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ABSTRACT 

 

The Major Histocompatibility Complex (MHC) class I family of genes encode for 

molecules that have well-conserved structures, but have evolved to perform a diverse 

functions. The availability of an opossum genome from the grey, short-tailed opossum, 

Monodelphis domestica, has allowed for analysis of MHC class I genes in a marsupial.  

Traditional methods for gene discovery uncovered 13 MHC class I genes in the opossum. 

Utilization of a novel method to search for MHC domain structures discovered a family 

of 17 novel MHC class I genes. These genes, named ModoUT1-17, were located in a 

cluster on chromosome 1, unlinked to the MHC. UT homologues are only found in 

marsupial and monotreme genomes, consistent with being ancient in mammals yet lost in 

eutherians.  

Twelve of the ModoUT loci are transcribed in the opossum thymus. The majority 

of UT transcription is in the thymus or skin, with limited expression in other tissues. Full-
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length sequencing of eleven transcribed ModoUT genes revealed between five and eight 

exons, with typical class I gene structure and few alternative splice variants. A survey of 

ModoUT polymorphism in different M. domestica populations found low levels of 

polymorphism. Limited positive selection occurs in any of the ModoUT genes, 

suggesting they may not be under pathogen-mediated pressure.  

Also uncovered in M. domestica genome search was the presence of two 

additional loci of the ModoUA gene, now designated ModoUA3 and ModoUA4.  The 

ModoUA gene is thought to be the class I molecule involved in peptide presentation. 

These new genes were uncovered in a region of the genome that was expanded and more 

complete than in earlier genome assemblies. The occurrence of five to six alleles in 

individual M. domestica indicates three loci being transcribed.  The ModoUA1 and 

ModoUA3 genes are highly similar and alleles cannot be distinguished, while ModoUA4 

is easily identifiable, although less common and also relatively non-polymorphic and not 

under positive selection.  The use of later assemblies and novel search methods 

confirmed the existence of three related MHC class I genes in the opossum, making 

opossums more typical of mammals by having multiple classical MHC class I loci. 
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THE EVOLUTION OF STRUCTURE-FUNCTION RELATIONSHIPS 

The relationship between the structure of a molecule and its function is a 

fundamental question in both structural and evolutionary biology. Model systems can be 

used to thoroughly examine how the structure of a molecule affects function. An ideal 

model system in which to examine this relationship is the Major Histocompatibility 

Complex class I family. The MHC class I molecules are best defined by the complex 

structure they all share. However, a striking difference can be seen in how these 

molecules have evolved to perform a wide variety of functions, indicating the plasticity 

of molecular structures (Kasahara, 1997, Kelley et al. 2005, Klein et al. 2007). 

Examples of other molecules with conserved structures and diverse functions 

include serpins and lipocalins. Serpins, short for serine proteinase inhibitors, have been 

found across a vast number of organisms, from humans down to viruses (Silverman et al. 

2001). The majority of serpins are comprised of a conserved structure comprised of three 

β sheets, a minimum of 7 α-helices, and a reactive site loop (RSL) that contains 

approximately 17 flexible residues that tether two of the β sheets together (Silverman et 

al. 2001). Researchers have identified serpins that inhibit proteinases, including caspase 

and cysteine proteinase, while others have been shown to have functions outside 

inhibition, and serve important roles in hormone transport and blood pressure regulation. 

Another molecule, lipocalin, shares conserved regions of sequence motifs that result in 

conserved protein folds resulting in an antiparallel β barrel. Unlike serpins, lipocalin has 

been found primarily in vertebrates. Lipocalins are involved in diverse functions 

including ligand binding, binding of receptors for retinol and bilin, along with formation 

of complexes with macromolecules (Flower, 1996). 
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THE MHC CLASS I FAMILY AS A RESEARCH MODEL  

The MHC class I molecules are encoded by a family of genes that are found in all 

jawed vertebrates. A number of MHC Class I genes and other important immune and 

non-immune genes can be found in a cluster together in a region known as the Major 

Histocompatibility Complex (MHC) region.  The MHC class I genes are best defined not 

by their function, but by their conserved structure. The conserved structure across MHC 

Class I molecules make them useful for examining the relationship between structure and 

function of a molecule.  

The conserved structure of the MHC Class I molecule is defined by an α chain, 

comprised of three extracellular domains: α1, α2, and α3 domains, paired with β2-

microglobulin (Figure 1). A transmembrane domain and a cytoplasmic tail extend from 

the α3 domain of the MHC molecule and anchor the molecule to the cell (Yeager and 

Hughes, 1999).  While the β2-microglobulin is not encoded within the MHC region, it is 

necessary for the proper cell surface expression of most MHC class I molecules (Zijstra 

et al. 1990). Together, the α1 and α2 domains fold and combine to form a groove 

comprised of β-sheets with two α helices (Adams and Luoma, 2012).  Overall, MHC 

class I molecules, while having similar structures, have evolved to perform a variety of 

functions (Table 1).  Examples of known functions performed by MHC class I molecules 

are: 

I.  Presentation of Lipids to T cells 

The groove formed by the α1 and α2 domains in MHC Class I molecules may 

serve to bind many different antigenic molecules recognized by the immune system. CD1 

is an example of a molecule that binds a large array of hydrophobic lipids. CD1 has a  
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Figure 1: Conserved structure of MHC Class I molecules. 
Ribbon structure shows the β sheets and the α helices. The 
groove formed by the α1 and α2 domains can also been seen. 
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Table 1: List of molecules considered to be MHC Class I with 
functionality, examples and characteristics. Except for M10, 
these MHC Class I molecules can be found in different species 
within the vertebrate lineage.	  

Roles MHC Class I 
Molecules Have Evolved

Immune/Non-Immune Examples Polymorphic Tissue Specificity

Present antigenic lipids to 
!/" T cells 

Immune CD1 No

Group 1:  cortical thymocytes, 
Langerhans cells, dendritic 

cells, B cell subset                         
Group 2: GI epithelium, Bone 

marrow derived cells
Receptor for transferring 

maternal IgG to fetus
Immune FcRn No

Neonatal epithelium, lung, 
liver, placenta

Regulation of NK Cells  Immune All MHC Class I N/A Ubiquitously expressed

Binding of Transferrin 
Receptor 

Non-immune HFE No Liver, Gut

Chaperone for Receptor of 
Pheromones in Rodents 

Non-immune M10 No Brain

Lipid Catabolization and 
Fat Storage Reduction 

Non-immune ZAP No Adipocytes

Present antigenic peptides 
to CD8+ T cells 

Immune HLA-A, H2-K Highly Polymorphic Ubiquitously expressed
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compressed and hydrophobic binding groove, and functions as an antigen presenting 

molecule by binding self and bacterial lipids for presentation to T cells (Lawton and 

Kronenberg 2004, Rodgers and Cook 2005, Shawar et al. 1994). In mammals, CD1 is 

encoded outside the MHC region, while in avian species, CD1 is encoded within the 

MHC region.  

In eutherian mammals, multiple functional CD1 genes exist. An example of this 

can be seen in humans, who have five CD1 gene isoforms, whereas mice only have one 

CD1 gene (Brigl and Brenner 2004, Shawar et al. 1994). The presence and/or absence of 

CD1 genes in non-eutherian and non-mammalian vertebrates, along with being non-

orthologous to eutherian isoforms suggests the duplications that generated multiple CD1 

groups occurred 170-180 million years ago, after divergence of the eutherian-marsupial 

lineage (Baker and Miller 2007). CD1 is a pseudogene in the marsupial M. domestica, 

and is encoded outside the MHC region. However, CD1 is functional in other marsupial 

species (Baker and Miller 2007).  

 No other molecules that specialize in chaperoning or in loading lipids have been 

found outside of the CD1 system. This potentially indicates that the antigenic lipid 

presentation by CD1 molecules may have diverged early from the MHC system in 

vertebrates, and remains a more primitive system for presentation of antigenic lipids 

(Hughes 1991, Lawton and Kronenberg 2004). Regardless of the evolutionary 

divergence, CD1 molecules play an important role in immunity via effector functions for 

CD1d restricted T cells (NKT cells), pathogenic Mycobacterium responses, and 

presentation of atypical and self lipids (Brigl and Brenner 2004, Rodgers and Cook 2005, 

Shinkai and Locksley 2000).   



 7 

II. Transport of Immunologlobulins 

Neonatal Fc receptors (FcRn) are a group of MHC class I molecules that do not 

bind any lipids or peptides, but instead serve as an Fc receptor for IgG. A key difference 

between FcRn and the other MHC class I molecules structure is the groove is occluded in 

FcRn and thus cannot bind any molecules (Ghetie and Ward 2000). The occlusion of this 

binding groove however, does not limit the function of the molecule. FcRn was first 

discovered as the receptor for transference of maternal IgG to neonate (Story et al. 1994). 

Subsequent research has shown FcRn is also responsible for maintaining appropriate 

serum levels of IgG, an indicator that the FcRn molecule is able to transport IgG within 

and across cells (Ghetie and Ward 2000). Despite the closed binding groove, FcRn binds 

the IgG on the external surface of the molecule. The FcRn gene is found outside of the 

MHC region across the mammalian lineage.  

IgY is the avian equivalent of IgG, and in avian species, including the chicken, a 

yolk sac receptor called FcRY plays a similar role to that of FcRn in transferring IgY 

(West Jr. et al. 2004). However, the chicken FcRY is not homologous in structure to 

MHC Class I molecules. Instead, the FcRY is homologous to mammalian phospholipase 

A2 receptors. This suggests that the use of the MHC Class I molecule FcRn for IgG 

transport is a recent evolutionary adaptation in mammals, as it is not seen in more distant 

vertebrates like birds (Roopenian and Akilesh 2007, West Jr. et al. 2004). 

III. Regulation of NK Cells   

An important mechanism used in innate immunity employs the use of MHC class 

I molecules and Natural Killer cells (NK cells). NK cells are similar to CD8+ cytotoxic T 

cells, but instead of detecting specific antigenic peptides, they respond rapidly to virally 
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infected cells or tumor cells that do not express MHC class I on the cell surface (Kärre, 

2008). If a cell is detected as lacking MHC class I molecules, cell destruction is initiated 

via apoptosis by NK cells (Grommé and Neefjes 2002, Terunuma et al. 2008). 

IV. Binding of Transferrin Receptor and the Transfer of Iron 

While a number of MHC class I molecules are involved in various immune 

functions, other MHC class I molecules have evolved roles in non-immune functions. 

One of these non-immune roles was discovered in individuals with heredity 

haemochromatosis (HH), a disease that causes an overload of iron in the blood (Feder et 

al. 1996). These individuals had defective copies of the HFE gene, a molecule 

homologous to the MHC class I molecules, that has a narrowed binding groove that 

cannot bind peptides or lipids (Adams and Luoma 2012, Braud et al. 1999). The role of 

the HFE molecule is to bind the transferrin receptor, which then reduces the receptor’s 

affinity to load transferrin molecules bound with iron (Lebŕon et al. 1998). Without the 

HFE molecule reducing the receptor’s affinity for iron rich molecules, large deposits of 

iron can form in organs, leading to organ failure (Braud et al. 1999, Feder et al. 1996).  

The gene encoding for the HFE molecule is located within the MHC region, despite its 

non-immune function. 

