTGACCACAAATT
TCTCAAGTTCTACTACCTCACCTTTCTCCCCAAAACACAGGATTTTTACGACTGCAGAGTGGAACACTGGGGCCTGGAGCAGCCAGTCCTCAAGCGCTGGATGCCAGAGACAGCAGAAACTCTGGT
>Lahi_DCA_1_partial_exon_2-4
ACCATGTAATCAGCTCTGTGACAATTGTTCAGACCTACAAACCATCTGAGCAGTACCTGCATGAATTTGATGAAGATGAACCATTTCACATGGACTATGAAAAGAAGGAAACAGTCTGGCAGCTTC
CTGAGTTTGGCCATATCTTCAGTTCCAGTGCACAGATTGGGCTAGGTGACATTGCTGCGGACATGGCTAACTTGAACCAACTTATCAGGCAAACCAACCACACCCAAGCCACCATTGTGACTCCAGA
GGTGGCAATGTTTCCCAAGGAGGCTGTGGAACTAGAAGAACCCAGCGTCCTCCTTTACCACATTGATAAGTTCTCCATCCCAGTGATCAATGTCATATGGCTGTGCAATGGTGAGTCAGTCACCAC
AGCAGTATCTGAGACTGCCTTCCTGCCTCAGGATGACTGTTCTTCCCACAAGTTTCATTACTTCACTTTCTTCCTCTCAACTGATGATATTTATGACTGCGTAGTTGAACCCTGGGGGCTCAAAAACCA
>Lahi_DMA_1

62



ATGGGACCTGTGCAAAGCCTGGGAGCTACACTGTTACTCCTGCAGCTGAAGTCATCACTGTTCTTGTCTCTGTCCTGGGGAGCCACTCCAGCAGTGTTGGCATCATTACTGGGGAATAGCCTACAG
AACTATACATTCTCTCACACACTGTTCTGCCAGGACGAGCAACCCTTAGTGGGTCTGTCTGAGGTCTTCGATGGAGACTTGCTCTTCTCCTTCGACTTCTCCAGGAACACTCGGGTACCCCGGCTGCC
TGAGTTTGGTGGTTGGGCCAGTGATGAGGGAGATGTCAAGATCATAGAAGATGACAAGATACTCTGCCAGGATTTGCAGAAAGCTTTGAGTAGAATTTTGGAAGGCCAAATCCCAGAGGCTAGA
GGAAACCCTGTGGCTGAAGTTTTCACTCTGGAACCCCTGGAGTTTGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAACATCTTCCCTCCTCAGATAACAGTGACTTGGCAGTACAAAGAAGTTC
CTGTGGAAAGCAGCAGCCCCACTTTTCTCTCTGCTATAGACGGACTTGACTTCCAGGCCTTCTCCTATCTGAATTTCACACCCACTCCCTCTGATATCTTCTCTTGCACTGTGGCACGGGAAGGCGAC
>Noty_DNAzoo_DAA_1
ATGTCCCCCAACAAAGCCTTGATCCTAGAGGTTTTCATGCTGACAGTGCTGCTGAGTCCCAGGGGAACCAAGGCCATTAAAGAGAATCATGTGATCATCCAAGCAGAGTTCTACCAGAACCATGAC
CCCTCAGGAGAGTTCATGTTTGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGAAGAAGAAGGAGACAGTCTGGCGGCTTCCTGACTTTAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCT
CTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATAATGAAGAAATGGTCTAACAACACCCCTGACACCAATGTGTCCCCTGAGGTGACAGTGTTTCCCAAGGGCCCAGTGGAGCTGGGCCA
GCCCAACATCCTTGTCTGTTTCATTGACAAGTTCTCTCCTCCTGTGCTTAACGTGACATGGCTTCATAATCAAGAACCCATCACTGATGGTACATTTGAGACTGTCTTCCTCCCCCGCCCTGACCATTC
CTTCAGAAAATTCTACTACCTCGCCTTTATCCCCTCTGCCAACGATTTCTATGACTGTAAGGTCGATCACTGGGGACTGGAACAACCTGCTATCAAACACTGGGAACCAGAAGTACGGACCCCACTT
>Noty_DNAzoo_DBA_1
ATGGCCACCAAGAGAGTCCTGATCCTAGGAACCCACTCAGTGGCCATGATGCTGAATCTCCAAGGAGCTTCCCAGTCCATTGAAGCTGACCACACAGGGACCTATGTTATAACTATGTACCAGACC
TATGGGTCCTCAGGCCAGTATGCACACGAATTTGATGGGGATGAAGAGTTTTATGTGGACCTGAAGAAGAAAAAGAGTATATGCCGGCTGCCAGAGTTTGCCCATTTAATTTAACCCTGGGGCTA
CCCTAAAGAAGAACAACCTGGAACTCATGATAAAATGTTCCAACAGAACCAGAGCTATCTATGCCCCCTGAGGTGATTCTCAGAGAGTCCCGTGGAGGTAGGCCAGCCCAATATACTCATCTGTTT
AGTGGACAGCATCTTCCCCACAGTGATCAACATCACTTGGCTTCGTAATGGGAAGTTGGTCACTGTGGGTGTGTCTGAGACAGAATTCTATTCTCGGCATGACCACAAATTCCGCAAGTTCTACTAC
CTCGCTTTTCTCCCCAACACAGGTGATTTTTATGACTGCAAAGTGGCGCACTGGGGCCTGGAGCTTTGGTACTGAACCTCAGGCTGCATCCCCACTGACAGAGACAACAGAAACTGTGGTTTGTGC
>Noty_DNAzoo_DBA_2
ATGACCATCAACAGATTCTTGATCCTAAAGACCCTCTCACTGGCTGTGCTGCTGAGTCCTGAAGGAGCTTCTGAGTCCATTGAAGCTGACCACGTGGGTGTCTATGGCACAACTGTATACCAGTCCT
ATGGGTCCTCAGGCCAGTACACAATGGAATTTGATGAGGATGAGGAACTTTATGTGGACCTGAAGAAGAAGGAGACAGTATGGCAGCTGCCAGAGTTTAGCCATTTTGTCAGCTTTGACCCTCAA
GGAGGGCTGAGAAACATAGCCACAATGAAGTACAACCTGGACATCCTGATCAAACGCTCCAACAGAACCAGGGCCATCAATGTGCCTCCCGAGGTGACTGTGTTCTCCAAGAGTCCTGTGGAGAT
AGGCCAGCCAAATGTACTCATCTGCTTGGTGGACAATATCTTCCCCCCAGTGGTCAATATCACGTGGCTTCGTAATGGGCAGTTGGTCACCATAGGTGTGTCTGAGACAGATTTCTACCCTCAGCTT
GACTGCAAATTCCACAAGTTCTACTATCTCACTTTTCTCCCCAACACGGAAGATTATTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGATTCCAT
>Noty_DNAzoo_DCA_1_partial_exon_2-4
CTCTGTGACATTTGTTCAAACTCACAAACCATCTGGGCAGTACCTACCTGCTTGAACTTGATGGGGATGAGCAATTCCACATGAACCTTGACAGGAAGGAAATAGCCTGGCAGCTTCTCAAATTTGG
CCAATTCTTCAGTTTTCATGCAAAGCTAGCTAACTTAAACCACCTTATCAGGCAAACCATCCAGCACTAGGCCACCATCATGCCTCTGGAGGTGAGAATGTTTCCCAAGGAGCCTGTGGGACTAAAG
GAGTCGAACATTTTCATCTGTTACATTGATAATTTCTCACCCCTAGCGATTAGTATCATATGACTGTGCAATGGACAGCCTGTCACCAGGGGGCTATCTGAGGCTGCCTTCCTGCCTCAGGGTGACT
ATTCTTTCCACAAGTTCCATTACCTCACTTTCCATCCCTCAACTGATGATGTCTATGACTGTGTTTGAACGCTGGGGCCTAGAAAAGCCACTTTTCAAGCACTAGGATAGATGCTCATCTGTATCCTAG
>Noty_DNAzoo_DMA_1
ATGGGACCTGAGCAGAGCCCAGGAGCTACACTGTTACTACTGCAGCTTCAGTCTTCACTGCTTTTGTTCCTCTCCTGGGAAGCCACTCCAGTGTTGGCATCATTATTGGAGAATAGCCTGCAAAACT
ACACATTTTCTCACACACTCTTCTGCCAGAGTAAGAAACCCTATGTGGGTCTGTCTGAGTCCTTCAACGGAGACCAGCTCTTCTCCTATGACTTCACCAACCACACCCGGGTGCCTCGGCTGCCTGAG
TTTGCTGCTTGGGCCAGGGATAAGGACGACATCAAGGCCATAAAAGCTGACAAGGAGCTCTGCCAGACATTGCAACAGGCCTTGAGTGCATTTTTAAAAGACAAGATCCCCCAGGCTAGAGGAAA
CCCGGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGGCCAACACTCTCATCTGCTTTGTTAGTAACATCTTCCCACCTCAAATAACCGTGACCTGGCAGAAAGGCAAAGTCTCTGTG
GAAAGCAGCAGCCCTACTTTTCTCTCAGCTATAGATGGACTTGGCTTCCAGGCCTTCTCTTATCTGAACTTCACACCCTCATTCTCTGATGTCTTCTCTTGCACTGTGGCAAGGGAAGATGAATTCAG
>Drgl_DAA_1

63



ATGGCCCCCAACAAAGACTTGATCCTATGGACCTTCACCCTGGCAGTCCTGCTGAGTCCCTGGGGAGCCAGGGCTATTAAAGAGAACCACGTGATCATCCAAGCAGAGTTCTACCAGACCCATGAG
CCTTCAGGAGAGTTCATGTTCGATTTTGATGGGGATGAGATTTTCCATGTGAATTTGGAAAAGAAGGAGACATTCTggaggcttcctgacttcagcaaATTTGCCAGTTTTGAAGCTCAGGGTGCTCTGGC
CAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGGTCCAACAATACCCCTGACACCAATGTGCCCCCTGAAGTGACTGTGTTTCCCAAGGGCCCAGTGGAGCTGGGCCAGCCCA
ACGTCCTTGTCTGCTTCATTGACAAATTCTCTCCTCCTGTACTTAATGTGACATGGCTTCATAATGGGCGTCCCATCACTGATGGTGTGTTCGAGACTGTCTTCCTCCCTCGCTCTGACCATGCCTTCA
GAAAATTCCACTACCTCACCTTTATCCCCTCTGCCACTGATTACTATGACTGTGAGGTTGATCACTGGGGACTGGAGCAACCTGTTATCAAACACTGGGAACCAGAAGTACGGACTCCACTGCCAGA
>Drgl_DBA_1
ATGGCCACCAGCAGAGTCCTGATCCTAGGGACCCTCTCACTGGCCGTGCTGCTGATTCCCCCAGGAGCTTCTGAGACCATTGAAGCTGACCATGTGGGGACCTACGGCACAACTGTGTACCAGTCC
TATGGGCCCTCAGGCCAGTATACACAAGAATTTGATGAGGATGAGAAGTTTTATGTGGACCTGCAGACGAAGGAGACTGTATGGCGGCTGTCAGAGTTTAGCCATTTTACTAGCTTTGACGCTCA
GAGAGGGCTGAGAAACATAGCGACAATGAAGTACAACCTGGACATCCTGATCAAACGCTCCAATGAAACCTGGGCCGTCATGCCTCCTGAGGTGACTGTGTTCTCGGAGAGTCCTGTGGAGCTGG
GCCAGCCCAATGTACTCATCTGCTTGGTGGACAACATCTTCCCCCCGGTGGTCAACATCACATGGCTTCGTAATGGGCAATTGGTCACCCAGGGTGTGTCTGAGACAGACTTCTATCCTCGGCCTGA
CCACAGATTCCGCAAGTTCCACTACCTCACTTTTCTCCCCAACACAGAAGATTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTCCTCAAGCACTGGGagCCCCAGGTTCCGTCC
>Drgl_DMA_1
ATGGGACCTGAGCAAAGCCTGGGAGCTACACTGTTACTGCTGCAGCTGCAGTTGTCACTGCTTTTGTCCCTGTCCTGGGGAGCCACTCCAGCATTGACATCGTTACTCGGAGAGAGCCTACAGAAC
CACACATTCTCTCACGCGGTGTTCTGCCAGAATCAGGAGCCCTTCCTTGGCCTGACAGAGACTTTTGATGGGGATCTGCTCTTCTCCTTTGATTTCTCCAGGAACTCCTGGGTGCCCCGGCTGCCTGA
GTTTGCTGCTTGGGCCGGTGATGAGGGTGACCTCCAGGCCATAGATTTTGACAAGGCGTTCTGTCAAAACCTGCAAAAAGCACTGAGTCGAATTTGTGAAGGCCAGATCCCTGAGGCTAGAGGAA
ACCCTGTGGCAGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCATCTGCTTCGTTAGTAACCTCTACCCCCCTCACATAACCGTGACCTGGCAGCACGAAGGAGTCCCGGT
GGAAAGCAGCAGCCCCACTTTTCTCTCAGCCGTCGATGGACTTGGCTTCCAGGCCTTCTCTTATCTGAACTTCACACCCTCATCCACTGATGTCTTCTCTTGTACTGTGGCACGGGAAGGTGACCTCT
>Bupa_DAA_1
ATGGCCCCCAACAAAGTCTTGATCCTAGGAGCCTTCGTCCTGGCAATGCTGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCCACAAT
CCCTTAGGAGAATTCATGTTCGACTTTGATGGGGATGAGATTTTCCACGTGGATTTGGGAAGGAGGGAGACAGTCTGGCGGCTTCCGGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGCGC
TCTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAGCGGTCCAACAACACCCCCGACAGCAACGTGCCCCCTGAAGTGACAGTGTTTCCCAAGAGCCCAGTGGAGCTGGGCC
AGCCCAACATCCTCGTCTGCTTCATTGACAAGTTTTCTCCTCCTGTACTTAATGTGACATGGCTTCATAATGGGAATCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTCCCTCGTTCTGACCATG
CCTTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCACTGATTACTATGACTGCAAGGTTGATCACTGGGGACTGGAACAGCCCACTGTCAAACACTGGAACCAGAAGTACGGACCCCACTG
>Bupa_DBA_1
ATGGCTGCCAACAACGTCCTGATCCTAGGGGCTCTCTTACTGGCTGTGCTGCTGAATCCCCAAGGAGCTTCCGAGTCCATTGAAGCTGACCACGTGGGTGTCTATGGCACAACTATGTTCCAGTCCT
ATGGGCCCTCAGGCCAATATACACAAGACTTTGATGAGGACGAGTTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCTGGAGTTTAGCCATTTTGCTGGCTTTGATCCTCAG
GGAGGGCTAAGAAACCTAGCCACAGTCAAGCACAACCTGGACATCCTGATCCAGCGCTCCAACAGAAGCAAGGCCATCATTGTGCCCCCTGAGGTGACTGTATTCTCAGAGAGTCCCGTGGAGAT
GGGCCAGCCAAATGTACTCATCTGCTTGGTGGACAACATCTTCCCCCCAGTGGTCAACATTGCATGGCTTCGTAATGGGCAGTTGGTCAGCACAGGTGTGTCTGAGACAGACTTCTACCCTCGGCC
TGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTTCCCAACACAGAAGACTTTTATGACTGCAAAGTGGAGCACTGGAGCCTGAAGCAACCAGTCCTCAAGCACTGGGAACCCCAGGGTGCA
>Bupa_DCA_1
ATGACCTCCACTCTAGACTAAATCTTGGGGATCCTCAGCCTGGCTGCCCTGCTAATCAGACATAGAACCTGGGCCACTAATGACCATGTAACCAGCTCGGTGATATTTGTTCAGACCCACAAACCAT
CTGGGCAGTACTTGCAAGATGAGGATAAGCAATTCCATGGGGACTATGACAGGAAGGAAACAGTCTGGCGGCTTCCTGAGTTTGGCCATATCTTCAGTTTTGATGCACACACTGGGCTAGGTAAC
ATTGCTGTGGACATGGCTAATTTGAACCAACTTACCAGGCAAACCAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGTTTCCCAAGGAGCCTGTGGAACTAGAACCCAACATCCTC
ATCTGCCACATCGATAAGCTCTCACCCCCAGTGATCAATGTCACATGGCTGTGCCACGGAGCCAGTCACCACAGGGGTATCTGAGACTACCTTCCTGCCTTGGGATGACTATTCTTTCCACGAGTTC
CATTACCTCACTTTTCTCCCCTCAACTGATGCTATCTATGTGTAGTTGAACAGTGGGGCCTGAAAAAGCCACTTTTCAAGTATTGGGCCTGACATGCTAACATCACCATCTGAAACAATGGAGATGCT
>Bupa_DMA_1

64



ATGGGACCTGAGCAAAGCCTGGGAGCTATACTGTTACTTCTGCAGCTGCAGTCATCACTGTTTTTGTCCCTGTCCTGGGGAACCACTCCAGCAGTGTTGGCATCATTATTGGGCAATAGTCTACAGA
ACGACACATTCTCTCACACACTGTTCTGCCAGGATGCAGAACCCTTTCTGAGTCTGTCTGAGACCTTCAATGGGGACCAGCTCTTCTCCTTCGACTTCTCCAAGAACTCTCGGGTGCCCCGGCTGCCT
GAGTTTGCTGCTTGGGCCAGTGATGAGGGAGACATCACGGCCATAGAAACTGACAAGAACCTCTGCCAGGAATTGCAAAGAGAATTGAGCAACATTTTGGAAGGCCAAATCCCTGTGGCTAGAG
GAAACCCTGTGCCTAAAATTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAACATCTTCCCACCTCAAATAACTGTGACCTGGCAGTACAAAGGAGTCTCT
GTGGAAAGCAGCAGCCCCGTTTTTCTCTCAGCTGTAGATGGACTTGGCTTCCAGGCTTTCTCTTATCTGAACTTCACACCCACATCTTCTGATATCTTCTCTTGCATTGTAGCACGGGAAGGTGACCT
>Daha_DNAzoo_DAA_1
ATGATGCCCAACAAAGCTTTGATCGTAGGGGCTTTCACCCTGGCCGTGCTGTTGAATCCCTGGGGAGCCAGAGCCATTAAAGAGAATCATGTGATCATCCAAGCTGAGTTCTACCAGACCCACAAA
CCTTTAGGAGAGTTCATGTTTGATTTTGATGGGGATGAAATTTTCCATGTGGATTTGGACAAGAGAGAGACAGTCTGGCGTCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCT
CTGGCCAATCTTGCTGTGGACAAAGCCAATCTGGAAATCATAATGAAACGGTCCAACAACACTCCTGATACTAATGTGCCCCCTGAAGTGACAGTGTTTCCTAAAAGCCCAGTGGAGATGGACCAG
CCCAATGTTCTTATCTGTTTCATTGACAAGTTCTCTCCTCCCGTACTTAATGTGACATGGCTTCGTAATGGGCAGCCCATCACTGATGGTGTGTTTGAGACTGTCTATCTCCCCCGCCCTGATCATGCC
TTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCAATGATTACTATGACTGTGAGGTCGATCACTGGGGACTGGAACAACCTCTTATGAAACATTGGGGTAAAAATACGAACCCCACTGCCA
>Daha_DNAzoo_DMA_1
ATGGGACTTGAGGAAAACCTGGGAGTTACACTGTTACTACTGAAGCTACAGTCATCATTGCTTTTGTCCCTGTTCTGGGAAGCCACTCCAGTGTTGGCCGTGTTTGGGAATAATTTACAGAATTACA
CATTCTCTCACATACTATTCTGCCAGAATGGAGAATCCTCTTTGGGTCTGTCAGAAAACTTCAATGGGGACTATCTCTTCTCCTTTGACTTCTCCAAGAACTCCCGGGTGCCCCGGCTGCCTGAATTT
GCTGCTTGGGCCACTGATAAAGGAGACATCAAGACCATAGATGCTGACAAGAATCTTTGCCAGGAGCTGCAACATCAATTGAGTAGTCTTTGTAAAGGACAGATCCCTGAGGCTAGAGGAAACCC
TGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTTGTTTGTTTTGTTAGCAATGTCTTCCCTCCTCGTATAACCGTGACCTGGCAACATGAAGGAGTCTCTGTGGAA
AGCAGCAGCCCCACCTTTCTCTCAGCTACAGATGGACTTGACTTCCAGGCCTTTTCTTATCTGAACATCACACCCACATCCACTGATGTTTTCTCTTGCACTGTGACACAGGAAGGTGACCTCTTCAGC
>Myfa_DNAzoo_DAA_1
ATGATCCCCAACAAAGCTTTGATCCTAGGGGCTTTCACCCTGGTAGTGCTGCTGAATCCCTGGGGAGCCAGTGCCATTAAAGAGAATCATGTAATCATCCAAGCTGAGTTCTACCAGACCCACAACC
CTTCAGGAGAGTTCATGTTTGATTTTGATGGGGATGAAATTTTCCATGTGGATTTGGAGAAGAAAGAGACAGTCTGGCGTCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCTC
TGGCCAATCTTGCTGTAGACAAAGCTAACCTGGAAATCATGATGAAACGGTCCAACAATACTCCTGATACCAATGTGCCCCCTGAAGTGACAGTGTTTCCTAAGGGTCCAGTGGAGCTGGGCACAC
CCAATGTCCTTGTCTGCTTTATTGACAAGTTCTCTCCTCCGGTACTTAATGTGACATGGCTTCATAACGGGCATCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTCCCTCGACCTGATCATTCCT
TCAGAAAATTCCATTACCTCACCTTCATCCCCTCTGCCAATGATTATTATGACTGTAAGGTCGATCACTGGGGACTGGAACAATCTGTTTTGAAACATTGGGAACCAGAAATAGGAACCCCACTGCC
>Myfa_DNAzoo_DMA_1
ATGGGACTTGAGCAAAGCTTGGGAGTTAAACTGTTACTACTGCAGCTACAGTCATCATTGCTTTTGTCCCTGTTCTGGGAAGCTACTCCAGTGTTGGCAGTGTTGGGGAATAACTTACAGAACTACA
CATTTTCTCACACACTGTTCTGCCAGAATGGGGAATCCTCCTTGGGTCTGTCGGAAGACTTCAATGGGGACCATCTCTTCTCCTTTGACTTCTCCAAGAACTCCCGGGTGCCCCGGCTGCCTGAGTTT
GCTGCTTGGGCCAGTGATAAAGGAGACATCAAGGCCATAGATGCTGACAAGAATCTCTGCCAGATGCTGCAACATGCATTGAGTAGATGTTGTAAAGACTGGATCCCTGAGGCTAGAGGAAACCC
TGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTATGGGAAGCCCAATACTCTCGTTTGTTTTGTTAGCAACTTCTTCCCACCTCCTGTAACCGTGACCTGGCAACATGAGGGAGTCTCTGTGGAA
AGCAGCAGCCCCACCTTTCTTTCAGCTACAGATGAACTTGGCTTCCAGGCGTTTTCTTATTTGAACTTCACACCCACATCCACTGATGTTTTTTCTTGCACTGTGGCAAAGGAAGGTGAAGTCTTCAA
>Myfa_DAA_1
ATGATCCCCAACAAAGCTTTGATCCTAGGGGCTTTCACCCTGGTAGTGCTGCTGAATCCCTGGGGAGCCAGTGCCATTAAAGAGAATCATGTAATCATCCAAGCTGAGTTCTACCAGACCCACAACC
CTTCAGGAGAGTTCATGTTTGATTTTGATGGGGATGAAATTTTCCATGTGGATTTGGAGAAGAAAGAGACAGTCTGGCGTCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCTC
TGGCCAATCTTGCTGTAGACAAAGCTAACCTGGAAATCATGATGAAACGGTCCAACAATACTCCTGATACCAATGTGCCCCCTGAAGTGACAGTGTTTCCTAAGGGTCCAGTGGATCTGGGCACAC
CCAATGTCCTTGTCTGCTTTATTGACAAGTTCTCTCCTCCGGTACTTAATGTGACATGGCTTCATAACGGGCATCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTCCCTCGACCTGATCATTCCT
TCAGAAAATTCCATTACCTCACCTTCATCCCCTCTGCCAATGATTATTATGACTGTAAGGTCGATCACTGGGGACTGGAACAATCTGTTTTGAAACATTGGGAACCAGAAATAGGAACCCCACTGCC
>Psco_DNAzoo_DAA_1

65



ATGGCCCCCAACAAAGCCTTGATCCTAGAAGCCTTCATCCTGGCAGTGCTGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCGCCAA
ACCCTCCGGAGAGTTCATGTTTGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGGAAAAGAAGGAGACAGTCTGGCGGCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGC
TTTGGCCAATCTTGCTGTGGACAAAGCCAATCTGGAAATCATGATGAAACGGTCCAACAACACTCCTGACACCAATGTGCCCCCTGAAGTGACAGTGTTTCCCAGGGGCCCAGTGGAGCTGGGAC
AGCCCAACGTCCTTGTCTGTTTCGTTGACAAGTTCTCTCCTCCTGTACTTACTGTGACATGGCTTCATAATGGGAATCCCGTCACTGATGGTGTGTTTGAGACTGTCTTCCTTCCCCGCCCTGACCATG
CCTTCAGAAAATTCTACTACCTCACCTTCATCCCCTCTGCCACTGATTACTATGACTGCAAGGTCGAGCACTGGGGACTGGAACAACCTGTTGTCAAACACTGGGAACCAGAAATACGGACCCCACT
>Psco_DNAzoo_DMA_1
ATGGGACCTGTGCAAATCCTGGGAGCTACACTGTTATTCCTGCAGCTGCAGTCATCACTGTTTTTGTTTCTGTCCTGGGGAGCCACTCCAGTGTTGGCATCATTACTGGGGAATAGCCTACAAAACT
ACACATTCTCTCACACACTGTTCTGCCAGGATAAGGAACCCTTCCTGGGTCTATCGGAGACCTTCAATGGGGACCAGCTCTTCTCCTTCGACTTCTCTAGGAACTCTCTGGTGCCCCGGCTGCCTGAG
TTTGCTGCTTGGACTGGTGATGAGGGAGACATTGAGACCATAAAAAGTGATGGGAAGCTCTGCCAGGAATTGCAAAAAGTTTTGAGTAGAATTTTGGAAGACAAAATCCCTGAGGCTAGAGGAA
ACCCTGTGGCTGAAATTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCACTTGCTTTGTTAGTAATATCTTCCCACCTCAAATAACTGTGAGCTGGCAGCACAAAGGAGTCCCTAT
GGAAAGCAGCAGCCCCACTTTCCTCTCAGCTGTGGATGGACTTGGCTTCCAGGCCTTCTCTTATCTGAACTTCACACCCACATCCTCTGATGTCTTCTCTTGCACTGTGGAACAGGAAGGTGACCTCT
>Sebr_DNAzoo_DAA_1
ATGACTTCCAACAAGTCCTTGATCCTAGGAGCCTTCATTCTGTCAGTGCTGCTGAGTCCCTGGGGAGCCAGGGCCGTTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCAACGAA
CCCTCTGGAGAGTTTATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGAAGAAGAGAGAGACAGTCTGGCGGCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCC
TTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGATCCAATAACACCCCTGACACCATGGGCCCTGAAGTGACAGTGTTTCCCAAAGGCCCAGTGGAGCTGGGCCAGCC
CAACATCCTGGTCTGCTTCGTTGACAAGTTCTCTCCTCCAGTACTTACTGTGACCTGGCTTCATAATGGGGTTCCCATCACTGATGGTGTGTTTGAAACTGTCTTCCTCCCTCGCTCTGACCATGCCTT
CAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGTAAGGTTGAGCACTGGGGACTGGAACAACCTGTTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTGCCA
>Sebr_DNAzoo_DBA_1
ATGACTGCCAGCAGAGTGCTGATCCTAAGGACCTTGTCCCTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCACGTGGGGATCTACGGCACAGGTGTATACCA
GTCCTATGAGTCCTCAGGCCAGTACACACAGGAATTTGATGAGGATGAGCTGTTTTACGTAGACCTGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAGTTTAGCCATTTTAGCAGCTTTGACC
CTCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAGCGCTCCAACAGAAGCAGGGCCATCATGCCCCCTGAAGTGACTGTGTTCTCGGAGAGTCCTGTGGA
GTTGGGCCAGCCAAACGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGTAATGGCCAGGTGATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGG
CCTGACCACAAATTCCGCAAGTTCTACTATCTCACTTTTCTCCCCAACACAGAAGACTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAACAGCCACTCCTCAAGCACTGGGAACCCCAGATTC
>Sebr_DNAzoo_DCA_1_partial_exon_2-4
ACCATGTAATCAGCTCTGTGACAATTGTTCAGACCTACAAACCATCTGAGCAGTACCTGCATGAATTTGATGAAGATGAACCATTTCACATGGACTATAAAAAGAAGGAAACAGTCTGGCAGCTTCC
TGAGTTTGGCCGTATCTTCAGTTCCAGTGCACAGAATGGGCTAGGTGACATTGCTGCGGACATGGCTAACTTGAACCAACTTATCAGGCAAACCAAGCATATCCAAGCCACCACTGTGACTCCAGA
GGTGGCAGTGTTTCCCAAAGAGGCTGTGGAACTAGAAGAACCCAGCGTCCTCATCTACCACATTGATAAGTTCTCCATCCCAGTGATCAATGTCATATGGCTGTGCAATGGTGAGTCAGTCACCAC
AGCGGTATCTGAGACCACCTTCCTGCCTCAGGATGACTGTTATTCCCACAAGTTTCATTACTTCACTTTCTTCCTCTCAACTGATGATATTTATGACTGTGTAGTTGAACCCTGGGGCCTCAAAAACCA
>Sebr_DNAzoo_DMA_1
ATGGGACCTGTGCAAAGCCTGGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCACTGTTCTTGTCTCTGTCCTGGGGAGCCACTCCAGCAGTGTTGGCATCATTACTGGGGAATAGTCTACAG
AACTATACATTCTCTCACATAATGTTCTGCCAGGATGAGCAACCCTTAGTGGGTCTGTCTGAGGTCTTCGATGGGGACCTGCTCTTCTCCTTCGACTTCTCCAGGAACACTCGGGTACCCCGGCTGCC
TGAGTTTGGTGCTTGGGCCAGTGATGAGGGAGATATCAAGATCATAGAAGATGACAAGACACTCTGCCAGGAATTGCAGAAACTTTTGAGTGGAAGTTTGGAAGGCCAAATCCCAGAGGCTAAA
GGAAACCCTGTGGCTGAAGTTTTCACTCTGGAACCCCTGGAGTTTGGGAAGCCCAACACTCTCATTTGCTTTGTTAGTAACATCTTCCCACCTCAGATAACAGTGACTTGGCAGTACAAAGAAGTTC
CTGTGGAAAGCAGCAGCCCCACTTTTCTCTCTGCTATAGATGGACTTGGCTTCCAGGCCTTCTCCTATCTGAATTTCACACCCACTGCCTCTGATATCTTCTCTTGCACTGTGACACGGGAAGGCGAA
>maru_DNAzoo_DAA_1
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ATGACTTCCAACAAATCCTTGATCCTAGGAGCCTTCATTCTGTCAGTGCTGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCCACGAA
CCCTCTGGAGAGTTTATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGAACAAGAGAGAGACAGTCTGGCGGCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCC
TTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGATCCAATAACACCCCTGACACCAATGTGGGCCCTGAAGTGACAGTGTTTCCCAAAGGCCCAGTGGAGCTGGGCCA
GCCCAACATCCTTGTCTGCTTCATTGACAAGTTCTCTCCTCCGGTACTTACTGTGACCTGGCTTCATAATGGGGTTCCCATCACTGATGGTGTGTTTGAAACTGTCTTCCTCCCTCGCTCTGACCATGC
CTTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGTAAGGTTGAGCACTGGGGACTGGAACAACCTGTTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTG
>maru_DNAzoo_DBA_1
ATGGCTGCCAGTAGAGTGCTGATCCTAAGGACCCTGTCACTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCACGTGGGGATCTACGGCACAGGTGTATACCA
GTCCTATGAGTCCTCAGGCCAGTACACACAGGAATTTGATGAGGACGAGCTGTTTTATGTAGATCTGCAGAAGAAGGAGACTGTGTGGCGGCTGCCAGAGTTCAGCCATTTTAGCAGCTTTGACC
CTCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAGCGCTCCAACAGAAGCAGGGCCATCATGCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGAG
TTGGGCCAGCCAAACGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGTAATGGCCAGGTGATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGGC
CTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGACTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATTCC
>maru_DNAzoo_DCA_1_partial_exon_2-4
ACCATGTAATCAGCTCTGTGACAATTGTTCAGACCTACAAACCATCTGAGCAGGACCTGCATGAATTTGATGAAGATGAACCATTTCACATGGACTATGAAAAGAAGGAAACAGTCTGGCAGCTTC
CTGAGTTTGGCCGTATCTTCAGTTCCAGTGCACAGATTGGGCTAGGTGACATTGCTGCGGACATGGCTAACTTGAACCAACTTATCAGGCAAACCAAGCACACCCAAGCCACCATTGTGACTCCAG
AGGTGGCAATGTTTCCCAAGGAGGCCGTGGAACTAGAAGAACCCAGCGTCCTCCTTTACCACATTGATAAGTTCTCCATCCCAGTGATCAGTGCCATATGGCTGTGCAGTGGTGAGTTAGTCACCA
CAGCAGTATCTGAGACCGCCTTCCTGCCTCAGGATGACTGTTCTTCCCACAAGTTTCATTACTTCACTTTCTTCCTCTCAACTGCTGATATTTATGACTGCGTAGTTGAACCCTGGGGCCTCAAAAACC
ACTTTTCAAGTAGCCTGAGACGCTAACACCACCGTCTGAGACAATGGAGATGCTCATCTCTATTCTAGGAATGGCTATGGGCCTGGTGGGCATCATGGGGGCTGCCAGCTTCATTGTCAGAGGTTT
>maru_DNAzoo_DMA_1
ATGGGACCTGTGCAAAGCCTGGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCACTGTTCTTGTCTCTGTCCTGGGGAGCCACTCCAGTGTTGGCATCATTACTGGGGAATAGCCTACAGAACT
ATACATTCTCTCACATAATGTTCTGCCAGGATGAGCAACCCTTAGTGGGTCTGTCTGAGGTCTTCGATGGGGACCTGCTCTTCTCCTTCGACTTCTCCAGGAACACTCGGGTACCCCGGCTGCCTGA
GTTTGGTGCTTGGGCCAGTGATGAGGGAGATGTCAAGATCATAGAATATGACAAGACACTCTGCCAGAATTTGCAGAAAGGTTTGAGTGAAAGTTTTGAAGGCCAAATCCCAGAGGCTAGAGGA
AACCCTGTGGCTGAAGTTTTCACTCTGGAACCCCTGGAGTTTGGGAAGCCCAACACTCTCATTTGCTTTGTTAGTAACATCTTCCCACCTCAGATAACAGTGACTTGGCAGTACAAAGAAGTTCCTGT
GGAAAGCAGCAGCCCCACTTTTCTCTCTGCTATAGATGAACTTGGCTTCCAGGCCTTCTCCTATCTGAATTTCACACCCACTGCCTCTGATATCTTCTCTTGCACTGTGGCACAGGAAGGCGAACTCT
>Maeu_DNAzoo_DAA_1
ATGACTTCCAACAAATCCTTGATCCTAGGAGCCTTCATTCTGTCAGTGCTGCTGAGTCCCTGGGGAGCCAGGGCCATTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCCACGAA
CCCTCTGGAGAGTTTATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGAACAAGAAAGAGACAGTCTGGAGGCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCC
TTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGATCCAATAACACCCCTGACACCAATGTGGGCCCTGAAGTGACAGTGTTTCCCAAAGGTCCAGTGGAGCTGGGCCA
GCCCAACATCCTTGTCTGCTTCATTGACAAGTTCTCTCCTCCGGTACTTACTGTGACCTGGCTTCATAATGGGGTTCCCATCACTGATGGTGTGTTTGAAACTGTCTTCCTCCCTCGCTCTGACCATGC
CTTCAGAAAATTCCACTATCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGTAAGGTTGAGCACTGGGGACTGGAACAACCTGTTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTG
>Maeu_DNAzoo_DBA_1
ATGGCTCCCAGCAGAGTGCTGATCCTAAGGACCCTCTCACTGGTTGTGCTGCTGAGTCCCCAAGGAAATTCTCAGTCCATTGAAGCTGACCATGTGGGGATCTACGGCACAGGTGTATACCAGTCC
TATGAGTCCTCAGGCCAGTACACACAGGAATTTGATGAGGACGAGCTGTTTTATGTAGACCTGCAGAAGAAGGAGACTGTGTGGCGGCTTCCAGAGTTTAGCCATTTTAGCAGCTTTGACCCTCAG
GGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGGCCATCATGCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGAGTTGG
GCCAGCCAAACGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGTAATGGCCAAGTGATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTCGGCCTGA
CCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGACTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATTCCATCC
>Maeu_DNAzoo_DBA_2
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ATGGCTGCCAACAGAGTTCTGATCCGAGGGACCCTCTCACTAGTTTTGCTCCTGAGTCCCCAAGGAGCTTGAGTCTGTTGAAGCCTGACCATGTTAGGGTGTATGGCACAGATATATGCCAGAATT
ATGGGCCCTCAAGCCAGTACACACAAGAATTTGATGATGATGAGCTGTTTTATGTGGACCTGCAGAAGGAGATTGTATGGTGGCTGCCAGAGTTTAGCCATTTTGCTGGCTTTGACCCTCAGGGAG
GGTTAAGAAACATACGTATACCCAAGCTCACCATGGACACCCTCATCAAACACTCCAACAGAAGCAGGGCCATCAGGGTGCCCCCTGAGGTGACTGTATTCTCAGAGAATACTGTGGAGATAGGC
CAGCCAAATGTACTCATCTGCTTGGTGGACAACATCTTCCCCTCAGCTATCAGCATCATGTGGCTTCATAATGACCAGCTGGTCACCACTGGTGTGTCTGAGACATACTTTTACTCTCGGCCTGACCA
TGAATTCCACAAGTTCTATTACCTCACTTTTCTCCCCAACACAGAGGATTTTTATGACTGCAAAGTGGAGCACTGGGGCTTAGAACAGCCAGTCCTCAAGCACTGGGAACCCCAGATTCCATCCCCA
>Maeu_DNAzoo_DCA_1_partial_exon_2-4
ACCATGTAATCAGCTCTGTGACAATTGTTCAGACCTACAAACCATATGAGCAGGACCTGCATGAATTTGATGAAGATGAACCATTTCACATGGACTATGAAAAGAAGGAAACAGTCTGGCAGCTTC
CTGAGTTTGGCCGTATCTTCAGTTCCAATGCACAGATTGGGCTAGGTGACATTGTTGTGGACATGACTAACTTGAACCAACTTATCAGGCAAACCAGCCACACTCAAGTCACCACTGTGACTTCAGA
GGTGGCAATGTTTCCCAAGGAGGCCGTGGAATTAGAAGAACCCAGCGTCCTCCTTTACCACATTGATAAGTTCTCCATCCCAGTGATCAATATCACATGGCTGTGCAATGGTGAGTCAGTCACCAC
AGCGGTATCTGAGACCGCCTTCCTGCCTCAGGATGACTGTTATTCCCACAAGTTTCATTACTTCACTTTCTTCCTCTCAACTGATGATATTTATGACTGTGTAGTTGAACCCTGGGGCCTCAAAAACCA
CTTTTCAAGCCCTGAGACGCTAACACCACCGTCTGAGACAATGGAGATGCTCATCTCTATTCTAGGAATGGCTATGGGCCTGGTGGGCATCATGGTGGCTGCCAGCTTCATTATCAGAGGCTTGTG
>Maeu_DNAzoo_DMA_1
ATGGGACCTGTGCAAAGCCTGGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCACTGTTCTTGTCTCTGTCCTGGGGAGCCACTCCAGTGTTGGCATCATTACTGGGGAATAGCCTACAGAACT
ATACATTCTCTCACACAATGTTCTGCCAGGATGAGCAACCCTTAGTGGGTCTGTCTGAGGTCTTCGATGGGGACCTGCTCTTCTCCTTCGACTTCTCCAGGAACACTCGGGTACCCCGGCTGCCTGA
GTTTGGTGCTTGGGCCAGTGATGAGGGAGATGTCAAGATCATAGAAGATGACAAGGCACTCTGCCAGGATTTGCAGAAAGGTTTGAGTGAAACTTTTGAAGGCCGAATCCCAGAGGCTAGAGGA
AACCCTGTGGCTGAAGTTTTCACTCTGGAACCCCTGGAGTTTGGGAAGCCCAACACTCTCATTTGCTTTGTTAGTAACATCTTCCCACCTCAGATAACAGTGACTTGGCAGTACAAAGAAGTTCCTGT
GGAAAGCAGCAGCCCCACTTTTCTCTCTGCTATAGATGGACTTGGCTTCCAGGCCTTCTCCTATCTGAATTTCACACCCACTGCCTCTGATATCTTCTCTTGCACTGTGGCACGGGAAGGCGAACTCT
>Saha_DAA_1
ATGATGCCCAACAAAGCTTTGATCCTAGGGACTTTCACCCTGGCCATGCTGCTGAATCCCTGGGGAGCCAGAGCCATTAAAGAGAATCATGTGATCATCCAAGCTGAGTTCTACCAGACCCACAAC
CCTTTAGGAGAGTTCATGTTTGATTTTGATGGGGATGAAATTTTCCATGTGGATTTGGACAAGAGAGAGACAGTCTGgcgtcttcctgacttcagcaaATTTGCCAGCTTTGAGGCTCAGGGTGCTCTGGC
CAATCTTGCTGTGGACAAAGCCAATCTGGAAATCATGATAAAACGGTCCAACAACACTCCTGATACTAATGtGCCCCCTGAAGTGACAGTGTTTCCTAAGAGCCCAGCGGAGATGGACCAGCCCAA
TGTCCTTATCTGCTTCATTGACAAGTTCTCTCCTCCCGTACTTAATGTGACATGGCTTCGTAATGGGCAGCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTCCCCCGCCCTGATCATGCCTTCAG
AAAATTCCACTACCTCACCTTCATCCCCTCTGCCAATGATTACTATGACTGTAAGGTCGATCACTGGGGACTGGAACAACCTCTTATGAAACATTGGGGTAAAAATACGAACCCCACTGCCAGAGAC
>Saha_DMA_1
GGGACTTGAGCAAAACCTGGGAGTTACACTGTTACTACTGAAGCTACAGTCGTCATTGCTTTTGTCCCTGTTCTGGGAAGCCACTCCAGTGTTGGCCGTGTTTGGGAATAATTTACAGAATTACACA
TTCTCTCACATACTATTCTGCCAGAATGGAGAATCCTCTTTGGGTCTGTCAGAAAACTTCAATGGGGACTATCTCTTCTCCTTTGACTTCTCCAAGAACTCCCGGGTGCCCCGGCTGCCTGAATTTGCT
GCTTGGGCCACTGATAAAAGAGACATCAAGACCATAGATGCTGACAAGAATCTTTGCCAAGAGCTGCAACATCAATTGAGTAGACTTTGTAAAGGACGGATCCCTGAGGCTAGAgGAAACCCTGT
GGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCGTTTGTTTTGTTAGCAATGTCTTCCCACCTCGTATAACCGTGACCTGGCAACATGAAGGAGTCTCTGTGGAAAGC
AGCAGCCCCACCTTTCTCTCAGCTACAGATGGACTTGACTTCCAGGCCTTTTCTTATCTGAACATCACACCCACATCCACTGATATTTTCTCTTGCACTGTGACACAGGAAGGTGACCTCTTCAGCACT
>Mafu_DNAzoo_DAA_1
ATGACTTCCAACAAATCCTTGATCCTAGGAGCCTTCATTCTGTCAGTGCTGCTGGGTCCCTGGGGAGCCAGGGCCATTAAAGAGAACCATGTGATCATCCAAGCAGAGTTCTACCAGACCCACGAA
CCCTCTGGAGAGTTTATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGAACAAGAAAGAGACAGTCTGGCGGCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCC
TTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGATCCAATAACACCCCTGACACCAATGTGGGCCCTGAAGTGACAGTGTTTCCCAAAGGCCCAGTGGAGCTGGGCCA
GCCCAACATCCTTGTCTGCTTCATTGACAAGTTCTCTCCTCCGGTACTTACTGTGACCTGGCTTCATAATGGGGTTCCCATCACTGATGGTGTGTTTGAAACTGTCTTCCTCCCTCGCTCTGACCATGC
CTTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCACCGATTACTATGACTGTCAGGTTGAGCACTGGGGACTGGAACAACCTGTTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTG
>Mafu_DNAzoo_DBA_1
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ATGGCTGCCAGCAGAGGGCTAATCCTAAGGACGCTGTCACTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCACGTGGGGATCTACGGCACAGGTGTATACC
AGTCCTATGAGTCCTCAGGCCAGTACACACAGAAATTTGATGAGGACGAGCTGTTTTACGTAGACCTGCAGAAGAAGGAGACTGTGCGGCGGCTGCCAGAGTTTAGCCATTTCAGCAGCTTTGAC
CCTCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCCTGATCAAGCGCTCCAACAGAAGCAGGGCCATCATGCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGGA
GTTGGGCCAGCCAAATGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTTGTAATGGCCAGGTGATCACCACTGGTGTGTCTGAGACAGACTTCTACTCTTGG
CCTGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGCCTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGTAGCCACTCCTCAAGCACTGGGAACCCCAGATTC
>Mafu_DNAzoo_DBA_2
ATGGCTGCCAACAGAGTTCTCATCCGAGGGACCCTCTCATTGGCTTTGCTCCTGAGCCCCCAAGGAGCTTAAGTCTATTGAAGCCGAACTTCTGACCATGTTGGGGTCTATGGCACAGATATATGCC
AGAACTGTGGGCTCTCAGGCCAGTACGCACAAGAATTTGATGACGATGAGCTGTTTCATGTGGACCTGCAGAAGGAGACTATATGGTGGCTGCCAGAGTTTAGCCATTTTGCTGGCTTTGACCCTC
AGGGAGGGTTAAGAAATGTATGCATAGCCAAACTCACCTTGGACACCCTCATCAAACACTCCAACAGAAGCAGGGCCATCAGGGTGCCCCCTGAGGTGACTGTATTCTCAGAGAACACTATGGAG
ATAGGCCAGACAGATGTACTCATCTGCTTGGTGGACAACATCTTCCCCTCAGCTGTCAATATCACGTGGCTTCGTGATGACCAGTTGGTCACCACTGGTGTATCTGAGACAGACTTTTACTCTCGGT
CTGACCACAAATTCCACAAGTTCTACTACCTCACTTTCCTCCCCAACACAGAGGATTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCAGTCCTCAAGCACTGGAACCCCAGATTCCA
>Mafu_DNAzoo_DBA_3
ATGGCTGCCAGCAGAGTTCTGATCCTAGGGACCCTCTCACTGACTGTGCTGCTGAGTCCCCAAGGAGCTTCTGAGCCCATCGAAGGCAACTGACCATGTGGGGCTCTATGGCACAGATATATACCA
GACCTATGGGCCCTCAGGCCAGTACACACAGGAATTTGATGAGGACGAGCTGTTTTACATAGACCAGCAGAAGAGGGAGACTGTGTGGCGGCTGCCAGAGTTTAGCCATTTTGCTAGCTTTGACC
CTCAGGGAGGACTGCGTGAAATAGCCATATGCAAGCACACCCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGGCCGTCATGCCGCCTGAAGTGACTGTGTTCTCAGAGAGTCCCGTGGAG
GTGGGCCAGCCAAATACACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTAGTCAACATCACGTGGCTTCGTAATGGCCAATTGGTCACCATAGGTGTGTCTGAGACAGACTTCTACACTCGTC
CTGACCACAAATTCCGCAAGTTCCACTACCTCGCTTTTCTCCCCAACACAGAGGATTTTTATGATTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGGTTCC
>Mafu_DNAzoo_DBA_4
ATGGCTGCCAGCAGAGTTCTGATCTTAGGGACCCTCTCACTGGCTGTGCTACTGAGTCCCCAAGGAGCTTCTGAGTCCATTGAAGGCAACTGACCATGTTGGGCTCTATGGTACAGATATATACCA
ATCCTATGGGCCCTCAGGCCAGTACACACAGGAATTTGATGAAGATAAAGAATTTTATGTAGCCTTGCAGAAGAAGGAGACTGTGTGGTGGCTGCCAGAGTTTAGCCATTTTGCTCGCTTTGACCC
TCAGGGAGGACTGCATGAAATATCCACAAGCAAGTACAACCTGGACATTGTGATCAAATGCTCCAACAGAAGCAGGGCCATCAGCGTGCCGCCTGAGGTGACTATGTTCTCAGAAAGCCTGTGGA
GGTGATGGGCCAACCAAATATACTCATCCGATTGGTGAAAAACATCTTCCCTCCAGTGGTCAACATCACATGGCTTCTTAGTTGCAGTTGGTCACCATAGGTGTGTCTGAGACAGACTTCTACTCTC
AGCCTGACCACAAATTCCGCAAGTTCTATTACCTCACTTTTCTCCCCAACACAGAGGATTTTTATAACTGCAAAGTGGAGCACTGGGGCTTAAAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGTT
>Mafu_DNAzoo_DBA_5
ATGGGTGCCAGCAGAGTCCTGATCCTAGGGACCCTCTCATTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCATGTGGGGATCTATGGCACAGCTGTATGCCA
GTCCTATGGGCCCTCAGGCCAGTACACACAGGAATTTGATGGGGATGAAAAATTTTATGTAGACCTGCAGAAGAAGGAGACTGTGTGGAGGCTGCCAGAGTTTAGCCATTTTACCAGCTTTGACC
CTCAGGGAGGACTGCGTGAAATAGCCACATGCAAGCACAACCTGGACATCCTGATCAAACGCTCCAACAGAAGCAGGGCCATCAGCGTGCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTG
GAGGTGGGCCAGCCAAACGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGTAATGGCCAGGTCATCACCACTGGTGTCTCTGAGACAGACTTCTACTCTC
GGCCTGACCACAAATTCCGCAAGTTCTACTACCTCATTTTTCTCCCCAACACAGAGGAATTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGTT
>Mafu_DNAzoo_DBA_6
ATGGTTGTCCACAGAGTCCTGATCCTAGGGACCCTCTCACTGACTGTGCTTCTCAAGGAACTTCTGAGTCCATTGAAGTGACCATGTTGGTGTCTACAGCACAGGTAGGTACCAGACCTATGGGCCT
TCAGGCCAGTACATACAGGAATTTGATGAGGATGAGCTATTTTATGTGGACCTGCAGAAAAAGGAGACTGTGTGGTGGCAGCCAGAGTTTAGCCATTTTGCTGAATCTGACCCTCAGGGAGGACT
GAGAAACATAGCTGTCATGCAGCACAACCTGGACATCATGATCACATGCTCCAACAGAAGCAGGGCCATCAGCATGCCCCCTGAAGTGACTGTGTTCTCAGAGAATCCCGTGGAGATGGGCCAGC
CAAACATATTCATCTACTTGGTGGACAATATCTTCCCTCCAGTGCTTAACATCACATGGCTTCATAATGGCCAGTTGATCACCTCTGGTATGTCTGAGACAGACTTCTTTTCTCAGCCTGACCACAAAT
TTCACAAGTTCTACTACCTCACTTTTCTCCCCAAAACACAGGATTTTTACGACTGCAAAGTGGAACACTGGGGGCGAGAGCAGCCAGTCCTCAAGCACTAGAAACCCCAGATTCCATCCCCAGTGCC
>Mafu_DNAzoo_DBA_7
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ATGGTTGTCCACAGAGTCCTGATCCTAGGGACCCTCTCACTGACTATGCTTCCCAAGGAACTTCTGAGTCCATTGAAGCTGACCATGTTGGGGTCTACAGCACAGATATGTACCAGTCCTATGGGAC
TTCAGGCCAGTACACACAGGAATTTGATGAGGATGAGCTATTTAATGTGGACCTGCAGAAGAAGGAGACTGTGTGGTGGCAGCCAGAGTTTAGCCATTTTGCTGAATCTGACCCTCAGGGAGGAC
TGAGAAACATAGCTGTAATGCAGCACCGCCTGGACATCATGATCAAATGCTCCAACAGAAGCAGGGCCATCAGCAGTACCCCCTGAGGCGACTGTGTTCTCAGAGAATCCCGTGGAGATGGGCCA
GCCGAACATATTCATCTACTTGGTGGACAATATCTTCCCACCAGTGCTTAACATCACATGGCTTCATAATGGCCAATTGATCACCTCTGGTGTGTCTGAGAAAGACTTCTATTCTCGGCCTGACCACA
AATTTCGCAAGTTCTACTACCTCACTTGTCTCCCCAAAACACAGGATTTTTACGACTGCAGCGTGGAACACTGGGGCCTGGAGCAGCCAGTCCTCAAGCACTGGAAACCCCAGATTCCATCTCCAGT
>Mafu_DNAzoo_DCA_1_partial_exon_2-4
ACCATGGAATCCGCTCTGTGACAATTGTTCAGACCTACAAACCATCTGAGCAGGACCTGCATGAATTTGATGAAGATGAACCATTTCACATGGACTATGAAAAGAAGGAAACAGTCTGGCAGCTTC
CTGAGTTTGGCCGTATCTTCAGTTCCAGTGCACAGATTGGGCTAGGTGACATTGCTGCGGACATGGCTAACCTGAACCAACTTATCAGGCAAACCAAGCACACCCAAGCCACCATTGTGACTCCAG
AGGTGGCAATGTTTCCCAAGGAGGCCGTGGAACTGGAAGAACCCAGCGTCCTCATCTACCACATTGATAAGTTCTCCATCCCAGTGATCAATGTCACATGGCTGTGCAATGGTGAGTCAGTCACCA
CAGCGGTATCTGAAACTGTGTTCCTGCCTCAGGATGACTGTTCTTCCCACAAGTTTCATTACTTCACTTTCTTCCTCTCAACTGATGATATTTATGACTGTATAGTTGAACCCTGGGGCCTCAAAAACC
ACTTTCCAAGTGTAGCCTGAGACGCTAACACCACCGTCTGAGACAATGGAGATGCTCTTCTCTGTTCTAGGAATGGCTATGGGCCTGGTGGGCATCATGGGGGCTGCCAGCTTCATTATCAGAGGC
>Mafu_DNAzoo_DMA_1
ATGGGACCTGTGCAAAGCCTGGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCACTGTTCTTGTCTCTGTCCTGGGGAGCCACTCCAGTGTTGGCATCATTACTGGGGAATAGCCTACAGAACT
ATACGTTCTCTCACACAATGTTCTGCCAGGATGAGCAACCCTCAGTGGGTCTGTCTGAGGTCTTCGATGGGGACCTGCTCTTCTCCTTCGACTTCTCCAGGAACACTCGGGTACCCCGGCTGCCTGA
GTTTGGTGCTTGGGCCAGTGATGAGGGAGATGTCAAGATCATAGAAGATGACAAGACACTCTGCCAGGGATTGCAGAAATTTTTGAGTGAACATTTTGAAGGCCAAATCCCAGAGGCTAGAGGA
AACCCTGTGGCTGAAGTTTTCACTCTGGAACCCCTGGAGTTTGGGAAGCCCAACACTCTCATTTGCTTTGTTAGTAACATCTTCCCACCTCAGATAACAGTGACTTGGCAGTACAAAGAAGTTCCTGT
GGAAAGCAGCAGCCCCACTTTTCTCTCTGCTATAGATGGACTTGGCTTCCAGGCCTTCTCCTATCTGAATTTCACACCCACTGCCTCTGATATCTTCTCTTGCACTGTGGCACGGGAAGGCGAACTCT
>Psoc_DNAzoo_DAA_1
ATGGTCCCTGACAAAGCCTTGATCCTAGAAGCCTTCATCCTGGCAGTGCTGCTGAGTCCCTGGGGAGCCAAGGCCATTAAAGAGAACCATGTGATCATCCAGGCAGAGTTCTACCAGACTTCCAAA
CCCTTGGGAGAGTTCATGTTTGACTTTGATGGAGATGAGATTTTCCATGTGGATTTGGACAACAAGGAGACAGTCTGGAGGCTTCCCGACTTCAGCAAGTTTGCCAGTTTTGAGGCTCAGGGTGCT
TTGGCCAATCTTGCTGTGGATAAAGCCAACCTGGAAATCATGATGAAACGGTCCAACCACACTCCTGACACCAATGTGCCCCCTGAAGTGACAGTATTTCCCAGGGGCCCAGTGGAGCTGGGACA
GCCCAACGTCCTTGTCTGCTTTGTTGACAAGTTCTCTCCTCCTGTACTTACTGTGACATGGCTTCATAATGGGAATCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTTCCCCGCTCTGACCACAC
CTTCAGAAAATTCCACTACCTCACCTTCATCCCCTCTGCCACTGATTACTATGACTGCAAGGTCAATCACTGGGGACTGGAACAACCTGCTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTG
>Psoc_DNAzoo_DCA_1_partial_exon_1_3-5
ATGGTGTCTGTGGAATTTCTTGGAGGCCTATTGATATGACAGTCCTATTGATAGTGCTGAGCACACCCATAGTGTGGGGCAGGGACATTCCAGGTAAGTCCGGCCCCAAGTGAAGGTTTTCCCCTT
GGTACAACCGCTTGGGCACCACAAACCTGCTTCTCTGTTCTGCGACCTGTTTCTATCCTGGTGAGATCAAGATCAGCTGGTTCAGGAATGGAAAAGAGAAGACTAGGGTCATGTCCACAGGCCAAA
TCCAGAATGGTGACTGGAGCTTCCAGACCCTTGGGATGCTGGAAATGACCCCCCAAAGAGGAGATGTCTTTACTTGTCATGTGGACCATGTCAGCTTGCAGAGAGCCCTGTCACCATAGACTGGA
GAGCACAGTCTGAATCTGCCTAGAAAGATGCTGACTGGAATTGGGGGCCTAGTGCTTGGACTATTCTTACTTGGAATAGAACTTGTCATCCACCTCAGAAATTTGAAAGATTCCTGTTCTGGGACC
>Psoc_DNAzoo_DMA_1
ATGGGACCTGTGCAAATCCTGGGAGCTACACTGTTACTCCTGCAGCTACAGTCATCGCTGTTTTTGTTTCTGTCCTGGGGAGCCACTCCAGTGTTGGCATCATTATTAGGGAATAGCCTACAGAACT
ACACATTCTCTCACACACTGTTCTGCCAGGATGAGGAACCCTTCCTGGGTCTATCGGAGACCTTCAATGGGGACCAGCTCTTCTCCTTCGACTTCTCCAGGAGCTCTCTGGTGCCCCGGCTGCCTGA
ATTTTCTGCTTGGACTGGTGATGAAGGAGACATCGAGACCATAAAAAGTGATGGGAACCTCTGCCAGGAATTGCAAAAAGAATTGAGTAGAATTTTGGAAGGCCAAATCCCTGAGGCTAGAGGA
AACCCTGTGGCTGAAATTTTCACTCTGGAGCCCCTGCAGTTTGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAACATCTTCCCACCTCAAATAACTGTGACCTGGCAGCTCGAAGGAGTTGCTGT
GGAAAGCAGCAGCCCCACTTTCCTCTCAGCTGTGGATGGACTAGGCTTCCAGGCCTTCTCTTATCTGAACTTCACACCCACACCCTCGGATGTCTTCTCTTGCACTGTGGAACGGGAAGGTGACCTC
>vour_DAA_1
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ATGGCCCCCAACAAAGCCTTGCTCCTAGGAGTCTTCATCTTGGCAGTGCTACTGAGTCCCTGGGGTGCCAGAGCTGTTAAAGAGAAGCATGTGATCATCCAAGCAGAGTTCTACCAGACCCACGAC
CCCTCGGGAGAGTTCATGTTTGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGAAGAGCAAAGAGACAGTCTGGAGGCTTCCTGACTTCAGCAAATTTGCCAGTTTTGAGGCTCAGGGTGCT
CTGGCCAATCTTGCTGTGGACAAAGCCAACCTGGAAATCATGATGAAACGATCCAACAACACCCCTGACACCAATGTACCCCCTGAAGTGACAGTGTTTCCCAAGGGCCCAGTGGAGCTGGGTCA
GCCCAACGTCCTTGTCTGCTTCGTTGACAAGTTCTCTCCTCCCGTACTTACTGTGACATGGCTTCATAATGGGCGTCCCATCACTGATGGTGTGTTTGAGACTGTCTTCCTCCCCCGCCCCGACCATTC
CTTCAGAAAATTCCACTACCTCACTTTCATCCCCTCTGCCACCGATTACTATGACTGCAAGGTCGAGCACTGGGGACTGGAACAGCCCACTGTCAAACATTGGGAACCAGAAGTACGGACCCCACTG
>vour_DBA_1
ATGGCTGCCAACAGAGTCCTGATCCTGGGGACCCTCTCACTGGCCATGTTGCTGAGTCACCAAGGAGCTTCTGAGTCCATTGAAGAGCTGACCATCTGGGGGTGTATGGCACAACCATGTACCAGT
CCTATGGGTCCTCAGGCCAGTATACACATGAATTTGATGAGGATGAAGAGTTTTATGTGGACCTGCAGAAGAAGGAGACTATATGGAGGCTGCCAGAGTTTGGCCATTTTACTAGCTTTGACCATC
ACACTGCGCTGAGAAACATAGCCGTAGCCAAGTATAACTTGCACCTCCTGATCAAATGCTGCAACAGAACCAGGGCCATTAATGTGCCCCCTGAGGTGACTGTGTTCTCAGACAGTCCCGTGGAGA
TGGGCCAGCCGAACATACTCATCTGCTTGGTGGACAACATCTTCCCCCCAGTGGTCAACATCACGTGGCTTCGTAATGGGCAGTTAGTCACTGCAGGTGTGTCTGAGACAGACTTCTACCCTCGACC
TGACCACAAATTCCGCAAGTTCCACTACCTCGCTTTTCTCCCCAACACAGAAGATTTTTATGACTGCAAAGTGGAGCACTGGGGCCTGGAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGGTTCCA
>vour_DCA_1
ATGACTTCAAGTGTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCGGTTGATCAAACAAAGAACCAGGGCCACTAATGACCATGTAATCAGCTCTGTGACATTTGTTCAGACCCACAAACCAT
CTGGGCAGTACCTGCACAAGTTTGATGAGCATGAGCAATTCCATGTGGACTTTGACCAGAAGGAAACAGTCTGGTGGCTTCTTAAGTTTGGCCATATCTTCAGTTTTGATGCACAGATTGGGCTAG
GTGACATCGCTGTGGACGTGGCTAACTTGAACCAACTTATCAAGTAAACCAACCACACCCAGGCCACCATTGCCACTCCAGAGGTGACAGTGTTTCCCAAGGAGCCCATGGAACTGGAAGAACAC
AACATCCTCATCTGCCACATTGATAAGTTCTCACCCCCAGTGATTAATGTCACATGGCTGTGCCATGGAGAGCCAGTCACCACAGGGGTATCTGAGACCACCTTCATGCCTCGGGATGACTATTCTT
TCCTCAAGTTCCATTATCTCACTTTCCTTCCCCCAACTGATGATGTCTATGACTGTGTGGTTGAACACTGGGGCCTGGAAAAGCCACTTTTCAAGCATTGGGAGCCTGAGATGCTGACACCACCATCT
>vour_DMA_1
ATGGGACCTGAGCAAAGCCTGGGAGCTGCACTGTTACTGCTGCAGCTGCAGCCATCACTGCTTTTATCCCTGTCCTGGGGAGACACTCCAGTGTTGGCATCATTACTGGGGAAGAGCCTACAGAAC
TACACATTCTCTCACACACTGTTCTGCCAGGATGAGGAACCTGTCCTGGGTCTGTCTGAGGCCTTCAATGAGGACCAGCTCTTCTCCTTTGACTTCTCCAGGAACTCCCGGGTACCCCGGCTCCCTGA
GTTTGCTGCTTGGGCCAGTGACAAGAGAGATATTAAGGCCATACAAGCCGACCAGCAGCTCTGCCAGGAACTGCAAAAAGAATTGAGTTCAGCTTTGGAAGGCAAAATCCCTGAGGCTAGAGGA
AACCCTGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAACATCTTCCCACCTCAAGTAACTGTGAGCTGGCAGCACCACCAAGTCCCTGT
GCAAAGCAGCAGCCCCACTTTTCTCTCAGCTATCGATGGACTTGGCTTCCAGGCCTTCTCTTATCTGAACTTCACACCCACATCCTCTGATGTCTTCTCTTGCATTGTGACACGGGAAGGTGACCTCTT
>Bepe_DAA_1
ATGACGCCCAACAAATCCTTGATCCTAGGAGCCTTCATTCTGTCAGTGCTGCTCAGTCCCTGGGGAGCCAGGGCCATTAAAGAGGACCATGTGATCATCCAAGCAGAGTTCTACCAGACCCACGAA
CCCTCTGGAGAGTTTATGTTCGACTTTGATGGGGATGAGATTTTCCATGTGGATTTGCAGAAGAAAGAGACAGTCTGGCGGCTTCCTGACTTCAGCAAATTTGCCAGCTTTGAGGCTCAGGGTGCT
TTGGCCAATCTTGCTGTGGATAAAGCCAACCTGGAAATCATGATGAAACGGTCCAATAACACCCCTGACACCAATGTGGGCCCTGAAGTGACAGTGTTTCCCAAAGGCCCAGTGGAACTGGGCCA
GCCCAACATCCTTGTCTGCTTCATTGACAAGTTCTCTCCTCCGGTACTTACTGTGACCTGGCTTCATAATGGGGTTCCCGTCACTGATGGTGTGTTTGAAACTGTCTTCCTCCCTCGCTCTGACCATGC
CTTCAGAAAATTCCACTACCTTACCTTCATCCCCTCTGCCACCGATTACTATGACTGCAAGGTCGAACACTGGGGACTGAAACAACCTACTGTCAAACACTGGGAACCAGAAGTACGGACCCCACTG
>Bepe_DBA_1
ATGGCTGCCAACAGAGTTGTGATACTAGGGACCATCTCATTGGCTGTGCTGCTGAGTCCCCAGGGAGCTTCTGAGTTATGACAAAACTGATCATGTGGGGATCTTTGGCACAGCTATATACCAGTC
CTATGGGCCTTTGGGCCAGTACACACACGAATTTGATGAGGACGAGCTGTTTTATGTGGACCTGAAAAAGAAGGAGACTGTGTGGCGGCAGCCAGAATTTAGCCATTATACTAGCTTTGACCCTCA
GGAAGGGCTGAGAATCATAGCCATAGCCAAGAAGAGTCTGGATTTTCTGATCAAACATTCCAACAGAAGCAGCACCATCTCTGTGCCCCCTGAGGTGACTGTGTTCTTGGAGAGTCCCGTGGAGA
TGGGCCAGCCAAATGTACTCATCTGCTTGGTGGACAATATCTTCCCCCCAGTGGTCAACATCACATGGCTTCGTAATGGGCAGTTAATCACCATTGGTGTGTCTGAGACAGACTTTTACCCTCGGCC
TGACCACAAATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAAGATTTTTATGACTGCAAAGTGGAGCACTGGGGCTTGGAGCAGCCAGTCCTCAAGCACTGGGAACCCCAGGTTCCA
>Bepe_DBA_2
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ATGGCTGCCAGCACCGTGCTGATCCTAAGGACCCTCTCACTGGTTGTGCTGCTGAGTCCCCAAGGAACTTCTCAGTCCATTGAAGGCAACTGACCACGTGGGGATCTATGGCACAGGTGTATACCA
GTCCTATGAGTCCTCAGGCCAGTACACACAGGAATTTGATGAGGATGAGCTGTTTTACGTAGACCTGCAGAAGAAGGAGACTGTGTGGCGACTGCCAGAGTTTAGCCATTTTAGCAGCTTTGACCC
TCAGGGAGGGCTGCGTGAAAAAGCCACATGCAAGTACAACCTGGACATCTTGATCAAACGCTCCAACAGAAGCAGGGCCATCAGTGTGCCCCCTGAAGTGACTGTGTTCTCAGAGAGTCCTGTGG
AGTTGGGGCAGCCAAACGTACTCATCTGCTTGGTGGACAACATCTTCCCTCCAGTGGTCAACATCAAGTGGCTTCGTAATGGCCAGGTGATCACTACTGGTGTGTCTGAGACAGACTTCTACTCTCG
TCCTGACCACAGATTCCGCAAGTTCTACTACCTCACTTTTCTCCCCAACACAGAGGACTTTTATGACTGCAAAGTGGAGCATTGGGGCTTGGAGCAGCCACTCCTCAAGCACTGGGAACCCCAGATT
>Bepe_DCA_1_partial_exon_2-4
ACCATGTAATCAGCTCTGTGACAATTGTTCAGACCTACAAACCATCTGAACAGTACCTGCATGAATCTGATGAAGATGAACCATTCCACATGGACTGTGAAAAGAAGGAAACTGTCTGGCAGCTTC
CTGAGTTTGGTCATATCTTCAGTTCCAATTCAGTTCAGATTGGGCTAAGTGACATTGCTGTGGACATGGCTTACTTGAACCAACTTATCAGGCAAACCAACCACACCCAAGCCACCATTGTGACTCCA
GAGGTGGCAGTGTTTCCCAAGGAGGACGTGGAACTAGAAGAACCCAGTGTCCTCATCTGCCACATTGATAAGTTCTCCATCCCACTGATCAATGTCACATGGCTGTGCAATGGTGAGTCAGTCACC
ACAGGAGTATCTGAGACTGCCTTCCTGCCTCAGGATGACTGTTCTTTCCACAAGTTTCATTACCTCACTTTCTTCCTTTCAACTGATGATATTTATGACTGTGCACTTGAACACTGGGGCCTCAAAAAC
CACTTTTCAAGTAGCCTGAGATGCTAACACCACCATCTGAGACAATGGAGATGCTTATCCCTCTTCTAAGAATGGCTGTGGGCCTGGTGGGCATCATGGTGGCTGCCAGCTTCATTATCAGAGGCTT
>Bepe_DMA_1
ATGGGACCCGTGCAAACCCTGGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCACTGTTCTTGTCCCTGTCCTGGGGAGCCACTCCAGTGTTGGCATCATTACTGGGGAATAGCCTACAGAACT
ATACATTCTCTCACACACTGTTCTGCCAGGATGAGCAACCCCTTCTGGGTCTGTCCGAGGTCTTCGATGGGGACCTGCTCTTCTCCTTCGACTTCTCCAGGAGCACTCGAGTACCCCCGGCTGCCTGA
GTTTGGTGCTTGGGCCAGTGATGAGGGAGATGTCAAGATCATAGAAGATGACAAGATGCTCTGCCAGCAATTGCAAAAAGTTTTGAGTAGGATTTTGGAAGGCCAAATCCCAGAGGCTAGAGGA
AACCCTGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAACATCTTCCCACCTCAGATAACAGTGACTTGGCAGTACAAAGAAGTTCCTG
TGGAAAGCAGCAGCCCCACTTTTCTCTCTGCTATAGATGGACTTGGCTTCCAGGCCTTCTCCTATCTGAATTTCACACCCACTGCCTCTGATATCTTCTCTTGCACTGTGGCACGGGAAGGCGACCTC
>Bepe_DMA_2
ATGGGACCCGTGCAAACCCTGGGAGCTACACTGTTACTCCTGCAGCTGCAGTCATCACTGTTCTTGTCCCTGTCCTGGGGAGCCACTCCAGTGTTGGCATCATTACTGGGGAATAGCCTACAGAACT
ATACATTCTCTCACACACTGTTCTGCCAGGATGAGCAACCCCTTCTGGGTCTGTCCGAGGTCTTCGATGGGGACCTGCTCTTCTCCTTCGACTTCTCCAGGAGCACTCGAGTACCCCGGCTGCCTGAG
TTTGGTGCTTGGGCCAGTGATGAGGGAGATGTCAAGATCATAGAAGATGACAAGATGCTCTGCCAGCAATTGCAAAAAGTTTTGAGTAGGATTTTGGAAGGCCAAATCCCAGAGGCTAGAGGAA
ACCCTGTGGCTGAAGTTTTCACTCTGGAGCCCCTGGAGTTTGGGAAGCCCAACACTCTCATCTGCTTTGTTAGTAACATCTTCCCACCTCAGATAACAGTGACTTGGCAGTACAAAGAAGTTCCTGT
GGAAAGCAGCAGCCCCACTTTTCTCTCTGCTATAGATGGACTTGGCTTCCAGGCCTTCTCCTATCTGAATTTCACACCCACTGCCTCTGATATCTTCTCTTGCACTGTGGCACGGGAAGGCGACCTCT
>anst_DAB_1
ATGGTGTGTGTCTTGCTCCCCAAGGGCATCTGGAAAGAAGTTCTGACTGTGGCCCTGTTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAAAGCACTTCACAAAACAGTCAAAGTG
CGAGTGTTACTTTGTGAATGGGACAGAGCATGTGCAGTATGTGGAGAGACACATGTACAACCAGAAGGAATATGTGCGCTTTGACAGCAATGTGGGGAAATATGCTGCAGTGATGGAGCTGGGC
CGACCAGAGGCTGAATACTGGAACAACCATAAGGAGATTCTAGATGACTTACGGGCCCGGGTGGACACCTTGTGCAGACACAACTACCAGATTTTTGAGCCCTTCTTGTTGTCCAGGAGTGGTGA
CCTGAAGTGATTGTGTATCCATCAAAGACAGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGCGGTTTCTACCCCGGGGACATCGAGGTCCGGTGGTTCCTGAATGGGCGGGAGGA
GACAGCCGGGGTGGTGTCCACAGGCTTAATCAGCAATGGGGACTGGACCTACCAGTTACAGGTGATGCTGGAAATGATCCCCAAGAGGGGAGATATCTACACCTGCCAAGTGGAGCACAGCAGC
>anst_DAB_10_partial_exon_2-4
AGAACTTCATGGAGCAGACGAAGGCGGAGTGTCACTTTGTCAATGGGATTGAGCACGTGCAGTTTGTGGGGAGACTCATATACAACCACGAGGAGATCCTCCGCTTTGACAGCGAAGTGGGGAA
GTTCGTGGCTTTGACCGAGCTGGGACGGCCCATTGAGGAGCTAATGAACAGTCAACTGGAGGCTCTGGAGCAAGCGCGGGCCCAGGTGGCCATGTGCAGAGACAACTATATCCTGTGGGAGTCC
TTGTGGAATCGGAGGAGAGTTGAGCCTGAAGTAACTGTGTATTCATCAAAGATAACTCCCCTAGGATACCCAAACCAGCTTATCTGTTTTATTACTGGTTTTTATCCTGGGGACATTGAGGTCAGAT
GGTTCCTGAATGGTCAAGAGGAGACAGCTGGGGTTTTGTCCACAGGCCTGATTAACAATGGAGACTGGACCTTTCAGACTCAGGTTATGCTGGAAATGATCCCCAATCCTGGAGATGTCTACACTT
>anst_DAB_11_partial_exon_2-4
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AGCACTTCACGGAGCAGGCAAAGTGCGAGTGTCACTTCGAGAACGGGACGGAGCACGTGCGGTATGTGGAGAGATACATATACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGG
GAGTACGTGGCGGTGACGGAGCTGGGGCGGGGCATTGCGGAGTACTATAACAGCCAGAAGGAGATCCTGGAGGATGAACGGACCCGGGTGGACACTTTCTGCAGATACAACTACGGAATATCT
GAGCACTTCTTAGTGCCCAGGAGCGTCCAGCCCCAGGTGACCGTGTATCCATCCAAGGTGGCTCCCCCGGGACACCACAACCTGCTTGTCTGCTCCGTCCGCGGTTTCTATCCCGGGGACATCGAG
GTCCGGTGGTTCCTGAACGGGCGGGAGGAGACGGCTGGGGTGGTGTCCACGGGCCTGATGGGCAACGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGATGACCCCCCGGCGCGGAGA
>anst_DAB_2
ATGGGGTGTGTCTTGCTCCCCAGGGAAGTCTGGATAGAAGTTCTGGCTGTGACCCTGCTAATGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAGAGCACTTCAGGTGGCTGGGAAAGG
CCGAGTGTTACTTCGAGAACGGGACGGAGCACGTGCGGTATGTGGAGAGATACATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCGGTGACGGAGCTG
GGGCGGCGGGATGCGGAGTACTGGAACAGCCAGAAGGAGATCCTGGAGAGGAAACGGGCCTCGGTGGACTGGTTATGCAGGGTCTGCTATGAGATTTCTGAGCCCTTCTTAGTGCGCAGGAGC
GTCCAGCCCCAGGTGACTGTGTATCCATCCAAGGTGGCTCCCCCGGGACACCACAACCTGCTTGTCTGCTCCGTCAGCGGTTTCTATCCCGGGGACATCGAGGTCCGGTGGTTCCTGAACGGGCGG
GAGGAGACGGCCGGGGTGGTGTCCACGGGCCTGATGGGCAACGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGGTGACTCCCCGGCGCGGAGATGTCTACACCTGCCACGTGGAGCAC
>anst_DAB_3
ATGGGGTGTGTCTTGCTCCCCAAGGAAGTCTGGAGAGAAGTTCTGGCTGTGACCCTGCTGGTACTGAATTCCCAGATGGCTGCAGGCAGACACAGCCCAGAGCACTTCACGGGGCAGTTTAAGG
GCGAGTGTTACTTCGAGAACGGAACGGAGCACGTGCGGTTTGTGCAGAGACTCATCTACAACCCGGAGGAGTACGCGCGCTTCGACAGCGACGTGGGGAAGTACGTGCCGGTGACGGAGCGGG
GGCGGCGCAGTGCGGAGTACTGGAACAGCCAGAAGGAGCTCCTGGAGAGGAGACGGGCCGAGGTGGACACTTACTGCAGGCACAACTACGGAGTGTTTGAGCCCTTCTCAGTGCGCAGGAGCG
>anst_DAB_4
ATGGTGTGTGTCTTGCTCCCCAGGGAAGTCTGGATACAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAGAGCACTTTACAGAGCAGTTGAAGTC
CGAATGTTACTTCGAGAACGGGACGGAGCACGTGCGGTTTGTGGAGAGAGGTATCTCCAACGGGGTGGAGATTGTGCGCTTCGACAGCGACGTGGGGGAGTACGTTGCGGTGACGGAGCTGGG
GCGGCCGGATGCTGAGTATTGGAACAGCCAGAAGGAGTACATGGACTTGAAACGGGGCCAGGTCGACAATTACTGCAGGCACAACTACGAAGTGATTGAACCCTTCTCAGTGCGCAGGAGCGTC
CAGCCCCAGGTGACTGTGTATCCATCCAAGACGGCTCCCCCCGGACACCACAACCTGCTTGTCTGCTCTGTCAGCGGTTTCTATCCCGGGGACATCGAGGTCCGGTGGTTCCTGAACGGGCGGGAG
GAGACGGCCGGGGTGGTGTCCACGGGCCTGATGCGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTAGAGGTGACCCCCCGGCGCGGAGATGTCTACACCTGCCACGTGGAGCACTCCA
>anst_DAB_5
ATGGCGTGTGTCCTGCTCCCCAGGGAAGTCTGGATACAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGACAGACACAGTCCAGAGCACTTCATGCGACAGTTTAAGAG
CGAGTGTTACTTCGAGAACGGGACGGAGCACGTGCGGCTTGTGGTGAGACTCATCCACAACCGGGAAGAGATTGCGCGCTTCGACAGCGACGTGGGGAAGTACGTGGCGGTGACGGAGCTGGG
GCGGAGCAGTGCGAAGGAACGGGACAGCAATAAGGATTACATGGAGTCATTACGGGCCGCGGTGGACACTTACTGCAGGCACAACTACAGAATATCTGAGCACTTCTTAGTGCGCAGGAGTGTC
CAGCCCCAGGTGACTGTGTATCCATCCAAGGTGGCTCCCCCGGGACACCACAACCTGCTTGTCTGCTCCGTCAGCGGTTTCTATCCCGGGGACATCGAGGTCCGGTGGTTCCTGAACGGGCGGGA
GGAGACGGCCGGGGTGGTGTCCACGGGCCTGATGGGCAACGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGATGACCCCCCGGCGCGGAGATGTCTACACCTGCCACGTGGAGCACTC
>anst_DAB_6
ATGGGGTGTGTCCTGCTCCCCAGGGAAGTCTGGATAGAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACACAGCCCAGAGCACTTCTTAGGTGCAGAGTAAGG
CCGAGTGTCACTTCGAGAACGGGACGGAGCACGTGCGGTTTGTGCATAGATACATCTACAACCCGGAAGAGATTGCGCGCTTCGACAGCGACGTGGGGGAGTACGTGGCAGTGACGGAGCTGG
GGCGGAGCATTGCTGAGTATTGGAACAGCCAGAAGAATTACATGGAGAGGGCAAGGACCGCAGTGCACTGGTTTTGCAGGGTCTCCTATGAGATTTCTGAGCCCTTCTTAGTGCGCAGGAGCGC
ATCACAACCTGCCTGTCTGCTCCAATGCTCCGTCAGCTGTTTCTATCCCGGGGACATTGAGGTCCGGTGGTTCCTGAATGGGCGGGAGGAGACGGCAGGGTTGGTGTCCACGGGCCTGATGGGCA
ATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGATGACCCCCCGGCGCGGAGATGTCTACACCTGCCACGTGGAGCACTCCAGCCTTCAGGGACCCGTCCTCTTGGACTGGAAAGCCCAG
>anst_DAB_7
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ATGGTGTGTGTCTTGTTCCCCAAGAAAGTCTGGATAGAAGTTCTGACTGTGACCCTCCTGGTGCTGAATTCCCAAGTGGCTGCAGGCAGACACAGTCCAGAGCACTTCACGAAGCAGAGCAAGTTC
GAGTGTTACTTCGAGAACGGGACGGAGTACGTGCGGTATGTGCACAGATCTATCTACAACCAGAAAGAGTATTTGCGCTTCGACAGCGACGTGGGGGAGTACGTGGCATTGACCGAGCTGGGGC
GGGGCATTGCCGAGAACTATAACAGCCAGAAGGATTACATGAAAAGGAAACGGACCGCAGTGAATTGGTTATGCCGGCACAACTACGGAGAGATTGAGCCCTTCTCAGTGCGCAGGAGCGTCCA
GCCCAAGGTGACTGTGTATCCATCCAAGATGGCTCCCCCGGGACACCACAACCTACTTGTCTGCTCTGTCAGAGGTTTCTATCCCGGGGACATCGAGGTCCGGTGGTTCCTGAATGGGAGGGAGG
AGACGGCCGGGGTGGTGTCCACGGGCCTGATGGGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGATGAGCCCCCGGCGCGGAGATGTCTACACCTGCCACGTGGAGCACTCCA
>anst_DAB_8_partial_exon_2-4
AGCACTTCACTTTGTATTCGACCTCTGAATGTTACTTCAAAAACGGGACGGAGCGCGTGCGGTTTGTGGAGAGATACATCTACAATCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAG
TACGTGGCGGTGACGGAGCTGGGGCGGCCCACTGCGGAGAAGTGGAACAGCCAGAAGGAGAACCTGGAGGATGAACGGGCCCAGGTGGACATTTACTGCAGATACAACTACGGAATACTTGA
GCGCTTCTTAGTGCCCAGGAGCGTCCAGCCCCAGGTGACTGTGTATCCATCCAAGGTGGCTCCCCCCGGACACCACAACCTGCTTGTCTGCTCCGTCCGCGGTTTCTATCCCGGGGACATCGAGGT
CCGGTGGTTCCTGAACGGGCGGGAGGAGACGGCCGGGGTGGTGTCCACGGGCCTGATGGGCAACGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGGTGACTCCCCGGCGCGGAGATG
>anst_DAB_9_partial_exon_2-4
AGCACTTCACGCTGCAGGCAAAGTTCGAGTGTTACTTCGAGAACGGGACGGAGCACGTGCGGCTTGTGGAGAGACACATCTACAATGGGGAGGAGAATGTGCGCTTCGACAGCGACGTGGGGG
AGTACGTGGCGGTGACGGAGCGGGGGCGGCCGGAGGCGGAGTCTTGGAACAGCCAGAAGGAGATCCTGGAGGAGAGACGGGCCGCGGTGGACACTTACTGCAGATACAACTACGGAGTGTTT
GAGCCCTTCTCAGTGCGCAGGAGCGTCCAGCCCCAGGTGACTGTGTATCCATCCAAGGTGGCTCCCCCGGGACACCACAACCTGCTTGTCTGCTCCGTCAGCGGTTTCTATCCCGGGGACATCGAG
GTCCGGTGGTTCCTGAACGGGCGGGAGGAGACGGCCGGGGTGGTGTCCACGGGCCTGATGGGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGGTGACCCCCCGGCGCGGAGA
>anst_DMB_1
ATGAAGTTACTGCACCTACTGCTAGTAGGCTTCAGCCTGGGTTTTTCTGGAGCAGGGGCTTTTGTGACCCACGTGGAGAGTGACTGTGTACTGGATGAGGATGGATCAGTAAAGGACTTCACGTA
TTGTATCTCCTTCAACAAGAATGTGTTGACCTGCTGGGACTCAGAGATTAAAAAGATGGTCACTGTTGATTATGGGATATTGCACCCATTAGCTGAATATCTTTCTCAATCCCTTAATAACAACAGTG
CCTTGATACACCGCCTGAGGAGTGGACTCCAGGATTGTGCCAGTCACACAAAACCCTTCTGGGGGTCATTGACCCAAAGAACACGGTCACCATCAGTGCAAATAGCCCAGACCACACCATTCAACA
CAAGGGAGCAAGTGATGTTGGCCTGCTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCAATCCCTGACAGTGGCATTCAGAGGGCTGTACAGTCTAAT
GGGGACTGGACTTACCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTATACTTGCTATGTAGAGCACAGTGGGACTTCCCAGGCCATCTTTCAGACCTGGACCTCTGGCCTCT
>Mala_DAB_1
ATGGTGGGTGTCGTACTTCCCAGGGCTTTCTGGACAAGGGTTCTGTCTCTGACCCTGCTGGTGCTGAAGTCCCAGGTGGTCTCAGGCAGACACACCCCAGAGCACTTCACGGAGCACGTGAAGCA
CGAGTGTCACCACGAGAACGGGACGCAGCGCGTGCGCTACATGGAGAGACACATCTACAACCGGCAGGAGTTCCTGCGCTTCGACAGCGACGTCGGGGAGTACGTGGCGGTGACGGAGCTGGG
GCGGCCCATCGCGGAGTCCTGGAACAGCCAGAAGGAGTTCCTGGAGCAGAGACGGGCCGCGGTGGACACTTTCTGCAGACACAACTACGAGATATTTGAGCGCTTCTTAGTGCCCCGGAGCGGT
GATTGTGCCCGAGGTGATTGTGTATCCATCCAAGCTGACTCCCCTGGGACACCACAACCTGCTGGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAAGTCAGGTGGTTCCTGAATGGGCA
GGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATGAGCAACGGAGACTGGACCTTCCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCATGTGGAGCAT
>Mala_DAB_2
ATGGTGGGTATAGTATTTTCCAGGGCTTTCTGGACAAGTGTTCTGTCTCTGATCCTGCTGGTGCTGAAGTCCCAGATGGTCTTGGGCAGACACACCCCAGAGCACTTCACGGAGCACGGGAAGCAC
GAGTGTCACCACGAGAACGGGACGCAGCGCGTGCGCTACATGGACAGATACATCTACAACCGGCAGGAGTACGTGCGCTTCGACAGCGACGTCGGGGAGTTCGTGGCGGTGACGGAGCTGGGG
CGGCCCATCGCGGAGTCCTTGAACAGCCAGAAGGAGATCCTGGAGCAGAAGCGGGCAGAGGTGGACACCGTGTGCAGACACAACTACGAGATAGCTGAGCGCTTCTTAGTGCCCCGGAGCGGT
GATTGTGCCCGAGGTGATTGTGTATCCATCCAAGCTGACTCCCCTGGGACACCACAACCTGCTCGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCA
GGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATGAGCAATGGAGACTGGACCTTCCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCATGTGGAGCAT
>Mala_DAB_3
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ATGGGGGCTCAGCATTCCCAAGTTTCGCAACTCTTATTTCTCTTCTGTTCACTCAATAGGCTAAAGGCAAAGAGACATTGGTCAAGACAGGTGAATGTCACCTTGATTAACCCACCTTCTGGTCCTTT
ACAGTCTAAAGGAGAAAATGTAACCAATGACAAGGGGCATATGAATATTGTTGAAATAGTCACTGGAAAGGCAATAGATAAGGGAGAGAAGATTCCATGGGACATGAGAGAGTTATTGTTCTCT
TTTCCCAAGCTTGGGAGACCTGATCCAAAGATTCCAGGGATTGTTTTAAAAGAATACAATAATTTAGATGTTAAAACATTCAGAGAATTAAAATCAGCAACTAGCACATATTGTAATACCAGTCCAC
ATATTTGGAATATAATAGAAATATTTATTGTGCCCAAGGTGATTGTGTATCCATCCAAGCTGACTCCCCTGGGACACCACAACCTGCTCATCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAG
GTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATGAGCAATGGAGACTGGACCTTCCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATG
>Mala_DAB_4
ATGGTGGGTATCATATTTTCCAGGGCTTTCTGGACAAGGGTTCTGTCTCTGATCCTGCTGGTACTGAAGTCCCAGATGGTCTTGGGCAGACACACCCCAGAGCACTTCACCTTGTATTGCACATCCG
AGTGTCACCACGAGAACGGGACGCAGCGCGTGCGCTTCATGGACAGATACTTCTACAACCGGCAGGAGTACGTGCGCTTCGACAGCGACGTCGGGGAGTTCGTGGCGGTGACGGAGCTGGGGC
GGCCCTCCGCGAAGTACTGGAACAGCCGGAAGGAGTTCCTGGAGCAGAGACGGGCCGCGGTGGACACTTTCTGCAGACACAACTACGAGATATTTGAGCGCTTCTTAGTGCCCCGGAGCGGTGA
TTGTGCCCGAGGTGATTGTGTATCCATCCAAGCTGACTCCCCTGGGACACCACAACCTGCTGGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGG
AGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATGAGCAACGGAGACTGGACCCACCAGATCCTCGTAATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCACGTGGACCACTCA
>Mala_DAB_5
ATGTTAGATATCCTTGATAGGGTAAACCATTATTTGGCATTGGAGCTTATACCAAGAGAATACAAGATTGAAAGAATTTCTAGGACACTAAGCACTTCACGGAGCACGTGAAGCACGAGTGTCACC
ACGAGAACGGGACGCAGCGCGTGCGCTACATGGACAGATACTTCTACAACCGGCAGGAGTACGTGCGCTTCGACAGCGACGTTCGTGGCGGTGACGGAGCTGGGGCGGCCCGACGCGAAGTAC
TGGAACAGCCAGAAGGAGTTCCTGGAGCGGAAGCGGGCAGAGGTGGACACCGTGTGCAGACACAACTACGAGATATTTGAGCGCTTCTTAGTGCCCCGGAGCGTTGTGCCCGAGGTGATTGTGT
ATCCATCCAAGCTGACTCCCCTGGGACACCACAACCTGCTCGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTTGTGT
CCACAGGCCTGATGAGCAACGGAGACTGGACCCACCAGATCCTCATAATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCACGTGGACCACTCAAGCCTTCAGAGTCCTGTCATCT
>Mala_DBB_1
ATGGTTTATGTTTGGATCTCTTTTGGCTACTGGAAGACTGGTCTGTTAATGACATCAATGGTTTTAAGTCTGCCTGTATCTTGGGCCAGGGACATTCCAGAAGATTTTGTGATCCAGCACAAGGCCG
ACTGTTACTTCACCAAGGGCACGGAGCGGGTGCGGCTTGTGGATCGATACATCAGCAACGACCAGGAGATTCTCCACTTCGACAGTGAGGAGGGAAAGTACGCGGCGGTCACGGAGCTGGGGC
GGCCAGCTGCTGAGTATTTCAACAGTCAGCAGGACCTCCTGGAGGAACGTCGGGCCGCCGTGGACACGGTGTGCAGACACAACTACGAGGCATACAAAGCCTTCACGGTGGAGAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACCGGCTTCTATCCAAGCAAGATCCAGGTCATCTGGTTCAAGAATGGGCAGGAGGAGACAG
CTGGGAGTGTGTCCACGGGTGTGATACAGCATGGAGACTGGACCTACCAGATCCTGGTCATGTTGGAAATGGTTCCTCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTGCAG
>Mala_DBB_2
ATGGTTGATATTTGGCTACGCTGGATGGTAATGACATTGATGGTATTAAGTCCATCTGTATCGTGGGCCAGAGACATCCCAGAGGATTTCATGTTCCAGCATAAGGGGGAGTGCTACTTCACCAAC
GGCACGGAGCGGGTGCGGCTTGTGGTCAGATACATCTACAACGACCAAGATTATGTCCGCTTCGACAGCGACGTGGGGGTGTTCGCGGCGGTCACGGAGCTGGGGCGGCGGGACGCTGAGTAT
TACAACAGTCAGCAGGACATCCTGGAGGAACATCGAGCCTACGTGGACACGGTGTGCAGACACAACTACGAGGCAGGCAAAGCCTTCACGGTGGAGAGAAGAGCCCAGCCCAGAGTGACCATCT
CCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACCGGCTTCTATCCAAGCAAGATCCAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGCTGGGATTGTGTCCACG
GGTGTGATGCAGCATGGAGACTGGACCTACCAGATCCTGGTCATGTTGGAAATGGTTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTGCAGAGCCCCATCACTGTGGA
GTGGAGGCCACAGTCTGAAACTGCCCAGAGCAAATTGCTGAGTGGAGTTGGAGGCTTTGTCCTAGGGCTCATCTTCCTCAGTGTAGGACTGATCGTACACTTGAAGAACCAGAAAGGTGAGGAG
>Mala_DMB_1
ATGAGGTTACTCCACCTACTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGGAGGGAACTTTGTGACCCATGTGGAGAGTGTCTGTGTGCTGGATGAAGATGGATCAGTAAAGGACTTCAC
ATATTGTATCTCCTTCAACAAGGATATGTTGACTTGCTGGAATAATGTGATTAGCAAGATGGAAATTGTTGAATTTAGGATGCTGGAACCATTAGCTGAGTGGCTTGCTGACCACATTAATAGTGAT
AGTGCCTTCATCCAAAAACTGAGCAATGGATTTCAGGACTGTGCCATTCACACAAAGCCCTTTTGGGGGTCATTGACGCAAAGGACACGGCCACCATCCGTGCTAGTAGCCCAGACTGCACCATTC
AACACAAGGGAGCCAGTGATGCTGGTCTGTTATGTATGGGGCTTCTATCCAGCTGACGTGGCCATTGCCTGGTTGAAGAATGGACAGCCTGTCCCGCACAGTAGTATCCAGAGGTCCGTACAGTC
CAATGGTGACTGGACTTATCAGACACGATCCTACTTGGCTCTTACCCCCTCTAGTGGGGATATTTACGCTTGCCAAGTAGAGCACAGTGGGACTTCACAGCCCATCTTACAGACCTGGACACCTGGC
>Phta_DNAzoo_DAB_1_partial_exon_2-4
75