The most common mutation resulting in HH prevents the association of β2-

microglobulin with the HFE α chain, resulting in the molecule not being presented on the 

cell surface. Defects resulting in the loss of β2-microglobulin association with the α 

chain often result in the absence of surface MHC molecules (Braud et al. 1999). The 

linking of an MHC Class I gene deficiency to a common hereditary disease has brought 

more focus to the different non-immune roles the MHC class I genes may play. 
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   V. Chaperone for Receptor of Pheromones in Rodents  

In rodents, a highly unique MHC class I molecule has been discovered in the 

vomeronasal organ. The vomeronasal organ serves as the peripheral sensory organ of the 

accessory olfactory system, and is involved in chemical and pheremone communication 

(Keverne 1999). The molecule, called M10, is homologous to MHC class I structure and 

associates with β2-microglobulin.  M10 serves to bind a specialized olfactory receptor 

V2R in the vomeronasal organ (Adams and Luoma 2012). The M10 molecule and V2R 

form a multi-molecular complex located at the ends of the vomeronasal neurons, which is 

the region where pheromone detection occurs (Dulac and Torello 2003). Based on the 

location of M10 in the vomeronasal organ and the interaction with V2R, it is suspected 

that it may be a chaperone or co-receptor for the detection of pheromones or receptor 

localization (Dulac and Torello 2003). The M10 genes are not found in species like 

humans that lack vomeronasal organs, which is an indicator that they play a highly 

specific role in pheromone detection (Kumánovics et al. 2003).  

   VI. Lipid Catabolization and Fat Storage Reduction  

Another MHC class I molecule with non-immune functions is the zinc α2 

glycoprotein (ZAG) molecule. ZAG has a more open binding groove, and binds small 

hydrophobic molecules that resemble fatty acids. This is unlike many of the other MHC 

class I molecules not involved in peptide binding that have closed or minimal binding 

grooves (Adams and Luoma 2012, Sánchez 1999). Interestingly, the ZAG molecule 

functions in the absence of β2-microglobulin. The expression of the ZAG molecule 

serves to catabolize lipids and reduce fat stores by breaking down lipids in adipocytes 

(Sánchez 1999). Because of the role ZAG molecules play in fat depletion, increased 
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expression of the molecules can be found in patients suffering from cachexia (Adams and 

Luoma 2012).  

VII. Presentation of Peptides Derived from Self & Foreign Antigens to T 

cells. 

A. Discovery, Function, and Evolution 

The role of peptide presentation for MHC class I molecules has been left for last 

because it is the most well studied function.  Peptide presentation is the most ubiquitous 

function and therefore likely the ancestral role of MHC class I molecules. Because 

peptide presentation was the first function described for MHC class I molecules, they are 

often referred to in the literature as classical MHC class I.  

Peter Gorer discovered the MHC while investigating the genetic basis for tumor 

rejection and/or survival in mice (Klein 2001). Gorer’s (1938) work suggested there were 

two dominant genes that influence tumor growth or rejection, one of which was linked to 

a blood group antigen, called antigen-2.  Gorer and others began to refer to such loci as 

histocompatibility loci (H) and the one linked to blood group antigen-2 became known as 

the H-2 locus. Another researcher, George Snell, began to experiment with mice that 

differed only by a single H loci. He made the discovery that the H locus was likely a 

complex of a minimum of two loci, but one locus (H-2) was more critical in the rapid 

tissue rejection response or for acceptance of transplanted tumors (Snell 1951). Other H 

loci did not generate tissue rejection so rapidly. The more rapidly responding locus was 

named the Major Histocompatibility Gene.  The region where these loci were uncovered 

was termed the Major Histocompatibility Complex or the MHC.   
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The MHC class I genes are best known for their role in encoding for molecules 

that present antigenic peptides to CD8+ T cells (Lawlor et al. 1990). Presentation of self-

derived peptides to T cells allows for cells in the body to be frequently monitored for 

pathogenic infection. If the peptide presented to the CD8+ T cell is recognized as non-

self, apoptosis of the cell presenting the foreign peptide will be initiated. Examples of 

antigenic peptide presenting MHC class I molecules include HLA-A in humans, H2-k in 

mice, and ModoUA in the opossum.  

A key feature of MHC class I molecules like human HLA-A is that they can be 

found ubiquitously expressed on all nucleated cells. Another family of MHC molecules 

exists (MHC class II) that only are expressed on antigen presenting cells, including 

macrophages and dendritic cells (Rodgers and Cook 2005, Shawar et al. 1994). When 

intra-cellularly derived non-self peptides are presented to T-cells from MHC class I 

molecules, an adaptive immune response is generated. This response includes recruitment 

of macrophages to the area, B-cell activation, and killing of infected cells (Yeager and 

Hughes 1999). In order for molecules like HLA-A to bind a wide variety of self or non-

self peptides, high levels of polymorphism are present in the residues making up the 

peptide-binding region. Pathogen-mediated selection can act on the genes and stimulate 

nucleotide changes at sites where peptide binding occurs, resulting in high levels of 

polymorphism in MHC class I genes (Hughes and Nei 1989, Messaoudi et al. 2002). 

The MHC class I genes that encode for peptide-presenting class I molecules are 

found at a specific chromosomal region where MHC class II genes and antigen 

processing molecules are also located, known as the MHC region. Many other MHC 

class I genes, including CD1 and FcRn, can be found entirely outside of this region, and 
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even on different chromosomes (Shawar et al. 1994). Peptide-presenting MHC class I 

genes are typically organized with five exons, encode only one mRNA form, and do not 

contain any unpaired cysteines. Other MHC class I genes that encode for molecules in 

non-peptide presenting roles may have more atypical gene organization and exon 

composition that results in features like unpaired cysteines and multiple alternative 

mRNA forms (Baker et al. 2009, Fujii et al. 1994).  

B. Organization of the MHC Region 

The genomic organization of the MHC can be highly variable between 

vertebrates. In eutherians, such as humans and mice, the peptide presenting MHC class I 

and class II genes are separated by MHC class III with antigen processing and transporter 

genes found in the MHC class II region (Edwards and Hedrick 1998, Flajnik and 

Kasahara 2001, Figure 2). The non-eutherian opossum has an MHC region that rivals the 

length and complexity of eutherian MHC, but is organized more similarly to the MHC of 

non-mammals. In the opossum, MHC class I and class II genes are interspersed in the 

genome without separation by MHC class III genes seen in eutherians (Belov et al. 2006, 

Figure 2). Another feature of non-eutherian MHC organization is that the antigen 

processing and transporter genes can be found near MHC Class I genes, a trait also seen 

in frogs and chickens, suggesting the linkage of these genes is the ancestral organization 

(Baker et al. 2009, Siddle et al. 2009).  

C. Evolution and the MHC Class I Genes 

Flajnik and Kasahara (2001) postulated that the proximity of the MHC class I 

genes to antigen-processing or transporter genes is an indicator that these genes evolved 

their  
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functions together. However, the co-evolution of these genes could be problematic as it 

may restrict diversity. If both MHC class I and antigen-processing and transporter genes 

are in close proximity, Flajnik and Kasahara (2001) predict these genes would then have 

lower numbers of duplications or deletions, resulting in less diversity within them. 

Species with unlinked MHC class I and antigen processing/transporter genes (e.g. antigen 

processing/transporter genes in the MHC class II region) would then have greater levels 

of duplications and deletions. Because of the separation of these genes in eutherian 

mammals, one would expect greater level of diversification of the MHC class I and 

antigen processing/transport genes that have occurred as the result of duplication, 

deletion, and divergence.   

However, the genomes of marsupials, such as the opossum and tammar wallaby, 

Macropus eugenii, reveal that this is not the case. The close proximity of antigen 

processing/transporter genes to MHC class I genes or the displacement of the antigen 

processing or transporter genes in these species to outside the MHC region does not 

hinder the ability of the genes to undergo deletions and duplications necessary for 

selection (Baker et al. 2009, Belov et al. 2006, Siddle et al. 2009, Siddle 2011). The 

tammar wallaby has an increased number of transporter and antigen processing genes, 

some of which are located outside of their core MHC region, while opossums have these 

genes in proximity to MHC Class I genes (Belov et al. 2006, Siddle et al. 2011). Based 

upon the overall patterns of MHC gene organization, it is presumed the current form of 

eutherian MHC organization  (Figure 2) occurred after divergence with marsupials, as 

non-eutherian MHC organization more closely resembles that of non-mammalian species 

(Miller 2010).  
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Figure 2: Organization of MHC genes across different species 
including eutherians, non-eutherians, avian, amphibian, and 
bony fish. Adapted from Belov et al. 2006, Edwards and 
Hendrick, 1998, Flajnik and Kasahara, 2001, Lukacs et al. 
2007, Ohta et al. 2006, and Siddle et al. 2011. 
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THEORIES ON THE ORGIN OF THE MHC CLASS I DOMAIN STRUCTURE. 

Most of the theories regarding the origin of the unique MHC class I structure are 

based on its peptide-presenting role for several reasons.  The first reason is that peptide 

presentation is seen as the classical role of MHC molecules, the second being peptide 

presentation is the most ubiquitous role and therefore believed to be its primordial 

function. 

The evolutionary path and development of MHC Class I and II are debated, but 

two main hypotheses have been put forward, both involving exon shuffling (Figure 3). 

The first hypothesis, proposed by Flajnik et al. (1991), posits an ancestral 

immunoglobulin domain combined with a peptide-binding domain derived from heat-

shock proteins to generate an ancestral MHC class I molecule. The ancestral class I 

molecules comprised of a single α chain containing an immunoglobulin domain and 

peptide binding domain, and were associated with a β2-microglobulin domain as well. 

Duplication resulted in multiple ancestral class I and β2-microglobulin genes. An 

ancestral class I molecule then likely donated an α1 domain onto the β2-microglobulin 

gene, forming a β chain gene. The remaining α chain from the ancestral class I would 

readily associate with the newly formed β chain, generating ancestral class II molecules.  

The second hypothesis on the origin of MHC class I and II genes was formulated 

by Klein and O’hUigin (1993) and supports an ancestral immunoglobulin-like domain 

combined with membrane-anchoring domains and peptide-binding domains to make an 

ancestral class II molecule. Two instances of whole genome duplication resulted in four 

ancestral class II molecules. Deletion of the immunoglobulin-like domain and membrane- 
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Figure 3:  Diagram of the hypothetical evolutionary pattern of 
MHC.  Adapted from Flajnik et al. 1991 (Class I First) and Klein 
and O’hUigin, 1993 (Class II First) 
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anchoring domain in one of the class II molecules, along with combining with another 

ancestral class II molecule resulted in the formation of class I molecules. 

 While the two presented theories both use exon shuffling for evolution of the 

genes encoding the MHC class I molecule, the development of MHC region occurred via 

genome wide duplications that also resulted in the emergence of genes like  -classical 

MHC Class I genes being found in the same region of the genome (Nei and Rooney 

2005). However, in 1997, Masatoshi Nei and colleagues developed an alternative 

hypothesis to explain the diversity generated within the MHC gene family. Phylogenetic 

analysis of MHC and immunoglobulin genes families resulted in the development of a 

new evolutionary pattern called “birth-and-death” evolution (Nei et al. 1997, Nei and 

Rooney, 2005).  

THEORIES ON THE ORIGIN AND GENERATION OF MHC CLASS I GENES 

Until the early 1990’s, it was hypothesized that the diversity of MHC genes across 

species was the result of concerted evolution. Concerted evolution can be explained as 

homologous genes being more similar to their paralogs within a species than of a locus in 

another species. The genes generated from concerted evolution could be modified or 

changed if gene conversion occurs. Gene conversion occurs as the result of the transfer of 

DNA from homologous genes, often by unequal cross-over during meiosis. The 

conversion of genes could generate polymorphism and differences within these genes 

(Nei et al. 1997). This view was problematic, because it could not explain how gene 

conversion could occur between two previously differentiated loci, nor could it resolve 

the existence of classical and non-classical MHC Class I genes being found in the same 

region of the genome (Nei and Rooney 2005). However, in 1997, Masatoshi Nei and 
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colleagues developed an alternative hypothesis to explain the diversity generated within 

the MHC gene family. The expansion and contraction of these important immunological 

genes prompted an in-depth phylogenetic analysis of MHC and immunoglobulin gene 

families. This resulted in the development of a new evolutionary pattern called “birth-

and-death” evolution, initially referred to as the accordion model (Klein et al. 1993, Nei 

et al. 1997, Nei and Rooney, 2005).  

In the birth and death model, new genes are generated via gene duplications. 

Sometimes these duplicated genes may be a functional gene (birth), while others become 

pseudogenes (death) (Nei and Rooney 2005). Overall, different families or orders of 

mammals do not have wholly orthologous genes, and instead have different genes or loci 

due to their birth and death process in individual species (Nei et al. 1997, Nei and Rooney 

2005). It is important to note that many MHC genes have survived between species for 

hundreds of millions of years (e.g. MICA and HFE), while others (HLA-A, B, and C) have 

diverged more recently between humans and great apes (Adams and Parham 2002, Nei et 

al. 1997).  The development of high levels of diversity in the MHC region along with the 

visible differences between MHC across species hasbeen the result of generation, 

duplication, and loss of MHC genes (Nei and Rooney 2005). 

SEARCHING GENOMES FOR MORE MHC CLASS I MOLECULES 

Traditionally, novel genes in genomes have been found using in silico search 

methods that rely on sequence identity and similarity to identify new genes. This 

methodology relies heavily on conserved nucleotide identity or similarity for 

identification. MHC class I genes offer an ideal model for the new search methods that 

search using structure rather than sequence. Because nearly all MHC class I genes can be 
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grouped via their conserved structure consisting of an α chain comprised of three 

domains and an associated β2-microglobulin, we can utilize new search methodologies 

that look for the defined protein domain structures of Class I molecules. This method 

uses a search algorithm that looks for the conserved structure of the MHC Class I 

molecules rather than sequence homology. Using this novel technique, available full 

genomes can be searched to see if the algorithm could uncover previously identified 

MHC class I genes found using traditional search methods or any new Class I genes.  

 

MARSUPIALS AS A MODEL RESEARCH ORGANISM 

 Because of this ability to search and possibly uncover novel families of MHC class I 

genes, the genomes of non-traditional organisms must be examined. This includes 

marsupials and monotremes, including the marsupial species the grey-short tailed 

opossum, Monodelphis domestica.  

I. Origins and History of Marsupials 

 Marsupials are a unique part of the animal kingdom, as they represent the most 

evolutionarily distant living species of viviparous mammals to eutherians (Cifelli and 

Davis 2003). Marsupials, or Marsupialia, are a distinct infraclass of mammals that 

contains nearly 300 different species. While the majority of the known marsupial species 

are found in Australia and Oceania, many can also be found in the Americas (Wilson and 

Reeder eds. 2005). South and Central America contain the bulk of the Western 

Hemisphere’s approximately 80 marsupial species. One species can be found in North 

America, the Virginia opossum, Didelphis virginiana (Graves and Westerman 2002). 

Currently, there are no marsupial species found in Africa, Asia, or Europe. However, a 
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fossil specimen of a marsupial (Sinodelphys szalayi)	  has been found in China dating to 

125 million years ago, along with the earliest placental mammal fossil, indicating that 

Asia may have been the location where diversification between early metatherians and 

eutherians occurred (Luo et al. 2003).  

II.  Unique Birth and Development in Marsupials 

 Marsupials differ from eutherian mammals in several ways, with the most 

noticeable difference being the birth of highly altricial or relatively underdeveloped 

young.  The altricial birth state is due to a short gestational period and comparatively less 

invasive placenta (Graves and Westerman 2002). As the result of these early 

developmental differences, the overall development of the immune system of marsupials 

differs from that of eutherians. Marsupial young are born both physically and 

immunologically underdeveloped and develop some of their lymphoid cells post-natally 

(Baker et al. 1999, Old and Deane 2000, Wang et al. 2012). However, the pouch 

environment in which marsupial young enter frequently encounter pathogenic bacteria, 

and therefore defense mechanisms must be in place for the young to fight 

microorganisms. As a result, some of the protective mechanisms marsupials have 

developed to protect altricial young include transfer of immunoglobulins and immune 

compounds in milk and antimicrobial peptides secreted by the mother in the pouch 

(Edwards et al. 2012). These characteristics have made marsupials a valuable tool for the 

study of early immunological development in mammals.  

III.  Use of the Gray Short-tailed Opossum, Monodelphis domestica, in 

Research 

Beginning in 1978, M. domestica were imported into the United States from four 
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sites in Brazil and one Bolivian site for use as a captive laboratory bred marsupial. Since 

then, M. domestica has been used in biomedical research as an animal model for 

melanoma, corneal cancer, and hypercholesterolaemia (Samollow 2006, VandeBerg and 

Robinson 1997). Other research, lead by Fry and Saunders (2000), has used M. domestica 

as a model to examine neural fiber regeneration following spinal cord injury. The 

uniquely altricial development of M. domestica allows the species to be used as a model 

for early neurological and immunological development, while also providing insight 

about the evolutionary lineage by sharing the last common viviparous ancestor to 

eutherian mammals. Additionally, M. domestica was the first marsupial to have its entire 

genome sequenced (Mikkelsen et al. 2007), a critical resource for searching genomes. 

 

EARLY IMMUNOLOGICAL RESEARCH ON MARSUPIALS 

 Early research on the immune systems of marsupials focused on the thymus. It 

was noted by Johnstone (1898) that some species of marsupials had only a thoracic 

thymus, as is the case in eutherians, while others had both a cervical and a thoracic 

thymus. Thymectomy studies done with the quokka, Setonix brachyuras, where either the 

cervical or thoracic thymus was removed suggested that the roles of both of the thymuses 

were the same, despite their differing locations and development patterns (Stanley et al., 

1972). Thymectomy studies on opossum pups a week after birth found a reduction in 

lymphocytes in lymphatic tissue with an increase of myeloid tissue, confirming that one 

or both thymuses in marsupials have a critical role in the maturation of T cells and other 

lymphoid tissues (Miller et al. 1965). Mixed lymphocyte reactions (MLR) of peripheral 

blood leukocytes (PBL) from two different populations of Virginia opossum failed to 
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respond and proliferate, but did respond to mitogens (Fox et al. 1976). It was inferred 

from this that the opossums might lack antigen reactive lymphocytes or may not have 

MHC, as they could not reject non-self leukocytes from the same species. The application 

of molecular genetic technologies, however, has confirmed the presence of MHC genes 

in marsupials.  

 

THE UNIQUE MARSUPIAL IMMUNE SYSTEM 

The work done in marsupial immunology has shown that components of 

immunity have been lost in non-eutherians and found in eutherians and vice versa. In 

comparisons of the immune systems of eutherians and non-eutherians, the research 

allows us to see the differences that exist between close relatives. Components of the 

adaptive immune system, such as immunoglobulins, have been shown to differ between 

eutherian and non-eutherian mammals. While IgM, IgG, IgE, and IgA have been found in 

all mammalian species, the marsupial M. domestica lacks IgD, which is postulated to be 

an ancient immunoglobulin in jawed vertebrates (Ohta and Flajnik 2006, Sun et al. 2011, 

Wang et al. 2009). It is likely the lack of IgD represents a significant gene loss in M. 

domestica, given that IgD can also be found in eutherians, non-eutherians, and other 

jawed vertebrates (Flajnik 2002, Miller and Belov 2000, Ohta and Flajnik 2006).  

All jawed vertebrates have the four T cell receptors (TCR), TCR-α, TCR-β, TCR-

δ and TCR-γ.  While marsupials and monotremes have all four traditional TCRs, they 

also have a fifth atypical T cell receptor, TCR-µ (Parra et al. 2007, 2008). Even between 

marsupials and monotremes TCR-µ differs.  In marsupials, pre-joined V genes encode 

the TCR isoform, whereas the platypus has doubly-rearranging V domains (Miller 2010, 
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Parra et al. 2007). While the function of TCR-µ and the presumed partner chain remain 

unresolved, TCR-µ is related to TCR-δ, but remains divergent in both sequence and 

structure from traditional mammalian T- cell receptors (Parra et al. 2008, 2012). The loss 

of the immunoglobulin IgD in M. domestica and the gain of TCR-µ in marsupials and 

monotremes have shed new light onto the evolutionary trajectory and development of 

mammalian immunity.  

 

MHC RESEARCH IN MARSUPIALS 

MHC class I genes have been characterized the most in mammalian species such 

mice and humans, but also have been examined in a more distant group of non-eutherian 

mammals, the marsupials. Early work on MHC in koalas generated numerous MHC class 

I gene sequences, and defined MHC class I in the species as a large, multi-gene family 

(Houlden et al. 1996). In contrast, low levels of polymorphism were found in the MHC 

class II β chain of tammar wallabies in comparison to eutherians (McKenzie and Cooper 

1994). Currently, research on the MHC in marsupials focuses mostly on MHC class I 

genes.  

The model organism for the investigation of marsupial MHC Class I genes is the 

gray short-tailed opossum, Monodelphis domestica (Baker et al. 2006, Baker and Miller 

2007, Baker et al. 2009, Belov et al. 2006, Gouin et al. 2006, Miska et al. 2004, Miska 

and Miller 1999). Using traditional in silico search methods, eleven genes encoding the 

MHC Class I α chain have been uncovered in the M. domestica genome, along with three 

MHC Class I pseudogenes (Baker et al. 2009, Belov et al. 2006, Gouin et al. 2006).  
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The function and features of MHC class I genes have been fairly well defined in 

the opossum. Work by Gouin et al. (2006) revealed that a non-classical MHC class I 

gene, ModoUG, can be expressed in three different alternatively spliced mRNA forms. In 

these forms, a short cytoplasmic tail has been found that does not have traditional 

phosphorylation sites. In Baker et al. (2009), M. domestica MHC class I genes including 

ModoUE, UI, UJ, UK, and UM were characterized. These M. domestic class I genes had 

atypical genomic characteristics including alternative mRNA splicing, low 

polymorphism, and unpaired cysteine residues that could form homodimers. This is 

indicative that these MHC genes likely do not produce molecules involved in traditional 

antigenic peptide presentation.  
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ABSTRACT 

Major histocompatibility complex (MHC) class I genes are found in the genomes of all 

jawed vertebrates. This gene family has evolved to perform immune-related and non-

immune functions, including presenting endogenously-derived peptide antigens to 

cytotoxic T-cells.  

 

Sensitive sequence searches of representative vertebrate genomes using hidden Markov 

models revealed an extensive, novel sub-family of divergent MHC class I genes, denoted 

as UT, which have not previously been characterized. These genes are found in both 

American and Australian marsupials and in monotremes, but are absent from non-

mammalian genomes and lost from the eutherian lineage. We show that UT genes are 

expressed in immune tissues of the gray short-tailed opossum and several Australian 

marsupials. Structural homology modeling predicts that UT family members have an 

open, though short, antigen-binding groove. The function of this family is as yet 

unknown, however their predicted structure may be consistent with being able to present 

antigens to T-cells. 
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INTRODUCTION 

 

The major histocompatibility complex (MHC) is a region unique to the genomes of jawed 

vertebrates and contains genes that are critical to the generation of immune responses. It 

is the most gene dense and polymorphic region in the genome (reviewed in 1). The MHC 

is named for its role in recognition of ‘self’ and ‘non-self’ and was first identified in 

connection with tumour transplant rejection2. Genes in the MHC are also associated with 

resistance to infectious diseases, autoimmunity, reproductive success, inflammatory 

response and innate immunity (reviewed in 3,4). 

 

The genes of the MHC are sub-divided into class I, II and III. The MHC class I genes are 

particularly noteworthy for having undergone gene duplication and divergence, resulting 

in an extended gene family whose members perform a broad range of functions. The 

classical role of class I molecules is to present endogenously-derived peptides to CD8+ T 

cells to stimulate cytotoxic responses against virus infected or tumour cells. The class I 

molecules performing this role are sometimes referred to as classical MHC class I. 

Examples of classical class I genes include HLA-A, -B and -C in humans and H2-K, H2-D 

and H2-L in mouse. Classical MHC class I genes are generally broadly expressed in 

nucleated cells and highly polymorphic. Class I molecules performing other functions, 

collectively known as non-classical MHC class I, generally have low polymorphism, may 

have tissue-specific expression and in some cases have evolved functions other than 

antigen-presentation, including immuno-regulatory and non-immune roles. Examples of 

non-classical class I genes include HLA-E, -F and -G in human, B1 and Qa1 in mouse, as 
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well as MIC. The function of non-classical molecules is not limited to the immune 

system. The HFE gene, for example, serves as part of the transferin complex involved in 

iron storage (reviewed in 5). Others, such as the neonatal Fc receptor, FcRN, that 

transports maternal IgG to fetal or neonatal mammals, has a role in the immune system 

that is distinctly different from conventional class I (reviewed in 6). Typically, classical 

and some non-classical genes are located in the MHC, although many of the non-classical 

are located elsewhere in the genome7. 