AGCACTTCATGGAACAGAAAAAGGCCGAGTGTCACTTCGAGAACGGGACGGAGCACGTGCGGTTTATGGACAGATACTTCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGG
AGTACGTGGCGCTGACGGAGCTGGGGCGGCCGGATGCGGAGTATTGGAACAGCCAGAAGGAGACCCTGGAGTACAAACGCGGCCAGGTCGACAATTACTGCAGGCACAACTACGGAGTGGAT
GAGCCCTTCTCAGTGCGCAGGAGCGGTGACCCCAGGTGACTGTGTATCCATCCAAGATGGCTCCCCCGGGACACCACAACCTGCTTGTCTGCTCTGTCAGCGGTTTCTATCCCGGGGACATCGAGG
TCCGGTGGTTCCTGAACGGGCGGGAGGAGACGGCCGGGGTGGTGTCCACGGGCCTGATGGGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGATGACCCCCCGGCGCGGAGAT
>Phta_DNAzoo_DAB_2_partial_exon_2-3
CCCCAGGTGACTGTGTATCCATCCAAGATGGCTCCCCTGGGGCACCACAACCTGCTGGTCTGCTCCGTCAGCGGTTTCTATCCCGGGGACATCGAGGTCCGGTGGTTCCTGAACGGGCGGGAGGA
GACGGCGGGGGTGGTGTCCACGGGCCTGATGGGCAATGGAGACTGGACCTACCAGACCTTGGTGATGCTGGAGATGACCCCCCGGCGCGGAGATGTCTACACCTGCCACGTGGAGCACTCCAG
CCTTCAGGGACCCGTCCTCTTGTCCTGGAAAGCCCAGTCTGAGTCTGCCCAGAGTAAGATGCTGAGCGGAGTCGGGGGCCTCGTGCTGGGGCTGATCTTCTTTGGGGTCGGCCTCATTGTCCACAA
>Phta_DNAzoo_DAB_3
ATGGTGTGTGTCTTGCTCCCCAAGGGCATCTGGGCAGAAGTTTTGGCTGTGACCCTGTTGGTGCTGAATCCCCATGTGGTTGCAGGCAGACACAGCCCAAAGCACTTCACAAAACAATCAAAGTGC
GAGTGTTACTTTATGAATGGGATGGAGCATGTGCAGTATGTGGAGAGACACATATACAACCAGAAGGAATATGTGCGCTTTGACAGCAATGTGGGGAAATATGCTGCAGTGATGGAGCTGGGCC
GACCAGTGGCTGAATACTGGAACAACCATAAGGAGATTCTAGATGACTTACGGGCCCGGGTGGACACTTTGTGCAGACACAACTATCAGATTTTTGAGCCCTTCTTGTTGCCCAGGAGTGGTGATT
GAGCCTGAAGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGCGGTTTCTACCCAGGGGACATCGAGGTCCGGTGGTTCCTGAATGGTCAGGAA
GAGACGGCCAGAGTGGTGTCCACAGGCTTACTCAGCAATGGGGACTGGACCTACCAGTTACAGGTGATGCTGGAAATGATCCCCAAGAGGGGAGATGTCTACACCTGCCAAGTGGAGCACAGCA
>Phta_DNAzoo_DAB_4
ATGGCGTGTGTCTTGTTCCCCAGGGAAGTCTGGATAGAAGTTCTGACTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAGACAACTTCATGGAGCAGACGAAGGC
GGAGTGTCACTTTGTCAATGGGATTGAGCACGTGCAGTTTGTGGGGAGACTCATATACAACCGCGAGGAGATCCTCCGCTTTGACAGCGAAGTGGGGAAGTTCGTGGCTTTGACCGAGCTGGGA
CGGCCCATTGAGGAGCTAATGAACAGTCAACTGGAGGCTCTGGAGCAAGCGCGGGCCCAGGTGGCCGTGTGCAGAGACAACTATATCCTGTGGGAGTCCTTTTGAGCCTGAAGTAACTGTGTATT
CATCAAAGATAACTCTCCTAGGATACCCAAACCAGCTTACCTGTTTTATTACTGGTTTTTATCCTGGGGACATTAAGGTCAGATGGTTCCTGAATGGTCAAGAGGAGACAGCTGGGGTTTTGTCCAC
AGGCCTGATTAACAATGGAGACTGGACCTTTCAGACTCAGGTTATGCTGGAAATGATCCCCAAGCCTGGAGATGTCTACACTTGCCAAGTGGAGCACTCCAGCCTTCAGAACCCTGTCATTGGAGT
>Phta_DNAzoo_DAB_5
ATGGAGTGTGTCTTGCTCCCCAGGGAAGTCTGGATAGAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAGAGCACTTCACGTGGCAGTTTAAGTC
CGAATGTTACTTCGAGAACAGGACGGAGCACGTGCGGCATGTGCACAGACTCATCTACAACGGGGAGGAGACTGCGCGCTTCGACAGCGACGTGGGGGCGTACGTGGCGCTGACGGAGCTGGG
GCGGCCGGATGCTGAGTATTTCAACGGCCAGAAGGAGCTCCTGGAGAAATTCCGGGCCGAGGTGGACTCTGTGTGCAGGCGCCGCTACGAGTCCTATCACTCTTTGTCAATGCACATGCACGGTG
AGTGACTGTGTATCCATCCAAGATGGCTCCCCCGGGACACCACAACCTGCTGGTCTGCTCTGTCAGCGGTTTCTATCCCAGGGACATCGAGGTCCGGTGGTTCCTGAACGGGCGGGAGGAGACGG
CCAGGGTGGTGTCCACGGGCCTGATGGGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGATGACCCCCCGGCGCGGAGATGTCTACACCTGCCACGTGGAGCACTCCAGCCTTCA
>Phta_DNAzoo_DBB_1
ATGGTTGATGTTTGGATTTCTGCTGAATGTTGGAAGATTGATCTGGTAATGACATCGATGATGTTGATACCTTTATTTTGGGGCTAAGGAAATCCCTCCCTCAAGAGGATTTCATGTACCAGTTCCA
GGGTGATTGATACTTTATTAACAGCATGGAGCAAGTCTCAGACACTTCTTCAATGGCCAGGAATTTTCTTCGCTTGGACTGCTATGTGGGTAAGTTTGTGATTGATTGGGATGGAGCTGGGGTGGC
CAGATACTAAATATTGGAACACTCAGAAGGAAATCATGAAGGAAGACCAAGCCTCTTTAGACAATGCCTCCACAACTATAAGGTATATATAAGCCTTTCTTATTGGAGAGAATCCAGCCCAGAGTG
ACCATCTCTCCTTCAAGACAAAGAGGCTTTGCAGTACCTGCTGCTCTGCTCTCTCACCAGCTTCTATCCTAAACAAGATCAAGGTCACCTGATTCAAGAATGGATTAGAGGAAACAGCTGGGATTGT
GTCCATAAATCTGATACAGAATGGAGACTGGACCTACCAGACCCTGGTCCTGTTGGAAATGATTCTCCATAGCAGAGATGTCTACACATACAGTGTGGACCATGCCAGTGCACAGAGCTTCATCAG
>Phta_DNAzoo_DMB_1

76



ATGAAGTTACTGCACCTACTGCTAGTAGGCTTCAGCCTGGGTTTTTCTGGAGCAGGGGCTTTTGTGACCCACGTGGAGAGTGACTGTGTACTGGATGAGGATGGATCAGTAAAGGACTTCACATAT
TGTATCTCCTTTAACAAGAATGTGTTGACCTGCTGGGACTCAGAGATTAAAAAGATGGTCACTGTTGATTATGGGATACTGCATCCATTAGCTGAATATCTTTCTCAATCCCTTAATAACAACAGTAC
CTTGATACACCGCCTGAGGAATGGACTCCAGGATTGTGCCAGTCACACAAAACCCTTCTGGGGGTCATTGACCCAAAGAACACGGTCACCATCAGTGCAAATAGCCCAGACCACACCATTCAACAC
AAGGGAGCAAGTGATGTTGGCCTGCTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCAATCCCTGACAGTGGCATTCAGAGGGCTGTACAGTCTAATG
GGGACTGGACTTACCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTATACTTGCTATGTAGAGCACAGTGGGGCTTCCCAGGCCATCTTACAGACCTGGACCTCTGGCCTCTC
>Trvu_DAB_1
ATGGTGTGTGTCTTGCTCCCCAGAGGCATCTGGATAAAAGTGTTGGCTGAGACCCTGCTGGTGCTGAATTCCCAGGTGACCACAGGCAGACATGCCCCAAAGCACTTCATGGAGCAGCTGAAGTC
CGAGTGTTACTTTGTGAACGGGGCGGAGACCGTGCGCGATATATAGAGAGACACATCTACAACCGAGAGGAATATGTGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGTTGACGGAGCTG
GGGCGGCGCAGTGCTGACTACTGGAACAGCCAGAAGGAGATCTTGGAGGACAGACGGACCCAGGTGGACACTTTCTGCAGGCTCAACTACGAGGAGATTGAGCCCTTAGTGCACAGGAGCGGT
GACCCAAGGTGACTGTGTACCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGACAGGAGG
AGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTAGAAATGACCCCCAAGCGTGGAAATGTCTACACCTGCGAAGTGGAGCACTCCAGC
>Trvu_DAB_10
ATGCTATGTGTCTTGCTGCTCCAGGGCATCTGGACAGAGGTTCTGGCTGTGACTCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGGAGACATGCCCCAGAGCACTTCACCATGTATTCTACATCT
GAGTGTTACTTTGTGAACGGGACGGAGCACGTGCAGTTTGTGGAGAGATACATCTACAACCGGCAGGAGTTTCTGCGCTTCGACAGCGCCGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGG
CGGCCCACTGCTGAAAATTGGAACAGAGACAAGGATCTCCTGGAGAGCAGACGGACCGCGGTGGACTGGTTCTGCAGGGTCTGGTATAAGCTGGCTGAACCCTTCTCAGTGCGCAGGCGCGGTG
ACCCAAGGTGACTGTGTATCCATCAAAGAGGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGA
GACAGCTGGGGTTGTGTCCACAGGCCTGATAAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGTTGGAAATGATCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCC
>Trvu_DAB_11
ATGGTGTGCGTCTTGCTCCCCGTTGGCTTCTGGATACAAGTGCTGGCTATGACTCTGTTGGTGCTGAATTCCCATGTGGCTGCAGGCAGACACACCCCAGAGCATTTCACTGAACAGGCAAAGGCC
GAGTGTCACTTTGTGAACGGGGTGGAGCACGTGCGGTTTGTGGTGAGAGTCATCTACAATCGGGAGGAGATTGTGCGCTTCGACAGCGACATGGGGGAATTTGTGGCTGTGAAGGAGCTGGGG
CGGAGGATTGCTGAGCATTGGAACAGCCAGAAGGAGATTCTGGAGAACACACGGGCCTCAGTGGACACATTGTGCAGGCACAATTACGAGTTATCTGAGCCAATGTTACTGCGCAGGAGCGGTG
ACCCGAGGTGACTGTGTATCCATCAAAGAGGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAACAGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTTCTGAATGGGCAGGAGGA
GACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTATCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATATCTATACCTGCCAAGTGGAGCACTCCAGCC
>Trvu_DAB_12
ATGTGGTATATCTTGTTCCTCAAGGGCATCTGGACAGAGGTTCTGGCTGTGACTCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGCCGAGCCCCAGAGCACTTCACGGGACAATTTAAATAT
GAGTGCCACTTTGTGAACGGGACGGAGCACGTGCGGTTTGTGGAGAGACATGTCTACAACCGACAGGAGGCTGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGCTGACGGAGCTGGGG
AGGCGCCAGGCTGAGCTTTGGAACAGCCAGAAGGATTACATGGAGGGTAGACGGGCCCAGGTGGACACTTGTAGGCACAACTACCAGCTCGTGCCCTTCTAACTGCGCAGGCCCTGTGACCTGA
GGTGACTGTGTATCTATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCCAGTGGTTCTTGAACGGGCAGGAGGATACAGC
AGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGACGCTGGAAATGACCCCCAAGCATGGAGACGTCTACACCTGCCAAGTGGAGCACTCCAGCTTTCAGA
>Trvu_DAB_2
ATGGTGTGTGTCTTGCTCCTCCAGAGAATCTGGACAGAGGTTCTGGTTGTGACCCTGCTGGTGCTAAATTCCCAGGTGGCTGAAGGCACTCATGTGCCAGAGCACTTCACGGAGCAGCTGAAGTCC
GAGTGTCACTTTGTGAACGGGACCGAACACGTGCGGTTTGTGGCGAGATTCATCTACAACCAGGAGGAGTATGTGCGCTTCGACAGCGACGTGGGAGAGTTTGTGGCAGTGACAGAGCTGGGGC
GGCGCGATGCCGAGAATTGGAACAACAGGAAGGATGCCTTGGGCCACTTAAGGGCTCAGGTGCGCGCTGCGTGCAAGTACGACTACGAGGTGATTGCGCCCTTCTTAGTGCGCATGCGCGGTGA
CCCAAGGTGATTGTGTATCCATCAAAGACAGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTAGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCCTGAATGGGCAGGAGGAG
ACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGATCCCCAAGCATGGAGATGTCTACACTTGCCAAGTGGAGCACTCCAGCTT
>Trvu_DAB_3

77



ATGCTGTGTGTCTTGCTCCCCAAGGGCATCTGGATAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGATTTCCCAGGTGGCTGCAGGCAGACATTCCCCAGGAGTCCTTCATCCAACAGTTTAAACAT
GAGTGTCACTTTGGGAACGGGACGGAGCACATGCGTCATGTGGATAGATTCATCTACAACGGGGAGGAGTATGTGCGCTACGACAGCGACCTCGGGGAGTATGTGGCGGTGACAGAGCTGGGG
CGGCCTGAGGCTGAGTACTGGAACAGCCAGAAGGATCTCATGGAGCGCAAACGGGCAGAGATTGACACCGTGTGCAGGCCCACTTACGAGTCATCTGAGCGTTTCTTACTGCGCGGTGATTAAG
CCCGAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACAACACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCCAGTGGTTCGTGAACGGGCAGGAGGA
GACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGATTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCC
>Trvu_DAB_4
ATGCTGTGTGTCTTGCTCCACAAGGGCGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTCACTTCCCAGGTGGCTGCAGGCAGACATGCCCCAGAGCACTACACTGAGCAGGCTAAGGG
CGAATGTCACTTCATGAACGGGACGGAGCGCGTGCGGCATGTGATGAGATACGTCTATAACCGGGAGGAGTTTCTGCGCTACGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGG
GCGGCGCAGTGCTGAGTATTATAACAGCCAGAAGGAGATCCTGGAGCGCGCACGGGCAATGGTGGACAATTGCAGGCACAACTACCAGGTGGTGCCCTTCTTATTGCGCAGGCCCTGTGACCCG
AGGTGACTGTGTATCCATCAAAGACGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACA
GCTGGGGTTGTGTCCACAGGTCTGATCAGTAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAGTGATCCCCAAGCGTGGAGATGTGTACACCTGCCAAGTGGAGCACTCTAGCCTTCA
>Trvu_DAB_5
ATGCTGTGTGTCTTGCTGCCCAAGGGCTTCTGGACAGAGGTTCTGGCTGTGACCCTACTGGTGCTGACTTCCCAGGTGGCTGCAGGAAGACATGCTCCAGAGCACTTCACGGAGCAGCTTAAGGC
CGAGTGTCACTTTGTGAACGGGACGGAGAGCGTGCGGTATGTGCTGAGATTCATCTACAACCGCGAGGAGTTTGTGCGCTTCGACAACGCCGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGG
GCGGCGCAGTGCTGAGTATTTGAACAGAGACAAGGATTACCTGGAGGGCAGACGGACCGCGGTGGACTGGTTATGCAGGCACAACTACCAGGTGGTGCCCTTCTTACTGCGCGGGCCCTGTGAC
CCGAGGTGATTGTGTATCCATCAAAGACAGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCGTGAATGGGCAGGAGGAG
ACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCT
>Trvu_DAB_6
ATGCTGTGTGTCTTGCTCCCCAAGGATAGAGTCTGGATAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGACTTCCCAGGTGGCTGCAGGCAGACGTGCCCCAGAGCACTTCACGGAGCAGGGGAA
GTCCGAGTGTCACTTTGTGAACGGGACGGAGCGCCTGCGGTTTGTGGATAGATACATCTACAACCGGGAGGAATATGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCT
GGGGCGGCGCAGTGCTGAGTATTATAACAGCCTGAAGGATTACCTGGAGGGTAGACGTGGCCAGGTGGACACTTACTGCAGGCACAACTACGAGGTCATCGAGCCCTTCTCAGTGCGCAGGCGC
GCCCGAGGTGACTGTGTATCCATCAAAGACGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCCGGTGGTTCCTGAACGGGCAGGAGGA
GACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGAGTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGACGTCTACACCTGCCAAGTGGAGCACTCCAGC
>Trvu_DAB_7
ATGGTGTGTGTCTTGCTTCTCAGGGGTGTCTGGATAGAAGTTCTGGCTTTGACTCTGCTGGTGCTGAATTCCCAAGTGGCTGCAGGCAGACATGCCCCAGAGCATTTCACGGAGCAGGTGAAGGG
CGAATGTTCCTTTGTGAACCGGACGGAGCACACGCGGTTTGTGCTGAGGGCCATCTACAACCGACAGGAGTACGCGCGCTTCGACAGCGAGGTGGGGGTGTTTGTGGCTACTACAGAGCTCGGG
CGGCTCACTGCTCAGTTTGCTAACAGCCACAAGGAGTTCATGGATCACTTACGGGCTGCGGTGGACACTTATTGCAGGCACAACTACGAGGTGTTTGAGCCCGCTTCAGTGCCCAGGAGCGCCTG
AGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTACTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGAAATTGAAGTCCAATGGTTCCTGAATGGACAGGAGGAGACAG
AGGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAG
>Trvu_DAB_8
ATGGCATATGTCTTGCTCCCCAAGAGCATCTGGACAGAAGTTCTGGTTGTGACCCTATTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACATGCCCCAGAGCACTTCATGGAGCAGAGAAAGGC
AGAGTGTTACTTTGTGAATGGGACAGAGCATGTGAGGTATGTGCTGAGATGCATCCACAATCGGGAGGAGATTTTGCGCTTCGACAGTGACGTGGGGGTGTTTGTGGCGATAACGGAGCTGGGG
CGGCCCGAGGCTGAATACTGGAACACCCAAAAGGAGATACTGAAATACAGACGCGACCAAGTGAACACTTACTGCAGGCACAACTACCAGTGGACTGAGGCCTTCTCAAAGAGCTGGAGCCCTG
AGCCCCAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCCTGAATGGTCAGGAGC
AGACAACTGGGGTTGTGTCTACAGGCCTGTTAAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCTAGC
>Trvu_DAB_9

78



ATGCTGTGTGTCTTGCTCCCCAAGGGCGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGATTTCTCAGGTGGCTGCAGGCAGACATGCCCCAGAGCACTACACTGAGCAGGCTAAGGG
CGAATGTCACTTCGTGAACGGGACGGAGCGCGTGCGGCATGTGATGAGATACGTCTATAACCGGGAGGAGTTTCTGCGCTACGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGG
GCGGCGCGATGCTGAGAAATGGAACAGCCAGAAGGAGATCCTGGAGCGCGCACGGGCAATGGTGGACAATTGCAGGCACAACTACCAGTTGGTGCCCTTCTTATTGCGCAGGCCCTGTGACCCG
AGGTGACTGTGTATCCATCAAAGACGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCCGGTGGTTCCTGAATGGGCAGGAGGAGACA
GCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTAGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGCGGAGCACTCCAGTCTTCA
>Trvu_DBB_1
ATGGTTAACGTTTGGATCTCTGCTGACTGTTGGAAGATTGGTCTGTTAATAACATTGATGGTGTTGAGTATACCTGCATCTTGGGCCAGGGACATCCCAGGGGATTTCGTGTTTCAGCACAAGGGT
GACTGTTACTTCACCAACGGCTCGGAGCGGGTCCGGCTTGTGGCTCGATACATCTACAATGACCAGGAATATGCCCGCTTCGACAGCGCCGTGGGGGAGTTCGAGGCCGTGTCCGAGCTGGGGC
GGCGTCATGCTGAGGATTTTAACAGTCAGAAGGAGCTCCTGGAGCAACATCGAGCCTACGTGGACACGGTGTGCAGACACAACTACGAGGTACACAAGCCCTTCGCTATGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAGGACGGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCTCTGGCTTCTATCCAAGCAAGGTCAAGGTCACCTGGCTCAAGAATGGGCAGGAGGAGACGG
CTGGGGTTGTGTCCACGGGGGTGATACAGAACGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGCGTGGAGCATGCCAGCCTACA
>Trvu_DBB_2
ATGGTTGATGTTTGGATCTCTGCTGGTTACTGGAAGATTGGTCTGTTGATGACATTGACGGTGTTGAGTCTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCATGCGTCAGCACAAGGCT
GAGTGTTACTTCACCAACGGCACGGAGCGGGTCCGGTTTGTGGAAAGATACATCTACAATGACCAGGAGGATGTCCGCTTCGACAGCGAAGTGGGGGAGTACGTGGCCGTGACGGAGCTGGGG
CGGCCCGATGCTGAGTACTGGAACAGTCAGAAGGAGCTCCTGGAGGAAAAACGAGCCGAAGTGGACACACTGTGCAGACACAACTACGAGGCAGGCAAGTCCTTCACGGTGGACAGAAGAGTC
CAGCCCAGAGTGACCATCTCCCCCTCCAGGACGGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCTCTGGCTTCTATCCAAGCAAGGTCAAGGTCACCTGGCTCAAGAATGGGCAGGAGGAGAC
GGCTGGGGTTGTGTCCACGGGTGTGATGCAACATGGAGACTGGACCTACCAGACCCTGGTGATGTTGGAAATGATGCCCCAGAGCAGAGATGTCTACACTTGCAGCGTGGAGCATGCCAGCCTA
>Trvu_DCB_1
ATGGTGTGTGTGGAGTTTCTGGGAAGCCCCTGTAGGACAGTCCTATTGATAGAGCTGAGCACGCCCACAGCCTGGGGCAGGGAAATTCCAGAGAATTACCTACATCAGGTGAAGTCCGAGTGTCA
CATGGCCAATGGAACCCAACGGGTGCACATCGTGGGAAGACTCGTCTACATCCAAGTGGAGTTTGTGTGCTTTGACAGTGATGTGAGACTATTTGAGGCAAGAATGGAGCTGTGGAAATCCCAAG
TCCAGAAATGGAACAGTCAGAAGGAGATAGTGAAGCATGCAAGGTCCATAGTGAATTTGTGCAGACAAAACTATCTTTTATATGATAAATTCATAGTGCAAAGGAAAGTCCAGCCCCAAGTGAAG
GTTTTCCCCTCAAAGATACAACCAGTTGGGCACCACAACCTGCTCCTCTGTTCTGTGACCAGTTTCTGTCCTGGTGAGATCAAGGTCAGCTGGTTCAGGAACACAAAAGAAGAGAAAGCTGGAGTT
CTGTCCACAGGCTGAATCCAGAATGGTGACTGGACCTTCCAAACCCTTGTGATGTTGGAAATGACTCCCCTCCCCAAAGAGGAGATGTCTTTACTTGCCATGTAGACCATGTCAGCTTGCAGAGCCT
>Trvu_DMB_1
ATGAGGTTACTACACCTGCTACTGGTGGGCTTCAGCCTGGGTTTTCCAGGAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGCAAAGGACTTCACATA
TTGTATCTCCTTCAACAAGGATGTGTTGACCTGCTGGGACTCGGAGACTAACAAGATGGTCACTGTCGATTTTGGAATACTGCATCAATTGGCTGAGGAGATTTCTGTTGCCCTTAATAACGATAGT
GCTCTGATGGACCGCCTGAGCAAAGGATTCCAGGACTGTGCCAGTCACACAAAGCCCTTCTGGGGCTCGTTGACCCAAAGGACGCGGCCACCATCAGTGCAAATAGCTCAGACCACACCATTTAA
CACAAGGGAGCCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCTGTTTCATGGCTGAAGAATGGGCAGCCTATTCCAGACAGTGGCATCCAGAGGGCTGTACAATCCA
ATGGGGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACTCCCTCTAGTGGGGATATTTATACTTGCCATGTAGAGCACAGTGGGACTTCCCAGAGCATCTTACAGACCTGGACACCTGGCCT
>Pscu_DNAzoo_DAB_1
ATGGTGTGTGTGTTGCTCCTCAGAGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGTTGGTGCTGACTTTCCAAGTGACTGCAGGCAGACATGCCCCAGAGCACTTCACCCAGCAGGCCAAGTG
CGAGTGTTACTTTGAGAACGGGACGCAGCACGTGCGGTTTATGGTGAGACACATCACCAACGGGGTGGAGAATGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGCTGACGGAGCTGGG
GCGGCGCGATGCTGAGCTTTGGAACAGCCAGAAGGATTACCTGGAGGACGCACGGGCCGCAGTGGACACTTTGTGCAGATACAACCACAAGTTGTCTGAGCCCTTAGTGCGCAGGCGCGGTGAT
TGAGCCCAAGGTGATCGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGA
GACAGCTAGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCTTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCC
>Pscu_DNAzoo_DAB_2

79



ATGATGTGTATCTTGCTCCTCAGGGGTGTCTGGATAGAGGCTCTGGTTGTGACACTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACATGCTCAAGAGCACTTCACGGAGCAGGTGAAGGG
CGAATGTTACTTTGAGAACAGGACGGAGCACGTGCGGTTTGTGCTGAGGGCCATCTACAACCGGGAGGAGTACGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGG
GAGGCTCACTGCGGAGTATGGGAACTCCCAGAAGGAGTTTATGGACCACTTACGGACTGCGGTGGACAGTTATTGCACGTACAACTACGAGGGAATTGAGCCCTTCTCAGTACCCAGGAGGACTC
AACCAGAGGTGATTGTGTATCCATCAAAGATGGCTCCCTTGGGACACCACAACTTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGG
AGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTAGAAATGACCCCCACGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGT
>Pscu_DNAzoo_DAB_3
ATGCTGTGTGTGTGGACAAAAGTTCTGATGATGACCCTGCTGGTGCTGAATTCCCTGGTGGTTGCAGGCAGAGACAGCCCAAAGCACTTTATGGAGCAGATGAAGGCCGAGTGTCACTTTGTCAA
TGGGACTGAGCATGTGCGATTTGTGGGGAGACTCATCTACAACAGCCAGGAGATTCTGCGTTTCGACAGCAACTTGGGGAAATTTGTGGCCTTGACCGAGCTGGGGCGGCCCATTGCAGAGCTAA
TGAACAGCCTGCTGGAGGCCCTGGAGCAAGCGCGGGCCCAGGTGGCCTGGTGCAGAGACAACTATAGGTTGTTGAAGTCCTGGATGCAGAGGAGGGGTGAGTGAGCCTGAAGTAACTGTGTAT
CCATCAAAGATGGCTCCCCTAGGATACCCAAACCAGCTTGTCTGTTTTGTGACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCTTGAATGATCAGGAGGAGACAGCTGGGGTTGTGTCC
ACAGGCCTGATTAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCTAAGCGTGGAGATATCTACACCTGCCAAGTAGAGCATTCCAGCCTTCAGAATCCTGTCATTGTG
>Pscu_DNAzoo_DCB_1_partial_exon_2-5
AGAATTACTTACATCAGGTGAGGTCTGAGTATTCCATGACCAATGGAACCCAACAAGTGCACTTCGTGGGAAGACTCATCTACAACTGGGTAGAGTTCGTGTGCTTTGACAGTGACGTGGGGCTAT
TTGAGGTAAGAATGGAGCTGTGGAAATCCCAAGTCCAGAAATGAAACAGTCAGAAGGAGATAGTTGAGCATGCAAGGTCCATAGTGAATGTGTGCAGACACAACTATCCTTTATATGATACATAG
TGCAAATAAAAGCCCTGAGTGAAGGTTTTCCCCTCAAAGGTATAACCACTTGGGCACCACAATCTGCTCCTCTGTTCCGTGACCAGTTTCTATCCTGGTGAGATCAAGATTAGCTGGTTCAGGAATG
CGAAAGAAAAGACTGGGGTCATGTCCACAGGCCGAATCCAGAATGGTGACTGGACCTTCCATTCCTTGGGATGCTGGAAATGACCCCCCAAAGAGGAGATATCTTTACTTGTCATGTGGACCATG
TCAGCTTGCAGAGCCCTGTCACCTTAGACTAGAAGCACAGTCTGAATCTGCCCGGACTAAGATGCTGACTGGAATTGGGGACCTGGTGCTTGGACTGTTTTTACTTGGAGTGGAACTTGTCATCCA
>Pscu_DNAzoo_DMB_1
ATGAGGTTACTCCACCTGTTACTAGTGGGCTTCAGTCTGAGTTTTTCAGGAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATA
TTGTATCTCCTTCAACAAGGTTGTGTTGACCTGCTGGAACTCAGAGACTAACAAGATGACCACTGTTGATTTTGGAATTCTATATCCATTAGCTGAGCAGCTTTCTGGAGCCCTCAGTAATGATAGT
GCTTTTATAGACCACCTGAGCAAAGGACTACAGGACTGTGCTAGTCACACGAAGCCCTTCTGGGGATCACTGACCCAAAGGACACGGCCACCATCAGTGCAAGTAGCCCAGAGTACACCATTTAAC
ACAAGGGAGCCAGTGATGCTGGCCTGTTATGTATGGGGTTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCTATCCCACACAGTGGCATCCAGAAGGCTGTACAATCCAAT
GGAGACTGGACTTACCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACTCTTGTCATGTAGAACACAGTGGGACTTCCCAGATCATCTCACAGACCTGGACACCTGGCCTCT
>Smcr_DNAzoo_DAB_1
ATGGTGTGTGTCTTGTTCCCCAAGGGCATCTGGATAGAAGTTCTGGCTGTGACCCTGCTGTTGCTGAATCCCCAAGTAGTTACAGGCAGAAACACACCAAAGCACTTCACAAAACAGTCAAAGTGT
GAGTGTTACTTTGTAAATGGGATGGAGCATGTGCAGTATGTGGAGAGACACGTGTACAACCAGAAGGAATATGTGCGCTTTGACAGCAACGTGGGGAAGTATGCTGCAGTGATGGAGCTGGGCT
GACCAGAGACTGAATACTGGAACAACCGTAAGGAGATTCTAGATGACTTACGGGCCCGGGTGGACACTTTGTGCAGACACAACTACCAGGTTATTGAGCCCTTCTTGTTGCCCAGGAGTGGTGAT
TGAACCTGAGGTGATTGTGTATCCATCAAAGATGGCTCCTCTGAGATATCATAACCTGCTTGTCTGCTCTGTCAGCGGTTTCTACCCTGGGAACATCGAGGTCCGGTGGTTCCTGAATGGGCAGGA
AGAGACAGCTGGGGTGGTGTCCACAGACTTAATCAACAATGGGGACTGGACTTACCAGTTACAGGTGATGCTGGAAATGATCCCCAAGAGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCC
>Smcr_DNAzoo_DAB_2
ATGATTGTGTGTGTCTTTCTCCACAAGGAAGTCTGGATAGAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGATGGCTGCAAACAGACACAGCCCAGAGCACTTCACGGAGCAGACAAAA
TCCGAGTGTTACTTCGAGAACGGGACGGAGCACGTGCGGTTTGTGGAAAGACACATCTCCAACGGGGTGGAGTACGTGCGCTTCGACAGCGACGTGGGGAAGTACGTGGCTCTGACGGAGCTG
GGGCGGGGCAGTGCGGAGCACTGGAACAGCCAGAAGGAGATCATGAAGTACAGACGGGCCGCGGTGGACACTTACTGCAGGCCTAACTACGAAGGGTCTGAGCCCTTCTTAGTGCCCAGGAGC
GGTGACCCCAGGTGACTGTGTATCCATCCAAAATGGCTCCCTTGGGACACCACAACCTGCTTGTGTGCTCTGTGGGCGGCTTCTATCCTGGGGACATAGAGGTCCGGTGGTTCCTGAATGGGCGG
GAGGAGACGGCCGGCGTGGTGTCCACAGGCCTGGTGGGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAGATGACGCCCCGGCGGGGAGACGTCTACACCTGCCACGTGGAGCAC
>Smcr_DNAzoo_DAB_3

80



ATGGTGTGTGTCTTGCTCCCCAAGGAAGTCTGGATACAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAGAGCACTTCACCAAGGAGTTTAAGTA
CGAGTGTTACTTTGAGAACGGGATAGAGCAGGTGCGGCTTGTGGTGAGACACATCTACAACCGGGAGGAGTTTGTCCGCTATGACAGCGACGTGGGGAAGTACGTGGAGGTGACGGAGCTGGG
GCGGGGCATTGCCGAGTACTTCAACAGCCAGAAGGAGAAACTGGAGCAGAGACAGGCCGAAGTGGACACTGTGTGCAGGCACAACTACGGTGTATCTGAGCTCTTCTTAGTGGGCAGGCGCGG
TGATCCAGCCCCAGGTGACTGTGTATCCATCCAAGATGGCCGCCCCGGGACAGCACAACCTGCTGGTGTGCTCCGTGGGCGGCTTCTATCCCGGGGACGTCGAGGTCCGCTGGTTCCTGAATGGG
CGGGAGGAGACGGCCGGCGTGGTGTCCACGGGCCTGGTGGGCAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTGGAGATGACGCCCCGGCGGGGAGACATCTACACCTGCTTCGTGGAG
>Smcr_DNAzoo_DAB_4
ATGGTGTGTGTCTTGCTCCCCAAGGAAGTCTGGATACAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAGAGCACTTCACGGAGCAGGTAAAGCA
CGAATGTCACTTCGAGAACGGGACGGAGCACGTGCGGTTTCTGGACAGATACTTCTACAACCGGGAGGAGTACGTGCGCTTCGACAGTGACGTGGGGAAGTATGTGGAGGTGACAGAGCTGGG
GCGGGGCATTGCCGAGCACTTAAACAGCCAGAAGGAACTCCTGGAGCAGAAACGGGCCGCAGTGGACACTTACTGCAGGCACAACTACGGGGTTGTTGAGCCCTTCTTAGTGCGCAGGCGCGGT
GATCCAGCCCCAGGTGACTGTGTATCCATCCAAGATGGCCGCCCCGGGACAGCACAACCTGCTGGTGTGCTCCGTGGGCGGCTTCTATCCCGGGGACGTCGAGGTCCGCTGGTTCCTGAATGGGC
GGGAGGAGACGGCCGGCGTGGTGTCCACGGGCCTGGTGGGCAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTGGAGATGACGCCCCGGCGGGGAGACGTCTACACCTGCCACGTGGAGC
>Smcr_DNAzoo_DAB_5
ATGGTGTGTGTCTTGCTCCCCAAGGAAGTCTGGATACAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAGAGCACTTCACGGAGCAGGTAAAGCA
CGAGTGTCACTTTGAGAACGGGACGGAGCACGTGCGGTTTCTGGACAGATACTTCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGAAGTACGTGGCGGTGACGGAGCTGGG
GCGGCGCAGTGCGGAGTACTGGAACAGCCAGAAGGAACTCCTGGAGCAGAAACGGGCCGCGGTGGACACTTACTGCAGGCACAACTACGGGATTGAGCCCTTCTTAGTGCGCAGGCGCGGTGA
TCCAGCCCCAGGTGACTGTGTATCCATCCAAGATGGCCGCCCCGGGACAGCACAACCTGCTGGTGTGCTCCGTGGGCGGCTTCTATCCCGGGGACGTCGAGGTCCGCTGGTTCCTGAATGGGCGG
GAGGAGACGGCCGGCGTGGTGTCCACGGGCCTGGTGGGCAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTGGAGATGACGCCCCGGCGGGGAGACGTCTACACCTGCCACGTGGAGCAC
>Smcr_DNAzoo_DAB_6
ATGGTGTGTGTCTTGCTCCCCAAGGAAGTCTGGATACAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACACAGCCCAGAAGACTTCATGATTCAGGTAAAGTAC
GAGTGTCACTTCGAGAACGGGACGGAGCACGTGCGGCTTGTGGCGAGAGGCATCTACAACCGGGAGGAGTGCGTGCGCTTCGACAGCGACGTGGGGAAGTTCGTGGCGGTGACGGAGCTGGG
GCGGCGCAGTGCGGAGCGTGATAACAGCGTGAAGGAGAACCTGGAGAAGGCAAGGGCCGCGGTGGACACTTACTGCAGGCACAACTACAGGGTGCTTGAATTCTTTTTAGTGCCCAGGAGCGG
TGATCCAGCCCCAGGTGACTGTGTATCCATCCAAGATGGCCGCCCCAGGACAGCACAACCTGCTGGTGTGCTCCGTGGGCGGCTTCTATCCCGGGGACGTCGAGGTCCGCTGGTTCCTGAATGGG
CGGGAGGAGACGGCCGGCGTGGTGTCCACGGGCCTGGTGGGCAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTGGAGATGACGCCCCGGCGGGGAGACGTCTACACCTGCCACGTGGAG
>Smcr_DNAzoo_DAB_7
ATGGTGTGTGTCTTGCTCCCCAAGGAAGTCTGGATACAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAGAGCACTTCATGCTGCAGGTAAAGCA
CGAGTGTCACTTCGAGAACGGGACGGAGCACGTGCGGTTTCTGGAAAGACACTTCTACAACCGGGAGGAGCTCCTGCGCTTCGACAGCGACGTGGGGAAGTTCGTGGCGGTGACAGAGCTGGG
GCGGGGCATTGCCGAGTACTTCAACAGCCAGAAGGAGATCCTGGAGCAGAGACGGGCCGTGGTGGACACTGCGTGCAAGCACAACTACGGGGTATCTGAGCCCTTCTTAGTGCGCAGGCGCGG
TGATCCAGCCCCAGGTGACTGTGTATCCATCCAAGATGGCCGCCCCGGGACAGCACAACCTGCTGGTGTGCTCCGTGGGCGGCTTCTATCCCGGGGACGTCGAGGTCCGCTGGTTCCTGAATGGG
CGGGAGGAGACGGCCGGCGTGGTGTCCACGGGCCTGGTGGGCAATGGAGACTGGACCTTCCAGACCCTGGTGATGCTGGAGATGACGCCCCGGCGGGGAGACGTCTACACCTGCCACGTGGAG
>Smcr_DNAzoo_DBB_1
ATGGTTGATGTTTGGATTTCTGCTGGCTGTTGGAAGATTGATCTGGTAATGACATCGATGATGTTGATATCTTTATCTTGGGCCAAGGAAATCCCAGAGGATTTGTGTATCAGTCCCAAGGTGACTG
ATGCTTTACTAACAGCACAGAGCAAGTGTCAGGTACTTCTACAATGAAGAGGAATTTTCTCCCCTTAGATTGCTATGTGGATAAGTTTGTGATTGTGATGGAGCTGGGGTGGCCAGATACTAAATA
TTGGAACACTCAGAAGGAAATCATGAAGGAAGACCAAGCCTCTGTGGACACTATACATGCACAACTACAAGGCATATAAGCCTTTCTCATTGGAGAGAATCCAGCCCAGAGTGACCATCTCTCCTT
TTAAGACAGAGACAGAGGCCTTGCAGCACCTGCTGCTCTGCTCTGTCACTAGCTTCTATCCTAAACAAGATCAAGATCACCTGATTCAAGAATGGATAAGAGGAGACAGCTGGGATTGTGTCCATA
AATCTGATACAGAATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGATTCTCCAGAGCAGAGATGTCTACACCTACAGTGTGGACCATGCCAGTGCACAGAGCTTTATCAATGTGGAA
>Smcr_DNAzoo_DMB_1

81



ATGAAGTTACTGAATCTACTGCTAGTAGGCTTCAGCCTGGGTTTTTCTGGAACAGGGGCTTTTGTGACCCATGTGGAGAGTGACTGTGTACTGGATGAGGATGGATCAGTAAAGGACTTCACATAT
TGTATCTCCTTCAACAAGGATACGTTGACCTGCTGGGACTCAGAGACTAAAAAGATGGTCGCTGTTGATTATGGATTACTGCGTCCATTAGCTGAGCAGCTTTCTCAAATCCTTAATACTGACCATA
CCTTGATACACCACCTGAGCAATGGACTCCAGGATTGTGCTAATCATACAAAACCCTTCTGGGGGTCATTGACCCGAAGAACACGGTCGCCATCAGTACAAATAGCCCAGACCACACCATTCAACA
CAAGGGAGCAAGTGATGTTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCAATCCCTTACAGTGGCATCCAGAGGGCTGTACAGTCTAATG
GGGACTGGACTTACCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTATACTTGTTATGTAGAGCACAGTGGGACTCCCCAGGCCATCTTACAGACCTGGACCTCTGGCCTCTC
>Pegu_DAB_1_partial_exon_2-4
CACTTTATGGAGCAGGTGAAGTGCGAGTGTCTCTTCGAGAACGGGATGCAGCACGTGCAGTACGTGGAGAGACACTACAACCGGGAGGAGTTTGCACGCTATGACAGAGAGGTCAGGGAGTAC
GTGGCGCTGACCTCCCTGGGACAAAGGATGCGGAGTACTGGAACAGAGCCGAGAACCTGGAGCCGAGGCAGGCGGAGGTGGACACTGTGTGCAGACACAACTACCAGACAGCTCAGTGCTTCT
TAGTTTGCAGGCGTGGTGACCTGAGGTGACTGTGTATCCATCCGAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGAGACATTGAGCTCAAGTGGTTC
CTGAATGGGCAGGAGGAGACAGTTGGGGCTGTGTCCACAGGCCTGCTGAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATCCCCCCCCCCAAGCATGGAGATATCTACACCT
>Pegu_DAB_2_partial_exon_2-4
AGCACTTCACAGAGCAGTTTAAGTTCGAGTGTCACTTCGAGGACGCCGCGCGGCACGTGCGCTACGTGTACCGGAGCATCCACAACCGGCAGGAGATCCTGCGCTTCGACAGTGACGTCGGGGTC
TTCGTGGCTGTGACCGAGCTGGGGCGGCCGGAGGAGGAGGCCTGGAACACCCCCGAGGTCCTGGAGCAGAGACGGGCCAAGGTGGACACCTACTGCAGGCTCAACTATGCTCTGTTTGAGCCCT
TCTCAGTGCGCAGGAACCGTGATGGAACCTGAGGTGACGGTGTATCCATCCAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCCGGGGACATTGAGGTC
CGCTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATAAGGAATGGAGACTGGACATACCAGATTCTGGTGATGCTGGAAATGACTCCCAAGCAAGGAGATGCCT
>Pegu_DAB_3
ATGGTGGGTGTTTTGCTCCCCAAGGGCATCTGGAGAGAAGTCCTGGTTGTGACCCTACTGGTCCTGGATTCCCAGGTGGCCTCAGGCAGACACACCCCAGAACACTTCTCACTGCAGGCCAAGTCC
GAGTGTTACTTTATGAGCGGGCTGCAGCCAGTGCGTTTTGTGGACAGATTCATCTACAACGGGCAGGAGATGGTGCGCTTCGACAGCGACGTCGGGAAGTACGAGGCGCTGATGGAGCTGGGGC
GCGAGACCGCTGAGCACTGGAACAGGAAGCAGCGTCTGGACTACGCCCGGGCCGCAGTCCGCACGCTGTGCAGATGCAACTCCTTAGCGTTTGAGCCCTTCTCTAGGAGCTGGAAAGTTGAGCCT
GAGGTGGTTGTGTATCCATCCAAGCTGGTTCTCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTTTATCCTGGGGACATTGAGGTCAGGTGGTTCCTAAATGGACAGGAGGAGACA
ATTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGAGCTACCAGGTCCTGGTGATGCTGGAAATGACCCCCAAAAGTGGAGATGTCTATACCTGCCATGTGGAGCACTCCAGCCTTCA
>Pegu_DBB_1
ATGGTTGATATTAGGCTATGCTGGATGTTAATGACATTGATGGTATTAAGTCCACCTGTATCATGGGCCAGAGACATCCCAGAGAACTACGTGTTCCAGCACAAGGGTGAGTGCTACTTCACCCAC
GGCTCGGAGCGCGTGCGCTTGCTGGAGAGACACATCTACAATGACCAGGAGATCTTGCGCTTCGACAGCGCCGTGGGGCAGTACGTGGCGGTCACGGAGCTGGGGCGGCCGGAGGAGGAGAA
ATGGAACAGTCAGCAGAACATCCTGGACGCAAAGCGAGCCGAGTTGGACACGGTGTGCAGACACAACTACGAGATAGACAAGTCCCTCGCGGTGGACAGAAGGGTCCAGCCCAGAGTGACCAT
CTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCCAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACGGCTGGGATTGTGTCCAC
GGGAGTGATGCAGCATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAGATGGTTGCCCAGAGTGGAGACGTCTACACCTGCCGTGTGGAGCACGCCAGCCTGACCAGCCCCGTCACTGTG
>Pegu_DMB_1
ATGAGGTTTCTCCACCTACTACTAGTGGGCTTCAACCTGGGTTTTTCAGGAGCAGGAGGGAACTTTGTGACTCATGTGGAGAGTGGCTGTGTGCTGGATGAAGATGGATCGGTAAAGGATTTCAC
ATATTGTATCTCCTTCAACAAAGATGTGTTGACTTGCTGGAATAACGTGATTAGCAAGATGGAAATTGTTGAATTTGGGATGCTGGAACCATTAGCTCATTGGCTTGCTGACCACATTAATAACGAT
AGCGCCTTCATCCAAAAACTGAACAGTGGATTCCAGGACTGCGCCATTCACACAAAGCCCTTTTGGGGGTCATTGACGCAAAGGACACGGCCACCATCTGTGCTAGTAGCCCAGACTACACCATTC
AACACAAGGGAGCCAGTGATGTTGGCATGTTATGTATGGGGCTTCTATCCAGCTGATGTGGCCATTGCTTGGTTGAAGAATGGACAGCCTGTCCCACACAGTAGTATCCAGAGGTCTGTACAGTCC
AATGGTGACTGGACTTATCAGACACGATCCTACTTGGCTCTTACCCCCTCTAGTGGGGATATTTACACTTGCCAAGTAGAGCACAGTGGAACTTCACAGCCCATCTTACAGACCTGGACACCTGGCC
>Magi_DNAzoo_DAB_1

82



ATGCTGTGTGTCTCCCTCTCCAGAGGCATCTGGACAGAGGTCCAGATCTGTGATCCTGCTGGCACTGAATTCCCAGGTGGCTGCAGGCAGACATGCCCCAGAGCACTTAGTGTTGCAGGGCAAGT
GCGAATGTCACTTTGTGAACGGGACGCAGCACGTGCGGTTCGTGGTGAGATACATCTACCACCGGCAGGAGATCGTGCGCTTCGACAGCGCCGTGGGGGAGTTTGTGCCGCTGACGGAGCTGGT
GCTGACCTTTGCTGAGGGTTGGAACAAACGGGAGGAGATCCTGGAGCGCGCCCGGGCCTCAGTGGACACTTTGTGCAGGCACAACTACGAGTTGTCTGAGCCCTTCTTACTCCCCAGGCGCTGTG
ATTGAGCCCGAGGTGACTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAG
GAAGAGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATGTTGGTGATGCTGGAAATGACTCCCAAGCATGGTGATGTCTACACATGCCAAGTGGAGCACT
>Magi_DNAzoo_DBB_1
ATGGTTGATGTTTGGATCTCTGATGGCTGCTGGAAGATTGGTCTGTTAATGACTTCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGTACAAGGGC
GAGTGTTACTTCACCAACGGCTCGGAGCGGGTGCGCCTTGTGTATAGACAGATTTACAATGGAGAGGAGAATGTCCGCTTCGACAGCGACGTGGGGCACTTCGTGCCCGTGACGGAGCTGGGGC
GGCCCGATGTTGAGTACTGGAACAGTCTGAAGGAGCGCCTGGAGGAATACCGAGCCTACGTGGACACGGTGTGCAGACACAACTACGAGGCATATAAGGACTTCACGTTGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGC
TGGGGTTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAGA
>Magi_DNAzoo_DBB_2
ATGGTTGATATTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGTACAAGTTTG
AGTGTTACTTCAGCAACTGCACGGGGCGGGTGCGCCTTGTGGTTAGAGACATCTACAATGGCGAGGAGGATGCCCGCCTCGACAGTGAAGTGGGGCAGTTCGTGGCCCTGAGGGATCCGGGGC
GGCCCGATGCTGAGCAATGGAACGGTCAGAAGGAGATCCTGGAGAAATATCGAGCCAACGTGGACACGCTGTGCAGACACAACTACGAGGCTTATAAGCGCTTCACATTGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCTTCCAAGACAGATGCCCTGCAGCACCTGCTGGTCTGCTCTGTCTCTGGCTTCTATCCAAGCAAGATCAAGTTGACCTGGTTCAAGAATGGGCAAGAGAAGACAGC
TGGGATTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAGA
>Magi_DNAzoo_DBB_3
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGGTTGGTTTGTTAATGACATCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGAACAAGGGT
GAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGCCTTGTGTATAGACAGATTTACAATGGAGAGGAGAATGTCCGCTTCGACAGCGACGTGGGGCACTTCGTGGCGGTGACGGAGCTGGGG
CTGTGCGATGTTGAGTACTGGAACAGTCAGGAGGCGCTCCTGGAGGAATATCGAGCCTACGTGGACACGCTGTGCAGACGCAACTACCGGAGAAATAAGCCCTTCACGGTGGACAGAAGAGTCC
AGCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGAAGACAG
CTGGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGGCTCCCCAGAGCGGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAG
>Magi_DNAzoo_DBB_4
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTCTTAATGACATCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTTGCAGTACAAGGCTG
AGTGTTACTTCACCAACGGCTCGGAGCGGGTGCGGTTTGTGGTTAGACTCATGTACAATGGCGAGGAGAATGTCCGCTTCGACAGCGACGTGGGGCACTACGTGGCCGTGACGGAGCTGGGGCG
GCCCGATGCTGAGTACTGGAACGGTCAGAAGGATTCCCTGGAGGAACACCGAGCCTACGTGGACACGCTGTGCAGACACAACTACCAGACAAATAAGCCCTTCACGGTGGACAGAAGAGTCCAG
CCCAGAGTGACCATCTCCCCCTCCCAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGCT
GGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAGAG
>Magi_DNAzoo_DBB_5
ATGGTTGATATTTGGATCTCTGCTGGTTACTGGAAGATTGGTCTGTTAATGACATCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTTTCAGGACAAGGCTG
AGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGTATGTGGCTAGAGACTTCTACAATGGCGAGGAGACTGCCCGCTTCGACAGCGACGTGGGGCACTTCGTGGCGGTGACGGAGCTGGGGC
GGCGCGATGTTGAGTACTGGAACGGTCAGGAGGAGATCCTGGAGAGATTTCGAGCCTACGTGGACACGCTGTGCAGACACAACTACGAGGTACACAAGCCCTTCACGTGGGACAGAAGAGTCCA
GCCCAGAGTGACCATCGCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAG
CTGGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTACCCAGAACAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAG
>Magi_DNAzoo_DCB_1

83



ATGGAACATGTGGAGTTTCTGGGAGGCCCTGTATGACAGTCATACTGATAGTGCTGAGCACACCCACAGACTGAGGTAGGGACATTCCAAGTAAAGAATTACCTACATCAGATGGGGTCTGAGGG
TCACATGATCAATGAAACCCAACAAGACTCATCTACAACCAGGTGGAGTTTGTGCACTTTGATAGTGATGTGGGACTATTTCAGACAAGCTGTGGAAATCCCAAGTCCAGAAATGAAACAGTAAGA
AGGAGATAGTCAAGCATGCAAGGTCCATAGTGAATGTGTGCAGAGACAATTTTCTTTTATATGACAAATTCACACCTCTAGTGAAAGTTTTACCACCAAAGATACAACCACCTGGACACCACAACCT
GCTCCTCTGTTCTGTGATATTTCTATCCTGGTGAGATCAAGGTCAATTGATTCAGAATCGCGAAAGAAGAGAAGACTGGAATCCTGTCCACAGACCGAATTCAGCACAGTGCCTGCACCTTCCAAAC
CCTTGTGATACTGGAAATGGCCCTCCAAAGAGGAGATGTCTTTACTTGCCATGTGGACCATGCCAGCTTGCAGAATCCTGTCACTGTAAACTGGAGACCACATTCTGAATCTTCCTGGACTAAGAG
>Magi_DNAzoo_DMB_1
ATGACATTACTCTACCTGCTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAACAGGGGGCTTTGTGACTCATGTGGAGAGTGACTGTATACTGGATGAAGAAGGATCCGTAAAGGACTTCGAATAT
TGCATCTCCTTCAACAAGGATGTGTTGACCTGCTGGAACTCAGATACTAGCAAGATGGTCACTGTTGAATTTGGAATACTGCGTCCATTAGCTGACTGGCTTTCTGACACCCTCAATAATGATACTG
CTTTGATAAACCGCCTGAGTGAAGGATTCCAAAACTGTGCCAGTCATACAAAGCCCTTCTGGGGATCACTGACCCACAGGACACGGCCACCATCAGTGCAAGTAGCTCAGGTCACACCATTCAACA
CAAGGGAGCCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCGTGGTTGAAGAATGGGCAGCCTGTCCCACACAGTGGCATCCAGAAGGCTGTACAATCCAAT
GGGGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCTTTGTAGAGCACGGTGGGACTTCCCAGACCATCTTACAGACCTGGACACCTGGCCTCT
>Davi_DNAzoo_DAB_1
ATGGGGTGTGTCTTGCTCCCCAAGGAAGTCTGGATAGAAGTTCTGGCTGTGACTCTGCTGGTGCTGAATGCCCAAGTGGCTGCAGGCAGACACAGCCCAGAGGACTTCATGGTGCAGGAAAAGT
ACGAGTGTCACTTTGAGAATGGGATGGAGCACGTGCGGTATGTGCACAGAGACTTCTACAACCGGGAGGAGATTACACGCTTCGACAGCGACGTGGGGAAGTATGTGGCGCTGACGGAGCTGG
GGCGGCGGGATGCTGAGTATTGGAACAGCCAGAAGGAGATCCTGGAGCGGAGACCGGCTTTGGTGGACACTTTGTGCAGACACAACTATGTGGGGATTGAGCCCTTCTCATTGCGCAGGAGCG
GTGACCTGAGGTGACTCTGTATCCATCAAAGATGGCTCCCCCGGGACACCACAACCTGCTCTTCTGCTCCATCAGTGGTTTCTATCCTGGGGACATTGAGGTCTGGTGGTTCCTGAATGGGCGGGA
GGAGACGGCAGGGGTGGTGTCCACCGGCTTGATGGGCAATGGAGACTGGACTTACCAGACATTGGTGATGCTGGAGATGACTTCCCAGCATGGAGATGTCTACACCTGCCACGTGAAGCACTCC
>Davi_DNAzoo_DBB_1
ATGGTTGATGTTTGGATTTCTGCTGGCTCTTGCAAGATTGATCTGGTAATGACATCAATGATGTTGATACCTTTATCTTGGGCCAAAGAAATCCCAAAGGATTTCGTGTACCAGTTCCAGGGTGACT
GATACTTTACTAACAGCATGGAACAAGTGTCAGATACTTCTACAATGGCCAGGAATTTTCTCTGCTTGGACTGCTATATGGGTAAGTGTGTGATTGTGATGGAGCTGGGGTGGCCAGATACTGAAT
ACTGGAACACTCAGAAGGAAATCATGAAGGAAGACCAAGTCTCTGTGGACACTATGCATCTACAACTTCCAGCCCAGAGTGACCATCTCTCCTTTCAAGACAGAGGACCAGGCCTTGCAGCACCTG
CTGCTCTGCTCTCACCAGCTTCTATCCTAAACAAGATCAAGGTCACCTGATTCAAGAATAGATCAGAGGAAACATTGTCCATAATAATCCCACAATGGGATTGTGTCCATAAATCTGATACAGAATG
>Davi_DNAzoo_DMB_1
ATGAAGTTACTGCACCTACTGCTAGTAGGCTTCAGCCTGGGTTTTTCTGGAGCAGGGGCTTTTGTGACCCACGTGGAGAGTGACTGTGTACTGGATGAGGATGGATCAGTAAAGGACTTCACATAT
TGTATCTCCTTCAACAAGAATGTGTTGACCTGCTGGGACTCAAAGATTAAAAAGATGGTCACTGTTGATTATGGTCTACTGAAGCCACTTGCTGAATATCTTTCTCAATCCCTTAATAACAACAGTGC
CTTGATACACCACCTGAGCAATGGATTCCAGGATTGTGCCAGTCACACAAAACCTTTCTGGGGGTCATTGACCCAAAGAACACGGTCACCATCAGTGCAAATAGCCCAGACCACACCATTCAACAC
AAGGGAGCAAGTGATGTTGGCCTGCTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCAATCCCTAACAGTGGCATTCAGAGAGCTGTACAGTCTAATG
GGGACTGGACTTACCAGACACGATCTTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTATACTTGCCATGTAGAGCACAGTGGGAGTTCCCAGGCCATCTTACAGACCTGGACCTCTGGCCTCTC
>Pogi_DNAzoo_DAB_1
ATGCCATGTGTCTCCTTCTCCAGAGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTAACTTCCCAGGTAGTTGCAGGCAGACATGCCCCAGAGCACTTCACGGAGCAGTTGAAGTTC
GAATGTTACCTTGTGAACTGGACGGAGCACGTGCGGTTTGTGCTCAGATACATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAATTCCTGGCGGTGACAGAACTGGGCC
GGCGCAGCGCTAAGTATTACAACGGACTGGAGGATGAACTGGAGCAGAAACGGGCCTACGTGGACACTTTGTGCAGGCACAACTACGGGGTTTTTCACAGATTCTTAGCCCCCAGGCGCGTTGA
GCCCAAGGTGATTGTGTTTCCATCAAAATTGGCTCCTCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGA
GATAGCAGGGATTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATGTCTACACCTGCCAAGTGGAACACTCCAGCC
>Pogi_DNAzoo_DAB_2
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ATGCTGTGTGTCTCCCTCTCCACAGGTATCTGGACAGAGGTTCTGGCTCTGACCCTGCTGGCACTAAATTCCAAGGTGGCTGCTGGCAGACATGCCCCAGAGCACTTCGCGGTGCAGGCAAAGTCC
GAGTGTTACTTTGTGAACGGGACGCAGCACGTGCGGTTCATGGACAGATACTTCTACAACCGGGAGGAGGCTGCGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGTCGGAGCTGGGC
CATCCTGATGCTGAGTATTGGAACAGCCAGAAGGAGATCCTGGAGCAGAAACGGGCCTACGTGGACACTTTGTGCAGGAGCAACTACGAGTTGTCTGAGCGCTTCTTGGTCCCCAGGCGCGGTG
ATTCAGCCTGAGGTGACTGTGTATCCATCAAAGGTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATCGAGGTCAGGTGGTTCATGAATGGGCAG
GAGGAGACAGCTGGGGTTGTATCTACAGGCCTGGTCAGCAATGGAGATTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCATAGTGATGTCTACACCTGCCAAGTGGAGCACTC
>Pogi_DNAzoo_DAB_3
ATGCTGTGTGTCTTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTACTGACTTCCCAGGTGACTGCAGGCAGACATGCCCCAAAGCACTTCACGGAGCAGGTGAAGGG
TGAGTGTCACTTTGAGAACGGGACGCAGCACGTGCGGTTTGTGGTGAGACATATCACGAACCGGCAGGAGAACGTGCACTTCGACAGCGACGCGGGGGAGTTTGTGGCGGTGACGGAGCTGGG
CCGGGGGGATGCCGAGCTTTGGAACAGCCAGAAGGACTACGTGGAGCAAGCACGGGCTGCGGTGGACACTTTGTGCAGGCGCAACTACAAGATACTTGAGCCCTTCTTAGTCTCCAGGCGCGGT
GATTGAGCCCGAGGTGACTGTGTATCCATCAAAGCTGGCTGCCCTGGGACACAACAACCTGCTTCTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCA
GGAGGAGACAGTTGGGGTTGTGTCCACAGGCCTGATCAACAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGAGTGCTGATGTCTACACCTGCCAAGTGGAGCACT
>Pogi_DNAzoo_DAB_4
ATGCTGTGTGTCTCCCTCTCTAGAGGCATCTGGATAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGACTGCAGACAGACATGCCCCAGAGCACTTCACGGAGCAGGCGAAGGC
CGAGTGTCACTTTGAGAACGGGACGCAGCACGTGCGGTTTGTGTTGAGAGACATCACGAACCGGCAGGAGAACGTGCGCTTCGACAGCGACATCCGAGAGTTCGTGGCGGTGTCGGAGCTGGG
GCGGAGCGCGGCTGAGCAGTGGAACAGCCAGAAGGATTTCCTGGAGCGCAGACGGGCGAAGGTGGACACTTACTGCAGGCACAACTACGAGCTGTCTGAGCGCTTCTTAGTCCCCAGGCGCGG
TGATTGAGCCTGAGGTCACTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCTTGAATGGGCA
GGAGGAGACAACTGGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTATCACATGTTGGTGATGCTGGAAATGACCCCCAAGCATGGTAATGTCTACACATGCCAAGTAGAGCACT
>Pogi_DNAzoo_DAB_5
ATGCTTTTTGTCCCCCTCTACAGAGGCATGTGGACAGAAGTCCTGGCTGTGACCCTGCTGGCATTGAATTCCCAGGTGGCTGCAGGCAGACATGTCCCAGAGCACTTCACGGAGCAGGTGAAGGG
CGAATGTCACTTTGTGAACGGGACGCAGTACGTGCGGTTTGTGCTGAGACACTTCTACAACCGGCAGGAGAATGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGCTAAAGGAGCTGGGC
CGTCCTGATGCCGAGCTTTGGAACAGCCAGAAGGACTACGTGGAGCGCGCACGGGATGCGGTGGACACTTTGTGCCGGCACAACTACAGGGTGTTTGAGCCCTTCTTACTCTCCAGGCGTGGTGA
TTCAGCTTGAGGTGACTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACTTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGATGGTTCCTGAATGGGCAGGA
AGAGACAGCTGGGATTGTGTCTACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCATGCATGGTGATGTCTACACATGCCAAGTGGAGCACTCCA
>Pogi_DNAzoo_DAB_6
ATGGTGTGTATCTTGTTCCCCCAGGGTATCTGGATAGAGGTATTGGTTGTGACACTGCTGGTGCTGAAAGCTCAGGTGACTGTAGGCAGACATGCCCCAGAGCACTTCACGGAGCAGGTGAAGGG
CGAATGTTACTTTGTGAACGGGATGGAGCACGTGCGGTTTGTGCTGAGGGGCATCTACAACCGCGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCAGTGACGGAACTGGG
GCGTCGCACTGCGGAGTTCGGTAACAGCCAGAAGGAGTTCATGGACCACTTACGGGCGTCGGTGGATACTTACTGCAGGCACAACTACGAGGGGATCGAGCCCTTCACAGTGCCCAGGAGTGGT
GATTCAGCCTGAGGTGACTGTGTATCCATCAAAGGTGGCTCCCCTTGGACACCACAACTTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAA
GAGGAGACAACTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCCTGGTGATGCTGGAAATTATCCCCAAGCATGGAGATGTCTACACTTGCCAAGTGGAACACTC
>Pogi_DNAzoo_DBB_1
ATGGTTGATGTTTGGACCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACCTCAGTGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGTACAAGGCT
GAGTGTTACTTCACCAACGGCACGGAGCGCGTGCGCTTTGTGGTTAGAGTCATGTACAATGGCGAGGAGAATGCCCGCTTCGACAGCGACGTGGGGCACTTCGTGGCGGTGACGGAGCTGGGGC
GGCCAAGTGCTGAGTACTGGAACAGTCAGGAGGACATCATGGAGCAACATCGAGCCTACGTGGACACGCTGTGCAGACACAACTACGAGGCAACTAAGCCCTTCACGTTGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAG
CTGGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTATCAGACCCTGGTCATGTTGGAAATGATTCCCCAGAGCAGAGACGTCTACACCTGCAGTGTGGAGCATGCCAGCCTGCAG
>Pogi_DNAzoo_DBB_2
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ATGGTTGATATTTGGACCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACCTCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTTTCAGTACAAGGCTG
AGTGTTACTTCACCAAGGGCACGGAGCGCGTGCGCCTTGTGTTTAGAGTCATGTACAATGCCGAGGAACATGTCCGCTTCGACAGCGACGTGGGGCACTTCGTGGCCCTGACGGAGCTGGGGCG
GCCAATTGCTGAGAACTGGAACCGTCAGGAGGACAGCCTGGAGGAATATCGAGCCTACGTGGACACCGTGTGCAGACACAACTACGAGGCAACTAAGCCCTTCACGTTGGACAGAAGAGTCCAG
CCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCCAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGCT
GGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAGAG
>Pogi_DNAzoo_DBB_3
ATGGTTGATGTTTGGACATCTGCTGACTGCTGGAACATTGGTCTCTTAATGATATCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGGCATCCCAGAGGATTTCGTGTTTCAGTACAAGTTTG
AGTGTTACTTCACCAACGGCACGGAGCGGGTGCGCCTTGTGGTTAGGGGGATCTACAATGGCGTGGAGAATGTCCGCTTCGACAGCGACGTGGAGCAGTTCCTGGCGGTGACGGAGCTGGGGA
GGCCCGATGCTGAATACTGGAACAGTCAGGAGGAGATCCTGGAGGAATATCGAGCCTACGTGGACACGCTGTGTAGACACAACTACAACACTGACAAGCCCTTCACGGTGGACAGAAGAGTCCA
GCCCAGAGTGATCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTAGTCTGCTCTGTCACTGGCTTCTATCCCAGCAAGATCAAAGTCATCTGGTTCAAGAATGGGCAGGAGGAGACAGC
TGGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGATCATGTTAGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAGA
>Pogi_DNAzoo_DCB_1
ATGTGGAGTTTCTGGGAGGCCCTGTGTGACAGTCACACAGATAGTGCTGAGCACACCCACAGACTGAGGTAGGGACATTCCAAGTAAAGAATTACCTACATCAGATGGGGTCTGAGGGTCGCAT
GATCAATGGAACCCAACAAGACTCATCTACAACCAGGTGGAGTGTGTGCACTTTAACAGTGATGTGGGACTATTTCAGACAAGATGTGGAAATTCCAAGTCCAGAAATGAAACAGTAAGAAGGAG
ATAGTCAAGTATGCAAGGTCCATAGTGAATGTGTGCAGAGACAATTTTCTTTTATATGACAAATTCACAGGGCAAAGGAAAGTCCAGCCCCTAATGAAAGTTTTACCCCCAAAGATACAACCACTTG
GGCACCACAACCTGCTCCTCTGTTTTGTGATGTTTCTATCCTGGTGAGATCAAGATCAATTGATTCAGGATTGCAAAAGAAGAGAAGACTGGAGTCCTGTCCACAGACCAAATTCAGCACAGTGACT
GGACCTTCTAAACCTTTGGGATGCTGGAAATGGCCCCCCAAAGAGGAGACGTCTTTACTTGCCATGTGGTCCATGTCAGCTTGCAGAGCCCTGTCACTGTAAAATGGAGAGCATATTCTGAATCTTC
>Pogi_DNAzoo_DMB_1
ATGACATCACTCTACCTGCTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAACAGGGGGCTTTGTGACTCATGTGGAGAGTGGCTGTATACTGGATGAAGAAGGATCCGTAAAGGACTTTGAATAT
TGTATCTCCTTCAACAAGGATGTGTTGACCTGCTGGGACCCAGATATTAACAAGATGGTCACTGTTGATTTTGGAATACTGCATCCATTAGCTGAAGAGCTTTCTGATGCTCTCAGTAATGATACTG
CTTTGATAAACCGCCTGAGCCAAGGATTCCAGGACTGTGCCAGTCACACAAAGCCCTTCTGGGGAGCACTGACCCACAGGACACGGCCACCATCAGTGCAAGTAGCTCAGGTCACGCCATTCAACA
CAAGGGAGTCAGTGATGCTGGCCTGCTATGTATGGGACTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCTGTCCCACACAGCGGCATCCAGAAGGCTGTACAATCCAATG
GGGACTGGACTTATCAGACGCGATCCTACTTGGCTCTTACCCCCTCTAGTGGGGATATTTACACTTGCTCTGTAGAGCACAGTGGGACTTCCCAGACTATCTTACAGACCTGGACACCTGGCCTGTC
>modo_DNAzoo_DAB_1
ATGGTGAGCGCGCAGCCTCTCGGGGGCATCTGGATGGAGGTTCTGGTGGTGACTCTGCTGGTGCTGACAGCCCAGGTGGCTGCGGACAGACGCCCCCCAAAGCACTTTACAGAGTATTTCATATC
GGAGTGCTACTTCATCAACGGGACGGAGCAGGTGTGGCTTGTGCAGAGATACATCACTAACGGAGAGGAAACCGTGCGCTTCGACAGCAACGTGGGAGTGTTCGAGGCGGTGACAGAGTCGGG
GCGGCCGGATGCTGAGCATTGGAACAGCCAGAAGGAGTTCCTGGAGAACTTACGGGCCGCAGTGGACACTGCCTGCAGGCACAACTACAAGATCTCTGAGCCCTTCTTAGTGCGCAGGCGCGGT
GATGGAGCCGGAGGTCCTGGTGTATCCATCCAAGACGGCTCCTGTGGGCCACCACAACCTGCTGGTGTGCTCTGTGAGCGGCTTCTACCCCGGGGCCGTGGCGGTCACGTGGTCCGTGAATGGG
CAGGAGCAGAGGGCTGGGGTCGTGTCCACAGGCCTGATGCGCAATGGCGACTGGACCTTCCAGACCCTGGTGATGCTGGAGGTGACCCCCCAGCGCGGAGATGTCTACACCTGCCACGTGGAGC
>modo_DNAzoo_DBB_1
ATGTTTGCTGTTTGTATCTCTGCTAGTTTCTGGAAAATTGGTCTGTTAATGACATTGATGCTGTTTTGTCTACCAGTCTCTTGGGCCAGGGACATCCCAGAGGATTTTGTGATCCAGAGCAAGGGTCT
GTGTTACTTCACCAACGGCTCCGAGCAGGTGCGGCTTGTGGTGAGATACATCTACAATGACCAGGAGATTGCCCGCTATGACAGTAAGCTGGGGAAATACGTGGCTGTGACAGAGCTGGGGCGG
CCAACCGCCGAGTATTGGAACAGCCAGAAAGACATCCTGGAGCGAAGAGAAGCCGAAGTGGATACGGTGTGCAGACACAACTACGAGATAGACAAGCACATAATTCTGGCGAAAAGGGAGCCC
AGCCCCACGTGACCGTCTCCCCCTCCAAGCAAGAGGCCCAGCAGCACCTGCTTGTCTGCTCTGTGACTGGCTTCTATCCAAGCAAGATCAAGGTCACATGGTTGAAGAACGGGCAGGAGCAGACA
GCTGGGGTTATCTCCACGGAGGTGATCCAGAATGGAGACTGGACCTATCAGACCCTGGTCATGTTGGAGACGATTCCCCAGAGCAGAGACATCTACACCTGCAGTGTGGAGCATGCCAGCCTCCA
>modo_DNAzoo_DBB_2
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ATGGTTGCTGTTTGGATCTCTACTAATTTCTGGAAAATTGGTCTGTTAATGACATTGATGATGTTTTGCCTACCAGTCTCTTGGGCCAGGGACATCCCAGAGGATTTTGTGTACCAGTACAGAGCCCT
GTGTTACTTCACCAACGGCTCCAAGCAGGTGCGGCTTGTGAATAGACACTTCTACAATGACCAGGAGACTGTCCGCTATGACAGTAAGCTGGGGAAACACGTGGCTGTGACAGAGCTGGGGCGG
CGAGACGCGGAGTATTGGAACAGCCGGAAAGACATCCTGGAGCGAAAACGAGCCTCATTAGACACGGTGTGCAGACACAACTACGAGGCATACAAGCCCTTCACTTTGGAAAGAAGAGcccagCC
CCGCCTGACCGTCTCCCCCTCCAAGCAAGAGGCCCAGCAGCACCTGCTTGTCTGCTCTGTGACTGGCTTCTATCCAAGCAAGATCAAGGTCACATGGTTGAAGAACGGGCAGGAGCAGACAGCTG
GGGTTATCTCCACGGGGCTGATCCAACATGGAGACTGGACCTATCAGACCCTGGTCATGTTGGAGACGATTCCCCAGAGCAGAGACATCTACACCTGCAGTGTGGAGCATGCCAGCCTCCAGAGC
>modo_DNAzoo_DCB_1
ATGGTGTTTTTGGAGTTGCTGGGAGGTCCCTCTGTGACAGTCCTGTTGATGGTGCTGGATACACTCACAGTCTGGAGCACGGACATTCCAGGTAAAGAATTACCTACATCAAGTGAGGTCTGAGTG
TCATATGACCAATGGAACCCAGCGGGTACACTTCGTGGGAAGACTCATCTATGACCGGGAAGAGTTTGTGCGCTTTGACAGTGATGTGGGTCTATTTGAGGCAAGAACGGAACTGTGGAAATCCC
AGGTCCAGAAATGGAACAGTCAAAAGGAAATAGTTGAACGAGCACGGTCCATAGTGAATGTGTGCAGACACAACTACCAATTCTATAATAAAACTATAGTGCAGAGAAAAGTCAAGCCCCGAGT
GAAAGTTTTCCCAGCAAAAACGCAACCACTCGGGCACCACAACTTGCTCCTCTGTTCTGTGACCAGTTTCTATCCTGGTGAGATAAAGGTCAGCTGGttcagaaatgcaaaagaagagaaATCTGGAGTCC
TGTCTACAGGCCAAATCCGGAATGGTGACTGGACCTTCCAGACCCTTGTAATGCTGGAAATGACCCCCCAAAGGGGAGATGTCTTTACTTGCCGTGTGGACCATGTCAGCTTGCAGAGCCCTGTCT
TCGTGGATTGGAGAGCACAGTCAGAATCTGCCCAGACTAAGATGCTGATTGGAGTTGGGAGCCTGGTGTTTGGAATGATTTTACTTGGAGTGGGACTTGTCATCAGCCTCAGAAGCTCAAAAGAT
>modo_DNAzoo_DMB_1
ATGAAGTTACTTCTGCCACTATTAATGGGCCTCGGCTTGGGTTTTTCAGGAGCAGCAGAGGGCTTTGTGACCCATGTGGAGAGTAGCTGTGTGCTGGATGAAGATGGATCGGCAAAGGACTTCTC
ATATTGTATCTCCTTCAACAAGGCTATGCTAACCTGCTGGGACTCAGAGACTAAAATGATGGTTACTGTTAACTTTGGGATATTGCAAGGAATAGCTGAACAGATTACCAATTACACTAACCATCAG
AGCAACTTTATATCTCGCCTGAGCAATGGACTTCAAGACTGTGCCAGTCACACAAAGCCTTTCTGGGGGGCATTGACGCAGAGGACACGACTACCATCAGTGCAAATAGCCCAGGTCAAACCATTC
AACACAAGGGAGTCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGACAGCTTATTCCACAAAGTGGTATTCAGAGAGCTGTACAGTCC
AATGGGGATTGGACTTATCAGACAAGATCCTACTTGGCCCTTACCCCCTCTACTGGAGATATTTACTCTTGCCTTGTAGAGCATAGTGGGACTTCTCAGGCCATCTTACAGACCTGGACACCTGGCC
>Phgy_DNAzoo_DAB_1_partial_exon_3-4
TTAAGCCAGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTAGGACACCACAACCTGCTTGTCTGCTCTGTCCCTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGG
AGGAGAGAACTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCTTGGTGATGCTGGAAATGATCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTC
CAGCCTTCACAGACATGCTATGTTTCACTGGAAAGCACAGTCTGAATCTGCCCAGATTAAGATGCTCAGTGGAATTGAAGGCCTTGTGCTGGGGCTGATCTTCTTTGGGGTCGGCCTCATTGTCTAC
>Phgy_DNAzoo_DAB_2_partial_exon_3-4
TTAAGCCCAAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTTTCTGCTCTGTCATGGGTTTCTATCCTGGGGACATTGAAGTCCAGTGGTTCCTGAATGGTAGGAA
GAGATACCTGGGGTGGTGTCCATAGGCCTGATCAGCAGTGGAAACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAG
CCTTCAGAGACCTGTCATCTTGGACTGGAAACTGCAGTCTGAATCTGCCCAGAGTAAGGTGCTGAGTGGAGTTGGGGGCCTCGTGCTGGGGCTGATCTACTTTGGGGTTGGCCTCATTGTCCACA
>Phgy_DNAzoo_DAB_3_partial_exon_3-4
TTGAGCCCGAAGTGATGGTGTATCCATCGAAGATGGCTCCCCTGGGACACCACAACCTGCTTTTCTGCTCTGTCATGGGTTTCTATCCTGGGGACATTGAAGTCCAGTGGTTCCTGAATGGGTAGG
AGGAGATAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATAGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGGGTGGAGATGTCTACACCTGCCAAGTGGAGCACTC
CAGCCTTCAGAGACCTGTCGTCCTGGACTGGAAACTGCAGTCTGAGTCTGCCCAGAGTAAGATGCTGAGTGGAGTCAGGGGCCTCGTGCTGGGCCTGATCTTCTTTGGGGTTGGCCTCATTGTCTA
>Phgy_DNAzoo_DAB_4_partial_exon_2-4
AGCATTTCACCGAGCAGGTGAAGGGCGAATGTTCCTTTGTGAACGGGACGAAATACACGCGGTTTGTGCTGAGGGCCATCTACAACCGACAGGAGTACGCGCGCTTCGACAGCGAGGTGGGAGT
GTTTGTGGCTACTACAGAGCTGGGGCGGCTCACTGCTCAGTTTGCTAACAGCCAGAAGGAGTTCATGGATCACGTACGGGCTGCGGTGGACACTTATTGCAGGCACAACTACCAGGTGTTTGAGC
CCGCTTCAGTGCCCAGGAGCGGTGACTGAGCCTGAGGTGACTGTGTATCCATCAAAGACTGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGAAATTGAA
GTCCGATGGTTCCTGAATGGACAGGAGGAGACAGAGGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGAT
>Phgy_DNAzoo_DAB_5_partial_exon_2-4
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AGCACTTTATGGAGCAGATGAAGACTGAGTGTCACTTTGTCAATGGGACTGAGCATGTGCGGTTTGAGGGGAGACTCATCTACAACTGCCAAGAGATCCCGTGCTTCGACAGCCACGTGCAGAGG
TTTGTGGCCTTAACCAAGCTGGGGTGGTCCATTGCGGGAGGTAATGAACTGCCTGTTGGAGGCCTTGGAGCAAGCACAGGCCCAGGTGGCCAGGTGCAGGAACAACTATAGGTTGTTGGAGTCC
TTCTGGATACAGAGGAGGGTTGATGGAGCTGGAAGTGATTGTGTGTCCATCAAAGATAGCACCCCTAGAACACCCAAACCAGCTTGTCTATTTTGTTATTGGTTTCTATTGTGGGGACATTGAGGT
CAGGTGGTTCCTGAATGGTCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATTAACAATGGAGACTGGACCTACCAGACTCTGGTGATGCTAGAAATGATCCCCAAGAGTGGACATGTC
>Phgy_DNAzoo_DAB_6_partial_exon_2-4
CGCACTTCACAGAGTAGGTTGTCAGTGTTACTTTGTGAATGGGACAGAGCACGTGCAGTTTGCGGAGAGATACATCAACAACTGAGAGGAGAGTGTGTGCTTCGACAACGACGTGGGAGAATAT
GTGCCGGTGACGGAGCCGGGGCGGACCGATGCTGAAAACTGGAACAGCCGGAAGGAGATCCTGGAGCAAAAACGGACCTCTGTGGACTGGTTCTGCAGGGTCTGCTACAAGGTGTCTAAGACA
GTCACAGTGATTGAACCTGAGGTGACTGTGTGTCCATCAAAGAAGGCTCCCTTGGGACACCACAACCTGCTTGTCTGCTCTGTCAATGGTTTCTGTTCTGGTGACATTGAGGTCAAGTTGTTCCTGA
ATGGGCAGGAGGAGACAGAGGGGGTTGTGTTCACAGGCCTGATCAGCAATTGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGT
>Phgy_DNAzoo_DAB_7_partial_exon_2-4
AGCACTTTATGGAGCAGATGAAGGCTGAATGTCACTTTGTCAATGGGACTGAGCACGTGCAGTTTGTGGGGAGACTCATCTACAACCGCCAAGAGATCCTGCGCTTTGACAGCCACGTGGGGAAG
TTCTTGGCCTTGACTGAGCTGTGGCGGCCCATTGCGGAGCTAATGAACAGCCTGCTGGAAGCCCTGGAGCAAGCACGAGCCCAGGTGGCCAGGTGCAAAGACAACTATAGGTTGCTGAAGTCCTT
CTGGATGCTGAGGAAGGGTGATTGAGCCTGAAGTAACTGTGTATCCATCAAAGATGGCTCCCCTAGGATACCCGAACCAGCTTGTCTGTTTTATTACCGGTTTCTATCCTGGGGACATTGAGGTCA
AGTGGTTCTTGAATGGTCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGTCTGATTAGCAATGGAGACTGGACCTTCCAGATTCTGGTGATGCTGGAAATGATCCCCAAGCATGGAGATGTCTAC
>Phgy_DNAzoo_DBB_1
ATGGCTAACGCTTGGATCTCTGCCGGCTGTTGGAAGATTGGTCTGTTAATGACCTCGATGGTGTTGAGTCTACCTGCATCTTGGGCCAGGGACATCCCGGAGGATTTCGTGCTTCAGCACAAGTGT
GAATGTTACTTCACCAACGGCTCGGAGCGGGTGCGGCATATGTCTAGATACTTCTACAACTACCAGGAATACGTCCGCTACGACAGCGCCGTGGGGGAGTTCGTGGCCGTGACGGAGCTGGGGC
GGCCCTCTGCTGAGTACTGGAACAGTCAGAAGGACATCCTGGAGCAAATGCGAGCCGAGGTGGACACGGTGTGCAGACACAACTACGAGGCGACCAAGCCCTACACGGTGAACAGAAGAGTCC
AGCCCAGAGTGACCATCTCCCCCTCCCGGAGAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCTCTGGCTTCTACCCAAGCAAGGTCAAGGTCACCTGGCTCAAGAATGGGCGGGAGGAGACG
GCCGGGGTTGTGTCCACGGGTGTGATACAGAACGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGCGTGGAGCACGCCAGCCTAC
>Phgy_DNAzoo_DCB_1
ATGGTGTGTGTGGAGTTTCTGGGAAGCCCCTGTAGGACAGTCCTATTGATAGACAGATTGTGAGCACGCCCACAGCCTGGGGCAGGGAAATTCCAGGTAAAGATTTACGTACATCAGGTGAAGTC
CAAGTGTCACGTGGCCAATGGAATCCAACGGGTGCACTTCATGGGAAGACTCACCTACAACCAAGTGGAGTTTGTGTGCTTTGACAGGGATGTGGGACTATTTCAGGCAAGAATGGAGCTGTGG
AAATCCCAAGTCCAGAAATGGAACAGTCAGAAGGAGACAGTCAAGCATGCAAGGTCCATAGTGAATGTGTGCAGACACAACTATCTTTTATACGATAAATTCATAGTGCAAAGGAAAGCCCGAGG
TGATGGTGTATCCATCGAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGTTCCTGAACGGGCAGGAGGAGACAGCT
GGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTAGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAG
>Phgy_DNAzoo_DMB_1
ATGAGGTTACTCCACCTGCTACTAGTGGCCTTCAGCCTGGGTTTTCCAGCAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGCAAAAGACTTCACATA
TTGTATCTCCTTCAACAAGTATGTGTGGACCTGCTGGGACTCGGAGACTAACAAGATGGTCACTGTCAATTTTGGAATACTGCATCAATTGGCTGAGGAGGTTTCTGCTGCCCTCAATAATGACAGT
GCTTTGATAGACCGCCTGAGCAAAGGATTCCAGGACTGTGCCAGTCACACAAAGCCCTTCTGGGGCTCATTGACCCAAAGGACGCGGCCACCATCAGTGCAAATAGCTCAGACCACACCATTTAAC
ACAAGGGAGCCCGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCGTTTCATGGTTGAAGAATGGGCAGCCTATCCCAGACAGTGGCATCCAGAAGGCTGTACAATCCAAT
GGGGACTGGACTTATCAGACTCGATCCTACTTGGCCCTTACTCCCTCTAGTGGGGATATTTATACTTGCTACGTAGAGCACAGTGGGACTTCCCAGATCATCTTACAGACCTGGACGCCTGGCCTCT
>phci_DAB_1