  

In humans, the MHC is located on chromosome 6p1. Additionally, there are three regions 

of the genome that are paralogues of the MHC, indicative of the two rounds of whole 

genome duplication thought to have occurred in early vertebrate evolution8. These 

paralogous regions are located on chromosomes 1q, 9q, and 19p. They contain additional 

non-classical class I genes, including the CD1 gene family, MR1 and FCGRT. Other non-

classical class I genes are found on chromosome 20 (PROCR), chromosome 7 (AZGP1) 

and chromosome 6q (ULBP and RAET families), suggesting that duplication and 

translocation have acted to further distribute MHC class I genes throughout the genome. 

 

In some species, similar processes have acted to spread class I genes from the MHC. Two 

tightly linked, classical class I-like genes (UB and UC) in the opossum, Monodelphis 

domestica, for example, were translocated outside the MHC although they remain 

syntenic to the MHC on chromosome 29,10. In a more extreme example, in the tammar 

wallaby, Macropus eugenii, the classical class I-like genes have been completely 

translocated out of the MHC and are distributed across multiple chromosomes11. 
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Both classical and non-classical class I molecules have a conserved and distinctive 

protein domain structure. MHC class I genes typically have 5-9 exons encoding proteins 

with well-defined domain organization (Figure 1A and 1B). The first exon encodes a 

signal peptide. Exons 2 and 3 encode the α1 and α2 domains, which together make up the 

antigen-presenting domain (APD). An immunoglobulin domain (Ig or α3) is encoded by 

exon 4. Additional exons may encode one or more transmembrane domains and the final 

exon contains a conserved cytoplasmic domain at the C-terminus of some MHC class I 

genes. The α1, α2 and Ig domains are the hallmark of MHC class I genes. However, 

different isoforms of some MHC class I genes exist. These may splice out some of these 

domains to produce other membrane bound versions of the protein or secreted forms. 

Additionally, the UL16-binding protein (ULBP) and retinoic acid early transcript (RAET) 

families, known in eutherians, are MHC class I-related genes that lack immunoglobulin 

domains and may utilize a GPI-anchor rather than a transmembrane domain12-15. 

 

To better understand the evolution of MHC class I genes, particularly in mammals, we 

undertook to catalogue the class I genes. Here, we describe a sensitive comparative 

genomic analysis of MHC class I genes spanning the vertebrates. This was achieved 

using a novel approach based upon combining profile hidden Markov models (HMMs), 

which represent the separate domains characteristic of MHC class I genes. Our results 

reveal a new sub-family of MHC class I genes in marsupials and monotremes, which are 

not found in non-mammals and have been lost from the eutherian lineage. We show that 

these genes are transcribed in immune tissues in the gray short-tailed opossum, tammar 
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wallaby, brushtail possum and Tasmanian devil. Structural homology mapping is used to 

begin to investigate the function of these genes. 
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Materials and Methods 

 

Collection of annotated protein sequences 

Predicted MHC class I proteins were identified and extracted from the Ensembl 

genebuilds (Release 75) of a selection of species spanning the gnathostomes, a jawless 

vertebrate, 2 invertebrate species, and a fungus. Protein sequences from human33, 

mouse34, dog35, cow36, opossum37, wallaby38, Tasmanian devil19, platypus39, chicken40, 

zebra finch41, turkey (The Turkey Genome Consortium), green anole lizard42, Xenopus 

tropicalis43, zebrafish44, pufferfish45, lamprey46, sea squirt 43, fruitfly47 and yeast48 were 

searched using profile hidden Markov models (HMMs) representing the MHC class I 

APD (PFAM:PF00129 and SUPFAM:0045513), C1-type Ig domain (PFAM:PF07654) 

and MHC class II β domain (PFAM:PF00969) using HMMer version 2 (fs and ls) and 

HMMer version 3 (PFAM models only). The separate domain searches were integrated 

and MHC class I proteins predicted using a simple heuristic: proteins were annotated as 

predicted MHC class I proteins if they had a significant match to the MHC class I APD 

(E-value<10-5) or a weak match to the APD (score>0) and a significant match to the Ig 

domain model (E-value<10-5) in the correct order, with the additional requirement that 

the MHC class I APD model score is higher than the MHC class II β domain model 

score. Where a gene had multiple isoforms, the longest protein was selected as 

representative. The most sensitive approach (based on the number of proteins matched) 

used the SUPFAM MHC class I APD model, the PFAM Ig domain and HMMer2 in fs-

mode. ULBPs and RAETs, which do not possess immunoglobulin domains, were 

identified by searching with the MHC class I APD HMM only. 
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Sensitive genome search 

The predicted MHC class I proteins were used to construct custom profile HMM models 

in HMMer2. The 6-frame translations of the human (hg19), mouse (mm9), dog, cow, 

opossum (mondom5), wallaby (Meug_1.0), Tasmanian devil (assembly 7), platypus 

(OANA5), chicken, zebra finch, turkey, green anole, Xenopus tropicalis, zebrafish, 

tetraodon, lamprey, sea squirt, fruitfly and yeast genome sequences (Ensembl Release 75) 

were searched using profile HMMs representing the MHC class I APD (PFAM:PF00129, 

SUPFAM:0045513 and a custom model), C1-type Ig (PFAM:PF07654 and the custom 

model), C-terminal (PFAM:PF06623) and MHC class II β (PFAM:PF00969) domains 

with HMMer (version 2) with an E-value threshold of 10. Local alignment models (fs) 

were used. 

 

The coordinates of predicted domains in the 6-frame translation were then transformed 

back to genomic coordinates. Genomic regions matching the first half of the MHC class I 

domain model were annotated as α1 domains, while features matching the second half 

were annotated as α2 domains. Regions also matching MHC class II β domains were 

removed if the class II match scores were greater than the class I match scores. 

 

Genomic regions containing matches to the α1, α2, Ig and C-terminal domains with the 

correct orientation and order and intron-like separation were identified by aligning a 

model representing the canonical domain architecture of class I genes to the predicted 

domains (Figure 1). The alignment algorithm was implemented using dynamic 

programming. It used weighted HMMer scores as match scores. The weights were  
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Figure 1. Sensitive pan-genome search for MHC class I genes. The canonical domain 
structure of MHC class I (A) proteins and (B) genes. (C) The location in the opossum 
genome and score of matches to profile hidden Markov models representing the antigen-
presenting domain (split into α1 and α2 regions), C-type immunoglobulin domain and C-
terminal domain. (D) Example of a high-scoring run of α1, α2, Ig and C-terminal domains in 
the opossum genome. (E) Finite state automata of the alignment algorithm to search for runs 
of α1, α2, Ig and C-terminal domains, taking domain score and distance between domains into 
account. The nodes (circles) show match states. Symbols on edges show scores/penalties: +m 
is the match score, which is based on the HMM match score; -γ is a distance-dependent 
affine gap penalty, which models introns and allows the alignment to skip over matches that 
interrupt a run of domains; -ψ is a constant penalty for dropping the C-terminal domain. 
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selected to approximately normalise the contributions from each domain (weights were 

α1: 1, α2: 1, Ig: 2, C-terminal: 20). An affine gap penalty was used to model introns with 

gaps shorter than 5000nt penalty-free and calibrated so that a 20,000nt gap gets a penalty 

of 300. Mismatches are effectively disallowed by applying a very large mismatch score (-

20,000), but the affine gap function can skip over mismatching domains. Parameters were 

selected to have maximum sensitivity on the well-annotated human MHC class I genes 

and then tested on the mouse (positive control) and lamprey and sea squirt genomes 

(negative controls).  

 

The workflow is summarized in Supplementary Figure 5 and code is provided in the 

Supplementary Materials and Methods. 

 

Phylogenetic analysis 

Multiple sequence alignments of predicted peptide sequences were generated using 

Clustal Omega49,50 and edited in jalview51. 

 

The phylogeny of the 449 predicted MHC class I genes identified in the representative 

jawed vertebrates was inferred using the JTT model52 in BEAST253. A discrete Gamma 

distribution with 4 categories was used to model evolutionary rate differences among 

sites. Four Markov chains were run for 3,000,000 steps each starting from random trees. 

Trees were output every 1000 steps. The consensus tree was estimated from the last 

500,000 steps of the 4 chains. 
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To infer the evolutionary history of 30 selected human, mouse, marsupial and monotreme 

MHC class I genes, and the gene tree of the 46 UT family members, the best phylogenetic 

model was first selected using PROTTEST354.  In both cases, the best model based on 

AIC was the JTT method52 with invariant sites, gamma rate distribution, and empirical 

amino acid frequency. Phylogenetic trees were estimated using the maximum likelihood 

method with MEGA554. The bootstrap consensus tree inferred from 500 replicates was 

taken to represent the evolutionary history of the genes analyzed. A discrete Gamma 

distribution was used to model evolutionary rate differences among sites with 4 

categories. The rate variation model allowed for some sites to be evolutionarily 

invariable. The UT gene tree and the species tree were reconciled using NOTUNG55 to 

identify gene duplication and loss events. 

 

BAC library screening  

Overgo probes representing each of the wallaby and platypus novel class I genes were 

designed from genomic sequence using the Overgo Maker program. The specificity of 

the resulting overgos was judged by using the 40bp probe sequence to BLASTN search 

the tammar wallaby or platypus genomes. All overgoes used to screen the BAC libraries 

are listed in Supplementary Table 6. Overgos were radioactively labelled, pooled and 

hybridised to tammar wallaby (Me_KBa; Arizona Genomics Institute) or platypus 

(Oa_Bb, Clemson University Genomics Institute) BAC library filters as previously 

described 11. Positive BACs from this initial screening were spotted onto Hybond N+ and 

subjected to a further round of screening with individual probes as previously 

described56.  
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Fluorescence in situ hybridisation 

BAC DNA from each positive BAC clone was directly labelled with either 

SpectrumOrange dUTP or SpectrumGreen dUTP (Abbott Molecular Inc., Des Plaines, 

IL, USA). Labelled BACs were hybridised to male metaphase chromosomes spreads, 

visualised and imaged as previously described 56.  

 

RT-PCR of predicted transcripts in opossum 

Coding sequences of mdUT genes were amplified by targeted PCR with primers designed 

based on predicted exon 2 and 3 gene sequence, using a cDNA library constructed from 

opossum thymus mRNA (Supplementary Table 7). The PCR was done using Advantage 

HF 2 PCR kit (Clontech, Mountain View, CA), with the following parameters for all 

primers: 94°C for 1 minute, 35 cycles of 94°C for 30 seconds and 61 to 65.1°C gradient 

for 4 minutes, and 68°C for 5 minutes. The amplified DNA was then ligated into the 

pCR4-TOPO TA vector, transformed into One Shot Chemically Competent TOP10 E. 

coli, and incubated with 250µL LB medium at 37° while shaking for 1 hr (Invitrogen, 

Carlsbad, CA). A total of 120 µL of the transformed cells were then plated on ampicillin 

agar plates and incubated between 12-18 hours at 37°C. A minimum of 8 clones per plate 

were chosen, and plasmid DNA were generated using the boiling lysis method. Both the 

forward and reverse strands were sequenced with BigDye Terminator v3.1 Cycle 

Sequencing Kit (Invitrogen, Carlsbad, CA) Analysis of the sequences was done using 

Sequencher 5.0 (Gene Codes, Ann Arbor, MI). 

Searching marsupial immune tissue transcriptome data 
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To find support for the expression of UTs in several marsupials, sequencing data from the 

following immune tissue cDNA or EST libraries were downloaded: Roche 454 

sequencing data from tammar wallaby, Macropus eugenii, thoracic and cervical thymus 

cDNA libraries (NCBI SRA accessions: SRX019250 and SRX019249)57; Roche 454 

sequencing data from Tasmanian devil, Sarcophilus harisii, spleen and lymph node 

cDNA libraries (NCBI SRA accession: TBA); Roche 454 sequencing data from the 

opossum, Monodelphis domestica, thymus cDNA libraries (Katina Krasnec and Robert 

Miller, unpublished data); 17,818 ESTs from brushtail possum, Trichosurus vulpecula, 

spleen, lymph node and stimulated splenocytes (NCBI EST: LIBEST_019237); and a 

small set of 1319 ESTs from a northern brown bandicoot, Isoodon macrourus, thymus 

ESTs (GenBank accession: EE743888-EE745206) ENREF_4158. 

 

Reads from each library were aligned to predicted tammar wallaby UTs, or Tasmanian 

devil UTs, in the case of the devil spleen and lymph libraries, using BLASTN. An E-

value threshold of 10-5 was used and only a single best hit was recorded. 

 

Structural homology modelling 

Structure prediction used the I-TASSER method20. Structural similarity or divergence 

was evaluated by a pairwise root mean square deviation (RMSD) value upon 

superposition of the backbone Cα trace from the two groups of structurally equivalent 

atoms in MHC class I α1 and α2 domains. Structure visualization and the RMSD 

calculation are using Pymol (http://pymol.sourceforge.net/). 
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Results 

 

Sensitive peptide searches for MHC class I proteins 

We first set out to identify all annotated MHC class I proteins in 15 representative species 

sampled from across vertebrate life. The selected species comprised human, mouse, dog, 

cow, three species of marsupials with sequenced genomes, platypus, three avian species, 

a lizard, a frog, and two fish species. Additionally, we selected 4 eukaryotic species 

known to lack MHC class I genes as negative controls (lamprey, sea squirt, fruitfly and 

yeast). Predicted protein sequences from these species were obtained from Ensembl and 

searched using profile HMMs representing the MHC class I APD and the C1-type Ig 

domain, which are characteristic of MHC class I genes, and the MHC class II β domain, 

with HMMer. The separate domain searches were integrated and MHC class I proteins 

predicted using a simple heuristic: proteins were annotated as predicted MHC class I 

proteins if they had a significant match to the MHC class I APD or a weak match to the 

APD and a significant match to the Ig domain model in the correct order, with the 

additional requirement that the MHC class I APD model matched with higher score than 

the class II β domain model. MHC class I genes frequently encode multiple isoforms; in 

these cases, we selected the longest protein as the representative protein. A variety of 

HMMs were tested (e.g. PFAM, SUPFAM and iteratively constructed custom models; 

see Methods for details) and the most sensitive combination was adopted. 

 

Our search identified 348 MHC class I proteins across the 15 jawed vertebrate species 

searched (summarized in Table 1). This included all 24 known human and 41 mouse  
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Species
Protein search Genome search Merged total

Human 24 26 33
Mouse 41 49 55
Dog 19 21 24
Cow 47 39 55
Opossum 28 40 47
Tammar wallaby 17 35 41
Tasmanian devil 22 23 25
Platypus 19 10 21
Chicken 24 21 26
Zebrafinch 11 3 11
Turkey 7 3 7
Green anole 25 19 26
Frog 26 31 32
Zebrafish 28 31 33
Tetraodon 10 10 13
Lamprey 0 0 0
Sea squirt 0 0 0
Fruitfly 0 0 0
Yeast 0 0 0

348 361 449

Number of predicted MHC class I genes

Table 1. Summary of the number of MHC class I genes across 
species. The number MHC class I genes identified in each species 
by searching annotated proteins using customized models and by 
sensitive genome search. 
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MHC class I proteins with no false positives. Searches of several negative controls—

lamprey, sea squirt, fruitfly and yeast—did not identify any MHC class I proteins. 

Aligning all PFAM-A domain models to the set of predicted MHC class I proteins using 

hmmpfam showed that for each protein the strongest matches consisted only of the MHC 

class I APD, Ig and in some cases the conserved MHC C-terminal domains, with no other 

unexpected high quality matches. MHC class II genes were never misidentified as class I 

genes in the searches of any jawed vertebrate protein databases. Taken together these 

observations indicate the approach has high sensitivity and specificity. 

 

Sensitive genome searches for MHC class I genes 

Next, we set out to identify any unannotated MHC class I genes in these genomes using a 

highly sensitive search method designed to take advantage of the conserved exon/domain 

organisation of MHC class I genes (Figure 1A). Profile HMMs representing the MHC 

class I APD, C1-type Ig, MHC C-terminal, and MHC class II β domains were used to 

search the six-frame translation of each genome. The domain matches in the 6-frame 

translation were transformed back to genomic coordinates and the α1, α2, Ig and C-

terminal domains within the model matches were identified. In each species, we found 

thousands of matches to these domains (summarized in Supplementary Table 1). For 

example in the opossum genome, we found 2127 matches to the α1 domain, 3571 

matches to the α2 domain, 5028 matches to the Ig domain and 5546 matches to the MHC 

C-terminal domain. The majority of these matches had low scores. However, both 

isolated and clustered high scoring matches were also apparent (Figure 1B). Genomic 

features matching the expected structure of an MHC class I gene, that is a chain of α1, α2 
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and Ig domains and optionally a C-terminal domain on the same strand and at intron-like 

distances (for example Figure 1C) were identified by aligning a canonical model of an 

MHC class I gene, taking match score and the gaps between domains into account 

(Figure 1D and methods for details). Once again, a variety of HMMs were tested (e.g. 

PFAM, SUPFAM, and custom models based on the protein search results; see Methods 

for details). The custom models were adopted as the most sensitive. 

 

From the 388,409 domain matches across all species, the genome search identified 361 

genomic features possessing the MHC class I gene structure (summarized in Table 1; 

Supplementary Table 2 for details). These included 26 putative MHC class I genes in the 

human genome, 49 in mouse, and 40 in the opossum. Again, searches of the negative 

controls identified no MHC class I genes, as one would expect. These genomic features 

included annotated genes and both annotated and unannotated pseudogenes. Merging the 

protein and genome searches produced a total of 449 MHC class I genes and proteins 

across the species searched (Supplementary Table 3), including a total of 33 in human, 55 

in mouse and 47 in the opossum.  

 

The most dramatic differences between the results of searching annotated class I proteins 

and an unbiased search of the whole genome arose in the marsupials and monotremes. 

The annotation of the opossum genome (Ensembl Release 75) contains 28 MHC class I 

genes, but 40 putative MHC class I genes (genomic features with structural similarity to 

MHC class I genes) were identified in the sensitive genome search results. Seven of the 

annotated proteins were missed in the genome search, as the corresponding loci lack Ig 
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domains. Fifteen of the loci identified by the genome search were unannotated. Five of 

these contained in-frame stops, including opossum CD1, UH, and a MIC-like gene. These 

in-frame stops may be due to sequencing errors in the draft opossum genome, 

polymorphisms in the individual sequenced or the fact that our model does not take splice 

sites into account and may erroneously include short segments of intronic sequence in the 

domain matches, resulting in the genomic feature going out of frame. Consequently, we 

retained these genes in our analyses. Thus, a total of 47 putative MHC class I genes were 

identified. A similar pattern emerged in other marsupial and monotreme genomes. 

 

Phylogenetic analysis 

To annotate these genes and understand the evolutionary relationship between them, we 

inferred the phylogenetic relationships between all MHC class I genes identified in the 

selected vertebrates using a Markov Chain Monte Carlo (MCMC) method on the 

JTT+IGF model. Four MCMCs were run (see Supplementary Figure 1 for traces of 

posterior probability) and the consensus tree from the last 500 steps of each run was 

taken to represent the evolutionary history of the genes (Figure 2A). Additionally, a 

smaller phylogeny consisting of just human and opossum class I genes and the mouse 

Mill genes was also inferred by maximum likelihood (Supplementary Figure 2). 

 

While support in parts of the trees is low, the phylogenies provide a number of insights 

into the evolution of MHC class I genes in vertebrates. The large tree provides additional 

evidence for the previous observation that the non-classical MHC class I gene family 

MR1 is found only eutherians and marsupials16. Similarly, it suggests that the FCGRT,  
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Figure 2. Phylogeny of class Is predicted in representative species 
spanning the jawed vertebrates estimated by MCMC on the JTT+IG 
model. Numbers at nodes represent the frequency with which that 
split is observed. Gene families are labelled around the outside. The 
species label shows the location of classical MHC class I for each 
species or group of species. Key gene families or species’ classical 
class I genes are highlighted in colour. 
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HFE and AZGP1 gene families are specific to eutherians and marsupials. It demonstrates 

that the PROCR gene family is found across the amniotes. It suggests that MIC is 

duplicated in opossum (md_chain40), though this contains in-frame stops. The small tree 

supports the previous observation that marsupials may have a member of the ULBP gene 

family (ENSMODG00000015798)17. It identifies a possible expansion of AZGP1 in 

opossum (ENSMODG00000024063, ENSMODG00000027380, 

ENSMODG00000028158, and ENSMODG00000029679). The phylogenies also reveals 

two new opossum MHC class I genes that are located in the MHC, but have not 

previously been identified, which we have denoted UA3 and UA4. These appear to be 

closely related to UA1 and UA2. 

 

Strikingly, the phylogenetic tree identifies an extensive and entirely novel clade of MHC 

class I genes in marsupials and monotremes, which we have named UT. There are 17 UT 

family genes identified in the opossum genome, 9 in tammar wallaby, 13 in the 

Tasmanian devil and 7 in the platypus. The numbering of UTs is based on location in the 

gene cluster in the opossum and clear orthology, or lack of it in other marsupials. 

Platypus UTs are numbered independently as these appear to form a distinct clade. This 

is highlighted by the UT gene tree (Supplementary Figure 3), which was estimated using 

maximum likelihood with the JTT+IGF model and reconciled with the species tree using 

NOTUNG. No UTs were identified outside of the marsupials and monotremes in our 

searches. 
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Chromosomal location 

The UT family of MHC class I genes is encoded in a gene cluster on chromosome 1 in 

the opossum genome (Figure 3). This region is approximately 460 kilobases in size. 

Interestingly, the cluster is located at an evolutionary breakpoint and is flanked by 

genomic regions that share synteny with different chromosomes in human (chr2 and 

chr20) and mouse (chr6 and chr2). The tammar wallaby genome assembly (Meug1.0) is 

highly fragmented and scaffolds are not mapped to chromosomes. Fluorescence In-Situ 

Hybridization (FISH) shows that the UT gene cluster is also located on chromosome 1 in 

the tammar wallaby genome (Figure 4), as predicted by conserved synteny between the 

tammar and opossum18. Interestingly, the FISH also shows a signal on the tammar Y 

chromosome. As all marsupial genomes sequenced were female, this locus was not 

detected in genome-wide searches and the significance of this signal is not yet 

understood. Based on the digital karyotype of the Tasmanian devil19, the UT gene family 

is also located on chromosome 1. In platypus, the UT genes are located on unmapped 

scaffolds and we were unable to map them using FISH. 

 

Sequencing and gene expression 

Of the 17 putative opossum UT genes, the expression of 8 genes, consisting of UT4, UT5, 

UT6, UT8, UT9, UT10, UT15, and UT17, was confirmed in opossum thymus using RT-

PCR (Supplementary Figure 4). Predicted sequences obtained from our sensitive search 

method were confirmed using RT-PCR to obtain amplicon sequences from within exons 

2 and 3 (Supplementary Table 4). A further 4 UT loci, UT2, UT3, UT7, and UT16, were  
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UT1 UT2 UT3 UT4 UT5 UT6 UT7 UT8 UT9 UT10 UT11 UT12 UT13 UT14 UT15 UT16 UT17

705.25 705.27 705.29 705.32 705.36 705.38 705.41 705.43 705.46 705.50 705.54 705.58 705.61 705.67 705.69 705.70 705.71 Mb

705.71
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Figure 3

Figure 3. Comparative map of the UT cluster. (A) Genomic region 
containing the UT cluster in opossum showing the non-synteny of flanking 
genes between the opossum and human/mouse genomes. (B) Comparative 
map of UT cluster in opossum, tammar wallaby and Tasmanian devil. Green 
arrows represent UT genes found transcribed, orange for genes not 
transcribed, and white for unknown transcription 
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Figure 4. Fluorescence In-Situ Hybridisation showing location of UT 
cluster on chr1 in the tammar wallaby. A signal is also observed on the Y 
chromosome. 
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confirmed as expressed in Roche 454 sequencing data from an opossum thymus cDNA 

library (data not shown). 