88



ATGCTATGTGTGTGGACAAAAGTTCTGATGATGACCCTGCTAGTGCTGAATTCCCTAGTGGCTGCAGGCAGAGAAACTCCAGAGCACTTTATGGAGCAGATGAAGGCTGAGTGTCACTTTGGCAA
TGGGATTGAGCACGTGCGGTTTGTGGGGAGACTCATCTACAACCTCCAGGAGATCTTGCGCTTCGACAGTGATGTGGGGGAGTTCGTGGCCTTGACGGAGCTGTGGCGGCCCATTGCAGAGCTA
ATGAATAGCCTGGTGGAGGCCCTGGAGCAAGCGCGGGCCCAGGTGGCCATGTGCAGGGACAACTATAGGTTGTTGGAGTCCTGGATGCAGAAGAAGGttgAGCCTCAAGTGACTGTGTATCCATC
AAAGATTGCTACCCTAGAATACCCAAACCAGCTTATCTGTTTTGTTACTGGTTTCTATCCTGGGGACATTGAGGTAAGGTGGTTCCTGAATGGTCAGGAGGAGACATTTGGGGTTATGTCCACAGG
CCTGATTAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGATCCCCAAGTATGGACAAGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAACTCTGTCATTGTGGTCTG
>phci_DAB_2
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACATGCCCCAAAGCACTTCACGGAGCAGTTAAGTCC
GAGTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGG
ACGGCCCGATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGTGGACACTTGTGCAGGCACAACTACGGGGTGTCTGAGCCCTTCTTAGTGCGCAGGAGCGttGA
GCCTGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGA
GACGGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGCTCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGACGTCTACACCTGCCAAGTGGAGCACTCCAGCC
>phci_DAB_3
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGG
CCGAGTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTG
GGACGGCTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCGCGGTGGACACTTGTGCAGGCACAACTACGGGGTGTCTGAGCCCTTCTTACTGCGCAGGAGCGt
tGAGCCCGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGA
GGAGACGGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGCTCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGACGTCTACACCTGCCAAGTGGAGCACTCC
>phci_DAB_4
ATGGTGTGTGTGCTGTTCCCCAGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACATGCCCCAAAGCACTTCACCGAGCAGGCTAAGTC
CGAGTATCACTTTGAGAACAGGAGGGAGCACGTGCGGTTTGTGGATAGATACATCCACAACCGCGAGGAGTTTATGCGCTTCGACAGCTACCTGGGGGAGTATGAGGCGCTGACGGAGCTGGG
GCGGCCCAGTGCTGAGTATTATAACAGCCGCAAGGAGATTCTGGAGCAGAGACGAGCGGCAGTGGACTGGTTTTGCAGGGTCTGCTACAAGGTGTCTGAGCTCTTTTTAGTGCACAGGAGCGttg
AGCCCGAGGTGATTGTGCATCCATCAAAGATGGCTCCCCTGGGACACCACAATCTGCTTATCTGCTCTGTCAGTGGTTTCTATCCTGGGGACATTGAGGTCAGTCGTTACTGAATGGGCAGGAGGA
GACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGCTCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCC
>phci_DAB_5
ATGGTGTGTGTGCTGCTCCCCAGGGGCGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACATGCCCCAAAGTACTTCACGAGGCTGTTAAAGTT
CGAGTGTTACTTTGAGAACGGGACGGAGCACGTGCGGTATGTGGAGAGACACATCCACAACCGGGAGGAGCTCATGCGCTTTGACAGCGACGTGGGAGAGTATGTGGTGCTGATGGAGCTGGG
GCTGCGCGAAGCTGAGCATAGGAACAGTCAGAGAGAGATCCTGGAGAACGAACGGGCAGTGGTGGACACTTACTGCAGGCCCAACTACGAGGCTGCTGAGATCTTCTTACTGGGCAGGAGCTtt
GAGCCCGAGGTGATTGTGTATCCATCAAAGATGGCTCCTCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTACTATCCTGGGAACATTGAGGTCAGGTCGTTACTGAATGGGCAGGAG
GAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCA
>phci_DBB_1
ATGGTTGATGTTTGGATCTGTGCTGGCTGTTGGAAGATTGGTCTGTTAATGACATCACTGGTGTTGAGTCTACCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTTTCAGCACAAGGCT
GAGTGTTACTTCACCAACGGCACGCAGCTGGTGCGGCATGTTTGTAGATATATCTACAATGATGAGGAATACGCTCACTTCGACAGCGTCTTGGGGGAGTTCGTGGCTGTGACAGAGTTGGGGCA
GCCAAGCGCTGAGCGTTGGAACAATCAGAAGGACTTCCTGGAGAAAGAACAAGCCGTTGTGGACGCGGTGTGCAGATACAACTACGAGACAGACAAGTCTTTAGAGGTGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTACTAGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGCTCAAGAATGGGCAGGAGGAGACAG
CTGGGGTTGTGTCCAGGGGTGTTATACAAAATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGATTCCTCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCGTGCCAGCCTTCAG
>phci_DBB_2

89



ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTTCTTCTTGGGCCAGGGAGATCCCAGAGGATTTCGTGCTTCAGTTCAAGGCTT
ACTGTTACTTCACCAACGGCACGCAGCTGGTGCGGCATGTGTGTAGATATATCTACAATGATGAGGAATACGCTCACTTCGACAGCGACGTGGGGGAGTTCGTGGCTGTGACGGAGCTGGGGCG
GCCCGATGCTAAGTACTGGAACAGTCAGAAGGAAATCCTGGAGGAACAACGAGCCATTGTGGACACGGTGTGCCGACACAACTACGAGATAGATAAGCCCTTCACGGTGGACAGAAGAGTCCAG
CCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGCTCAAGAATGGGCAGGAGGAGACAGCT
GGGGTTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGATCCTAGTCATGTTGGAAATGATTCCCCAGAGCAGAGACATCTACACCTGCAGTGTGGAGCATGCCAGCCTGCAGAG
>phci_DBB_3
ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGTTCAAGGGA
GAGTGTTACTTCACCAACAGCACGGAGCGGGTGCGGCTTGTGGCCAGACGCTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGC
GGCCCGATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAATATCGAGCTTACGTGGACACGGTGTGCAGACACAACTACGAGATAGAGAAGCCCTTCGCGGTGGACAGAAGAGTCC
AGCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTGTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGCTCAAGAATGGGCAGGAGGAGACA
GCTGGGGTTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGATCCTAGTCATGTTGGAAATGATTCCCCAGAGCAGAGACATCTACACCTGCAGTGTGGAGCATGCCAGCCTGCA
>phci_DCB_1
ATGGTATGTGTGGAGCTTCTGGGAAGCCTCTGTATGACAGTCTTATTAATGGTGCTGAGCAGGCCCACAGCCTGGGGCAGGGACATTCCAGGTAAAGAATTACCTACATCAGGTGAGGTCTGAGT
GTCACATGACCAATGGAACCCAACGGGTCCGCTTTGTGGGAAGACTCATCTATGACCGGAAGGAGTTTGTGCACTTTGACAGTGACGTGGGACTATTTGAGGCAAAAATGGAGTTGTGGAGATCC
CAAGTCCAGAAATGGAACAGTCAGAAGGAAATAGTCAAGACTGCAAGGTCCATAGTGAATGTGTGCAGACACAATTACCTTTTATATGATAAACTCATAGTGCAAAGGAAAGccccgaGTGAAGGT
TTTCCCCTCAAAGATACAACCACTTGGGCACCACAACCTGCTCCTCTGTTCCGTGACCAGTTTCTATCCTGGTGAGATCAAGGTCAGCTGGTTCAGGaatgcaaaagaagaaaagtctGGAGTCCTGTCCA
CAGGCCAAATCCAGAATGGTGACTGGACCTTCCAGACCCTTGTGATGCTAGAAGTGACCCCCCAAAGAGGAGATGTCTTTACTTGCCATGTGGACCATGTCAGCTTGCAGAGCCCTATCACCGTAG
>phci_DMB_1
ATGAGGTTACTCCACCTACTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCAC
ATATTGTATCTCCTTCAACAAGGATGTGCTGACCTGCTGGGACTCAGAGGCTAACAAGATGGCTGCTGTTGATTTTGGGATCCTGAATCCATTAGCTAAAAAGCTTTCTGAAATCCTCAGTAACGAT
AGTGCTTTGATGGACCGTCTGAGCAAAGGACTCCAGGACTGCGCCATTCACACAAAGCCCTTCTGGGGAGCGTTGACCCAAAGGACACGGCCACCATCAGTGCAAATAGCCCAGACCACACCTTT
CAACACAAGGGAGTCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTggccattttatggttgaagaatGGGCAGCCTATCCCAAACAGTGGCATCCAGAAGGCTGTACAATCCAATG
GGGACTGGACTTATCAGACACGATCCTACTTACCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCCATGTAGAGCACAGTGGAACTTCCCAGCCTATCTTGCAAACCTGGACACCTGGCCTCTCT
>Gyle_DNAzoo_DAB_1
ATGGAATGTGCGTTGCTCCCCATGGGCATCTGGACAGAGGTTCTGGCTGTGATCTTGCTGGTGCTGACTTCCCAAGGGACTGCAGGCAGACATGCCCCAGagcACTTCACGGAGCAGTTCAAGGGC
GAGTGTTACTTTGTGAATGGGACGCAGCACGTGCGTCACCTGGAGAGATACATCTACAACCGGGAGGAGTACGCGCGCTTCGACAGCGACGTCGGGGAGTACGAGGCGGTGACGGAGCTGGGG
CGGCGCAGTGCTGAGTACTGGAACAGCCAGAAGGAGCTCCTGGAGCAGAAACGGGCAGAGGTGGACACTTTCTGCAGGCCCTGGTACCAAGAGTCCTTAGTGCGCAGGCGCGGTgaTTGAGCCT
GAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGCAGACA
GCTGGGGTTGTGTCTACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACGCCAGCCTTCA
>Gyle_DNAzoo_DAB_2
ATGGTGCGTGTAATGCTCCCCCAGGGCATCTGGACAGAGGCTCTGGCTGTGACCCTGCTGGTGCTGACTTCCCAGGTGGCTGCAGGCAGACATGTCCCAGagCACTTCATGGAGCAGGTGAGGTC
CGAGTGTCACCATGAGAACGGGACGCAGCACGTGCGGTATGTGCAGAGATACATCTACCACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTTGGGGTGTTTGAGGCGGTGACAGAACTGGG
GCGGCGCAGTGCTGAGTACTGGAACAGCCAGAAGGAGATCCTGGAGCAGAAACGGGCCGCGGTGGACACTTTCTGCAGGCACAACTACCAGGGGTCTGAGCCCTTCTTAGTGCGCAGGCGCGG
TGAtTGAGCCTGAGGTGATTGTGTATCCATCAAAGATGGCCCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCCTGAATGGGCA
GGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGTTGGAAATGACCCCCAAGCATGGAGATGTCTATACCTGCCAAGTGGAGCAC
>Gyle_DNAzoo_DAB_3

90



ATGGTGTGTATCTTGCTCCTCCAGGGCATCTGGACAGAGATTCTGGCTGTGACCCTGCTGGTGCTGACTTCCCAAGTGACTGCAGGCAGACATGCCCCAGAGCACTTCAAGGAGCAGATGAAGTCC
GAGTGTTACTTTGAGAACGGGACGCAGCACGTGCGGTTTGTGAAGAGACACATCACCAACGGGGTGGAGACTGTGCCCTTCGACAGCGCCGTGGGTGTGTTTGAGGCGCTGACGGAGCTGGGG
CGGGAGGATGCTGAGCATTGGAACAGCCAGAAGGATTACCTGGAGCAGAAACAGGGCCAGGTGGACAATTACTGCAGGCAAAACTACCAGGTGTTGAAGCCCTTAGTGCGCAGGCGCGGTGAC
CAGAGGTGATTGTGTATCCATCAAAGATGGCCCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGCAGA
CAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGAAGCACTCCAGCCTT
>Gyle_DNAzoo_DAB_4
ATGGTGTGTGTCTTGCTCCCCAAGGGTGTCTGGATAGAAGTTCTGGTTGTGACTTTGCTGGTGCTGAATTCTCAGGTGGCTGAAGGGAGACATGCCCCTGAGCACTTCACCGAGCAGAGAAAGGC
CGAGTGTCACTTTGTGAATGGGACAGAGCACATACGGTATGTGCTGAGATGCATCCACAACAGGGAAGAGATTGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGCTGACCGAGCTGGG
GCGGCCCGAGGCTGAGTATTGGAACAGCCAGAAGGAGATCGTGGAGTACAGACGCGACCTGGTGAACACTTACTGCCGGCCCAACTACCGGAGGATTGAGTACTTTTTAAAGcgcaggagaggtgac
TCAGCCAGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTTTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGA
GGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGACCCTGGTGATGTTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCC
>Gyle_DNAzoo_DAB_5
ATGGTATGTCTCTTGCTCCCCACAGGCTTCTGGATACAAATTCTGGCTGTGACCCTGTTGTTACTGAATTCTCAGATGATTGCAGGCAGACACATGGCAGGGCACTTCATGGGGCAGGCAAAGGCC
GAGTGTCACTTTGTGAACGGGACGGAGAACGTGCGGTTTGTGGTGAGATTCATCTACAATCGTGAGGAGTACGCGCGCTTTGACAGCGccgtggggttttttttggcggTGACAGAACTGGGGCGGCCCG
ATGCTGAGCTTTGGAACAGCCAGAAGGAGCTCCTGGAGAACACACGGGCCTCGGTGGACACTTTGTGCAGGCATAACTACGAGTTGTCTGAGCTTGTCTTACGGCGCTGGAAAGtTGAGCCCAAG
GTGATTGTGTATCCATCAAAGATGACTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCT
GGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGACCCTGGTGATGTTGGAAATGACCCCCAAGCATGGAGATATCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAA
>Gyle_DNAzoo_DAB_6
ATGGTGTGGGTCTTGCTCCCCCCGGGTGTCTGTATAGAGGCTCTGGTTGTGGCTCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACACACTCCAGACCACTTCATGGAGCAGGTGAAGGG
TGAATGTTACTTTGTGAACGGGACGCAGCACGTGCGGTTTGTGCTGAGGGCCATCTACAACCGGGAGGAGTACGCGCGCTTCGACAGCGCCGTGGGGGAGTTCGTGGCGGTGACGGAGCTGGG
GCGGCCCACTGCTGAGAAAGTGAAAAGACGGAAGGATTACCTGAAGCGCCTACGGGCCGCGGCGGACAATTGCAGGCAAAACTACGAGGTGTTGGAGTCCTTCTTAGTGCAAAGGCGCGGTGAt
tGAGCCTGAGGTGATTGTGTATCCATCAAAGATGGCCCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGA
GGAGACAGCTGGGGTTGTGTCCACAGGACTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCC
>Gyle_DNAzoo_DAB_7
ATGCTGTGTGTGTGGACAAAAGTTCTGATGATGACCCTGCTGGTGCTGAATTCCCTCCTGGCTGAAGGCAGAGACAGCCCAGAGCACTTTATGGAGCAGACGAAGGCTGAGTGTCACTTTATCAA
TGGGACTGAGCATGTGCGATTTGTGGGGAGACTCATCTACAACAGACAGGAGATTCTGCGCTTTGACAGCGACGTGGGGGAGTTTGTGGCCTTGACTGAGCTGGGGCGGCCCATCGCGGAGCTA
ATGAACAGTGTGCTGGAGGCCCTGGAGCAAGCACGGGCCCAGGTGGCCTGGTGCAGACACAGCTATAGGTTGTTGGAGTCCTGGATGAAGAGGAGGGGTGAttgAACCTGAAGTAACTGTGTAT
CCATCAAAGATGGCTCCCCTAGGATACCCAAACCTGCTTGTCTGTTTTGTTACTGGTTTCTATCCCGGGGACATTGAAGTCAAGTGGTTCTTGAATGATCAGGAGGAGACAGCTGGGGTTGTGTCA
ACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCTAAGCATGGAGATATCTACACCTGCCAAGTGGAGCATGCCAGCCTTCAGAAACCTGtcattgtggt
>Gyle_DNAzoo_DAB_8
ATGCTATGTGTCTTGCTCCCCAAGGACATCTGGATAGAGGTTCTGGCTGTGACCCTGCTGGTACTAACTTCCCAGGTGGCTACAGGCAGACATGCCTCAGAGCACTTAGTGCAGGCTAAGTCCGAG
TGTTACTTTGAGAACGGGACACAGCACGTGCGATTTGTGGAGAGACACATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGCCGTGGGGGAGTACGTGGCGGTGACCGAGCTGGGGCGG
CGCAGTGCTGAGCTTTGGAACAGTCAGAAGGAGCTCCTGGAGCAGAAACGGGCTCGAGTGGACACTTACTGCAGGCACAACTACCAGGAGATTGAGCCCTTAGTGCGCAGGAGCGtTGAGCCAA
AGGTGATTGTGTATCCATCAAAGATGGCCCCCCTGGGACACCAcaatctgcttgtctgctctgtCACTGGTTTCTATCCTGAGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGCAGACAGCTGGG
GTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGTTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAAACC
>Gyle_DNAzoo_DBB_1

91



ATGGTTGATGTTTGGATCTCTGCTGGCACCTGGAAGATTGATCTGTTAATTACACTAACAGTGTTGAGTCTACCTGTATCTTGGACCAGGGACAGCCCAGAGGATTTCGTGTATCAGCACAAGGGG
GAGTGTTACTTCACCAACGGCTCGGAGCGGGTGCGGTTTGTGGCTAGATACATCTACAATGACCAGGAGGATGTCCGCTTCGACAGCGACGTGGGGGTGTTCGTGGCTGTGACGGAGCTGGGGC
GGCCCGATGCTGAGTCCTTCAACAGTCAGAAGGAGATCCTGGAGGAACATCGAGCCTACGTGGACGCGCTGTGCAGACACAACTACGAGATAGACAAGCGCTTCACGTTGGACAGAAGAGtCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGCTCAAGAATGGGCAGGAGGAGACAG
CTGGGGTTGTGTCCACGGGTGTGATACAGCATGGAGACTGGACCTACCAGACGCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAG
>Gyle_DNAzoo_DBB_2
ATGGTTGATGTTTGGATCTCTGCTGGCAGCTGGAAGATTGATCTGTTAATGACACTGACAGTGTTGAGTCTACCTGCATCTTGGACCAGGGACATCCCAGAGGATTTCGTGTATCAGTACAAGGCG
GAGTGTTACTTCACCAACGGCTCGGAGCGGGTGCGGTTTTTGTATAGAGACATCTACAATGGCCAGGAGGATGTCCGCTTCGACAGCGACGTGGGGGTGTTCGTGGCTGTGACGGAGCTGGGGC
GGCCCGATGCTGAGTACTGGAACAGTCAGAAGGAGATCCTGGAGGAAAAACGAGCCACCGTGGACACGGTGTGCAGACACAACTACGAGGTATACAAGCCCTTCACGTTGGACAGAAGAGtCCA
GCCCAGAGTGACCATCTCCCCCTCCAGGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGCTCAAGAATGGGCAGGAGGAGACAG
CTGGGGTTGTGTCCACGGGTGTGATACAGCATGGAGACTGGACCTACCAGACGCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAG
>Gyle_DNAzoo_DBB_3
ATGGTTGATGTTTGGGTCTCTGCTGACAGCTGGAAGATTGATCTGTTAATGACTTTGATGGTGTTGAGGCTACCTGCATCTTGGGCCAGGGACGTCTCACATAAATCTACAATGGCCAGGAATTTG
CTCGCTTCCACAGTGACATCGGGGAGTTCGTGGCTGTGATGGAGCTGGGCCGGCCAAGAGCTAAGTACTAGAACAGTCAGAAGGAGACCCTGGAGAACGCACGAGCCACCGTGGACGCGCTGT
GCAGATACAACTAGAGATTGACAAGCGCTTAGCGGTGGACAGAAGAGtcCAGCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTA
TCCAAGCAAGATCAAGGTCTCCTGGCTCAAGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACGGGTGTGATACAGCATGGAGACTGGACCTACCAGATGCTGGTCATGTTGGAAATGACT
CCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAGAGCCCCATCAGTGTGGAATGGAGGGCATAGTCTGAATCTGCCCAGAGCAAATTGCTGAGTGGAATTGGAGGCT
>Gyle_DNAzoo_DMB_1
ATGAGGTTACTCCACCTGTTACTAGTGGGCTTCAGTCTGGGCTTTTCAGGAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATA
TTGTATCTCCTTCAACAAGGCTGTGTTGACCTGCTGGAACTCAGAGACTAACATGATGACCACTGTTGATTTTGGAATACTATATCCATTAGCTGAGGAGATTTCTGCAAGCCTCAATAATGACAGT
GCTTTTATAGACCACCTGCGCAAAGGACTGCAGGACTGTGCTAGTCACACAAAGCCCTTCTGGGGATCACTGACCCAAAGGACACgGCCACCATCAGTGCAAGTAGCCCAGACCACACCATTTAAC
ACAAGGGAGCCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGCCAGCCTATCCCACACAGTGGCATCCAGAGGGCTGTACAATCCAAT
GGAGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATACTTACACTTGTCATGTAGAGCACAGTGGGACTTCCCAGATCATCTTACAGACCTGGACACCTGGCCTCC
>Pegr_tran_DAB_1
ATGGTGCGTGTAATGCTCCTCCAGTACATCTGGACAGAGGTTCTGCCTGTGACCCTGCTGGTGCTGACTTCCCAAGGGACTGAAGGCAGACATGCCCCAGAGCACTTCATTGAGTATTCTACCTCG
GAGTGTCACTTTGAGAACGGGACGCAGCACGTGCGGTTTATGGATAGATACTTCTACAACCGGGAGGAGTTAGTGCGCTTCGACAGCGACGTGGGTGTGTTTGTGGCGGTGACGGAGCTGGGGC
GGCCGGATGCTGAGTACTGGAACAGCCAGAAGGAGTACCTGGAGCGTGGACGGACCGCGGTGGACACTGTCTGCAGGCACAACTACGAGCTGTCTGAGCCCTTCTTAGTGCACAAGCGCGTTGA
GCCCGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACCGGTTTCTATCCTGGCGACATTGAGGTCAAGTGGTTCCTGAATGGGCAGGAGGA
>Pegr_tran_DAB_2
ATGGTGCATGTGTTGCTCCCCACAGGCATCTGGACAGAGGTTCTGCCTGTGACCCTGCTGCTGCTGACTTCCCAGGTGGCTGCAGACAGACATGTCCCAGAGCACTTCACGGTGCAGGCTAAGTGC
GAGTGTCACTTTGAGAACGGGACGCAGCACGTGCGGTTTATGGATAGATACTTCTACAACCGGGAGGAGTTAGTGCGCTTCGACAGCGACGTGGGTGTGTTTGTGGCGGTGACGGAGCTGGGGC
GGCCGGATGCTGAGTACTGGAACAGCCAGAAGGAGTACCTGGAGCGTGGACGGACCGCGGTGGACACTGTCTGCAGGCACAACTACGAGCTGTCTGAGCCCTTCTTAGTGCACAAGCGCGTTGA
GCCCGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACCGGTTTCTATCCTGGCGACATTGAGGTCAAGTGGTTCCTGAATGGGCAGGAGGA
>Pegr_tran_DBB_1

92



ATGGTTGATGTTTGGATCTCTGCTGGTAGCTGGAAGATGGATCTGTTAATGACATTGATGGTGTTGCGTCTACCTGCATATTGGACCAGGGACATCCCAGAGGATTTCGTGTTTCAGCACAAGTGT
GACTGTTACTTCACCAACGGCACGGAGCGGATGCGGTTTGTGGCTAGATACATCTACAATGACCAGGAATATGCCCGCTTCGACAGTGACGTGGGGGAGTTCGTGGCCGTGATGGAGCTGGGGC
GGCCCGCTGCTGAGTGCTGGAACAGTCAGAAGGAGATCCTGGAGGAACATCGAGCCTACGTGGACACGCTGTGCAGACACAACTACAAGGCTTACATGCCCTTCACGGTGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAG
>Pegr_tran_DBB_2
ATGGTTGATGTTTGGATCTCTGCTGGTAGCTGGAAGATGGATCTGTTAATGACATTGATGGTGTTGCGTCTACCTGCATATTGGACCAGGGACATCCCAGAGGATTTCGTGTTTCAGCACAAGTGT
GACTGTTACTTCACCAACGGCACGGAGCGGATGCGGTTTGTGGCTAGATACATCTACAATGACCAGGAATATGCCCGCTTCGACAGTGACGTGGGGGAGTTCGTGGCCGTGATGGAGCTGGGGC
GGCCCGCTGCTGAGTGCTGGAACAGTCAGAAGGAGATCCTGGAGGAACATCGAGCCTACGTGGACACGCTGTGCAGACACAACTACAAGGCTTACATGCCCTTCACGGTGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAG
>Pegr_tran_DMB_1
ATGAGGTTACTCCACCTGTTACTAGTGGGCTTCAGTCTGGGTTTTTCAGGAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATA
TTGTATCTCCTTCAACAAGGCTGTATTGACCTGCTGGAACTCAGAGACTAACAAGATGACCACTGTTGATTTTGGAATACTATATCCATTAGCTGAGGAGATTTCTGCAAGCCTCAATAATGATAGT
GATTTTATAGACCACCTGAAAAAAGGACTCCAGGACTGTTTTAGTCACACAAAGCCCTTCTGGGGATCACTGACCCAAAGGACACGGCCACCATCAGTGCTAGTAGCCCAGACCACACCATTTAAC
ACAAGGGAACCAGTGATGTTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCTATCCCACACAGTGGCATCCAGAGGGCTGTACAATCCAAT
GGGGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGTCATGTAGAGCACAGTGAGACTTCCCAGATCATCTTACAGTCCTGGACACCTGGTCTCC
>Pegr_tran_DMB_2
ATGAGGTTACTCCACCTGTTACTAGTGGGCTTCAGTCTGGGTTTTTCAGGAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATA
TTGTATCTCCTTCAACAAGGCTGTATTGACCTGCTGGAACTCAGAGACTAACAAGATGACCACTGTTGATTTTGGAATACTATATCCATTAGCTGAGGAGATTTCTGCAAGCCTCAATAATGATAGT
GATTTTATAGACCACCTGAAAAAAGGACTCCAGGACTGTTTTAGTCACACAAAGCCCTTCTGGGGATCACTGACCCAAAGGACACGGCCACCATCAGTGCTAGTAGCCCAGACCACACCATTTAAC
ACAAGGGAACCAGTGATGTTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCTATCCCACACAGTGGCATCCAGAGGGCTGTACAATCCAAT
GGGGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGTCATGTAGAGCACAGTGAGACTTCCCAGATCATCTTACAGTCCTGGACACCTGGTCTCC
>Lahi_DAB_1
ATGCTATGTGTCTTACTCCCCCAAGGTATCTGGACAGAGGTTCTGGCTGTGATCCTGCTCGTGCCGAATTCCCAGATGGCTGCAGGCAGGCATGCCTCAGAGCACTTCATGGAGCAGAAAAGGCCG
AGTGTGACTTTGTGAACGGGACGCAGCTCGTGCGGTTTGTGGAGAGGCACATCTACAACCGGGAGGAGTTCGGGCGCTTTGATAGCGACGCGGGGGAGTTTGTGGGGGTGTCGGAGCTGGGCT
GGCGCGGTGCGGACAGCTGGAACAGCAGGAAGGAGCTCCTGGGGCAGAAACGCGCCCGAGGGGACACTTTCTGCAGGCACACCCACAAGGTGATCGAGCCCTTCTCAGTGCGCAGACCCGTTG
AACCTGAGGTGACTGTGTATCCATCAAAGATGGCTCCCTCGGGACACCACAACCTGCTTGTCTGCTCTGTTACTGGTTTTTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAACGGGCAGGAGG
AGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGTGTGGTGATGTCTACAGCTGCCAAGTGGAGCACTCCAGC
>Lahi_DAB_2
ATGGTGTGTGTCTTGTTCCCCCAGGGTATCTGGATGGAGGTTCTGACACTGCTGGTGCTGAATGCTCAGGTGACTGTAGGCAGACATGCCCCAGAGCACTTCACGGAGCAGGTGAAGGGCGAAT
GTTACTTTGTGAACGGCACTGAGCACGTGCGGTTTGTGATGAGGGCCATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGATGACGCCGCTGGGGCGCCT
CACGGCGGAGTTTGGTAACAGCCAGAAGGAGTTCATGGACCACTTACGGGAGGCGGTGGACACTTACTGCAGGCACAACTACGAGGGGATCGAGCTCTTCACAGTGCCCAGGAGCGGTGATTCA
GCCTGAGGTGACTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCCTGAATGGGCAAGAGGA
GACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCCTGGTGATGCTGGAAATGACCCCTAAGCATGGAGATATCTACACCTGCCAAGTGGAGCACTCCAGCC
>Lahi_DAB_3

93



ATGGCATGTGTCTTGCTTCACAGAGGCATCTGGACAGAGGTTCTGACTGTGACTCTGCTGGTGCTGAATTCCCAGGTGACTGCGGACAGACATGCCCCAGAACACTTCATGGAGCAGAGAAAGGT
CGAGTGTCACTTTGTGAATGGGACAGAGCATGTGCGGTATGTACTGAGATGCATCCATAATAGGGAGGAGATCCTGCGCTTCGACAGTGATGTGGGGAAGTTTGTGGCACTGACAGAGCTGGGC
CGGCCTGAGGTTGAGTATTGGAATAGCCAGAAGAACATCCTGAAGTATAGACAAGATCAAGTGAACACTTACTGCAGGCCCAACTACCAGGCTGTTAAAGTCTTTTCACAGAGCAGGAACGTGAA
CCTGAGGTGATTGTGTATCCATCAAAAATGGCTCTCCTGGGATATCACAACCTGCTTGTCTGCTCTGCCACTGGTTTCTATCCTGGAGACATTGAGGTCAAGTGGTTCCTGAATGGGCAAGAGGAG
ACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCTTGGTGATGCTAGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGAAGCACTCTAGCCT
>Lahi_DAB_4
ATGTCTTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGACTTCCCAGGTGGTTGCAGGCAGAAATGCCCCAAAGCACTTCACGGAGCAGGTGAAGTCCGAGTGT
CACTTTGTGAACGGGACGCAGCACGTGCGGTTTGTGAAGAGATACATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACAGCGCCGTGGGGGAGTTCGTGGCGGTGACGGAGCTGGGG
CGCCGCGATGCTTTGAGCCCGAGGTGATTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCT
GAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATGTCTACACCTGCCAC
>Lahi_DAB_5
ATGCTCTGTGTCTCCGTCTCCAGAGGCATCTTGACAGAGGTCCTGGCTATGACCCTGCTGGCACTGAATTTCCAGGTGGCTGCAGGCAGACATGTCCCAGCTGATGGTCTCTTCTTAGGCTTCCTCT
TTCAGGAACTTTCTGCTGAACCTGCCCCTGTCAACCTCCCTCAGCTCTTGGGTATTTTCTCCTCTCTTGGTTCTCTGCTTACCTGTCTGGTCACTTTTTCTCAGTTCCGCTGACGGAGCTGGGGCGGGG
GATTGCGGAGGGTTGGAACAAACGGAAGGAGCTCCTGGAGGACGAACGGGCCTACGTGGACACTTTCTGCAGGCACAACTACGGGGTGTTTGAGCCCTTCTCAGTGCCCAGGCGGGGTGATTG
AGCCCGAGGTGATTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTGTGCTCTGTCACTGGTTTCTATCCTGGAGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGA
AGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATGTTGGTGATTCTGGAAATGACCCCCAAGCGTGGTGATATCTACACCTGCCAAGTGGAGCACTCCAGC
>Lahi_DAB_6_partial_exon_2-4
AGCACTTCACGGAGCAGGCAAAGTATGAGTGTTACTTTGTGAACGGGACGCAGCACGTGCGGTTTGTGGAGAGATATATCTACAACCGGGAGGAGTTTATGCGCTTCGACAGCGACGTCGGGGT
GTACGTGGCGCTGACGGAGCTGGGGCGGGGGATTGCTGAGGGTTGGAACAGCCAAAAGGATTACATGAAGAGCAGACGGGGCGTGGTGGACACTTTGTGCAGACCCAACTACGGGGTGTCTG
AGCCCTTAGTGCGCAGGCGCGGTGATTCAGCCCAAAGTGATTGTGTATCCTTCAAAGATGGCTCCCCTGGGACACCACAACTTGCTTGTCTGCTTTGTCACTGGTTTCTATCCTGGGAACATTGAGG
TCAGATGGTTCCTGAATGGGCAGGAGAAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAATCGTGGTGATGTC
>Lahi_DBB_1
ATGCTTGATGTTTGGATCTTTGTTGGTTACTGGAAGATTGGTCTGTTAATGACTTCGATGCTGTTCAGTCTGTCTGCATCTTGGGCCAGGGACGTCCCACAGAATTTCTTGTATCAGGACAAGGCTG
AGTGTTATTTCACCAACGGCATGGAACTGGTGCTCTTTGTGGTTAGATAGTCTACGAAGACCAGAAATTTCTCCGCTTTGACAGCGACGTGGGGAAGTTCCTGGCGGAGGGAGCTGGGCGGAGTC
AGGCTGAGTACTGGAACAGTCTGGAGGAGATGCTGGAGCAAAATCAAGCCGCCGTAGAAACGCTGTGCAGATACAACTACGACGTTGGCAAGCCTTTCATGGTAGACGGAAGAGTACCAGACCC
TGGTCATGTTGGAAATCACTCCCCAGAGCAGAGATGTCTACAGCTGCAGTGTGGAGCATGCCAGCCTACAGAGCCCCATCAGTGTGGAATGGAGGGCACAGTCTGAATCTGCCCAGAGCAAACTG
>Lahi_DCB_1
ATGGAACATGTGGAGTTTCTGGGAGACCCTGTATGACAGTCATACTGATAGTACTGAGCACACCCACAGACTGAGGCAGGGACATTCCAAAGAATTACCTACATCAGATGGGGTCTGAGGGTCAC
ATGATCAATGGAACCCAACAAGACTCATCTACAACCAGGTGGAGTTTGTGCACTTTGATAGTGATATGGGACTATTTCAGACAAGCTGTGGAAATCCCAAGTCCAGAAATGAAACAGTAAAAAGG
AGAAAGTCAAGCATGCAAGGTCCATAATGAATGCGTGCAGAGGCAATTTTCTTTTATATGACAAATTCATAGTGCAAAGGAAAGCCCCTAGTGAAAGTTTTACCCCCAAAGATACAACCACCTGGG
CACCACAACCTGCTCCCCTGTTCTGTGATGTTTCTGTGCTGGTGAGATCAAGATCAATTGATTCAGGATCACAAAAGAAGAGAAGACTTGAATCCTGTCCACAGATCGAATTCAGCACAGTGACTG
GACCTTCCAAACCCTTGTGATGCTAGAAATGGCCCCCCAAAGAGAAGATGTCTTTACTTTCCATGTGGACCATGTCAGCTTGCAGAGCTCTGTCATTGTAAACTGGAGAGCACATTCTGAATCTTCC
>Lahi_DMB_1
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ATGACATTACTCTACCTGCTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAACAGGGGGCTTTGTGACTCATGTGGAGAGTGACTGTATACTGGATGAAGAAGGATCCGTAAAGGACTTCCAATAC
TGCATCTCCTTCAACAAGGATGTGTTGACCTGCTGGGACTCAGATACTAGCAAGATGGTCACTGTTGATTTTGGAATACTGCATCAGTTAGCTGACCAGCTTTCTGACGCCCTCAATAATGATACTG
CTTTGATAAACCACCTGAGCGAAGGATTCCAAAACTGTGCCAGTCACACAAAGCCCTTCTGGGGATCACTGACCCACAGGACACGGCCACCATCAGTGCAAGTAGCTCAGGTCACACCATTCAACA
CAAGGGAGCCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCGTGGTTGAAGAATGGGCAGCCTGTCCCACACAGTGGCATCCAGAAGGCTGTACAATCCAAT
GGGGACTGGACCTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCTTTGTAGAGCATGGTGGGACTTCCCAGGCCATCTTACAGACCTGGACACCTGGCCTCT
>Noty_DNAzoo_DAB_1
ATGGTATGTGTCTTGCATGTTAAGAGGATCTGGATAGAGATTCTGGCTGTGACCCTGCATGTGATGACTTCCCAGGTGGCTACAGGCAGACACATCCCAGAGCACTTCACATTGTATACTACTTCTG
AGTGTTACTTCGTGAACGGCACGGAGCACGTGCGGTATGTGCAGAGATTCATCTACAGCCCGGAGGAGTACGCGCGCTTCGACAGTGACGTGGGGAAGTATGTGGCGCTGACCGAGCTGGGGC
GGCCCCAAGCGCAGTATTGGAACAGCCAGGAGGAGCTCCTGGAGGACAAACGGGCCCGGGTGGACACTTACTGCAGGCACAACTACCAGGTGTCTGAGCCCTTCTTAGTGCGCAGGCGCGGTGA
TGGAGCCCGAGGTGATTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGATTGTCTGCTCTGTCAGTGATTTCTATCCTGGGGATATTGAGGTCAGGTGGTTCCTGAATGGGCAGG
AGGAGACAGCGGGGTTGTCCACAGGCTTGATCAGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAG
>Noty_DNAzoo_DAB_2
ATGGTGTGTGTTTTGTTCTCCAAGGGTGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAAGCAGACACACCCCAGGTAAAGCATTTCATGGAGCAGGCCA
AGTGAGTGTTACTTCGTGAACGGTACGGAGCACGTGCGGTTTGTGGAGAGAACATACACAACCGGGAGGAGTATGCGCGCTTCGACAGTGACGTGGGGAAGTACGTGGCGCTGACCGAGCTGG
GGCGGCACCAGGCGGAGTATTTGAACAGCCAGGAGGATATTCTGGAGGACAGAAACGGGCCTCGGTGGACACTTACTGCAGGCACAACTACCAGGTGTCTGAGCCCTTCTTAGTGCGCAGGCGC
GGTGATGGAGCCCGAGGTGATTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGATTGTCTGCTCTGTCAGTGATTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGG
GCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCTTGATCAGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCAAGTGGAGC
>Noty_DNAzoo_DBB_1
ATGGTTGATATTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCAGTTCTGTTAAATCTACCTGTATATTGGGCCAGGGATATCCCAGATGATTTTGTGATCCAGGAAAAGGGTG
ACTGTTACTTCACCAACGGCACGGCGAAGGTGCGGCACGTGTATAGATACATCTACAGTGACCAGGAGATTGTCCGCTTCGACAGCGACGTGGGGAAGTTCGTGGCCCTCGCGGAGCTGGGGCG
GCCCGATGCTGAGTATTGGAACAGTCCGGAGGACTTCCTGGAGCGTCAGCGAGCCTGCGTGGACGAGCTGTGCAGACACAATTAGGACACCGACAAGCCCTTCACGGTGGATAGAAGAGTCCGC
CCCACTGTGACCATCTCCCCCTCTAAGTCAGAGCCCTCGCAGCACCTACTGGTCTGCTCTGTCACTGACTTCTATCCAAGCAAAGATCAAGGTCAGCTGGTTCAAGAATGGGCAGGAGGAGACAGC
TGGGGTCATGTCCACAGGAGTGATGCAGAATGGAGACTGGACCTACCACACCCTGGTCATGTTGGAAATGACTCCCCAGAGAAGAGATATCTACGCCTGCAGCGTGGAACATGCCAGCCTAGAG
>Noty_DNAzoo_DBB_2
ATGGTGAATATTTGGATCTCCTCTGGCTGCTGGAAGATTGGCATGTTAATCCTTGATGGCATTAAATCTACCTGTACCTTGGGCCAGGGACATCCCAGGATTTCGTGATTCAGGCCAAGGGTGACT
GTGATTTCATCAACAGCACGGAGTAGGTGCGGCATGTGTATAGATACATCTACAATGACCAGGAGACCGTTCGCTTCGACAGCGACGTGGGGAAGTTCGAGGCCATCACGGAGCTGGGGCGACG
ACAGGCTGAGGATTGGAACAGACAGAAGGACATGGTGGAGCATCATCGAGCCTGCGTGGACGAGGTGTGCAGACACAACTATGAGATAGAAAAACCCTTCACGGTGAACAGAAGAGGTGATCA
AGCCCACAGTGACCATCTCCCTCTCTAAGACATAGGCCCTGCATCACCTGCTGGTCTGCTCTGTCACCGGCTTCTATCCAAGCAAGATCAAGGTTAGCTGGTTCAAAAATGGGCAGGAGGAGACAG
CTGGAATTATGTCCACGGGTGTGATGCAGAATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAACTACTCCCCAGAACAGAGATGTCTACAACTGCAGTGTGGAGCATGCCAGCCTAGAG
>Noty_DNAzoo_DBB_3
ATGGTTAATATTTGGATCTCTGCTGGCTACTGGAATATTGGTCTGTTGATGACATCCACGGTGTTAAGTCTACCTGTATCTTGGGCCAGAGATGTCCCGGAGGATTTCGTGATCCAGGGCAGGTATT
ACTGCTACTTCACCAACGGCACGGAGAAGGTGCGGTTTGTGTATAGATACATCTACAATGACCAGGAGATTGTCCGCTTCGACAGCGACGTGGGGAAGTTCGTGGCCATCACGGAGCTGGGGCG
GCCCGATGCTGAGTATTGGAACAGTCAGGAGGACACGGTGGAGGAATATCGAGCCTACGTGGACACGGTGTGCACACACAACTACAAGACAGAAAAGCCCATACCGTTGGATAGAAGAGTCCG
GCCCACAGTGACCATCTCCCCTCTAAGTCCGAGGGCGCAGCACCTGCTGGTCTGCGCTGTCACTGACTTCTATCCAAGGAAGATCAAGGTCAGCTGGGCCAAGAATGGGCAGGAGGAGACAGCTG
GGGTTGTGTCCACGGGTGTGATCCAGAATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAGATGACTCCCAGAGCAGAGATGTCTACACCTGCAGCGTGGAGCATGCCAGCCTCAAGAGC
>Noty_DNAzoo_DMB_1
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ATGAGGTTACTTTACCTACTATTAGTGGACTTCAGCCTGGGTTTTTCAGGACATTTTTCAGCAGGGGGCTTTGTTACCCATGTGGAGAGTGGCTGTGTACTGGATGAAGATGGATCAACAAAAGAC
TTCACATATTGTGTCTCCTTCAACAAGGATGTGTTGAGCTGCTGGAACTCAGAGATTAAGCAGATGGTCACCGTTGACTTTGGGATGCTGAATCCATTAGCTGACTACCTTTCTAAAAATTTAAATAA
TAGGAGTACCTTGATAGACTACCTGAGCAAAGGACTCCAGAACTGTGCCAGTCACACAAAGCCCTTCTGGGGGTCATTGACCCAAAGGAAACGACCACCATCAGTGCAAGTAGCCCAGGTCACAC
CATTCAACACAAGGGAGCCAGTGATGCTGGCTTGTTATGTATGGGGTTTCTATCCCCCTGATGTGGCCATTTCATGGTTGAAGAATGGGGAGCCTATTCCACACAGTGTCATTCAGAGGAATGTAC
AGTCCAATGGGGACTGGACTTATCAGACACGATCCTATTTGCCTCTTACCCCCTCTAGTGGAGATATTTACACTTGTCACGTAGAGCACAGTGGGATTTCCCACCCCATCTTACAGACCTGGACACCT
>Drgl_DAB_1
ATGGTGTGTGTCTGGCTCCCCAAGTGCGTCTGGATAGAAGTTCTGGCTGTGACGCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACAGGTCCCAAAGCACTTCACTGAGCAGGGTAAGGC
TGAATGTCACTTTGAGAACGGGACGGAGCGCGTGCGGCTCGTGGAGAGACACGTGTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTCGGGGAGTTCGTGGCGGTGACGGAGCTGG
GGCGGCCTGATGCTGAGTATTGGAACAGCCAGAAGGAGATCCTGGAGGACAGACGGGCCGCTGTGGACAATTACTGCAGGCACAACTACGAGATTCTTGATCGCTTCTTGGTGCCCCGGCGCGG
TGAttGAGCCCGAGGTGACTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGCTCCTGAATGGGCA
GGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGGTCCTGGTGATGCTGGAGATGACCCCCAGGCGTGGGGATGTCTACACCTGCCACGTGGAGCAC
>Drgl_DAB_2
ATGGTGTGTGTCTGGCTCCCCAAGGGCATCTGGATAGGAGTTCTGGCTATGACCCTGCTGATGCTGAATTCCCAGGTGACTGCAGGCAGACAGGTCCCAGAGCACTTCACTCGGCAGAGTAAGGC
TGAATGTCACTTTGAGAAGGGGACGGAGCGCGTGCGGCTCGTGGAGAGATATTTCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTCGGGGAGTTCGTGGCGGTGACGGAGCTGGG
GCGGCCTGATGCTGAGTATTGGAACAGCCAGAAGGAGATCCTGGAGGACAGACGGGCCGCTGTGGACACTTACTGCAGGCACAACTACGAGATTCTTGATCGCTTCTTGGTGCCCCGGCGCGGT
GAttGAGCCCGAGGTGACTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGCTCCTGAATGGGCA
GGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGGTCCTGGTGATGCTGGAGATGACCCCCAGGCGTGGGGATGTCTACACCTGCCACGTGGAGCAC
>Drgl_DAB_3
ATGGTGTGTGTCTGGCTCCCCAAGGGCATCTGGATAGGAGTTCTGGCTGTGACCCTGCTGATGCTGAATTCCCAGGTAACTGCAGGCAGACAGGTCCCAGAGCACTTCACCGAGCAGTTGAAGGC
GAATGTTACTTTGAGAACGGACGGAGCGCGTGCGGTTTGTGGCGAGGTCCATCAGCAACGGGTAGAGACTGTGCGCTTCGACAGCGACGTCGGGGAGTTTCGTGGCGGTGACGGAGCTGGGGC
GGCCTGATGCTGAGCTTTGGAACAGCCAGAAGGAGGAACTGGAGCGGAGACCGGGCCGAGGTGGACACTTACTGCAGGCACAACATACGTGGTTGTTTGAGCCCGTCTTTGGTGCCCGGCGCG
GTGAttGAGGCCCGAGGTGACTGTGTATCCATCCAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGCTCCTGAATGGG
CAGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGGTCCTGGTGATGCTGGAGATGACCCCCAGTGCGTGGGGATGTCACACCTGCCACGTGGAGCA
>Drgl_DAB_4
ATGGTGTGTGTCTGGCTCCCCAAGGGCATCTGGATAGGAGTTCTGGCTGTGACCCTGCTGATGCTGAATTCCCAGGTGACTGCAGGCAGACAGGTCCCAGAGCACTTCACTCGGCAGGGTAAGGC
TCAATGTTACTTTGAGAAGGGGACGGAGCACGTGCGGCTCGTGGAGAGACACGTGTACAACCGGGAGGAGTTTCTGCGCTTCGACAGCGACGTCGGGGAGTTCGTGGCGGTGACGGAGCTGGG
GCGGCCTCAGGCTGAGAAATGGAACAGCCAGAAGGAGATCCTGGAGGACAGACGGGCCCAGGTGGACAATTACTGCAGGCACAACTACGAGGTGTTTGAGCCCTTCTTGGTGCCCCGGCGCGG
TGAttGAGCCCGAGGTGACTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGCTCCTGAATGGGCA
GGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGGTCCTGGTGATGCTGGAGATGACCCCCAGGCGTGGGGATGTCTACACCTGCCACGTGGAGCAC
>Drgl_DAB_5
ATGGTGTATGTCTTGCTCCCCAAAGGTATCTGGATAGAAGTTCTGGCTGTGACCCTGCTCTTGCTGAATTCCCAGGTGGCTGCAGTCAGACAGACCCCAGAGCACTTCACTGAACAGTTGAAGTTT
GAGTGTCACTTTGAGAACGGGACGGAGCGCGTGCGGCTTGTGGTGAGGTACATCTACAACCGGGAGGAGCACGTGCGCTTCGACAGCGACGTCGGGAAGTTCTTGGCGCTGACGGAGCTGGGG
CGGCCCAGTGCTGAGAAGAGGAACAGCCAGAAGGAGGAACTGGAGCAATTTCAGGCCCAGGTGGACACTGTCTGCAGGCACAACCACGTGGTGTTTGAGCCCTTCTTAGTGCGCAGGAGCGGT
AAttGAGCCTGAGGTGACTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGCTCCTGAATGGGCAG
GAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGGTCCTGGTGATGCTGGAGATGACCCCCAGGCGAGGGGATGTCTACACCTGCCACGTGGAGCACT
>Drgl_DAB_6
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ATGGTGTGTGTCTGGCTCCCCAAGGGCATCTGGATAGGAGTTCTGGCTGTGCCCCTGCTGGTGCTGGTTTCCCAGGTGGCTGCAGGCAGACAGGTCCCAGAGCACTTCACTGAGTATTCTACATCT
GAGTGTTACTTTGTGAATGGGACGGAGCGCGTGCGGTATATGGACAGATATTTCTATAACCGGGAGGAGTACGTGCGCTTCGACAGCGACATCGGGGAGTACCTGGCGGTGTCGGAGCTGGGG
CGGGGAATTGATAACTACCTGAACAGCCAGAAGGAGATCCTGGAGGACAGACGGGACTCAGTGCACACTTTCTGCCGGCACAACTACAAGGTGTTTGATCCCTTCCTAGTGCCCCGGCACGGTGA
ttGAGCCTGAGGTGACTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGCTCCTGAATGGGCAGGA
GGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGGTCCTGGTGATGCTGGAGATGACCCCCAGGCGTGGGGATGTCTACACCTGCCACGTGGAGCACTCC
>Drgl_DAB_7
ATGGTGTGTGTCTGGCTCCCCAAGGGCATCTGGATAGGAGTTCTGGCTGTGCCCCTGCTGGTGCTGGTTTCCCAGGTGGTTGCAGGCAGACAGGTCCCAGGGCACTTCACAGAGTATTCTACATCT
GAGTGTTACTTTGAGAACGGGACTGAGCGCGTGCGGTTTGTGGAGAGACACATCAGCAACGGGGTAGAGACTGTGCGCTTCGACAGCGACATCGGGGAGTACGTGGCGGTGACGGAGCTGGG
GCGGCCTGATGCTGAGCTTTGGAACAGCCAGAAGGATTCCATGGAGCAGAGACGGGCCGCTGTGGACACTTTCTGCAGGCACAACTACAAGTTGTCTGAGAGCTTCCTAGTGCCCCGGCGCGGT
GAttGAGCCTGAGGTGACTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGCTTCTCTGCTCTGTCACTGGTTTCTACCCTGGGGACGTTGAGGTCAGGTGGCTCCTGAATGGGCAG
GAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGGTCCTGGTGATGCTGGAGATGACCCCCAGGCATGGGGATGTCTACACCTGCCACGTGGAGCACT
>Drgl_DAB_8
ATGGTGTGTGTCTGTTTCCCCAAGGGCATCTGGATAGAAGTTCTGGCTGTGACCCTGTTGATGCTGAATTCCCAGTTGGCTGCAGGCAGACAGGTCCCAGAGCACTTCACTGAGCAGTTTAAGTAT
GAGTGTCACTTTGAGAACCGGACAAAGCGCTTGGGGCTTGTGGAGAGACACGTGTACAACCGGGAGGAGTTGGTGCGCTTCGACAGCGACATTGGGGAGTACGTGGCGGTTACCGAGCTGGGG
CGGCGCATTGCTGAGGACTATAACAGCCAGAAGGAGTTCATGGAGCAGAGACGGGCCGCTGTGGACACTTACTGCAGGCACAACTACGAGATTCTTGATCACTTCTTGGTGCCCCGGCGCGGTG
AttGAGCCCGAGGTGACTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTACCCTGGGGACATTGAGGTCAGGTGGCTCCTGAATGGGCAG
GAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGGTCCTGGTGATGCTGGAGATGACCCCCAGGCGTGGGGATGTCTACACCTGCCATGTGGAGCACT
>Drgl_DBB_1
ATGGTTGATGTTTGGATCTCTCCTGGCTGCTGGAAGATTAGTCTGTTAATGACTCTGATGGTGCTGAGTTTACCTGTATCTTGGGCCAGGGACATTCCAAAGGATGCCGTGATCCAGGGCAAGGGT
GACTGTTACTTCACCAACGGCACGGAGCGAGTGCGGTTTGTGGCGAGATACATCTACAATGACCAGGAATATGTCCGCTTCGACAGCGACGTGGGGAAGTTCGTGGCTGTCACGGAGCTGGGGC
GGCCCGATGCTGAGTATTGGAACAGTCAGCAGGAGCTCATGGAGGAACATCGAGCCTACGTGGACACGCTGTGCAGACACAACTACAATAATAACAGGCCCTTCACGGTGGAGAGAAGAGtcCA
GCCCAGGGTGACCATCTCCCCCTCCAAGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCAGCTGGTTCAAGAATGGGCAGGAAGAGACAG
CTGGGGTTGTGTCCACGGGTGTGATACAGAATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAGTGATTCCCCAGAGCAGAGATGTCTACACCTGCAGCGTGGACCATGCCAGCCTACAG
>Drgl_DCB_1_partial_exon_3-4
agtgaatGTTTTCCCCTCAAAGATACAACCACTTGGGTACCACAACCTGCTCATCTGTTCTGTGACCAGTTTCTTTCCTGGTGAGATCAAGGTCAGCTGATTCAAGAATGCAAAAGAAGAAGAGGCTG
GAGTCCTGTCCACAGGCCAAATCCAGAATGGTGACTGGACCTTCCAGACCCTTGTGATGCTGGAAATAACCCCCCAAAGTGAATATGTCTTTACTTGTCATGTGGACCACATCAACTTGCAGAGCCC
TGTCACCGTAGATTGGAGAGCACAGTCTGAATCTGCCTGGACTAAGATGTCGACTGGAGTTGGGGATTTGGTGCTTGGACTGATTTTACCTAGAGTGGGATTTGTCATCTGCCTCATAAATTTGAA
>Drgl_DMB_1
ATGAGGTTACTCCACCTACTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGCAGGGGGCTTTGTGACCCATGTGGAGACTGGCTGTGTGCTGGATGAAGATGGATCAGTAAAGGACTTCAC
ATATTGTGTCTCCTTCAACAAGGATGTGTTGACCTGCTGGGACTCAGAGACTAACAAGATGGTCCCTGTTGACTTTGGGATACTGCATATGGTAGCTGAAGAGCTTTCTAAAGATCTCAATAAAGAT
AGTGACTTGAGAAACCGCCTGAGTAATGGATTCCAGGACTGTGCCAGTCACACAAAGCCCTTCTGGGGGCCATTGACCCACAGAACACGGCCACCATCAGTACTAGTAGCCCAGACCACGCCATTC
AACACAAGGGAGCCGGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTTTTGGTTGAAGAATGAGCAGCCTATCCCATACAGTGGCATCCAGAGGGCTGTACAATCC
AATGGAGACTGGACTTACCAGACACGCTCTTACTTGGCCCTTACTCCCTCTAGTGGTGATATTTACACTTGCCGTGTAGAGCACAGTGGGAGTTCTCAGCCCATCTTAGAGACCTGGACACCTGGCC
>Bupa_DAB_1_partial_exon_3-4
TTGAGCCCGAGGTGACTGTGTATCCATCAAAGACAGCTCCCCTGGAACACCACAACCTGCTTGTCTGTTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGACAGG
AGGAGACAGAAGGAGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTATCAGATCCTGGTGATGCTGGAAATGACCCCCACGAATGGGGATGTCTACACCTGCCAAGTGGAACACTC
CAGCCTTCAGAGACCTGTCGTCTTGGACTGGAAAGCACAGTCTGAATATGGTCAGAGTAAGATGCTGAGTGGAATTGGGGGCCTTGTGTTGGGCCCTGATCTTCTTTGGGGTTGGCCTCATTGTCC
97



>Bupa_DAB_2
ATGGCGTGTGTCTTGCTTTCTAGGGGTGTCTGGATAGAAGTTCTGGTTGTGATTCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACATGCCCCAGATCACTTCACGGTGCAGGTGAAAGG
CGAATGTTACTTTGTGAATGGGACAGGGCACGTGCGGTTTGTGCTGAGAGGCATCTACAACCGGGAAGAGTACGTGCGCTTCGACAGCGACGTGGGGGATTTCGTGGCGATAACGGAACTGGG
GCGGCGCACTGCTGCCTACGGTAAGAGCCAGAAGGAGTTCATGGACCACTTACGGTCTGCGGTGGACACTTACTGCAGGCACAACTACGAGGGATTCGAACCCTTCACAGTGCCCAAGAGTGGT
GATTGAGCCCAAGGTGACCATGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAAGTCAGGTGGTTCCTGAATGGGGC
AGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTTATCAGCAATGGAGACTGGACCTACCAGACACTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCA
>Bupa_DAB_3_partial_exon_3-4
CTGAGCCTGAGTTGACTGTATATCCATCAAAGATGGCTCTCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGATGGTTCCTCAATGGGCAGGA
GGAGACAGAAGGAGTTGTTTCTACAGGCCTGATCAGCAATGGAGATTGGACCTACCAGACCCTGGTGATGCTGGAAATGATCCCAAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCCA
ACCTTCAGAGACCTGTCATCTTGGACTGGAAAGCACAGTCTGAATCTGCCCAGAATACGATGCTGACTGGAGTTGGGGGCCTTGTGCTGGGCCTGATCTTCTTTGGGGTTGGTCTCATTGTCTACTT
>Bupa_DAB_4_partial_exon_3-4
TTGAGCCCGAGGTGACTGTGTATCCATCAAAGATAGCTGCCCCTGGAACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGAACATTGAGGTCAGGTGGTTCCTGAATGGGCAG
GAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACC
CCAGCCTTCAGAGACCTGTCATCTTGGACTGGAAAGCACAGTCTGAATCTGCCCAGAGTAAGATGCTGAGTGGAGTCGGGGGCCTTGTGCTGGGCCTGATCTTCTTTGGGGTTGGCCTCATTGTCC
>Bupa_DAB_5_partial_exon_1
ATGGTGTGTGTGTTGCTCCCCAAGGACATCTGGATAGAACTGTTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGAGGCCACAGACAGACATGCCCCAA
>Bupa_DAB_6
ATGCTGTGTGTGTGGACAAAAATTTTGATGATGACCCTGCTGATGCTGAATTCCTTGGGGGCTGCAGACAGAGCACTTTATGGAGCAAATGAAGGCTGAGTGTCACTTTGTCAATGGGACTGAGC
ACGTGCGGTTTGTGGGGAGACTCATCTACAACCGCCAGGAGATCCTGCGCTTCGACAGTGACATGGGGGAGTTCGTGGCCTTGACGGAGCTGGGGCAGCCCATTGCAGAGCTAATGAACAGCCT
GCTGGAGGCTCTGGAGCAAGCGCGGGCCCAGGTGGCCACGTGCAGGAACAACTATAGGTTGTTGGAGTCCTCCTGGATGCAGAGAAGGGGTGAGTTTGAGCCTGAATTGACTGTGTATACATCA
AAGACAGCTCCCCTAGGACAACCAAACCAACTTGTCTGTTTTGTTACTGGTTTCTATCCTGGAGACATTGAGGTCAGGTGGTTCCTGAATGGCCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGC
CTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACTCCCAAGCGTGGAGATGTCTATACCTGCCAAGTGGAGCACTCCAGCCTCCAGAGACCTGTCATTGTGGTCTG
>Bupa_DAB_7_partial_exon_2-4
AGCACTTCATGGAGCAGCGGAAGTACGAGTGCTACTTTGTGAACGGAACGGAGCACGTGCGGTATATGGAGAGACACATCTACAACAGGGAGGAGTATGTGCGCTTCGACAGCGACATGGGGG
AGTACGTGGCAGTGACCGAGCTGGGGCGGCTGGAGGCTGAGTATTGGAATACCCGTAAGGAGCTCTTGGAGCTGAAACGGGCCGCAGTGGACACTTTCTGCAGACACAACTACGAGAGGTTCG
AGCCCTTCTCAGTGCGGAGGCGCGGTGATTGAGCCTGAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTCGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATT
GAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAAATGACCCCCAAGCATGGA
>Bupa_DBB_1
ATGGTTGATGTTTGGATCTCTGATGACTACTGGAAGATTAGTCTGTTAACGACATTGATGGTGTTGAGTCTACCTGCATCCTGGGCTAGGGACATCCCAGCAGCTATGAGTCTTGGGATGCTTGGC
TTTCGTGTTAGATACATCATACCAATGACCAGGAATATGTCCGCTTCGACAGCGACGTGGGGAACGCCTAACCCACGTGTGCGTGCTGTGACGGAGCTGAGGGCGGCCCAGAAAAAACTGCTGAG
TATTGGAACAGTCAGAAGGACTTATTGATCCTGGAATAAGGAAAAACGAGCGCAACGTGGACCATGGCGTGTGACTCAGGTATCACAACTACGAGGTTGGCAAGCCCTTCACGTTGGACAGAAG
AGTCCAGCCCAGAGTGACCATCTCCCCCTCCAGGACAGAGGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGGTCAAGGTCACCTGGTTCAAGAATGGGCAGGAGG
AGACAGCTGGGGTTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCGTGGTCATGTTGGAAATGACCCCCCAGAGCAGAGATGTCTACACCTGCAGCGTGGAACATACCAG
>Bupa_DCB_1

98



ATGGTGTGTATGGAATTTCTAGGAGGCCCAGTATAGTCCTATTGATAGTGCTGAGCACACCTACAGCCTGAGGCAGACATTGCAGGTAAAGAATTACCTACAACAGGTGAGGTCCGAGTGTCACA
TGACCAATGGAACCCAACGAATGCATTTTGTGGGAAGACTCATCTATGACCAGGCAGAGTTTGTGCGTTTTGACAGTGATGTGGGACTATCTGAAGCAAGAATGGAGCTGTGGAAATCCCAAGTC
CAGAAATGGAACAGTCAGAAGGAGACAGTCAAGTGTGCAAGGTTCATAGTGAATATGTGCAGACACAACTATCTTTTATATGATAAATTCATAGTGCAAAGTAAAACTACTTTTGTAAAGAGCCTG
TGCAATGAATCCATTTGTAATTAGAAAAGTTGCCTGCTAATTCCCTTCAGTATCATTGAATGCTAATGAGCCAGAACTGGGATAATTCAGCACCATGGACTAAATGGACTTAAATGGCTACTCAGCT
GCCTATGTCTGACTCAAGTCCAGTTTAGACCCTAGTGATGCTGGAAATGACTCCCAGGCATAAGGATATCTATACCTACCATGTAAATCATTCCAGCATTCAGAGACCTGTCATCCTAGACTGGAAA
>Bupa_DMB_1
ATGAGGTTCCTCCACCTGCTACTAGTGGGCTTCAGCCTGGGCTTTCCAGGAGCAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGTCTGTATACTGGATGAAGAAGGATCAGTAAAGGACTTCAG
CTATTGTATCTCCTTCAACAAGGATGTGTTGACCTGCTGGGACTCAGAGACTAACAAGATGGCCACTGCTGATTTTGGAATACTGCATCTGTTAGCTGAGCAGCTTTCTAATGCCCTCAATAAAGAT
GATGCTTTGATAAACCGCCTGAGCAAAGGATTCCAGGACTGTGCCAGTCACACAAAGCCCTTCTGGGGATCATTGACCCAACGGACGCGGCCACCATCAGTGCAAGTAGCCCAGACCACACCATTT
AATACAAGAGAGCCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCTGTTTCATGGCTGAAGAATGGGCAGCCTGTCCCACACAGTGGCATCCAGAAGGCAGCACAATC
CAATGGGGACTGGACTTATCAGACACGCTCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCCATGTAGAGCACAGTGGGACTTCCCAGACCATCTTACAGACCTGGACACCTGGC
>Daha_DNAzoo_DAB_1
ATGGTGTGTGTCTTGCTCTTCAAGGGCATCTGGACAGAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGAAACACCCCAAAACACTTCACAAAACAGTCAAAGTGC
GAATGTTACTTTGTGAATGGGATGGAGCATGTGCAGTATGTGGAGAGACACATGTACAACCAGAAGGAATATGTGCTCTTTGACAGCAATGTGGGGAAGTATGTTGCAGTGATGGAGCTGGGCC
GACCAGAGGCTGAATACTGGAACAACCATAAGGAGATTCTAGATGACTTACAGGCCCGGGTGGACACTTTGTGCAGACACAACTACCAGGTTATTGAGCCCTTCTTGTTGCCCAGGAGTGTTGAG
CCTGAAGTGATTGTGTATCCATCAAAGATGGCTCCCTTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGAGACATCGAGGTCCAGTGGTTCCTGAATGGGCAGGAAGAG
ACGGCTGGGGTGGTGTCCACAGGCTTAATCAGCAATGGGGACTGGACCTATCAGTTACAGGTGATACTGGAAATGATCCCTAAGAGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCT
>Daha_DNAzoo_DMB_1
ATGAAGTTACTGCATCTACTGCTAGTAGGCTTCAGCCTGGGTTTTTCTGGAGCAGGGGCTTTTGTGACCCACGTGGAGAGTGACTGTGTACTGGATGAGGATGGATCAGTAAAGGACTTCACATAT
TGTATCTCCTTCAACAAGAATGTATTGACCTGCTGGGACTCAAAGACTAAAAAGATGGTCACTGTTGATTATGGTCTACTGCAGCCATTTGCTGAATATCTTTCTCAATCCCTTAATAACAACAGTGC
CTTGATACACCACCTGAGCAATGGATTCCAGGATTGTGCCAGTCACACAAAACCTTTCTGGGGGTCATTGACTCAAAGAACACGGTCACCATCAGTGCAAATAGCTCAGACCACACCATTCAACACA
AGGGAGCAAGTGATGTTGGCCTGCTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCAATCCCTAACAGTGGCATTCAGAGAGCTGTACAGTCTAATGG
GGACTGGACTTACCAGACACGATCCTATTTGGCCCTTACCCCCTCTAGTGGGGATATTTATACTTGCCATGTAGAGCACAGTGGGAGTTCCCAGGCCATCTTACAGACCTGGACCTCTGGCCTCTCT
>Myfa_DNAzoo_DAB_1_partial_exon_3-4
TTCAGCCCGAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTGTGCTCCGTCAGCGGTTTCTATCCTGGGGACATCGAGGTCCGGTGGTTCCTGAATGGGCAGG
AGGAGACGGCTGGATTGGTGTCTACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAGATGATCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACAC
CAGCCTTCAGAGACCTATCCTCTTGACCTGGAAAGCCCAGTCTGAATCTGCCCAGAGTAAGATGCTGAGTGGAGTTGGAGGCCTGATGCTGGGGCTGATCTTCTTTGGGGTCGGCCTCATTGTCTA
>Myfa_DNAzoo_DAB_2_partial_exon_3-4
TTGAGCCTGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGATACCATAACTTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGGGACATCGAGGTCCGGTGGTTCTTGAATGGGCAGG
AAAAGATGGTTGGGGTGGTGTCCACAGGTCTGATCAGCAATGGAGACTGGACCTACCAGATACAAGTGATGCTGGAAATGACCCCCAAGTGTGGAGATGTCTACACCTGCCAAGTGGAGCACAC
CAGCCTTCAGAGACCCATCCTCTTGGACTGGAAAGCACAGTCCGAATCTGCCCAGAGAAAAATGATGAGTGGAGTTGGGTGCATCATTGTAGGTTTGATCATCTTTGGGGTTGGCCTCATTGTCCA
>Myfa_DNAzoo_DAB_3_partial_exon_3-4
TTCAGCCCGAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTCGTGTGCTCCGTCAGCGGTTTCTATCCTGGGGACATCGAGGTCCGGTGGTTCCTGAATGGGCAGG
AGGAGACGGCTGGGGTGGTGTCCACAGGCCTGATCGGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAGATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACAC
CAGCCTTCAGAGCCCCGTCCTCTTGGACTGGAAAGCCCAGTCTGAATCTGCCCAGAGTAAGATGCTGAGTGGAGTCGGGGGCCTGGTGCTGGGCCTGATCTTCTTTGGGGTCGGACTCATTGTCC
>Myfa_DNAzoo_DMB_1_partial_exon_2-5