 

Transcription of tammar wallaby UT1, UT2, UT3, UT4, UT5, and UT8 was confirmed in 

454 data from thoracic and cervical tammar thymus cDNA libraries. There was support 

for Tasmanian devil UT2, UT8, and UT11 in 454 cDNA data from devil spleen, but no 

UTs were detected in a lymph node library.  

 

Limited transcriptome sequence data is available from immune tissues of other species of 

marsupial. An EST (id: 161106CS44009845FFFFF) from brushtail possum immune 

tissues with homology to meUT2 was also identified, providing support for the existence 

of functional UTs in the possum. No UT transcripts were detected in BLASTN searches 

of a small bandicoot thymus EST library. No platypus immune tissues transcriptome data 

was available. 

 

Homology mapping 

To investigate the function of UT family members we predicted the protein structure of 

selected UTs (opossum UT4, UT5 and UT8) using homology modeling with the I-

TASSER method20. Protein structures from the Protein Data Bank (PDB) that were 

closest to the predicted models comprised both classical and non-classical MHC class I 

genes from chicken, cow, mouse and human (Supplementary Table 5; Figure 5A for an 

annotated sequence alignment of 7 of the top matches). The structure of the classical 

chicken MHC class I protein B21 (3BEV21) was the best match for UT8 and appeared in  
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Figure 5. Predicted structure of UT proteins. (A) Sequence alignment of the α1 and α2 
domains of UT4, 5, 6, 8 with 7 of the top 10 structural analogs from Protein Data Bank 
(PDB) identified by I-TASSER. Orange bars show α-helices. Green arrows highlight β-
strands. Major differences between the UTs and templates are indicated by arrows, or 
red lines, and the consequence of these on the protein structures are shown in Figure 5C. 
(B) Overlay of the backbone of the peptide binding groove of mdUT4 with its top 2 
structural analogs, 3BEV_A (ggB21) and 3P73_A (ggYF1). 
(C) Superposed model structures of mdUT4, 5 and 8 with the B21 template shows the 
antigen-binding groove is open, but possibly short. Filled sphere view shows the α-
helices and ribbons show the β-sheets of the peptide-binding platform on the modeled 
protein structures. The residues indicated with arrows in Figure 5A cause the binding 
grooves to be short or narrow (e.g. UT4: the distance between Pro81 Cγ to Tyr144 OH 
is 3.0Å; UT5: the distance between Pro81 Cβ to Tyr144 OH is 2.9Å, and a close 
hydrophobic contact between 64LTQW67 and 161MNLY154; UT8: the distance between 
Phe75 Cε to Phe138 Cξ is 2.9Å). 
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the top 5 templates for all UTs examined. The backbone structural alignment of UT4 with 

3BEV and 3P7322, the top 2 structural analogs for UT4 and UT8, are shown in Figure 5B. 

The peptide-binding grooves of UT4, 5 and 8 are shown in Figure 5C. 
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Discussion 

 

MHC class I molecules have been historically defined by their function. The classical 

MHC class I typically presents peptide fragments derived from antigens to CD8+ 

cytotoxic T lymphocytes. This particular function is ubiquitous across the jawed 

vertebrates and is likely the primordial function of the class I protein. However it is clear 

that members of the MHC class I family have evolved to perform other functions, often 

in lineage specific ways. Therefore, a more appropriate definition of an MHC class I 

molecule is its unique structure which is a heterodimer of an α-chain paired with β2-

microglobulin. The MHC class I α-chain is composed of three extracellular domains. The 

α3 domain is an immunoglobulin domain, a protein fold that predates the origin of jawed 

vertebrates in evolution. The origins of the α1 and α2 domains that make up the antigen-

binding groove are more enigmatic and appear unique to the MHC molecules. Searching 

the genomes of jawless vertebrates and invertebrates failed to uncover genes encoding α1- 

and α2-like domains, shedding no light on their evolutionary origin. 

 

The diversity of functions that MHC class I molecules have evolved to perform 

demonstrate the plasticity of this protein structure. For example, FcRN, which functions 

as an IgG receptor in mammals, does not bind the Fc region using the antigen-binding 

groove. Rather that groove is fairly closed and the IgG binds to a combination of the 

outer face of the α2 and β2-microglobulin domains23. Such functional plasticity of a 

protein structure leads to the question of what other roles these molecules may have 

evolved to perform and how divergent they may have become. The results presented here 
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demonstrate that highly divergent genes, based on nucleotide sequence can encode 

proteins that fold to produce the MHC class I α-chain structure. This is not to say that the 

UT genes are a product of convergent evolution. Indeed, the phylogenetic analyses place 

them squarely within the extended MHC class I family. The phylogenetic position of 

these genes, close to CD1 and PROCR, suggests they are non-classical MHC class I 

genes, but diversity and expression also need to be assessed. 

 

The presence of the UT family of MHC class I genes in both marsupials and monotremes 

is consistent with their being ancient and present in the last common ancestor of all living 

mammals. The marsupials and eutherians (placental mammals) most recently shared a 

common ancestor approximately 165 million years ago24. It appears that after the 

divergence of these two lineages the UT family was lost in the eutherians, likely prior to 

the radiation of the modern eutherians. Without knowing the function of UT genes it is 

difficult to speculate on why they were dispensable in the eutherians. However this is not 

the first case where mammal specific immune system genes have been lost in the 

eutherians. Both marsupials and monotremes have orthologues of a uniquely mammalian 

T cell receptor called TCRµ, however this locus has been lost in the eutherian lineage25,26. 

Given the classical role of MHC class I molecules interacting with TCR it is an intriguing 

possibility that there is a functional connection between the UT molecules and TCRµ, 

whereby UT present antigen to TCRµ+ T cells. Hence the loss of one may have resulted 

in the loss of the other in eutherians. While possible this would not be consistent with 

current models of how TCRµ chains interact with antigen in an MHC independent 

manner27. Similar to UT loci, the TCRµ cluster is located in a region of the mammalian 
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genomes that have a break in synteny between marsupials and monotremes28. It may be 

these gene families were independently lost due to being in regions of the genome subject 

to instability or rearrangement. 

 

Other working hypotheses on the function of UT molecules are based on models 

predicting the structure of the region corresponding to an antigen-binding groove. 

Structurally, the UT proteins are most similar to the chicken B21 MHC class I molecule 

(3BEV), which binds peptide promiscuously21. The presence of some hydrophobic 

residues in the α-helices may make the effective binding size short or narrow. This may 

suggest the UTs present small peptide fragments, but is also consistent with a structure 

where the space between the α1 and α2 domains is relatively closed or alternatively, UT 

molecules may be involved in presenting hydrophobic antigens such as lipids. Marsupials 

have a homologue of the CD1 molecule that is normally involved in the presentation of 

glycolipids and lipoprotein antigens29. However, the marsupial gene is single copy and 

not orthologous to any of the known CD1a, b, c, d, or e genes found in eutherians30. 

Furthermore, in the opossum M. domestica CD1 is a pseudogene30. It is possible that 

there has been less pressure to retain or diversify the CD1 family in marsupials due to 

some functional overlap with the UT genes. 

 

The region of chromosome 1 containing the UT cluster does not correspond to one of the 

four MHC paralogous regions. These paralogous regions are the remnant of the two 

rounds of whole genome duplication that occurred during vertebrate evolution31. In 

humans these regions are located on chromosomes 1, 6, 9, and 19, with chromosome 6 
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containing the bona fide MHC region. In the opossum they are located on chromosomes 

1, 2, and 3, with two paralogous regions on chromosome 2, one being the MHC proper32. 

The paralogous region on opossum chromosome 1 corresponds to human chromosome 9 

and is syntenic to, but not identical to, the opossum UT region. Therefore, the extant UTs 

are the product of the novel expansion of diverging MHC class I genes in the marsupials 

and monotremes and likely originate from the duplication of an MHC class I gene in the 

ancestral mammal. 
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Conclusion 

 

Using a novel, boutique method to search the annotated proteins and genomes of a 

selection of species spanning vertebrate life for MHC class I genes with high sensitivity, 

we identified a new class I gene family, the UTs. UT family members are encoded in 

gene clusters on chromosome 1 of the opossum, tammar wallaby and Tasmanian devil 

genomes, and are present but have not been mapped in platypus. The region is located in 

a synteny break between marsupial and the human genome. Homology modeling 

suggests UT genes have an open but short antigen-presenting groove, raising the 

possibility that they may present peptide epitopes or non-peptide fragments. 
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Supplementary Figure 1. The posterior probability of the 
phylogeny of 449 predicted MHC class I peptides generated by 
4 MCMCs using BEAST2, started from random trees and 
sampled every 1000 steps. 
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Supplementary Figure 2. Maximum likelihood tree (JTT+IGF 
model) of selected proteins including UT family members. Numbers 
at nodes indicate bootstrap support. 
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Supplementary Figure 3. UT gene family tree was estimated by 
maximum likelihood using the JTT+IGF model and reconciled with the 
species tree using NOTUNG. Predicted gene losses are shown in grey. 
Predicted duplications are indicated by a “D” at internal nodes. 
Bootstrap support is shown in red. 
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Supplementary Figure 4. Confirmation of expression by RT-
PCR in the opossum thymus. 
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workflows.
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Supplementary Table 1. Number of domain matches found in the 
genomes of each species using custom profile hidden Markov models. 
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Supplementary Table 2. Genomic features of predicted MHC class I genes 
found in the sensitive genome search. 
 
 
 
Please see pages 145-157 and publication “Papenfuss, A.T., Feng, Z.P., 
Krasnec, K.V., Deakin, J.E., Davoren, C.J., Baker, M.L., and Miller, R.D. 
Marsupials and monotremes possess a novel family of MHC class I genes 
that is lost from the eutherian lineage” for Supplementary Table 2 
information 
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Supplementary Table 3. Predicted MHC class I sequences. 

 
 
 
Please see  pages 158-210 and publication “Papenfuss, A.T., Feng, Z.P., 
Krasnec, K.V., Deakin, J.E., Davoren, C.J., Baker, M.L., and Miller, R.D. 
Marsupials and monotremes possess a novel family of MHC class I genes 
that is lost from the eutherian lineage” for Supplementary Table 3 
information 
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Supplementary Table 4. Opossum UT exon 2 and 3 amplicon sequences. 

 
 
 
Please see pages 211-212 and publication “Papenfuss, A.T., Feng, Z.P., 
Krasnec, K.V., Deakin, J.E., Davoren, C.J., Baker, M.L., and Miller, R.D. 
Marsupials and monotremes possess a novel family of MHC class I genes 
that is lost from the eutherian lineage” for Supplementary Table 4 
information 
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Supplementary Table 5. The pairwise backbone Root Mean 
Square Deviation (Å) between the α1 and α2 domains of the 
opossum UT4, UT5, and UT8 modeling structures, several of 
the top 10 closest structural analogs identified using I-
TASSER, and selected classical and non-classical MHC 
class I proteins from human and mouse. 
 