99



GGGCTTTTGTGACCCATGTGGAGAGTGACTGTGTGCTGGATGAAGATGGATCAGTAAAGGACTTCACATATTGTATCTCTTTCAACAAGGAGATGTTGACCTGTTGGGACTCAGAGACTAAAAAG
ATGGTCACTATTGATTATGGGATACTGCATCCATTAGCTGACCAGCTTTCTCAATTCCTTAATAACAACAGTGCCTTGATATACCACCTGAGCAATGGACTCCAGGATTGTGCTAGTCACACAAAACC
CTTCTGGGGGTCGTTGACTCGAAGGACACGGTCGCCATCAGTGCAAATAGCCCAGACCACACCATTCAACACAAGAGAGCCAGTGATGTTGGCCTGCTATGTATGGGGCTTCTATCCTGCTGATGT
GGCCATTTCATGGTTGAAGAATGGGCAGCCAATCCCTTACAGTGGCATCCAGAGGGCTGTTCAGTCCAATGGGGACTGGACTTACCAGACACGATCCTACTTGGCTCTTACCCCCTCTAGTGGGGA
TATTTACACTTGCCATGTAGAGCACAGTGGGACTTCCCAGCCCATCTTACAGACCTGGACGTCTGGCCTCTCTCTGAAGCAGACTGTGAAGGTCTCTGTATCTGTATTGACTCTGGGACTTGGCTTC
>Myfa_DAB_1
ATGGTGTGTGTCTTGCTCCCCAAGGAAGTCTGGATACAAGTTCTGGCTGTGACCCTGCTGGTGCTGACTTCCCAGGTGGCTGCAGGCAGACACAGCCCAGGGCACTTCACGGAACAGGCAAAGGT
CGAGTGTCACTTCGAGAACGGCACGGAGCACGTGCGCCTTTTGGAGAGATACTTCTACAACCGGGAGGAGTATGTGCGCTTCGACAGCGACGTGGGGAAGTTTGTGGCGGTGACGGAGCTGGG
GCGGCCAGATGCTGAGTATTGGAACAGCCAGAAGGACATCCTGGAGCAGAAACGGGCCGCGGTGGACACTTACTGCCGGCACAACTACGAGGTGTCTCGGCCCTTCTTAGTGCGCAGGAGCGTT
CAGCCCGAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTCGTGTGCTCCGTCAGCGGTTTCTATCCTGGGGACATCGAGGTCCGGTGGTTCCTGAATGGGCAGGA
GGAGACGGCTGGGGTGGTGTCCACAGGCCTGATCGGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAGATGACGCCCCAGCGGGGAGATGTCTACACCTGCCAAGTGGAGCACTC
>Myfa_DAB_2_partial_exon_2-4
AGCACTTCATGCTGCAGTTTAAGGCTGAATGTTACTTTGAGAACGGGACGGAGCACGTGAGGCATGTGCACAGAGACATCTACAACCGGGAGGAGATTGTGCGCTTCGACAGCGACGTGGGGAA
GTTTGTGGCGGTGACGGAGCTGGGGCGGCCAGATGCTGAGTATTGGAACAGCCAGAAGGATTACATGGAGAATTTACGGGCGGAGGTAGACACTGTGTGTAGGTACAACTACAAGTTGGATTA
CCCCTTGTCAGTGCACATGCATGTTCAGCCCGAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACATGCTTGTCTGCTCCGTCAGCGGTTTCTATCCTGGGGACATCGAGGTC
CGGTGGTTCCTGAATGGGCAGGAGGAGACGGCTGGATTGGTGTCTACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAGATGATCCCCAAGCATGGAGATGTCT
>Myfa_DAB_3_partial_exon_2-4
AGCACTTCATGCTGCAGTTTAAGGCTGAATGTTACTTTGAGAACGGGACGGAGCACGTGAGGCATGTGCACAGAGTCATCTACAACCAGGAGGAGTATGTGCGCTTCGACAGCGACGTGGGGAA
GTTTGTGGCGGTGACGGAGCTGGGGCGGCCAGATGCTGAGTATTGGAACAGCCAGAAGGATTACATGGAGAATTTACGGGCGGAGGTAGACACTGTGTGTAGGTACAACTACAAGTTGGATTA
CCCCTTGTCAGTGCACATGCATGTTCAGCCCGAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACATGCTTGTCTGCTCCGTCAGCGGTTTCTATCCTGGGGACATCGAGGTC
CGGTGGTTCCTGAATGGGCAGGAGGAGACGGCTGGATTGGTGTCTACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAGATGATCCCCAAGCATGGAGATGTCT
>Myfa_DAB_4
ATGGTGTGTCTTGCTCACCAGGGCTATCTGGACAGAGTTTCTATCTATGACCCTCCTGATGTTGAATTCTCAGGTGGTTGCAGGCAGACACAGCCCAGTGGGGGTGACCGTCACGGCTGACCCGCC
CCTGGGTGATCCCTCAGAGCACTAAGTCCGAGTGCTACTTCGAGAATGGGATGGAGCACGTACGGTTTGTGCTCAGATACATCTACAACCGGGAGAAATATGTGCATTTCGACAGCGAAGTTGGG
GTGTATGTGGCGGTGACGGAGTTGGGGCGGCCGGTGGCTGAGGATTGGAACAGCCAGAAGGAGCGCCTGGAGCGCGCATGGTCTGTGGTGGACTGGTTATGCAGCTGCTGGTACAATTCAGCC
CGAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTCGTGTGCTCCGTCAGCGGTTTTTATCCTGGGGACATTGAGGTCCGGTGGTTCCTGAATGGGCAGGAGGAGA
CGGCTGGGGTGGTGTCCACAGGCCTGATCGGCAATGGAGACTGGACCTACCAGACCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTT
>Myfa_DBB_1
ATGGTTGATGTTTGGATTTCTGCTGGCTGTTGGAAGATTGGTCTGGTAATGACATTGATGATGTTGATACTTTTATCTTGGGCCAGGGAAATCCCAGGTAAAGGATTTCATGTACCAGTTCCAGGGT
GACTGTTACTTTACTAACAGCACAGAATAAGTGCCAGATACTTCTACCATGATCAGGAATTTTCTCCACTTGAATTGCTATATGGAAAAGTTTGTGACTGTGACAGATCTGGGGTAGCCAGATACTG
AATATTGGAACAGTCAGAAGGAAATTATGAAGGAAGACTGAGCTTCTGTGGACACTAAGCATCCACAACTACAAGGTATACAAGCCTTTCTTATTGAAGAGAAGTGGTCTAGCCCAGAGTGACCA
TCTCTCCTTTCAAGACAGAGGCCCTTATATCCCAAAGAGATCTTAAAGGAGGGAAAGGGACCCACATGTGCAAGAATGTTTGTGGCTGCCCTTTTTGTAGTGGCAAGAAACTGGAAACTGAACGG
ATGCCCATCAATTGGAGAGTGGCTGAATAAATTATGGTATATGAACGTTACGGAATATTATTGTTATGTAAGAAATGACCAGCAGGACGATTTCAGAGAGGCCTGGAGAGACTTGCATGAACTGA
>Psco_DNAzoo_DAB_1

100



ATGCTGTGTGTGTGGACTAAAGTTCTGATGATGACCCTGCTGGTGCTGAATTCCCTGGTGGTTGCAGGCAGAGACAGCCCAAAGCACTTTATGGAGCAGATGAAGGCCGAGTGTCACTTTGTCAA
TGGGACTGAGCATGTGCGATTTGTGGGGAGACTCATCTACAACAGCCAGGAGATTCTGCGTTTCGACAGCAACTTGGGGAAGTTTGTGGCCTTGACGGAGCTGGGGCGGCCCATTGCAGAGCTA
ATGAACAGCCTGCTGGAGGCCCTGGAGCAAGCGCGGGCCCAGGTGGCCTGGTGCAGAGACAACTATAGGTTGTTGGAGTCCTGGATGCAGAGGAGGGGTGATTGAGCCTGAAGTAACTGTGTA
TCCATCAAAGATGGCTCCCCTAGGATACCCAAACCAGCTTGTCTGTTTTGTTACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCTTGAATGATCAGGAGGAGACAGCTGGAGTTGTGTCC
ACAGGCCTGATTAGCAATGGAGACTTGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCTAAGCGTGGAGATATCTACACCTGCCAAGTAAAGCATTCCAGCCTTCAGAATCCTGTCATTGTG
>Psco_DNAzoo_DAB_2
ATGATGTGTATCTTGCTCCTCAGGGGTGTCTGGATAGAGGCTCTGGTTGTGACTCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACATGCTCAAGAGCACTTCACGGAGCAGGTGAAGGG
CGAATGTTACTTTGAGAACAGGACGGAGCACGTGCGGTTTGTGCTGAGAGCCATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACCGAGCTGGG
GCGGCTCACTGCGGAGTATGGGAACTCCCAGAAGGAGTTTATGGACCACTTACGGACTGCGGTGGACAGTTATTGCATGTACAACTACGAGAGAATCGAGCCCTTCTCAGTACCCAGGAGGAAG
GTGATTGTGTATCCATCAAAGATGGCTCCCTTGGGACACCACAACTTGCTTGTCTGTTCTGTCAGTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCT
GGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTAGAAATGACCCCCAAGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGTCTTCAGAA
>Psco_DNAzoo_DAB_3
ATGGTGTGTGTGTTGCTCCTCAGAGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGTTGGTGCTGACTTTCCAAGTGACTGCAAGCAGACATGCCCCAGCACTTCGCCCAGCAGGCCAAGTGCG
AGTGTTACTTTGAGAACGGGACGCAGCACGTGCGGTTTATGGTGAGACTCATCAACAACGGGGTGGAAAATGTGCGCTTCGACAGCGACATGGGGGAGTTTGTGGCGCTGACGGAGCTGGGGT
GGTGCGATGCTGAGCTTTGGAACAGCCAGAAGGATTACCTGGAGGACGCACGGGCCACAGTGGACACTTTGTACAGATACAACCACAAGTTGTCTGAGCCCTTAGTGCGCAGGCGCGGTGATTG
AGCCCAAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACATGCTTGTCTGCTCTGTCACTGGTTTCCTGGGGACATTGAAGTCAGGTGGTTCCTGAATGGGCAGGAAGAGAC
AGCTAGGGTTATGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCTTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTC
>Psco_DNAzoo_DAB_4
ATGGTGCATGTCTTGCTCCCCCAGGGCATCTGGACAGAGGTTCTAGCTGTGACTCTGCTGGTGCTGACTTCCCAGGTAGCTGCAGGCAGACATGCCCCAGAGCACTCTGTGGAGCAGGGAAAGAT
TGAGTGTTACCATGTGAACGGGACGCAGCACGTGCGTCTTGTGGATAGATACTTCTACAACCGAGAGGAATATGTGCGCTTCGACAGCAACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGG
CGGCCCGACGTTGAGTATTATAACAGCCAGAAGGAGCTCCTGGAGCGGAAACGGGCGAGGCGGACACGGTGTGCAGGCACAACTATGAGGTGCTGGAGCTCTTCTTAGTGCCCAAGCGCGGTG
ATTAAGCCTGAGGTGATTGTGTATCCATCAAAGATGGCGCCCCTGGGACACCACAACCTGTTTGTCTGCTCTGTTACTGGTTTCTATCCTGGGGACATTGAAGTCAGGTGGTTCCTGAATGGGCAG
GAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATAAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAGGCATGGAGATGTCTACACCTGCCAAGTGGAGCACT
>Psco_DNAzoo_DAB_5_partial_exon_2-4
AGCACTTCACGGAGCTGGTTAAGGCCGAGTGTTACTTTGAGAACGGGACTGAGCAAGTGCGGTTTGCGGAGAGACACATCTACAACGGGGTGGAATTTATGCGCTTCGACAGCGACTTGGGGGA
GTATGTGGCGGTGACAGAGCTGGGGCAGCACGAGGCTCAGTATAGGAACAGCCTGAAGGATAGACTGGAGTACGCAAGGGCAGCAGTGGACACTTTCTGCCGGCACAACTACAAGTGCGCTGA
ACCCTTCTCAGTGCACAGGCTCGTTAAGCCTGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAGCCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAAGTC
AGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAGGCGTGGAGATGTCT
>Psco_DNAzoo_DAB_6_partial_exon_2-4
AGCACTTCACGGAGCAGAGAAAGGCCGAGTGTCACTTTGTGAATGGGAGAGAGCACGTACGATATGTGCTGAGATGCATCCACAACCGGGAGGAGATTGTGCGCTTCGACAGCGCAGTGGGGG
AGTTTGTCGCGCTGACCGAGCTGGGGCGGCCGGAGGCTGAGTATTGGAACAGCCAGAAGGAGATCCTGGAATACAGACGCGACCTGGTGAATACTTACTGCAGGCACAACTACCAGGGGATTG
AATACTTTTCAAAGAGCAGGAGAGGTGACCTGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGATC
AGGTGGTTCCTGAATGGACAGGAGGAGACAACAGGTGTTGTGTCCACAGGTCTGACCAGCAATGGAGACTGGACCTACCAGATCATGGTGATGCTGGAAATTACGCCTAAGCATGGAGATATCT
>Psco_DNAzoo_DAB_7_partial_exon_2-4

101



AGCACTTCATGGAGCAGCTGAAGTCCGAGTGTTACTTTGAGAACAGGACGGAGCACGTGCGGTATGTGGAGAGACTCATCTACAACCGGGAGGAGTCCGCGCTACGACAGCCACGTGGGGGAA
TATGTGGCGGTGACAGAGCTGGGGCGGCTGAGGCAGAGTACTGGAACATCCAGAAAGAGCTCCTCGAGTACAAACGCGGCCAGGTGGACAATTACTGCCGGCACAGCTATGAGGAGATTGAGC
CCTTAGTGCGCAGGCGCGGTAATAGAGCCCGATGTGATTGTGTAACCATCAAAGATGGTTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGAGGACATTGAGGTC
AGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGTGTGGAGATGTCT
>Psco_DNAzoo_DAB_8_partial_exon_2-4
AGCACTTCATGGAGCAGCTGAAGTCGGAGTGTTACTTTGAGAACGGGACGGAGCACGTGCGCTGTGTGGAGAGACTCATCTCCAACCGGGAGGAGTCCGCGCGCTACGACAGCCACGTGGGGG
AGTACGTGGCGGTGACGGAGCTGGGGCGTCCCGAGGCAGAGTATTGGAACAGCCAGAAGGAGCCCCGGGAGTACAAACGCGGCCAGGTGGACAATTACTGCCGGCACAGCTATGAGGAGATT
GAGCCCTTACTGCGCAGGCGCGTTGAACCCGAGGTGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCGCAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTC
AGGTGGTTCCTGAAAGGGCAGGAGGAGACAACTGGAGTTGTGTCCACAGGCCTGATCAGCAATGGAGATTGGACCTACCAGATCCTGGTGATGCTAGAAATGGCTCCAAGTGTGGAGATGTCTA
>Psco_DNAzoo_DCB_1_partial_exon_2-5
GAGAATTACTTACATCAGGTGAGGTCTGAGTGTTTCATGACCAATGGAACCCAACAAGTGCACTTCGTGGGAAGACTCATCTACAACTGGGTAGAGTTCGTGTGCTTTGACAGTGACGTGGGGCT
ATTTGAGGTAAGAATGGAGCTGTGGAAATCCCAAGTCCAGAAATGAAACAGTCAGAAGGAGATAGTTGAGCGTGCAAGGTCCATAGTGAATGTGTGCAGAGACAACTATCCTTATATGATACATA
GTGCAAAGGAAAGTCCAGCCCTGAGTGAAGGTTTTCCCCTCAAAGGTATAACCACTTGGGCACCACAATCTGCTCCTCTGTTCCGTGACCAGTTTCTATCCTGGTGAGATCAAGATTAGCTGGTTCA
GGAATGCAAAAGAGAAGACTGGGGTCATGTCCACAGGCCGAATCCAGAATGGTGACTGGACCTTCCATTCCTTGGGATGCTGGAAATGACCCCCCAAAGAGGAGATGTCTTTACTTGTCATGTGG
ACCATGTCAGCTTGCAGAGCCTTGTCCCCTTAGACTAGAGAGCACAGTCTGAATCTGCCCGGACTAAGATGCTGACTGGAATTGGGGGCCTGGTGCTTGGACTGTTTTTACTTGGAGTGGAACTTG
>Psco_DNAzoo_DMB_1
ATGAGGTTACTCCACCTGTTACTAGTGGGCTTCAGTCTGAGTTTTTCAGGAGCAGGAGGCTTTGTGACCCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATA
TTGTATCTCCTTCAACAAGGATGTGTTGACCTGCTGGAACTCAGAGACTAACAAGATGACCACTGTTGATTTTGGAATTCTATATCCATTAGCTGAGCAGCTTTCTGGAGCCCTCAATAATGATAGT
GCTTTTATAGACCACCTGAGCAAAGGACTACAGGACTGTGCTAGTCACACGAAGCCCTTCTGGGGATCACTGACCCAAAGGACATGGCCACCATCAGTGCAAGTAGCCCAGACTACACCATTTAAC
ACAAGGGAGCCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCTATCCCACACAGTGGCATCCAGAAGGCTGTACAATCCAAT
GGGGACTGGACTTACCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACTCTTGTCATGTAGAGCACAGTGGGGCTTCCCAGATCATCTCACAGACCTGGACACCTGGCCTCT
>Sebr_DNAzoo_DAB_1
ATGCTGTGTGTCTTACTCCCCCAAGGTATCTGGACAGAGGTTCTGGCTGTGATCCTGCTCGTGCCAAATTCCCAGATGGCTGCAGGCAGGCATGCCTCAGGTAAAGCACTTCATGGAGCAGAAAAA
GGTGGAGTGTCACTTTGTGAAGGGACGCAGCACGTGCGGTTTGTGGAGAGACACATCTAAACCGGGAGAAGTTTGGGCGCTTCGACAGCGCCGCTGGGGAGTTTGTGGCGGTGTCGGAGCTGG
GGTGGCCGGGTGCGGAGAGTTGGAACAGCGGGAAGGAGCTCCCGGAGCAGGAACGCGCCCGAGTCACACTTTCCGCAGGCACACCTACAAGGTGATCGAGCCCTTCTCAGTGCGCAGGCCTGG
GGATTGAGCCCGAGGTGATTGTGTATCTATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTGTCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGC
AGGAGGAGACAGCTGGGGTTGTGTCCACAGGCTTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCATGGTGATGTCTACACCTGCCAAGTGGAGCA
>Sebr_DNAzoo_DAB_2
ATGGTGTGTGTCTTGTTCCCCCAGGGTATCTGGATGGAGGTTCTGACACTGCTGGTGCTGAATGCTCAGGTGACTGTAGGCAGACATGCCCCAGGTAAAGCACTTCACGGTGCAGGTGAAGGGCG
AATGTTACTTTGTGAATGGCACTGAGCACGTGCGGTTCGTGATGAGGGGCATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCCATGACGCCGCTGGGGC
GCCTCACTGCGGAGTTTGGTAACAGCCAGAAGGAGTTCATGGACCACTTACGGGAGGCGGTGGACACTTACTGCAGGCACAACTACGAGGGGATCGAGATCTTCACAGTGCGCAGGAGCGGTGA
TTCAGCCTGAGGTGACTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTTTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCCTGAATGGGCAAGA
GGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCCTGGTGATGCTGGAAATGACCCCTAAGCATGGAGATATCTACACCTGCCAAGTGGAGCACTCCA
>Sebr_DNAzoo_DAB_3

102



ATGGCATGTGTCTTGCTTCGCAGAGGCATCTGGACAGAGGTTCTGACTGTGACTCTGCTGGTGCTGAATTCCCAGGTGACTGCAGACAGACATGCCCCAGAACACTTCATGGAGCAGAGAAAGGT
CGAGTGTCACTTTGTGAATGGGACAGAACACGTGCGGTATGTACTGAGATGCATCCATAATAGGGAGGAGATCCTGCGCTTCGACAGTGATGTGGGGAAGTTTGTGGCACTGACAGAGCTGGGC
CGGCCTGAGGTTGAGTATTGGAACAGCCAGAAGAACATCCTGAAGTATAGACAAGATCAAGTGAACACTTACTGCAGGCCCAACTACCAGGCTGTTAAAGTCTTTTCACAGAGCAGGAACGGTGA
CTGAACCTGAGGTGATTGTGTATCCATCAAAAATGGCTCCCTTGGGATATCACAACCTGCTTGTCTGCTCTGCCACTGGTTTCTATCCTGGAGACATTGAGGTCAAGTGGTTCCTGAATGGGCAAGA
GGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCTTGGTGATGCTAGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGAAGCACTCTA
>Sebr_DNAzoo_DAB_4
ATGCTGTGTGTCTTCCTTTCCAGAGGCATCTGGACAGAGGTTCTGGCTATGACCCTGCTGGTGCTGTATTCCCAGGAGGGTGCAGGCAGAGATGCACCAGAGCACTTCACTGAGCAGATGAAGTC
CGAATGTTACTTTGCGAACGGGACGCAGCACGTGCGGTTTGTGGAGAGATACATCTACAACCGGGAGGAGTTTCTGCGCTTTGACAGCGACGTCGGGGAGTATGTGGCGCTGACGGAGCTGGGG
CGGGGGACTGCTGAGCACTGGAACAACCAAAAGGATTACATGAAGAGCAGACGGGGCATGGTAGACACTTTGTGCAGACCCAACTATAGGGTGTCTGAGCCCTTCTTAGTCCCCAGGCGCGGTG
ATTCAGCCTGAAGTGATTGTGTATCCTTCAAAGATGGCTCCCCTGGGACACCACAACTTGCTTATCTGCTTTGTCACTGGTTTCTGTCCTGGGAACATTGAGGTCAGGTGGTTCCTGAATGGGGAGG
AGAAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAATCGTGGTGATGTCTACACCTGCCAAGTGGAGCACTCC
>Sebr_DNAzoo_DAB_5
ATGCTCTGTGTCTCCCTCTCCAGAGTCATCTGGATGGAGGTCCTGGCTGTGACCCTGCTGGCACTGAATTCCCAGGTGGCTGCAGGCAGACATGTCCCAGAGCACTTCGTGTTGCAGGGCAAGTCC
GAGTGTCACTTTGTGAACGGGACGCAGCACGTGCGGTTTATGGACAGATACTTCTACAACCGGGAGGAGATCGTGCGCTTCGACAGCGCCGTGGGGGAGTTTGTGGCGCTGACGGAGCTGGGG
CGGGGGATTGCTGAGTATTCTAACAGCCAGAAGGATTACCTGGAGCGCACCCGGACCGCAGTGGACAGCTACTGCAGATACAACTACTGGGTGATTGAGCCCTTCTTATTCCCCAGGCGCGGTGA
CTGAGCCTGAGGTGATTGTGTATCCATCAAAGCTGGCTCCCTTGGGACACCACATCCTGCTTGTCTGTTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGG
AGAAGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATGTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATGTCTACACCTGCCAAGTGGAGCACTC
>Sebr_DNAzoo_DAB_6_partial_exon_2-4
AGCACGTCATGGAGCAGGTGAAGGCAGAGTGTCACTTTGTGAAGGGGGCGGAGCACGTGCGGCTGGTGCAGAGATACATCCACCACCCCCAGGACTATGCTCGCTTCCATGCTAAGGGGAGGG
AGGGGGGCAGTTTGTGAGGGTCACGGAGCTGGGGCGCCGGGAGCCTGGGGATTTGAACCGCCGGAAGGAGATCCTGGAGGACGAACGAGCCCGGTGGACACTTTCTGCAGGCACAGCTGCAA
GGGGTCTGAGCGCTTCTTGGTGCACAGGCAGGGTTGAGCCTGAGGTGATTGTGTATCCATCAAAGATGACTCCCCTGGGACCCCACAATCTGCTTGTCTGCTCTGGCACTGGTTTCTATCCTGTGA
AAAGTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTCATGTCCACAGGCCTTATTAGTCATGGAGACTGGATCTGATGCTGGAAATGACCCCCAAGCATGGAGATATCTAC
>Sebr_DNAzoo_DBB_1
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGACTCGTCTGTTAATGACATCAATGCTGTTGAGTTTATCTACATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGTACAAGGGTG
AGTGTTACTTCACCAACGGCTCGGAGCGGGTGAGGTTTGTGTTTAGATCCATCTACAATGGCGAGGAGGATGTCCGCTTCGACAGCGACGTGGGGCACTTCGTGGCCCTGACGGAGCTGGGGCG
GCCCGATGCTGAGTACTGGAACGGTCAGAAGGAGAGCCTGGAGGAATACCGAGGCTACGTGGACACGGTGTGCAGACACAACTACGAGGCATATAAGCCCTTCACGTTGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGC
TGGGATCGTGTCCACGGGTGTCATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTGCAGA
>Sebr_DNAzoo_DBB_2
ATGCTTGATGTTTGGATCTTTGCTGGTTACTGGAAGATTGGTCTGTTAATGACTTCGATGCTGTTCAATCTGTCTGCATCTTGGGCCAGGGACATCCCATAGAATTTCGTGTATCAGAACAAGGCTG
AGTGTTATTTCACCAACGGCATGGAACGGGTGTGCTTTGTGGTTAGATTGTCTACGATGACCAGAAATTTCTCCGCTTTGACAGAGACGTGCGGAAGTTCCTGGCGGAGGGAGCTGGGGCGGAGT
CAGGCTGAGTACTGGGACAGTCTGGAGGAGATGCTGGAGCAAAATCAAGCCGCCGTAGACACGCTGTGCAGATACAACTATGACATTGGCAAGCCGTTCATGGTGGACAGAAGAGTCCAGCCCA
GAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGCTGGG
ATCGTGTCCACGGGTGTGATACAAAACGGAGACTGGACCTACCAGACCCTGGTCGTGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTGCAGAGCCC
>Sebr_DNAzoo_DCB_1

103



ATGGAACATGTGGAGTTTCTGGGAAGCCCTGTATAACAGTCATACTGAGAGTGCTGAGCACACCCACAGACTGAGGTAGGGACATTCCAAGTAAAGAATTACCTACATCAGATGGGGTCTGAGG
GTCACATGATCAATGGAACCCAACAAGACTCATCTACAACCAGATGGAGTTTGTGCACTTTGACAGTGACGTGGGACTCTTTCAGACAAGCTGTGGAAATCCCAAGTCCAGAAATGAAACAGTAAG
GAAGAGAAAGTCAAGCATGCAAGGTCCATAATGAATGTGTTCAGAGACAGTTTTCTTTTATATGACAAATTCACAGTGTAAAGGAAAGCCCCTAGTGAAAGTTTTACCCCCAAAGATACAACCACC
TGGGCACCACAACTTGCTCCCCTGTTCTGTGATGTTTCTATCCTGGTGAGATCAAGATCAATTGATTCAGGATCACAAAAAAAGAGAAGACTGGAATCCTGTCCACAGATCGAATTCAGCACAGTG
ACTGGACCTTCCAAACCCTTGTGATGCTAGAAATGGCCCCCCAAAGAGGAGATGTCTTTACTTTCCATGTGGACCATGTCAGCTTGCAGAGTCCTGTCATTGTAAACTGGAGAGCACATTCTGAATC
>Sebr_DNAzoo_DMB_1
ATGACATTACTCTACCTGCTACTAGTGGGCTTCAGCCTGGGTTCAGGGGGCTTTGTGACTCATGTGGAGAGTGACTGTATACTGGATGAAGAAGGATCTGTAAAGGACTTCGAATATTGCATCTCC
TTCAACAAGGATGTGTTGACCTGCTGGGACTCAGATATTAGCAAGATGGTCACTGTTGATTATGGAATACTGCATCCATTAGCTGACTGGCTTTCTGGCACCCTCAATAATGATACTGCTTTGATAA
ACCGCCTGAGCGAAGGATTCCAAAACTGTGCCAGTCACACAAAGCCCTTCTGGGGATCACTGACCCACAGGACACGGCCACCATCAGTGCAAGTAGCTCAGGTCACACCATTCAACACAAGGGAG
CCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCGTGGTTGAAGAATGGGCAGCCTGTCCCACACAGTGGCATCCAGAAGGCTGTACAATCCAATGGGGACTG
GACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCTTTGTAGAGCACGGTGGGACTTCCCAGACCATCTTACAGACCTGGACACCTGGCCTCTCCCTGAAGC
>maru_DNAzoo_DAB_1
ATGCTGTGTGTCTTGCTCCCCAGAGACATCTGGACAGAGGTTCTGGCTATGACCCTGCTGGTGCTGACTTCCCAGGTGGCTGCAGGCAGACATGCCCCAAAACCTTTTACGAAGCAGGGGAAGTAT
GAGTGTCACTTTGTGAATCAGACACAGCACGTGCGGTACGCGGAGAGACTCGTCTACAACCGACAGCGACGTCGGGTAGTACGTGGCGCTGATGGAGCTGGGGCAGCCAAGTGCTGAGAGTTTG
AACAAACGGAAGGAGCTGCTGCAGCAGAGACGGGCTTTGGTGGACACTTTCTGCAGGCACAACTACGAGATACTTGAGCGCTTCTTAGTCCCCAGGCGCGGTGATTGAGCCAGAGGTGATTGTG
TATCCATCAAAGTTGGCTCCCCTGGGACAGCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTTGTG
TCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCTCAAGCGTGGTGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAAACCTGTCATC
>maru_DNAzoo_DAB_2
ATGCTGTGTGTCTTCCTTTCCAGAGGCATCTGGACAGAGGTTCTGGCTATGACCCTGCTGGTGCTGTATTCCCAGGAGGGTGAAGGCAGAGATGCACCAGAGCACTTCAGTGAGCAGATGAAGTC
CGAGTGTTACTTTGTGAACGGGACGCAGCACGTGCGGTTTGTGGAGAGATACATCTACAACCGGGAGGAGTTTGTGCGCTTCGACAGCGCCGTGGGGGAGTATGTGGCGCTGACCGAGCTGGG
GCGGGGGACTGCTGAGCATTGGAACAGCCAGAAGGATTACATGGAGAGCAGACGGGGCATGGTGGACACTTTGTGCAGACCCAACTACAGGGTGTCTGAGCCCTTCTTACTCCCCAGGCGCGGT
GATTCAGCCCGAAGTGATTGTGTATCCTTCAAAGATGGCTCCCCTGGGACACCACAACTTGCTTATCTGCTTTGTCACTGGTTTCTATCCTGGGAACACTGAGGTCAGGTGGTTCCTGAATGGGCAG
GAGAAGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAATCGTGGTGATGTCTACACCTGCCAAGTGGAGCACTC
>maru_DNAzoo_DAB_3
ATGGCATGTGTCTTGCTTTGCAGAGGCACCTGGACAGAGGTTCTGACTGTGACTCTGCTGGTGCTGAATTCCCAGGTGACTGCAGACAGACATGCCCCAGAACACTTCATGGAGCAGAGAAAGGT
CGAGTGTCACTTTGTGAATGGGACAGAGCACATGCGGTATGTACTGAGATGCATCCATAATAGGGAGGAGATCCTGCGCTTCGACAGTGATGTGGGGAAGTTTGTGGCACTGACAGAGCTGGGC
CGGCCTGAGGTTGAGTACTGGAACAGCCAGAAGAACATCCTGAAGTATAGACAAGATCAAGTGAACACTTACTGCAGGCCCAACTACCAGGCTGTTAAAGTCTTTTCACAGAGCAGGAACGGTGA
CTGAACCTGAGGTGATTGTGTATCCATCAAAAATGGCTCCCCTGGGATATCACAACCTGCTTGTCTGCTCTGCCACTGGTTTCTATCCTGGAGACATTGAGGTCAAGTGGTTCCTGAATGGGCAAGA
GGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCTTGGTGATGCTAGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGAAGCACTCTA
>maru_DNAzoo_DAB_4
ATGGTGTGTGTCTTGTTCCGCCAGGGTATCTGGATGGAGGTTCTGACATTGCTGGTGCTGAATGCTCAGGTGACTGTAGGCAGACATGCCCCAGGTAAAGCACTTCACGGTGCAGGTGAAGGGCG
AATGTTACTTTATGAACGGCACTGAGCACGTGCAGTTTGTGATGAGGGGCATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCAACGTGGGGGAGTTTGTGGCGATGACGCCGCTGGGGCG
CCTCACGGCGGAGTTTGGTAACAGCCAGAAGGAGTTCATGGACCACTTACGGGAGGCGGTGGACACTTACTGCAGGCACAACTACGAGGGGATCGAGCTCTTCACAGTGCCCAGGAGCGGTGAT
TCAGCCTGAGGTGACTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTTCTGAATGGGCAAGA
GGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTATCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATATCTACACCTGCCAAGTGGAGCACTCCA
>maru_DNAzoo_DAB_5

104



ATGCTGTGTCTTACTCCCCCCGGGTATCTGGACAGAGGTTCGGGCTGTGATCCTGCTCATCCGAATTCCTGGATGGCTGCAGGCAGGCATGCCTCAGGTAACACTTCATGGAGCAGAAAAGGCCG
AGTGTGACTTTGTGAACGGGACGCAGCACGTGCGGTATGTGGAGAGACACATCTAAACCGGGAGGAGTTTGGGCGCTTTGAGGGCGACGCGGGGGTTTGTGGCGGTGTCGGAGCTGGGGTGG
CGCGGTGCGCAGAGTTGGAAGGAGCTCCTGGAGCAGAAACGCGCCCGAGTGGACACTTTCTGCAGGCACACCTACAAGGTGATCGAGCCCTTCTCAGTGCTCAGGCCCGGGGATTGAACCTGAG
GTGATTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACGTTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCT
GGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATGTTGGTGATGCTGGAAATGACCCCCAAGCATGGTGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAA
>maru_DNAzoo_DBB_1
ATGGTTGATGTTCGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCAATGCTGTGGAGTTTATCTGCATCGTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGTACAAGGGC
GAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGTTTGTGTTTAGAGACATGTACAATGGCGAGGAGGATGTCCGCTTCGACAGCGACGTGGGGCACTTCGTGGCCGTGAGGGAGCTGGGG
CGGCCCGATGCTGAGTACTGGAACAGTCAGGAGGATTCCCTGGAGGAATATCGAGGCTACGTGGACACGGTGTGCAGACACAACTACGAGGTATACAAGCCCTTCACGGTGGACAGAAGAGTCC
AGCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACA
GCTGGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGACGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACA
>maru_DNAzoo_DCB_1
ATGGAACATGTGGAGCTTCTGGGAGGCCCTGTATGACAGTCATACTGATAGTGCTGAGCACACCCACAGACTGAGGTAGGGACATTCCAAATAAAGAATTACCTACATCAGATGGGGTCTGAGGG
TCACATGATCAATGGAACCCAACAAGACTCATCTACAACCAAGTGGAGTTTGTGCACTTTGATAGTGATGTGGGACTATTTCAGACAAGCTGTGGAAATCCCAAGTCCAGAAATGAAACAGTAAAA
AGGAGAAAGTCAAGCATGCAAGGTCCATAATGAATGTGTGCAGAGACAATTTTCTTTTATATGACAAATTCACACCCCTAGTGAAAGTTTTACTCCCAAAGATACAACCACCTGGACACCACAACCT
GCTCCCCTGTTCTGTGATGTTTCTATCCTGGTGAGATCAAGATCAATTGATTCAGGATCACAAAAGAAGAGAAGACTGGAATCCTGTCCACAGATTGAATTCAGCACAGTGACTGGCCCTTCCAAAC
CCTTGTGATGCTAGAAATGGCCCCCCAAAGAGGAGATGTCTTTACTTGCCCTGTGGACCATGTCAGCTTGCAGAGCCCTGTCACTGTAAACTGGACACATTCTGAATCTTCCTGGACTAAGAGGCTG
>maru_DNAzoo_DMB_1
ATGACATTACTCTACCTGCTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAACAGGGGGCTTTGTGACTCATGTGGAGAGTGACTGTATACTGGATGAAGAAGGATCCGTAAAGGACTTCCAATAT
TGCATCTCCTTCAACAAGGATGTGTTGACCTGCTGGGACTCAGATACTAGCAAGATGGCCTCTGTTGAATTTGGAATACTGCATCGATTAGCTGACTGGCTTTCTGACATCCTCAATAATGATACTAC
TTTGATAAACCGCCTGAGCGAAGGATTCCAAAACTGTGCCAGTCACACAAAGCCCTTCTGGGGATCACTGACCCACAGGACACGGCCACCATCAGTGCAAGTAGCTCAGGTCACACCATTCAACAC
AAGGGAGCCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCGTGGTTGAAGAATGGGCAGCCTGTCCCACACAGTGGCACCCAGAAGGCTGTACAATCCAATG
GTGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCTTTGTAGAGCATGGTGGGACTTCCCAGACCATCTTACAGACCTGGACACCTGGCCTCTCC
>Maeu_DNAzoo_DAB_1
ATGATGTGTGTGTGTAACTCTCCCAGGGTATGTGGACAGAGATTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGTAACATGCTCCAGAGCACGTCATGGAGCAGGTGAAGG
CGGAGTGTCACTTTGTGAAGGGGACGGAGCACGTGCGGCTTGTGCAGAGATACATCCACCACTCCCAGGACTACAAGGGCTTCCATACTAAGGGGATGGAGGGGGCAGTTTGTGACGGTCACGG
AGCTGGGGCGCCGGGAGCCTGAGGATTTGAACCGCCGGAAGGAGATCCTGGAGGACGAACCGGCCGACTGGACACTTTTTGCAGGCACAACTACAAGGAGTCTGAGAGCTTCTTGGTGCACAG
GCAGGGTGAGTATGGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCCCTGGATTCTATCCTGTGAAAAGTGAGGTCAGGTGGTTCCTGAATGGGCAG
GAGGAGAAAGCTGGGGTCATGTCCACAGCCTTATCAGTAATGGAGACTGGATCTATCAGATCCTAGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCTATACCTGCCAAGTGGAGCACTCT
>Maeu_DNAzoo_DAB_2
ATGGCATGTGTCTTGCTTCGCAGAGGCATCTGGACAGAGGTTCTGACTGTGACTCTGCTGGTGCTAAATTCCCAGGTGACTGCAGACAGACATACCCCAGAACACTTCATGGAGCAGAGAAAGGT
CGAGTGTCACTTTGTGAATGGGACAGAGCACGTGCGGTATGTACTGAGATGCATCCATAATAGGGAGGAGATCCTGCGCTTCGACAGTGATGTGGGGAAGTTTGTGGCACTGACAGAGCTGGGC
CGGCCTGAGGCTGAGTATTGGAACAGCCAGAAGAACATCCTGAAGTATAGACAAGATCAAGTGAACACTTACTGCAGGCCCAACTACCAGGCTGTTAAAGTCTTTTCACAGAGCAGGAACGGTGA
CTGAACCTGAGGTGATTGTGTATCCATCAAAAATGGCTCCCCTGGGATATCACAACCTGCTTGTCTGCTCTGCCACTGGTTTCTATCCTGGAGACATTGAGGTCAAGTGGTTCCTGAATGGGCAAGA
GGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCTTGGTGATGCTAGAAATGACCCCCAAGCACGGAGATGTCTACACCTGCCAAGTGAAGCACTCTA
>Maeu_DNAzoo_DAB_3
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ATGGTGTGTGTCTTCTTCCCCCAGGGTATCTGGATGGAGGTTCTGACACTGCTGGTGCTGAATGCTCAGGTGACTGTAGGCAGACATGCCCCAGGTAAAGCACTTCACGGTGCAGGTGAAGGGCG
AATGTTACTTTGTGAACGGCACTGAGCACGTGCGGTTTGTGATGAGGGGCATCTACAACCGGGAGGAGTATGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCAATGACGCCGCTGGGGC
GCCTCACGGCGGAGTTTGGTAACAGCCAGAAGGAGTTCATGGACCACTTACGGGAGGCGGTGGACACTTACTGCAGGCACAACTACGAGGGGATCGAGCTCTTCACAGTGCCCAGGAGCGGTGA
CTGAGGTGACTATGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCCTGAATGGGCAAGAGGAGA
CAGCTGGGGTTGTGTCCACAGGCTTGATCAGCAATGGAGACTGGACTTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATATCTATACCTGCCAAGTGGAGCACTCCAGCCTT
>Maeu_DNAzoo_DBB_1
ATGCTTGATGTTTGGATCTTTGCTGGTTACTGGAAGATTGGTCTGTTAATGACTTCAATGCTGTTCAGTCTTTCTGCATCTTGGGCCAGGGACATCCCACGAGAATTTCGTGTATCAGAACAAGGCT
GAGTGTTATTTCACCCACGGCATGGAACAGGTGCGCTTTGTGGTTAGATAGTCTACGATGACCAGAAATTTCTCCGCTTTGACAGCAACGTGGGGAAGTTCCTGGAGGTGATGGAGCTGGGGCGG
AGTCAGGCTGAGTACTGGAACAGTCTGGAGGAGATGCTGGAGCAAAATCAAGCAGCCGTAGACACGCTGTGCAGATACAGCTACGACATTGGCAAGCCTTTCATGGTGGACAGAAGAGTCCAGC
CCAGAGTGACCATCTCCCCCTCCAAGACAGATGCCCTGCAGCACCTACTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAAGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGCTG
GGGTTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACATCAGCAGTGTGGAGCATGCCAGCCTACAGAGC
>Maeu_DNAzoo_DBB_2
ATGGTTGATGTTTGGATCTCTGCTAGCTGCTGGAAGATTGGTCTCTTAATTACATCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGTACAAGGGCG
AGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGTTTAGATCCATATACAATGGCGAGGAGGATGCCCGCTTCGACAGCGACTTGAGGCACTTCGAGGCCGTGACGGAGCTGGGGCG
GCCCGATGCTGAGTACTGGAATGGTCAGGAGGATTCCCTGGAGGAATACCGAGGCTACGTGGACACGCTGTGCAGACGCAACTACGAGGTAACTAAGCGGTTCACGGTGGACAGCAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCATCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGC
TGGGGTTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTATCAGACCCTGGTCATGTTGGAAATGGCTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAGA
>Maeu_DNAzoo_DCB_1
ATGGAACATGTGGAGTTTCTGGGAGACCCTGTATGAAAGTCATACTGATAGTGCTGAGCACACCCACAGACTGAGGTAGGGACATTCCAAAGAATTACCTACATCAGATGAGGTCTGAGGGTCAC
ATGATCAATGGAACCCAACAAGACTCATCTACAACCAGGTGGAGTTTGTGCTCTTTGATAGTGATGTGGGACTATTTCAGACAAGCTGTGGAAATCCCAAGTCCAGAAATGAAACAGTAAGAAGG
AGATAGTCAAGCATGCAAGGTCCATAGTGAATGTGTTCAGAGACAATTTTCTTTTATATGACAAATTCACAGTCCAGCCTCTAGTGAAAGTTTTACCACCAAAGATACAACCACCTGGGCACCACAG
CCTGCTCCCCTGTTCTGTGATGTTTCTATCCTGGTGAGATCAAGATCAATTGATTCAGGATCACAAAAGAAGAGAAGACTGGAATCCTGTCCACAGATTGAATTCAGCACAGTGACTGGACCTTCCA
AACCCTTGTGATGCTAGAAATGGCCCCCCAAAGAGGAGATGTCTTTGCTTGCCATGTGGACCATGTCAGCTTGCAAAGCCCTGTCATTGTAAACTGGAGAGCACATTCTGAATCTTCCTGGACTAA
>Maeu_DNAzoo_DMB_1
ATGACATTACTCTACCTGCTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAACAGCAGGGGGCTTTGTGACTCATGTGGAGAGTGGCTGTATACTGGATGAAGAAGGATCCGTAAAGGACTTCGA
ATATTGCATCTCCTTCAACAAGGATGTGTTGACCTGCTGGGACTCAGATACTAGCAAGATGGTCACTGTTGAATTTGGAATACTGCGTCCATTAGCTGACTGGCTTTCTGACACCTTCAATAATGATA
CTGCTTTGATAAACCGCCTGAGTGAAGGATTCCAAAACTGTGCCAGTCACACAAAGCCCTTCTGGGGATCACTGACCCACAGGACACGGCCACCATCAGTGCAAGTAGCTCAGGTCACACCATTCA
ACACAAGGGAGCCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCGTGGTTGAAGAATGGGCAGCCTGTCCCACACAGTGGCATCCAGAAGGCTGTACAATCC
AATGGGGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCTTTGTAGAGCACGGTGGGACTTCCCAGACCATCTTACAGACCTGGACACCTGGCC
>Saha_DAB_1
ATGGTGTGTGTCTTGCTCTTCAAGGGCATCTGGACAGAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGAAACACCCCAAAACACTTCACAAAACAGTCAAAGTGC
GAGTGTTACTTTGTGAATGGGATGGAGCATGTGCAGTATGTGGAGAGACACATGTACAACCAGAAGGAATATGTGCACTTTGACAGCAATGTGGGGAAGTATGCTGCAGTGATGGAGCTGGGCC
GACCAGAGGCTGAATACTGGAACAACCATAAGGAGATTCTAGATGACTTACGGGCCCGGGTGGACACTTTGTGCAGACATAACTACCAGGTTATTGAGCCTTTCTTGTTGCCCAGGAGTGtTGAGC
CTGAAGTGATTGTGTATCCATCAAAGATAGCTCCCTTGGGACACCACAACCTGCTTGTCTGCTCTGTTAGCGGTTTCTATCCTGGGGACATCGAGGTCCGGTGGTTCCTGAATGGGCAGGAAGAGA
TGACTGGGGTGGTGTCCACAGGCTTAATCAGCAATGGGGACTGGACCTATCAGTTACAGGTGATACTGGAAATGATCCCTAAGAGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTT
>Saha_DAB_2

106



ATGGGGTGTGTCTTGCTCCCCAAGGAAGTCTGGATAGAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATGCCCAAATGGCTGCAGGCAGACACAGCCCAGAGGACTTCATGGTGCGGGAAAAGT
ACGAGTGTCACTTTGAGAATGGGATGGAGCACGTGCGGTATGTGCACAGAGACTTCTACAACCGGGAGGAGATTACGCTCTTCGACAGCGATGTGGGGAAGTATGTGGCGCTGACGGAGCTGG
GGCGGCCGGATGCTGAGTATTGGAACAGCCAGAAGGAGATCCTGGAGCGGAGACGGGCTTCGGTGGACACTTTGTGCAGACACAACTATGTGGGGATTGAGCCCTTCTCATTGCCGCAGGAGC
GGTGAtCCAGCCCCAGGTGACTCTGTATCCATCAAAGATGGCTCCCCCAGGACACCACAACCTGCTCTTCTGCTCCATCAGCGGTTTCTATCCTGGGGACATTGAGGTCTGGTGGTTCCTGAATGGG
CGGGAGGAGACGGCAGGGGTGGTGTCCACCGGCTTGATGGGCAATGGAGACTGGACCTAGCAGACACTGGTGATGCTGGAGATGACTCCCCAGCATGGAGATGTCTATACCTGCCACGTGAAG
>Saha_DAB_3
ATGGGGTGTGTCTTGCTCCCCAAGGAAGCCTGAATAGAAGTTCTGGCTGTGACCCTATTGGTGCTGAATCCCCAGGTGGCTGCAGGCAGACACAGCCCAGAGCACTTCACCTTGCAGTTTAAAGCA
GAGTGTTACTTCGAGAACGGGACGGAGCACGTGCGGCATGTGCACAGAGCCATCTACAACCGGCAGGAGTACGCGCGCTTCGACAGCGACTTGGGGAAGTTTGTGGCGGTGACGGAGCTGGGG
CGGTGCAGTGCAGAGTATTGGAACAGCCAGAAGGAGATCCTGGAGAACGTGCGGGCGGAGGTGGACACTGTGTGCATATACAACTACAAGTCCTATAACTCCTTGTCAATGCATATGCACGCTCA
CCCCAAGGTGACTGTGTATCCATCCAAGATGGCTCCCCCGGGACACCACAACTTGCTTGTCTGCTCTGTCAGCGGTTTCTATCCTGGGGACATCAAGGTCCAGTGGTTCCTGAATGGGCGGGAGGA
GACGGCAGGGGTGGTGTCCACGGACTGATAGGCAATGGAGACTGGACCTACCAGACGCTGGTGATGCTGGAGATGACCCACCGGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACTCCAGC
>Saha_DAB_4
ATGGTGTGTGTCTTGCTCCCCAAGGAAGTCTGGATAGAAGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAGGCAGACATAGCCCAGAGCACTTCACGGAGCAGTTTAAGGG
CGAGTGTTACTTCGAGAACGGGACGGAGCACGTGCGGCTTGTGGTGAGAACCATCTACAACCGGCAGGAGTTTATGCGCTTCGACAGCGACGTGGGGAAGTTTGTGGCGGTGACGGAGCTGGG
GCGGCGCAGTGCTGAGCATTTGAACAGCCAGAAGGAGATCCTGGAGCGGAAACGGGCCGAGGTGGACACTGTGTGCAGGCACAACTACGGGGTGATTGAGCCCTTCTTAGTGCGCAGGCGCGG
TGAtCCAGCCCGAGGTGACTGTGTATCCATCCAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCCGTCAGCGGTTTCTATCCCGGGGACATCGAGGTCCGGTGGTTCCTGAATGGGC
GGGAGGAGACGGCAGGGGTGGTGTCCACGGGCCTGATGGGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAGATGACCCCCCGGCACGGAGATGTCTACACCTGCCACGTGGAGC
>Saha_DBB_1
ATGGTTGATGTTTGGATTTCTGCTGCCTCTTGCAAGATTGATCTGGTAATGACATCAGTGATGTCGATACCTTTATCTTGGGCCAAGGAAATCCcagAGGATTTCGTGTTCCAGTTCCAGGGTGACTG
ATACTTTACTAACAGCATGGAACAAGTGTCAGATACTTCTGCAATGGCCAGGAATTTTCTCTGCTTGGACTGCTATATGGGTAAGTGTGTGATTGTGATGGAGCTGGGGTGGCCAGATACTGAATA
CTGGAACACTCagaaggaaatcatgaaggaagaCCAAGCCTCTGTGGACACTATGCATCCACAactataagatatatatataagcCTTTCTCTTGGAGAGAATCCAGCCCAGAGTGACCATCTCTCCTTTCAAGAC
AGAGgacctaggCCTTGCAGCACCTGCTGCTCTGCTGTCTCACCAGCTTCTATCCTAAACAAGATCAAGGTCACCTGATTCAAGAATAGATCAGAGGAAACAGCTGGGATTGTGTCCATAAATCTGAT
ACAGAATGGAGACTGGACCTACCAGACCCTTGTCATGTTGGAAATGATTCTCCATAGCAGAAATGTCTACACATACAGTGTGGACCATGCCAGTGCACAGAGCTTCATCAGTGTGTAATGTCTGAA
>Saha_DMB_1
ATGAAGTTACTGCACCTACTGCTAGTAGGCTTCAGCCTGGGTTTTTCTGGAGCAGGGGCTTTTGTGACCCACGTGGAGAGTGACTGTGTACTGGATGAGGATGGATCAGTAAAGGACTTCACATAT
TGTATCTCCTTCAACAAGAATGTGTTGACCTGCTGGGACTCAAAGATTAAAAAGATGGTCACTGTTGATTATGGTCTATTGCAGCCATTTGCTGAATATCTTTCTCAATCCCTTAATAACAACAGTGC
CTTGATATACCACCTGAGCAATGGACTCCAGGATTGTGCCAGTCACACAAAACCTTTCTGGGGGTCATTGACCCAAAGAACACgGTCACCGTCAGTGCAAATAGCCCAGACCACACCATTCAACACA
AGGGAGCAAGTGATGTTGGCCTGCTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCAATCCCTAACAGTGGCATTCAGAGAGCTGTACAGTCTAATGG
GGACTGGACTTACCAGACACGATCTTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTATACTTGCCATGTAGAGCACAGTGGGAGTTCCCAGGCCATCTTACAGACCTGGATGGCCTCTCTCTGA
>Mafu_DAB_1_partial_exon_2-3
AGGATTTCGTGTATCAGTACAAGGCTGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGTTTGTGGTTAGAGACATCTACAATGGCGGGGAGGTTTTGCGCTTCGACAGCGACGTGGGGCA
CTTCGTGGCCCTGACGGAGCTGGCGCGGCCCGAGGCTGAGTATAGGAACAGTCAGGAGGCGCTCCTGGAGAAAGCACGAGCCGCTGCGGACACGCTGTGCAGACACAACTACGAGGCAACTAA
GCCCTACACCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAAACAGCTGGGATCGTGTCCACTGGTGTGATACAACATGG
>Mafu_DAB_10_partial_exon_3-4
AGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGCTGGGAT
CGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAGAGCCCCA
TCGGGCACAGTCTGAATCTGCCCAGAGCAAACTGCTGAGTGGAATTGGAGGCTTTGTCCTGGGGCTGATCTTCCTCAGTGTAGGGCTGATCATCCACCTGAAGAACAAGAAAGGTGA
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>Mafu_DAB_11_partial_exon_3-4
CACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGCTGGGATTGTGTCCACGGGTGTGATACAACATGGAGACTGGAC
CTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGAGGAGATGTCTACATCTGCAGTGTGGAGCATGCCAGCCTACAGAGCCCCATCAGTGTGGAATGGAGGGCACAGTCTGAATCTGCCC
AGAGCAAACTGCTGAGTGGAATTGGAGGCTTTGTCCTGGGGCTGATATTCCTCAGTGTAGGACTGATCATCTACCTGAAGAACAAGAAAGGTGA
>Mafu_DAB_12_partial_exon_3-4
GGTGATTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGTTCTGTCACTGGTTTCTATCCTGGGGATATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGC
TGGGATTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCATGGTGATGTCTACACATGCCAAGTGGAGCACTTCAGCCTTCAGA
GACCTGTCATCTTGGACTGGAAAGCACAGTCTGAATCTGCCCAGAGTAAGATGCTAAGTGGAGTTGGGGGGCTCGTGCTGGGGCTGATCTTCTTTGGGGTTGGCCTCATTGTCCACAAGAGGAGT
>Mafu_DAB_13_partial_exon_3-4
CTGGACTTTCCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCTTGGTGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAAACCTGTCATCTTGGATTGGAAAGCACAGCCTGAATCT
GCCCAGAGTAAGATGCTTAGCGGAGTTGGGGGCCTCGTGCTGGGACTGATCTTCTTTGGGGTTGGCCTCATTGTCCATAAGAGGAGTCAGAAAGGTGA
>Mafu_DAB_14_partial_exon_2-4
ATGCTGTGTGTCTCTCTTTTCAGAGGCATCTGGACAGAGGTTCTGACTGTGACCTTGCTGGTGCTGAATTCCCAGGTGACTGCAGGCAGACATGCTCCAGAGCTCTTCAGGGAATTGGTAAAATCC
GAATGTCACTTTGTGAACGGGACGCAGCACGTGCGGTTTGTGCACAGATACATCTACAACCGGGGGGAGTATGCGCGCTTTGACAGTGACGTGGGGTGACGGAGCTGGGGAGGCGGGATGCTG
AGAGGTGGAACCTCTGGAAAGAGCTCCTGGAGCGCGAACGCGCCTACGTGAACACTTTCTGCAGGCACAACTACAAGCTGTCTGAACCCTACTTAGACCCCAGGCGCGGTGATTCAGCCTGAGGT
GACTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTG
>Mafu_DAB_15_partial_exon_1-2
ATGCTGTGTGTCTTCCTTTCCAGAGGCATCTGGACAGAGGTTCTGGCTATGACCCTGCTGGTGCTGTATTCCCAGGAGGGTGCAGGCAGAGATGCACCAGAGCATTTCATGGAGCAGATGAAGTC
CGAGTGTTACTTTGCGAACGGGACGCAGCACGTGCGGTTTGTGGAGAGATACATCTACAACCGGGAGGAGTTTGTGCGCTTCGACAGCGCCGTGGGGGAATACGTGGCGCTGACGGAGCTGGG
GCGGGGGACTGCTGAGCATTGGAACAGCCAAAAGGATTACATGGAGAGCAGACGGGGCATGGTGGACACTTTGTGCAGACCCAACTACAGGGTGTCTGAGCCCTTCTTACTCCCCAGGCGCGGT
>Mafu_DAB_16
ATGCTATGTGTCTCACTCCCCAGGGGCATTTGCAAAGAGATGCTGCTTGTGACTCTACTGGTGCTCAGTTCTCAGGTGGCTGCAGGCAGACATGCTCCAGCACTTCACTGAGCTGAAGAAACCGAG
TGTTCCTTTGTGAACAGGACTCAGCTCGTGCGGTATTTGGAGAGACACATCCACGACCGGGAGGAGTTTCTGCGCTTCGACAGCGACGTGGGGGAGCATGGGGCGCTGACGGAGCTAGGGCGG
GGATTGCCGAAGATTGGAACAGTCAGAAGGAAACCCTGGATTATAAACTTGGCCAGGTGGTTAACTAAGGCACAACTACGAGGCGACTGAGCCCTACTTAGTGCGCAGGCGCGGTGAGTTTGAG
CCAGAGGTGACTGTGTATCCATCAAAGATGGCTCCCTTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGAGACACTGAGGTCAGGTGGTTCCTGAATGGGCAAAAACGA
CAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTTTATACCCGCCAAGTGGAGCACTCCAGCCTT
>Mafu_DAB_17_partial_exon_3-4
TTAAGCCTGAGGTGATTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGG
AGGAGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATGTCTACTCCTGCCACGTGGAGCACTCC
AGCCTTCAGAAACCTGCCATCTTGAACTGGAAAGCACAGTCTGAATCTGCCCAGAGTAAGATCCTGAGTGGAGTTGGGGGCCTTGTGCTTGGCCTGATTTTCTTTGGGGTTGGCCTCATTGTCCAC
>Mafu_DAB_18_partial_exon_3-4
GTGTATCCATCAAAGCTGGCTCCCCTGGGGCACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTT
GTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCATGGTGATGTCTACACCTGCCAAGTGGAGCACTCCAGCCTTCAGAAACCTGTC
ATCTTGGATTGGAAAGCACAGTCTGAATCTGCCCAGAGTAAGATGCTGAGTGGAATTGGGGGGCTCGTGCTGGGGCTGATCTTCTTTGGGGTTGGCCTCATTGTCCACAAGAGGAGTCAGAAAG
>Mafu_DAB_2_partial_exon_3-4
CAGGAAGAGATAGCTGGGGTTGTGTCCGTAGGTCAGATCAGCAATAGATACTGGACTTACCAGATCCTGGTGATGCTGGAAATGACCCCCAAGCAAGGACATGTCTACAGCTGCCAAGTGCAGC
ACTCCAGCCTTCTGAGACCTGTCACCTTGGACTAGAAAGCACAGTCTGAATCTGCTCAGAGTAAGATGCTGAGTGGAATTGGGGTCCTTGTGCTGGGGATAATCTTTTTTGGGTTTGGTCTCATTGT
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>Mafu_DAB_3_partial_exon_2-4
AACACTTCATGGAGCAGAGAAAGGTCGAATGTCACTTTGTGAATGGGACAGAGCACGTGCGGTATGTACTGAGATGCATCCATAATAGGGAGGAGATCCTGCGCTTCGACAGTGATGTGGGGAA
GTTTGTGGCACTGACAGAGCTGGGCCAGCCTGAGGTTGAGTATTGGAACAGCCAGAAGAACATCCTGAAGTATAGACAAGATCAAGTGAACACTTACTGCAGGCCCAACTACCAGGCTGTTAAAG
TCTTTTCACAGAGGAGGAAAGGTGAGTGTGATTGTGTATCCATCAAAAATGGCTCCCCTGGGACATCACAACCTGCTTGTCTGCTCTGCCACTGGTTTCTATCCTGGAGACATCGAGGTCAAGTGG
TTCCTGAATGGGCAGGAGGAGACAACTGGGATTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCTTGGTGATGCTAGAAATGACCCCCAAGCATGGAGATGTCTACACCTG
>Mafu_DAB_4
ATGGCATGTGTCTTGCTTCGCAGAGGCATCTGGACAGAGGTTCTGACTGTGACTCTGCTGGTGCTGAATTCCCAGGTGACTGCAGACAGACATGCCCCAGCAGCGCACTTTATGGATCAGTTGAAA
TCTGAGTGTCACTTTGTCAATGGGGCTGAGCACGTGCGGTTTGTGGGGAGACTCATCTACAGCCATCAAGAGAGCCTGTGCTTCGACAGCGACGTGGGGGAGTTCATGGCCTTGACCGAGCTGG
GGCGGCCCCTTGCGTTGAGCCTGAAGTGACTGTATATCCATCAAAGATGGCTCCCCTAGGATACCCAAACCAGCTTGTCTGTTTTGTTACTATCCTGGGGACATTGAGGTCAAGTGGCTCCTGAATG
GTCAGGAGGAGACAGCTGGGATTGTGTCTACAGGCCTGATTAGCAATGGAGACTGGACCTACCAGATTCTGGTGATGCTGGAAATGATCCCCAAGCATGGACACCTCTACACCTGTCAAGTGGAG
>Mafu_DAB_5_partial_exon_3-4
ATGGATTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCCGTCCCTGGATTCTATCCTGTGAAAAGTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGC
TGGGGTCATGTCCACAGCCTTATCAGTAATGGAGACTGGATCTATCAGATCCTAGTGATGCTGGAAATGACCCCCAAGCATGGAGATGTCGATACCTGCCAAGTGGAGCACTCTAGCCTTGAGAA
ACCTGTCATTGTGGACTGGAAAGTTTGAATCTGCCCAGAGTAAGATGCCCAGTGGAGTCGAGGGCCTCGTGCTGGGGCTGATGTTCTTTGGGGTTGGCCTCATTGTCCACAAGAGGAATCAGAAA
>Mafu_DAB_6_partial_exon_3-4
CCCTTGCATCATCACAGTCTGCCCGTCTGCTCAGTGACTGGTTTCTATCCCGGCCAGATGAAAGGCAGCTGGTTCCACAATGGGTAAGAGAAACGAGATGGGGTTGTGTCCTCAGACCCCATAAGG
AATGACGACTGGACATTGCAGATTCTGGTGATGCTGGAAATAATCCCCCAGCATAGACAAGTCTACATCTGTCAAATGGAACCTACAAGCCTTCTGAGGGTTCAATCTGAATCTACCTAGAATGAG
>Mafu_DAB_7_partial_exon_3-4
GTGTATCCATCAAAGCTGGCTCCCCTGGGGCACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGAGACAGCTGGGGTT
GTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATGTCTACACCTGCCATGTGGAGCACTCCAGCCTTCAGAAACCTGTC
ATCTTGGACTGGAAAGCACAGTCTGAATCTGCCCAGAGTAAGATGCTGAGTGGAGTTGGGGGCCTCGTGCTGGGGCTGATCTTCTTTGGGGTTGGCCTCATTGTCCACAAGAGGAGTCAGAAAG
>Mafu_DAB_8_partial_exon_2-3
AGGATTTCGTGTTTCAGGACAAGGCTGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGTATGTGGCTAGAGACTTCTACAATGGCGAGGAGACTGCCCGCTTCGACAGCGACGTGGGAGT
GTACGTGGCGGTGACGGAGCTGGGGCGGCGCGATGTTGAGTACTGGAACGGTCAGGAGGAGATCCTGGAGGAAGAACGAGCCGCTGTGGACACGGTGTGCAGACACAACTACGAGGTACACA
AGCCCTTCACGTGGGACAGAAGAGGTGACACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGCTGGGATCGTGTCCA
>Mafu_DAB_9_partial_exon_3-4
TTGAACCCAAGGTAGTTGTGTATCCATCAAAGAAGGCTCCCCTTGGATACCACAACCTGCTTGCCTGCTCTGCCACTGGTTTCTATCCTAGAGACACTGAGGTCAGGTGGTTCTTGAATGGGCAGGA
GGAGACAATTGGATTTGTGTCCACAGGCCTCATCAGTAATGAAGACTGGGCCTACCAGATCCTGGAGATGCTGGAAATGACTCCCAAGCATGGAGATGTCTATACCTGCCAAGTGGAGCACTCCA
GCCTTCAGAGACCTACCATCTTGGACTGGAAAGCACAGTCTGAATTTGCTCAGAGTAAGATGCTAAATGGAGTCAGGGGCCTCGTTCTGGGGCTGATCTTCTTTAGGGTTTGTTTCATGGTCCACA
>Mafu_DNAzoo_DBB_1
ATGGTTGATATTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGTACAAGTTTG
AGTGTTACTTCAGCAACTGCACGGGGCGGGTGCGCCTTGTGGTTAGAGACATCTACAATGGCGAGGAGGATGCCCGCCTCGACAGTGAAGTGGGGCAGTTCGTGGCCCTGAGGGATCCGGGGT
GGCCCGATGCTGAGCAATGGAACGGTCAGAAGGAGATCCTGGAGAAATATCGAGCCAACGTGGACACGCTGTGCAGACACAACTACGAGGCTTATAAGCGCTTCACATTGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCTTCCAAGACAGATGCCCTGCAGCACCTGCTGGTCTGCTCTGTCTCTGGCTTCTATCCAAGCAAGATCAAGTTGACCTGGTTCAAGAATGGGCAAGAGAAGACAGC
TGGGATTGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACAGA
>Mafu_DNAzoo_DBB_2
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ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGACACGTCTGTTAATGACATCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGTACAAGGGC
GAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGCCTTGTGTATAGACAGATCTACAATGGCGAGGAATATGTCCGCTTCGACAGCGACGTGGGGCACTTCGTGGCGGTGACGGAGCTGGGGC
GGCCAAGTGCTGAGTACTGGAACAGTCAGGAGGAGATCCTGGAGGAAGAACGAGCCTACGTGGACACGGTGTGCAGACACAACTACCAGTTTGACAAGATCTCAGCAGTGGACAGAAGAGTCC
AGCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACA
GCTGGGATCGTGTCCACGGGGGTGATACAGCATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTACA
>Mafu_DNAzoo_DCB_1
ATGGAACATGTGGAGTTTCTGGGAGGCCCTGTATGACAGTCATACTGATAGTGCTGAGCACACCCACAGACTGAGGTAGGGACATTCCAAAGATTTACCTACATCAGATGGGGTCTGAGGGTCAC
ATGATCAATGGAACCCAACAAGACTCATCTACAACCAGGTGGAGTTTGTGCACTTTGATAGTGATGTGAGGGATTATTTCAGACAAGCTGTGGAAATCCCAAGTCCAGAAATGAAACAGTAAAAA
GGAGAAAGTCAAGCATGCAAGGTCCATAATGAATGTGTGCAGAGACAATTTTCTTTTATATGACAAATTCACATCCAGCCTCTAGTGAAAGTTTTACCACCAAAGATACAACCACCTGGGCACCACA
ACCTGCTCCTCTGTTCTGTGATATTTCTATCCTGGTGAGATCAAGATCAATTGATTCAGAATCGCGAAAGAAGAGAAGACTGGAATCCTGTCCACAGACCGAATTCAGCACAGTGCCTGCACCTTCC
AAACCCTTGTGATACTGGAAATGGCCCTCCAAAGAGGAGATGTCTTTACTTGCCATGTGGACCATGCCAGCTTGCAGAATCCTGTCACTGTAAACTGGAGACCACATTCTGAATCTTCCTGGACTAA
>Mafu_DNAzoo_DMB_1
ATGACATTACTCTACCTGCTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAACAGGGGGCTTTGTGACTCATGTGGAGAGTGACTGTATACTGGATGAAGAAGGATCCGTAAAGGACTTCGAATAT
TGCATCTCCTTCAACAAGGATGTGTTGACCTGCTGGAACTCAGATACTAGCAAGATGGTCACTGTTGAATTTGGAATACTGCGTCCATTAGCTGACTGGCTTTCTGACACCCTCAATAATGATACTG
CTTTGATAAACCGCCTGAGTGAAGGATTCCAAAACTGTGCCAGTCACACAAAGCCCTTCTGGGGATCACTGACCCACAGGACACGGCCACCATCAGTGCAAGTAGCTCAGGTCACACCATTCAACA
CAAGGGAGCCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCGTGGTTGAAGAATGGGCAGCCTGTCCCACACAGTGGCATCCAGAAGGCTGTACAATCCAAT
GGGGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCTTTGTAGAGCACGGTGGGACTTCCCAAACCATCTTACAGACCTGGACACCTGGCCTCT
>Psoc_DNAzoo_DAB_1_partial_exon_2-4
AGCACTTCACAGAGCAGGTGAAGGGTGAATGCTACTTTGAGAACGGGACGGAGCACGTGCGGTTTGTGCTGAGGGCCATCTACAACCGGGAGGAGTATGTGCGCTTCGACAGCCACGTGGGGG
AGTTTGTGGCGGTGACGGAGCTGGGGCGGCGCACTGCCGAGTATGGGAACGCCCAGAAGGAGTTTATGGACCACTTACGGACCGCGGTGGACAGCTATTGCATGCATAACTACGAGGGAATCG
AGCCCTTCTCAGTACCCAGGAGGATTAAGCCCGAGGTGATTGTGTATCCATCAAAGATGGTGCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGT
CAGGTGGTTCCTGAATGGGCAGGAGGAGACGGCTGGCGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAGCCGTGGAGATGTC
>Psoc_DNAzoo_DAB_2
ATGGTGTGTGTTTTGCTCCCCAAGTATGTCTGGATAGAAGTTCTGGTTATGACTCTGCTGGTGCTGAATTCCCAGGTGGCTGAAGGGAGACATGCCCCTGAGCACTTCACAGAGCAGAGAAAGGC
CGAGTGTCACTTTGTGAATGGGACAGAGTACGTACGATATGTGCTGAGATGCATCCACAACCGGGAGGAGATTGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGCTGACTGAGCTGGGC
CGGCCGGAGGCTGAGTATTGGAACAGCCAGAAGGAGATCCTGGAATACAGACGCGACATGGTGAACACTTACTGCAGGCACAACTACCAGGAGATTGAGTACTTTTCAAAGAGCAGGACAGGTG
ATTGAGCCTGAGGTGATTGTGTATCCATCAAAGACGGCGCCCCTGGGACATCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTAAGGTCAGGTGGTTCCTGAATGGGCAG
GAAGAGATAGCTGGGGTTGTGTCTACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCCTGGTGATGCTGGAAATGACCCCCAGGCGTGGAGATGTCTACACCTGCCAAGTGGAGCACT
>Psoc_DNAzoo_DAB_3
ATGCTGTGTGCGCGCTCAAAAGTTCTGATGATGACCCTGCTGGTGCTGAATTCCGGGGTGGTTGCAGGCAGAGACAGCCCAAAGCACTTTATGGAGCAGATAAAGGCCGAGTGTCACTTTGTCAA
TGGGACTGAGCATGTGCGATTTGTGGGGAGACTTATCTACAACAGTCAGGAAATTATGCGCTTCGACAGCGACTTGGGAGAATTCATGGCCTTGACCGAGCTGGGACGGCCCATTGCGGAGCTAA
TGAACAGCCTGCTGGAGGTTCTGGAGCAAGCGCGGGCCCAGGTGGCCTGGTGCAGAGACAACTATGGGTTGTTGGAGTCCTGGATGCAGAGGAGGGGTGATTGAGCCTGAAGTAACTGTGTAT
CCATCAAAGATGGCTCCCCTAGGATATCCAAACCAGCTTGTCTGTTTTGTTACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCCTGAATGAGCAGGAGGAGACAGCTGGCATTGTGTCC
ACAGGCCTGATCAGCAATGGAGACTGGACCTATCAGATCCTGGTGATGCTAGAAATGACCCCTAAGCGTGGAGATGTCTATACCTGCCAAGTGGAGCATTCCAGCCTTCAGAATCCTGTCATTGTG
>Psoc_DNAzoo_DAB_4_partial_exon_2-4

110



AGTACTTTATGGAGCAGATGAAGGCCGAGTGTCACTTTGTCAATGGGACTGAGCATGTGCGATTTGTGGGGAGACTTATCTACAACAGCCAGGAAATTTTGTGCTTCGACAGCGACTTGAGGGAA
TTCACGGCTTTGAGCCAGCTGGGGCAGCCCATTGTGGAGCTAATGAACAGCCTGCTGGAGGTCCTGGAGCAAGCGTGGGCCCAGGTGGCCTGGTGCAGAGACAACCATAGGTTGTTGGAGTCCT
GGATGCAGAGGATTGAGCCTGAAGTAACTGTGTATCCATCAAAGATGGCTCCCCTAGCATACCCAAACTAGCTTGTCTGTTTTGTTACTGATTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCAT
GAATGATCAGAAGGAGACAGCTAGGGTTGTGTCCACAGGCCTAATTAGCAATGGAGACTGGACCTGCCAGATCCTGGTGATGCTGGAAATGACCCCTAAGCATGGAGATGTCTACACCTGCCAA
>Psoc_DNAzoo_DMB_1
ATGAGGTTACTCTACCTGTTACTAGTGGGCTTCAGTCTGGGTTTTTCAGGAGCAGGGGGTTTTGTGACCCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTTACATA
TTGTATCTCCTTCAACAAGGATGTGTTGACCTGCTGGAACTCAGAGACTAACAAGATGACCACTGTTGATTTTGGAGTGCTATACCCATTAGCTGAGCAACTTTCTAGAATCCTCAATAATGATAGT
GCTTTTATAGACCACCTGAGCAAAGGACTCCAGGACTGTGCTAGTCACACAAAGCCCTTCTGGGGATCACTGACCCAAAGGACATGGCCACCATCAGTGCAAATAGCCCAGACTACACCATTTAAC
ACAAGAGAGCCAGTAATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCTATCCCACACAGTGGCATCCAGAGGGCTGTACAATCCAAT
GGAGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACTCTTGTCATGTAGAGCATAGTGGGACTTCCCAGATCATCTTACAGACTTGGACACCTGGCCTCT
>vour_DAB_1
ATGGTGTGTGTCTTACTCCCCACAGGCGTCTGTATACAAGTTCTGGCTATGACCCTGTTGGTTGTAAATTCCCACATGGTTGCAGGCAGACACACCCCAGAGCACTTCACCGAGCATGCTAAGTCCG
AGTGTCACTTTGAGAACGGGACGGTGCACGTGTGGTTTGTGGATAGATACATCCACAACCGCGAGGAGTTTATGCGGTTTGACAGCGACGTGGGGGAGTATGTGGCGCTGACGGAGCTGAGGC
GTCCCAGTGCTGAGTATTGTAACAGCCGCAAGGAGATTCTGGCAGAGACTGGCGGCGGTGGACTGGTTCTGCAGGGTCTACTGCAAGGTGTCTGAGCTCTTCTCAGTGCACAAGAGCGGTGAGT
TTATGCCTGAGGTGATTGCGTATCCATCAAAGATGGCCCCCCTGGGACTCCACAACCTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGAAACATTAAGGTCAGGTGGTTCCTGAATGGGCAGGA
GGAGACAGCAGGGATTGTGTCCACAGGCCTCATCAGCAATGGAGACTGGACCTACCAGATCCTTGTGATGCTGGAAATGACCCCCAAGCATGGAGACATGTACACCTGCCAAGTGGAGCACTCCA
>vour_DCB_1
TGTGTGTGGAGCTTCTGGGAGGCCCCTGTATGACAGTCCTATTGATGGTACTGAGCACACCCACAGCCTGGGGCAGGGACATTCCAGGTAAAATTACCTACGTCAGGTGAGGTCTGAGTGTCACA
TGACCAATGGAATCCAACAGGTCCACTTTTGAAGACTCATCTATGACCGGGAGGAGTTTGTGCACTTTGACAGTGACGTGGGACTATTTGAGGCAAAAATGGAGTTGTGGAGATCCCAAGTCCAG
AAATGGAACAGGCAGAAGGAAATAGTCAAGCGTGCAAGGTCCATAGTGAATGTGTGCAGGCACAATTACCTTTTATATGATAAACTCATATTGCAAAGGAAAGGCCAGGGTTAAGGTTTTCCCCT
CAAAGATACGACCTCTTGGGCACCACAACCTGCTCCTCTGTTCTGTGACCAGTTTCTATCCTGGTGAGATCAAGGTCAGCTGGTTCAGGAATGCAAAAGAAGAAAAGGCTGGAGTCTGGTCCACAG
GCCAAATCCAGAATGGTGACTGGACCTTCCAGACCCTTGTGATGCTGGAAATGACCCCCCAAAGAGGAGATGTCTTTATTTGCCATGTGGACCATGTCAGCTTGCAGAGCCCTATCACTGTAGACT
>vour_DMB_1
ATGCTCAAGCAAAGAATGAGGTTACTCCACCTACTACTACTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGCAGGGGGCTTTGTGACCCATGTGGAGAGTGGCTGTATACTGGATGAAGAAGGATC
AGTAAAGGACTTCACATATTGTATCTCCTTCAACAAGGATGTGTTGACCTGCTGGGACTCAGAGGCTAACAAGATGGCCGCCGTTGATTTTGGGGTGCTGCATCCATTAGCCGAAGAGCTTTCTGA
AATCCTCAGTAACAGAAGTGATTTTATGGACCATATGAACAAAGGACTCCAGGACTGTGCCAGTCACACAAAGCCCTTCTGGGGATCATTGACCCAAAGGACACGGCCACCATCAGTGCAAGTAG
CCCAGACCACACCATTCAACACAAGGGAGTCAGTGATGCTGGCTTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTTGTGGTTGAAGAATGGGCAGCCTATCCCAAACAGTGGCATCC
AGAGGGCTGTACAATCCAATGGGGACTGGACTTATCAGACACGATCCTACTTACCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCCATGTAGAGCACAGTGGAACTTCCCAGCCTATCTTGCA
>Bepe_DAB_1
ATGCCATGTGTCTCCTTCTCCAGAGTCATCTGGACAGAGGTTCTGACTGTGTCCCTGATAGTGCTGGCTTCCCAGGTAGCTGCAGGCAGACATGCCCCAGAGCACTTCACGGAGCAGCTGAAGTTC
GAATGTTACTTTGTGAACTGGACAGAGCACGTACGATTTGTGCTCAGATACATCTACAACCGGGAGGAGTACGTGCGCTTTGATAGCGACGTGGGGGAGTTCTTGGCGGTGACGGAGCTGGGGC
GGTGCAGTGCTAAGTATTACAATGGACTGGAGGACGAGCTGGAGGAGAAACGAGCCTACGTGGACACTTTGTGCAGGCACAACTACGGGGTGTTTCACAGATTCTTGGTCCCCAGGCGTGGTGA
CTGAGCCCGAGGTGACTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAAG
AGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAGGCATGGTGATGTCTACACCTGCCAAGTGGAGCACTCC
>Bepe_DAB_10

111



ATGTTGTGTGTTTCCCTCTCTAGAGGCATCTGGACCAACGTTCTGGCTGTGACCCTGATGGTGCTGACTTCCCAGGTGGCTGCAGGCAGACATGCCCCAGAGCACTTCATGGAGCAGCTGAAGGCC
GAGTGTCACTTCGAGAACGGGACGCAGCGCGTGCGGTATGTGCAGAGATACATCTACAACCGGCAGGAGTTAGTGCGCTTCGACAGCGACGTGGGCGAGTTCGTGGAGGTGTCGGAGCTGGGG
CGGGGGATCGCTGAGTATTTCAACAGCCAGAAGGAGTTCCTGGAGCAGAGACGGGCCCAGGTGGACAACTACTGCCGGCACAACTACGGGGTGATTGAGCGCTTCTCAGTGGCCAGGCGCGGT
GATTGAGCCCGAGGTGATTGTGTATCCATCAAAGTTGACTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGCCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCA
GGAAGAGACAGCTGGGGTTGTGTCCACAGGCCTGGTTGGTAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATGTCTACACATGCCAAGTGGAGCAC
>Bepe_DAB_11
ATGCTGTGTGCCTCCCTCTCCAGAGGCATCTGGAGAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGACTGCAGGCAGACATGCCCCAAAGCTCTTCAGGGAACTGGTAAAATCC
GAATGTCATTTTGTGAACGGGACGCAGCACGTGCGGTTTGTGCACAGATACATCTACAACCGGGAGGAGTACGCGCGCTTCGACAGCGACGTGGGGGAGCATGTGGCGGTGACAGAGGTGGGG
AGGCCCGATGTGGAGCGTTGGAACCGCTGGAAAGAGCTCCTGGAGCGCGAACGGGCCTACGTGAACACTTTCTGCAGGCACAACTACGAATTGTCTGAACCCTACTTAGACCCCAAGCGCGGTG
ATTCAGCCTGAGGTGACTGTGTATCCATCAAAGATGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCTCTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAG
GAGGAGACAGCTGGGGTTGTGTCCACAGGCCTTATCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGATGATGTCTACACCTGCCAAGTGGAGCACTC
>Bepe_DAB_12
ATGCTGTGTGTCTTACTCCCCCAGGGTATCTGGACAGAGGTTCTGGCTGGGATCCTGCTCATGCTGAATTCCTGGATGGCTGCAGGCAGACATGCCTCAGACCACTTCATGGAGCAGAGAAAGGCC
GAGTGTTACTCTGAGAACGGACGCAGCACGTGCGTTTTGTGGAGAGACACATCTACAACCAGAAGGAGGCTGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGCTGACGAGCGAGGGTG
GCCCAGTGCGGAGAGTTGGAACGGCAGGAAGGAGCTCCAGGAGCAGAGGACACCGCCCAAGAAGACACCTTCTGCAGGCACACCTCCAAGGTGATGGAGCCCTTCTCAGTGCGCAGGTGTGGT
GGCCCCAGGTGACTGTGTATCCATCAAAAACAGCTCCCCTGGGACACCACAACCTGCTTATCTGCTCTGTCACTGGTTTCTATCCTGGAGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAAG
AGACAGCTGGGGTTGTGTCCACAAGCCTGATCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCATGGAGACATCTACACTTGCCAAGTGGAGCTCTCCAGC
>Bepe_DAB_2
ATGGTATGTGTCTTGCTCTGCAGAGGCATCTGGACAGAGATTCTGACTGTGGCTCTGCTGGTGCTGAATTCCCAGGTGACTGCAGGCAGATATGCCCCAGAACACTTCATGGAGCAAAGAAAGGT
CGAGTGTCACTTTGTGAATGGGACAGAACACGTGCGGTATGTACTGAGATGCATCCATAATAGGGAGGAGATCCTGCGCTTTGACAGTGACGTGGGGAAGTTTGTGGCACTGACAGAGCTGGGG
CGGCCTATGGTTGAGTATTGGAACAGCCAGAAGGACATCCTGAAGTACAGACAGGACCAAGTGAACACTTACTGCAAGCCCACCTACCAGGCTATTAAGGTCTTTTCACAGAGCAGGAATGGTGA
CTGAACCTGAGGTGATTGTGTATCCATCAAAAATGGCTCCCCTGGGACATCACAACCTGCTTGTCTGCTCTGCCACTGGTTTCTATCCTGGAGACATTAAGGTCAGGTGGTTCCTGAATGGGCAGG
AGGAGACAACTGGGATTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACCTACCAGATCTTGGTGATGTTAGAAATGACCCCCAAGCATGGAGATGTCTACACCTGCCAAGTGAAGCACTCC
>Bepe_DAB_3
ATGGTGTGTGTCTTGTTCCCCCAGGGTATCTGTATAGAGGTTCTAGTTGTGACACTGCTGGTGCTGAATGCTCAGGTGACTGTAAGCAGCCATGCCCCAGAGCACTTCACGGAGCAGGTGAAGGG
CGAATGTTACTTTGTGGACGGGATGGAGCACGTGCGGTTTGTGCTGAGGGCCATCTACAACCGCGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCTGTGACGGAGCTGGG
GCGCCGCACTGCGGAGTTTGGCAACAGCCAGAAGGAGTTCATGGACCACTTACGGGCGTCGGTGGACACTTACTGCAGGCACAACTACGAGGGGATCGAGCCCTTTATAGCGCCCAGAAGCGGT
GATTCAGCCTGAGGTGACTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACTTGCTTGTCTGATCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCA
GGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCAGCAATGGAGACTGGACTTACCAGATCCTGGTGATGCTGGAAATGATCCCCAAGCATGGACATGTCTACACCTGCCAAGTGGAGCAC
>Bepe_DAB_4
ATGCTGTGTGTCTTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGACTCTCCAGGTGGCTGCAGGCAGACATGCCCCAAAGCACTTCACGGAGCAGCTGAAGGC
CGAGTGTTACTTCGAGAACGGGACGCAGCGGGTGCGGTTTGTGCTGAGAGATATCACGAACCGGGAGGAGAATGTGCGCTTCGACAGCGACGTGGGCGAGTTCGTGGCGCTGACGGAGCTGGG
CCGTCCTGATGCTGAGCTGTGGAACAGCCAGGAGGACTACCTGGAGCGCGCACGGGCCGCGGTGGACACTTTGTGCAGGCACAACTACGGGGTGATTGAGCACTTCTTACTCCCCAGGCGCGGT
GATTGAGCCCGAGGTGATTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCA
GGAAGAGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGTAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATATCTACACATGCCAAGTGGAGCAC
>Bepe_DAB_5
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ATGCTGTGTGTCTTGCTCCCCAGGGGCATCTGGATAGATGTTCTTGCTGTGACCCTGCTGGTGCTGACTTCCCAGGTGGCTGCAGGCAGACATGCCCCAAAGCACTTCACGGAGCAGTTGAAGGGC
GAATGTTACTTTGAGAACGGGACGGAGCACGTGCACTTTGTGCTCAGATACATCTACAACCGGCAGGAATACGCGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGTCGGAGCTGGGGC
GGCGCAGTGCTGAGTATTGGAACAGCCAGGAGGAGCTCCTGGAGCAGAGACGGGCCCAGGTGGACACTTACTGCCGGCACAACTACGGGGTGATTGAGCGCTTCTTAGTCCCCAGGCGCGGTG
ATTGAGCCCGAGGTGATTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAG
GAAGAGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGTAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATATCTACACATGCCAAGTGGAGCACTC
>Bepe_DAB_6
ATGTTGTGTGTCTCCCTCTCCAGAGGCATGTGGATAGAGGTTCTGGCTGTGACCCTGCTGGCATTGAATTCCCAGGTGGCTGCAGGCAGACATGCTCCAGAGCACTTCACGGAGCAGGTGAAGGC
TGAGTGTCACTTTGTGAACCGGACGCAGCACGTGCGGTTTGTGGTGAGAGATATCACGAACCGGGAGGAGAATGTGCGCTTCGACAGCGACGTGGGCGAGTTTGTGGCGCTGACGGAGCTGGG
CCGTCCTGATGCTAAGCTTTGGAACAGCCAGAAGGACTACCTGGAGCGCGCACGGGCCGCGGTGGACACTTTGTGCAGGCACAACTACGGGGTGATTGAGCCCTTCTCAGTGGCCAGGCGCGGT
GACTGAGCCGGAGGTGAATGTGTATCCATCAAAGTTGACTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAAGTGGTTCCTGAATGGGCA
GGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGATCCGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATGTCTACACCTGCCAAGTGGAGCAC
>Bepe_DAB_7
ATGCTGTGTGTCTTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGACTTTCCAGGTGGCTGCAGGCAGACATGCCCCAAAGCACTTCGCGGTGCAGGCGAAGTC
CGAGTGTTACTTTGTGAACGGGACGGAGCACGTGCGGTTCATGGACAGATACTTCTACAACCGCGAGGAGACTGTGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGTCGGAGCTGGG
CCGTCCTGATGCTGAGTACTGGAACAGCCAGGAGGAGCTCCTGGAGCGCAAACGGACCGCGGTGGACTGGTTCTGCAGGGTCTGCTACGAGATTTCTGAGCGCTTCTTAGTCCCCAGGCGCGGTA
ATTGAGCCTGAGGTGATTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTACTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAG
GAGGAGACAACTGGGGTTGTGTCCACAGGCCTGGTCGGTAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATAACTCCCAAGCGTGGTGATGTCTACACCTGCCAAGTGGAGCACTC
>Bepe_DAB_8
ATGCTGTGTGTCTTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGACTTCCCAGGTGGCTGCAGGCAGACATGCCCCAAAGCACTTCACGGAGCAAGGAAAGTG
CGAGTGTCACTTCGAGAACGGGACGCAGCACGTGCGCTTTGTGCAGAGACACATCACCAACCGGCAGGAGAACGTGCGCTTCGACAGCGACGTGGGCGAGTTCGTGGCGCTGACGGAGCGGGG
GCGGCGGGATGCAGAGCTGTGGAACAGCCAGGAGGACTACCTGGAGCAAACCCGGGCCTCGGTGGACACTTTGTGCAGGCACAACTACCAGTCGTCTGAGCCCTTCTTAGTGCGCAGGCGCGGT
GACTGGGCCTGAGGTGATTGTGTATCCATCAAAGCTGGCTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCA
GGAGGAGACAGCTGGGGTTGTGTCCACAGGCCTGGTCAGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCATGGTGATGTCTACACATGCCAAGTGGAGCAC
>Bepe_DAB_9
ATGCTGTGTGTCTCCCTCTCCACAGGCATCTGGACAGAGGTTCTGGCTGTGACCCTATTGGCACTAAATTCCAAGGTGGCTACAGGCAGACATGCTTCAGAGCACTTCGCGGTGCAGGCGAAGTCC
GAGTGTTACTTTGTGAACGGGACGGAGCACGTGCGGTTCATGGACAGATACTTCTACAACCGCGAGGAGACTGTGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGTCGGAGCTGGGG
CGGCGGGATGCTGAATACTGGAACAGCCAGGAGGAGCTCCTGGAGCAGAAACGGGCCTACGTGGACACTTTGTGCAGGAACAACTACGAGTTGTCTGAGCGCTTCTTAGTCCCCAGGCGCGGTG
ACCAGAGGTGATTGTGTATCCATCAAAGTTGACTCCCCTGGGACACCACAACCTGCTTGTCTGCTCTGTCACTGGTTTCTATCCTGGGGACATTGAGGTCAGGTGGTTCCTGAATGGGCAGGAGGA
GACAGCTGGGATTGTGTCCACAGGCCTGATCCGCAATGGAGACTGGACTTACCAGATCTTGGTGATGCTGGAAATGACCCCCAAGCGTGGTGATGTCTACACCTGCCAAGTGGACCACTCCAGCC
>Bepe_DBB_1
ATGCTTGATGTTTGGATCTCTGCTGGTTACTGGAAGATTGGTCTGTTAATGACTTCGATGCTGTTCAGTCTGTCTGCATCTTGGGCCAGGGACATCCCAGAAAATTTCGTGTATCAGAACAAGGCTG
AGTGTTATTTCACCAACGGCACGGAGCAGGTGCGCTTTGTGGTTAGATACATCTACGATGACCAGGAATTTCTCCGCTTTGACAGCGACGTGGGGAAGTTCCTGGCGGTGACGGAGCTGGGGCAG
AGTCAGGCTGAGGACTGGAACAGTCTGGAGGAGATGCTGGAGCAAAATCAAGCTGCCGTGGACACGCTGTGTAGATACAACTACGACATGGGCAAGCCCTTCATGGTGGACAGAAGAGGTGAT
GCATCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAAGTCACCTGGTTCAAGAATGGGCAGGAGGAGAC
AGCTGGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGGCTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCGGCCTAC
>Bepe_DBB_2
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ATGTTGGGATCTCTGTTGGCTGCTGGAAGATTGTTCTTCTGTTAATGACATCAATGCTGTTGGGTTTATCTGCATCTTGGACCAGGGACATCCCAGGTAAAGGACTTCGTGTATCAGTACAAGGGCG
AGTGTTACTTCACCAATGGCACGGAGCGGGTGCGGCTTGTGTATAGAGTCATGTACAACGGCGAGGAGAATGCCCGCTTCGACAGCGACGTGGGGCACTTTGTGGCCCTGACGGAGCTGGGGCG
GCCCGATGTTGAGTACTGGAACAGTCAGGAGGAGATCCTGGAGGAAGAACGAGGCTACGTGGACACGGTGTGCAGACACAACTACGAGGTAGACAAGCCCTTCACTCTGGACAGAAGAGTCCA
GCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACAGC
TGGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGGGTGGAGCATGCCAGCCTACAGA
>Bepe_DBB_3
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAACGACATCAATGCTGTTGAGTTTATCTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTATCAGACCACGTTTC
TGTGTTACTTCACCAACGGCACGAAGCGGGTGCGGCTTGTGCATAGAGTCATGTACAACGGCGAGGAGATTGTCCGCTTCGACAGCGACGTGGGGGTGTACGTGGCGGTAACGGAGCTGGGGC
GGCCCGATGCTGAGTACTGGAACGGTCAGGCGGAGATCCTGGAGGAATATCGAGGCTACGTGGACACGCTGTGCAGACACAACTACGAGGTAGACAAGCCCTTCACGCTGGACAGAAGAGTGC
AGCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGGAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACA
GCTGGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTTCA
>Bepe_DBB_4
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAACGACATCAATGCTGTTGAGTTTAACTGCATCTTGGGCCAGGGACATCCCAGAGGATTTCGTGTTTCAGTACAAGTTTG
AGTGTTACTTCACCAATGGCACGGAGCACGTGCGCCTTGTGGTTAGAGGGATGTACAATGGCCAGGAATTTGCCCGCTTTGACAGCGACTTGGGGCACTTCGTGGCGGTGACGGAGCTGGGGCG
GCCCGATGCTGAGTATTGTAACAGTCAGGAGGAGATCCTGGAGGAATATCGAGCCTACGTGGACACGCTTTGCAGACACAACTACAACACTGACAAGCCCTTCACGGTGGACAGAAGAGTCCAGC
CCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCATCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGAGCAAAGTCATCTGGTTCAAGAATGGGCAGGAGGAGACAGCTG
GGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTTCAGTGTGGAGCATGCCAGCCTACAGAGT
>Bepe_DBB_5
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGCTAATGACATCGATGCTGTTGAGTTTATCTGCGTCTTGGGCCAGAGACATCCCAGAGGACTTCGTGTATCAGTACAAGGGC
GAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGTTTTGTGTATAGAAGCATCTACAACGGCGAGGAGGATGTCCGCTTCGACAGCGACGTGGGGGTGTACGTGGCCCTGACGGAGCTGGGG
CGGCCCGATGCTGAGTACTGGAACGGTCAGGAGGATAGCCTGGAGGAATATCGAGGCTACGTGGACACGCTGTGCAGACACAACTACGAGGCAGGCAAGCCCTTCACTCTGGACAGAAGAGTC
CAGCCCAGAGTGACCATCTCCCCCTCCAAGACAGACGCCCTGCAGCACCTGCTGGTCTGCTCTGTCACTGGCTTCTATCCAAGCAAGATCAAGGTCACCTGGTTCAAGAATGGGCAGGAGGAGACA
GCTGGGATCGTGTCCACGGGTGTGATACAACATGGAGACTGGACCTACCAGACCCTGGTCATGTTGGAAATGACTCCCCAGAGCAGAGATGTCTACACCTGCAGTGTGGAGCATGCCAGCCTTCA
GAGCCCCATCAGTGTGGAATGGAGGGCACAGTCTGAATCTGCCCGGAGCAAACTGCTGAGTGGAATTGGAGGCTTTGTCCTGGGGCTGATCTTCCTCAGTGTAGGGCTGATCATCCACCTGAAGA
ACAAGAAAGGTGAACCATGTAATCAGCTCTGTGACAATTGTTCAGACCTACAAACCATCTGAACAGTACCTGCATGAATCTGATGAAGATGAACCATTCCACATGGACTGTGAAAAGAAGGAAACT
GTCTGGCAGCTTCCTGAGTTTGGTCATATCTTCAGTTCCAATTCAGTTCAGATTGGGCTAAGTGACATTGCTGTGGACATGGCTTACTTGAACCAACTTATCAGGCAAACCAACCACACCCAAGCCA
CCATTGTGACTCCAGAGGTGGCAGTGTTTCCCAAGGAGGACGTGGAACTAGAAGAACCCAGTGTCCTCATCTGCCACATTGATAAGTTCTCCATCCCACTGATCAATGTCACATGGCTGTGCAATG
>Bepe_DCB_1
ATGGAACATGTGGAGTTTCTGGGAGGCCCCGTATGACAGTCATACTGATAGTGCTGAGCACACCCATAGACTGAGGTAGGGACATTCCAAAGAATTACCTACATCAGATGCAGTCATCAGATTGG
GATCAATGAAACCCAACAAGACTCATCTACAACCAGGTGGAGTTTGTGCACTTTGACAGTGATGTGGGGCTATTTCAGATAAGCTGTGGAAATCTCAAGCCCAGAAATGAAACAGTAAGAAGGAG
ATAGTTAAGCATGCAAGGTCCATAGTGAATGTGTGCAGACACAATTTTCTTTTATATGACAAATTCACAGGGCAAAGGAAAGTCCAGCCCCTAGTGAAAGTTTTACCCCCAAAGATACAACCACCTG
GGCACCACAACCTGCTCCTCTGTTCTGTGATGTTTCTATCCTGATGAGATCAAGATCAATTGATTCAGGATCGCAAAAGAAGAGAAGGTTGGAATCCTGTCCACAGACAGAATTCAGCACAAGGAC
TGGACCTTCCAAACCCTTGTGGTGCTGGAAATGCCCCCCCAAAGAGGAGATGACTTTACTTGCCATGTGGACCATGTCAGCTTGCAGAGCCCTATCACTGTAAACTGGACACATTCTGAATCTTCCT
>Bepe_DMB_1
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ATGACATTACTCTACCTGCTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAACAGGGGGCTTTGTGACTCATGTGGAGAGTGGCTGTATACTGGATGAAGAAGGATCCGTAAAGGACTTCGAATAT
TGTATCTCCTTCAACAAGGATGTGTTAACCTGCTGGGACTCAGATAGTAACAAGATGGTCACTGTTGATTTTGGAATACTGCGTCCATTAGCTGACGAACTTTCTGATGCTCTCAATAATGATACTGC
TTTGATAAACCGCCTAAGCCAAGGATTCCAGGACTGTGCCAGTCACACAAAGCCCTTCTGGGGATCACTGACCCACAGGACACGGCCACCATCAGTACAAGTAGCTCAGGTCACACCATTCAACAC
AAGGGAGTCAGTGATGCTGGCCTGTTATGTATGGGGCTTCTATCCTGCTGATGTGGCCATTTCATGGTTGAAGAATGGGCAGCCTGTCCCACACAGCGGCATCCAGAAGGCTGTACAATCCAATG
GGGACTGGACTTATCAGACACGATCCTACTTGGCCCTTACCCCCTCTAGTGGGGATATTTACACTTGCTCTGTAGAGCACAGTGGGACTTCCCAGATCATCTTACAGACCTGGACACCTGGCCTCTC
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Table A5‑3 Table containing 450 koalas investigated in this study and the alleles designated for each allele at each 
gene, NA means allele could not be resolved.

Individual Region LGA
DAA 
allele 1

DAA 
allele 2

DAB 2 
allele 1

DAB 2 
allele 2

DAB 3 
allele 1

DAB 3 
allele 2

DAB 4 
allele 1

DAB 4 
allele 2

DAB 5 
allele 1

Armidale_F_M50273 M_NSW NSW_Armidale 3 3 3 4 1 2 1 1 1
BMnt_F_7041500 M_NSW NSW_Greater_Blue_Mountains 1 3 NA 2 6 NA 1 1 1
BMnt_F_7094923 M_NSW NSW_Greater_Blue_Mountains 1 1 5 4 4 2 1 1 1
BMnt_F_7094976 M_NSW NSW_Greater_Blue_Mountains 1 1 6 2 7 5 1 3 1
BMnt_F_7094979 M_NSW NSW_Greater_Blue_Mountains 3 3 NA NA NA NA 1 3 1
BMnt_M_7041293 M_NSW NSW_Greater_Blue_Mountains 1 1 1 2 4 2 1 1 1
BMnt_M_7041492 M_NSW NSW_Greater_Blue_Mountains 1 3 7 2 2 11 1 1 2
BMnt_U_7041191 M_NSW NSW_Greater_Blue_Mountains 1 1 3 4 7 2 1 1 2
Coffs_Harbour_F_M44977 M_NSW NSW_Bellingen 1 3 2 NA NA NA 1 1 2
Coffs_Harbour_F_M47046 M_NSW NSW_Coffs_Harbour 1 3 14 2 2 11 1 1 2
Coffs_M_44984 M_NSW NSW_Coffs_Harbour 1 2 14 2 2 NA 1 1 2
Dubbo_U_C11212 M_NSW NSW_Dubbo 1 1 6 2 NA NA 1 1 2
Dubbo_U_C11358 M_NSW NSW_Dubbo 1 1 1 4 4 20 1 1 1
Dubbo_U_C11413 M_NSW NSW_Dubbo 1 1 7 10 2 8 1 1 2
Dubbo_U_C11085 M_NSW NSW_Gunnedah 1 1 11 15 1 2 1 1 1
Dubbo_U_C11512 M_NSW NSW_Dubbo 3 3 1 4 1 2 1 1 1
F_Beach_RS_PTS M_NSW NSW_Port_Stephens 3 3 5 4 1 2 1 1 1
F_DECC104_GUH M_NSW NSW_Gunnedah 1 3 NA NA 4 NA 1 3 1
F_DECC130_GUH M_NSW NSW_Gunnedah 1 3 11 1 1 2 1 1 1
F_DECC137F_GUH M_NSW NSW_Gunnedah 1 2 NA 4 16 10 1 3 1
F_DECC162_GUH M_NSW NSW_Gunnedah 3 3 11 NA 7 6 1 3 1
F_Eila_PTS M_NSW NSW_Port_Stephens 1 3 11 5 4 2 1 1 2
F_Gilchrist_PTS M_NSW NSW_Port_Stephens 1 3 11 NA 1 2 1 1 1
F_Joanie_PTS M_NSW NSW_Port_Stephens 1 3 11 1 4 2 1 1 1
F_MidnightR_PTS M_NSW NSW_Port_Stephens 1 1 11 5 1 2 1 1 1
F_SES_Maree_PTS M_NSW NSW_Port_Stephens 1 2 11 1 1 2 1 1 1
F_USYD062F_GUH M_NSW NSW_Gunnedah 1 3 11 1 1 2 1 1 1
F_USYD089F_GUH M_NSW NSW_Gunnedah 1 1 5 4 1 2 1 1 1
Liverpool_Plains_F_M48961 M_NSW NSW_Gunnedah 1 3 NA NA NA NA 3 3 1
Liverpool_Plains_F_M48962 M_NSW NSW_Gunnedah 1 2 NA NA 4 2 1 1 1
Liverpool_Plains_F_M48974 M_NSW NSW_Gunnedah 1 3 NA NA 1 2 1 1 1
Liverpool_Plains_M_M46161 M_NSW NSW_Gunnedah 1 1 6 11 4 NA 1 3 1
Liverpool_Plains_M_M48983 M_NSW NSW_Gunnedah 1 1 11 1 1 2 1 1 1
LPlains_F_48964 M_NSW NSW_Gunnedah 1 1 1 4 1 2 1 1 1
LPlains_F_49019 M_NSW NSW_Gunnedah 1 1 6 2 3 2 1 3 1
LPlains_M_48967 M_NSW NSW_Gunnedah 1 1 7 2 4 NA 1 3 1
LPlains_M_48973 M_NSW NSW_Gunnedah 1 1 14 2 7 2 1 1 1
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Individual Region LGA
DAA 
allele 1

DAA 
allele 2

DAB 2 
allele 1

DAB 2 
allele 2

DAB 3 
allele 1

DAB 3 
allele 2

DAB 4 
allele 1

DAB 4 
allele 2

DAB 5 
allele 1

LPlains_M_49001 M_NSW NSW_Gunnedah 1 1 3 2 NA 2 1 1 1
LPlains_U_46160 M_NSW NSW_Gunnedah 1 1 NA 2 NA NA 3 3 1
M47634_001 M_NSW NSW_Kempsey 1 1 11 1 1 2 1 1 2
M49020_001 M_NSW NSW_Gunnedah 1 1 NA 2 NA 2 1 3 1
M49021_001 M_NSW NSW_Gunnedah 1 1 NA NA 4 2 1 1 1
M49023_001 M_NSW NSW_Gunnedah 1 3 11 5 1 2 1 1 2
M_DECC015_GUH M_NSW NSW_Gunnedah 1 1 NA NA 4 2 1 1 1
M_DECC076_GUH M_NSW NSW_Gunnedah 1 1 11 7 16 2 1 3 1
M_Galloping_PTS M_NSW NSW_Port_Stephens 1 3 11 5 1 2 1 1 1
M_Howie_PTS M_NSW NSW_Port_Stephens 3 3 11 NA 1 2 1 1 1
M_Solstice_PTS M_NSW NSW_Port_Stephens 1 2 14 11 NA 15 1 1 2
M_Tai_PTS M_NSW NSW_Port_Stephens 3 3 11 1 1 2 1 1 1
M_USYD014_GUH M_NSW NSW_Gunnedah 1 1 NA 4 NA NA 3 3 1
M_USYD040_GUH M_NSW NSW_Gunnedah 1 1 NA NA 4 2 1 3 1
M_USYD098M_GUH M_NSW NSW_Gunnedah 1 1 NA NA NA 2 1 3 1
Pillig_F_M47418 M_NSW NSW_Warrumbungle 1 3 14 2 2 8 1 1 2
Pillig_M_M47035 M_NSW NSW_Warrumbungle 1 3 NA NA 2 NA 1 1 2
Pillig_M_M47420 M_NSW NSW_Warrumbungle 3 3 11 15 2 NA 1 1 2
PMac_F_81925 M_NSW NSW_Port_Macquarie 1 2 3 2 1 2 1 1 2
PMac_F_81926 M_NSW NSW_Port_Macquarie 1 1 3 2 3 2 1 1 2
PMac_F_81927 M_NSW NSW_Port_Macquarie 1 1 1 2 1 10 1 1 2
PMac_F_81996 M_NSW NSW_Port_Macquarie 1 3 3 2 7 10 1 1 2
PMac_M_81900 M_NSW NSW_Port_Macquarie 1 1 NA NA 2 8 1 1 2
PMac_M_81913 M_NSW NSW_Port_Macquarie 1 3 NA NA 20 8 1 1 2
PMac_M_81967 M_NSW NSW_Port_Macquarie 3 3 18 2 NA 8 1 1 2
PortMac_F_50048 M_NSW NSW_Port_Macquarie 1 1 6 2 20 11 1 1 2
PortMac_M_50047 M_NSW NSW_Port_Macquarie 1 3 5 4 1 2 1 1 2
Port_Macquarie_F_Emma M_NSW NSW_Port_Macquarie 3 3 11 1 4 2 1 1 2
Port_Macquarie_F_M50239 M_NSW NSW_Port_Macquarie 1 1 3 2 1 2 1 1 2
Port_Macquarie_M_Callum M_NSW NSW_Port_Macquarie 1 2 1 2 1 2 1 1 2
Port_Macquarie_M_M50237 M_NSW NSW_Port_Macquarie 1 2 3 2 6 8 1 1 2
Armid_M_M7070 N_QLD NSW_Armidale 1 2 1 2 3 2 1 1 2
Atherton_M N_QLD QLD_Tablelands 3 3 3 2 4 2 1 1 1
F_Bubbles_MBR N_QLD QLD_Moreton_Bay_Region 3 3 3 4 4 2 1 1 2
F_Coco_MBR N_QLD QLD_Moreton_Bay_Region 3 3 3 4 NA 6 1 1 2
F_Jadore_MBR N_QLD QLD_Moreton_Bay_Region 3 3 3 11 1 2 1 1 2
F_Josie_MBR N_QLD QLD_Moreton_Bay_Region 3 3 16 2 22 8 1 1 2
F_Julia_MBR N_QLD QLD_Moreton_Bay_Region 3 3 NA NA 7 2 1 2 2
F_Lana_MBR N_QLD QLD_Moreton_Bay_Region 3 3 5 4 7 2 1 1 2
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F_Millie_MBR N_QLD QLD_Moreton_Bay_Region 3 3 3 4 12 2 1 1 2
F_Rizzo_MBR N_QLD QLD_Moreton_Bay_Region 3 3 3 4 4 2 1 1 2
F_Tamara_O_MBR N_QLD QLD_Moreton_Bay_Region 3 3 11 1 23 5 1 1 2
F_Tanja_MBR N_QLD QLD_Moreton_Bay_Region 3 3 3 4 7 2 1 1 2
F_The_Hoff_MBR N_QLD QLD_Moreton_Bay_Region 3 3 1 4 4 2 1 1 2
FarNorthQLD_K2 N_QLD QLD_Tablelands 4 3 15 10 4 2 1 2 2
FarNorthQLD_K3 N_QLD QLD_Tablelands 3 3 NA NA NA NA 2 2 1
FCoast_F_51032 N_QLD QLD_Fraser_Coast 3 3 5 4 12 5 1 1 2
FCoast_M_61304 N_QLD QLD_Fraser_Coast 3 3 5 4 7 2 1 1 3
FCoast_M_61459 N_QLD QLD_Fraser_Coast 3 3 5 4 7 2 1 1 1
FCoast_M_93594 N_QLD QLD_Fraser_Coast 3 3 3 4 14 2 1 1 1
Fraser_F_72461 N_QLD QLD_Fraser_Coast 3 3 11 1 NA NA 1 1 1
Fraser_M_77266 N_QLD QLD_Fraser_Coast 3 3 3 4 4 2 1 1 2
Fraser_U_57909 N_QLD QLD_Fraser_Coast 3 3 11 1 7 2 1 1 2
Fraser_M_72855 N_QLD QLD_Fraser_Coast 3 3 9 11 19 2 1 1 1
Fraser_M_79972 N_QLD QLD_Fraser_Coast 3 3 1 2 14 2 1 1 1
Fraser_M_87546 N_QLD QLD_Fraser_Coast 3 3 1 4 NA 6 1 1 1
Gympie_F_82257 N_QLD QLD_Gympie 3 3 3 2 NA NA 1 1 3
Gympie_F_92626 N_QLD QLD_Gympie 3 3 NA NA 4 2 1 2 1
Gympie_F_93216 N_QLD QLD_Gympie 3 3 1 2 4 2 1 1 2
Gympie_F_93694 N_QLD QLD_Gympie 3 3 1 2 12 2 1 1 1
Gympie_M_87743 N_QLD QLD_Gympie 3 3 3 4 12 2 1 1 2
Gympie_M_95464 N_QLD QLD_Gympie 3 3 NA 4 2 23 1 2 2
HVale_F_Claire N_QLD QLD_Somerset 3 3 NA NA NA 15 1 1 2
HVale_F_Shamala N_QLD QLD_Somerset 3 3 1 2 NA 2 1 1 2
LivSton_F_54945 N_QLD QLD_Livingstone 3 3 1 2 4 2 1 1 3
M_Dazza_MBR N_QLD QLD_Moreton_Bay_Region 3 3 3 11 12 2 1 1 2
M_Bear_Monaro N_QLD QLD_Moreton_Bay_Region 1 1 NA 2 NA 15 1 3 2
M_Bobby_MBR N_QLD QLD_Moreton_Bay_Region 3 3 3 4 1 2 1 1 2
M_Clegane_STHD N_QLD QLD_Moreton_Bay_Region 3 3 NA NA 16 2 1 2 1
M_Doddy_MBR N_QLD QLD_Moreton_Bay_Region 3 3 1 4 4 2 1 1 2
M50293_001 N_QLD NSW_Gwydir 1 3 11 1 7 2 1 1 2
Mackay_F_63479 N_QLD QLD_Mackay 3 3 NA 2 4 2 1 1 1
Noosa_F_65657 N_QLD QLD_Sunshine_Coast 4 4 5 4 4 2 1 1 1
Noosa_F_70593 N_QLD QLD_Sunshine_Coast 3 3 5 4 4 2 1 1 2
Noosa_F_74009 N_QLD QLD_Sunshine_Coast 4 3 7 4 NA NA 1 1 2
Noosa_F_79303 N_QLD QLD_Sunshine_Coast 3 3 14 2 6 8 1 1 2
Noosa_M_49880 N_QLD QLD_Sunshine_Coast 3 3 5 4 14 2 1 1 2
Noosa_M_79211 N_QLD QLD_Sunshine_Coast 3 3 NA NA 2 11 1 1 2
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Noosa_M_79763 N_QLD QLD_Sunshine_Coast 3 3 5 4 3 2 1 1 2
NthBurn_F_72194 N_QLD QLD_North_Burnett 3 3 4 NA NA NA 1 1 2
NthBurn_F_87227 N_QLD QLD_North_Burnett 3 3 1 2 NA 2 1 1 2
NthBurn_M_55989 N_QLD QLD_North_Burnett 3 3 3 11 NA NA 1 1 3
NthBurn_M_73175 N_QLD QLD_North_Burnett 3 3 NA 4 14 5 1 1 3
Pillig_M_M47976 N_QLD NSW_Narrabri 1 1 NA NA 2 8 1 1 1
Redland_F_94829 N_QLD QLD_Redland 3 3 3 2 2 23 1 1 2
Redland_F_95776 N_QLD QLD_Redland 3 3 3 2 1 2 1 1 2
SthBurn_F_85725 N_QLD QLD_South_Burnett 3 3 NA NA 22 15 1 1 1
SthBurn_F_86009 N_QLD QLD_South_Burnett 3 3 1 4 4 2 1 1 1
SthBurn_F_86231 N_QLD QLD_South_Burnett 3 3 1 2 4 2 1 1 1
SthBurn_F_86628 N_QLD QLD_South_Burnett 3 3 3 2 1 2 1 1 2
SthBurn_F_86919 N_QLD QLD_South_Burnett 3 3 3 4 21 2 1 1 3
SthBurn_F_93286 N_QLD QLD_South_Burnett 3 3 3 2 13 2 1 1 1
SthBurn_F_95162 N_QLD QLD_South_Burnett 3 3 3 2 2 23 1 1 2
SthBurn_M_53159 N_QLD QLD_South_Burnett 3 3 NA NA NA 6 1 1 3
SthBurn_M_65901 N_QLD QLD_South_Burnett 3 3 NA NA 4 2 1 1 2
SthBurn_M_80665 N_QLD QLD_South_Burnett 3 3 3 4 21 2 1 1 2
Sunshine_Coast_M_76877 N_QLD QLD_Sunshine_Coast 3 3 9 4 NA 2 1 1 2
Sunshine_Coast_M_79598 N_QLD QLD_Sunshine_Coast 3 3 NA NA 4 20 1 2 1
Sunshine_Coast_M_79817 N_QLD QLD_Sunshine_Coast 3 3 14 2 21 5 1 2 2
Sunshine_Coast_M_86054 N_QLD QLD_Sunshine_Coast 2 3 11 15 7 2 1 2 2
Toowoo_F_58264 N_QLD QLD_Toowoomba 3 3 9 4 4 2 1 1 2
Toowoo_F_79193 N_QLD QLD_Toowoomba 3 3 11 NA 4 2 1 2 2
Toowoomba_F_55522 N_QLD QLD_Toowoomba 2 3 NA NA 2 11 1 1 2
Toowoomba_F_58076 N_QLD QLD_Toowoomba 3 3 11 1 1 2 1 1 2
Toowoomba_F_70978 N_QLD QLD_Toowoomba 3 3 1 2 12 2 1 1 1
Toowoomba_F_74526 N_QLD QLD_Toowoomba 3 3 1 2 7 2 1 1 2
Toowoomba_F_79192 N_QLD QLD_Toowoomba 3 3 3 4 4 2 1 1 2
Toowoomba_F_79503 N_QLD QLD_Toowoomba 2 4 1 2 4 2 1 1 2
Toowoomba_F_86343 N_QLD QLD_Toowoomba 2 3 5 2 4 2 1 1 2
Toowoomba_F_87937 N_QLD QLD_Toowoomba 3 3 NA NA 1 2 1 1 2
Toowoomba_F_92545 N_QLD QLD_Toowoomba 3 3 3 2 14 2 1 1 2
Toowoomba_M_72310 N_QLD QLD_Toowoomba 3 3 11 NA NA NA 2 2 1
WDowns_F_70719 N_QLD QLD_Western_Downs 3 3 11 15 4 2 1 2 2
WDowns_F_82321 N_QLD QLD_Western_Downs 3 3 1 2 4 2 1 1 2
WDowns_M_75384 N_QLD QLD_Western_Downs 3 3 1 2 4 2 1 1 2
WDowns_F_55372 N_QLD QLD_Western_Downs 3 3 11 5 4 2 1 1 1
WDowns_F_70143 N_QLD QLD_Western_Downs 3 3 1 2 7 2 1 1 2
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WDowns_M_70754 N_QLD QLD_Western_Downs 3 3 1 4 14 2 1 1 2
BMnt_F_7041195 S_NSW NSW_Greater_Blue_Mountains 1 1 NA NA 4 NA 1 2 1
BMnt_F_7041197 S_NSW NSW_Greater_Blue_Mountains 1 1 NA NA NA 5 1 2 2
BMnt_M_7041193 S_NSW NSW_Greater_Blue_Mountains 1 1 7 2 2 8 1 1 2
BMnt_M_7041194 S_NSW NSW_Greater_Blue_Mountains 1 1 4 8 NA 9 1 2 2
BMnt_M_7041198 S_NSW NSW_Greater_Blue_Mountains 1 1 5 2 NA 10 1 2 1
BMnt_M_7041200 S_NSW NSW_Greater_Blue_Mountains 1 1 1 4 4 2 1 1 2
CBTown_F_C12K2 S_NSW NSW_Campbelltown 3 3 1 2 4 2 1 1 1
CBTown_F_C12K4 S_NSW NSW_Campbelltown 1 3 NA 10 NA 15 1 3 2
CBTown_F_C2K4 S_NSW NSW_Liverpool 1 3 NA NA 16 2 1 2 1
CBTown_F_C3K2 S_NSW NSW_Liverpool 1 3 11 1 4 2 1 1 1
CBTown_F_C5K7 S_NSW NSW_Campbelltown 1 1 NA NA NA 2 1 2 1
CBTown_F_C6K5 S_NSW NSW_Campbelltown 1 1 12 2 NA NA 2 2 1
CBTown_F_C7K2 S_NSW NSW_Campbelltown 1 1 NA NA NA NA 3 2 2
CBTown_M_C10K1 S_NSW NSW_Campbelltown 1 3 7 2 16 2 1 2 1
CBTown_M_C10K4 S_NSW NSW_Campbelltown 1 3 7 2 NA NA 1 2 2
CBTown_M_C11K1 S_NSW NSW_Campbelltown 3 3 7 4 NA NA 1 1 2
CBTown_M_C12K3 S_NSW NSW_Campbelltown 1 3 NA NA 16 2 1 2 2
CBTown_M_C2K2 S_NSW NSW_Liverpool 1 3 7 4 NA NA 1 2 2
CBTown_M_C3K1 S_NSW NSW_Liverpool 3 3 NA NA NA 15 1 1 2
CBTown_M_C3K3 S_NSW NSW_Liverpool 3 3 11 NA NA 8 1 1 2
CBTown_M_C5K8 S_NSW NSW_Campbelltown 1 3 NA NA 7 2 1 2 1
CBTown_M_C6K1 S_NSW NSW_Campbelltown 1 1 NA NA NA 17 2 2 1
CBTown_F_C11K2 S_NSW NSW_Campbelltown 3 3 11 NA NA NA 1 1 2
CBTown_M_C6K2 S_NSW NSW_Campbelltown 1 1 6 2 10 8 1 1 2
F_Alex_Monaro S_NSW NSW_Monaro 1 1 12 2 NA NA 3 2 1
F_Annie_L_STHD S_NSW NSW_Wingecaribee 1 3 NA NA 5 8 1 1 2
F_Annie_Monaro S_NSW NSW_Monaro 1 1 7 2 6 11 1 1 2
F_Beyonce_STHD S_NSW NSW_Wingecaribee 1 1 NA 2 NA NA 3 3 2
F_Bron_Monaro S_NSW NSW_Monaro 1 1 7 2 21 2 1 2 1
F_CS_Monaro S_NSW NSW_Monaro 1 1 16 4 NA NA 1 1 2
F_Hapi_STHD S_NSW NSW_Wingecaribee 1 1 12 2 NA NA 3 2 2
F_Liv_NJ_STHD S_NSW NSW_Wollondilly 1 3 NA NA NA 17 2 2 1
F_Madona_Monaro S_NSW NSW_Monaro 1 1 16 2 NA NA 1 3 2
F_Mia_Monaro S_NSW NSW_Monaro 1 1 6 2 5 11 1 1 2
F_Sage_Monaro S_NSW NSW_Monaro 1 1 4 8 NA NA 1 1 2
F_StevieN_STHD S_NSW NSW_Wingecaribee 1 1 16 4 NA NA 1 1 2
F_Tahlia_Monaro S_NSW NSW_Monaro 1 1 NA 4 NA NA 3 3 1
F_Arya_STHD S_NSW NSW_Wollondilly 3 3 7 4 16 2 1 2 1
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F_Brandy_Monaro S_NSW NSW_Monaro 1 1 16 4 NA 11 1 1 2
F_Brienne_STHD S_NSW NSW_Wollondilly 3 3 NA NA 22 8 1 1 2
F_Bunzi_STHD S_NSW NSW_Wingecaribee 1 3 1 4 1 2 1 1 2
F_Daenery_STHD S_NSW NSW_Wollondilly 1 1 12 2 NA NA 2 2 1
F_Falia_F_STHD S_NSW NSW_Wollondilly 1 1 NA NA NA 17 2 2 1
F_Yara_STHD S_NSW NSW_Wollondilly 3 3 7 4 NA 9 1 2 2
K2 S_NSW NSW_Campbelltown 1 3 6 2 NA NA 1 2 2
M_Andrew_MBR S_NSW NSW_Monaro 3 3 1 4 4 2 1 1 2
M_Branson_MBR S_NSW NSW_Wollondilly 3 3 3 11 2 23 1 1 2
M_Drew_Monaro S_NSW NSW_Monaro 1 1 NA 2 NA 9 1 2 2
M_Evan_Monaro S_NSW NSW_Monaro 1 1 16 4 NA 15 1 3 2
M_Hamish_Monaro S_NSW NSW_Monaro 3 3 NA NA NA 11 1 1 2
M_Jett_Monaro S_NSW NSW_Monaro 1 1 NA NA NA NA 1 2 2
M_Kenny_Monaro S_NSW NSW_Monaro 1 1 16 2 NA NA 1 1 2
M_Malu_Monaro S_NSW NSW_Monaro 1 1 16 2 NA 8 1 1 2
M_Tallow_Monaro S_NSW NSW_Monaro 1 1 12 2 NA NA 3 2 1
M50543_001 S_NSW NSW_Blayney 1 3 NA NA 16 NA 1 3 1
M_Chaac_STHD S_NSW NSW_Wingecaribee 1 1 4 12 21 NA 2 2 1
M_Gendry_STHD S_NSW NSW_Wollondilly 1 3 11 1 1 2 1 1 2
M_Jimmy_B_STHD S_NSW NSW_Wingecaribee 3 3 NA NA 21 NA 3 2 1
M_Murray_Monaro S_NSW NSW_Monaro 1 1 4 8 NA NA 1 1 2
M_Qyburn_STHD S_NSW NSW_Wollondilly 3 3 5 4 4 2 1 1 1
M_Rhaegar_STHD S_NSW NSW_Wollondilly 1 3 11 7 NA NA 1 1 2
M_St_james_STHD S_NSW NSW_Wollondilly 3 3 11 NA NA 8 1 1 2
M_Varys_STHD S_NSW NSW_Wollondilly 1 1 5 4 21 2 1 1 2
M_Walter_STHD S_NSW NSW_Wingecaribee 3 3 4 12 NA NA 3 2 1
M_Xavier_Monaro S_NSW NSW_Monaro 1 1 NA 4 NA NA 1 3 2
SWSyd_F_M48896 S_NSW NSW_Sutherland 1 3 11 NA NA NA 1 3 2
SWSyd_M_Biya S_NSW NSW_Campbelltown 1 3 3 2 2 8 1 1 2
SWSyd_M_Dalang S_NSW NSW_Campbelltown 3 3 3 4 NA NA 1 1 1
SWSyd_M_Giloa S_NSW NSW_Campbelltown 1 3 7 4 NA NA 1 2 2
SWSyd_M_Kimber S_NSW NSW_Campbelltown 1 3 7 2 4 2 1 2 1
SWSyd_M_Mirribi S_NSW NSW_Campbelltown 3 3 6 2 NA NA 1 2 2
SWSyd_M_Yung S_NSW NSW_Campbelltown 1 3 6 11 NA 5 1 2 1
KI_F_0118 SA SA_Kangaroo_Island 1 1 NA NA NA NA 1 2 1
KI_F_0414 SA SA_Kangaroo_Island 1 1 NA NA 18 NA 2 2 1
KI_F_1100 SA SA_Kangaroo_Island 1 1 2 13 NA 19 2 2 1
KI_F_191558 SA SA_Kangaroo_Island 1 1 14 2 NA NA 1 1 1
KI_F_4215 SA SA_Kangaroo_Island 1 1 14 2 NA NA 1 2 1
121



Individual Region LGA
DAA 
allele 1

DAA 
allele 2

DAB 2 
allele 1

DAB 2 
allele 2

DAB 3 
allele 1

DAB 3 
allele 2

DAB 4 
allele 1

DAB 4 
allele 2

DAB 5 
allele 1

KI_F_4310 SA SA_Kangaroo_Island 1 1 NA NA NA NA 1 2 1
KI_F_8059 SA SA_Kangaroo_Island 1 1 18 2 NA 9 1 2 1
KI_F_Aoife SA SA_Kangaroo_Island 1 1 NA NA NA NA 1 2 1
KI_F_Cif SA SA_Kangaroo_Island 1 1 NA NA NA 9 1 2 1
KI_F_ClaireBear SA SA_Kangaroo_Island 1 1 18 2 NA 15 1 2 1
KI_F_Tanya SA SA_Kangaroo_Island 1 1 NA NA NA NA 2 2 1
KI_F_Tessa SA SA_Kangaroo_Island 1 1 NA NA NA NA 2 2 1
KI_M_4127 SA SA_Kangaroo_Island 1 1 11 NA NA 9 1 2 1
KI_M_4179 SA SA_Kangaroo_Island 1 1 18 4 NA 11 1 1 1
KI_M_4190 SA SA_Kangaroo_Island 1 1 NA NA 17 NA 2 2 1
KI_M_4323 SA SA_Kangaroo_Island 1 1 NA NA NA 9 1 2 1
KI_M_4388 SA SA_Kangaroo_Island 1 1 4 NA NA NA 2 2 1
KI_M_MagicMike SA SA_Kangaroo_Island 1 1 18 2 NA NA 1 1 1
KI_M_Oisin SA SA_Kangaroo_Island 1 1 NA NA 22 9 1 2 1
KI_M_Rocky SA SA_Kangaroo_Island 1 1 4 NA NA 19 2 2 1
Broad_F_50414 SEQLD_FNNSW NSW_Ballina 2 3 1 2 1 2 1 1 2
Broad_M_50382 SEQLD_FNNSW NSW_Richmond_Valley 1 1 1 2 12 2 1 1 3
Broad_M_50439 SEQLD_FNNSW NSW_Ballina 2 3 3 4 4 2 1 1 1
Broad_M_50508 SEQLD_FNNSW NSW_Richmond_Valley 1 2 1 2 13 2 1 1 3
Broadwater_F_M50514 SEQLD_FNNSW NSW_Richmond_Valley 2 3 9 4 1 2 1 1 2
Broadwater_M_M50338 SEQLD_FNNSW NSW_Richmond_Valley 1 1 5 2 4 2 1 1 3
Byron_F_M50503 SEQLD_FNNSW NSW_Byron 3 3 5 2 1 2 1 1 1
Byron_M_M50452 SEQLD_FNNSW NSW_Byron 3 3 1 4 4 2 1 1 2
Byron_U_M50504 SEQLD_FNNSW NSW_Byron 1 3 1 4 14 2 1 1 1
Byron_F_50524 SEQLD_FNNSW NSW_Byron 2 3 5 4 4 2 1 1 3
Byron_F_M50431 SEQLD_FNNSW NSW_Byron 2 3 3 2 7 2 1 1 1
Byron_M_M50430 SEQLD_FNNSW NSW_Byron 3 3 1 10 4 2 1 1 3
Byron_M_M50435 SEQLD_FNNSW NSW_Byron 3 3 5 2 2 NA 1 1 1
Coffs_F_44980 SEQLD_FNNSW NSW_Coffs_Harbour 1 1 11 1 3 2 1 1 2
GCoast_F_54909 SEQLD_FNNSW QLD_Gold_Coast 2 3 11 1 2 23 1 1 1
GCoast_F_73511 SEQLD_FNNSW QLD_Gold_Coast 3 3 9 4 NA 6 1 1 2
GCoast_M_54910 SEQLD_FNNSW QLD_Gold_Coast 1 2 11 15 13 2 1 2 2
GCoast_M_54980 SEQLD_FNNSW QLD_Gold_Coast 2 3 5 4 3 2 1 1 2
GCoast_M_56090 SEQLD_FNNSW QLD_Gold_Coast 2 3 1 4 21 2 1 1 2
GCoast_M_61808 SEQLD_FNNSW QLD_Gold_Coast 3 3 NA NA 2 11 1 1 2
GCoast_M_62309 SEQLD_FNNSW QLD_Gold_Coast 1 3 NA NA 7 2 1 1 2
GCoast_M_66922 SEQLD_FNNSW QLD_Gold_Coast 1 2 1 2 1 2 1 1 2
GCoast_M_70414 SEQLD_FNNSW QLD_Gold_Coast 1 2 NA NA 7 2 1 1 2
GCoast_M_71441 SEQLD_FNNSW QLD_Gold_Coast 2 3 6 11 20 11 1 1 2
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GCoast_M_78719 SEQLD_FNNSW QLD_Gold_Coast 3 3 1 4 NA NA 1 1 1
GCoast_M_84814 SEQLD_FNNSW QLD_Gold_Coast 1 2 11 NA 4 2 1 2 2
Graft_M_M50499 SEQLD_FNNSW NSW_Clarence_Valley 1 3 NA NA 2 8 1 1 2
Gundagai_M_M49249 SEQLD_FNNSW NSW_Gundagai 1 2 3 2 13 2 1 1 3
Kyogle_F_M50519 SEQLD_FNNSW NSW_Kyogle 2 3 5 2 1 2 1 1 2
Kyogle_M_M50481 SEQLD_FNNSW NSW_Kyogle 3 3 3 4 4 2 1 1 1
Kyogle_F_50350 SEQLD_FNNSW NSW_Kyogle 3 3 5 2 NA 2 1 1 2
Kyogle_F_50356 SEQLD_FNNSW NSW_Kyogle 3 3 NA NA 23 5 1 2 2
Kyogle_F_50418 SEQLD_FNNSW NSW_Kyogle 3 3 NA NA 14 5 1 2 2
Kyogle_F_50433 SEQLD_FNNSW NSW_Kyogle 2 3 NA NA NA NA 1 1 2
Kyogle_F_50434 SEQLD_FNNSW NSW_Kyogle 2 3 1 2 4 2 1 1 3
Kyogle_F_50438 SEQLD_FNNSW NSW_Kyogle 3 3 1 2 1 2 1 1 2
Kyogle_F_M50471 SEQLD_FNNSW NSW_Kyogle 2 3 NA NA 4 NA 1 2 2
Kyogle_M_50316 SEQLD_FNNSW NSW_Kyogle 1 2 1 4 4 2 1 1 2
Kyogle_M_50360 SEQLD_FNNSW NSW_Kyogle 1 1 NA NA 4 2 1 2 1
Kyogle_M_50384 SEQLD_FNNSW NSW_Kyogle 3 3 11 1 1 2 1 1 2
Kyogle_M_50420 SEQLD_FNNSW NSW_Kyogle 2 3 5 4 NA 20 1 1 1
Kyogle_M_50927 SEQLD_FNNSW NSW_Kyogle 2 3 11 15 4 2 1 2 2
Kyogle_M_M50448 SEQLD_FNNSW NSW_Kyogle 1 1 1 4 4 2 1 1 2
Kyogle_U_M49289 SEQLD_FNNSW NSW_Kyogle 3 3 NA NA 4 2 1 2 2
Kyogle_U_M50488 SEQLD_FNNSW NSW_Kyogle 3 3 5 4 14 2 1 1 2
Lismo_F_2110271 SEQLD_FNNSW NSW_Lismore 2 3 1 4 4 2 1 1 2
Lismo_F_2111152 SEQLD_FNNSW NSW_Lismore 2 3 1 2 4 2 1 1 2
Lismo_F_2111222 SEQLD_FNNSW NSW_Lismore 3 3 1 2 1 2 1 1 2
Lismo_F_2111232 SEQLD_FNNSW NSW_Lismore 1 1 5 2 1 2 1 1 1
Lismo_F_2112201 SEQLD_FNNSW NSW_Lismore 1 3 1 4 NA NA 1 1 1
Lismo_F_2112212 SEQLD_FNNSW NSW_Lismore 1 3 11 1 4 2 1 1 2
Lismo_F_2112273 SEQLD_FNNSW NSW_Lismore 1 1 11 5 NA 2 1 1 1
Lismo_M_2111192 SEQLD_FNNSW NSW_Lismore 1 2 3 2 12 2 1 1 1
Lismo_M_2111271 SEQLD_FNNSW NSW_Lismore 1 3 1 4 2 NA 1 1 1
Lismo_M_2112021 SEQLD_FNNSW NSW_Lismore 3 3 3 2 1 NA 1 1 2
Lismore_F_M50298 SEQLD_FNNSW NSW_Lismore 1 1 5 2 1 2 1 1 2
Lismore_F_M50309 SEQLD_FNNSW NSW_Lismore 3 3 NA NA 2 8 1 1 2
Lismore_F_M50310 SEQLD_FNNSW NSW_Lismore 2 2 3 2 4 2 1 1 2
Lismore_F_M50336 SEQLD_FNNSW NSW_Lismore 1 3 5 4 2 NA 1 1 1
Lismore_F_M50340 SEQLD_FNNSW NSW_Lismore 2 3 11 5 4 2 1 1 1
Lismore_F_M50369 SEQLD_FNNSW NSW_Lismore 3 3 11 1 4 2 1 1 3
Lismore_F_M50510 SEQLD_FNNSW NSW_Lismore 2 3 6 2 NA 8 1 1 2
Lismore_F_M50535 SEQLD_FNNSW NSW_Lismore 2 2 1 4 7 2 1 1 2
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Lismore_M_M50352 SEQLD_FNNSW NSW_Lismore 1 1 14 2 2 8 1 1 2
Lismore_M_M50397 SEQLD_FNNSW NSW_Lismore 2 2 18 2 NA NA 1 1 3
Lismore_U_M50295 SEQLD_FNNSW NSW_Lismore 1 2 1 4 1 2 1 1 1
M47687_001 SEQLD_FNNSW NSW_Gwydir 1 1 NA NA 6 8 1 1 1
M49026_001 SEQLD_FNNSW NSW_Richmond_Valley 1 2 5 2 1 2 1 1 2
M50294_001 SEQLD_FNNSW NSW_Clarence_Valley 1 1 NA NA 4 2 1 1 2
M50306_001 SEQLD_FNNSW NSW_Byron 2 2 5 2 4 2 1 1 3
M50344_001 SEQLD_FNNSW NSW_Clarence_Valley 1 3 3 4 3 2 1 1 2
M50355_001 SEQLD_FNNSW NSW_Kyogle 1 2 NA NA 4 2 1 2 1
M50359_001 SEQLD_FNNSW NSW_Clarence_Valley 2 3 5 4 1 2 1 1 2
M50370_001 SEQLD_FNNSW NSW_Byron 2 2 1 2 4 2 1 1 1
M50373_001 SEQLD_FNNSW NSW_Byron 2 2 11 5 7 2 1 1 3
M50374_001 SEQLD_FNNSW NSW_Kyogle 2 2 5 4 21 2 1 1 2
M50383_001 SEQLD_FNNSW NSW_Richmond_Valley 1 2 5 4 7 2 1 1 3
M50392_001 SEQLD_FNNSW NSW_Byron 2 2 11 5 7 2 1 1 3
M50393_001 SEQLD_FNNSW NSW_Byron 1 1 11 1 1 2 1 1 1
M50395_001 SEQLD_FNNSW NSW_Richmond_Valley 1 1 1 10 4 2 1 1 3
Narrandra_F_N1 SEQLD_FNNSW NSW_Narrandera 1 1 2 13 18 NA 2 2 1
Narrandra_F_N12 SEQLD_FNNSW NSW_Narrandera 1 2 1 4 NA 2 1 1 1
Narrandra_F_N13 SEQLD_FNNSW NSW_Narrandera 1 1 18 2 8 NA 1 1 2
Narrandra_F_N14 SEQLD_FNNSW NSW_Narrandera 1 1 NA NA NA NA 1 1 2
Narrandra_F_N17 SEQLD_FNNSW NSW_Narrandera 1 1 14 2 5 NA 1 1 1
Narrandra_F_N2 SEQLD_FNNSW NSW_Narrandera 1 1 7 2 NA 2 1 2 1
Narrandra_M_N11 SEQLD_FNNSW NSW_Narrandera 1 1 NA NA NA 9 1 2 2
Narrandra_M_N16 SEQLD_FNNSW NSW_Narrandera 1 1 NA NA NA NA 1 2 2
Narrandra_M_N3 SEQLD_FNNSW NSW_Narrandera 1 1 5 2 7 2 1 2 2
Narrandra_M_N6 SEQLD_FNNSW NSW_Narrandera 1 1 NA NA 3 NA 1 2 1
Narrandra_M_N7 SEQLD_FNNSW NSW_Narrandera 1 1 NA NA 7 10 1 2 1
Narrandra_M_N8 SEQLD_FNNSW NSW_Narrandera 1 1 3 10 4 2 1 1 2
Narrandra_M_N9 SEQLD_FNNSW NSW_Narrandera 1 1 1 4 2 NA 1 1 2
NRiv_F_M50347 SEQLD_FNNSW NSW_Richmond_Valley 1 1 1 2 4 2 1 1 3
NRiv_F_M50350 SEQLD_FNNSW NSW_Kyogle 1 3 3 2 4 2 1 1 1
NRiv_F_M50379 SEQLD_FNNSW NSW_Lismore 2 3 3 11 19 2 1 1 2
NRiv_F_M50411 SEQLD_FNNSW NSW_Lismore 1 1 11 1 4 2 1 1 2
NRiv_F_M50451 SEQLD_FNNSW NSW_Lismore 2 3 3 2 14 2 1 1 2
NRiv_F_M50467 SEQLD_FNNSW NSW_Lismore 1 1 5 2 1 2 1 1 1
NRiv_F_M50517 SEQLD_FNNSW NSW_Lismore 1 1 5 10 NA 2 1 1 1
NRiv_F_M50531 SEQLD_FNNSW NSW_Byron 3 3 1 2 4 2 1 1 2
NRiv_M_M50329 SEQLD_FNNSW NSW_Ballina 2 3 5 4 4 2 1 1 1
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Individual Region LGA
DAA 
allele 1

DAA 
allele 2

DAB 2 
allele 1

DAB 2 
allele 2

DAB 3 
allele 1

DAB 3 
allele 2

DAB 4 
allele 1

DAB 4 
allele 2

DAB 5 
allele 1

NRiv_M_M50450 SEQLD_FNNSW NSW_Ballina 2 3 3 2 4 2 1 1 2
NRiv_M_M50511 SEQLD_FNNSW NSW_Lismore 2 2 1 4 12 2 1 1 3
NthBurn_F_80750 SEQLD_FNNSW QLD_North_Burnett 1 3 5 2 NA NA 1 1 2
Redland_M_63768 SEQLD_FNNSW QLD_Redland 4 4 11 5 NA 2 1 1 2
Redland_M_71818 SEQLD_FNNSW QLD_Redland 1 2 5 2 7 20 1 1 2
Redland_M_83962 SEQLD_FNNSW QLD_Redland 4 4 1 4 4 2 1 1 2
SClarence_F_M50437 SEQLD_FNNSW NSW_Clarence_Valley 2 2 3 2 1 2 1 1 2
SDowns_F_62050 SEQLD_FNNSW QLD_Southern_Downs 1 1 11 5 4 2 1 1 2
Tenter_M_61949 SEQLD_FNNSW NSW_Tenterfield 1 3 1 2 4 2 1 1 1
Tweed_Heads_F_M50445 SEQLD_FNNSW NSW_Tweed_Heads 1 1 1 2 4 2 1 1 1
Tweed_Heads_M_53390 SEQLD_FNNSW NSW_Tweed_Heads 2 3 1 4 19 2 1 1 2
Tweed_Heads_M_57043 SEQLD_FNNSW NSW_Tweed_Heads 1 1 11 5 4 2 1 1 1
COtway_F_Y32 VIC VIC_Colac_Otway 1 1 NA NA NA 15 1 2 2
COtway_F_Y37 VIC VIC_Colac_Otway 1 1 NA NA 18 NA 2 2 1
COtway_F_Y49 VIC VIC_Colac_Otway 1 1 NA NA NA 9 1 2 2
COtway_F_Y60 VIC VIC_Colac_Otway 1 1 2 13 NA 19 2 2 1
COtway_M_Y40 VIC VIC_Colac_Otway 1 1 NA NA NA NA 1 2 2
F_SAWS13_HDS VIC VIC_BawBaw 1 1 4 17 NA NA 1 2 1
F_SAWS31_SHGLD VIC VIC_South_Gippsland 1 1 2 13 NA NA 2 2 1
F_SAWS03_SHBS VIC VIC_Strathbogies 1 1 2 13 NA NA 2 2 1
F_SAWS04_SHBS VIC VIC_Strathbogies 1 1 4 17 NA NA 1 2 1
F_SAWS10_SHBS VIC VIC_Strathbogies 1 1 4 17 NA 9 1 2 1
F_SAWS21_FRIS VIC VIC_French_Island 1 1 4 8 NA NA 1 2 2
F_SAWS23_SHGLD VIC VIC_South_Gippsland 1 1 11 NA NA NA 1 2 2
Gelantipy_F_K11 VIC VIC_East_Gippsland 1 1 NA NA 17 NA 2 2 1
Gelantipy_F_K13 VIC VIC_East_Gippsland 1 1 4 NA NA 19 2 2 2
Gelantipy_F_K15 VIC VIC_East_Gippsland 1 1 NA NA NA NA 1 2 1
Gelantipy_F_K16 VIC VIC_East_Gippsland 1 1 NA NA 24 19 2 2 2
Gelantipy_F_K17 VIC VIC_East_Gippsland 1 1 NA NA NA NA 1 2 2
Gelantipy_F_K18 VIC VIC_East_Gippsland 1 1 NA NA NA NA 2 2 2
Gelantipy_F_K20 VIC VIC_East_Gippsland 1 1 NA NA NA 19 2 2 1
Gelantipy_M_K12 VIC VIC_East_Gippsland 1 1 NA NA NA 15 1 2 1
Gelantipy_M_K14 VIC VIC_East_Gippsland 1 1 NA NA NA NA 2 2 2
Gelantipy_M_K19 VIC VIC_East_Gippsland 1 1 18 4 NA NA 1 1 1
Gelantipy_M_K5 VIC VIC_East_Gippsland 1 1 NA NA NA 9 1 2 1
Gipps_F_SAWS29 VIC VIC_South_Gippsland 1 1 NA NA 17 NA 2 2 1
Gipps_F_SAWS41 VIC VIC_South_Gippsland 1 1 11 NA 18 NA 2 2 1
Gipps_F_SAWS45 VIC VIC_South_Gippsland 1 1 11 NA NA NA 2 2 2
Gipps_F_SAWS63 VIC VIC_South_Gippsland 1 1 11 NA NA NA 1 2 1
125



Individual Region LGA
DAA 
allele 1

DAA 
allele 2

DAB 2 
allele 1

DAB 2 
allele 2

DAB 3 
allele 1

DAB 3 
allele 2

DAB 4 
allele 1

DAB 4 
allele 2

DAB 5 
allele 1

Gipps_F_SAWS66 VIC VIC_South_Gippsland 1 1 7 2 16 20 1 2 1
Gipps_F_SAWS67 VIC VIC_South_Gippsland 1 1 5 4 4 2 1 1 1
Gipps_F_SAWS69 VIC VIC_South_Gippsland 1 1 2 13 NA NA 2 2 1
Gipps_F_SAWS71 VIC VIC_South_Gippsland 1 1 17 2 NA NA 1 2 1
Gipps_F_SAWS72 VIC VIC_South_Gippsland 1 1 4 NA NA NA 1 3 2
Gipps_M_SAWS34 VIC VIC_South_Gippsland 1 1 4 17 NA 9 1 2 1
Gipps_M_SAWS42 VIC VIC_South_Gippsland 1 1 4 17 NA 15 1 2 1
Gipps_M_SAWS43 VIC VIC_South_Gippsland 1 1 NA NA NA NA 1 2 1
Gipps_M_SAWS64 VIC VIC_South_Gippsland 1 1 NA NA 17 NA 2 2 2
Gipps_M_SAWS70 VIC VIC_South_Gippsland 1 1 14 2 5 8 1 1 1
Gipps_M_SAWS84 VIC VIC_South_Gippsland 1 1 NA NA 2 11 1 1 1
M_Matt_Monaro VIC NSW_Monaro 1 1 NA 4 NA 8 1 3 2
M_SAWS01_HDS VIC VIC_BawBaw 1 1 NA NA 17 NA 2 2 1
M_SAWS05_SHBS VIC VIC_Strathbogies 1 1 18 2 NA NA 1 1 1
M_SAWS17_SHGLD VIC VIC_South_Gippsland 1 1 NA NA NA 19 2 2 2
M_SAWS27_SHGLD VIC VIC_South_Gippsland 1 1 NA NA 16 2 1 3 2
Mallacoota_U_Abigail VIC VIC_East_Gippsland 1 1 NA NA 17 25 2 2 2
Mallacoota_U_Annie VIC VIC_East_Gippsland 1 1 NA NA 24 19 2 2 2
Mallacoota_U_Blinky VIC VIC_East_Gippsland 1 1 NA NA NA NA 2 2 2
Mallacoota_U_Frankie VIC VIC_East_Gippsland 1 1 NA NA NA 15 1 2 2
Mallacoota_U_Solo VIC VIC_East_Gippsland 1 1 NA NA NA 8 1 1 1
Mallacoota_U_Trip VIC VIC_East_Gippsland 1 1 NA NA 24 19 2 2 2
Mallacoota_U_Vicky VIC VIC_East_Gippsland 1 1 2 NA NA NA 2 2 2
M_SAWS09_HDS VIC VIC_BawBaw 1 1 NA 11 NA NA NA 2 2
M_SAWS12_HDS VIC VIC_BawBaw 1 1 NA NA 17 24 2 2 2
M_SAWS22_FRIS VIC VIC_French_Island 1 1 4 NA 18 NA 2 2 2
M_SAWS24_SHBS VIC VIC_Strathbogies 1 1 4 17 NA NA 1 1 1
M_SAWS32_SHBS VIC VIC_Strathbogies 1 1 NA NA 18 NA 2 2 1
M_SAWS33_SHGLD VIC VIC_South_Gippsland 1 1 NA NA NA NA 2 2 1
M_SAWS37_SHBS VIC VIC_Strathbogies 1 1 4 8 NA NA 1 2 2
MurRiv_F_F6 VIC VIC_Moira 1 1 2 13 18 NA 2 2 1
MurRiv_F_F8 VIC VIC_Moira 1 1 NA NA NA 8 1 2 1
MurRiv_F_FA VIC VIC_Moira 1 1 NA NA NA NA 2 2 1
MurRiv_M_MR001 VIC VIC_Moira 1 1 NA NA 17 24 2 2 2
MurRiv_M_MR002 VIC VIC_Moira 1 1 NA NA NA NA 2 2 2
MurRiv_M_MR003 VIC VIC_Moira 1 1 NA NA 17 25 2 2 2
MurRiv_M_MR005 VIC VIC_Moira 1 1 NA NA 17 25 2 2 2
MurRiv_M_MR006 VIC VIC_Moira 1 1 17 2 NA NA 1 2 1
MurRiv_M_MR007 VIC VIC_Moira 1 1 NA NA NA NA 1 2 1
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Individual Region LGA
DAA 
allele 1

DAA 
allele 2

DAB 2 
allele 1

DAB 2 
allele 2

DAB 3 
allele 1

DAB 3 
allele 2

DAB 4 
allele 1

DAB 4 
allele 2

DAB 5 
allele 1

MurRiv_M_MR008 VIC VIC_Moira 1 1 NA NA 15 NA 1 2 1
MurRiv_M_MR009 VIC VIC_Moira 1 1 2 NA 18 25 2 2 2
MurRiv_M_MR010 VIC VIC_Moira 1 1 NA NA 18 NA 2 2 2
Narrandra_F_N18 VIC NSW_Narrandera 1 1 7 2 NA NA 1 2 1
Narrandra_F_N5 VIC NSW_Narrandera 1 1 4 8 NA 11 1 1 1
Narrandra_M_N15 VIC NSW_Narrandera 1 1 NA NA 22 9 1 2 2
Narran_M_45930 VIC NSW_Narrandera 1 1 NA NA 2 8 1 1 1
SWVic_F_Z73845 VIC VIC_Glenelg 1 1 18 2 NA NA 1 1 1
SWVic_F_Z73848 VIC VIC_Moyne 1 1 4 8 NA NA 1 1 1
SWVic_M_Z73841 VIC VIC_Glenelg 1 1 2 NA NA NA 1 2 1
SWVic_M_Z73856 VIC VIC_Glenelg 1 1 NA NA 17 25 2 2 2
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Individual
Armidale_F_M50273
BMnt_F_7041500
BMnt_F_7094923
BMnt_F_7094976
BMnt_F_7094979
BMnt_M_7041293
BMnt_M_7041492
BMnt_U_7041191
Coffs_Harbour_F_M44977
Coffs_Harbour_F_M47046
Coffs_M_44984
Dubbo_U_C11212
Dubbo_U_C11358
Dubbo_U_C11413
Dubbo_U_C11085
Dubbo_U_C11512
F_Beach_RS_PTS
F_DECC104_GUH
F_DECC130_GUH
F_DECC137F_GUH
F_DECC162_GUH
F_Eila_PTS
F_Gilchrist_PTS
F_Joanie_PTS
F_MidnightR_PTS
F_SES_Maree_PTS
F_USYD062F_GUH
F_USYD089F_GUH
Liverpool_Plains_F_M48961
Liverpool_Plains_F_M48962
Liverpool_Plains_F_M48974
Liverpool_Plains_M_M46161
Liverpool_Plains_M_M48983
LPlains_F_48964
LPlains_F_49019
LPlains_M_48967
LPlains_M_48973

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

1 1 2 1 2 1 1 3 2 3 3 3 3 2 2 NA
1 2 4 NA 4 1 1 6 2 1 2 1 2 1 3 1
3 1 8 3 3 1 1 3 2 5 4 4 4 2 2 NA
3 1 6 3 3 1 1 3 2 5 5 4 4 2 2 3
1 1 4 NA 4 1 1 7 NA 5 2 4 2 1 3 1
1 1 6 1 1 1 1 3 2 1 1 1 1 1 1 1
1 1 2 3 NA 1 2 7 2 1 3 1 3 2 2 4
1 1 2 3 3 1 1 3 2 4 1 1 4 2 2 NA
2 1 4 3 NA 1 1 3 5 1 2 1 2 2 2 NA
2 7 4 NA 4 1 1 12 3 1 2 1 2 2 2 NA
2 1 3 3 3 1 1 1 2 1 1 5 4 2 2 4
2 7 1 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 6 3 3 1 1 3 2 1 3 1 3 1 2 1
1 1 6 3 3 1 1 3 2 4 1 1 4 2 2 NA
1 1 8 3 3 1 1 3 2 4 2 4 2 2 3 2
1 1 6 3 3 1 1 3 2 3 3 3 3 2 2 3
1 1 6 3 3 1 1 NA 3 5 5 4 4 3 3 2
1 NA NA 3 3 1 1 4 2 4 1 1 4 2 2 NA
1 1 9 NA NA 1 2 4 2 4 1 1 4 2 2 NA
1 1 11 NA NA 1 1 1 2 4 1 1 4 1 2 1
1 5 5 2 2 2 2 11 11 1 1 1 1 2 2 3
1 7 4 3 4 1 1 2 5 1 1 1 1 2 2 NA
1 1 6 3 3 1 1 NA 3 5 4 4 4 2 3 2
1 2 4 3 4 1 1 3 5 1 2 1 2 2 2 NA
1 1 6 3 3 1 1 3 2 4 2 4 2 2 2 NA
1 1 11 3 3 1 1 1 2 5 2 4 2 2 2 4
1 7 4 NA 4 1 1 2 5 1 2 1 2 2 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 6 3 3 1 1 3 2 4 3 4 3 2 2 NA
1 1 11 1 1 1 1 NA NA 4 1 1 4 1 2 1
1 1 6 3 3 1 1 3 2 1 3 1 3 2 2 NA
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 8 3 3 1 1 3 2 4 4 4 4 2 2 4
1 NA NA 3 3 1 1 3 2 4 2 4 2 2 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 6 3 3 1 1 3 2 4 1 1 4 2 2 4
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Individual
LPlains_M_49001
LPlains_U_46160
M47634_001
M49020_001
M49021_001
M49023_001
M_DECC015_GUH
M_DECC076_GUH
M_Galloping_PTS
M_Howie_PTS
M_Solstice_PTS
M_Tai_PTS
M_USYD014_GUH
M_USYD040_GUH
M_USYD098M_GUH
Pillig_F_M47418
Pillig_M_M47035
Pillig_M_M47420
PMac_F_81925
PMac_F_81926
PMac_F_81927
PMac_F_81996
PMac_M_81900
PMac_M_81913
PMac_M_81967
PortMac_F_50048
PortMac_M_50047
Port_Macquarie_F_Emma
Port_Macquarie_F_M50239
Port_Macquarie_M_Callum
Port_Macquarie_M_M50237
Armid_M_M7070
Atherton_M
F_Bubbles_MBR
F_Coco_MBR
F_Jadore_MBR
F_Josie_MBR
F_Julia_MBR
F_Lana_MBR

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
2 1 NA 3 3 1 1 3 2 1 1 5 4 2 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 7 1 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 9 3 3 1 2 4 2 4 1 1 4 2 2 NA
1 1 6 1 1 1 1 3 2 4 2 4 2 2 3 2
1 1 6 3 3 1 1 3 2 4 2 4 2 2 3 2
1 1 6 3 3 1 1 3 2 5 2 4 2 2 3 2
1 1 6 3 3 1 1 NA 3 5 1 1 4 3 3 2
2 4 NA 1 1 1 2 4 2 1 2 1 2 2 2 4
1 4 4 4 4 1 1 6 5 1 1 1 1 2 2 3
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 NA NA 3 3 1 2 4 2 5 3 1 3 2 2 3
1 NA NA 3 3 1 1 NA NA 5 3 1 3 2 2 NA
2 1 5 2 2 1 2 4 3 4 4 4 4 2 2 3
2 1 11 3 3 1 1 1 2 4 1 1 4 1 2 1
2 1 6 3 3 1 1 3 2 5 1 1 4 2 2 NA
1 1 6 3 3 1 1 3 2 1 1 5 4 1 2 1
2 1 NA 1 1 2 2 4 2 1 6 1 3 2 2 3
1 7 1 3 3 1 1 3 2 1 1 1 1 1 1 1
1 1 9 1 1 2 2 4 2 4 1 1 4 2 2 3
1 6 4 NA 4 1 1 6 2 3 2 2 3 2 2 3
2 7 1 3 3 1 1 3 2 1 1 5 4 2 2 3
2 7 4 3 3 1 1 6 2 5 5 4 4 2 2 NA
1 5 5 5 5 2 2 11 11 6 6 3 3 2 2 3
2 1 6 3 3 1 1 3 2 1 1 1 1 1 3 1
2 1 11 1 1 1 1 1 2 5 1 1 4 1 2 1
2 1 11 3 3 1 1 1 2 1 1 5 4 1 1 1
2 NA 3 3 3 1 1 1 2 1 2 1 2 1 1 1
1 4 5 4 4 2 2 4 5 1 1 1 1 2 3 2
2 1 1 2 2 1 1 3 3 4 3 4 3 1 2 1
3 1 5 2 2 1 2 11 3 4 4 4 4 1 1 1
3 1 4 4 2 1 1 6 3 1 3 1 3 2 2 3
2 5 5 5 5 2 2 11 11 4 4 4 4 1 1 1
2 1 5 2 2 1 2 11 3 4 1 5 4 1 2 1
3 5 5 5 5 2 2 4 4 4 4 4 4 1 1 1
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Individual
F_Millie_MBR
F_Rizzo_MBR
F_Tamara_O_MBR
F_Tanja_MBR
F_The_Hoff_MBR
FarNorthQLD_K2
FarNorthQLD_K3
FCoast_F_51032
FCoast_M_61304
FCoast_M_61459
FCoast_M_93594
Fraser_F_72461
Fraser_M_77266
Fraser_U_57909
Fraser_M_72855
Fraser_M_79972
Fraser_M_87546
Gympie_F_82257
Gympie_F_92626
Gympie_F_93216
Gympie_F_93694
Gympie_M_87743
Gympie_M_95464
HVale_F_Claire
HVale_F_Shamala
LivSton_F_54945
M_Dazza_MBR
M_Bear_Monaro
M_Bobby_MBR
M_Clegane_STHD
M_Doddy_MBR
M50293_001
Mackay_F_63479
Noosa_F_65657
Noosa_F_70593
Noosa_F_74009
Noosa_F_79303
Noosa_M_49880
Noosa_M_79211

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

3 1 1 2 2 1 1 3 3 1 3 5 3 2 2 3
2 1 1 2 2 1 1 3 3 4 1 5 4 1 2 1
1 1 1 2 2 1 1 3 3 4 3 4 3 1 2 1
2 1 4 4 2 1 1 3 5 1 3 1 3 2 2 3
2 5 5 2 2 2 2 4 4 4 4 4 4 1 1 1
1 1 1 6 2 1 2 NA NA 5 3 4 3 1 2 1
1 1 5 2 2 1 2 4 3 4 3 4 3 1 2 1
2 5 5 2 2 2 2 4 4 4 1 1 4 1 1 1
3 1 1 2 2 1 1 3 3 6 6 3 3 3 3 2
3 1 NA 3 4 1 1 NA NA 4 1 1 4 1 2 1
3 NA NA 3 4 1 1 12 3 4 4 4 4 1 2 1
3 1 2 1 2 1 1 3 2 4 1 1 4 1 2 1
2 1 5 1 1 1 2 4 2 4 1 1 4 1 2 1
3 1 NA 3 3 1 2 4 2 1 1 1 1 1 2 1
1 4 NA 4 4 2 2 4 5 4 1 1 4 1 2 1
3 1 5 4 2 1 1 3 5 4 6 4 3 2 3 2
3 4 5 2 2 2 2 4 6 4 1 1 4 1 1 1
3 8 4 8 8 1 1 6 2 1 1 1 1 1 1 1
3 7 1 3 2 1 1 3 2 1 3 1 3 1 1 1
3 1 1 2 2 1 1 3 3 4 6 4 3 1 3 1
1 5 5 5 5 2 2 11 11 4 4 4 4 1 1 1
1 1 2 3 2 1 1 3 2 5 3 4 3 1 2 1
3 1 5 2 2 1 2 4 3 4 3 4 3 2 2 1
3 7 1 3 3 1 1 3 2 4 4 4 4 2 2 3
2 7 1 3 3 1 1 3 2 4 4 4 4 2 2 3
3 1 4 2 2 1 1 3 5 4 1 1 4 1 2 1
3 1 5 2 2 1 2 4 3 4 3 4 3 1 2 1
1 1 8 3 3 1 1 3 2 3 3 3 3 2 2 4
2 5 5 2 2 2 2 4 4 4 4 4 4 1 2 1
1 1 9 3 3 1 2 4 2 5 4 4 4 2 2 3
2 1 5 2 2 1 2 4 3 4 1 1 4 1 2 1
2 1 NA 1 2 1 1 3 2 1 3 1 3 2 2 4
3 1 4 2 2 1 1 6 3 1 6 1 3 2 3 1
1 1 1 6 6 2 2 NA NA 5 5 4 4 2 2 3
1 1 1 2 2 1 1 3 3 3 3 3 3 1 2 1
2 1 1 6 2 1 2 NA NA 5 3 4 3 2 2 3
3 1 1 2 2 1 1 3 3 3 3 3 3 2 2 3
3 1 6 1 2 1 1 3 2 4 4 4 4 1 2 1
1 1 4 4 2 1 1 6 3 6 2 2 3 2 3 2
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Individual
Noosa_M_79763
NthBurn_F_72194
NthBurn_F_87227
NthBurn_M_55989
NthBurn_M_73175
Pillig_M_M47976
Redland_F_94829
Redland_F_95776
SthBurn_F_85725
SthBurn_F_86009
SthBurn_F_86231
SthBurn_F_86628
SthBurn_F_86919
SthBurn_F_93286
SthBurn_F_95162
SthBurn_M_53159
SthBurn_M_65901
SthBurn_M_80665
Sunshine_Coast_M_76877
Sunshine_Coast_M_79598
Sunshine_Coast_M_79817
Sunshine_Coast_M_86054
Toowoo_F_58264
Toowoo_F_79193
Toowoomba_F_55522
Toowoomba_F_58076
Toowoomba_F_70978
Toowoomba_F_74526
Toowoomba_F_79192
Toowoomba_F_79503
Toowoomba_F_86343
Toowoomba_F_87937
Toowoomba_F_92545
Toowoomba_M_72310
WDowns_F_70719
WDowns_F_82321
WDowns_M_75384
WDowns_F_55372
WDowns_F_70143