Gene symbol PDB code Comment

UT4 UT5 UT8

mdUT4 - 0 1.716 0.936

mdUT5 - 1.716 0 1.449

mdUT8 - 0.936 1.449 0

ggYF1 3P73* 2 1.79 1.953

ggB4 4G43* 1.02 1.368 1.22

ggB21 3BEV* 1.041 1.969 0.501 Binds 11mer peptide

ggB21 2YF6* 3.356 1.884 0.871 Binds 10mer peptide

btMR1 4IIQ* 2.387 2.308 2.308

mmH-2Kb1 1S7Q* 2.492 2.979 2.959

hsMR1 4L4T* 3.399 3.402 3.296

hsAZGP1 3ES6* 3.121 3.941 3.462

hsFcRn 1EXU 1.941 2.881 4.288

hsHFE 1A6Z 2.657 2.977 2.919

hsMICA 1HYR 4.519 6.291 5.534

hsMICB 1JE6 6.989 7.94 8.283

hsULBP 1KCG 22.309 7.634 4.986

hsCD1a 1ONQ 12.601 13.225 4.042

hsCD1b 1GZQ 7.31 5.466 3.49

hsPROCR 1L8J 6.17 6.669 4.545

Opossum UTs

*From top 10 templates for all the UTs
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Gene symbol Overgo A Overgo B BACs

me_UT21 CATGTGGGTCAGTTCACTGCAGTG GAGAATGGATTGTGCCCACTGCAG 289L16, 370J4

me_UT20 CACCACAAGCACATAGCTCAGTTC TTGTGCCCACTGCAGTGAACTGAG 289L16, 370J4

me_UT18 GTCTGAGGATCAGGATCAAAGAAC GTCCTCTCCCTAGAATGTTCTTTG No BACs

me_UT16 CACCCTTGAGATGTGTTTCACAGC CTTTGTTGTACCTACTGCTGTGAA 334C11, 352G17, 432E9

me_UT19 GTTTGTGGGTCAGTTCACTGCAGT TTTTGTGCTTGTGCCCACTGCAGT 289L16, 370J4

me_UT14 ATTTCACTGCAGTGGGCACAGCCA AAGTTCAGCAGGGAGCTGGCTGTG 334C11, 352G17, 432E9

me_UT15 CAAGGTCTCTCAAACCTCATAGTC CATCCACAGAACTGATGACTATGA 334C11, 352G17, 432E9

me_UT21 TAGGCCCATGAATGATGGATTTTC CACTAGACAGCAGATAGAAAATCC 289L16, 370J4

Supplementary Table 6. Overgo sequences used to isolate tammar 
wallaby and platypus BACs containing UT loci. 
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Gene Exon 2/3 primers
mdUT2 5' ACAGCCTGGAGATCCAGTTCA 3'

5' GTTCCAGGACAATCTTCAGAAA 3'
mdUT3 5' ATTCAGTCCACCACAGCCATA 3'

5' TTTTCCTCATCAAGTCAACACAA 3'
mdUT4 5' ACCACAGGCATGTGATTCAGT 3'

5' GCTTGAATATCCAACAATTTTCTTC 3'
mdUT5 5' ATTCAGTCCACCACAGGCATA 3'

5' TTATTTTCCTGATCCCGTCAAC 3'
mdUT6 5' ATTCAGTCCACCACAGACATGA 3'

5' TGATTTTCTTCATCAAGTCAGCA 3'
mdUT8 5' GTTCTGCAGCTCACCACAAAC 3'

5' CATGGTGTCAATACAATATTCTTGC 3'
mdUT9 5' CATTTAGAATACCACTGGAATGAAG 3'

5' ACATCGACACAATATTGCTTAACG 3'
mdUT10 5' AGGCTTGAGGGTGAATTCATTG 3'

5' TGCAGGATTTTTCTTATCATTTCA 3'
mdUT12 5' ACAGATTACCACAGGCATGAAG 3'

5' TACTGCAGAATTTTCCTCATCA 3'
mdUT13 5' CAATCACAAGCATGAATTGC 3'

5' GAAGGATTTTCTGCATGACTCC 3'
mdUT15 5' CCACAGGCATGACTTCTATTTC 3' 

5' CATGCCATCAATACAATCTTCC 3'
mdUT17 5' CCATCACAGCCATGAGATGTTT 3'

5' TCATTGGCTGGACACAATAGTC 3'

Supplementary Table 7. RT-PCR primers for opossum UT 
exons 2 and 3. 
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Abstract 

Recently a new family of Major Histocompatibillity Class I genes was discovered in 

marsupial and monotreme mammals.  These loci were designated the UT genes. 

Seventeen UT loci were identified as a tandem array on chromosome 1 of a model 

marsupial species, the gray short-tailed opossum Monodelphis domestica. Of these 17 

genes, 12 are transcribed, with most having restricted tissue distribution. Tissues where 

ModoUT genes were most frequently found are the thymus and skin. The ModoUT genes 

have limited polymorphism and little evidence of positive selection. One of the loci, 

ModoUT8, was chosen for further analysis due to its conservation amongst marsupials 

and generic characteristics. ModoUT8 transcription is limited to developing αβ 

thymocytes, while being absent from mature peripheral αβ T cells in lymphoid tissues. 

The overall characteristics and features of ModoUT genes including low polymorphism 

and limited distribution make it likely that the molecules encoded by ModoUT genes 

perform a function other than antigen presentation. 
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Introduction 
 

The Major Histocompatibility Complex (MHC) class I gene family encodes cell surface 

proteins that share a unique, well-conserved structure. The typical MHC class I molecule 

is a heterodimer of an α chain paired with β2-microglobulin [1]. The α chain contains 

three extracellular domains (α1, α2, and α3), along with a transmembrane domain and a 

cytoplasmic tail [2]. The α1 and α2 domains form a structure unique to MHC class I 

proteins by combining to form a groove comprised of β-sheets with two α helices [3]. 

The α3 domain is an immunoglobulin superfamily type domain.  So far, genes encoding 

MHC class I α chains have only been found in the gnathostomes [4]. 

 

In spite of the conserved domains, molecules sharing the MHC class I structure perform a 

diverse set of functions.  The initial role uncovered for MHC class I proteins was in the 

presentation of antigenic peptides to cytotoxic, CD8+ T cells [5].  Antigenic peptides 

derived from proteolysis of self or pathogen derived proteins can be bound in the groove 

created by the α1 and α2 domains and "presented" to CD8+ T cells by forming a ligand 

for the T cell receptor (TCR) [6].  Because this was the first role discovered for MHC 

class I molecules it is usually termed their "classical" role.  Peptide presentation is the 

most ubiquitous role for MHC class I molecules in gnathostomes and is likely their 

ancestral function [7]. MHC Class I molecules involved in peptide presentation, such as 

human HLA-A and -B, are usually highly polymorphic and ubiquitously expressed [8]. 

 

Some MHC Class I molecules have evolved to present non-peptide antigens to T cells.  

One example is the CD1 molecules that present glycolipids to T cells [9].  Even more 



 83 

wide ranging roles for MHC class I molecules have evolved such as the neonatal Fc 

receptor (FcRn) that binds and transports IgG. FcRn transports IgG across the placenta in 

some mammals, and is expressed in the mammary tissue in others for depositing IgG in 

milk [10]. Although maintaining the traditional MHC class I domain structure, FcRn is 

unable to bind peptides and the groove formed by the α1 and α2 domains is occluded and 

does play a role in binding IgG [11, 12]. Other examples of divergent MHC class I roles 

include the HFE molecule that associates with the transferrin receptor, reducing the 

receptor’s affinity to load transferrin molecules bound with iron, and the murine M10 

molecule that binds and serves as a chaperone for vomeronasal organ olfactory receptors 

[13, 14].   In contrast to MHC class I genes encoding molecules that present peptides, 

those encoding "non-classical" molecules such as M10, FcRn, and CD1 are typically less 

polymorphic and often have tissue specific patterns of expression. 

 

The gray short-tailed opossum, Monodelphis domestica, is among the more established 

model marsupial species, and the first to have a sequenced genome [15, 16]. Many of the 

MHC class I genes in the genome of M. domestica have been annotated [17-22]. Using 

traditional homology based in silico search methods, eleven genes encoding the class I α 

chain have been uncovered in the M. domestica MHC region, along with two clear MHC 

class I pseudogenes [17, 19, 20, 23]. There are three presumed peptide-presenting MHC 

class I genes in M. domestica; ModoUA1, UA3, and UA4. ModoUA1 and UA3 display 

many traits common to peptide presenting MHC genes, such as ubiquitous expression 

throughout tissues and high levels of polymorphism, ModoUA4 has lower levels of 

polymorphism but remains ubiquitously expressed [19, 23].  Many of the other known 
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opossum MHC class I genes encode molecules likely to have non-classical functions. 

ModoUG, for example, can be expressed in three different alternatively spliced mRNA 

forms [20]. In these forms, a short cytoplasmic tail has been found that does not have 

traditional phosphorylation sites.  ModoUJ and UM also have several alternative mRNA 

isoforms, including one possible ModoUJ soluble isoform [17].  A majority of the 

opossum class I genes had limited polymorphism consistent with possible non-classical 

function.  

 

The functional plasticity of the MHC class I structure makes these molecules good 

models to study the evolutionary relationship between structure and function.  The 

availability of whole genome sequences from a variety of gnathostome lineages provides 

the information needed to discover new MHC class I genes and potentially new roles for 

these molecules.  Recently, a new family of MHC class I loci called UT was found, and 

appears to be restricted to marsupials and monotremes [24]. The phylogenetic distribution 

is consistent with having emerged early in mammalian evolution and subsequently lost in 

the eutherian lineage. A more in-depth analysis of these genes revealed that some were 

transcribed in immune tissues of the opossum, tammar wallaby, brushtail possum and 

Tasmanian devil.  The goal of this study was to characterize the UT genes in opossum, M. 

domestica, further. 
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Materials and Methods 

 

Tissue Transcription of ModoUT 

ModoUT gene transcription was examined using the Illumina generated transcriptome 

data from of 19 adult M. dometica tissues, publically available at OpossumBase 

(http://opossumbase.org). Tissues included kidney, liver, lung, spleen, colon, skin (ear 

pinna), intestine, stomach, diaphragm, heart, skeletal muscle, tongue, pancreas, thyroid, 

brain, eye, adipose, testes, and ovary. In addition, a thymus transcriptome was generated 

using the Roche 454 sequencing platform. BLAST searches of the databases were 

performed using the predicted nucleotide sequence of exons 2, 3 and 4 that encode the 

regions corresponding to the α1, α2, and α 3 domains from all ModoUT genes identified 

previously [24]. Sequences in the assembled RNA databases that were over 180 bp and 

98% or greater nucleotide sequence identity to a known UT gene were scored as 

transcripts of that gene.  In order to verify the accuracy of the transcription sites, any 

transcripts of ModoUT genes uncovered using BLAST search were aligned to all the 

previously identified predicted sequences. Alignments were then assembled into a 

phylogeny using MEGA 5.0 and a maximum-likelihood tree was generated for basic 

identification of transcripts to a specific ModoUT in order to avoid incorrect sites of 

transcription due to sequence identity between the ModoUT genes [25].  