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

2 NA NA NA NA 1 1 3 2 4 3 4 3 1 1 1
1 1 4 2 2 1 1 3 5 1 3 1 3 1 2 1
3 4 5 2 2 2 2 NA NA 4 1 1 4 1 1 1
3 1 5 2 2 1 2 4 3 4 4 4 4 1 1 1
3 1 1 2 2 1 1 3 3 3 6 3 3 1 3 1
3 1 6 3 3 1 1 3 2 1 2 1 2 2 2 NA
2 1 4 4 2 1 1 3 5 4 1 5 4 2 2 3
3 1 1 2 2 1 1 3 3 1 3 5 3 2 2 3
1 1 1 2 2 1 1 6 6 1 1 1 1 2 2 1
3 4 4 4 4 1 1 6 5 1 1 1 1 1 2 1
3 1 1 2 2 1 1 3 3 4 3 4 3 1 2 1
3 1 1 2 2 1 1 3 3 4 1 1 4 2 2 NA
3 1 NA 3 2 1 1 3 2 4 4 4 4 2 2 1
1 1 5 2 2 1 1 3 NA 4 4 4 4 1 2 1
3 4 4 2 2 1 1 6 6 1 1 1 1 1 3 1
3 1 NA 8 2 1 1 3 2 4 1 1 4 1 1 1
1 7 1 NA NA 1 1 3 2 4 3 4 3 2 2 3
1 1 5 2 2 1 2 4 3 1 3 1 3 1 2 1
3 1 4 2 2 1 1 6 3 4 4 4 4 1 1 1
1 1 1 2 2 1 1 3 3 3 3 3 3 1 1 1
3 1 5 2 2 1 2 4 3 4 4 4 4 1 1 1
1 4 3 4 4 1 1 8 5 2 2 2 2 2 2 NA
2 6 4 1 4 1 1 6 2 4 6 4 3 1 1 1
1 1 6 NA NA 1 1 3 2 4 3 4 3 1 2 1
2 1 3 3 3 1 1 1 2 4 2 4 2 2 2 NA
2 1 4 4 2 1 1 6 3 3 6 3 3 1 2 1
3 4 5 4 4 2 2 4 5 4 6 4 3 1 1 1
1 NA NA 3 3 2 2 4 2 4 4 4 4 1 2 1
1 NA 5 3 3 1 2 4 2 4 4 4 4 2 2 3
3 1 3 NA 6 1 1 8 9 1 2 1 2 2 2 4
1 3 5 2 2 1 2 8 11 4 2 4 2 2 2 NA
2 10 4 3 4 1 1 6 2 4 2 4 2 2 2 3
1 1 4 2 2 1 1 6 3 4 1 1 4 2 2 3
1 NA 4 NA NA 1 1 12 3 4 1 1 4 2 3 2
2 1 6 3 3 1 1 3 2 4 4 4 4 2 2 3
1 1 6 3 2 1 1 3 2 1 1 1 1 1 2 1
2 1 6 3 3 1 1 3 2 4 4 4 4 2 2 3
1 1 1 2 2 1 1 3 3 3 3 3 3 2 2 3
2 1 4 NA 2 1 1 6 3 1 6 1 3 2 2 3
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Individual
WDowns_M_70754
BMnt_F_7041195
BMnt_F_7041197
BMnt_M_7041193
BMnt_M_7041194
BMnt_M_7041198
BMnt_M_7041200
CBTown_F_C12K2
CBTown_F_C12K4
CBTown_F_C2K4
CBTown_F_C3K2
CBTown_F_C5K7
CBTown_F_C6K5
CBTown_F_C7K2
CBTown_M_C10K1
CBTown_M_C10K4
CBTown_M_C11K1
CBTown_M_C12K3
CBTown_M_C2K2
CBTown_M_C3K1
CBTown_M_C3K3
CBTown_M_C5K8
CBTown_M_C6K1
CBTown_F_C11K2
CBTown_M_C6K2
F_Alex_Monaro
F_Annie_L_STHD
F_Annie_Monaro
F_Beyonce_STHD
F_Bron_Monaro
F_CS_Monaro
F_Hapi_STHD
F_Liv_NJ_STHD
F_Madona_Monaro
F_Mia_Monaro
F_Sage_Monaro
F_StevieN_STHD
F_Tahlia_Monaro
F_Arya_STHD

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

2 1 6 3 3 1 1 3 2 4 4 4 4 2 2 3
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 7 1 3 3 1 1 3 2 4 3 4 3 2 2 4
2 1 2 3 3 1 1 3 2 4 3 4 3 2 2 4
1 1 6 3 3 1 1 3 2 4 1 1 4 2 2 4
1 1 6 3 3 1 1 3 2 4 3 4 3 1 2 1
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 7 1 3 3 1 1 3 2 5 5 4 4 2 2 5
2 1 NA 3 3 1 2 4 2 4 3 4 3 2 3 2
1 1 6 3 3 1 1 3 2 5 3 4 3 1 2 1
1 1 NA 1 1 NA 2 4 2 4 4 4 4 2 2 NA
1 1 8 3 3 1 1 3 2 4 3 4 3 1 2 1
1 1 6 3 3 1 1 3 2 4 3 4 3 1 2 1
1 1 6 3 3 1 1 3 2 4 3 4 3 1 2 1
1 7 1 3 3 1 1 3 2 5 3 4 3 1 2 1
1 1 5 1 1 1 2 4 2 4 1 1 4 2 2 NA
1 1 9 3 3 1 2 4 2 5 4 4 4 2 2 3
1 7 1 3 3 1 1 3 2 5 4 4 4 2 2 4
1 1 9 3 3 1 2 4 2 4 3 4 3 1 2 1
2 5 5 2 2 2 2 11 11 4 4 4 4 2 2 3
1 1 NA 3 3 NA 2 4 2 5 4 4 4 2 2 3
1 1 NA 3 3 1 2 4 2 4 4 4 4 2 2 NA
1 1 6 1 1 1 1 3 2 4 4 4 4 2 2 4
2 5 5 2 2 2 2 4 4 4 4 4 4 2 2 3
2 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 NA 3 3 1 1 3 2 1 3 1 3 2 2 4
1 1 6 3 NA 1 2 7 2 1 3 1 3 2 3 2
1 10 1 3 3 1 1 3 2 1 3 1 3 1 3 1
1 1 6 3 3 1 1 3 2 1 3 1 3 2 3 2
1 1 6 3 3 1 1 3 2 3 3 3 3 1 2 1
2 1 6 3 3 1 1 3 2 3 3 3 3 2 2 4
1 1 6 3 3 1 1 3 2 4 3 4 3 2 2 4
1 NA NA 3 3 1 2 4 2 4 3 4 3 2 3 2
1 1 6 3 3 1 1 3 2 1 3 1 3 2 2 4
1 1 6 3 3 1 1 3 2 3 3 3 3 1 2 1
2 1 6 3 3 1 1 3 2 3 3 3 3 1 1 1
2 1 6 3 3 1 1 3 2 1 3 1 3 1 2 1
1 1 6 3 3 1 1 3 2 1 2 1 2 3 3 2
1 1 6 3 3 1 1 3 2 5 5 4 4 2 2 5
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Individual
F_Brandy_Monaro
F_Brienne_STHD
F_Bunzi_STHD
F_Daenery_STHD
F_Falia_F_STHD
F_Yara_STHD
K2
M_Andrew_MBR
M_Branson_MBR
M_Drew_Monaro
M_Evan_Monaro
M_Hamish_Monaro
M_Jett_Monaro
M_Kenny_Monaro
M_Malu_Monaro
M_Tallow_Monaro
M50543_001
M_Chaac_STHD
M_Gendry_STHD
M_Jimmy_B_STHD
M_Murray_Monaro
M_Qyburn_STHD
M_Rhaegar_STHD
M_St_james_STHD
M_Varys_STHD
M_Walter_STHD
M_Xavier_Monaro
SWSyd_F_M48896
SWSyd_M_Biya
SWSyd_M_Dalang
SWSyd_M_Giloa
SWSyd_M_Kimber
SWSyd_M_Mirribi
SWSyd_M_Yung
KI_F_0118
KI_F_0414
KI_F_1100
KI_F_191558
KI_F_4215

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

2 1 6 3 3 1 1 3 2 3 2 2 3 2 3 2
2 5 5 5 5 2 2 11 11 4 4 4 4 2 2 3
1 1 6 3 NA 1 2 7 2 4 1 1 4 2 2 4
1 1 6 3 3 1 1 3 2 3 3 3 3 1 1 1
1 1 2 3 3 1 1 3 2 3 3 3 3 1 2 1
1 1 9 3 3 1 2 4 2 5 4 4 4 2 2 3
1 1 NA 3 3 1 1 4 2 4 3 4 3 1 2 1
2 1 5 2 2 1 2 11 3 4 3 4 3 1 1 1
2 5 5 5 5 2 2 4 4 1 1 1 1 1 1 1
1 1 6 3 3 1 1 3 2 1 3 1 3 2 3 2
1 1 NA 3 3 1 1 3 2 1 3 1 3 1 3 1
2 7 1 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 1 3 1 3 2 3 2
2 1 6 3 3 1 1 3 2 3 3 3 3 2 2 4
2 1 NA 3 3 1 1 3 2 1 3 1 3 2 3 2
1 1 6 3 3 1 1 3 2 1 3 1 3 1 3 1
1 NA NA 3 3 1 1 6 2 1 2 1 2 2 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 6 7 NA 1 2 7 2 4 3 4 3 2 2 4
1 1 1 6 6 2 2 7 10 1 3 1 3 2 2 4
2 1 6 3 3 1 1 3 2 3 3 3 3 1 2 1
1 1 8 3 3 1 1 3 2 5 5 4 4 2 2 5
2 1 9 3 3 NA 2 4 2 4 4 4 4 2 2 NA
2 5 5 5 5 2 2 11 11 4 4 4 4 2 2 3
1 1 6 3 3 1 1 3 2 4 4 4 4 2 2 4
1 1 NA 6 6 2 2 7 10 1 1 1 1 2 2 4
1 1 6 3 3 1 1 3 2 1 3 1 3 2 2 4
2 1 NA 3 3 1 2 4 2 4 4 4 4 2 2 NA
2 1 6 3 3 1 1 3 2 5 4 4 4 2 2 4
1 1 6 3 3 1 1 3 2 5 5 4 4 2 2 5
1 NA NA NA NA 1 2 4 2 4 1 5 4 2 2 NA
1 10 1 3 3 1 1 3 2 5 3 4 3 1 2 1
1 5 5 5 5 2 2 11 11 4 4 4 4 2 2 3
1 7 1 3 NA 1 1 3 2 NA 4 4 4 2 2 4
1 7 1 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 4 2 4 2 1 3 1
1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
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KI_F_4310
KI_F_8059
KI_F_Aoife
KI_F_Cif
KI_F_ClaireBear
KI_F_Tanya
KI_F_Tessa
KI_M_4127
KI_M_4179
KI_M_4190
KI_M_4323
KI_M_4388
KI_M_MagicMike
KI_M_Oisin
KI_M_Rocky
Broad_F_50414
Broad_M_50382
Broad_M_50439
Broad_M_50508
Broadwater_F_M50514
Broadwater_M_M50338
Byron_F_M50503
Byron_M_M50452
Byron_U_M50504
Byron_F_50524
Byron_F_M50431
Byron_M_M50430
Byron_M_M50435
Coffs_F_44980
GCoast_F_54909
GCoast_F_73511
GCoast_M_54910
GCoast_M_54980
GCoast_M_56090
GCoast_M_61808
GCoast_M_62309
GCoast_M_66922
GCoast_M_70414
GCoast_M_71441

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 2 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 7 7 1 1 3 2 1 2 1 2 1 3 1
1 7 1 3 3 1 1 3 2 2 2 2 2 1 1 1
1 7 1 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 1 3 1
1 10 1 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 2 4 2 1 3 1
1 7 1 3 3 1 1 3 2 4 2 4 2 1 3 1
1 7 1 3 3 1 1 3 2 4 1 1 4 3 3 2
1 7 1 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 7 1 3 3 1 1 3 2 1 1 1 1 3 3 2
2 1 3 2 2 1 1 8 3 5 3 4 3 2 2 3
3 1 6 3 3 1 1 3 2 1 1 1 1 2 2 4
3 4 3 4 4 1 1 8 5 1 2 1 2 2 2 3
3 1 3 3 3 1 1 1 2 1 3 1 3 2 2 NA
2 4 3 4 4 1 1 8 5 1 3 1 3 2 2 3
3 1 6 3 3 1 1 3 2 1 1 1 1 2 2 4
1 5 5 5 5 2 2 4 4 3 3 3 3 2 2 4
3 1 1 6 6 2 2 7 10 5 5 4 4 2 2 4
3 1 6 3 3 1 1 3 2 4 2 4 2 1 1 1
3 1 3 6 6 1 2 8 9 5 2 4 2 2 2 NA
3 1 3 6 6 1 2 8 9 5 3 4 3 2 2 NA
3 1 1 6 6 2 2 7 10 5 5 4 4 2 2 4
1 5 5 2 2 2 2 11 11 3 3 3 3 2 2 4
2 1 6 3 3 1 1 3 2 1 1 1 1 2 2 NA
3 4 3 4 4 1 1 8 5 4 1 1 4 2 2 3
2 7 1 3 3 1 1 3 2 3 3 3 3 2 2 3
1 1 11 1 1 1 1 NA NA 5 3 4 3 2 2 NA
2 1 3 2 2 1 1 NA NA 1 3 5 3 2 2 3
2 4 3 4 4 1 1 8 5 3 6 3 3 1 2 1
2 4 5 4 4 2 2 4 5 4 4 4 4 2 2 3
2 6 4 3 4 1 1 NA NA 6 2 2 3 1 2 1
1 NA NA 7 7 1 1 1 2 4 3 4 3 2 2 NA
1 NA NA 3 3 1 1 1 2 1 2 1 2 2 2 3
1 3 5 NA 4 1 1 8 5 1 3 1 3 2 2 NA
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Individual
GCoast_M_78719
GCoast_M_84814
Graft_M_M50499
Gundagai_M_M49249
Kyogle_F_M50519
Kyogle_M_M50481
Kyogle_F_50350
Kyogle_F_50356
Kyogle_F_50418
Kyogle_F_50433
Kyogle_F_50434
Kyogle_F_50438
Kyogle_F_M50471
Kyogle_M_50316
Kyogle_M_50360
Kyogle_M_50384
Kyogle_M_50420
Kyogle_M_50927
Kyogle_M_M50448
Kyogle_U_M49289
Kyogle_U_M50488
Lismo_F_2110271
Lismo_F_2111152
Lismo_F_2111222
Lismo_F_2111232
Lismo_F_2112201
Lismo_F_2112212
Lismo_F_2112273
Lismo_M_2111192
Lismo_M_2111271
Lismo_M_2112021
Lismore_F_M50298
Lismore_F_M50309
Lismore_F_M50310
Lismore_F_M50336
Lismore_F_M50340
Lismore_F_M50369
Lismore_F_M50510
Lismore_F_M50535

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

3 4 5 4 4 2 2 4 5 4 1 1 4 1 2 1
3 1 11 3 3 1 1 1 2 4 3 4 3 1 2 1
2 1 9 3 3 1 1 4 2 4 1 1 4 1 2 1
3 NA NA 3 3 1 1 1 2 1 3 1 3 2 2 NA
1 4 3 4 4 1 1 8 5 4 3 4 3 2 2 3
1 4 5 4 4 2 2 4 5 4 6 4 3 1 1 1
1 4 4 4 4 1 1 6 5 1 1 1 1 2 2 3
1 4 4 4 4 1 1 6 5 1 2 1 2 2 2 NA
1 1 4 4 2 1 1 6 3 4 2 4 2 2 2 3
2 1 3 NA NA 1 1 8 3 5 1 1 4 1 1 1
3 1 3 6 6 2 2 8 9 5 2 4 2 2 2 NA
2 1 5 3 3 1 2 11 3 5 3 4 3 1 2 1
1 4 3 4 4 1 1 8 5 3 2 2 3 2 2 3
3 NA NA 3 3 1 1 1 2 1 1 1 1 2 2 NA
3 1 NA 3 3 1 1 3 2 4 4 4 4 2 2 3
1 1 4 4 2 1 1 6 3 4 2 4 2 1 2 1
1 4 3 4 4 1 1 8 5 1 3 1 3 2 2 3
1 4 3 4 4 1 1 8 5 3 2 2 3 2 2 3
3 1 6 3 3 1 1 3 2 1 2 1 2 1 2 1
1 1 4 4 2 1 1 6 3 4 2 4 2 2 2 3
2 NA NA 3 4 1 1 NA NA 5 4 4 4 1 2 1
1 3 5 2 2 NA 2 8 11 4 3 4 3 2 2 NA
3 1 3 2 2 1 1 8 3 4 3 4 3 2 2 3
2 NA NA 1 1 1 1 NA NA 1 1 1 4 2 3 2
1 1 NA 3 3 1 1 3 2 2 2 2 2 1 1 1
3 8 4 3 4 1 1 2 5 1 2 1 2 1 2 1
1 1 NA 3 3 NA 2 4 2 3 2 2 3 2 2 NA
3 1 6 3 3 1 1 3 2 2 2 2 2 1 1 1
1 NA 3 3 3 1 1 1 2 3 2 2 3 1 2 1
3 1 6 3 3 NA 1 3 2 4 2 4 2 1 1 1
2 4 5 2 2 2 2 NA NA 5 1 1 4 1 2 1
1 1 6 3 3 1 1 3 2 2 2 2 2 1 1 1
3 NA 4 4 4 2 2 6 10 5 4 4 4 2 2 NA
1 3 3 2 2 1 1 8 8 1 3 1 3 1 1 1
1 8 4 3 4 1 1 12 3 1 2 1 2 2 2 3
3 4 3 4 4 1 1 8 5 3 2 2 3 2 2 3
3 1 4 4 4 2 2 6 10 5 2 4 2 2 2 NA
3 1 3 2 2 1 1 8 3 3 2 2 3 2 2 3
3 3 3 2 2 1 1 8 8 3 2 2 3 2 2 3
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Individual
Lismore_M_M50352
Lismore_M_M50397
Lismore_U_M50295
M47687_001
M49026_001
M50294_001
M50306_001
M50344_001
M50355_001
M50359_001
M50370_001
M50373_001
M50374_001
M50383_001
M50392_001
M50393_001
M50395_001
Narrandra_F_N1
Narrandra_F_N12
Narrandra_F_N13
Narrandra_F_N14
Narrandra_F_N17
Narrandra_F_N2
Narrandra_M_N11
Narrandra_M_N16
Narrandra_M_N3
Narrandra_M_N6
Narrandra_M_N7
Narrandra_M_N8
Narrandra_M_N9
NRiv_F_M50347
NRiv_F_M50350
NRiv_F_M50379
NRiv_F_M50411
NRiv_F_M50451
NRiv_F_M50467
NRiv_F_M50517
NRiv_F_M50531
NRiv_M_M50329

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

3 1 6 3 3 1 1 3 2 2 2 2 2 1 1 1
3 3 3 2 2 1 1 8 8 3 3 3 3 2 2 4
3 NA NA 1 1 1 1 1 2 3 2 2 3 1 2 1
3 1 6 3 3 1 1 3 2 1 2 1 2 1 2 1
1 1 11 3 3 1 1 1 2 1 3 1 3 2 2 NA
2 1 6 3 3 1 1 3 2 1 1 1 1 2 2 4
3 3 3 2 2 1 1 8 8 2 2 2 2 2 2 3
2 1 NA 3 3 1 2 4 2 5 1 1 4 2 2 NA
1 1 11 3 3 1 1 1 2 4 3 4 3 2 2 3
1 3 5 2 2 1 2 8 11 5 1 1 4 1 2 1
3 3 3 2 2 1 1 8 8 3 2 2 3 2 2 3
3 3 3 2 2 1 1 8 8 3 2 2 3 2 2 3
1 3 3 2 2 1 1 8 8 4 3 4 3 2 2 NA
3 1 11 3 3 1 1 NA NA 1 3 1 3 2 2 NA
3 3 3 2 2 1 1 8 8 NA NA 3 3 2 2 3
1 1 6 3 3 1 1 3 2 2 2 2 2 2 2 4
3 1 6 3 3 1 1 3 2 1 1 1 1 2 2 4
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
3 1 3 NA NA 1 1 1 2 2 2 2 2 1 2 1
2 1 6 3 3 1 1 3 2 1 2 1 2 1 2 1
1 1 6 3 3 1 1 3 2 1 2 1 2 1 2 1
1 1 8 3 3 1 1 3 2 4 2 4 2 1 3 1
1 1 6 3 3 1 1 3 2 1 1 1 1 2 3 2
1 1 6 3 3 1 1 3 2 1 1 1 1 2 2 4
1 1 6 3 3 1 1 3 2 1 1 1 1 2 3 2
2 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 2 4 2 1 3 1
1 1 6 3 3 1 1 3 2 1 2 1 2 1 2 1
1 1 6 3 3 1 1 3 2 1 1 1 1 2 2 4
1 7 1 3 3 1 1 3 2 1 2 1 2 1 2 1
3 1 6 3 3 1 1 3 2 1 1 1 1 2 2 4
1 10 1 NA 2 1 1 3 2 3 2 2 3 1 2 1
3 NA 3 6 6 NA 2 8 9 5 3 4 3 2 2 NA
2 7 1 3 3 1 1 3 2 2 2 2 2 1 1 1
3 1 3 2 2 1 1 8 3 3 3 3 3 2 2 NA
3 1 6 3 NA 1 1 3 2 2 2 2 2 1 1 1
1 1 6 3 3 1 1 3 2 2 2 2 2 1 1 1
1 1 4 4 4 2 2 NA NA 5 4 4 4 2 2 NA
3 1 3 2 2 1 1 8 3 3 2 2 3 1 2 1

136



Individual
NRiv_M_M50450
NRiv_M_M50511
NthBurn_F_80750
Redland_M_63768
Redland_M_71818
Redland_M_83962
SClarence_F_M50437
SDowns_F_62050
Tenter_M_61949
Tweed_Heads_F_M50445
Tweed_Heads_M_53390
Tweed_Heads_M_57043
COtway_F_Y32
COtway_F_Y37
COtway_F_Y49
COtway_F_Y60
COtway_M_Y40
F_SAWS13_HDS
F_SAWS31_SHGLD
F_SAWS03_SHBS
F_SAWS04_SHBS
F_SAWS10_SHBS
F_SAWS21_FRIS
F_SAWS23_SHGLD
Gelantipy_F_K11
Gelantipy_F_K13
Gelantipy_F_K15
Gelantipy_F_K16
Gelantipy_F_K17
Gelantipy_F_K18
Gelantipy_F_K20
Gelantipy_M_K12
Gelantipy_M_K14
Gelantipy_M_K19
Gelantipy_M_K5
Gipps_F_SAWS29
Gipps_F_SAWS41
Gipps_F_SAWS45
Gipps_F_SAWS63

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

3 4 3 4 4 1 1 8 5 3 2 2 3 2 2 3
3 3 3 2 2 1 1 8 8 3 3 3 3 2 2 3
1 1 NA 3 2 1 1 3 2 5 2 4 2 2 2 3
2 1 1 6 NA 2 2 7 10 1 1 1 1 2 2 4
2 1 NA 3 3 1 1 8 3 4 1 1 4 2 2 4
2 NA NA 6 6 2 2 7 10 1 1 1 1 2 2 4
2 3 3 2 2 1 1 8 8 1 3 1 3 2 2 4
2 1 8 1 1 1 1 3 2 1 2 1 2 1 2 1
3 1 6 8 2 1 1 3 2 3 2 2 3 2 2 3
1 7 1 3 3 1 1 3 2 2 2 2 2 1 1 1
2 4 3 2 2 1 1 8 6 1 3 1 3 2 2 3
1 NA 1 3 3 1 1 3 2 2 2 2 2 2 2 4
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 1 3 1
1 7 1 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 1 3 1
1 1 6 3 3 1 1 3 2 4 4 4 4 2 3 NA
1 1 6 3 3 1 1 3 2 1 2 1 2 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 1 3 1
1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 2 2 2 2 1 1 1
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 7 1 3 3 1 1 3 2 1 1 1 1 3 3 2
2 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
2 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 8 8 1 1 3 2 3 3 3 3 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 1 3 1
2 1 NA 3 3 1 1 3 2 1 2 1 2 1 1 1
1 NA NA 3 3 1 1 3 2 1 2 1 2 1 3 1
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Individual
Gipps_F_SAWS66
Gipps_F_SAWS67
Gipps_F_SAWS69
Gipps_F_SAWS71
Gipps_F_SAWS72
Gipps_M_SAWS34
Gipps_M_SAWS42
Gipps_M_SAWS43
Gipps_M_SAWS64
Gipps_M_SAWS70
Gipps_M_SAWS84
M_Matt_Monaro
M_SAWS01_HDS
M_SAWS05_SHBS
M_SAWS17_SHGLD
M_SAWS27_SHGLD
Mallacoota_U_Abigail
Mallacoota_U_Annie
Mallacoota_U_Blinky
Mallacoota_U_Frankie
Mallacoota_U_Solo
Mallacoota_U_Trip
Mallacoota_U_Vicky
M_SAWS09_HDS
M_SAWS12_HDS
M_SAWS22_FRIS
M_SAWS24_SHBS
M_SAWS32_SHBS
M_SAWS33_SHGLD
M_SAWS37_SHBS
MurRiv_F_F6
MurRiv_F_F8
MurRiv_F_FA
MurRiv_M_MR001
MurRiv_M_MR002
MurRiv_M_MR003
MurRiv_M_MR005
MurRiv_M_MR006
MurRiv_M_MR007

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

1 1 6 NA NA 1 1 3 2 1 1 1 1 3 3 2
1 1 6 1 1 1 1 3 2 4 1 1 4 3 3 2
1 1 6 1 1 1 1 3 2 4 1 1 4 3 3 2
1 7 1 3 3 1 1 3 2 1 2 1 2 2 3 NA
1 1 6 3 3 1 1 3 2 4 2 4 2 1 3 1
1 1 6 3 3 1 1 3 2 4 2 4 2 1 3 1
1 1 2 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 8 3 3 1 1 3 2 4 2 4 2 1 3 1
2 1 6 3 3 1 1 3 2 1 2 1 2 2 3 NA
1 1 6 3 3 1 1 3 2 1 3 1 3 3 3 2
1 10 1 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 3 2 2 3 2 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 NA 3 3 1 1 3 2 4 2 4 2 1 3 1
1 1 6 3 3 1 1 3 2 3 2 2 3 3 3 2
2 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
2 1 NA 3 3 1 1 3 2 4 4 4 4 3 3 2
2 7 1 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 1 3 1
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 7 1 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
2 1 8 NA NA 1 1 NA 3 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 1 3 1
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 2 4 2 1 2 1
1 1 6 NA NA 1 1 3 2 4 1 1 4 3 3 2
1 7 1 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
2 7 1 3 3 1 1 3 2 4 4 4 4 3 3 2
1 7 1 3 3 1 1 3 2 4 1 1 4 1 3 1
2 7 1 3 3 1 1 3 2 1 1 1 1 3 3 2
1 7 1 3 3 1 1 3 2 4 1 1 4 3 3 2
1 7 1 3 3 1 1 3 2 4 1 1 4 3 3 2
1 7 1 3 3 1 1 3 2 1 1 1 1 3 3 2
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Individual
MurRiv_M_MR008
MurRiv_M_MR009
MurRiv_M_MR010
Narrandra_F_N18
Narrandra_F_N5
Narrandra_M_N15
Narran_M_45930
SWVic_F_Z73845
SWVic_F_Z73848
SWVic_M_Z73841
SWVic_M_Z73856

DAB 5 
allele 2

DBA 1 
allele 1

DBA 1 
allele 2

DBA 2 
allele 1

DBA 2 
allele 2

DBB 2 
allele 1

DBB 2 
allele 2

DBB 3 
allele 1

DBB 3 
allele 2

DCA 
allele 1

DCA 
allele 2

DCB 
allele 1

DCB 
allele 2

DMA 
allele 1

DMA 
allele 2

DMB 
allele 1

1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 8 3 3 1 1 3 2 4 1 1 4 2 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 2 3 2
1 1 6 3 3 1 1 3 2 4 4 4 4 3 3 2
1 1 6 3 3 1 1 3 2 4 2 4 2 1 3 1
1 7 1 3 3 1 1 3 2 4 4 4 4 3 3 2
1 7 1 3 3 1 1 3 2 1 1 1 1 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 3 3 2
1 1 6 3 3 1 1 3 2 4 1 1 4 2 3 NA
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Individual
Armidale_F_M50273
BMnt_F_7041500
BMnt_F_7094923
BMnt_F_7094976
BMnt_F_7094979
BMnt_M_7041293
BMnt_M_7041492
BMnt_U_7041191
Coffs_Harbour_F_M44977
Coffs_Harbour_F_M47046
Coffs_M_44984
Dubbo_U_C11212
Dubbo_U_C11358
Dubbo_U_C11413
Dubbo_U_C11085
Dubbo_U_C11512
F_Beach_RS_PTS
F_DECC104_GUH
F_DECC130_GUH
F_DECC137F_GUH
F_DECC162_GUH
F_Eila_PTS
F_Gilchrist_PTS
F_Joanie_PTS
F_MidnightR_PTS
F_SES_Maree_PTS
F_USYD062F_GUH
F_USYD089F_GUH
Liverpool_Plains_F_M48961
Liverpool_Plains_F_M48962
Liverpool_Plains_F_M48974
Liverpool_Plains_M_M46161
Liverpool_Plains_M_M48983
LPlains_F_48964
LPlains_F_49019
LPlains_M_48967
LPlains_M_48973

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

NA 1 2 3 2 1 NA 2 2 2 2 1 2
2 1 2 1 1 NA NA 1 2 2 2 4 4

NA 1 2 1 1 1 NA 1 2 2 2 1 1
3 1 1 1 1 1 3 1 1 2 2 1 4
2 1 1 1 1 NA NA 1 2 2 2 1 4
1 1 1 1 1 1 NA 1 1 2 1 1 4
4 1 2 1 1 1 2 2 2 2 2 1 2

NA 1 2 1 1 NA NA 2 2 2 1 1 1
NA 2 2 1 3 NA NA NA NA 2 2 NA NA
NA 1 2 1 3 NA 7 2 2 2 1 1 2

4 1 2 3 2 1 5 1 1 2 1 1 1
4 1 2 1 1 1 9 1 1 2 2 2 4
3 1 1 1 1 NA NA NA 4 2 1 1 2

NA 1 1 1 1 NA NA 1 1 2 1 2 4
4 1 1 1 1 1 2 1 4 2 1 1 1
3 1 1 3 3 NA 3 1 2 2 1 1 1
2 2 2 3 3 1 NA 2 2 2 2 1 1

NA 2 2 1 2 10 NA 2 2 1 1 1 1
NA 1 2 1 2 10 NA 2 2 2 1 1 1

4 1 2 1 2 4 12 2 4 2 1 1 1
3 1 2 2 2 1 5 1 1 2 1 1 1

NA 1 1 1 1 1 2 NA NA 2 1 1 1
3 1 2 1 3 1 NA 2 2 2 2 1 1

NA 1 2 1 1 1 12 1 2 2 1 1 1
NA 1 2 1 1 4 NA 1 2 2 2 1 1

4 1 1 1 2 4 NA 6 6 2 1 1 1
3 2 2 1 2 NA NA 2 4 2 1 1 1
4 2 2 1 1 NA NA 1 2 2 1 1 1

NA 1 1 1 3 NA NA 1 2 2 1 5 1
4 2 2 1 2 1 2 1 2 2 1 5 1

NA 1 2 1 3 4 7 2 2 2 2 1 4
4 2 2 1 1 4 NA 6 4 1 1 1 1
4 2 2 1 1 1 3 1 2 2 1 1 1
4 1 2 1 1 NA NA 1 4 2 2 1 1
4 1 2 1 1 NA NA 1 2 2 1 1 1
4 1 2 1 1 NA NA 1 1 2 1 1 1
4 2 2 1 1 10 2 2 4 2 1 1 1
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Individual
LPlains_M_49001
LPlains_U_46160
M47634_001
M49020_001
M49021_001
M49023_001
M_DECC015_GUH
M_DECC076_GUH
M_Galloping_PTS
M_Howie_PTS
M_Solstice_PTS
M_Tai_PTS
M_USYD014_GUH
M_USYD040_GUH
M_USYD098M_GUH
Pillig_F_M47418
Pillig_M_M47035
Pillig_M_M47420
PMac_F_81925
PMac_F_81926
PMac_F_81927
PMac_F_81996
PMac_M_81900
PMac_M_81913
PMac_M_81967
PortMac_F_50048
PortMac_M_50047
Port_Macquarie_F_Emma
Port_Macquarie_F_M50239
Port_Macquarie_M_Callum
Port_Macquarie_M_M50237
Armid_M_M7070
Atherton_M
F_Bubbles_MBR
F_Coco_MBR
F_Jadore_MBR
F_Josie_MBR
F_Julia_MBR
F_Lana_MBR

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

4 2 2 1 1 NA NA 2 4 2 1 1 1
4 1 1 1 1 NA NA NA NA 2 1 NA 1
3 1 2 1 1 1 3 1 1 2 2 1 2
4 1 1 1 1 NA NA 1 4 2 2 1 1
4 2 2 1 1 4 NA 2 4 2 2 1 1

NA 1 2 1 2 NA NA 1 2 2 1 1 1
4 1 1 1 1 NA NA 1 4 2 1 1 1
4 1 2 1 1 4 NA 2 4 2 2 1 1
4 1 2 1 3 NA NA 2 2 2 2 1 1
2 1 1 3 3 NA NA 2 2 2 1 1 1
4 1 1 1 3 10 NA 2 2 2 2 4 4
3 1 2 1 2 1 NA 2 2 2 1 1 1
4 1 2 1 1 10 NA 2 NA 2 1 5 1
4 1 2 1 1 NA NA 1 4 2 2 1 1
4 1 2 1 1 10 NA 2 2 2 1 1 1
5 1 1 3 2 NA NA 1 1 1 2 NA NA

NA 1 1 1 3 1 3 1 1 2 2 1 4
3 1 2 2 2 1 NA 1 2 2 2 4 4
3 1 1 1 2 1 5 2 3 2 2 5 1

NA 1 1 1 1 NA NA 1 1 2 1 1 4
3 1 1 1 1 NA NA 2 2 2 1 3 4
3 1 2 1 2 4 13 1 2 2 2 1 4
1 1 1 1 1 1 3 1 1 2 2 5 1
3 1 2 1 2 NA NA 1 2 1 2 1 1
3 1 1 3 2 1 NA 1 NA 2 1 NA 3
3 1 1 1 1 NA NA 1 1 2 1 5 2

NA 1 1 1 2 1 NA 1 1 2 2 1 1
3 1 1 2 2 4 3 1 2 2 2 3 4
2 1 1 1 1 NA NA 1 1 2 2 5 2
4 1 2 1 2 NA NA 1 2 2 2 1 4
1 1 2 1 2 1 5 1 1 2 2 2 4
1 1 2 1 2 NA NA 1 2 1 2 NA NA
3 2 2 1 2 NA NA 2 2 2 1 3 4
4 1 2 2 2 NA NA 1 2 2 1 4 4
1 2 2 2 2 4 3 1 2 2 2 4 4
3 1 2 1 2 4 NA 1 4 2 1 4 4
1 1 2 2 2 NA NA 1 2 2 2 3 4
5 1 2 2 2 4 NA 2 2 1 1 3 4
1 1 2 2 2 NA NA 2 2 2 1 4 4
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Individual
F_Millie_MBR
F_Rizzo_MBR
F_Tamara_O_MBR
F_Tanja_MBR
F_The_Hoff_MBR
FarNorthQLD_K2
FarNorthQLD_K3
FCoast_F_51032
FCoast_M_61304
FCoast_M_61459
FCoast_M_93594
Fraser_F_72461
Fraser_M_77266
Fraser_U_57909
Fraser_M_72855
Fraser_M_79972
Fraser_M_87546
Gympie_F_82257
Gympie_F_92626
Gympie_F_93216
Gympie_F_93694
Gympie_M_87743
Gympie_M_95464
HVale_F_Claire
HVale_F_Shamala
LivSton_F_54945
M_Dazza_MBR
M_Bear_Monaro
M_Bobby_MBR
M_Clegane_STHD
M_Doddy_MBR
M50293_001
Mackay_F_63479
Noosa_F_65657
Noosa_F_70593
Noosa_F_74009
Noosa_F_79303
Noosa_M_49880
Noosa_M_79211

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

5 1 2 2 2 NA NA 1 2 1 1 4 4
5 1 2 2 2 10 NA 2 2 2 2 NA 1
3 2 2 2 2 1 3 1 1 2 1 1 4
3 2 2 1 2 4 8 2 4 1 1 5 1
1 2 2 2 2 NA NA 2 2 2 1 4 4
3 2 2 3 2 NA NA 2 4 2 1 3 4
3 2 2 2 2 NA NA 2 4 1 1 3 4
1 1 2 2 2 NA NA NA 4 2 2 3 4
2 2 2 2 2 4 12 1 2 2 1 NA NA
4 2 2 1 3 NA NA NA NA 1 1 3 4
4 2 2 1 3 NA NA 1 2 2 1 2 4
1 2 2 1 2 4 NA 2 4 2 1 3 4
3 1 2 3 2 NA NA 1 2 2 1 3 4
3 2 2 3 2 4 5 1 4 2 1 3 4
3 2 2 1 2 4 NA 2 4 2 1 NA NA
4 1 2 1 2 NA NA 1 1 2 2 2 3
1 2 2 1 2 1 5 1 2 2 1 NA 4
1 1 2 1 3 4 9 1 1 2 1 3 4
1 2 2 3 2 4 NA 6 4 2 1 5 1
2 2 2 2 2 4 11 2 4 2 2 3 4
1 2 2 2 2 NA NA 1 2 1 1 4 4
3 2 2 3 2 NA NA 2 2 2 1 NA NA
4 2 2 2 2 NA NA 2 2 2 1 2 4
3 2 2 3 3 4 12 2 2 2 2 NA NA
3 2 2 3 3 4 NA 2 4 2 1 3 4
1 2 2 1 2 NA NA 7 7 2 1 4 4
3 2 2 2 2 4 NA 1 4 2 1 4 4
4 1 1 1 1 4 NA 2 2 2 1 1 2
4 2 2 2 2 4 9 1 2 2 2 1 4
5 1 2 3 2 1 NA 1 1 2 1 2 2
4 1 2 3 2 NA NA 1 2 1 1 3 4
5 1 1 1 2 1 NA 1 2 2 1 3 4
2 2 2 1 2 NA NA 2 4 1 1 1 4
3 2 2 1 1 4 11 1 4 2 2 1 4
3 2 2 2 2 4 11 1 1 2 2 4 4
3 2 2 1 2 NA NA 2 2 2 1 1 4
3 2 2 2 2 NA NA 1 2 2 2 3 4
3 2 2 3 2 1 5 1 2 2 1 NA NA
3 2 2 2 2 NA NA 2 NA 2 2 NA NA
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Individual
Noosa_M_79763
NthBurn_F_72194
NthBurn_F_87227
NthBurn_M_55989
NthBurn_M_73175
Pillig_M_M47976
Redland_F_94829
Redland_F_95776
SthBurn_F_85725
SthBurn_F_86009
SthBurn_F_86231
SthBurn_F_86628
SthBurn_F_86919
SthBurn_F_93286
SthBurn_F_95162
SthBurn_M_53159
SthBurn_M_65901
SthBurn_M_80665
Sunshine_Coast_M_76877
Sunshine_Coast_M_79598
Sunshine_Coast_M_79817
Sunshine_Coast_M_86054
Toowoo_F_58264
Toowoo_F_79193
Toowoomba_F_55522
Toowoomba_F_58076
Toowoomba_F_70978
Toowoomba_F_74526
Toowoomba_F_79192
Toowoomba_F_79503
Toowoomba_F_86343
Toowoomba_F_87937
Toowoomba_F_92545
Toowoomba_M_72310
WDowns_F_70719
WDowns_F_82321
WDowns_M_75384
WDowns_F_55372
WDowns_F_70143

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

1 2 2 3 2 4 NA 6 4 1 1 3 4
1 2 2 1 2 NA NA 1 2 1 1 4 4
1 2 2 1 2 NA NA 1 2 2 2 3 4
1 2 2 2 2 1 NA 1 1 1 1 3 4
2 2 2 2 2 4 NA 2 2 1 1 4 4

NA 1 1 1 1 1 5 1 1 2 2 3 4
3 2 2 2 2 NA NA 1 4 2 1 3 4
3 2 2 2 2 NA NA 1 4 1 1 3 4
1 2 2 1 1 NA NA 1 2 2 2 3 4
1 2 2 1 1 1 NA 1 1 1 1 5 1
3 2 2 2 2 4 13 2 2 1 1 3 4

NA 1 2 3 2 NA NA 1 4 2 1 2 3
3 2 2 3 2 4 NA 2 2 2 2 NA NA
5 2 2 2 2 4 13 2 2 1 1 NA NA
2 2 2 1 2 NA NA 2 2 1 1 5 1
1 2 2 3 2 NA NA 2 2 2 2 3 4
3 2 2 3 2 NA NA 2 2 2 1 6 4
3 2 2 2 2 NA NA 2 4 2 2 2 3
1 2 2 1 2 NA NA 1 1 2 1 3 4
1 2 2 2 2 1 NA 1 1 2 1 3 4
1 2 2 2 2 NA NA 1 2 2 2 4 4

NA 2 2 2 2 NA NA 2 4 1 1 4 4
1 2 2 1 3 1 12 1 2 1 1 2 3
3 1 2 3 2 4 NA 1 1 2 1 1 4

NA 2 2 3 2 4 NA 2 4 1 1 NA NA
4 2 2 1 2 NA NA 1 2 2 2 NA NA
1 2 2 1 2 NA NA 1 2 2 2 NA NA
3 2 2 3 2 4 NA 1 2 1 1 5 1
3 2 2 3 3 NA NA 1 1 2 1 NA NA
4 2 2 1 2 NA NA 1 1 2 1 4 4

NA 2 2 2 2 10 NA 2 2 2 1 NA 2
3 2 2 3 2 NA NA 1 2 2 2 NA NA
3 2 2 2 2 4 11 NA NA 2 1 1 4
3 2 2 1 3 1 5 1 1 2 1 NA 2
3 2 2 3 3 NA NA NA NA 2 2 NA NA
4 2 2 3 3 NA NA 1 4 2 1 5 1
3 2 2 3 3 NA NA 2 2 1 1 4 4
3 1 2 2 2 4 NA 2 2 2 1 4 4
3 2 2 2 2 4 11 2 4 2 2 4 4
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Individual
WDowns_M_70754
BMnt_F_7041195
BMnt_F_7041197
BMnt_M_7041193
BMnt_M_7041194
BMnt_M_7041198
BMnt_M_7041200
CBTown_F_C12K2
CBTown_F_C12K4
CBTown_F_C2K4
CBTown_F_C3K2
CBTown_F_C5K7
CBTown_F_C6K5
CBTown_F_C7K2
CBTown_M_C10K1
CBTown_M_C10K4
CBTown_M_C11K1
CBTown_M_C12K3
CBTown_M_C2K2
CBTown_M_C3K1
CBTown_M_C3K3
CBTown_M_C5K8
CBTown_M_C6K1
CBTown_F_C11K2
CBTown_M_C6K2
F_Alex_Monaro
F_Annie_L_STHD
F_Annie_Monaro
F_Beyonce_STHD
F_Bron_Monaro
F_CS_Monaro
F_Hapi_STHD
F_Liv_NJ_STHD
F_Madona_Monaro
F_Mia_Monaro
F_Sage_Monaro
F_StevieN_STHD
F_Tahlia_Monaro
F_Arya_STHD

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

3 2 2 3 3 NA NA 1 2 2 2 2 3
4 1 1 1 1 1 2 1 3 2 2 1 2
4 1 1 1 1 NA NA 1 4 2 2 1 2
4 1 1 1 1 4 NA 1 4 2 2 1 2
4 1 1 1 1 1 5 1 1 2 1 1 NA
4 1 1 1 1 NA NA 1 1 2 1 1 2
4 1 1 1 1 1 3 1 1 2 1 1 1
5 1 2 3 3 NA NA 1 1 2 2 1 2
3 1 1 1 2 1 NA 1 1 2 2 2 2
5 1 2 1 3 1 NA 1 1 2 2 1 1

NA 1 1 1 2 1 3 1 4 2 2 1 2
4 1 2 1 1 NA NA NA NA 2 2 1 2
4 1 1 1 1 NA NA 1 4 2 1 2 2
4 1 1 1 1 NA NA NA NA 2 1 1 2
5 1 1 1 3 NA NA 1 4 1 1 1 2

NA 1 2 1 2 NA NA NA 4 2 2 2 2
5 1 2 3 2 NA NA NA 4 2 1 2 2
5 1 1 1 3 NA NA 5 4 2 2 1 2
3 2 2 1 2 NA NA 1 1 2 2 2 2
3 1 1 2 2 NA NA 1 4 2 2 1 2
5 1 2 3 2 NA NA 1 4 2 2 2 2

NA 2 2 1 2 1 NA 1 1 2 1 1 1
4 1 1 1 1 1 5 2 4 2 1 1 2
3 2 2 2 2 NA NA 1 4 2 2 2 2
4 1 1 1 1 NA NA 1 1 2 1 1 2
4 1 1 1 1 4 NA 2 2 1 1 2 4
4 2 2 1 1 1 NA 1 1 2 1 4 4
2 1 1 1 1 NA NA 1 2 1 1 2 4
4 1 1 1 1 1 5 1 4 2 1 2 2
4 1 1 1 1 NA NA NA NA 1 1 2 2
4 1 1 1 1 4 NA 2 2 1 1 2 NA
4 1 1 1 1 1 7 1 2 2 1 4 4
3 1 1 1 2 NA NA 5 4 2 2 2 2
4 1 1 1 1 1 NA 1 2 1 1 2 2
4 1 1 1 1 1 8 1 2 1 1 1 2
1 1 2 1 1 4 11 2 4 1 1 1 1
4 1 1 1 1 NA NA 1 1 2 1 NA NA
2 1 2 1 1 NA NA 2 NA 2 1 2 4
5 1 2 3 3 NA NA 2 4 2 1 2 2
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Individual
F_Brandy_Monaro
F_Brienne_STHD
F_Bunzi_STHD
F_Daenery_STHD
F_Falia_F_STHD
F_Yara_STHD
K2
M_Andrew_MBR
M_Branson_MBR
M_Drew_Monaro
M_Evan_Monaro
M_Hamish_Monaro
M_Jett_Monaro
M_Kenny_Monaro
M_Malu_Monaro
M_Tallow_Monaro
M50543_001
M_Chaac_STHD
M_Gendry_STHD
M_Jimmy_B_STHD
M_Murray_Monaro
M_Qyburn_STHD
M_Rhaegar_STHD
M_St_james_STHD
M_Varys_STHD
M_Walter_STHD
M_Xavier_Monaro
SWSyd_F_M48896
SWSyd_M_Biya
SWSyd_M_Dalang
SWSyd_M_Giloa
SWSyd_M_Kimber
SWSyd_M_Mirribi
SWSyd_M_Yung
KI_F_0118
KI_F_0414
KI_F_1100
KI_F_191558
KI_F_4215

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

4 1 1 1 1 1 NA 1 2 1 1 1 2
3 1 1 2 2 1 2 1 1 2 2 2 2
4 2 2 1 1 1 5 1 4 2 2 1 2
1 1 2 1 1 NA NA NA 4 2 2 1 2
4 1 2 1 1 1 NA 1 1 2 2 2 2
5 2 2 3 2 4 5 5 4 2 1 2 2
3 1 2 1 2 NA NA 1 1 2 2 1 2
1 2 2 2 2 NA NA 1 2 2 1 NA NA
1 1 2 2 2 4 5 1 1 1 1 4 4
4 1 1 1 1 1 8 1 2 2 1 2 2
2 1 2 1 1 4 NA 2 2 1 1 2 2
2 1 1 1 1 1 NA 1 2 1 1 2 2
4 1 1 1 1 4 NA 6 6 1 1 2 2
4 1 1 1 1 NA NA 2 2 1 1 2 2
4 1 1 1 1 NA NA 2 2 1 1 2 2
2 1 1 1 1 1 5 1 1 1 1 2 4
3 1 2 1 1 1 7 1 2 2 2 2 2
4 1 2 1 1 NA NA 1 1 2 1 4 4
4 2 2 1 1 1 3 1 1 2 1 2 2
4 1 2 1 1 1 2 1 1 2 2 1 2
4 1 2 1 1 1 NA 1 1 1 1 2 2
5 1 1 3 3 1 NA 1 1 2 2 1 1

NA 1 1 1 2 1 3 1 4 2 2 1 2
3 1 2 2 2 NA NA 5 4 2 1 2 2
4 1 2 1 1 NA NA 1 4 2 1 1 1
4 1 2 1 1 1 5 1 1 2 1 NA 2
4 1 1 1 1 4 NA 2 5 1 1 2 2

NA 2 2 1 2 NA NA 1 4 2 1 NA 2
5 1 2 1 3 1 NA 1 1 2 1 1 2
5 1 1 3 3 1 2 1 1 2 1 1 2

NA 1 2 1 2 NA NA NA NA 2 2 NA 2
5 1 1 1 3 NA NA 1 4 1 1 1 2
3 1 1 2 2 4 NA 5 4 2 1 1 2
5 1 1 1 3 NA NA 1 4 2 NA 1 2
2 1 1 1 1 NA NA 1 1 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 1 3 1 1 1 1 7 7
2 1 1 1 1 1 NA 1 1 1 1 7 7
2 1 1 1 1 1 NA 1 1 1 1 7 7
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Individual
KI_F_4310
KI_F_8059
KI_F_Aoife
KI_F_Cif
KI_F_ClaireBear
KI_F_Tanya
KI_F_Tessa
KI_M_4127
KI_M_4179
KI_M_4190
KI_M_4323
KI_M_4388
KI_M_MagicMike
KI_M_Oisin
KI_M_Rocky
Broad_F_50414
Broad_M_50382
Broad_M_50439
Broad_M_50508
Broadwater_F_M50514
Broadwater_M_M50338
Byron_F_M50503
Byron_M_M50452
Byron_U_M50504
Byron_F_50524
Byron_F_M50431
Byron_M_M50430
Byron_M_M50435
Coffs_F_44980
GCoast_F_54909
GCoast_F_73511
GCoast_M_54910
GCoast_M_54980
GCoast_M_56090
GCoast_M_61808
GCoast_M_62309
GCoast_M_66922
GCoast_M_70414
GCoast_M_71441

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

2 1 1 1 1 1 3 1 1 1 1 7 7
2 1 1 1 1 1 6 1 1 1 1 7 7
2 1 1 1 1 1 NA 2 2 1 1 7 7
1 1 1 1 1 1 9 1 1 1 1 7 7
2 1 1 1 1 NA NA 1 1 1 1 7 7
2 1 1 1 1 NA NA 1 1 1 1 7 7
2 1 1 1 1 1 5 1 1 1 1 7 7
2 1 1 1 1 1 NA 1 1 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 1 5 1 1 1 1 7 7
2 1 1 1 1 1 3 1 1 1 1 7 7
2 1 1 1 1 NA NA 1 1 1 1 7 7
2 1 1 1 1 1 NA 1 1 1 1 7 7
2 1 1 1 1 1 NA 1 1 1 1 7 7
2 1 1 1 1 1 NA 1 1 1 1 7 7
3 1 1 2 2 4 NA 1 4 2 2 3 4
4 1 1 1 1 4 3 1 2 2 2 NA NA
3 1 2 1 2 NA NA 1 2 2 1 2 3

NA 1 2 1 2 1 6 1 1 2 1 5 1
3 2 2 1 2 4 NA 1 4 2 1 3 4
4 1 1 1 1 NA NA 1 1 2 2 1 4
4 1 2 1 1 1 6 1 1 2 2 3 4
4 1 2 1 1 NA 2 1 2 2 2 NA NA
1 1 1 1 3 NA NA 1 2 2 2 NA NA

NA 1 1 1 2 4 7 2 2 2 2 3 4
NA 2 2 1 2 1 8 1 2 2 2 4 4

4 1 2 1 1 4 3 1 1 2 2 6 4
4 1 2 1 1 1 3 1 1 2 1 3 4

NA 1 2 1 3 1 6 1 1 1 2 NA NA
3 1 2 2 2 1 5 1 NA 2 2 1 1
3 2 2 3 3 4 NA 2 2 2 2 4 4

NA 2 2 1 2 1 NA NA NA 2 1 5 1
3 1 1 2 2 NA NA 1 1 1 1 4 4
3 2 2 1 2 NA NA 2 2 2 2 NA NA
3 2 2 2 2 4 12 2 2 1 1 NA NA
3 1 2 1 1 NA NA NA 4 1 1 NA NA

NA 2 2 1 2 1 NA 2 2 2 2 1 4
3 2 2 1 2 NA NA NA NA 2 2 3 4

NA 1 2 1 2 NA NA 1 1 2 1 NA NA
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Individual
GCoast_M_78719
GCoast_M_84814
Graft_M_M50499
Gundagai_M_M49249
Kyogle_F_M50519
Kyogle_M_M50481
Kyogle_F_50350
Kyogle_F_50356
Kyogle_F_50418
Kyogle_F_50433
Kyogle_F_50434
Kyogle_F_50438
Kyogle_F_M50471
Kyogle_M_50316
Kyogle_M_50360
Kyogle_M_50384
Kyogle_M_50420
Kyogle_M_50927
Kyogle_M_M50448
Kyogle_U_M49289
Kyogle_U_M50488
Lismo_F_2110271
Lismo_F_2111152
Lismo_F_2111222
Lismo_F_2111232
Lismo_F_2112201
Lismo_F_2112212
Lismo_F_2112273
Lismo_M_2111192
Lismo_M_2111271
Lismo_M_2112021
Lismore_F_M50298
Lismore_F_M50309
Lismore_F_M50310
Lismore_F_M50336
Lismore_F_M50340
Lismore_F_M50369
Lismore_F_M50510
Lismore_F_M50535

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

3 2 2 2 2 1 3 1 6 2 1 3 4
4 1 2 1 2 NA NA 2 4 2 1 NA NA
4 1 2 1 2 NA NA 2 2 1 1 4 4

NA 1 2 1 2 NA NA 1 1 2 1 5 1
3 2 2 2 2 4 13 7 4 2 2 NA NA
1 1 1 1 2 NA NA 2 2 2 1 NA NA
3 1 1 1 1 NA NA 1 2 2 1 3 4

NA 1 2 2 2 1 11 1 2 2 2 5 1
3 2 2 2 2 1 2 2 4 2 2 5 1
1 1 2 1 2 10 NA 1 1 2 2 3 4

NA 1 2 1 2 4 8 2 2 1 1 5 1
4 2 2 1 1 NA NA 2 2 2 1 1 4
3 1 2 2 2 1 NA 1 1 2 1 3 4

NA 1 2 3 2 NA NA 2 3 2 1 3 4
3 1 2 1 1 NA 2 1 2 2 2 NA NA
3 2 2 2 2 1 5 1 1 1 1 NA NA
3 1 1 1 2 1 3 1 1 2 1 4 4
3 2 2 2 2 NA NA 1 2 2 1 3 4
3 2 2 1 1 4 11 6 4 2 2 NA NA
3 2 2 2 2 4 NA 1 4 2 2 5 1
4 1 2 1 1 10 NA 2 2 2 2 2 4

NA 1 1 2 2 NA NA 1 1 2 2 6 4
3 1 1 2 2 NA NA 1 1 2 2 6 4
3 1 2 1 2 NA NA 2 4 2 1 1 4
1 2 2 1 1 NA NA 1 1 2 1 4 4
3 1 2 1 1 1 2 1 1 2 1 4 4

NA 2 2 1 2 1 NA 1 2 2 2 3 4
1 1 2 1 1 NA NA 1 1 2 1 3 4
3 1 1 1 2 4 8 1 2 1 1 3 4
1 1 1 1 3 4 NA 1 1 2 2 3 4
4 1 2 2 2 NA NA 1 2 2 1 5 1
1 1 1 1 1 NA NA 1 1 2 2 4 4

NA 1 1 1 2 1 NA 2 2 2 1 3 4
1 1 2 2 2 NA NA 1 2 2 2 NA NA
3 1 1 1 1 NA NA 1 2 2 1 3 4
3 1 2 2 2 4 NA 2 2 2 1 2 3

NA 1 2 1 2 NA NA 1 2 2 2 3 4
3 1 1 2 2 1 NA 1 1 2 2 3 4
3 1 1 2 2 4 3 1 1 2 1 3 4
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Individual
Lismore_M_M50352
Lismore_M_M50397
Lismore_U_M50295
M47687_001
M49026_001
M50294_001
M50306_001
M50344_001
M50355_001
M50359_001
M50370_001
M50373_001
M50374_001
M50383_001
M50392_001
M50393_001
M50395_001
Narrandra_F_N1
Narrandra_F_N12
Narrandra_F_N13
Narrandra_F_N14
Narrandra_F_N17
Narrandra_F_N2
Narrandra_M_N11
Narrandra_M_N16
Narrandra_M_N3
Narrandra_M_N6
Narrandra_M_N7
Narrandra_M_N8
Narrandra_M_N9
NRiv_F_M50347
NRiv_F_M50350
NRiv_F_M50379
NRiv_F_M50411
NRiv_F_M50451
NRiv_F_M50467
NRiv_F_M50517
NRiv_F_M50531
NRiv_M_M50329

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

1 1 1 1 1 4 NA 1 4 1 1 4 4
4 1 2 2 2 1 NA 1 2 2 2 3 4
3 1 1 1 2 4 NA 1 1 2 2 6 4
3 1 1 1 1 NA NA 2 2 1 1 5 1

NA 1 2 1 2 4 NA 1 1 2 1 4 4
4 1 1 1 3 NA NA 1 2 1 1 5 1
3 1 2 2 2 NA NA 1 2 2 2 3 4

NA 1 2 1 2 NA NA 1 2 2 1 NA NA
3 1 2 1 2 4 9 1 2 2 1 3 4
3 2 2 2 2 1 8 1 1 1 1 3 4
3 1 2 2 2 1 11 1 1 2 1 3 4
3 2 2 2 2 NA NA 1 1 2 2 3 4

NA 2 2 2 2 4 NA 2 2 2 1 3 4
NA 2 2 1 2 NA NA 1 1 2 2 NA NA

3 1 2 2 2 NA NA 1 2 2 2 3 4
4 2 2 1 1 1 2 1 1 2 2 3 4
4 1 2 1 1 NA NA 1 1 2 1 3 4
2 1 1 1 1 1 3 1 1 1 1 1 1
3 1 1 1 2 1 NA 1 1 2 1 5 1
4 1 1 1 1 1 9 1 1 2 1 5 1
4 1 1 1 1 1 3 1 1 2 1 5 1
2 1 1 1 1 1 NA 1 1 1 1 5 1
4 1 1 1 1 NA NA 1 1 2 1 1 1
4 1 1 1 1 NA NA 1 2 1 1 5 1
4 1 1 1 1 NA NA 1 1 2 2 5 1
2 1 2 1 1 1 6 1 1 2 2 7 7
2 1 2 1 1 NA NA 1 2 2 1 5 1
4 1 1 1 1 1 NA 1 1 2 2 5 1
4 1 1 1 1 NA NA NA NA 2 2 1 1
4 1 1 1 1 1 6 1 1 2 1 5 1
4 1 2 1 1 NA NA NA NA 1 1 3 4
3 1 1 1 2 NA NA 1 2 2 2 7 4

NA 2 2 1 2 NA NA 1 2 2 2 3 4
1 1 2 1 1 4 13 1 2 2 1 4 4

NA 1 1 2 2 NA NA 2 2 2 2 3 4
1 1 2 1 1 4 NA 1 1 2 1 4 4
1 1 2 1 1 4 3 1 1 2 1 1 4

NA 1 2 1 2 NA NA 1 2 2 2 NA NA
3 1 2 2 2 NA NA 1 1 1 1 3 4
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Individual
NRiv_M_M50450
NRiv_M_M50511
NthBurn_F_80750
Redland_M_63768
Redland_M_71818
Redland_M_83962
SClarence_F_M50437
SDowns_F_62050
Tenter_M_61949
Tweed_Heads_F_M50445
Tweed_Heads_M_53390
Tweed_Heads_M_57043
COtway_F_Y32
COtway_F_Y37
COtway_F_Y49
COtway_F_Y60
COtway_M_Y40
F_SAWS13_HDS
F_SAWS31_SHGLD
F_SAWS03_SHBS
F_SAWS04_SHBS
F_SAWS10_SHBS
F_SAWS21_FRIS
F_SAWS23_SHGLD
Gelantipy_F_K11
Gelantipy_F_K13
Gelantipy_F_K15
Gelantipy_F_K16
Gelantipy_F_K17
Gelantipy_F_K18
Gelantipy_F_K20
Gelantipy_M_K12
Gelantipy_M_K14
Gelantipy_M_K19
Gelantipy_M_K5
Gipps_F_SAWS29
Gipps_F_SAWS41
Gipps_F_SAWS45
Gipps_F_SAWS63

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

3 2 2 2 2 NA NA 1 1 2 1 1 4
3 1 2 2 2 NA NA NA NA 2 1 6 4
3 2 2 1 2 10 NA 2 5 2 2 1 4
4 2 2 1 1 NA NA 7 7 1 1 NA NA
4 2 2 1 2 1 12 2 2 1 1 1 4
4 2 2 1 1 4 NA 1 2 1 1 4 4
4 1 1 2 2 1 NA 1 1 1 2 1 2
4 1 2 1 3 NA NA 2 4 2 2 NA NA
3 1 1 1 2 NA NA 2 2 2 2 NA NA
1 1 2 1 1 1 8 1 2 2 1 3 4
3 2 2 2 2 1 6 1 1 2 2 5 1
4 1 2 1 1 4 5 1 1 2 2 3 4
2 1 1 1 1 NA NA 1 1 1 1 7 7
2 1 1 1 1 1 2 1 1 1 1 7 7
2 1 1 1 1 NA NA 1 1 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 1 NA 1 1 1 1 7 7

NA 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 4 NA 2 2 1 1 1 1
2 1 1 1 1 4 NA 2 2 1 1 7 7
2 1 1 1 1 4 11 2 5 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
1 1 1 1 1 NA NA 6 6 1 1 1 1
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 4 3 2 2 1 1 7 7
2 1 1 1 1 NA NA NA NA 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 1 2 1 2 1 1 7 7
2 1 1 1 1 4 NA 2 2 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 4 11 2 2 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 2 2 1 1 NA NA NA NA 1 1 7 7
2 1 1 1 1 NA NA 1 NA 1 1 7 7
1 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 1 NA 1 2 1 1 1 1
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Individual
Gipps_F_SAWS66
Gipps_F_SAWS67
Gipps_F_SAWS69
Gipps_F_SAWS71
Gipps_F_SAWS72
Gipps_M_SAWS34
Gipps_M_SAWS42
Gipps_M_SAWS43
Gipps_M_SAWS64
Gipps_M_SAWS70
Gipps_M_SAWS84
M_Matt_Monaro
M_SAWS01_HDS
M_SAWS05_SHBS
M_SAWS17_SHGLD
M_SAWS27_SHGLD
Mallacoota_U_Abigail
Mallacoota_U_Annie
Mallacoota_U_Blinky
Mallacoota_U_Frankie
Mallacoota_U_Solo
Mallacoota_U_Trip
Mallacoota_U_Vicky
M_SAWS09_HDS
M_SAWS12_HDS
M_SAWS22_FRIS
M_SAWS24_SHBS
M_SAWS32_SHBS
M_SAWS33_SHGLD
M_SAWS37_SHBS
MurRiv_F_F6
MurRiv_F_F8
MurRiv_F_FA
MurRiv_M_MR001
MurRiv_M_MR002
MurRiv_M_MR003
MurRiv_M_MR005
MurRiv_M_MR006
MurRiv_M_MR007

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

2 1 1 1 1 1 NA NA NA 1 1 7 7
2 1 1 1 1 1 9 1 1 1 1 7 7
2 1 1 1 1 4 NA 2 2 1 1 7 7

NA 1 1 1 1 1 NA 1 1 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 1 1
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 1 NA NA NA 1 1 7 7

NA 1 1 1 1 1 3 1 1 1 1 7 7
2 1 1 1 1 1 9 1 1 1 1 7 7
2 1 1 1 1 NA NA 1 1 1 1 7 7
2 1 1 1 1 4 NA 2 NA 1 1 2 2
2 1 2 1 1 1 5 1 1 1 1 2 2
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 1 3 1 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 NA NA 1 1 1 1 7 7
2 1 1 1 1 4 8 2 2 1 1 7 7
2 1 1 1 1 1 3 1 1 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 4 3 2 2 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 NA NA 6 6 1 1 7 7
2 1 1 1 1 1 5 1 2 1 1 7 7
2 1 1 1 1 4 9 1 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
5 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 1 NA 1 1 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
2 1 1 1 1 4 NA 2 2 1 1 7 7
2 1 1 1 1 4 13 2 2 1 1 7 7
2 1 1 1 1 4 NA 2 2 1 1 7 7
2 1 1 1 1 1 3 1 2 1 1 7 7
2 1 1 1 1 1 3 1 1 1 1 7 7
2 1 1 1 1 1 3 1 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7
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Individual
MurRiv_M_MR008
MurRiv_M_MR009
MurRiv_M_MR010
Narrandra_F_N18
Narrandra_F_N5
Narrandra_M_N15
Narran_M_45930
SWVic_F_Z73845
SWVic_F_Z73848
SWVic_M_Z73841
SWVic_M_Z73856

DMB 
allele 2

MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

2 1 1 1 1 NA NA 1 1 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
4 1 1 1 1 1 5 1 1 2 2 5 1
4 1 1 1 1 1 NA 1 1 2 1 5 1
2 1 1 1 1 1 NA 1 1 2 1 5 1
2 1 1 1 1 1 12 3 3 2 1 1 1
2 1 1 1 1 1 5 1 1 1 1 7 7
2 1 1 1 1 NA NA 2 2 1 1 7 7
2 1 1 1 1 NA NA 1 2 1 1 7 7

NA 1 1 1 1 NA NA 2 2 1 1 7 7
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Individual
Armidale_F_M50273
BMnt_F_7041500
BMnt_F_7094923
BMnt_F_7094976
BMnt_F_7094979
BMnt_M_7041293
BMnt_M_7041492
BMnt_U_7041191
Coffs_Harbour_F_M44977
Coffs_Harbour_F_M47046
Coffs_M_44984
Dubbo_U_C11212
Dubbo_U_C11358
Dubbo_U_C11413
Dubbo_U_C11085
Dubbo_U_C11512
F_Beach_RS_PTS
F_DECC104_GUH
F_DECC130_GUH
F_DECC137F_GUH
F_DECC162_GUH
F_Eila_PTS
F_Gilchrist_PTS
F_Joanie_PTS
F_MidnightR_PTS
F_SES_Maree_PTS
F_USYD062F_GUH
F_USYD089F_GUH
Liverpool_Plains_F_M48961
Liverpool_Plains_F_M48962
Liverpool_Plains_F_M48974
Liverpool_Plains_M_M46161
Liverpool_Plains_M_M48983
LPlains_F_48964
LPlains_F_49019
LPlains_M_48967
LPlains_M_48973

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

1 2 NA 1 2 2 1 1 2 2
2 2 NA 1 1 2 3 1 1 2
1 2 NA 3 2 2 3 2 4 1
2 2 NA 1 2 2 3 3 4 1
2 2 4 1 1 2 3 1 1 2
2 2 1 6 1 1 3 3 4 1
1 2 NA 1 2 2 3 1 1 2
2 2 7 4 2 2 3 3 4 1
1 2 NA NA 2 2 3 1 NA NA
1 2 NA NA 2 2 3 1 3 2
2 2 NA NA 1 1 NA NA 1 2
1 2 4 4 2 2 4 4 4 1
2 2 NA 3 1 2 3 3 4 1
2 2 NA NA 2 2 3 2 4 1
2 2 18 NA 2 2 3 3 4 1
2 2 6 6 2 2 1 1 4 4
1 2 NA NA 2 2 3 3 4 1
1 2 18 6 2 2 1 1 1 2
1 2 1 22 2 2 3 1 1 2
1 2 7 6 1 2 4 4 6 1
1 2 7 1 2 2 1 1 2 2
2 2 17 2 2 2 3 3 NA NA
1 2 NA NA 2 2 3 3 4 1
1 2 17 1 2 2 3 3 NA NA
1 2 17 2 2 2 3 3 4 1
2 2 2 NA 2 2 NA NA 1 NA
1 1 7 22 2 2 3 1 1 2
1 1 18 NA 2 2 2 2 4 1
2 2 NA 21 2 2 1 4 4 1
1 1 8 9 1 2 4 4 6 1
1 2 1 1 2 2 3 1 4 1
1 1 18 NA 2 2 4 4 4 1
1 1 18 22 2 2 2 2 1 1
1 2 18 22 2 2 3 3 4 1
1 2 7 1 2 2 2 2 4 1
1 2 NA NA 2 2 2 2 4 1
1 1 7 6 2 2 3 2 4 1
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Individual
LPlains_M_49001
LPlains_U_46160
M47634_001
M49020_001
M49021_001
M49023_001
M_DECC015_GUH
M_DECC076_GUH
M_Galloping_PTS
M_Howie_PTS
M_Solstice_PTS
M_Tai_PTS
M_USYD014_GUH
M_USYD040_GUH
M_USYD098M_GUH
Pillig_F_M47418
Pillig_M_M47035
Pillig_M_M47420
PMac_F_81925
PMac_F_81926
PMac_F_81927
PMac_F_81996
PMac_M_81900
PMac_M_81913
PMac_M_81967
PortMac_F_50048
PortMac_M_50047
Port_Macquarie_F_Emma
Port_Macquarie_F_M50239
Port_Macquarie_M_Callum
Port_Macquarie_M_M50237
Armid_M_M7070
Atherton_M
F_Bubbles_MBR
F_Coco_MBR
F_Jadore_MBR
F_Josie_MBR
F_Julia_MBR
F_Lana_MBR

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

1 1 18 7 2 2 2 2 1 1
2 2 NA 25 2 2 2 2 4 1
1 2 NA NA 2 2 3 NA 4 1
2 2 NA NA 2 2 4 4 1 1
1 1 18 7 2 2 2 2 4 1
1 2 6 22 2 2 NA 1 1 2
2 2 18 NA 2 2 3 3 4 1
1 2 18 7 2 2 3 3 4 1
1 2 1 NA 2 2 3 3 4 1
2 2 17 2 2 2 3 3 1 1
2 2 18 NA 2 2 3 1 1 2
1 2 18 17 2 2 3 1 3 2
1 2 26 11 2 2 2 2 4 1
1 2 18 6 2 2 4 4 4 1
1 2 6 22 2 2 2 2 1 1
2 2 17 NA 2 2 NA 1 1 2
2 2 NA NA 2 2 NA 1 1 NA
2 2 1 1 2 2 1 1 NA NA
2 2 NA NA 1 2 NA NA 6 1
2 2 18 18 2 2 NA NA 4 1
2 2 10 11 1 2 NA NA 4 1
1 2 18 18 2 2 NA 1 NA NA
2 2 18 NA 1 1 NA NA 4 1
1 2 18 1 2 2 NA 1 1 2
2 2 NA NA 2 2 1 1 2 2
2 2 18 NA 2 2 NA NA 4 1
2 2 NA NA 2 2 NA 1 1 2
2 2 18 NA 2 2 1 1 5 3
2 2 18 NA 1 2 NA NA 4 1
1 2 18 1 1 2 NA NA 6 1
2 2 1 NA 1 1 NA NA 6 1
1 2 2 NA 1 1 NA NA 1 2
1 2 1 NA 2 2 1 1 3 2
1 2 19 1 2 2 1 1 4 2
1 1 NA NA 1 2 1 1 NA NA
2 2 NA NA 2 2 3 1 NA 2
1 2 NA NA 1 1 1 1 5 3
1 2 NA NA 1 2 1 1 3 2
1 2 20 20 1 1 1 1 5 3
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Individual
F_Millie_MBR
F_Rizzo_MBR
F_Tamara_O_MBR
F_Tanja_MBR
F_The_Hoff_MBR
FarNorthQLD_K2
FarNorthQLD_K3
FCoast_F_51032
FCoast_M_61304
FCoast_M_61459
FCoast_M_93594
Fraser_F_72461
Fraser_M_77266
Fraser_U_57909
Fraser_M_72855
Fraser_M_79972
Fraser_M_87546
Gympie_F_82257
Gympie_F_92626
Gympie_F_93216
Gympie_F_93694
Gympie_M_87743
Gympie_M_95464
HVale_F_Claire
HVale_F_Shamala
LivSton_F_54945
M_Dazza_MBR
M_Bear_Monaro
M_Bobby_MBR
M_Clegane_STHD
M_Doddy_MBR
M50293_001
Mackay_F_63479
Noosa_F_65657
Noosa_F_70593
Noosa_F_74009
Noosa_F_79303
Noosa_M_49880
Noosa_M_79211

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

2 2 NA NA 2 2 1 1 2 2
2 2 NA NA 2 2 1 1 4 2
2 2 20 NA 2 2 1 1 4 2
1 2 NA 15 2 2 3 1 NA 2
1 1 NA NA 1 1 1 4 5 3
2 2 1 NA 1 2 1 1 2 2
1 2 NA NA 1 2 1 4 5 3
1 2 NA 21 1 1 1 1 5 3
2 2 12 9 2 2 1 1 2 2
2 2 NA NA 1 2 3 1 3 2
1 2 18 1 1 2 3 1 3 2
1 1 NA 21 1 2 3 1 4 1
1 2 NA NA 1 2 1 1 3 2
1 1 NA 21 1 2 1 1 5 2
1 2 23 9 1 2 1 4 3 2
2 2 1 15 2 2 3 1 3 2
2 2 NA NA 1 1 3 1 NA NA
1 2 NA NA 1 1 3 1 1 2
2 2 10 11 1 1 1 1 2 2
2 2 19 NA 1 2 1 1 3 2
2 2 19 1 1 1 1 1 5 3
1 2 19 NA 1 2 1 1 2 2
1 2 19 1 1 2 1 1 3 2
2 2 1 15 2 2 1 1 2 2
1 1 1 15 2 2 1 1 2 2
2 2 NA NA 1 2 3 1 4 1
1 2 NA NA 1 2 1 1 3 2
2 2 2 NA 1 2 NA 1 1 2
1 2 19 20 1 2 1 1 5 3
1 2 1 1 2 2 NA 1 NA NA
1 2 10 11 1 2 1 1 3 2
2 2 10 11 2 2 NA 1 1 2
2 2 NA NA 1 2 NA 1 1 2
1 1 NA NA 2 2 NA 2 5 3
1 2 19 1 1 2 1 1 2 2
1 2 19 2 2 2 NA 1 3 2
2 2 2 21 2 2 1 1 2 2
2 2 12 9 2 2 1 1 4 2
1 2 NA NA 2 2 1 1 2 2
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Individual
Noosa_M_79763
NthBurn_F_72194
NthBurn_F_87227
NthBurn_M_55989
NthBurn_M_73175
Pillig_M_M47976
Redland_F_94829
Redland_F_95776
SthBurn_F_85725
SthBurn_F_86009
SthBurn_F_86231
SthBurn_F_86628
SthBurn_F_86919
SthBurn_F_93286
SthBurn_F_95162
SthBurn_M_53159
SthBurn_M_65901
SthBurn_M_80665
Sunshine_Coast_M_76877
Sunshine_Coast_M_79598
Sunshine_Coast_M_79817
Sunshine_Coast_M_86054
Toowoo_F_58264
Toowoo_F_79193
Toowoomba_F_55522
Toowoomba_F_58076
Toowoomba_F_70978
Toowoomba_F_74526
Toowoomba_F_79192
Toowoomba_F_79503
Toowoomba_F_86343
Toowoomba_F_87937
Toowoomba_F_92545
Toowoomba_M_72310
WDowns_F_70719
WDowns_F_82321
WDowns_M_75384
WDowns_F_55372
WDowns_F_70143

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

1 2 NA NA 1 1 1 1 2 2
2 2 2 NA 1 1 NA 1 1 2
2 2 1 15 1 1 NA 1 NA NA
1 1 NA NA 1 2 1 1 NA NA
1 1 NA NA 1 2 1 1 2 2
2 2 NA NA 2 2 NA NA 4 1
1 1 19 NA 2 2 1 1 2 2
1 2 8 9 2 2 1 1 2 2
1 1 13 9 1 1 NA NA 1 1
1 2 1 15 1 1 NA NA 1 2
1 2 NA NA 2 2 NA 1 4 4
2 2 1 NA 2 2 1 1 2 2
2 2 26 11 1 2 1 1 2 2
1 2 10 11 1 2 1 1 3 2
2 2 NA NA 1 2 NA 1 1 2
1 2 13 9 1 2 1 1 4 2
1 1 NA NA 2 2 1 1 2 2
1 2 12 9 1 2 NA 1 NA NA
1 1 13 9 1 2 NA 1 4 1
2 2 10 11 1 1 1 1 2 2
2 2 1 NA 1 2 1 1 NA NA
1 1 2 NA 2 2 1 4 1 2
1 2 26 11 1 1 NA 1 3 2
1 2 NA NA 1 2 1 1 2 2
2 2 12 9 2 2 1 4 1 2
1 2 13 9 1 2 NA 1 3 2
2 2 13 9 1 1 NA NA 5 3
1 1 1 15 1 2 1 1 3 2
2 2 12 9 2 2 1 1 2 2
1 2 1 NA 2 2 NA NA 6 1
1 2 10 11 2 2 1 4 NA NA
1 2 10 11 2 2 1 1 2 2
1 2 24 21 2 2 1 1 4 2
2 2 10 11 2 2 NA 1 1 2
1 2 NA NA 2 2 1 1 2 2
2 2 NA NA 2 2 1 1 2 2
1 1 18 1 2 2 1 1 2 2
1 2 NA 19 2 2 1 1 2 2
1 2 18 NA 2 2 NA 1 4 2
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Individual
WDowns_M_70754
BMnt_F_7041195
BMnt_F_7041197
BMnt_M_7041193
BMnt_M_7041194
BMnt_M_7041198
BMnt_M_7041200
CBTown_F_C12K2
CBTown_F_C12K4
CBTown_F_C2K4
CBTown_F_C3K2
CBTown_F_C5K7
CBTown_F_C6K5
CBTown_F_C7K2
CBTown_M_C10K1
CBTown_M_C10K4
CBTown_M_C11K1
CBTown_M_C12K3
CBTown_M_C2K2
CBTown_M_C3K1
CBTown_M_C3K3
CBTown_M_C5K8
CBTown_M_C6K1
CBTown_F_C11K2
CBTown_M_C6K2
F_Alex_Monaro
F_Annie_L_STHD
F_Annie_Monaro
F_Beyonce_STHD
F_Bron_Monaro
F_CS_Monaro
F_Hapi_STHD
F_Liv_NJ_STHD
F_Madona_Monaro
F_Mia_Monaro
F_Sage_Monaro
F_StevieN_STHD
F_Tahlia_Monaro
F_Arya_STHD

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

1 1 10 11 2 2 1 1 2 2
2 2 2 2 2 2 2 2 4 1
2 2 2 2 2 2 3 3 4 1
2 2 2 5 2 2 3 3 4 1
2 2 2 5 2 2 3 2 4 1
2 2 NA 2 1 2 3 3 4 1
2 2 NA 2 2 2 2 2 4 1
1 2 NA NA 2 2 3 3 1 1
2 2 1 1 2 2 3 1 1 3
1 2 7 1 1 2 3 3 4 1
2 2 1 1 2 2 NA NA NA NA
1 2 1 1 1 2 3 3 4 1
2 2 NA 1 1 2 3 2 4 1
2 2 1 3 1 2 3 2 4 1
2 2 NA 3 1 2 3 3 4 1
1 2 NA NA 2 2 3 1 NA NA
1 2 NA NA 2 2 3 1 NA NA
2 2 1 1 2 2 3 3 1 1
1 1 7 NA 1 2 3 1 NA NA
2 2 7 1 2 2 1 4 3 3
1 2 1 3 2 2 3 1 NA NA
1 1 1 NA 2 2 1 4 NA NA
2 2 1 3 2 2 2 2 4 1
1 1 1 3 2 2 1 1 5 3
2 2 7 16 2 2 2 2 4 1
2 2 4 6 2 2 3 3 4 1
2 2 1 NA 2 2 3 1 1 2
2 2 NA NA 1 2 3 3 4 1
2 2 NA 1 2 2 3 3 4 1
2 2 4 NA 1 2 3 3 1 1
2 2 NA NA 2 2 3 2 4 1
2 2 16 NA 2 2 3 2 4 1
2 2 1 1 2 2 3 1 NA NA
2 2 4 2 2 2 3 3 1 1
2 2 NA 5 1 2 3 1 1 2
2 2 NA 3 1 1 3 3 4 1
2 2 NA 5 1 2 3 3 4 1
2 2 NA NA 2 2 3 3 4 1
1 2 1 NA 2 2 3 3 4 1

156



Individual
F_Brandy_Monaro
F_Brienne_STHD
F_Bunzi_STHD
F_Daenery_STHD
F_Falia_F_STHD
F_Yara_STHD
K2
M_Andrew_MBR
M_Branson_MBR
M_Drew_Monaro
M_Evan_Monaro
M_Hamish_Monaro
M_Jett_Monaro
M_Kenny_Monaro
M_Malu_Monaro
M_Tallow_Monaro
M50543_001
M_Chaac_STHD
M_Gendry_STHD
M_Jimmy_B_STHD
M_Murray_Monaro
M_Qyburn_STHD
M_Rhaegar_STHD
M_St_james_STHD
M_Varys_STHD
M_Walter_STHD
M_Xavier_Monaro
SWSyd_F_M48896
SWSyd_M_Biya
SWSyd_M_Dalang
SWSyd_M_Giloa
SWSyd_M_Kimber
SWSyd_M_Mirribi
SWSyd_M_Yung
KI_F_0118
KI_F_0414
KI_F_1100
KI_F_191558
KI_F_4215

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

2 2 NA NA 2 2 3 2 1 1
2 2 1 1 2 2 1 1 3 3
1 2 1 16 2 2 1 1 1 2
1 2 16 3 1 1 3 3 4 1
1 2 7 16 1 2 3 2 4 1
1 1 1 1 2 2 3 1 NA NA
1 2 1 1 1 2 3 1 NA NA
2 2 12 9 1 1 1 1 3 2
1 2 19 19 1 1 1 1 3 3
2 2 NA 5 2 2 NA 2 4 1
2 2 NA 25 1 2 NA NA 4 1
2 2 2 5 2 2 NA NA 4 1
2 2 2 5 2 2 NA 1 1 2
2 2 2 5 2 2 NA 1 1 2
2 2 NA 25 2 2 NA NA 4 1
2 2 NA 6 1 2 NA NA 4 1
1 2 1 NA 2 2 NA 1 1 2
2 2 NA 1 2 2 2 2 1 1
1 1 1 1 2 2 1 1 1 2
2 2 NA NA 2 2 1 1 2 2
2 2 NA 6 1 2 3 3 1 1
2 2 NA NA 2 2 3 3 1 1
2 2 1 1 2 2 1 1 1 3
1 2 1 NA 2 2 1 4 5 3
1 2 NA 16 2 2 2 2 4 1
2 2 NA 3 2 2 1 1 2 2
2 2 4 4 2 2 3 2 4 1
1 1 NA 5 2 2 1 1 NA NA
1 2 NA NA 2 2 NA 2 1 1
2 2 1 1 2 2 NA NA 4 1
1 2 NA NA 2 2 NA 1 3 NA
2 2 NA 3 1 2 NA NA 4 1
2 2 1 3 2 2 1 1 5 3
2 2 1 NA 2 2 NA 2 4 1
2 2 17 2 2 2 3 3 4 1
2 2 17 2 2 2 3 3 4 1
2 2 17 2 2 2 3 3 1 1
2 2 NA 17 1 2 3 3 4 1
2 2 17 2 2 2 3 3 4 1
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Individual
KI_F_4310
KI_F_8059
KI_F_Aoife
KI_F_Cif
KI_F_ClaireBear
KI_F_Tanya
KI_F_Tessa
KI_M_4127
KI_M_4179
KI_M_4190
KI_M_4323
KI_M_4388
KI_M_MagicMike
KI_M_Oisin
KI_M_Rocky
Broad_F_50414
Broad_M_50382
Broad_M_50439
Broad_M_50508
Broadwater_F_M50514
Broadwater_M_M50338
Byron_F_M50503
Byron_M_M50452
Byron_U_M50504
Byron_F_50524
Byron_F_M50431
Byron_M_M50430
Byron_M_M50435
Coffs_F_44980
GCoast_F_54909
GCoast_F_73511
GCoast_M_54910
GCoast_M_54980
GCoast_M_56090
GCoast_M_61808
GCoast_M_62309
GCoast_M_66922
GCoast_M_70414
GCoast_M_71441

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

2 2 17 2 2 2 3 3 4 1
2 2 17 2 2 2 3 3 4 1
2 2 17 17 1 2 3 3 4 1
2 2 17 17 1 1 3 3 1 1
2 2 17 17 2 2 3 3 4 1
2 2 17 2 1 2 3 3 1 1
2 2 17 2 2 2 3 3 4 1
2 2 17 2 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 2 2 1 2 3 3 4 1
2 2 17 2 1 2 3 3 1 1
2 2 17 NA 2 2 3 3 4 1
2 2 17 2 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 8 9 2 2 1 4 1 2
2 2 10 11 2 2 3 3 4 1
1 2 12 9 2 2 1 4 1 2
1 2 NA NA 2 2 NA NA 4 1
1 1 13 9 2 2 NA NA NA NA
2 2 NA NA 2 2 3 3 4 1
2 2 NA 11 2 2 3 3 1 1
2 2 NA 14 2 2 1 1 2 2
2 2 NA 15 1 1 3 1 1 2
2 2 12 9 2 2 1 4 1 2
1 1 NA NA 2 2 1 4 1 2
1 2 12 9 2 2 1 1 2 2
1 2 1 15 2 2 3 3 1 1
2 2 NA NA 2 2 3 1 1 2
2 2 24 14 2 2 1 4 1 2
1 1 19 25 2 2 1 1 2 2
1 1 NA NA 2 2 NA NA 4 1
2 2 19 25 2 2 1 4 1 2
1 1 NA NA 1 2 NA NA 1 NA
1 1 13 9 2 2 1 1 3 2
1 2 23 NA 1 2 3 3 1 3
1 1 1 1 2 2 NA NA 1 2
1 2 26 NA 2 2 NA NA 4 1
2 2 NA NA 2 2 NA NA NA NA
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Individual
GCoast_M_78719
GCoast_M_84814
Graft_M_M50499
Gundagai_M_M49249
Kyogle_F_M50519
Kyogle_M_M50481
Kyogle_F_50350
Kyogle_F_50356
Kyogle_F_50418
Kyogle_F_50433
Kyogle_F_50434
Kyogle_F_50438
Kyogle_F_M50471
Kyogle_M_50316
Kyogle_M_50360
Kyogle_M_50384
Kyogle_M_50420
Kyogle_M_50927
Kyogle_M_M50448
Kyogle_U_M49289
Kyogle_U_M50488
Lismo_F_2110271
Lismo_F_2111152
Lismo_F_2111222
Lismo_F_2111232
Lismo_F_2112201
Lismo_F_2112212
Lismo_F_2112273
Lismo_M_2111192
Lismo_M_2111271
Lismo_M_2112021
Lismore_F_M50298
Lismore_F_M50309
Lismore_F_M50310
Lismore_F_M50336
Lismore_F_M50340
Lismore_F_M50369
Lismore_F_M50510
Lismore_F_M50535

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

1 1 8 9 1 2 1 1 3 2
2 2 10 11 1 2 NA NA 1 1
1 2 NA NA 1 2 3 1 NA NA
1 2 NA NA 2 2 NA NA 6 1
1 2 NA NA 2 2 1 4 1 2
2 2 26 11 1 1 3 1 5 3
2 2 NA 11 2 2 3 3 5 3
1 2 26 11 2 2 1 1 2 2
1 2 13 9 2 2 1 1 4 2
2 2 1 15 1 1 NA NA NA NA
2 2 12 9 2 2 1 4 1 2
1 1 17 2 1 2 3 2 NA NA
2 2 8 NA 2 2 1 4 1 2
1 2 13 9 2 2 1 4 1 2
2 2 2 NA 2 2 3 3 4 1
1 2 19 NA 2 2 1 1 4 2
2 2 25 25 2 2 1 4 1 2
2 2 10 11 2 2 1 4 1 2
1 1 26 11 1 2 3 3 4 1
1 2 13 9 2 2 1 1 4 2
2 2 18 NA 1 2 3 3 5 3
2 2 1 15 2 2 1 4 1 2
2 2 NA NA 2 2 1 4 1 2
2 2 20 20 2 2 1 4 1 2
1 1 NA 25 1 1 3 2 1 1
1 2 NA NA 1 2 NA NA 1 2
1 2 18 NA 2 2 3 1 1 2
1 2 NA NA 1 1 3 2 4 1
2 2 24 14 1 2 NA NA 6 1
2 2 26 11 1 1 3 1 1 2
1 2 23 9 1 2 1 1 2 2
2 2 27 27 1 1 3 2 4 1
2 2 12 9 2 2 1 1 2 2
1 2 NA NA 1 1 4 4 6 1
2 2 24 14 2 2 3 1 1 2
2 2 NA 25 2 2 1 4 1 2
2 2 NA NA 2 2 1 1 2 2
2 2 13 9 2 2 1 4 1 2
2 2 10 11 2 2 4 4 6 1
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Individual
Lismore_M_M50352
Lismore_M_M50397
Lismore_U_M50295
M47687_001
M49026_001
M50294_001
M50306_001
M50344_001
M50355_001
M50359_001
M50370_001
M50373_001
M50374_001
M50383_001
M50392_001
M50393_001
M50395_001
Narrandra_F_N1
Narrandra_F_N12
Narrandra_F_N13
Narrandra_F_N14
Narrandra_F_N17
Narrandra_F_N2
Narrandra_M_N11
Narrandra_M_N16
Narrandra_M_N3
Narrandra_M_N6
Narrandra_M_N7
Narrandra_M_N8
Narrandra_M_N9
NRiv_F_M50347
NRiv_F_M50350
NRiv_F_M50379
NRiv_F_M50411
NRiv_F_M50451
NRiv_F_M50467
NRiv_F_M50517
NRiv_F_M50531
NRiv_M_M50329

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

2 2 27 27 1 1 3 2 4 1
1 2 1 15 2 2 4 4 6 1
2 2 NA NA 1 2 NA NA 1 2
2 2 23 9 1 2 NA NA 4 1
1 2 NA NA 2 2 NA NA 6 1
2 2 NA 9 2 2 NA 1 1 2
2 2 12 9 2 2 4 4 6 1
1 2 2 NA 2 2 NA 1 4 1
2 2 8 9 2 2 NA NA 6 1
1 1 NA NA 1 2 1 4 6 1
2 2 NA NA 2 2 4 4 6 1
1 2 23 NA 2 2 4 4 6 1
1 1 18 NA 2 2 4 4 6 1
1 1 18 NA 2 2 NA NA 6 1
2 2 26 11 2 2 4 4 6 1
2 2 12 9 2 2 NA NA 4 1
1 2 13 9 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 NA 25 1 2 NA NA 6 1
2 2 13 9 1 2 NA NA 4 1
2 2 26 NA 1 2 NA NA 4 1
2 2 13 9 1 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 NA NA 2 2 NA NA 4 1
2 2 24 14 2 2 NA NA 4 1
1 2 17 17 2 2 NA NA 4 1
1 2 NA 11 1 2 NA NA 4 1
2 2 NA NA 1 2 NA NA 4 1
2 2 17 25 2 2 NA NA 4 1
2 2 NA NA 1 2 NA 2 4 1
1 2 18 NA 2 2 NA NA 4 1
2 2 NA NA 1 2 NA 1 1 2
1 1 12 9 2 2 1 4 1 2
1 2 NA NA 1 1 NA 2 4 1
2 2 18 NA 2 2 1 4 1 2
1 2 1 NA 1 1 NA NA 4 1
1 2 NA NA 1 1 NA 2 4 1
2 2 26 11 2 2 1 1 2 2
1 2 12 9 2 2 1 4 1 2
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Individual
NRiv_M_M50450
NRiv_M_M50511
NthBurn_F_80750
Redland_M_63768
Redland_M_71818
Redland_M_83962
SClarence_F_M50437
SDowns_F_62050
Tenter_M_61949
Tweed_Heads_F_M50445
Tweed_Heads_M_53390
Tweed_Heads_M_57043
COtway_F_Y32
COtway_F_Y37
COtway_F_Y49
COtway_F_Y60
COtway_M_Y40
F_SAWS13_HDS
F_SAWS31_SHGLD
F_SAWS03_SHBS
F_SAWS04_SHBS
F_SAWS10_SHBS
F_SAWS21_FRIS
F_SAWS23_SHGLD
Gelantipy_F_K11
Gelantipy_F_K13
Gelantipy_F_K15
Gelantipy_F_K16
Gelantipy_F_K17
Gelantipy_F_K18
Gelantipy_F_K20
Gelantipy_M_K12
Gelantipy_M_K14
Gelantipy_M_K19
Gelantipy_M_K5
Gipps_F_SAWS29
Gipps_F_SAWS41
Gipps_F_SAWS45
Gipps_F_SAWS63

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

1 1 18 27 2 2 1 4 1 2
1 2 13 9 2 2 4 4 6 1
2 2 1 1 2 2 NA 1 1 2
2 2 NA NA 2 2 NA 2 3 3
2 2 NA NA 2 2 NA NA 4 1
2 2 1 1 2 2 NA NA 3 3
2 2 2 NA 2 2 4 4 6 1
1 2 10 11 1 2 NA 1 1 2
2 2 NA NA 2 2 NA 1 1 2
1 2 1 NA 1 1 NA 2 4 1
1 1 23 9 2 2 1 4 1 2
1 2 10 11 2 2 NA NA 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 1 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 1 2 3 3 1 1
2 2 17 17 2 2 3 3 4 1
2 2 17 2 2 2 3 3 4 1
2 2 17 2 1 2 3 3 1 1
2 2 17 17 2 2 3 3 1 1
2 2 17 2 2 2 3 3 1 1
2 2 17 17 2 2 3 3 4 1
2 2 17 NA 1 1 3 3 1 1
2 2 17 17 2 2 3 3 1 1
2 2 17 17 2 2 3 3 4 1
2 2 NA 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 1 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 2 NA 2 2 3 3 4 1
2 2 17 17 1 2 3 3 4 1
2 2 NA NA 1 1 3 3 1 1
2 2 17 2 1 2 3 3 4 1
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Individual
Gipps_F_SAWS66
Gipps_F_SAWS67
Gipps_F_SAWS69
Gipps_F_SAWS71
Gipps_F_SAWS72
Gipps_M_SAWS34
Gipps_M_SAWS42
Gipps_M_SAWS43
Gipps_M_SAWS64
Gipps_M_SAWS70
Gipps_M_SAWS84
M_Matt_Monaro
M_SAWS01_HDS
M_SAWS05_SHBS
M_SAWS17_SHGLD
M_SAWS27_SHGLD
Mallacoota_U_Abigail
Mallacoota_U_Annie
Mallacoota_U_Blinky
Mallacoota_U_Frankie
Mallacoota_U_Solo
Mallacoota_U_Trip
Mallacoota_U_Vicky
M_SAWS09_HDS
M_SAWS12_HDS
M_SAWS22_FRIS
M_SAWS24_SHBS
M_SAWS32_SHBS
M_SAWS33_SHGLD
M_SAWS37_SHBS
MurRiv_F_F6
MurRiv_F_F8
MurRiv_F_FA
MurRiv_M_MR001
MurRiv_M_MR002
MurRiv_M_MR003
MurRiv_M_MR005
MurRiv_M_MR006
MurRiv_M_MR007

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 2 2 3 3 4 1
2 2 NA 17 2 2 3 1 1 2
2 2 17 2 1 2 3 3 4 1
2 2 17 2 1 2 3 3 1 1
2 2 17 17 2 2 3 3 4 1
2 2 17 17 1 2 3 3 4 1
2 2 17 2 2 2 3 1 1 2
2 2 NA NA 2 2 3 3 4 1
2 2 17 2 2 2 3 3 4 1
2 2 2 NA 2 2 NA NA 4 1
2 2 17 17 NA NA NA NA 4 1
2 2 17 2 2 2 NA NA 4 1
2 2 17 17 1 2 NA NA 4 1
2 2 17 2 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 1 1
2 2 17 2 2 2 NA NA 4 1
2 2 17 17 1 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 NA NA 2 2 3 3 4 1
2 2 17 17 1 2 3 3 1 1
2 2 17 17 2 2 3 3 4 1
2 2 2 25 2 2 3 3 1 1
2 2 17 17 1 2 3 3 1 1
2 2 17 17 2 2 3 3 4 1
2 2 17 2 2 2 3 3 1 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 1 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 1 1
2 2 17 17 1 2 NA NA 1 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
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Individual
MurRiv_M_MR008
MurRiv_M_MR009
MurRiv_M_MR010
Narrandra_F_N18
Narrandra_F_N5
Narrandra_M_N15
Narran_M_45930
SWVic_F_Z73845
SWVic_F_Z73848
SWVic_M_Z73841
SWVic_M_Z73856

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

2 2 17 25 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 26 NA 2 2 NA NA 4 1
2 2 17 NA 2 2 NA NA 4 1
2 2 13 9 2 2 NA NA 1 1
2 2 17 17 1 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 4 1
2 2 17 17 2 2 NA NA 1 1
2 2 17 17 2 2 NA NA 1 1
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Table A5‑4 Table containing 450 koalas investigated in this study and the supertypes designated for each allele at each
 gene, NA means supertype could not be resolved.

Individual Region LGA MHCI 1 
allele 1

MHCI 1 
allele 2

MHCI 10 
allele 1

MHCI 10 
allele 2

MHCI 12 
allele 1

MHCI 12 
allele 2

MHCI 13 
allele 1

MHCI 13 
allele 2

MHCI 15 
allele 1

Armidale_F_M50273 M_NSW NSW_Armidale 24 24 19 19 23 NA 20 20 16
Armid_M_M7070 N_QLD NSW_Armidale 24 24 19 19 NA NA 20 20 16
Atherton_M N_QLD QLD_Tablelands 24 24 19 19 NA NA 20 20 16
BMnt_F_7041195 S_NSW NSW_Greater_Blue_Mountains 24 24 19 19 23 26 20 20 16
BMnt_F_7041197 S_NSW NSW_Greater_Blue_Mountains 24 24 19 19 NA NA 20 20 16
BMnt_F_7041500 M_NSW NSW_Greater_Blue_Mountains 24 24 19 19 NA NA 20 20 16
BMnt_F_7094923 M_NSW NSW_Greater_Blue_Mountains 24 24 19 19 23 NA 20 20 16
BMnt_F_7094976 M_NSW NSW_Greater_Blue_Mountains 24 24 19 19 23 11 20 20 16
BMnt_F_7094979 M_NSW NSW_Greater_Blue_Mountains 24 24 19 19 NA NA 20 20 16
BMnt_M_7041193 S_NSW NSW_Greater_Blue_Mountains 24 24 19 19 23 NA 20 20 16
BMnt_M_7041194 S_NSW NSW_Greater_Blue_Mountains 24 24 19 19 23 26 20 20 16
BMnt_M_7041198 S_NSW NSW_Greater_Blue_Mountains 24 24 19 19 NA NA 20 20 16
BMnt_M_7041200 S_NSW NSW_Greater_Blue_Mountains 24 24 19 19 23 11 20 20 16
BMnt_M_7041293 M_NSW NSW_Greater_Blue_Mountains 24 24 19 19 23 NA 20 20 16
BMnt_M_7041492 M_NSW NSW_Greater_Blue_Mountains 24 24 19 19 23 26 20 20 16
BMnt_U_7041191 M_NSW NSW_Greater_Blue_Mountains 24 24 19 19 NA NA 20 20 16
Broad_F_50414 SEQLD_FNNSW NSW_Ballina 24 24 19 19 23 NA 20 20 16
Broad_M_50382 SEQLD_FNNSW NSW_Richmond_Valley 24 24 19 19 23 11 20 20 16
Broad_M_50439 SEQLD_FNNSW NSW_Ballina 24 24 19 19 NA NA 20 20 16
Broad_M_50508 SEQLD_FNNSW NSW_Richmond_Valley 24 24 19 19 23 6 20 20 16
Broadwater_F_M50514 SEQLD_FNNSW NSW_Richmond_Valley 24 24 19 19 23 NA 20 20 16
Broadwater_M_M50338 SEQLD_FNNSW NSW_Richmond_Valley 24 24 19 19 NA NA 20 20 16
Byron_F_M50503 SEQLD_FNNSW NSW_Byron 24 24 19 19 23 6 20 20 16
Byron_M_M50452 SEQLD_FNNSW NSW_Byron 24 24 19 19 NA 26 20 20 16
Byron_U_M50504 SEQLD_FNNSW NSW_Byron 24 24 19 19 NA NA 20 20 16
Byron_F_50524 SEQLD_FNNSW NSW_Byron 24 24 19 19 23 26 20 20 16
Byron_F_M50431 SEQLD_FNNSW NSW_Byron 24 24 19 19 23 26 20 20 16
Byron_M_M50430 SEQLD_FNNSW NSW_Byron 24 24 19 19 23 11 20 20 16
Byron_M_M50435 SEQLD_FNNSW NSW_Byron 24 24 19 19 23 11 20 20 16
CBTown_F_C12K2 S_NSW NSW_Campbelltown 24 24 19 19 NA NA 20 20 16
CBTown_F_C12K4 S_NSW NSW_Campbelltown 24 24 19 19 23 NA 20 20 16
CBTown_F_C2K4 S_NSW NSW_Liverpool 24 24 19 19 23 NA 20 20 16
CBTown_F_C3K2 S_NSW NSW_Liverpool 24 24 19 19 23 11 20 20 16
CBTown_F_C5K7 S_NSW NSW_Campbelltown 24 24 19 19 NA NA NA NA 16
CBTown_F_C6K5 S_NSW NSW_Campbelltown 24 24 19 19 NA NA 20 20 16
CBTown_F_C7K2 S_NSW NSW_Campbelltown 24 24 19 19 NA NA NA NA 16
CBTown_M_C10K1 S_NSW NSW_Campbelltown 24 24 19 19 NA NA 20 20 16
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CBTown_M_C10K4 S_NSW NSW_Campbelltown 24 24 19 19 NA NA NA 20 16
CBTown_M_C11K1 S_NSW NSW_Campbelltown 24 24 19 19 NA NA NA 20 16
CBTown_M_C12K3 S_NSW NSW_Campbelltown 24 24 19 19 NA NA 20 20 16
CBTown_M_C2K2 S_NSW NSW_Liverpool 24 24 19 19 NA NA 20 20 16
CBTown_M_C3K1 S_NSW NSW_Liverpool 24 24 19 19 NA NA 20 20 16
CBTown_M_C3K3 S_NSW NSW_Liverpool 24 24 19 19 NA NA 20 20 16
CBTown_M_C5K8 S_NSW NSW_Campbelltown 24 24 19 19 23 NA 20 20 16
CBTown_M_C6K1 S_NSW NSW_Campbelltown 24 24 19 19 23 26 20 20 16
CBTown_F_C11K2 S_NSW NSW_Campbelltown 24 24 19 19 NA NA 20 20 16
CBTown_M_C6K2 S_NSW NSW_Campbelltown 24 24 19 19 NA NA 20 20 16
Coffs_F_44980 SEQLD_FNNSW NSW_Coffs_Harbour 24 24 19 19 23 6 20 20 16
Coffs_Harbour_F_M44977 M_NSW NSW_Bellingen 24 24 19 19 NA NA NA NA 16
Coffs_Harbour_F_M47046 M_NSW NSW_Coffs_Harbour 24 24 19 19 NA 26 20 20 16
Coffs_M_44984 M_NSW NSW_Coffs_Harbour 24 24 19 19 23 26 20 20 16
COtway_F_Y32 VIC VIC_Colac_Otway 24 24 19 19 NA NA 20 20 16
COtway_F_Y37 VIC VIC_Colac_Otway 24 24 19 19 23 26 20 20 16
COtway_F_Y49 VIC VIC_Colac_Otway 24 24 19 19 NA NA 20 20 16
COtway_F_Y60 VIC VIC_Colac_Otway 24 24 19 19 NA NA 20 20 16
COtway_M_Y40 VIC VIC_Colac_Otway 24 24 19 19 23 NA 20 20 16
Dubbo_U_C11212 M_NSW NSW_Dubbo 24 24 19 19 23 6 20 20 16
Dubbo_U_C11358 M_NSW NSW_Dubbo 24 24 19 19 NA NA NA 20 16
Dubbo_U_C11413 M_NSW NSW_Dubbo 24 24 19 19 NA NA 20 20 16
Dubbo_U_C11085 M_NSW NSW_Gunnedah 24 24 19 19 23 26 20 20 16
Dubbo_U_C11512 M_NSW NSW_Dubbo 24 24 19 19 NA 11 20 20 16
F_Alex_Monaro S_NSW NSW_Monaro 24 24 19 19 23 NA 20 20 16
F_Annie_L_STHD S_NSW NSW_Wingecaribee 24 24 19 19 23 NA 20 20 16
F_Annie_Monaro S_NSW NSW_Monaro 24 24 19 19 NA NA 20 20 16
F_Beyonce_STHD S_NSW NSW_Wingecaribee 24 24 19 19 23 26 20 20 16
F_Bron_Monaro S_NSW NSW_Monaro 24 24 19 19 NA NA NA NA 16
F_Bubbles_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 NA NA 20 20 16
F_Coco_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 11 20 20 16
F_CS_Monaro S_NSW NSW_Monaro 24 24 19 19 23 NA 20 20 16
F_Hapi_STHD S_NSW NSW_Wingecaribee 24 24 19 19 23 26 20 20 16
F_Jadore_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 NA 20 20 16
F_Josie_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 NA NA 20 20 16
F_Julia_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 NA 20 20 16
F_Lana_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 NA NA 20 20 16
F_Liv_NJ_STHD S_NSW NSW_Wollondilly 24 24 19 19 NA NA 20 20 16
F_Madona_Monaro S_NSW NSW_Monaro 24 24 19 19 23 NA 20 20 16
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F_Mia_Monaro S_NSW NSW_Monaro 24 24 19 19 23 26 20 20 16
F_Millie_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 NA NA 20 20 16
F_Rizzo_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 NA 20 20 16
F_Sage_Monaro S_NSW NSW_Monaro 24 24 19 19 23 6 20 20 16
F_SAWS13_HDS VIC VIC_BawBaw 24 24 19 19 NA NA 20 20 16
F_SAWS31_SHGLD VIC VIC_South_Gippsland 24 24 19 19 23 NA 20 20 16
F_StevieN_STHD S_NSW NSW_Wingecaribee 24 24 19 19 NA NA 20 20 16
F_Tahlia_Monaro S_NSW NSW_Monaro 24 24 19 19 NA NA 20 NA 16
F_Tamara_O_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 11 20 20 16
F_Tanja_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 26 20 20 16
F_The_Hoff_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 NA NA 20 20 16
FarNorthQLD_K2 N_QLD QLD_Tablelands 24 24 19 19 NA NA 20 20 16
FarNorthQLD_K3 N_QLD QLD_Tablelands 24 24 19 19 NA NA 20 20 16
F_Arya_STHD S_NSW NSW_Wollondilly 24 24 19 19 NA NA 20 20 16
F_Beach_RS_PTS M_NSW NSW_Port_Stephens 24 24 19 19 23 NA 20 20 16
F_Brandy_Monaro S_NSW NSW_Monaro 24 24 19 19 23 NA 20 20 16
F_Brienne_STHD S_NSW NSW_Wollondilly 24 24 19 19 23 26 20 20 16
F_Bunzi_STHD S_NSW NSW_Wingecaribee 24 24 19 19 23 26 20 20 16
FCoast_F_51032 N_QLD QLD_Fraser_Coast 24 24 19 19 NA NA NA 20 16
FCoast_M_61304 N_QLD QLD_Fraser_Coast 24 24 19 19 23 26 20 20 16
FCoast_M_61459 N_QLD QLD_Fraser_Coast 24 24 19 19 NA NA NA NA 16
FCoast_M_93594 N_QLD QLD_Fraser_Coast 24 24 19 19 NA NA 20 20 16
F_Daenery_STHD S_NSW NSW_Wollondilly 24 24 19 19 NA NA NA 20 16
F_DECC104_GUH M_NSW NSW_Gunnedah 24 24 19 19 23 NA 20 20 16
F_DECC130_GUH M_NSW NSW_Gunnedah 24 24 19 19 23 NA 20 20 16
F_DECC137F_GUH M_NSW NSW_Gunnedah 24 24 19 19 23 26 20 20 16
F_DECC162_GUH M_NSW NSW_Gunnedah 24 24 19 19 23 26 20 20 16
F_Eila_PTS M_NSW NSW_Port_Stephens 24 24 19 19 23 26 NA NA 16
F_Falia_F_STHD S_NSW NSW_Wollondilly 24 24 19 19 23 NA 20 20 16
F_Gilchrist_PTS M_NSW NSW_Port_Stephens 24 24 19 19 23 NA 20 20 16
F_Joanie_PTS M_NSW NSW_Port_Stephens 24 24 19 19 23 26 20 20 16
F_MidnightR_PTS M_NSW NSW_Port_Stephens 24 24 19 19 23 NA 20 20 16
Fraser_F_72461 N_QLD QLD_Fraser_Coast 24 24 19 19 23 NA 20 20 16
Fraser_M_77266 N_QLD QLD_Fraser_Coast 24 24 19 19 NA NA 20 20 16
Fraser_U_57909 N_QLD QLD_Fraser_Coast 24 24 19 19 23 26 20 20 16
Fraser_M_72855 N_QLD QLD_Fraser_Coast 24 24 19 19 23 NA 20 20 16
Fraser_M_79972 N_QLD QLD_Fraser_Coast 24 24 19 19 NA NA 20 20 16
Fraser_M_87546 N_QLD QLD_Fraser_Coast 24 24 19 19 23 26 20 20 16
F_SAWS03_SHBS VIC VIC_Strathbogies 24 24 19 19 23 NA 20 20 16
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F_SAWS04_SHBS VIC VIC_Strathbogies 24 24 19 19 23 6 20 20 16
F_SAWS10_SHBS VIC VIC_Strathbogies 24 24 19 19 NA NA 20 20 16
F_SAWS21_FRIS VIC VIC_French_Island 24 24 19 19 NA NA 20 20 16
F_SAWS23_SHGLD VIC VIC_South_Gippsland 24 24 19 19 NA NA 20 20 16
F_SES_Maree_PTS M_NSW NSW_Port_Stephens 24 24 19 19 23 NA 20 20 16
F_USYD062F_GUH M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
F_USYD089F_GUH M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
F_Yara_STHD S_NSW NSW_Wollondilly 24 24 19 19 23 26 20 20 16
GCoast_F_54909 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 23 26 20 NA 16
GCoast_F_73511 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 23 NA 20 20 16
GCoast_M_54910 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 23 NA NA NA 16
GCoast_M_54980 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 NA NA 20 20 16
GCoast_M_56090 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 NA NA 20 20 16
GCoast_M_61808 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 23 26 20 20 16
GCoast_M_62309 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 NA NA NA 20 16
GCoast_M_66922 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 23 NA 20 20 16
GCoast_M_70414 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 NA NA NA NA 16
GCoast_M_71441 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 NA NA 20 20 16
GCoast_M_78719 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 23 11 20 20 16
GCoast_M_84814 SEQLD_FNNSW QLD_Gold_Coast 24 24 19 19 NA NA 20 20 16
Gelantipy_F_K11 VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
Gelantipy_F_K13 VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
Gelantipy_F_K15 VIC VIC_East_Gippsland 24 24 19 19 23 11 20 20 16
Gelantipy_F_K16 VIC VIC_East_Gippsland 24 24 19 19 NA NA NA NA 16
Gelantipy_F_K17 VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
Gelantipy_F_K18 VIC VIC_East_Gippsland 24 24 19 19 23 26 20 20 16
Gelantipy_F_K20 VIC VIC_East_Gippsland 24 24 19 19 23 NA 20 20 16
Gelantipy_M_K12 VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
Gelantipy_M_K14 VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
Gelantipy_M_K19 VIC VIC_East_Gippsland 24 24 19 19 23 6 20 20 16
Gelantipy_M_K5 VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
Gipps_F_SAWS29 VIC VIC_South_Gippsland 24 24 19 19 NA NA NA NA 16
Gipps_F_SAWS41 VIC VIC_South_Gippsland 24 24 19 19 NA NA 20 NA 16
Gipps_F_SAWS45 VIC VIC_South_Gippsland 24 24 19 19 NA NA 20 20 16
Gipps_F_SAWS63 VIC VIC_South_Gippsland 24 24 19 19 23 NA 20 20 16
Gipps_F_SAWS66 VIC VIC_South_Gippsland 24 24 19 19 23 NA NA NA 16
Gipps_F_SAWS67 VIC VIC_South_Gippsland 24 24 19 19 23 6 20 20 16
Gipps_F_SAWS69 VIC VIC_South_Gippsland 24 24 19 19 23 NA 20 20 16
Gipps_F_SAWS71 VIC VIC_South_Gippsland 24 24 19 19 23 NA 20 20 16
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Gipps_F_SAWS72 VIC VIC_South_Gippsland 24 24 19 19 NA NA 20 20 16
Gipps_M_SAWS34 VIC VIC_South_Gippsland 24 24 19 19 NA NA 20 20 16
Gipps_M_SAWS42 VIC VIC_South_Gippsland 24 24 19 19 NA NA 20 20 16
Gipps_M_SAWS43 VIC VIC_South_Gippsland 24 24 19 19 23 NA NA NA 16
Gipps_M_SAWS64 VIC VIC_South_Gippsland 24 24 19 19 23 11 20 20 16
Gipps_M_SAWS70 VIC VIC_South_Gippsland 24 24 19 19 23 6 20 20 16
Gipps_M_SAWS84 VIC VIC_South_Gippsland 24 24 19 19 NA NA 20 20 16
Graft_M_M50499 SEQLD_FNNSW NSW_Clarence_Valley 24 24 19 19 NA NA 20 20 16
Gundagai_M_M49249 SEQLD_FNNSW NSW_Gundagai 24 24 19 19 NA NA 20 20 16
Gympie_F_82257 N_QLD QLD_Gympie 24 24 19 19 23 6 20 20 16
Gympie_F_92626 N_QLD QLD_Gympie 24 24 19 19 23 NA 20 20 16
Gympie_F_93216 N_QLD QLD_Gympie 24 24 19 19 23 6 20 20 16
Gympie_F_93694 N_QLD QLD_Gympie 24 24 19 19 NA NA 20 20 16
Gympie_M_87743 N_QLD QLD_Gympie 24 24 19 19 NA NA 20 20 16
Gympie_M_95464 N_QLD QLD_Gympie 24 24 19 19 NA NA 20 20 16
HVale_F_Claire N_QLD QLD_Somerset 24 24 19 19 23 26 20 20 16
HVale_F_Shamala N_QLD QLD_Somerset 24 24 19 19 23 NA 20 20 16
K2 S_NSW NSW_Campbelltown 24 24 19 19 NA NA 20 20 16
KI_F_0118 SA SA_Kangaroo_Island 24 24 19 19 NA NA 20 20 16
KI_F_0414 SA SA_Kangaroo_Island 24 24 19 19 NA NA 20 20 16
KI_F_1100 SA SA_Kangaroo_Island 24 24 19 19 23 11 20 20 16
KI_F_191558 SA SA_Kangaroo_Island 24 24 19 19 23 NA 20 20 16
KI_F_4215 SA SA_Kangaroo_Island 24 24 19 19 23 NA 20 20 16
KI_F_4310 SA SA_Kangaroo_Island 24 24 19 19 23 11 20 20 16
KI_F_8059 SA SA_Kangaroo_Island 24 24 19 19 23 6 20 20 16
KI_F_Aoife SA SA_Kangaroo_Island 24 24 19 19 23 NA 20 20 16
KI_F_Cif SA SA_Kangaroo_Island 24 24 19 19 23 6 20 20 16
KI_F_ClaireBear SA SA_Kangaroo_Island 24 24 19 19 NA NA 20 20 16
KI_F_Tanya SA SA_Kangaroo_Island 24 24 19 19 NA NA 20 20 16
KI_F_Tessa SA SA_Kangaroo_Island 24 24 19 19 23 26 20 20 16
KI_M_4127 SA SA_Kangaroo_Island 24 24 19 19 23 NA 20 20 16
KI_M_4179 SA SA_Kangaroo_Island 24 24 19 19 NA NA 20 20 16
KI_M_4190 SA SA_Kangaroo_Island 24 24 19 19 23 26 20 20 16
KI_M_4323 SA SA_Kangaroo_Island 24 24 19 19 23 11 20 20 16
KI_M_4388 SA SA_Kangaroo_Island 24 24 19 19 NA NA 20 20 16
KI_M_MagicMike SA SA_Kangaroo_Island 24 24 19 19 23 NA 20 20 16
KI_M_Oisin SA SA_Kangaroo_Island 24 24 19 19 23 NA 20 20 16
KI_M_Rocky SA SA_Kangaroo_Island 24 24 19 19 23 NA 20 20 16
Kyogle_F_M50519 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 6 20 20 16
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Kyogle_M_M50481 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 NA NA 20 20 16
Kyogle_F_50350 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 NA NA 20 20 16
Kyogle_F_50356 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 6 20 20 16
Kyogle_F_50418 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 26 20 20 16
Kyogle_F_50433 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 NA 20 20 16
Kyogle_F_50434 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 26 20 20 16
Kyogle_F_50438 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 NA NA 20 20 16
Kyogle_F_M50471 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 NA 20 20 16
Kyogle_M_50316 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 NA NA 20 20 16
Kyogle_M_50360 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 NA 26 20 20 16
Kyogle_M_50384 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 26 20 20 16
Kyogle_M_50420 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 11 20 20 16
Kyogle_M_50927 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 NA NA 20 20 16
Kyogle_M_M50448 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 6 20 20 16
Kyogle_U_M49289 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 NA 20 20 16
Kyogle_U_M50488 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 NA 20 20 16
Lismo_F_2110271 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismo_F_2111152 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismo_F_2111222 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismo_F_2111232 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismo_F_2112201 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 26 20 20 16
Lismo_F_2112212 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 NA 20 20 16
Lismo_F_2112273 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismo_M_2111192 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 26 20 20 16
Lismo_M_2111271 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 NA 20 20 16
Lismo_M_2112021 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismore_F_M50298 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismore_F_M50309 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 NA 20 20 16
Lismore_F_M50310 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismore_F_M50336 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismore_F_M50340 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 NA 20 20 16
Lismore_F_M50369 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
Lismore_F_M50510 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 NA 20 20 16
Lismore_F_M50535 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 11 20 20 16
Lismore_M_M50352 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 NA 20 20 16
Lismore_M_M50397 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 NA 20 20 16
Lismore_U_M50295 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 NA 20 20 16
Liverpool_Plains_F_M48961 M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
Liverpool_Plains_F_M48962 M_NSW NSW_Gunnedah 24 24 19 19 23 26 20 20 16
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Liverpool_Plains_F_M48974 M_NSW NSW_Gunnedah 24 24 19 19 23 26 20 20 16
Liverpool_Plains_M_M46161 M_NSW NSW_Gunnedah 24 24 19 19 23 NA 20 20 16
Liverpool_Plains_M_M48983 M_NSW NSW_Gunnedah 24 24 19 19 23 11 20 20 16
LivSton_F_54945 N_QLD QLD_Livingstone 24 24 19 19 NA NA 20 20 16
LPlains_F_48964 M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
LPlains_F_49019 M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
LPlains_M_48967 M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
LPlains_M_48973 M_NSW NSW_Gunnedah 24 24 19 19 23 26 20 20 16
LPlains_M_49001 M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
LPlains_U_46160 M_NSW NSW_Gunnedah 24 24 19 19 NA NA NA NA 16
M_Dazza_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 NA 20 20 16
M_Andrew_MBR S_NSW NSW_Monaro 24 24 19 19 NA NA 20 20 16
M_Bear_Monaro N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 NA 20 20 16
M_Bobby_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 6 20 20 16
M_Branson_MBR S_NSW NSW_Wollondilly 24 24 19 19 23 26 20 20 16
M_Clegane_STHD N_QLD QLD_Moreton_Bay_Region 24 24 19 19 23 NA 20 20 16
M_Doddy_MBR N_QLD QLD_Moreton_Bay_Region 24 24 19 19 NA NA 20 20 16
M_Drew_Monaro S_NSW NSW_Monaro 24 24 19 19 23 26 20 20 16
M_Evan_Monaro S_NSW NSW_Monaro 24 24 19 19 23 NA 20 20 16
M_Hamish_Monaro S_NSW NSW_Monaro 24 24 19 19 23 NA 20 20 16
M_Jett_Monaro S_NSW NSW_Monaro 24 24 19 19 23 NA 20 20 16
M_Kenny_Monaro S_NSW NSW_Monaro 24 24 19 19 NA NA 20 20 16
M_Malu_Monaro S_NSW NSW_Monaro 24 24 19 19 NA NA 20 20 16
M_Matt_Monaro VIC NSW_Monaro 24 24 19 19 23 NA 20 NA 16
M_SAWS01_HDS VIC VIC_BawBaw 24 24 19 19 23 26 20 20 16
M_SAWS05_SHBS VIC VIC_Strathbogies 24 24 19 19 NA NA 20 20 16
M_SAWS17_SHGLD VIC VIC_South_Gippsland 24 24 19 19 23 11 20 20 16
M_SAWS27_SHGLD VIC VIC_South_Gippsland 24 24 19 19 NA NA 20 20 16
M_Tallow_Monaro S_NSW NSW_Monaro 24 24 19 19 23 26 20 20 16
M47634_001 M_NSW NSW_Kempsey 24 24 19 19 23 11 20 20 16
M47687_001 SEQLD_FNNSW NSW_Gwydir 24 24 19 19 NA NA 20 20 16
M49020_001 M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
M49021_001 M_NSW NSW_Gunnedah 24 24 19 19 23 NA 20 20 16
M49023_001 M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
M49026_001 SEQLD_FNNSW NSW_Richmond_Valley 24 24 19 19 23 NA 20 20 16
M50293_001 N_QLD NSW_Gwydir 24 24 19 19 23 NA 20 20 16
M50294_001 SEQLD_FNNSW NSW_Clarence_Valley 24 24 19 19 NA NA 20 20 16
M50306_001 SEQLD_FNNSW NSW_Byron 24 24 19 19 NA NA 20 20 16
M50344_001 SEQLD_FNNSW NSW_Clarence_Valley 24 24 19 19 NA NA 20 20 16
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M50355_001 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 6 20 20 16
M50359_001 SEQLD_FNNSW NSW_Clarence_Valley 24 24 19 19 23 26 20 20 16
M50370_001 SEQLD_FNNSW NSW_Byron 24 24 19 19 23 6 20 20 16
M50373_001 SEQLD_FNNSW NSW_Byron 24 24 19 19 NA NA 20 20 16
M50374_001 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 23 NA 20 20 16
M50383_001 SEQLD_FNNSW NSW_Richmond_Valley 24 24 19 19 NA NA 20 20 16
M50392_001 SEQLD_FNNSW NSW_Byron 24 24 19 19 NA NA 20 20 16
M50393_001 SEQLD_FNNSW NSW_Byron 24 24 19 19 23 26 20 20 16
M50395_001 SEQLD_FNNSW NSW_Richmond_Valley 24 24 19 19 NA NA 20 20 16
M50543_001 S_NSW NSW_Blayney 24 24 19 19 23 26 20 20 16
Mackay_F_63479 N_QLD QLD_Mackay 24 24 19 19 NA NA 20 20 16
Mallacoota_U_Abigail VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
Mallacoota_U_Annie VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
Mallacoota_U_Blinky VIC VIC_East_Gippsland 24 24 19 19 23 26 20 20 16
Mallacoota_U_Frankie VIC VIC_East_Gippsland 24 24 19 19 23 11 20 20 16
Mallacoota_U_Solo VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
Mallacoota_U_Trip VIC VIC_East_Gippsland 24 24 19 19 23 11 20 20 16
Mallacoota_U_Vicky VIC VIC_East_Gippsland 24 24 19 19 NA NA 20 20 16
M_Chaac_STHD S_NSW NSW_Wingecaribee 24 24 19 19 NA NA 20 20 16
M_DECC015_GUH M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
M_DECC076_GUH M_NSW NSW_Gunnedah 24 24 19 19 23 NA 20 20 16
M_Galloping_PTS M_NSW NSW_Port_Stephens 24 24 19 19 NA NA 20 20 16
M_Gendry_STHD S_NSW NSW_Wollondilly 24 24 19 19 23 11 20 20 16
M_Howie_PTS M_NSW NSW_Port_Stephens 24 24 19 19 NA NA 20 20 16
M_Jimmy_B_STHD S_NSW NSW_Wingecaribee 24 24 19 19 23 26 20 20 16
M_Murray_Monaro S_NSW NSW_Monaro 24 24 19 19 23 NA 20 20 16
M_Qyburn_STHD S_NSW NSW_Wollondilly 24 24 19 19 23 NA 20 20 16
M_Rhaegar_STHD S_NSW NSW_Wollondilly 24 24 19 19 23 11 20 20 16
M_SAWS09_HDS VIC VIC_BawBaw 24 24 19 19 NA NA 20 20 16
M_SAWS12_HDS VIC VIC_BawBaw 24 24 19 19 23 26 20 20 16
M_SAWS22_FRIS VIC VIC_French_Island 24 24 19 19 23 6 20 20 16
M_SAWS24_SHBS VIC VIC_Strathbogies 24 24 19 19 NA NA 20 20 16
M_SAWS32_SHBS VIC VIC_Strathbogies 24 24 19 19 NA NA 20 20 16
M_SAWS33_SHGLD VIC VIC_South_Gippsland 24 24 19 19 23 NA 20 20 16
M_SAWS37_SHBS VIC VIC_Strathbogies 24 24 19 19 NA NA 20 20 16
M_Solstice_PTS M_NSW NSW_Port_Stephens 24 24 19 19 23 NA 20 20 16
M_St_james_STHD S_NSW NSW_Wollondilly 24 24 19 19 NA NA 20 20 16
M_Tai_PTS M_NSW NSW_Port_Stephens 24 24 19 19 23 NA 20 20 16
MurRiv_F_F6 VIC VIC_Moira 24 24 19 19 NA NA 20 20 16
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MurRiv_F_F8 VIC VIC_Moira 24 24 19 19 NA NA 20 20 16
MurRiv_F_FA VIC VIC_Moira 24 24 19 19 23 NA 20 20 16
MurRiv_M_MR001 VIC VIC_Moira 24 24 19 19 23 6 20 20 16
MurRiv_M_MR002 VIC VIC_Moira 24 24 19 19 23 NA 20 20 16
MurRiv_M_MR003 VIC VIC_Moira 24 24 19 19 23 11 20 20 16
MurRiv_M_MR005 VIC VIC_Moira 24 24 19 19 23 11 20 20 16
MurRiv_M_MR006 VIC VIC_Moira 24 24 19 19 23 11 20 20 16
MurRiv_M_MR007 VIC VIC_Moira 24 24 19 19 NA NA 20 20 16
MurRiv_M_MR008 VIC VIC_Moira 24 24 19 19 NA NA 20 20 16
MurRiv_M_MR009 VIC VIC_Moira 24 24 19 19 NA NA 20 20 16
MurRiv_M_MR010 VIC VIC_Moira 24 24 19 19 NA NA 20 20 16
M_USYD014_GUH M_NSW NSW_Gunnedah 24 24 19 19 23 NA 20 NA 16
M_USYD040_GUH M_NSW NSW_Gunnedah 24 24 19 19 NA NA 20 20 16
M_USYD098M_GUH M_NSW NSW_Gunnedah 24 24 19 19 23 NA 20 20 16
M_Varys_STHD S_NSW NSW_Wollondilly 24 24 19 19 NA NA 20 20 16
M_Walter_STHD S_NSW NSW_Wingecaribee 24 24 19 19 23 26 20 20 16
M_Xavier_Monaro S_NSW NSW_Monaro 24 24 19 19 23 NA 20 20 16
Narrandra_F_N1 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 23 11 20 20 16
Narrandra_F_N12 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 23 NA 20 20 16
Narrandra_F_N13 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 23 6 20 20 16
Narrandra_F_N14 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 23 11 20 20 16
Narrandra_F_N17 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 23 NA 20 20 16
Narrandra_F_N18 VIC NSW_Narrandera 24 24 19 19 23 26 20 20 16
Narrandra_F_N2 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 NA NA 20 20 16
Narrandra_F_N5 VIC NSW_Narrandera 24 24 19 19 23 NA 20 20 16
Narrandra_M_N11 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 NA NA 20 20 16
Narrandra_M_N15 VIC NSW_Narrandera 24 24 19 19 23 NA 20 20 16
Narrandra_M_N16 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 NA NA 20 20 16
Narrandra_M_N3 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 23 6 20 20 16
Narrandra_M_N6 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 NA NA 20 20 16
Narrandra_M_N7 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 23 NA 20 20 16
Narrandra_M_N8 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 NA NA NA NA 16
Narrandra_M_N9 SEQLD_FNNSW NSW_Narrandera 24 24 19 19 23 6 20 20 16
Narran_M_45930 VIC NSW_Narrandera 24 24 19 19 23 26 20 20 16
Noosa_F_65657 N_QLD QLD_Sunshine_Coast 24 24 19 19 23 6 20 20 16
Noosa_F_70593 N_QLD QLD_Sunshine_Coast 24 24 19 19 23 6 20 20 16
Noosa_F_74009 N_QLD QLD_Sunshine_Coast 24 24 19 19 NA NA 20 20 16
Noosa_F_79303 N_QLD QLD_Sunshine_Coast 24 24 19 19 NA NA 20 20 16
Noosa_M_49880 N_QLD QLD_Sunshine_Coast 24 24 19 19 23 26 20 20 16
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Noosa_M_79211 N_QLD QLD_Sunshine_Coast 24 24 19 19 NA NA 20 NA 16
Noosa_M_79763 N_QLD QLD_Sunshine_Coast 24 24 19 19 23 NA 20 20 16
NRiv_F_M50347 SEQLD_FNNSW NSW_Richmond_Valley 24 24 19 19 NA NA NA NA 16
NRiv_F_M50350 SEQLD_FNNSW NSW_Kyogle 24 24 19 19 NA NA 20 20 16
NRiv_F_M50379 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
NRiv_F_M50411 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 6 20 20 16
NRiv_F_M50451 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA 20 20 16
NRiv_F_M50467 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 NA 20 20 16
NRiv_F_M50517 SEQLD_FNNSW NSW_Lismore 24 24 19 19 23 11 20 20 16
NRiv_F_M50531 SEQLD_FNNSW NSW_Byron 24 24 19 19 NA NA 20 20 16
NRiv_M_M50329 SEQLD_FNNSW NSW_Ballina 24 24 19 19 NA NA 20 20 16
NRiv_M_M50450 SEQLD_FNNSW NSW_Ballina 24 24 19 19 NA NA 20 20 16
NRiv_M_M50511 SEQLD_FNNSW NSW_Lismore 24 24 19 19 NA NA NA NA 16
NthBurn_F_72194 N_QLD QLD_North_Burnett 24 24 19 19 NA NA 20 20 16
NthBurn_F_80750 SEQLD_FNNSW QLD_North_Burnett 24 24 19 19 23 NA 20 20 16
NthBurn_F_87227 N_QLD QLD_North_Burnett 24 24 19 19 NA NA 20 20 16
NthBurn_M_55989 N_QLD QLD_North_Burnett 24 24 19 19 23 NA 20 20 16
NthBurn_M_73175 N_QLD QLD_North_Burnett 24 24 19 19 23 NA 20 20 16
Pillig_M_M47976 N_QLD NSW_Narrabri 24 24 19 19 23 26 20 20 16
Pillig_F_M47418 M_NSW NSW_Warrumbungle 24 24 19 19 NA NA 20 20 16
Pillig_M_M47035 M_NSW NSW_Warrumbungle 24 24 19 19 23 11 20 20 16
Pillig_M_M47420 M_NSW NSW_Warrumbungle 24 24 19 19 23 NA 20 20 16
PMac_F_81925 M_NSW NSW_Port_Macquarie 24 24 19 19 23 26 20 20 16
PMac_F_81926 M_NSW NSW_Port_Macquarie 24 24 19 19 NA NA 20 20 16
PMac_F_81927 M_NSW NSW_Port_Macquarie 24 24 19 19 NA NA 20 20 16
PMac_F_81996 M_NSW NSW_Port_Macquarie 24 24 19 19 23 6 20 20 16
PMac_M_81900 M_NSW NSW_Port_Macquarie 24 24 19 19 23 11 20 20 16
PMac_M_81913 M_NSW NSW_Port_Macquarie 24 24 19 19 NA NA 20 20 16
PMac_M_81967 M_NSW NSW_Port_Macquarie 24 24 19 19 23 NA 20 NA 16
PortMac_F_50048 M_NSW NSW_Port_Macquarie 24 24 19 19 NA NA 20 20 16
PortMac_M_50047 M_NSW NSW_Port_Macquarie 24 24 19 19 23 NA 20 20 16
Port_Macquarie_F_Emma M_NSW NSW_Port_Macquarie 24 24 19 19 23 11 20 20 16
Port_Macquarie_F_M50239 M_NSW NSW_Port_Macquarie 24 24 19 19 NA NA 20 20 16
Port_Macquarie_M_Callum M_NSW NSW_Port_Macquarie 24 24 19 19 NA NA 20 20 16
Port_Macquarie_M_M50237 M_NSW NSW_Port_Macquarie 24 24 19 19 23 26 20 20 16
Redland_F_94829 N_QLD QLD_Redland 24 24 19 19 NA NA 20 20 16
Redland_F_95776 N_QLD QLD_Redland 24 24 19 19 NA NA 20 20 16
Redland_M_63768 SEQLD_FNNSW QLD_Redland 24 24 19 19 NA NA 20 20 16
Redland_M_71818 SEQLD_FNNSW QLD_Redland 24 24 19 19 23 26 20 20 16
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Redland_M_83962 SEQLD_FNNSW QLD_Redland 24 24 19 19 23 NA 20 20 16
SClarence_F_M50437 SEQLD_FNNSW NSW_Clarence_Valley 24 24 19 19 23 NA 20 20 16
SDowns_F_62050 SEQLD_FNNSW QLD_Southern_Downs 24 24 19 19 NA NA 20 20 16
SthBurn_F_85725 N_QLD QLD_South_Burnett 24 24 19 19 NA NA 20 20 16
SthBurn_F_86009 N_QLD QLD_South_Burnett 24 24 19 19 23 NA 20 20 16
SthBurn_F_86231 N_QLD QLD_South_Burnett 24 24 19 19 23 6 20 20 16
SthBurn_F_86628 N_QLD QLD_South_Burnett 24 24 19 19 NA NA 20 20 16
SthBurn_F_86919 N_QLD QLD_South_Burnett 24 24 19 19 23 NA 20 20 16
SthBurn_F_93286 N_QLD QLD_South_Burnett 24 24 19 19 23 6 20 20 16
SthBurn_F_95162 N_QLD QLD_South_Burnett 24 24 19 19 NA NA 20 20 16
SthBurn_M_53159 N_QLD QLD_South_Burnett 24 24 19 19 NA NA 20 20 16
SthBurn_M_65901 N_QLD QLD_South_Burnett 24 24 19 19 NA NA 20 20 16
SthBurn_M_80665 N_QLD QLD_South_Burnett 24 24 19 19 NA NA 20 20 16
Sunshine_Coast_M_76877 N_QLD QLD_Sunshine_Coast 24 24 19 19 NA NA 20 20 16
Sunshine_Coast_M_79598 N_QLD QLD_Sunshine_Coast 24 24 19 19 23 NA 20 20 16
Sunshine_Coast_M_79817 N_QLD QLD_Sunshine_Coast 24 24 19 19 NA NA 20 20 16
Sunshine_Coast_M_86054 N_QLD QLD_Sunshine_Coast 24 24 19 19 NA NA 20 20 16
SWSyd_F_M48896 S_NSW NSW_Sutherland 24 24 19 19 NA NA 20 20 16
SWSyd_M_Biya S_NSW NSW_Campbelltown 24 24 19 19 23 NA 20 20 16
SWSyd_M_Dalang S_NSW NSW_Campbelltown 24 24 19 19 23 26 20 20 16
SWSyd_M_Giloa S_NSW NSW_Campbelltown 24 24 19 19 NA NA NA NA 16
SWSyd_M_Kimber S_NSW NSW_Campbelltown 24 24 19 19 NA NA 20 20 16
SWSyd_M_Mirribi S_NSW NSW_Campbelltown 24 24 19 19 23 NA 20 20 16
SWSyd_M_Yung S_NSW NSW_Campbelltown 24 24 19 19 NA NA 20 20 16
SWVic_F_Z73845 VIC VIC_Glenelg 24 24 19 19 23 26 20 20 16
SWVic_F_Z73848 VIC VIC_Moyne 24 24 19 19 NA NA 20 20 16
SWVic_M_Z73841 VIC VIC_Glenelg 24 24 19 19 NA NA 20 20 16
SWVic_M_Z73856 VIC VIC_Glenelg 24 24 19 19 NA NA 20 20 16
Tenter_M_61949 SEQLD_FNNSW NSW_Tenterfield 24 24 19 19 NA NA 20 20 16
Toowoo_F_58264 N_QLD QLD_Toowoomba 24 24 19 19 23 26 20 20 16
Toowoo_F_79193 N_QLD QLD_Toowoomba 24 24 19 19 23 NA 20 20 16
Toowoomba_F_55522 N_QLD QLD_Toowoomba 24 24 19 19 23 NA 20 20 16
Toowoomba_F_58076 N_QLD QLD_Toowoomba 24 24 19 19 NA NA 20 20 16
Toowoomba_F_70978 N_QLD QLD_Toowoomba 24 24 19 19 NA NA 20 20 16
Toowoomba_F_74526 N_QLD QLD_Toowoomba 24 24 19 19 23 NA 20 20 16
Toowoomba_F_79192 N_QLD QLD_Toowoomba 24 24 19 19 NA NA 20 20 16
Toowoomba_F_79503 N_QLD QLD_Toowoomba 24 24 19 19 NA NA 20 20 16
Toowoomba_F_86343 N_QLD QLD_Toowoomba 24 24 19 19 23 NA 20 20 16
Toowoomba_F_87937 N_QLD QLD_Toowoomba 24 24 19 19 NA NA 20 20 16
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Toowoomba_F_92545 N_QLD QLD_Toowoomba 24 24 19 19 23 6 NA NA 16
Toowoomba_M_72310 N_QLD QLD_Toowoomba 24 24 19 19 23 26 20 20 16
Tweed_Heads_F_M50445 SEQLD_FNNSW NSW_Tweed_Heads 24 24 19 19 23 26 20 20 16
Tweed_Heads_M_53390 SEQLD_FNNSW NSW_Tweed_Heads 24 24 19 19 23 6 20 20 16
Tweed_Heads_M_57043 SEQLD_FNNSW NSW_Tweed_Heads 24 24 19 19 23 26 20 20 16
WDowns_F_70719 N_QLD QLD_Western_Downs 24 24 19 19 NA NA NA NA 16
WDowns_F_82321 N_QLD QLD_Western_Downs 24 24 19 19 NA NA 20 20 16
WDowns_M_75384 N_QLD QLD_Western_Downs 24 24 19 19 NA NA 20 20 16
WDowns_F_55372 N_QLD QLD_Western_Downs 24 24 19 19 23 NA 20 20 16
WDowns_F_70143 N_QLD QLD_Western_Downs 24 24 19 19 23 6 20 20 16
WDowns_M_70754 N_QLD QLD_Western_Downs 24 24 19 19 NA NA 20 20 16
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Individual

Armidale_F_M50273
Armid_M_M7070
Atherton_M
BMnt_F_7041195
BMnt_F_7041197
BMnt_F_7041500
BMnt_F_7094923
BMnt_F_7094976
BMnt_F_7094979
BMnt_M_7041193
BMnt_M_7041194
BMnt_M_7041198
BMnt_M_7041200
BMnt_M_7041293
BMnt_M_7041492
BMnt_U_7041191
Broad_F_50414
Broad_M_50382
Broad_M_50439
Broad_M_50508
Broadwater_F_M50514
Broadwater_M_M50338
Byron_F_M50503
Byron_M_M50452
Byron_U_M50504
Byron_F_50524
Byron_F_M50431
Byron_M_M50430
Byron_M_M50435
CBTown_F_C12K2
CBTown_F_C12K4
CBTown_F_C2K4
CBTown_F_C3K2
CBTown_F_C5K7
CBTown_F_C6K5
CBTown_F_C7K2
CBTown_M_C10K1

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 1 3 25 25 NA 9 7 7 10 10 18 18
16 NA NA 25 25 4 NA 7 7 NA NA 18 18
16 27 3 25 25 9 NA 7 7 10 10 18 18
16 1 3 25 25 4 4 7 7 10 10 18 18
16 1 3 25 25 4 4 7 7 10 10 18 18
16 3 3 25 25 NA 9 7 7 10 10 18 18
16 1 1 25 25 NA 5 7 7 10 10 18 18
16 1 3 25 25 NA 9 7 7 10 10 18 18
16 1 3 25 25 12 9 7 7 10 10 18 18
16 1 3 25 25 4 5 7 7 10 10 18 18
16 1 NA 25 25 4 5 7 7 10 10 18 18
16 1 3 25 25 NA 4 7 7 10 10 18 18
16 1 1 25 25 NA 4 7 7 10 10 18 18
16 1 3 25 25 9 2 7 7 10 10 18 18
16 1 3 25 25 NA 9 7 7 10 10 18 18
16 1 1 25 25 15 12 7 7 10 10 18 18
16 27 3 25 25 2 14 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 3 27 25 25 22 14 7 7 10 10 18 18
16 27 1 25 25 NA NA 7 7 NA NA 18 18
16 27 3 25 25 22 14 7 7 NA NA NA NA
16 1 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 NA 14 7 7 10 10 18 18
16 NA NA 25 25 NA 14 7 7 10 10 18 18
16 NA NA 25 25 NA 17 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 9 17 7 7 10 10 18 18
16 1 3 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 9 9 7 7 10 10 18 18
16 1 1 25 25 15 9 7 7 10 10 18 18
16 1 3 25 25 9 9 7 7 NA NA NA NA
16 1 3 25 25 9 9 7 7 10 10 18 18
16 3 3 25 25 NA 9 7 7 10 10 18 18
16 1 3 25 25 9 5 7 7 10 10 18 18
16 1 3 25 25 NA 5 7 7 10 10 18 18
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Individual

CBTown_M_C10K4
CBTown_M_C11K1
CBTown_M_C12K3
CBTown_M_C2K2
CBTown_M_C3K1
CBTown_M_C3K3
CBTown_M_C5K8
CBTown_M_C6K1
CBTown_F_C11K2
CBTown_M_C6K2
Coffs_F_44980
Coffs_Harbour_F_M44977
Coffs_Harbour_F_M47046
Coffs_M_44984
COtway_F_Y32
COtway_F_Y37
COtway_F_Y49
COtway_F_Y60
COtway_M_Y40
Dubbo_U_C11212
Dubbo_U_C11358
Dubbo_U_C11413
Dubbo_U_C11085
Dubbo_U_C11512
F_Alex_Monaro
F_Annie_L_STHD
F_Annie_Monaro
F_Beyonce_STHD
F_Bron_Monaro
F_Bubbles_MBR
F_Coco_MBR
F_CS_Monaro
F_Hapi_STHD
F_Jadore_MBR
F_Josie_MBR
F_Julia_MBR
F_Lana_MBR
F_Liv_NJ_STHD
F_Madona_Monaro

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 3 3 25 25 NA NA 7 7 10 10 NA NA
16 3 3 25 25 NA NA 7 7 10 10 NA NA
16 1 3 25 25 9 9 7 7 10 10 18 18
16 3 3 25 25 15 NA 7 7 10 10 NA NA
16 1 3 25 25 15 9 7 7 10 10 18 18
16 3 3 25 25 9 5 7 7 10 10 NA NA
16 1 1 25 25 9 NA 7 7 10 10 NA NA
16 1 3 25 25 9 5 7 7 10 10 18 18
16 3 3 25 25 9 5 7 7 10 10 18 18
16 1 3 25 25 15 4 7 7 10 10 18 18
16 NA NA 25 25 NA NA 7 7 10 10 18 18
16 NA NA 25 25 NA NA 7 7 10 10 NA NA
16 1 3 25 25 NA NA 7 7 10 10 18 18
16 1 1 25 25 NA NA 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 12 12 7 7 10 10 18 18
16 1 3 25 25 NA 5 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 1 1 25 25 13 NA 7 7 10 10 18 18
16 1 1 25 25 2 2 7 7 10 10 18 18
16 3 3 25 25 12 2 7 7 10 10 18 18
16 3 3 25 25 9 NA 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 NA 9 7 7 10 10 18 18
16 3 3 25 25 12 NA 7 7 10 10 18 18
16 3 3 25 25 12 9 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 NA NA
16 3 NA 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 4 NA 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 NA 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 8 8 7 7 10 10 18 18
16 3 3 25 25 9 9 7 7 10 10 NA NA
16 3 3 25 25 12 4 7 7 10 10 18 18

177



Individual

F_Mia_Monaro
F_Millie_MBR
F_Rizzo_MBR
F_Sage_Monaro
F_SAWS13_HDS
F_SAWS31_SHGLD
F_StevieN_STHD
F_Tahlia_Monaro
F_Tamara_O_MBR
F_Tanja_MBR
F_The_Hoff_MBR
FarNorthQLD_K2
FarNorthQLD_K3
F_Arya_STHD
F_Beach_RS_PTS
F_Brandy_Monaro
F_Brienne_STHD
F_Bunzi_STHD
FCoast_F_51032
FCoast_M_61304
FCoast_M_61459
FCoast_M_93594
F_Daenery_STHD
F_DECC104_GUH
F_DECC130_GUH
F_DECC137F_GUH
F_DECC162_GUH
F_Eila_PTS
F_Falia_F_STHD
F_Gilchrist_PTS
F_Joanie_PTS
F_MidnightR_PTS
Fraser_F_72461
Fraser_M_77266
Fraser_U_57909
Fraser_M_72855
Fraser_M_79972
Fraser_M_87546
F_SAWS03_SHBS

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 1 3 25 25 NA 5 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 NA 1 25 25 NA NA 7 7 10 10 18 18
16 1 1 25 25 NA 5 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 1 1 25 25 21 4 7 7 10 10 18 18
16 NA NA 25 25 NA 5 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 1 3 25 25 8 NA 7 7 10 10 18 18
16 27 1 25 25 NA 17 7 7 10 10 NA 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 9 NA 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 9 NA 7 7 10 10 18 18
16 1 1 25 25 NA NA 7 7 10 10 18 18
16 1 3 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 9 9 7 7 10 10 18 18
16 1 3 25 25 9 4 7 7 10 10 18 18
16 27 3 25 25 NA 28 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 13 9 7 7 10 10 18 18
16 1 3 25 25 4 5 7 7 10 10 18 18
16 1 1 25 25 13 2 7 7 10 10 18 18
16 1 1 25 25 9 2 7 7 10 10 18 18
16 1 1 25 25 15 2 7 7 10 10 18 18
16 1 1 25 25 15 9 7 7 10 10 18 18
16 1 1 25 25 21 4 7 7 10 10 NA NA
16 3 3 25 25 15 4 7 7 10 10 18 18
16 1 1 25 25 NA NA 7 7 10 10 18 18
16 1 1 25 25 21 9 7 7 10 10 NA NA
16 1 1 25 25 21 4 7 7 10 10 18 18
16 27 3 25 25 NA 28 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 NA 28 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 3 27 25 25 9 17 7 7 10 10 18 18
16 NA 3 25 25 NA NA 7 7 10 10 NA NA
16 3 3 25 25 21 4 7 7 10 10 18 18
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Individual

F_SAWS04_SHBS
F_SAWS10_SHBS
F_SAWS21_FRIS
F_SAWS23_SHGLD
F_SES_Maree_PTS
F_USYD062F_GUH
F_USYD089F_GUH
F_Yara_STHD
GCoast_F_54909
GCoast_F_73511
GCoast_M_54910
GCoast_M_54980
GCoast_M_56090
GCoast_M_61808
GCoast_M_62309
GCoast_M_66922
GCoast_M_70414
GCoast_M_71441
GCoast_M_78719
GCoast_M_84814
Gelantipy_F_K11
Gelantipy_F_K13
Gelantipy_F_K15
Gelantipy_F_K16
Gelantipy_F_K17
Gelantipy_F_K18
Gelantipy_F_K20
Gelantipy_M_K12
Gelantipy_M_K14
Gelantipy_M_K19
Gelantipy_M_K5
Gipps_F_SAWS29
Gipps_F_SAWS41
Gipps_F_SAWS45
Gipps_F_SAWS63
Gipps_F_SAWS66
Gipps_F_SAWS67
Gipps_F_SAWS69
Gipps_F_SAWS71

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 1 1 25 25 21 NA 7 7 10 10 18 18
16 1 1 25 25 4 NA 7 7 NA NA 18 NA
16 1 1 25 25 15 2 7 7 10 10 18 18
16 1 1 25 25 13 NA 7 7 10 10 18 18
16 3 3 25 25 9 9 7 7 10 10 NA NA
16 1 1 25 25 2 14 7 7 10 10 18 18
16 3 3 25 25 12 2 7 7 10 10 18 18
16 27 1 25 25 NA NA 7 7 NA NA 18 18
16 3 3 25 25 12 2 7 7 10 10 18 18
16 NA NA 25 25 NA NA 7 7 NA NA 18 NA
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 NA NA 25 25 22 NA 7 7 10 10 18 18
16 1 3 25 25 9 9 7 7 NA NA 18 18
16 27 3 25 25 22 NA 7 7 NA NA 18 18
16 NA NA 25 25 NA NA 7 7 NA NA NA NA
16 27 3 25 25 2 14 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 NA 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 4 NA 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 1 1 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 NA 21 7 7 10 10 18 18
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Individual

Gipps_F_SAWS72
Gipps_M_SAWS34
Gipps_M_SAWS42
Gipps_M_SAWS43
Gipps_M_SAWS64
Gipps_M_SAWS70
Gipps_M_SAWS84
Graft_M_M50499
Gundagai_M_M49249
Gympie_F_82257
Gympie_F_92626
Gympie_F_93216
Gympie_F_93694
Gympie_M_87743
Gympie_M_95464
HVale_F_Claire
HVale_F_Shamala
K2
KI_F_0118
KI_F_0414
KI_F_1100
KI_F_191558
KI_F_4215
KI_F_4310
KI_F_8059
KI_F_Aoife
KI_F_Cif
KI_F_ClaireBear
KI_F_Tanya
KI_F_Tessa
KI_M_4127
KI_M_4179
KI_M_4190
KI_M_4323
KI_M_4388
KI_M_MagicMike
KI_M_Oisin
KI_M_Rocky
Kyogle_F_M50519

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 1 1 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 NA NA
16 27 1 25 25 NA NA 7 7 NA NA 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 27 1 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 12 NA 7 7 10 10 18 18
16 3 3 25 25 12 9 7 7 10 10 18 18
16 NA NA 25 25 12 NA 7 7 10 10 18 18
16 3 3 25 25 12 9 7 7 10 10 18 18
16 NA NA 25 25 9 17 7 7 10 10 18 18
16 27 3 25 25 9 17 7 7 10 10 18 18
16 1 3 25 25 9 9 7 7 10 10 NA NA
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 NA 21 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 4 4 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 NA 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 NA NA 25 25 NA NA 7 7 10 10 18 18
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Individual

Kyogle_M_M50481
Kyogle_F_50350
Kyogle_F_50356
Kyogle_F_50418
Kyogle_F_50433
Kyogle_F_50434
Kyogle_F_50438
Kyogle_F_M50471
Kyogle_M_50316
Kyogle_M_50360
Kyogle_M_50384
Kyogle_M_50420
Kyogle_M_50927
Kyogle_M_M50448
Kyogle_U_M49289
Kyogle_U_M50488
Lismo_F_2110271
Lismo_F_2111152
Lismo_F_2111222
Lismo_F_2111232
Lismo_F_2112201
Lismo_F_2112212
Lismo_F_2112273
Lismo_M_2111192
Lismo_M_2111271
Lismo_M_2112021
Lismore_F_M50298
Lismore_F_M50309
Lismore_F_M50310
Lismore_F_M50336
Lismore_F_M50340
Lismore_F_M50369
Lismore_F_M50510
Lismore_F_M50535
Lismore_M_M50352
Lismore_M_M50397
Lismore_U_M50295
Liverpool_Plains_F_M48961
Liverpool_Plains_F_M48962

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 NA NA 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 NA 14 7 7 10 10 18 18
16 27 1 25 25 22 14 7 7 10 10 18 18
16 27 1 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 9 17 7 7 NA NA NA NA
16 27 1 25 25 22 14 7 7 10 10 18 18
16 1 3 25 25 21 4 7 7 10 10 NA NA
16 27 3 25 25 2 NA 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 NA NA 25 25 4 NA 7 7 10 10 18 18
16 NA NA 25 25 12 NA 7 7 10 10 18 18
16 3 3 25 25 2 2 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 27 1 25 25 22 14 7 7 10 10 18 18
16 3 3 25 25 13 NA 7 7 10 10 18 18
16 27 3 25 25 9 17 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 1 3 25 25 8 8 7 7 10 10 18 18
16 3 3 25 25 NA 2 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 NA NA 18 18
16 27 3 25 25 13 NA 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 2 14 7 7 NA NA 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 27 1 25 25 22 14 7 7 10 10 18 18
16 3 3 25 25 8 8 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 NA NA 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 2 14 7 7 10 10 18 18
16 3 27 25 25 NA 2 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 3 3 25 25 8 8 7 7 10 10 18 18
16 27 3 25 25 9 17 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 NA NA 18 18
16 27 1 25 25 NA 28 7 7 10 10 18 18
16 27 1 25 25 2 14 7 7 10 10 18 18
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Individual

Liverpool_Plains_F_M48974
Liverpool_Plains_M_M46161
Liverpool_Plains_M_M48983
LivSton_F_54945
LPlains_F_48964
LPlains_F_49019
LPlains_M_48967
LPlains_M_48973
LPlains_M_49001
LPlains_U_46160
M_Dazza_MBR
M_Andrew_MBR
M_Bear_Monaro
M_Bobby_MBR
M_Branson_MBR
M_Clegane_STHD
M_Doddy_MBR
M_Drew_Monaro
M_Evan_Monaro
M_Hamish_Monaro
M_Jett_Monaro
M_Kenny_Monaro
M_Malu_Monaro
M_Matt_Monaro
M_SAWS01_HDS
M_SAWS05_SHBS
M_SAWS17_SHGLD
M_SAWS27_SHGLD
M_Tallow_Monaro
M47634_001
M47687_001
M49020_001
M49021_001
M49023_001
M49026_001
M50293_001
M50294_001
M50306_001
M50344_001

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 1 3 25 25 9 9 7 7 10 10 18 18
16 1 1 25 25 13 NA 7 7 10 10 18 18
16 1 1 25 25 13 2 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 1 1 25 25 13 2 7 7 10 10 18 18
16 1 1 25 25 15 9 7 7 10 10 18 18
16 1 1 25 25 NA NA 7 7 10 10 18 18
16 1 1 25 25 15 2 7 7 10 10 18 18
16 1 1 25 25 13 15 7 7 10 10 18 18
16 NA 1 25 25 NA 2 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 1 3 25 25 4 NA 7 7 NA 10 18 18
16 1 3 25 25 12 8 7 7 10 10 18 18
16 3 3 25 25 12 12 7 7 10 10 18 18
16 3 3 25 25 9 9 7 7 NA 10 NA NA
16 27 3 25 25 22 14 7 7 10 10 18 18
16 3 3 25 25 NA 5 7 7 NA 10 18 18
16 3 3 25 25 NA 2 7 7 NA NA 18 18
16 3 3 25 25 4 5 7 7 NA NA 18 18
16 3 3 25 25 4 5 7 7 NA 10 18 18
16 3 3 25 25 4 5 7 7 NA 10 18 18
16 3 3 25 25 NA 2 7 7 NA NA 18 18
16 3 3 25 25 4 NA 7 7 NA NA 18 18
16 3 3 25 25 21 21 NA NA NA NA 18 18
16 3 3 25 25 21 4 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 4 7 7 NA NA 18 18
16 3 3 25 25 NA 2 7 7 NA NA 18 18
16 1 3 25 25 NA NA 7 7 10 NA 18 18
16 27 1 25 25 22 14 7 7 NA NA 18 18
16 1 1 25 25 NA NA 7 7 10 10 18 18
16 1 1 25 25 13 15 7 7 10 10 18 18
16 1 1 25 25 2 2 7 7 NA 10 18 18
16 3 3 25 25 NA NA 7 7 NA NA 18 18
16 27 3 25 25 22 14 7 7 NA 10 18 18
16 27 1 25 25 NA 14 7 7 NA 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 NA NA 25 25 4 NA 7 7 NA 10 18 18

182



Individual

M50355_001
M50359_001
M50370_001
M50373_001
M50374_001
M50383_001
M50392_001
M50393_001
M50395_001
M50543_001
Mackay_F_63479
Mallacoota_U_Abigail
Mallacoota_U_Annie
Mallacoota_U_Blinky
Mallacoota_U_Frankie
Mallacoota_U_Solo
Mallacoota_U_Trip
Mallacoota_U_Vicky
M_Chaac_STHD
M_DECC015_GUH
M_DECC076_GUH
M_Galloping_PTS
M_Gendry_STHD
M_Howie_PTS
M_Jimmy_B_STHD
M_Murray_Monaro
M_Qyburn_STHD
M_Rhaegar_STHD
M_SAWS09_HDS
M_SAWS12_HDS
M_SAWS22_FRIS
M_SAWS24_SHBS
M_SAWS32_SHBS
M_SAWS33_SHGLD
M_SAWS37_SHBS
M_Solstice_PTS
M_St_james_STHD
M_Tai_PTS
MurRiv_F_F6

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 27 3 25 25 2 14 7 7 NA NA 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 22 NA 7 7 10 10 18 18
16 27 3 25 25 13 NA 7 7 10 10 18 18
16 NA NA 25 25 13 NA 7 7 NA NA 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 NA NA 18 18
16 27 3 25 25 22 14 7 7 NA NA 18 18
16 3 3 25 25 9 NA 7 7 NA 10 18 18
16 1 3 25 25 NA NA 7 7 NA 10 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 4 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 NA 9 7 7 10 10 18 18
16 1 1 25 25 13 NA 7 7 10 10 18 18
16 1 1 25 25 13 15 7 7 10 10 18 18
16 1 1 25 25 9 NA 7 7 10 10 18 18
16 3 3 25 25 9 9 7 7 10 10 18 18
16 1 1 25 25 21 4 7 7 10 10 18 18
16 1 3 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 NA 2 7 7 10 10 18 18
16 1 1 25 25 NA NA 7 7 10 10 18 18
16 1 3 25 25 9 9 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 4 2 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 10 10 18 18
16 3 3 25 25 21 4 7 7 10 10 18 18
16 3 3 25 25 13 NA 7 7 10 10 18 18
16 3 3 25 25 9 NA 7 7 10 10 18 18
16 1 1 25 25 13 21 7 7 10 10 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
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Individual

MurRiv_F_F8
MurRiv_F_FA
MurRiv_M_MR001
MurRiv_M_MR002
MurRiv_M_MR003
MurRiv_M_MR005
MurRiv_M_MR006
MurRiv_M_MR007
MurRiv_M_MR008
MurRiv_M_MR009
MurRiv_M_MR010
M_USYD014_GUH
M_USYD040_GUH
M_USYD098M_GUH
M_Varys_STHD
M_Walter_STHD
M_Xavier_Monaro
Narrandra_F_N1
Narrandra_F_N12
Narrandra_F_N13
Narrandra_F_N14
Narrandra_F_N17
Narrandra_F_N18
Narrandra_F_N2
Narrandra_F_N5
Narrandra_M_N11
Narrandra_M_N15
Narrandra_M_N16
Narrandra_M_N3
Narrandra_M_N6
Narrandra_M_N7
Narrandra_M_N8
Narrandra_M_N9
Narran_M_45930
Noosa_F_65657
Noosa_F_70593
Noosa_F_74009
Noosa_F_79303
Noosa_M_49880

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 2 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 27 1 25 25 22 14 7 7 10 10 18 18
16 1 1 25 25 13 2 7 7 10 10 18 18
16 1 1 25 25 2 2 7 7 10 10 18 18
16 1 1 25 25 NA 4 7 7 10 10 18 18
16 NA 3 25 25 NA 5 7 7 10 10 18 18
16 3 3 25 25 12 12 7 7 10 10 18 18
16 1 1 25 25 21 21 7 7 NA NA 18 18
16 27 1 25 25 NA 2 7 7 NA NA 18 18
16 27 1 25 25 22 14 7 7 NA NA 18 18
16 27 1 25 25 22 NA 7 7 NA NA 18 18
16 27 1 25 25 22 14 7 7 NA NA 18 18
16 27 1 25 25 22 NA 7 7 NA NA 18 18
16 1 1 25 25 21 21 7 7 NA NA 18 18
16 27 1 25 25 21 NA 7 7 NA NA 18 18
16 27 1 25 25 NA NA 7 7 NA NA 18 18
16 27 1 25 25 22 14 7 7 NA NA 18 18
16 27 1 25 25 2 14 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 27 1 25 25 NA 14 7 7 NA NA 18 18
16 27 1 25 25 NA NA 7 7 NA NA 18 18
16 1 1 25 25 21 2 7 7 NA NA 18 18
16 27 1 25 25 NA NA 7 7 NA 10 18 18
16 1 1 25 25 21 21 7 7 NA NA 18 18
16 1 3 25 25 NA NA 7 7 NA 10 18 18
16 3 3 25 25 12 9 7 7 10 10 18 18
16 1 3 25 25 12 4 7 7 NA 10 18 18
16 27 3 25 25 4 28 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
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Individual

Noosa_M_79211
Noosa_M_79763
NRiv_F_M50347
NRiv_F_M50350
NRiv_F_M50379
NRiv_F_M50411
NRiv_F_M50451
NRiv_F_M50467
NRiv_F_M50517
NRiv_F_M50531
NRiv_M_M50329
NRiv_M_M50450
NRiv_M_M50511
NthBurn_F_72194
NthBurn_F_80750
NthBurn_F_87227
NthBurn_M_55989
NthBurn_M_73175
Pillig_M_M47976
Pillig_F_M47418
Pillig_M_M47035
Pillig_M_M47420
PMac_F_81925
PMac_F_81926
PMac_F_81927
PMac_F_81996
PMac_M_81900
PMac_M_81913
PMac_M_81967
PortMac_F_50048
PortMac_M_50047
Port_Macquarie_F_Emma
Port_Macquarie_F_M50239
Port_Macquarie_M_Callum
Port_Macquarie_M_M50237
Redland_F_94829
Redland_F_95776
Redland_M_63768
Redland_M_71818

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 NA NA 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 13 NA 7 7 NA NA 18 18
16 3 3 25 25 NA NA 7 7 NA 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 3 3 25 25 NA NA 7 7 NA 10 18 18
16 27 3 25 25 13 NA 7 7 10 10 18 18
16 3 3 25 25 9 NA 7 7 NA NA 18 18
16 1 3 25 25 NA NA 7 7 NA 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 1 3 25 25 13 8 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 3 3 25 25 4 NA 7 7 NA 10 18 18
16 1 3 25 25 9 9 7 7 NA 10 18 18
16 27 3 25 25 9 17 7 7 NA 10 NA NA
16 27 3 25 25 NA NA 7 7 10 10 NA NA
16 3 3 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 NA NA 18 18
16 NA NA 25 25 21 NA 7 7 NA 10 18 18
16 1 3 25 25 NA NA 7 7 NA 10 18 NA
16 3 3 25 25 9 9 7 7 10 10 NA NA
16 27 1 25 25 NA NA 7 7 NA NA 18 18
16 1 3 25 25 13 13 7 7 NA NA 18 18
16 27 3 25 25 22 14 7 7 NA NA 18 18
16 1 3 25 25 13 13 7 7 NA 10 NA NA
16 27 1 25 25 13 NA 7 7 NA NA 18 18
16 1 1 25 25 13 9 7 7 NA 10 18 18
16 NA 27 25 25 NA NA 7 7 10 10 18 18
16 27 3 25 25 13 NA 7 7 NA NA 18 18
16 1 1 25 25 NA NA 7 7 NA 10 18 18
16 27 3 25 25 13 NA 7 7 10 10 18 18
16 27 3 25 25 13 NA 7 7 NA NA 18 18
16 1 3 25 25 13 9 7 7 NA NA 18 18
16 3 3 25 25 9 NA 7 7 NA NA 18 18
16 27 3 25 25 12 NA 7 7 10 10 18 18
16 27 3 25 25 2 14 7 7 10 10 18 18
16 NA NA 25 25 NA NA 7 7 NA 10 18 18
16 1 3 25 25 NA NA 7 7 NA NA 18 18
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Individual

Redland_M_83962
SClarence_F_M50437
SDowns_F_62050
SthBurn_F_85725
SthBurn_F_86009
SthBurn_F_86231
SthBurn_F_86628
SthBurn_F_86919
SthBurn_F_93286
SthBurn_F_95162
SthBurn_M_53159
SthBurn_M_65901
SthBurn_M_80665
Sunshine_Coast_M_76877
Sunshine_Coast_M_79598
Sunshine_Coast_M_79817
Sunshine_Coast_M_86054
SWSyd_F_M48896
SWSyd_M_Biya
SWSyd_M_Dalang
SWSyd_M_Giloa
SWSyd_M_Kimber
SWSyd_M_Mirribi
SWSyd_M_Yung
SWVic_F_Z73845
SWVic_F_Z73848
SWVic_M_Z73841
SWVic_M_Z73856
Tenter_M_61949
Toowoo_F_58264
Toowoo_F_79193
Toowoomba_F_55522
Toowoomba_F_58076
Toowoomba_F_70978
Toowoomba_F_74526
Toowoomba_F_79192
Toowoomba_F_79503
Toowoomba_F_86343
Toowoomba_F_87937

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 3 3 25 25 9 9 7 7 NA NA 18 18
16 1 3 25 25 4 NA 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 NA 10 18 18
16 27 3 25 25 22 14 7 7 NA NA 18 18
16 27 1 25 25 9 17 7 7 NA NA 18 18
16 27 3 25 25 NA NA 7 7 NA 10 18 18
16 3 27 25 25 9 NA 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 27 1 25 25 NA NA 7 7 NA 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 NA NA 7 7 10 10 18 18
16 3 27 25 25 22 14 7 7 NA 10 NA NA
16 27 3 25 25 22 14 7 7 NA 10 18 18
16 27 3 25 25 22 14 7 7 10 10 18 18
16 3 3 25 25 9 NA 7 7 10 10 NA NA
16 3 3 25 25 4 NA 7 7 10 10 18 18
16 NA 3 25 25 NA 5 7 7 10 10 NA NA
16 1 3 25 25 NA NA 7 7 NA 10 18 18
16 1 3 25 25 9 9 7 7 NA NA 18 18
16 NA 3 25 25 NA NA 7 7 NA 10 18 NA
16 1 3 25 25 NA 5 7 7 NA NA 18 18
16 1 3 25 25 9 5 7 7 10 10 18 18

NA 1 3 25 25 9 NA 7 7 NA 10 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 3 3 25 25 21 21 7 7 NA NA 18 18
16 NA NA 25 25 NA NA 7 7 NA 10 18 18
16 3 27 25 25 22 14 7 7 NA 10 18 18
16 1 3 25 25 NA NA 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 NA 10 18 18
16 NA NA 25 25 22 14 7 7 NA NA 18 18
16 27 1 25 25 9 17 7 7 10 10 18 18
16 NA NA 25 25 22 14 7 7 10 10 18 18
16 3 3 25 25 9 NA 7 7 NA NA 18 18
16 NA 3 25 25 22 14 7 7 10 10 NA NA
16 NA NA 25 25 22 14 7 7 10 10 18 18
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Individual

Toowoomba_F_92545
Toowoomba_M_72310
Tweed_Heads_F_M50445
Tweed_Heads_M_53390
Tweed_Heads_M_57043
WDowns_F_70719
WDowns_F_82321
WDowns_M_75384
WDowns_F_55372
WDowns_F_70143
WDowns_M_70754

MHCI 15 
allele 2

MHCI 19 
allele 1

MHCI 19 
allele 2

MHCI 2 
allele 1

MHCI 2 
allele 2

MHCI 4 
allele 1

MHCI 4 
allele 2

MHCI 5 
allele 1

MHCI 5 
allele 2

MHCI 8 
allele 1

MHCI 8 
allele 2

MHCI 9 
allele 1

MHCI 9 
allele 2

16 1 3 25 25 2 28 7 7 10 10 18 18
16 NA 3 25 25 22 14 7 7 NA 10 18 18
16 27 3 25 25 9 NA 7 7 NA 10 18 18
16 27 1 25 25 22 14 7 7 10 10 18 18
16 27 3 25 25 22 14 7 7 NA NA 18 18
16 NA NA 25 25 NA NA 7 7 10 10 18 18
16 27 1 25 25 NA NA 7 7 10 10 18 18
16 3 3 25 25 13 9 7 7 10 10 18 18
16 3 3 25 25 NA 12 7 7 10 10 18 18
16 3 3 25 25 13 NA 7 7 NA 10 18 18
16 3 27 25 25 22 14 7 7 10 10 18 18
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Supplementary Data A5‑1 Fasta sequence for each unique allele identified.
>DAA_1_Hap_3
ATGACCCCCAACAAAGCCTTGATCCTAGGAGTCTTCATCCTGGCAGTGCTGTTGAGTCCCTGGGGTGCCAGAGCTGTTAAAGAGAA
GCATGTGATCATCCAGGCAGAGTTCTACCAGACCCACGACCCCTTGGGAGAGTTCATGTTTGACTTTGATGGAGATGAGATTTTCC
ATGTGGATTTGAAGAGCAAAGAGACAGTCTGGAGGCTTCCTGACTTCAGCAAATTTGCCAGTTTTGAGGCTCAGGGTGCTCTGGCC
AACCTTGCTGTGGACAAAGCCAACCTGGAAACCATGATGAAACGGTCCAACAACACCCCTGACACCAACGTACCCCCTGAAGTGAC
>DAA_1_Hap_1
ATGACCCCCAACAAAGCCTTGATCCTAGGAGTCTTCATCCTGGCAGTGCTGTTGAGTCCCTGGGGTGCCAGAGCTGTTAAAGAGAA
GCATGTGATCATCCAGGCAGAGTTCTATCAGACCCATGACCCCTTGGGAGAGTTCATGTTTGACTTTGATGGAGATGAGATTTTCC
ATGTGGATTTGAAGAGCAAAGAGACAGTCTGGAGGCTTCCTGACTTCAGCAAATTTGCCAGTTTTGAGGCTCAGGGTGCTCTGGCC
AACCTTGCTGTGGACAAAGCCAACCTGGAAACCATGATGAAACGGTCCAACAACACCCCTGACACCAACGTACCCCCTGAAGTGAC
>DAA_1_Hap_2
ATGACCCCCAACAAAGCCTTGATCCTAGGAGTCTTCATCCTGGCAGTGCTGTTGAGTCCCTGGGGTGCCAGAGCTGTTAAAGAGAA
GCATGTGATCATCCAGGCAGAGTTCTACCAGACCCACGACCCCTTGGGAGAGTTCATGTTTGACTTTGATGGAGATGAGATTTTCC
ATGTGGATTTGAAGAGCAAAGAGACAGTCTGGAGGCTTCCTGACTTCAGCAAATTTGCCAGTTTTGAGGCTCAGGGTGCTCTGGCC
AACCTTGCTGTGGACAAAGCCAACCTGGAAACCATGATGAAACGGTCCAACAACACCCCTGACACCAACGTACCCCCTGAAGTGAC
>DAA_1_Hap_4
ATGACCCCCAACAAAGCCTTGATCCTAGGAGTCTTCATCCTGGCAGTGCTGTTGAGTCCCTGGGGTGCCAGAGCTGTTAAAGAGAA
GCATGTGATCATCCAGGCAGAGTTCTACCAGACCCATGACCCCTTGGGAGAGTTCATGTTTGACTTTGATGGAGATGAGATTTTCC
ATGTGGATTTGAAGAGCAAAGAGACAGTCTGGAGGCTTCCTGACTTCAGCAAATTTGCCAGTTTTGAGGCTCAGGGTGCTCTGGCC
AACCTTGCTGTGGACAAAGCCAACCTGGAAACCATGATGAAACGGTCCAACAACACCCCTGACACCAACGTACCCCCTGAAGTGAC
>DAB_2_Hap_3
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCCACAACCGGGAGGAGTATGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_1
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCCACAACCGGGAGGAGTATGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_5
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GACACATCCACAACCGGGAGGAGTATGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_6
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCTACAACCGGGAGGAGTATGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCCG
ATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGTG
>DAB_2_Hap_7
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCTACAACCGGGAGGAGTATGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_4
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACGGAGCAGAAGTCCGACTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_9
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ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCCACAACCGGGAGGAGTATGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_11
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACGGAGCAGAAGTCCGACTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_12
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTAGAAGTCCGAGTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCTACAACCGGGAGGAGTATGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_2
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACGGAGCAGAAGTCCGACTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_14
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GACACATCTACAACCGGGAGGAGTATGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_16
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCTACAACCGGGAGGAGTATGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCCG
ATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGTG
>DAB_2_Hap_15
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GACACATCTACAACCGGGAGGAGTATGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_18
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GACACATCTACAACCGGGAGGAGTATGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_17
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GACACATCTACAACCGGGAGGAGTACGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_8
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTATAAGTCCGAGTGTTACTTCGGGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GACACATCTACAACCGGGAGGAGTATGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_2_Hap_10
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACGGAGCAGAAGTCCGACTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
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>DAB_2_Hap_13
ATGGTGTGTGTGCTGTTCCCCGGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACTGAGTAGAAGTCCGAGTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGAGA
GACACATCTACAACCGGGAGGAGTACGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGCCC
GATGCTGAGCGTTGGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCCGGGGACACTTGTGCAGGCACAACTACGGGGT
>DAB_3_Hap_1
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGCAGCAGATGAAGTCCGACTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_3
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGCAGCAGATGAAGTCCGACTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_4
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGCAGCAGATGAAGTCCGACTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_6
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTTACTTCGAGAATGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTTTGTGCGCTTTGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGGCGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGACGACGAACGGGCCGCGGTGGACACTTCTGCAGGCACAACTACG
>DAB_3_Hap_7
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGCAGCAGATGAAGTCCGACTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_2
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTTACTTCGAGAATGGGACGGAGCGCGTGCGGTTTGTGC
AGAGATACATCCACAACCGGGAGGAGTTTGCGCGCTTTGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGGCGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGACGACGAACGGGCCGCGGTGGACACTTCTGCAGGCACAACTACG
>DAB_3_Hap_12
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGTCCGACTGTTACTTCGAGAATGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_13
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGACTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_14
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGTCCGACTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_16
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ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGCAGCAGATGAAGTCCGACTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_10
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTTACTTCGAGAATGGGACGGAGCGCGTGCGGTTTGTGC
AGAGATACATCCACAACCGGGAGGAGTTTGCGCGCTTTGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGGCGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGACGACGAACGGGCCGCGGTGGACACTTCTGCAGGCACAACTACG
>DAB_3_Hap_18
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_5
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTTACTTCGAGAATGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTTTGCGCGCTTTGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGGCGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGACGACGAACGGGCCGCGGTGGACACTTCTGCAGGCACAACTACG
>DAB_3_Hap_21
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGTCCGACTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_22
ATGGTGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGCAGCAGATGAAGTCCGACTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGGCGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGACGACGAACGGGCCGCGGTGGACACTTCTGCAGGCACAACTACG
>DAB_3_Hap_23
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTTACTTCGAGAATGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_19
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_20
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTTACTTCGAGAATGGGACGGAGCGCGTGCGGTTTGTGC
AGAGATACATCCACAACCGGGAGGAGTTTGCGCGCTTTGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGGCGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGACGACGAACGGGCCGCGGTGGACACTTCTGCAGGCACAACTACG
>DAB_3_Hap_17
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGTCCGAGTGTTACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_24
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCTACAACCGGGAGGAGTTTGCGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGGCGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
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>DAB_3_Hap_15
ATGGTGTGTGTGCTGCTCCCCAGGGGCGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACGGAGCAGATGAAGGCCGAGTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_8
ATGGTGTGTGTGCTGCTCCCCAGGGGCGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACGGAGCAGATGAAGGCCGAGTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_9
ATGGTGTGTGTGCTGCTCCCCAGGGGCGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACGGAGCAGATGAAGGCCGAGTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCCACAACCGGGAGGAGTACGCGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACG
>DAB_3_Hap_11
ATGGTGTGTGTGCTGCTCCCCAGGGGCGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACGCAGCAGATGAAGTCCGACTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGGA
GAGATACATCTACAACCGGGAGGAGTACGTGCGCTTCGACAGCGACGTGGGGGAGTTTGTGGCGGTGACGGAGCTGGGACGGC
TCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACAAACGGGCCCAGGTGGACACTTGTGCAGGCACAACTACGG
>DAB_3_Hap_25
ATGGCGTGTGTGCTGCTCCCCAGGGGCATCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAGAGCACTTCACGGAGCAGATGAAGGCCGAGTGTCACTTCGAGAACGGGACGGAGCGCGTGCGGTTTGTGG
AGAGATACATCTACAACCGGGAGGAGTTTGCGCGCTTCGACAGCGACGTGGGGGAGTATGTGGCGGTGACGGAGCTGGGGCGG
CTCAGTGCTGAGCGTTTGAACAGCCAGAAGGAGATCCTGGAGGACGAACGGGCCGCGGTGGACACTTGTGCAGGCACAACTACG
>DAB_4_Hap_1
ATGGTGTGTGTGCTGTTCCCCAGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACCGAGCAGGCTAAGTCCGAGTATCACTTTGAGAACAGGAGGGAGCACGTGCGGTTTGTGGA
TAGATACATCCACAACCGCGAGGAGTTTATGCGCTTCGACAGCTACCTGGGGGAGTATGAGGCGCTGACGGAGCTGGGGCGGCC
CAGTGCTGAGTATTATAACAGCCGCAAGGAGATTCTGGAGCAGAGACGAGCGGCAGTGGACTGGTTTTGCAGGGTCTGCTACAA
>DAB_4_Hap_2
ATGGTGTGTGTGCTGTTCCCCAAGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACCGAGCAGGCTAAGTCCGAGTATCACTTTGAGAACAGGAGGGAGCACGTGCGGTTTGTGGA
TAGATACATCCACAACCGCGAGGAGTTTATGCGCTTCGACAGCTACCTGGGGGAGTATGAGGCGCTGACGGAGCTGGGGCGGCC
CAGTGCTGAGTATTATAACAGCCGCAAGGAGATTCTGGAGCAGAGACGAGCGGCAGTGGACTGGTTTTGCAGGGTCTGCTACAA
>DAB_4_Hap_3
ATGGTGTGTGTGCTGTTCCCCAGGGGAGTCTGGACAGAGGTTCTGGCTGTGACCCTGCTGGTGCTGAATTCCCAGGTGGCTGCAG
GCAGACATGCCCCAAAGCACTTCACCGAGCAGGCTAAGTCCGAGTATCACTTTGAGAACAGGAGGGAGCACGTGCGGTTTGTGGA
TAGATACATCCACAACCGCGAGGAGTTTATGCGCTTCGACAGCTACCTGGGGGAGTATGAGGCGCTGACGGAGCTGGGGCGGCC
CAGTGCTGAGTATTATAACAGCCGCAAGGAGATTCTGGAGCAGAGACGAGCGGCAGTGGACTGGTTTTGCAGGGTCTGCTACAA
>DAB_5_Hap_1
ATGCATTCGAGGAGGTGTCCATCAGGGCTGACTCGCCCCTGGGGTGTACCCCCAGAGTACTTCACGAGGCTGTTAAAGTTCGAGT
GTTACTTTGAGAACGGGACGGAGCACGTGCGGTATGTGGAGAGACACATCCACAACCGGGAGGAGCTCATGCGCTTTGACAGCG
ACGTGGGAGAGTATGTGGTGCTGATGGAGCTGGGGCTGCGCGAAGCTGAGCATAGGAACAGTCAGAGAGAGATCCTGGAGAAC
GAACGGGCAGTGGTGGACACTTACTGCAGGCCCAACTACGAGGCTGCTGAGATCTTCTTACTGGGCAGGAGCTTTGAGCCCGAGG
TGATTGTGTATCCATCAAAGATGGCTCCTCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGGAACATTG
>DAB_5_Hap_2
ATGCATTCGAGGAGGTGTCCATCAGGGCTGACTCGCCCCTGGGGTGTACCCCCAGAGTACTTCACGAGGCTGTTAAAGTTCGAGT
GTTACTTTGAGAACGGGACGGAGCACGTGCGGTATGTGGAGAGACACATCCACAACCGGGAGGAGCTCATGCGCTTTGACAGCG
ACGTGGGAGAGTATGTGGTGCTGATGGAGCTGGGGCTGCGCGAAGCTGAGCATAGGAACAGTCAGAGAGAGATCCTGGAGAAC
GAACGGGCAGTGGTGGACACTTACTGCAGGCCCAACTACGAGGCTGCTGAGATCTTCTTACTGGGCAGGAGCTTTGAGCCCGAGG
TGATTGTGTATCCATCAAAGATGGCTCCTCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTACTATCCTGGGAACATTG
>DAB_5_Hap_3
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ATGCATTCGAGGAGGTGTCCATCAGGGCTGACTCGCCCCTGGAGTGTACCCCCAGAGTACTTCACGAGGCTGTTAAAGTTCGAGT
GTTACTTTGAGAACGGGACGGAGCACGTGCGGTATGTGGAGAGACACATCCACAACCGGGAGGAGCTCATGCGCTTTGACAGCG
ACGTGGGAGAGTATGTGGTGCTGATGGAGCTGGGGCTGCGCGAAGCTGAGCATAGGAACAGTCAGAGAGAGATCCTGGAGAAC
GAACGGGCAGTGGTGGACACTTACTGCAGGCCCAACTACGAGGCTGCTGAGATCTTCTTACTGGGCAGGAGCTTTGAGCCCGAGG
TGATTGTGTATCCATCAAAGATGGCTCCTCTGGGACACCACAACCTGCTTGTCTGCTCTGTCAGTGGTTTCTATCCTGGGAACATTG
>DBA_1_Hap_1
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCCATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACACGAATTTGATGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGCCAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGACATAGCCAAGCACAACCTGGACATCCTGATCAAACGCTCCAACAGAACCAGGGCCATCAGTGTGCCTCCT
>DBA_1_Hap_4
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCCATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACACGAATTTGATGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGCCAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGACATAGCCAAGCACAACCTGGACATCCTGATCAAACGCTCCAACAGAACCAGGGCCATCAGTGTGCCTCCT
>DBA_1_Hap_7
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCCATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACGCTCCAACAGAACCAGGGCCATCAGTGTGCCTCCT
>DBA_1_Hap_2
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCCATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAGTGTGCCTCCT
>DBA_1_Hap_5
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCTATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACACGAATTTGATGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACGCTCCAACAGAACCAGGGCCATCAGTGTGCCTCCT
>DBA_1_Hap_10
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCCATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACACGAATTTGATGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACGCTCCAACAGAACCAGGGCCATCAGTGTGCCTCCT
>DBA_1_Hap_8
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCCATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACACGAATTTGATGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAGTTTGCCTCCT
>DBA_1_Hap_6
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCCATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAGTTTGCCTCCT
>DBA_1_Hap_3
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCTATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACACGAATTTGATGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACGCTCCAACAGAACCAGGGCCATCAGTGTGCCTCCT
>DBA_1_Hap_9
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ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCTATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAGTTTGCCTCCT
>DBA_1_Hap_11
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCACGTGGGGGTCTATGGCACACATATGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTGTATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGAAACATAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAGTTTGCCTCCT
>DBA_2_Hap_1
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCATGTGGGGGTCTACTGCACAGGTGTGTACCAGTCCTGTGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACTATATGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGGGAAAGAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGA
>DBA_2_Hap_3
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCATGTGGGGGTCTACTGCACAGGTGTGTACCAGTCCTGTGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACCATGTGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGGGAAAGAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGA
>DBA_2_Hap_4
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGATCTCCTTGTTGAGTCCCCAAGGAGCTTCTGAATCCATTTAAGCT
GACCATGTGGGGGTCTACTGCACAGGTGTGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAGT
TGTTTTATGTGGACCTGCAGAAGAAGGAGACTATATGGCGGCTGCCAGAGTTTAACCACTTTGCTGGCTTTGACCCTCAGGGAGG
GCTGAGGGAAAGAGCCACAGTCAAGCACAACCTGGAAATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGAG
>DBA_2_Hap_2
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCATGTGGGGGTCTACTGCACAGGTGTGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACCATGTGGTGGCTGCCAGAATTTAACCACTTTGCTGGCTTTGACCCTCAGGGAGG
GCTGAGGGAAAGAGCCACAGTCAAGCACAACCTGGAAATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGAG
>DBA_2_Hap_5
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCATGTGGGGGTCTACTGCACAGGTGTGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACCATGTGGTGGCTGCCAGAATTTAACCACTTTGCTGGCTTTGACCCTCAGGGAGG
GCTGAGGGAAAGAGCCACAGTCAAGCACAACCTGGAAATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGAG
>DBA_2_Hap_6
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGATCTCCTTGTTGAGTCCCCAAGGAGCTTCTGAATCCATTTAAGCT
GACCATGTGGGGGTCTACTGCACAGGTGTGTACCAGTCCTATGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAGT
TGTTTTATGTGGACCTGCAGAAGAAGGAGACTATATGGCGGCTGCCAGAGTTTAACCACTTTGCTGGCTTTGACCCTCAGGGAGG
GCTGAGGGAAAGAGCCACAGTCAAGCACAACCTGGAAATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGAG
>DBA_2_Hap_7
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCATGTGGGGGTCTACTGCACAGGTGTGTACCAGTCCTGTGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACCATGTGGCGGCTGCCAGAGTTTAGCCACTTTGAAAGCTTTGACCCTCAGGGAG
GGCTGAGGGAAAGAGCCACACTCAAGCACAACCTGGACATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGA
>DBA_2_Hap_8
ATGGCTGCCAACAGAGTCCTGATCCTAGGGACCCTCACACTGACCTCATTGTTGAGTCCCCAAGGAGCTTCCGAATCCATTGAAGC
TGACCATGTGGGGGTCTACTGCACAGGTGTGTACCAGTCCTGTGGGCCCTCAGGCCAGTATACACAAGAATTTGGTGGAGATGAG
TTGTTTTATGTGGACCTGCAGAAGAAGGAGACCATGTGGTGGCTGCCAGAATTTAACCACTTTGCTGGCTTTGACCCTCAGGGAGG
GCTGAGGGAAAGAGCCATACTCAAGCACAACCTGGACATCCTGATCAAACACTCCAATAGAACCAGGGCCATCAAGCCCCCTGAG
>DBB_2_Hap_1
ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTTCTTCTTGGGCC
AGGGAGATCCCAGAGGATTTCGTGCTTCAGTTCAAGGCTTACTGTTACTTCACCAACGGCACGCAGCTGGTGCGGCATGTGTGTAG
ATATATCTACAATGATGAGGAATACGCTCACTTCGACAGCGACGTGGGGGAGTTCGTGGCTGTGACGGAGCTGGGGCGGCCCGA
TGCTAAGTACTGGAACAGTCAGAAGGAAATCCTGGAGGAACAACGAGCCATTGTGGACACGGTGTGCCGACACAACTACGAGAT
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>DBB_2_Hap_2
ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTTCTTCTTGGGCC
AGGGAGATCCCAGAGGATTTCGTGCTTCAGTTCAAGGCTTACTGTTACTTCACCAACGGCACGCAGCTGGTGCGGCATGTGTGTAG
ATATATCTACAATGATGAGGAATACGCTCACTTCGACAGCGACGTGGGGGAGTTCGTGGCTGTGACGGAGCTGGGGCGGCCCGA
TGCTAAGTACTGGAACAGTCAGAAGGAAATCCTGGAGGAACAACGAGCCATTGTGGACACGGTGTGCCGACACAACTACGAGAT
>DBB_3_Hap_3
ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGC
CAGGGACATCCCAGAGGATTTCGTGTATCAGTTCAAGGGAGAGTGTTACTTCACCAACAGCACGGAGCGGGTGCGGCTTGTGGCC
AGACGCTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCC
GATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAATATCGAGCTTACGTGGACACGGTGTGCAGACACAACTACGAG
>DBB_3_Hap_1
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGCC
AGGGACATCCCAGAGGATTTCGTGTATCAGTTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCCA
GATACTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCCGA
TGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAATATCGAGCTTACGTGGACACGCTGTGCAGACACAACTACGAGATA
>DBB_3_Hap_4
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGCC
AGGGACATCCCAGAGGATTTCGTGTATCAGCTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCCA
GACACTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCCG
ATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAAAAACGAGCCTACGTGGACACACTGTGCAGACACAACTACGAGA
>DBB_3_Hap_6
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGCC
AGGGACATCCCAGAGGATTTCGTGTATCAGCTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCCA
GATGCTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCCG
ATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAATATCGAGCTTACGTGGACACGGTGTGCAGACACAACTACGAGA
>DBB_3_Hap_7
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGCC
AGGGACATCCCAGAGGATTTCGTGTATCAGCTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCCA
GATGCTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCCG
ATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAAAAACGAGCCTACGTGGACACACTGTGCAGACACAACTACGAGA
>DBB_3_Hap_8
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGCC
AGGGACATCCCAGAGGATTTCGTGTATCAGTTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCCA
GATACTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCCGA
TGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAATATCGAGCTTACGTGGACACGCTGTGCAGACACAACTACGAGATA
>DBB_3_Hap_11
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGCC
AGGGACATCCCAGAGGATTTCGTGTATCAGCTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCCA
GACACTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCCG
ATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAAAAACGAGCCTACGTGGACACACTGTGCAGACACAACTACGAGA
>DBB_3_Hap_12
ATGGTTGATGTTTGGATCTCTGCTGGCTGCTGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGCC
AGGGACATCCCAGAGGATTTCGTGTATCAGCTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCCA
GATGCTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCCG
ATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAATATCGAGCTTACGTGGACACGGTGTGCAGACACAACTACGAGA
>DBB_3_Hap_2
ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGC
CAGGGACATCCCAGAGGATTTCGTGTATCAGTTCAAGGGAGAGTGTTACTTCACCAACAGCACGGAGCGGGTGCGGCTTGTGGCC
AGACGCTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCC
GATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAATATCGAGCTTACGTGGACACGGTGTGCAGACACAACTACGAG
>DBB_3_Hap_5
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ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGC
CAGGGACATCCCAGAGGATTTCGTGTATCAGCTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCC
AGATGCTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCC
GATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAATATCGAGCTTACGTGGACACGGTGTGCAGACACAACTACGAG
>DBB_3_Hap_10
ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGC
CAGGGACATCCCAGAGGATTTCGTGTATCAGTTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCC
AGACGCTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCC
GATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAAAAACGAGCCTACGTGGACACACTGTGCAGACACAACTACGAG
>DBB_3_Hap_9
ATGGTTGATGTTTGGATCTCTGCTGGCTGCGGGAAGATTGGTCTGTTAATGACATCGATGGTGTTGAGTCTACCTGCTTCTTGGGC
CAGGGACATCCCAGAGGATTTCGTGTATCAGCTCAAGGGAGAGTGTTACTTCACCAACGGCACGGAGCGGGTGCGGCTTGTGGCC
AGACGCTTCTACAATGACCAGGAAATTGTCCGCTTCGACAGCGACGTGGGGGAGTTCGTGGCTCTGACGGAGCTGGGGCGGCCC
GATGCTAAGTACTGGAACAGTCAGGAGGAAATCCTGGAGGAAAAACGAGCCTACGTGGACACACTGTGCAGACACAACTACGAG
>DCA_1_Hap_3
ATGACTTCCAGTCTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCTGCTGATCAAACAAAGAACCTGGGCCACTAATGACCAT
GTAATCAGCTCTGTGACATTTGTTCAGACCCACAAACCATCTGGGCAGTACCTGCATGAATTTGATGAGCATGAGCTATTCCATGTG
GACTTTGACCAGAAGGAAACAGTCTGGAGGCTTCCTGAGTTTGGGCACATCTTCAGTTTCGATGCACAGATTGGGCTAGGTGACAT
TGCTGTGGACATGGCTAACTTGAACCAACTTATCAAGCAAACCAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGT
>DCA_1_Hap_1
ATGACTTCCAGTCTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCTGCTGATCAAACAAAGAACCTGGGCCACTAATGACCAT
GTAATCAGCTCTGTGACATTTGTTCAGACCCACAAACCATCTGGGCAGTACCTGCATGAATTTGATGAGCATGAGCTATTCCATGTG
GACTTTGACCAGAAGGAAACAGTCTGGAGGCTTCCTGAGTTTGGGCACATCTTCAGTTTCGATGCACAGATTGGGCTAGGTGACAT
TGCTGTGGACATGGCTAACTTGAACCAACTTATCAAGCAAACCAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGT
>DCA_1_Hap_4
ATGACTTCCAGTCTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCTGCTGATCAAACAAAGAACCTGGGCCACTAATGACCAT
GTAATCAGCTCTGTGACATTTGTTCAGACCCACAAACCATCTGGGCAGTACCTGCATGAATTTGATGAGCATGAGCTATTCCATGTG
GACTTTGACCAGAAGGAAACAGTCTGGAGGCTTCCTGAGTTTGGGCACATCTTCAGTTTCGATGCACAGATTGGGCTAGGTGACAT
TGCTGTGGACATGGCTAACTTGAACCAACTTATCAAGCAAACCAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGT
>DCA_1_Hap_5
ATGACTTCCAGTCTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCTGCTGATCAAACAAAGAACCTGGGCCACTAATGACCAT
GTAATCAGCTCTGTGACATTTGTTCAGACCCACAAACCATCTGGGCAGTACCTGCATGAATTTGATGAGCATGAGCTATTCCATGTG
GACTTTGACCAGAAGGAAACAGTCTGGAGGCTTCCTGAGTTTGGGCACATCTTCAGTTTCGATGCACAGATTGGGCTAGGTGACAT
TGCTGTGGACATGGCTAACTTGAACCAACTTATCAAGCAAACCAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGT
>DCA_1_Hap_6
ATGACTTCCAGTCTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCTGCTGATCAAACAAAGAACCTGGGCCACTAATGACCAT
GTAATCAGCTCTGTGACATTTGTTCAGACCCACAAACCATCTGGGCAGTACCTGCATGAATTTGATGAGCATGAGCTATTCCATGTG
GACTTTGACCAGAAGGAAACAGTCTGGAGGCTTCCTGAGTTTGGGCACATCTTCAGTTTCGATGCACAGATTGGGCTAGGTGACAT
TGCTGTGGACATGGCTAACTTGAACCAACTTATCAAGCAAACCAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACAGTGT
>DCA_1_Hap_2
ATGACTTCCAGTCTAGACTCAGTCTTGGGGATCCTCATCCTGGCTGCCCTGCTGATCAAACAAAGAACCTGGGCCACTAATGACCAT
GTAATCAGCTCTGTGACATTTGTTCAGACCCACAAACCATCTGGGCAGTACCTGCATGAATTTGATGAGCATGAGCTATTCCATGTG
GACTTTGACCAGAAGGAAACAGTCTGGAGGCTTCCTGAGTTTGGGCACATCTTCAGTTTCGATGCACAGATTGGGCTAGGTGACAT
TGCTGTGGACATGGCTAACTTGAACCAACTTATCAAGCAAACCAACCACACCCAGGCCACCATTGTGACTCCAGAGGTGACGGTGT
>DCB_1_Hap_3
ATGTGGAGGGCAGACCTTATTGGAAGCATGCTGCAACTTTTAATCACCAGTTCCATCCTTGTCTCCAATATGGTATGTGTGGAGCTT
CTGGGAAGCCTCTGTATGACAGTCTTATTAATGGTGCTGAGCAGGCCCACAGCCTGGGGCAGGGACATTCCAGAGAATTACCTAC
ATCAGGTGAGGTCTGAGTGTCACATGACCAATGGAACCCAACGGGTCCGCTTTGTGGGAAGACTCATCTATGACCGGAAGGAGTT
CGTGCACTTTGACAGTGACGTGGGACTATTTGAGGCAAAAATGGAGTTGTGGAGATCCCAAGTCCAGAAATGGAACAGTCAGAAG
GAAATAGTCAAGACTGCAAGGTCCATAGTGAATGTGTGCAGACACAATTACCTTTTATATGATAAACTCATAGTGCAAAGGAAAGT
>DCB_1_Hap_1
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ATGTGGAGGGCAGACCTTATTGGAAGCATGCTGCAACTTTTAATCACCAGTTCCATCCTTGTCTCCAATATGGTATGTGTGGAGCTT
CTGGGAAGCCTCTGTATGACAGTCTTATTAATGGTGCTGAGCAGGCCCACAGCCTGGGGCAGGGACATTCCAGAGAATTACCTAC
ATCAGGTGAGGTCTGAGTGTCACATGACCAATGGAACCCAACGGGTCCGCTTTGTGGGAAGACTCATCTATGACCGGAAGGAGTT
TGTGCACTTTGACAGTGACGTGGGACTATTTGAGGCAAAAATGGAGTTGTGGAGATCCCAAGTCCAGAAATGGAACAGTCAGAAG
GAAATAGTCAAGACTGCAAGGTCCATAGTGAATGTGTGCAGACACAATTACCTTTTATATGATAAACTCATAGTGCAAAGGAAAGT
>DCB_1_Hap_4
ATGTGGAGGGCAGACCTTATTGGAAGCATGCTGCAACTTTTAATCACCAGTTCCATCCTTGTCTCCAATATGGTATGTGTGGAGCTT
CTGGGAAGCCTCTGTATGACAGTCTTATTAATGGTGCTGAGCAGGCCCACAGCCTGGGGCAGGGACATTCCAGAGAATTACCTAC
ATCAGGTGAGGTCTGAGTGTCACATGACCAATGGAACCCAACGGGTCCGCTTTGTGGGAAGACTCATCTATGACCGGAAGGAGTT
TGTGCACTTTGACAGTGACGTGGGACTATTTGAGGCAAAAATGGAGTTGTGGAGATCCCAAGTCCAGAAATGGAACAGTCAGAAG
GAAATAGTCAAGACTGCAAGGTCCATAGTGAATGTGTGCAGACACAATTACCTTTTATATGATAAACTCATAGTGCAAAGGAAAGT
>DCB_1_Hap_5
ATGTGGAGGGCAGACCTTATTGGAAGCATGCTGCAACTTTTAATCACCAGTTCCATCCTTGTCTCCAATATGGTATGTGTGGAGCTT
CTGGGAAGCCTCTGTATGACAGTCTTATTAATGGTGCTGAGCAGGCCCACAGCCTGGGGCAGGGACATTCCAGAGAATTACCTAC
ATCAGGTGAGGTCTGAGTGTCACATGACCAATGGAACCCAACGGGTCCGCTTTGTGGGAAGACTCATCTATGACCGGAAGGAGTT
TGTGCACTTTGACAGTGACGTGGGACTATTTGAGGCAAAAATGGAGTTGTGGAGATCCCAAGTCCAGAAATGGAACAGTCAGAAG
GAAATAGTCAAGACTGCAAGGTCCATAGTGAATGTGTGCAGACACAATTACCTTTTATATGATAAACTCATAGTGCAAAGGAAAGT
>DCB_1_Hap_2
ATGTGGAGGGCAGACCTTATTGGAAGCATGCTGCAACTTTTAATCACCAGTTCCATCCTTGTCTCCAATATGGTATGTGTGGAGCTT
CTGGGAAGCCTCTGTATGACAGTCTTATTAATGGTGCTGAGCAGGCCCACAGCCTGGGGCAGGGACATTCCAGAGAATTACCTAC
ATCAGGTGAGGTCTGAGTGTCACATGACCAATGGAACCCAACGGGTCCGCTTTGTGGGAAGACTCATCTATGACCGGAAGGAGTT
TGTGCACTTTGACAGTGACGTGGGACTATTTGAGGCAAAAATGGAGTTGTGGAGATCCCAAGTCCAGAAATGGAACAGTCAGAAG
GAAATAGTCAGGACTGCAAGGTCCATAGTGAATGTGTGCAGACACAATTACCTTTTATATGATAAACTCATAGTGCAAAGGAAAGT
>DMA_1_Hap_2
ATGGGACCTGAGCAAAGCCTGGGAGCTATGCTGCTACTGCTGCAGCTACAGTCATCCCTGCTTTTATCCCTGTCCTGGGGAGCCAC
TCCAGTGTTGGCATCATTATTGGAGAATAGCCTACAGAACTACACGTTCTCTCACACACTGTTCTGCCAGGATGAGGATCCTGTCCT
GAGTCTGTCAGAGGCCTTCAATGAAGACCAGCTCTTCTCCTTTGACTTCTCCAGGAACTCCCGGGTGCCCCGGCTGCCTGAATTTGC
TCCTTGGGCCAGTGACAAGGGAGATATCGAGGCCATAAAAGCTGACCAGCGGCTCTGCCAGGAACTGCAAAAAGAATTGAGTAA
>DMA_1_Hap_1
ATGGGACCTGAGCAAAGCCTGGGAGCTATGCTGCTACTGCTGCAGCTACAGTCATCCCTGCTTTTATCCCTGTCCTGGGGAGCCAC
TCCAGTGTTGGCATCATTATTGGAGAATAGCCTACAGAACTACACGTTCTCTCACACACTGTTCTGCCAGGATGAGGATCCTGTCCT
GAGTCTGTCAGAGGCCTTCAATGAAGACCAGCTCTTCTCCTTTGACTTCTCCAGGAACTCCCGGGTGCCCCGGCTGCCTGAATTTGC
TCCTTGGGCCAGTGACAAGGGAGATATCGAGGCCATAAAAGCTGACCAGCGGCTCTGCCAGGAACTGCAAAAAGAATTGAGTAA
>DMA_1_Hap_3
ATGGGACCTGAGCAAAGCCTGGGAGCTATGCTGCTACTGCTGCAGCTACAGTCATCCCTGCTTTTATCCCTGTCCTGGGGAGCCAC
TCCAGTGTTGGCATCATTATTGGAGAATAGCCTACAGAACTACACGTTCTCTCACACACTGTTCTGCCAGGATGAGGATCCTGTCCT
GAGTCTGTCAGAGGCCTTCAATGAAGACCAGCTCTTCTCCTTTGACTTCTCCAGGAACTCCCGGGTGCCCCGGCTGCCTGAGTTTGC
TCCTTGGGCCAGTGACAAGGGAGATATCGAGGCCATAAAAGCTGACCAGCGGCTCTGCCAGGAACTGCAAAAAGAATTGAGTAA
>DMB_1_Hap_1
ATGCTCGAGCAAAGAATGAGGTTACTCCACCTACTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGCAGGGGGCTTTGTGAC
CCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATATTGTATCTCCTTCAACAAGGATGTGCTG
ACCTGCTGGGACTCAGAGGCTAACAAGATGGCTGCTGTTGATTTTGGGATCCTGAATCCATTAGCTAAAAAGCTTTCTGAAATCTTC
AGTAACGATAGTGCTTTGATGGACCGTCTGAGCAAAGGACTCCAGGACTGCGCCATTCACACAAAGCCCTTCTGGGGAGCGTTGA
>DMB_1_Hap_2
ATGCTCGAGCAAAGAATGAGGTTACTCCACCTACTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGCAGGGGGCTTTGTGAC
CCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATATTGTATCTCCTTCAACAAGGATGTGCTG
ACCTGCTGGGACTCAGAGGCTAACAAGATGGCTGCTGTTGATTTTGGGATCCTGAATCCATTAGCTAAAAAGCTTTCTGAAATCCTC
AGTAACGATAGTGCTTTGATGGACCGTCTGAGCAAAGGACTCCAGGACTGCGCCATTCACACAAAGCCCTTCTGGGGAGCGTTGA
>DMB_1_Hap_4
ATGCTCGAGCAAAGAATGAGGTTACTCCACCTACTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGCAGGGGGCTTTGTGAC
CCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATATTGTATCTCCTTCAACAAGGATGTGCTG
ACCTGCTGGGACTCAGAGGCTAACAAGATGGCTGCTGTTGATTTTGGGATCCTGAATCCATTAGCTAAAGAGCTTTCTGAAATCCT
CAGTAACGATAGTGCTTTGATGGACCGTCTGAGCAAAGGACTCCAGGACTGCGCCATTCACACAAAGCCCTTCTGGGGAGCGTTG
>DMB_1_Hap_3
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ATGCTCGAGCAAAGAATGAGGTTACTCCACCTACTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGCAGGGGGCTTTGTGAC
CCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATATTGTATCTCCTTCAACAAGGATGTGCTG
ACCTGCTGGGACTCAGAGGCTAACAAGATGGCTGCTGTTGATTTTGGGATCCTGAATCCATTAGCTAAAAAGCTTTCTGAAATCCTC
AGTAACGATAGTGCTTTGATGGACCGTCTGAGCAAAGGACTCCAGGACTGCGCCATTCACACAAAGCCCTTCTGGGGAGCGTTGA
>DMB_1_Hap_5
ATGCTCGAGCAAAGAATGAGGTTACTCCACCTACTACTAGTGGGCTTCAGCCTGGGTTTTTCAGGAGCAGCAGGGGGCTTTGTGAC
CCATGTGGAGAGTGGCTGTATGCTGGATGAAGAAGGATCAGTAAAGGACTTCACATATTGTATCTCCTTCAACAAGGATGTGCTG
ACCTGCTGGGACTCAGAGGCTAACAAGATGGCTGCTGTTGATTTTGGGATCCTGAATCCATTAGCTAAAGAGCTTTCTGAAATCCT
CAGTAACGATAGTGCTTTGATGGACCGTCTGAGCAAAGGACTCCAGGACTGCGCCATTCACACAAAGCCCTTCTGGGGAGCGTTG
>MHCI_1_UI_Hap_1
ATGAACCTTTACGTGTGCTCTCTCTTTTTGTTGGGGACCCTGGCCCTGGGGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TCCGCCGCTGTGTCCCGGCCCGAGCTCGGGGAGCCGCGGTTCTTCTCCGTGGGCTACGTGGACGATCAGCAGTTCGTGGGCTTTG
ACAGCGACAGCGAGAGTCAGAGGCAGGAGCCGCGGGCGCCGTGGATGGAGCAGCTGGAGCCTGACTACTGGGAGCGGAACACG
CGCATCTCCAGGGCGAACACACAGAGTTCCCGAGTGACCCTGCGGAACATGCGCAGCTACTACAACCAGAGCGAGGGCGGGGTC
CACATCTTCCAGACCATGTACGGCTGCGAGGTTTCCCCCGACGTCACCTTCAAGCGAGGTTTTTTTCAACACGCCTACGACGGGCAC
GACTACCTCTCCCTGGACACGGAGACCTACACGTGGACGGCGTCGGTGCCCCAGGCTCTGAACTCCAAGCGCAAGTGGGAGGCG
>MHCI_1_UI_Hap_2
ATGAACCTTTACGTGTGCTCTCTCTTTTTGTTGGGGACCCTGGCCCTGGGGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TCCGCCGCTGTGTCCCGGCCCGAGCTCGGGGAGCCGCGGTTCTTCTCCGTGGGCTACGTGGACGATCAGCAGTTCGTGGGCTTTG
ACAGCGACAGCGAGAGTCAGAGGCAGGAGCCGCGGGCGCCGTGGATGGAGCAGCTGGAGCCTGACTACTGGGAGCGGAACACG
CGCATCTCCAGGGCGAACGCACAGAGTTCCCGAGTGACCCTGCGGAACATGCGCAGCTACTACAACCAGAGCGAGGGCGGGGTC
CACATCTTCCAGACCATGTACGGCTGCGAGGTTTCCCCCGACGTCACCTTCAAGCGAGGTTTTTTTCAACACGCCTACGACGGGCAC
GACTACCTCTCCCTGGACACGGAGACCTACACGTGGACGGCGTCGGTGCCCCAGGCTCTGAACTCCAAGCGCAAGTGGGAGGCG
>MHCI_10_UF_Hap_3
ATGTATGTGCTGTCTCTACTTTTGTTGGGTGTCCTGGTCCTTACGGAGACCTCGGCTGGCTCTCACTCCCTGAAGTATTTCTACGCTG
TCATGTCTCGCCCCGAGCTAGCAAAACCAAGGTTCATCGCCGTAACCTACGTGGACGATCAGCAGGTCTTGAGCTTCGACAGCGAC
GGTGAGAGCCAGAGCACGGAGCCCAGGACGCCATGGATCAAGCAGAAGATCTCGGATTACTGGGAGCGTGAGACGCGGATCTCC
AGGGAAGCCACGCAGCGTTATCGAATGTGCCTGCGGAAAGTGTCTGCGTACTACAACCATAGTGAGGGAGGGGTTCACACATACC
AGCGACTGTCGGGCTGCGAGGCATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATATGCCTACGACGGACAGGACTACCT
GGCCCTGGATACCGAGACTCTGCGCTGGATCGCGGGGAACACAGGGGCCCTGAACAATAAGCGCAAGTGGGAGGCAGATCAAA
>MHCI_10_UF_Hap_1
ATGTATGTGCTGTCTCTACTTTTGTTGGGTGTCCTGGTCCTTACGGAGACCTCGGCTGGCTCTCACTCCCTGAAGTATTTCTACGCTG
TCATGTCTCGCCCCGAGCTAGCAAAACCAAGGTTCATCGCCGTAACCTACGTGGACGATCAGCAGGTCTTGAGCTTCGACAGCGAC
GGTGAGAGCCAGAGCACGGAGCCCAGGACGCCATGGATCAAGCAGAAGATCTCGGATTACTGGGAGCGTGAGACGCGGATCTCC
AGGGAAGCCACGCAGCGTTATCGAATGTGCCTGCGGAAAGTGTCTGCGTACTACAACCATAGTGAGGGAGGGGTTCACACATACC
AGCGACTGTCGGGCTGCGAGGCATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATATGCCTACGACGGACAGGACTACCT
GGCCCTGGATACCGAGACTCTGCGCTGGATCGCGGGGAACACAGGGGCCCTGAACAATAAGCGCAAGTGGGAGGCAGATCAAA
>MHCI_10_UF_Hap_2
ATGTATGTGCTGTCTCTACTTTTGTTGGGTGTCCTGGTCCTTACGGAGACCTCGGCTGGCTCTCACTCCCTGAAGTATTTCTACGCTG
TCATGTCTCGCCCCGAGCTAGCAAAACCAAGGTTCATCGCCGTAACCTACGTGGACGATCAGCAGGTCTTGAGCTTCGACAGCGAC
GGTGAGAGCCAGAGCACGGAGCCCAGGACGCCATGGATCAAGCAGAAGATCTCGGATTACTGGGAGCGTGAGACGCGGATCTCC
AGGGAAGCCACGCAGCGTTATCGAATGTGCCTGCGGAAAGTGTCTGCGTACTACAACCATAGTGAGGGAGGGGTTCACACATACC
AGCGACTGTCGGGCTGCGAGGCATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATATGCCTACGACGGACAGGACTACCT
GGCCCTGGATACCGAGACTCTGCGCTGGATCGCGGGGAACACAGGGGCCCTGAACAATAAGCGCAAGTGGGAGGCAGATCAAA
>MHCI_12_UH_Hap_1
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTAC
TACATCGCCATGACCTCGCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCGAATCAGAGGGCGGAGCCGCGGGCGGCGTGGGTAGAGCAGGTGGAGCAGGAGGAGCCGGGCTACTGGGA
GCGGAACACGCGGATCGCCAGGGGAAACACACAGGCTTACCGAGTGTACCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGATCATGTACGGCTGCGAGGTCTCACCGGAGCTCACCTTCAAGCGGGGGTTTTACCAGTACGCC
TACGACGGGCAAGACTACATCGCTCTGGACAGGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTGTGAACACCAAGCTG
>MHCI_12_UH_Hap_4
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ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTAC
TACATCGCCATGACCTCGCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCGAATCAGAGGGCGGAGCCGCGGGCGGCGTGGGTAGAGCAGGTGGAGCAGGAGGAGCCGGGCTACTGGGA
GCGGAACACGCGGATCGCCAGGGGGAACACACAGGCTTACCGAGTGTACCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGATCATGTACGGCTGCGAGGTCTCACCGGAGCTCACCTTCAAGCGGGGGTTTTACCAGTACGCC
TACGACGGGCAAGACTACATCGCTCTGGACAGGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTGTGAACACCAAGCTG
>MHCI_12_UH_Hap_10
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTAC
TACATCGCCATGACCTCGCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCGAATCAGAGGGCGGAGCCGCGGGCGGCGTGGGTAGAGCAGGTGGAGCAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGGATCGCCAGGGGGAACACACAGGCTTACCGAGTGTACCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGATCATGTACGGCTGCGAGGTCTCACCGGAGCTCACCTTCAAGCGGGGGTTTTACCAGTACGCC
TACGACGGGCAAGACTACATCGCTCTGGACAGGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTGTGAACACCAAGCTG
>MHCI_12_UH_Hap_2
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGGAACACACAGGTTTACCGAGTGTACCTCCAGACCTTGCGCGGCTACTTCAATCAGAGCGAG
GGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCTA
CGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGGA
>MHCI_12_UH_Hap_3
ATGGAGCGTTATCTGCGTTCTCTCTTTTTGTTGGGTACCCTGGCCCTGTCGGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGGAACACACAGGTTTACCGAGTGTACCTCCAGACCTTGCGCGGCTACTTCAATCAGAGCGAG
GGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCTA
CGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGGA
>MHCI_12_UH_Hap_5
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGGAACACACAGGTTTACCGAGTGTACCTCCAGACCTTGCGCGGCTACTTCAATCAGAGCGAG
GGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCTA
CGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGGA
>MHCI_12_UH_Hap_6
ATGGAGCGTTATCTGCGTTCTCTCTTTTTGTTGGGTACCCTGGCCCTGTCGGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGAAACACACAGGCTTACCGAGTGTACCTGCAGACCTTGCGCGGCTACTTCAATCAGAGCGAG
GGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCTA
CGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGGA
>MHCI_12_UH_Hap_7
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGGAACACACAGGTTTACCGAGTGTACCTCCAGACCTTGCGCGGCTACTTCAATCAGAGCGAG
GGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCTA
CGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGGA
>MHCI_12_UH_Hap_8
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ATGGAGCGTTATCTGCGTTCTCTCTTTTTGTTGGGTACCCTGGCCCTGTCGGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGGAACACACAGGTTTACCGAGTGTACCTCCAGACCTTGCGCGGCTACTTCAATCAGAGCGAG
GGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCTA
CGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGGA
>MHCI_12_UH_Hap_9
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGAAACACACAGGCTTACCGAGTGTACCTGCAGACCTTGCGCGGCTACTTCAATCAGAGCGAG
GGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCTA
CGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGGA
>MHCI_12_UH_Hap_11
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGGAACACACAGGCTTACCGAGTGTACCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCT
ACGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGG
>MHCI_12_UH_Hap_12
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGGAACACACAGGTTTACCGAGTGTACCTCCAGACCTTGCGCGGCTACTTCAATCAGAGCGAG
GGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCTA
CGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGGA
>MHCI_12_UH_Hap_13
ATGGAGCGTTATCTGCGTTCTCTCTTTTTGTTGGGTACCCTGGCCCTGTCGGAGACCTGGGCAGGATCTCATTCCCTGAGGTATTAC
TACATCGCCATGACCTCTCCCGAGCTCGCGGAGCCGCGGTTTCTCGCCGTGGGCTACGTGGACGATCAGCAGGGCGGGCGCTTCG
ACAGTGCCAGCGCTAATCAGAGGGCGGAGCCGCGGGCGGCGTGGATAGAGAAGGTGGAGGAGGAGGAGCCGGGCTACTGGGA
GCGAAACACGCGAATCGCCAGGGGGAACACACAGGCTTACCGAGTGTACCTGCAGACCTTGCGCGGCTACTTCAATCAGAGCGAG
GGCGGGGTCCACACCATCCAGGTTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGAGGGTTTTTCCAATACGCCTA
CGACGGGCAAGACTACATCGCCCTGGACAGGGAGACCTCCACATGGACGGCGGCGGTGCCCCAGGCTGTGAACACCAAGCTGGA
>MHCI_13_UG_Hap_2
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCCCACTCCCTCAGGTATTTC
GACACCGCGATGGCCTCGCCCGAGCTTGCGGAGCCGCGGTATATCTCTGTGGGCTACGTAGACGATCAGCAGTTCGTGCGCTTCG
ACAGCGCCAGTGCAAGTCAGAGAGAGGAGCCGCGGGCTTCGTGGATGGAGCGGATGGATCAGGAGGACCCGGACTACTGGGAG
CGGAACACGCGGATCTCCAGGGGGAACGCGCAGGTTTTACTAGAGGGCCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCAATG
GCGGGGTCCACACCATCCAGATTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGCGGGTTTCAACAACACGCCTAC
GACGGTCAAGACTACATCACCCTGGACACGGAGGCCTCCAAGTGGAGGGCGGCGGTGCCCGCGGCTGTGAACACCAAGCGCAAG
>MHCI_13_UG_Hap_1
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCCCACTCCCTCAGGTATTTC
GACACCGCGATGGCCTCGCCCGAGCTTGCGGAGCCGCGGTATATCTCTGTGGGCTACGTAGACGATCAGCAGTTCGTGCGCTTCG
ACAGCGCCAGTGCAAGTCAGAGAGAGGAGCCGCGGGCTTCGTGGATGGAGCGGATGGATCAGGAGGACCCGGACTACTGGGAG
CGGAACACGCGGATCTCCAGGGGGAACGCGCAGGTTTTACTAGAGGGCCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCAATG
GCGGGGTCCACACCATCCAGATTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGCGGGTTTCAACAACACGCCTAC
GACGGTCAAGACTACATCACCCTGGACACGGAGGCCTCCAAGTGGAGGGCGGCGGTGCCCGCGGCTGTGAACACCAAGCGCAAG
>MHCI_13_UG_Hap_5

200



ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCCCACTCCCTCAGGTATTTC
GACACCGCGATGGCCTCGCCCGAGCTTGCGGAGCCGCGGTATATCTCTGTGGGCTACGTAGACGATCAGCAGTTCGTGCGCTTCG
ACAGCGCCAGTGCAAGTCAGAGAGAGGAGCCGCGGGCTTCGTGGATGGAGCGGATGGATCAGGAGGACCCGGACTACTGGGAG
CGGAACACGCGGATCTCCAGGGGGAACGCGCAGGTTTTACTAGAGGGCCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCAATG
GCGGGGTCCACACCATCCAGATTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGCGGGTTTCAACAACACGCCTAC
GACGGTCAAGACTACATCACCCTGGACACGGAGGCCTCCAAGTGGAGGGCGGCGGTGCCCGCGGCTGTGAACACCAAGCGCAAG
>MHCI_13_UG_Hap_6
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCCCACTCCCTCAGGTATTTC
GACACCGCGATGGCCTCGCCCGAGCTTGCGGAGCCGCGGTATATCTCTGTGGGCTACGTAGACGATCAGCAGTTCGTGCGCTTCG
ACAGCGCCAGTGCAAGTCAGAGAGAGGAGCCGCGGGCTTCGTGGATGGAGCGGATGGATCAGGAGGACCCGGACTACTGGGAG
CGGAACACGCGGATCTCCAGGGGGAACGCGCAGGTTTTACTAGAGGGCCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCAATG
GCGGGGTCCACACCATCCAGATTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGCGGGTTTCAACAACACGCCTAC
GACGGTCAAGACTACATCACCCTGGACACGGAGGCCTCCAAGTGGAGGGCGGCGGTGCCCGCGGCTGTGAACACCAAGCGCAAG
>MHCI_13_UG_Hap_7
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCCCACTCCCTCAGGTATTTC
GACACCGCGATGGCCTCGCCCGAGCTTGCGGAGCCGCGGTATATCTCTGTGGGCTACGTAGACGATCAGCAGTTCGTGCGCTTCG
ACAGCGCCAGTGCAAGTCAGAGAGAGGAGCCGCGGGCTTCGTGGATGGAGCGGATGGATCAGGAGGACCCGGACTACTGGGAG
CGGAACACGCGGATCTCCAGGGGGAACGCGCAGGTTTTACTAGAGGGCCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCAATG
GCGGGGTCCACACCATCCAGATTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGCGGGTTTCAACAACACGCCTAC
GACGGTCAAGACTACATCACCCTGGACACGGAGGCCTCCAAGTGGAGGGCGGCGGTGCCCGCGGCTGTGAACACCAAGCGCAAG
>MHCI_13_UG_Hap_3
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCCCACTCCCTCAGGTATTTC
GACACCGCGATGGCCTCGCCCGAGCTTGCGGAGCCGCGGTATATCTCTGTGGGCTACGTAGACGATCAGCAGTTCGTGCGCTTCG
ACAGCGCCAGTGCAAGTCAGAGAGAGGAGCCGCGGGCTTCGTGGATGGAGCGGATGGATCAGGAGGACCCGGACTACTGGGAG
CGGAACACGCGGATCTCCAGGGGGAACGCGCAGGTTTTACTAGAGGGCCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCAATG
GCGGGGTCCACACCATCCAGATTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGCGGGTTTCAACAACACGCCTAC
GACGGTCAAGACTACATCACCCTGGACACGGAGGCCTCCAAGTGGAGGGCGGCGGTGCCCGCGGCTGTGAACACCAAGCGCAAG
>MHCI_13_UG_Hap_4
ATGGAGCGTTATCTGTGCTCTTTGTTTTTGTTGGGGACCCTGGCCCTGCCCGAGACCTGGGCAGGCTCCCACTCCCTCAGGTATTTC
GACACCGCGATGGCCTCGCCCGAGCTTGCGGAGCCGCGGTATATCTCTGTGGGCTACGTAGACGATCAGCAGTTCGTGCGCTTCG
ACAGCGCCAGTGCAAGTCAGAGAGAGGAGCCGCGGGCTTCGTGGATGGAGCGGATGGATCAGGAGGACCCGGACTACTGGGAG
CGGAACACGCGGATCTCCAGGGGGAACGCGCAGGTTTTACTAGAGGGCCTGCAGACCCTGCGCGGCTACTTCAACCAGAGCAATG
GCGGGGTCCACACCATCCAGATTATGTTCGGCTGCGAGGTCTCCCCGGACCTCACCTTCAAGCGCGGGTTTCAACAACACGCCTAC
GACGGTCAAGACTACATCACCCTGGACACGGAGGCCTCCAAGTGGAGGGCGGCGGTGCCCGCGGCTGTGAACACCAAGCGCAAG
>MHCI_15_UJ_Hap_2
ATGGAGCTTAATGTGCCCTCTCTCTTTTTGTTGGGGACCCTGGCCCTGACGGAGATCTGGGCAGGCTGTCACTCCCTGAGGTACTTC
GACGCCGCCATGGCCTCGCACGAGCTCGCGGAGCCCCGGTTCCTCGCCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGCCACAGCGCGAGTCCGAGGGAGGAGCCGCGGGCGCCGTGGATGGAGCAGATGGACCCGGGCTACTGGGAGCGGAACAC
GCGGGTCAATAGGGAGAATGCACAGAGTTACCGAGTGGGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAGGGCGGGGT
CCACACCTACCAGAGCATTTGCGGCTGCGAGGTCTCCCCCGATCTCACCTTCAAGCGCGGGTTTTACCAATTTGCCTACGACGGCCA
>MHCI_15_UJ_Hap_1
ATGGAGCTTAATGTGCCCTCTCTCTTTTTGTTGGGGACCCTGGCCCTGACGGAGATCTGGGCAGGCTGTCACTCCCTGAGGTACTTC
GACGCCGCCATGGCCTCGCACGAGCTCGCGGAGCCCCGGTTCCTCGCCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGCCACAGCGCGAGTCCGAGGGAGGAGCCGCGGGCGCCGTGGATGGAGCAGATGGACCCGGGCTACTGGGAGCGGAACAC
GCGGGTCAATAGGGAGAATGCACAGAGTTACCGAGTGGGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAGGGCGGGGT
CCACACCTACCAGAGCATTTGCGGCTGCGAGGTCTCCCCCGATCTCACCTTCAAGCGCGGGTTTTACCAATTTGCCTACGACGGCCA
>MHCI_19_UB_Hap_1
ATGGAGCCTTATGTGCGTTGTCTCTTTTTGTTGGGGACCTTGGCCCTGAAGGAGACCTGGGCAGGCTCTCACTCCATGAGGTACTT
CGATGCCGCCATGGCCTCCCCTGAGCTCGAGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCATGCGCTTC
GACAGCGCCAGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATGGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGG
GAGCAGGAGACGGGGAAGCATAAGGCGAACGCACAGACTACCCGAGTGAACCTGCAGACTGCTCTCGGCTACTTCAACCAGAGC
GAGGGCGGGGTCCACACCATCCAGCGCATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTGAACAACACG
CCTACGACGGTCAAGACTACATTGCCCTGGACATGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTCTGAACACCAAGCG
>MHCI_19_UB_Hap_3
201



ATGGAGCCTTATGTGCGTTGTCTCTTTTTGTTGGGGACCTTGGCCCTGAAGGAGACCTGGGCAGGCTCTCACTCCATGAGGTACTT
CGATGCCGCCATGGCCTCCCCTGAGCTCGAGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCATGCGCTTC
GACAGCGCCAGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATGGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGG
GAGCAGGAGACGGGCAAGCATAAGGCGAACGCACAGACTTACCGAGTGAACCTGCAGACTGCTCTCGGCTACTTCAACCAGAGC
GAGGGCGGGGTCCACACCATCCAGCGCATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTGAACAACACG
CCTACGACGGTCAAGACTACATTGCCCTGGACATGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTCTGAACACCAAGCG
>MHCI_19_UB_Hap_4
ATGGAGCCTTATGTGCGTTGTCTCTTTTTGTTGGGGACCTTGGCCCTGAAGGAGACCTGGGCAGGCTCTCACTCCATGAGGTACTT
CGATGCCGCCATGGCCTCCCCTGAGCTCGAGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCATGCGCTTC
GACAGCGCCAGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATGGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGG
GAGCAGGAGACGGGGAAGCATAAGGCGAACGCACAGACTACCCGAGTGAACCTGCAGACTGCTCTCGGCTACTTCAACCAGAGC
GAGGGCGGGGTCCACACCATCCAGCGCATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTGAACAACACG
CCTACGACGGTCAAGACTACATTGCCCTGGACATGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTCTGAACACCAAGCG
>MHCI_19_UB_Hap_2
ATGGAGCCTTATGTGCGTTGTCTCTTTTTGTTGGGGACCTTGGCCCTGAAGGAGACCTGGGCAGGCTCTCACTCCATGAGGTACTT
CGATGCCGCCATGGCCTCCCCTGAGCTCGAGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCATGCGCTTC
GACAGCGCCAGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATGGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGG
GAGCAGGAGACGGGGAAGCATAAGGCGAACGCACAGACTACCCGAGTGAACCTGCAGACTGCTCTCGGCTACTTCAACCAGAGC
GAGGGCGGGGTCCATACCATCCAGCGCATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTGAACAACACG
CCTACGACGGTCAAGACTACATTGCCCTGGACATGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTCTGAACACCAAGCG
>MHCI_19_UB_Hap_5
ATGGAGCCTTATGTGCGTTGTCTCTTTTTGTTGGGGACCTTGGCCCTGAAGGAGACCTGGGCAGGCTCTCACTCCATGAGGTACTT
CGATGCCGCCATGGCCTCCCCTGAGCTCGAGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCATGCGCTTC
GACAGCGCCAGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATGGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGG
GAGCAGGAGACGGGCAAGCATAAGGCGAACGCACAGACTTACCGAGTGAACCTGCAGACTGCTCTCGGCTACTTCAACCAGAGC
GAGGGCGGGGTCCACACCATCCAGCGCATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTGAACAACACG
CCTACGACGGTCAAGACTACATTGCCCTGGACATGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTCTGAACACCAAGCG
>MHCI_19_UB_Hap_6
ATGGAGCCTTATGTGCGTTGTCTCTTTTTGTTGGGGACCTTGGCCCTGAAGGAGACCTGGGCAGGCTCTCACTCCATGAGGTACTT
CGATGCCGCCATGGCCTCCCCTGAGCTCGAGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCATGCGCTTC
GACAGCGCCAGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATGGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGG
GAGCAGGAGACGGGGAAGCATAAGGCGAACGCACAGACTTACCGAGTGAACCTGCAGACTGCTCTCGGCTACTTCAACCAGAGC
GAGGGCGGGGTCCACACCATCCAGCGCATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTGAACAACACG
CCTACGACGGTCAAGACTACATTGCCCTGGACATGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTCTGAACACCAAGCG
>MHCI_19_UB_Hap_7
ATGGAGCCTTATGTGCGTTGTCTCTTTTTGTTGGGGACCTTGGCCCTGAAGGAGACCTGGGCAGGCTCTCACTCCATGAGGTACTT
CGATGCCGCCATGGCCTCCCCTGAGCTCGAGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCATGCGCTTC
GACAGCGCCAGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATGGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGG
GAGCAGGAGACGGGGAAGCATAAGGCGAACGCACAGACTACCCGAGTGAACCTGCAGACTGCTCTCGGCTACTTCAACCAGAGC
GAGGGCGGGGTCCACACCATCCAGCGCATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTGAACAACACG
CCTACGACGGTCAAGACTACATTGCCCTGGACATGGAGACCTCCACGTGGACGGCGGCGGTGCCGCAGGCTCTGAACACCAAGCG
>MHCI_2_UD_Hap_1
ATGAACCGTTATGTGAGCTCTCTCTTTTTGTTAGCGACCCTGGCCTTGCCAGAAACCTGGGCAGGCTCTCACTCCCTGAAGTATTTCT
CCGCCGCCGTGTCTTGGCCCGAACTCGCAGAACCACGCTTCTTCGCAGTGGGCTACGTGGACGATTTGCAGTTTGCGCGCTTCGAT
AGCGACAGCGAGAGCCAGAGGGAGGAGCCGCGGGCGCCATGGATGGATCAAGTAGACCAAGTGGACCCAGACTACTGGGACCG
GAACACGCGATTCCACAAAGCGGCGGCCCAGAGTTTCCGAATTCGACTTCAGACCCTGCGAAGCTCCTACAACCAGAGCGAGGGC
GGGGTCCACACCTTTCAGCACCTGTGCGGCTGCGAGGTCTCCCCAGAACTCACCTTTAAGCGCGGGTTTTACCAATTCGCTTATGAC
>MHCI_2_UD_Hap_2
ATGAACCGTTATGTGAGCTCTCTCTTTTTGTTAGCGACCCTGGCCTTGCCAGAAACCTGGGCAGGCTCTCACTCCCTGAAGTATTTCT
CCGCCGCCGTGTCTTGGCCCGAACTCGCAGAACCACGCTTCTTCGCAGTGGGCTACGTGGACGATTTGCAGTTTGCGCGCTTCGAT
AGCGACAGCGAGAGCCAGAGGGAGGAGCCGCGGGCGCCATGGATGGATCAAGTAGACCAAGTGGACCCAGACTACTGGGACCG
GAACACGCGATTCCACAAAGCGGCGGCCCAGAGTTTCCGAATTCGACTTCAGACCCTGCGCAGCTCCTACAACCAGAGCGAGGGC
GGGGTCCACACCTTTCAGCACCTGTGCGGCTGCGAGGTCTCCCCAGAACTCACCTTTAAGCGCGGGTTTTACCAATTCGCTTATGAC
>MHCI_5_UK_Hap_2
202



ATGGGACCTGATATACTCTCTCTCTTTTTGTTGGGGACTCTGGCCTTGACCAAGACCTGGGCAGGATTTCACTCCCTGAAGTATTTC
CAAACTTCCATAGCTCTGCCTGGCCTCGAAAAGCCGAAGTTCATTTCCGCAGGCTACGTGAACGATCGACAATTCGTACGCTTTGAC
AGCGACAGCTCGAGTCAGAGGGAGGAGCCCTTGGTGCCGTGGATGGACCAGATGGGTCAGGGGTACTGGGAGAGGAACTCACG
TGTCGTCAGGGAGACCGCGCACACTTTCGAAGTAGGCCTGCAGAATCTGCAGGTTTATTACAATCAGAGCGAGGGAGAAGTTCAC
ATCTATCAGCGCCTGGTCGGCTGCGAGACGTATTCCAACGGGACCTTTAGGCGTGGGTTTGAGCAATTCGCCTACGATGGGCAAG
ACTACATCTCTCCGGATCAGAAGACGCTGAGTTGGACGGCTTTGGTGCCCCCGGCTCTGAACACCAAGTACAAGTGGGAGGAGGA
>MHCI_5_UK_Hap_1
ATGGGACCTGATATACTCTCTCTCTTTTTGTTGGGGACTCTGGCCTTGACCAAGACCTGGGCAGGATTTCACTCCCTGAAGTATTTC
CAAACTTCCATATCTCTGCCTGGCCTCGAAAAGCCGAAGTTCATTTCCGCAGGCTACGTGAACTATCGACAATTCGTACGCTTTGAC
AGCGACAGCTCGAGTCAGAGGGAGGAGCCCTTGGTGCCGTGGATGGACCAGATGGGTCAGGGGTACTGGGAGAGGAACTCACG
TGTCGTCAGGGAGACCGCGCACACTTTCGAAGTAGGCCTGCAGAATCTGCAGGTTTATTACAATCAGAGCGAGGGAGAAGTTCAC
ATCTATCAGCGCCTGGTCGGCTGCGAGACGTATTCCAACGGGACCTTTAGGCGTGGGTTTGAGCAATTCGCCTACGATGGGCAAG
ACTACATCTCTCCGGATCAGAAGACGCTGAGTTGGACGGCTTTGGTGCCCCCGGCTCTGAACACCAAGTACAAGTGGGAGGAGGA
>MHCI_8_UC_Hap_1
ATGGAAATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAAGTTCATCTCTGTAACCTACGTGGACGATCAGCAGGTCTTGAGCTTTGAC
AGCGACCACGAGAGTCAGAGCCCAGCGCCCAGGACGCCGTGGATCCAGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
GAAGCCACTGAACGTTACCGAGTATGCCTGCGGAAAGTGTCTGGGGACTACAACCATAGTGAGGGAGGGGTTCATACATTCCAGC
AACTGTCGGGATGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTTCTTAGC
TCTGGATACCGAGACTCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGCTGGAAGCAGATCAAAGCTTT
>MHCI_8_UC_Hap_2
ATGGAAATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAAGTTCATCTCTGTAACCTACGTGGACGATCAGCAGGTCTTGAGCTTTGAC
AGCGACCACGAGAGTCAGAGCCCAGAGCCCAGGACGCCGTGGATCCAGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
GAAGCCACTGAACGTTACCGAGTATGCCTGCGGAAAGTGTCTGGGGACTACAACCATAGTGAGGGAGGGGTTCATACATTCCAGC
AACTGTCGGGATGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTTCTTAGC
TCTGGATACCGAGACTCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGTTGGAAGCAGATCAAAGCTTT
>MHCI_8_UC_Hap_3
ATGGAAATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAAGTTCATCTCTGTAACCTACGTGGACGATCAGCAGGTCTTGAGCTTTGAC
AGCGACCACGAGAGTCAGAGCCCAGAGCCCAGGACGCCGTGGATCCAGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
GAAGCCACTGAACGTTACCGAGTATGCCTGCGGAAAGTGTCTGGGGACTACAACCATAGTGAGGGAGGGGTTCATACATTCCAGC
AACTGTCGGGATGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTTCTTAGC
TCTGGATACCGAGACTCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGCTGGAAGCAGATCAAAGCTTT
>MHCI_8_UC_Hap_4
ATGGAAATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAAGTTCATCTCTGTAACCTACGTGGACGATCAGCAGGTCTTGAGCTTTGAC
AGCGACCACGAGAGTCAGAGCCCAGCGCCCAGGACGCCGTGGATCCAGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
GAAGCCACTGAACGTTACCGAGTATGCCTGCGGAAAGTGTCTGGGGACTACAACCATAGTGAGGGAGGGGTTCATACATTCCAGC
AACTGTCGGGATGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTTCTTAGC
TCTGGATACCGAGACTCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGTTGGAAGCAGATCAAAGCTTT
>MHCI_9_UE_Hap_2
ATGGACATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAGGTTCATCTCTGTAACCTACGTGGACGATCGGCAGGTCTTGAGCTTTGAC
AGCGACCATGAGAGTCAGAGCCCAGAGCCCAGGACGCCGTGGATCCGGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
GAAGACACTGAACGTTACCGAATATGCCTGCGGAAAGTGTCTGGATACTATAACCACAGTGAGGGAGGGGTTCATACATTCCAGC
GACTGTCGGGCTGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTACCTGGC
GCTGGATACCGAGACGCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGCTGGAAGCAGATCAAAGCTTT
>MHCI_9_UE_Hap_1

203



ATGGAAATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAGGTTCATCTCTGTAACCTACGTGGACGATCGGCAGGTCTTGAGCTTTGAC
AGCGACCATGAGAGTCAGAGCCCAGAGCCCAGGACGCCGTGGATCCgGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
gAAGACACTGAACGTTACCGAATATGCCTGCGGAAAGTGTCTGGATACTATAACCACAGTGAGGGAGGGGTTCATACATTCCAGC
GACTGTCGGGCTGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTACCTGGC
GCTGGATACCGAGACGCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGCTGGAAGCAGATCAAAGCTTT
>MHCI_9_UE_Hap_3
ATGGAAATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAGGTTCATCTCTGTAACCTACGTGGACGATCGGCAGGTCTTGAGCTTTGAC
AGCGACCATGAGAGTCAGAGCCCAGAGCCCAGGACGCCGTGGATCCGGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
GAAGACACTGAACGTTACCGAATATGCCTGCGGAAAGTGTCTGGATACTATAACCACAGTGAGGGAGGGGTTCATACATTCCAGC
GACTGTCGGGCTGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTACCTGGC
GCTGGATACCGAGACGCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGCTGGAAGCAGATCAAAGCTTT
>MHCI_9_UE_Hap_4
ATGGAAATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAGGTTCATCTCTGTAACCTACGTGGACGATCGGCAGGTCTTGAGCTTTGAC
AGCGACCATGAGAGTCAGAGCCCAGAGCCCAGGACGCCGTGGATCCGGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
GAAGACACTGAACGTTACCGAATATGCCTGCGGAAAGTGTCTGGATACTATAACCACAGTGAGGGAGGGGTTCATACATTCCAGC
GACTGTCGGGCTGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTACCTGGC
GCTGGATACCGAGACGCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGCTGGAAGCAGATCAAAGCTTT
>MHCI_9_UE_Hap_5
ATGGAAATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAGGTTCATCTCTGTAACCTACGTGGACGATCGGCAGGTCTTGAGCTTTGAC
AGCGACCATGAGAGTCAGAGCCCAGAGCCCAGGACGCCGTGGATCCGGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
GAAGACACTGAACGTTACCGAATATGCCTGCGGAAAGTGTCTGGATACTATAACCACAGTGAGGGAGGGGTTCATACATTCCAGC
GACTGTCGGGCTGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTACCTGGC
GCTGGATACCGAGACGCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGCTGGAAGCAGATCAAAGCTTT
>MHCI_9_UE_Hap_6
ATGGAAATTTATATGCTGCCTCTACTTTTGTTGAGTGTCCTGGTCCTTACAGAGACCTGGGCTGGCTCTCACTCCTTGAAGTATTTTT
ACGCCGTAATGTCTCGACCCGAGCTAGCAAAACCAAGGTTCATCTCTGTAACCTACGTGGACGATCGGCAGGTCTTGAGCTTTGAC
AGCGACCATGAGAGTCAGAGCCCAGAGCCCAGGACGCCGTGGATCCGGCCCGACTACTGGGAGCGGGAGACAGAGATCTTCAGG
GAAGACACTGAACGTTACCGAATATGCCTGCGGAAAGTGTCTGGATACTATAACCACAGTGAGGGAGGGGTTCATACATTCCAGC
GACTGTCGGGCTGCGAGGTATTCTCCAACGGGAGCTTCAGCCGCGGCTTCGTGCAATACGCCTACGACGGGCAGGACTACCTGGC
GCTGGATACCGAGACGCTGCGTTGGATTGCCGGGAACGCAGGGGCCCTAAACCATAAGCTCGAGCTGGAAGCAGATCAAAGCTTT
>MHCI_4_UA_Hap_2
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
GACGCCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGAC
CAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTA
CGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCAA
>MHCI_4_UA_Hap_1
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
GACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGGGA
GCAGGAAACGCAGAACATGAAGGCGGTCACACAGACTTACCGAGTGAACCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTA
CGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCAA
>MHCI_4_UA_Hap_4

204



ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCATCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCGA
CAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCATGGATAGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGGGAG
CGGCAAACGCAGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAAG
GCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTAC
GACGGGCGGGACTATATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTGTGAACACCAAACGCAAG
>MHCI_4_UA_Hap_7
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
GACGCCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCATCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGGGA
GCGGCAAACGCAGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCACCAATACGCCTA
CGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCAA
>MHCI_4_UA_Hap_8
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCATCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCGA
CAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCATGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGACC
AGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAAG
GCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTAC
GACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCAAG
>MHCI_4_UA_Hap_10
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGA
GCAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCACCAATACGCCT
ACGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAACGCA
>MHCI_4_UA_Hap_12
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGGAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGAC
CAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCACCAATACGCCTA
CGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCAA
>MHCI_4_UA_Hap_13
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGAC
CAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCACCAATACGCCTA
CGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAACGCAA
>MHCI_4_UA_Hap_17
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCATCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCGA
CAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGGGAC
CAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAACCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTA
CGACGGGCGGGACTATATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTGTGAACACCAAACGCAA
>MHCI_4_UA_Hap_18

205



ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
GACGCCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGGGA
GCAGGAAACGCAGAACATGAAGGCGGTCACACAGAATTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCT
ACGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCA
>MHCI_4_UA_Hap_6
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCATCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGGATGGAGCCGCGGGCGGCATGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGA
CCAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCT
ACGACGGGCGGGACTATATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCA
>MHCI_4_UA_Hap_19
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCATCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCGA
CAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGAG
CGGCAAACGCAGAACATGAAGGCGGTCACACAGAATTACCGAGTGAACCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAAG
GCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTAC
GACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTGTGAACACCAAACGCAAG
>MHCI_4_UA_Hap_16
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
GACGCCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGAC
CAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTA
CGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCAA
>MHCI_4_UA_Hap_20
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
GACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGGGA
GCAGGAAACGCAGAACATGAAGGCGGTCACACAGACTTACCGAGTGAACCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTA
CGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAACGCAA
>MHCI_4_UA_Hap_23
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCGA
CAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGACC
AGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAAG
GCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCACCAATACGCCTAC
GACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAACGCAAG
>MHCI_4_UA_Hap_24
ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCATCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCGA
CAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCATGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGACC
AGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAAG
GCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTAC
GACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCAAG
>MHCI_4_UA_Hap_26

206



ATGGAGCCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTTC
TACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGGAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGA
GCAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCACCAATACGCCT
ACGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCA
>MHCI_4_UA_Hap_25
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCATCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGGATGGAGCCGCGGGCGGCATGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGA
CCAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCT
ACGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCA
>MHCI_4_UA_Hap_27
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CGACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTC
GACAGTGCCCGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGGAGCAGGAGGAGCCGGGCTACTGGG
AGCAGGAAACGCAGAACATGAAGGCGGTCACACAGACTTACCGAGTGAACCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCT
ACGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCA
>MHCI_4_UA_Hap_3
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGA
GCGGCAAACGCAGAACATGAAGGCGGTCACACAGAATTACCGAGTGAACCTGCAGAACCTCCTCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCAACAACACGCCTA
CGACGGGCGGGACTATATCACCCTGGACTCGGAGACCTCCACGTGAACGGCGGAGGTGCCGCAGGCTCTGAACACCAAACGCAA
>MHCI_4_UA_Hap_5
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGA
GCGGCAAACGCAGAACATGAAGGCGGTCACACAGAATTACCGAGTGAACCTGCAGAACCTCCTCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCAACAACACGCCTA
CGACGGGCGGGACTATATCACCCTGGACTCGGAGACCTCCACGTGAACGGCGGAGGTGCCGCAGGCTCTGAACACCAAACGCAA
>MHCI_4_UA_Hap_9
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGGAGTTCGTGCGCTTC
GACAGTGCCCGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGG
ACCAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCG
AAGGCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCAACAACACGCC
TACGACGGGCGGGACTATATCACCCTGGACTCGGAGACCTCCACGTGAACGGCTGAGGTGCCGCAGGCTCTGAACACCAAGCGCA
>MHCI_4_UA_Hap_11
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGGAGTTCGTGCGCTTC
GACAGTGCCCGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGG
AGCAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCG
AAGGCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCAACAACACGCC
TACGACGGGCGGGACTATATCACCCTGGACTCGGAGACCTCCACGTGAACGGCTGAGGTGCCGCAGGCTCTGAACACCAAGCGCA
>MHCI_4_UA_Hap_14

207



ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGGAGTTCGTGCGCTTC
GACAGTGCCCGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGG
ACCAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCG
AAGGCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCAACAACACGCC
TACGACGGGCGGGACTATATCACCCTGGACTCGGAGACCTCCACGTGAACGGCTGAGGTGCCGCAGGCTCTGAACACCAAACGCA
>MHCI_4_UA_Hap_15
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGGAGTTCGTGCGCTTC
GACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGG
AGCGGCAAACGCAGAACATGAAGGCGGTCACACAGACTTACCGAGTGAACCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGA
AGGCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCAACAACACGCCT
ACGACGGGCGGGACTATATCACCCTGGACTCGGAGACCTCCACGTGAACGGCTGAGGTGCCGCAGGCTCTGAACACCAAGCGCA
>MHCI_4_UA_Hap_21
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCTGAGCTCGCGGAGCCGCGGTTCCTCACCGTGGGCTACGTGGACGATCAGGAGTTCGTGCGCTTC
GACAGTGCCCGCGCGAGTCCGAGGGAGGAGCCGCGGGCGGCGTGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGG
ACCAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCG
AAGGCGGGGTCCACACCTTTCAGAACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCACCAATACGCC
TACGACGGGCGGGACTATATCGCCCTGGACTCGGAGACCTCCACGTGAACGGCTGAGGTGCCGCAGGCTCTGAACACCAAACGCA
>MHCI_4_UA_Hap_22
ATGGAGGCTTATCTGCGCGCTCTCTTTTTGCTGGGGACCCTGGCCCTGCCGGAGACCTGGGCAGGCTCTCACTCCCTGAGGTATTT
CTACACCGCCGTGGCCTCCCCCGAGCTCGCGGAGCCGCGGTTCCTCATCGTGGGCTACGTGGACGATCAGCAGTTCGTGCGCTTCG
ACAGTGCCCGCGCGAGTCCGAGTATGGAGCCGCGGGCGGCATGGATAGAGCGGGTGCAGCAGGAGGAGCCGGGCTACTGGGAC
CAGGAGACGCGGAACATGAAGGCGGTCACACAGACTTACCGAGTGAGCCTGCAGAACCTCCGCGGCTACTTCAACCAGAGCGAA
GGCGGGGTCCACACCATCCAGCACATGTACGGCTGCGAGGTCTCCCCCGAGCTCACCTTCAAGCGCGGGTTTCTCCAATACGCCTA
CGACGGGCGGGACTACATCGCCCTGGACTCGGAGACCTCCACGTGGACGGCGGAGGTGCCGCAGGCTCTGAACACCAAGCGCAA
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