 

Isolation of full-length coding sequences  

Two methods were used to isolate full-length coding sequences of transcribed ModoUT 

loci: Rapid Amplification of cDNA Ends (RACE) polymerase chain reactions (PCRs) 
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and assembly using available transcriptome sequence databases. The latter included 

OpossumBase and the opossum thymus 454 transcriptome.  This approach allowed for 

assembly of a ModoUT gene in the absence of obtaining the full 3’ end via RACE PCR, 

or to assemble without PCR amplification and sequencing.  Full-length coding sequences 

for ModoUT4, 5, 6, and 8 were isolated entirely using the RACE method, while 

ModoUT9 and 10 were obtained using a combination of sequences generated by RACE 

and from the transcriptome databases.  RACE PCR were performed using the SMARTer 

RACE cDNA Amplification Kit (Clontech, Mountain View, CA) with Advantage HF-2 

high-fidelity Taq polymerase (Clontech, Mountain View, CA) following the 

manufacturer’s recommended protocol.  PCR parameters for all primers were 94°C for 30 

seconds, followed by 72° C for 3 minutes, repeated 5 times, then 94°C for 30 seconds, 

70° C for 30 seconds, and 72° C for 3 minutes repeated 5 times, followed by 94°C for 30 

seconds, 68° C for 30 seconds, and 72° C for 3 minutes, repeated 25 times. If no PCR 

products were visible on an agarose gel, a secondary PCR amplification was done by an 

additional 5 cycles at 94°C for 30 seconds, 68° C for 30 seconds, and 72° C for 3 

minutes. The primers were designed within either the predicted exon 2 to amplify the 5' 

end or exon 3 to amplify the3’ ends [24]. If it was not possible to design both 5’ and 3’ 

primers according to guidelines of the amplification kit, the same sequence was used for 

the forward and reverse primers. The PCRs were performed on cDNA made from total 

thymus RNA extracted from a 6-week-old male M. domestica. The 5’ and 3’ RACE PCR 

was performed in a single step for ModoUT4, 5, 9, and 10 with specific primers (Table 

1), or as a nested PCR for ModoUT6 and ModoUT8 using additional nested specific 

primers. PCR products were cloned, and sequenced using BigDye Terminator v3.1 Cycle 
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Sequencing Kit (Invitrogen, Grand Island, NY). Any sequences obtained that did not 

span the full length of the 3’ end were supplemented using 454 transcripts. The 

nucleotide sequences from the 5’ and 3’ ends were then aligned against the MonDom5 

opossum genome assembly (GenBank accession number AAFR03000000) to identify the 

exons present in each sequence [15].  

 

Full-length coding sequences for ModoUT2, 3, 15, 16, and 17 were determined using 

transcripts from tissues transcribed from OpossumBase or from thymus 454. Transcribed 

ModoUT loci were assembled and aligned against the opossum genome in Sequencher 

5.0 (Gene Codes, Ann Arbor, MI). In some instances, full-length genes could be found 

from a single transcript from the transcriptome, while others required multiple transcripts 

to generate a contig that covered all of the exons. Accession numbers for full-length 

RNAs encoding the class I α chains of ModoUT2, 3, 4, 5, 6, 8, 9, 10, 15, 16, and 17 

including alternative mRNA splice variants are KP125495-KP125507.  

 

Polymorphism Analysis 

Polymorphism was determined only for the ModoUT genes that are transcribed in the 

thymus. Genomic DNA was isolated from M. domestica liver or spleen tissue that was 

provided by the Southwest Foundation for Biomedical Research (SFBR, San Antonio, 

TX) and the Museum of Southwestern Biology (MSB), University of New Mexico [17, 

20]. DNA was extracted using a standard phenol/chloroform extraction protocol. The 

SFBR tissues were from captive-bred animals of Brazilian populations 1 and 2 [26]. 

Tissues from the MSB were from wild-caught M. domestica collected from five different 
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sites in Bolivia.  These samples and their origins have been published previously [17, 20]. 

PCR products using primers listed in Table 1 were amplifed using the Advantage HF 2 

PCR kit (Clontech, Mountain View, CA), with the following parameters for all primers: 

94°C for 1 minute, 33 cycles of 94°C 30 seconds and 62°C for 4 minutes, followed by a 7 

minute extension at 68°C.    

 

For loci where intron 2 was less than 400 bp (ModoUT2, UT3, and UT5), exon 2, intron 

2, and exon 3 were amplified as a single product with primers placed at the start of exon 

2 and end of exon 3.  For loci where intron 2 was greater between 800 and 1400 bp 

(ModoUT4, UT6, UT7, UT8, and UT15), exon 2, intron 2, and exon 3 were amplified as 

two overlapping fragments with primers nested within intron 2.  Three loci (ModoUT9, 

UT10, and UT17 had intron 2 greater than 3Kb and exons 2 and 3 were amplified 

separately.  

 

PCR products were cloned for sequencing using the TOPO TA cloning kit (Life 

Technologies, Grand Island, NY). A minimum of five clones per individual per locus 

were isolated and sequenced using the illustra TempliPhi kit (GE Life Sciences, 

Pittsburgh, PA) and BigDye Terminator v3.1 Cycle Sequencing Kit (Life Technologies, 

Grand Island, NY), respectively. Sequences were analyzed and edited using Sequencher 

5.0 (Gene Codes, Ann Arbor, MI) and BioEdit [27]. Accession numbers for novel allele 

sequences reported are: ModoUT2, KP174147-KP174156; ModoUT3, KP221763-

KP221785; ModoUT4, KP174157-KP174166; ModoUT5, KP221786-KP221799; 

ModoUT6, KP174167-KP174180; ModoUT7, KP221744-KP221762; ModoUT8,  
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KP174181-KP174197; ModoUT9, KP245840, KP245841,  KP245858-KP245860; 

ModoUT10, KP245842-KP245847; ModoUT15, KP174198-KP174203; and ModoUT17, 

KP245848-KP245857. 

 

Evidence of selection on the ModoUT loci was determined using a maximum-likelihood 

estimation of the dN/dS ratio using the CODEML module of the Phylogenetic Analysis 

by Maximum Likelihood (PAML) package [28]. The regions encoding the α1 and α2 

domains of all ModoUT alleles obtained from the polymorphism study were analyzed for 

evidence of positive selection by looking at non-synonymous/synonymous substitution 

ratios. This was done using an initial Maximum Likelihood phylogenetic tree of 

sequences which was then analyzed with four site-specific models, M1a – nearly neutral, 

M2a – positive selection, M7 - β, and M8 - β, and ω, in CODEML. A Bayes Empirical 

Bayes analysis was performed on each model to infer the location of the codons under 

selection and the ω values for each of these sites [29].  

 

Fluorescent In-situ Hybridization (FISH) 

Thymus and spleen tissue from six-week old opossums were collected for cell 

suspensions. The tissues were manually separated into single cell suspensions that were 

washed and resuspended in RPMI 1640 media with HEPES (Sigma-Aldrich, St. Louis, 

MO). Erythrocytes were removed by Ficoll gradient centrifugation. Lymphocytes were 

resuspended in 1X PBS (Sigma-Aldrich, St. Louis, MO) and counted on a 

hemocytometer. Cells at a concentration of 2x106/ml were deposited on non-coated 

Shandon Cytoslides using a Cytospin (Thermo-Fisher Scientific, Waltham, MA) and used 
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immediately or stored frozen at -80°C. Custom Stellaris FISH probes (Biosearch 

Technologies, Petaluma, CA) were designed using the constant regions of T cell 

receptors (TCRs) and untranslated region (UTRs) for T cell identification. The slides 

were probed and hybridized with a set of 48 singly labeled oligonucleotide probes, each 

20 nucleotides in length that were designed from the full-length sequences of ModoUT8. 

A Quasar® 570 fluorophore was used for ModoUT8 and a Quasar® 670 fluorophore for 

TCRα or TCRβ, following the Stellaris FISH protocol for frozen tissue (Stellaris, 

Biosearch Technologies, Petaluma, CA)[30]. Slides were then stained using wash buffer 

consisting of 5 ng/mL of DAPI dilactate (Sigma-Aldrich, St. Louis, MO) and mounted 

using Vectrashield® Mounting Medium (Vector Labs, Burlingame, CA). Slides were 

imaged on a Nikon Ti Eclipse inverted fluorescent microscope using the 100x oil 

immersion lens. Z-stacks images of each fluorophores were merged together and edited 

using NIS-Elements Imaging Software (Nikon Instruments, Melville, NY).  
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Results 

 

Analysis of ModoUT Transcription  

To investigate transcription of ModoUT genes in a variety of tissues, public transcriptome 

data from the OpossumBase public database was downloaded and searched. This 

database contains transcriptome profiles of 19 different tissue types.  Since OpossumBase 

lacked information on the thymus, a good candidate tissue for immune gene expression, a 

separate thymus transcriptome database was generated using the Roche 454 platform. 

 

The initial analyses focused on the diversity of ModoUT loci transcribed in each tissue 

type.  Of the 17 ModoUT genes, the most common sites for transcription are the thymus 

and the skin (Figure 1). Twelve out of 17 UT loci are transcribed in the opossum thymus, 

and eleven out of 17 are transcribed in the skin.  For all other adult tissues, the colon and 

thyroid contained the greatest variety of transcribed ModoUT genes with four each.  In 

contrast, the testes, eye, lung, diaphragm, skeletal muscle, pancreas, stomach, and heart 

each only transcribe a single ModoUT locus.  Brain and kidney were the only adult 

tissues investigated that lacked any ModoUT transcripts. 

 

Next the breadth of transcription of each ModoUT locus among the various tissues was 

examined.  Most of the ModoUT genes demonstrated restricted tissue transcription 

patterns.  ModoUT1, 11, and 14 were each found transcribed in only a single tissue, the 

testes, liver, and skin, respectively.  Similarly, ModoUT2, 6, and 16 were only transcribed  
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Figure 1: Differential expression of ModoUT genes across 20 different tissue 
types. Filled pie wedges represent the detection of a ModoUT transcript in either 
a Roche 454 dataset or from Illumina sequences found at 
www.OpossumBase.org with a 99% sequence identity at 180 or more base pairs. 
Tissue types examined included lymphoid, epithelial, muscle, endocrine, 
excretory, reproductive, CNS, and miscellaneous that included the eye and 
adipose.  
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in the thymus.  In contrast, ModoUT13 was found most broadly transcribed in 16 

different tissues (Figure 1).  Of the 17 known UT loci in the opossum genome, only 

ModoUT7 is thought to be a pseudogene due to an in-frame stop codon near the 

beginning of exon 3.  In spite of being a putative pseudogene, it is transcribed in both 

thymus and skin. 

 

ModoUT Gene Organization  

To determine the complete structure of ModoUT genes, a combination of RACE PCR and 

the sequence from the Illumina and Roche 454 databases was utilized. Sequences from all 

sources were aligned to the opossum whole genome and contigs representing full-length 

mRNA sequences for the twelve ModoUT genes transcribed in the thymus, allowing for 

the determination of gene boundaries and alternative splice variants (Figure 2). The size 

range of the full-length ModoUT genes ranged from 5,453bp (ModoUT6) to 16,053bp 

(ModoUT9). ModoUT2, 4, 6, and 16 have similar lengths (5,453-7,484bp) while 

ModoUT3, 5, 8, 9, 10, 15, and 17 are larger in size from 9,672bp to 16,053. As is typical 

of MHC class I loci, the number of exons per locus varied between five and seven 

(Figure 2).  The variation in gene size does not correlate with phylogenetic relationship 

based on coding sequence, as highly related groups like UT3, UT4, UT5, UT6, and UT7 

range from 5,453bp to 12,219bp [24]. 

 

Previous work in M. domestica has revealed that a majority of the MHC class I loci 

within the MHC region were transcribed to generate alternative splice variants with open 

reading frames (ORFs) [17, 20].  Only ModoUT2 and UT16 generated variants with  
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Figure 2: Gene organization and exon composition of 
ModoUT2, UT3, UT4, UT5, UT6, UT8, UT9, UT10, UT15, 
UT16, and UT17 mRNAs. Asterisks indicate relative location 
of stop codons. 
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ORFs other than the full length (Figure 3).  The ModoUT2 splice variant would encode a 

truncated α3 domain due to using an alternative splice site within exon 4, whereas the 

ModoUT16 variant would be translated without an α3 domain due to splicing out exon 4 

altogether.  

 

Polymorphism and Evidence of Positive Selection 

Levels of polymorphism in the ModoUT genes were investigated using both captive bred 

animals from Brazilian stock as well as wild caught Bolivian animals.  MHC class I 

genes typically have the highest level of polymorphism in exons 2 and 3, which encode 

the α1 and α2 domains, respectively. Genomic DNA was amplified for exon 2, intron 2, 

and exon 3 from eight captive bred Brazilian M. domestica and 19 wild caught 

individuals from Bolivia.  Alleles were counted for all nucleotide variants, whether in 

coding or non-coding regions of the gene. The number of nucleotide alleles for each of 

the UT’s varied substantially in comparison with previous polymorphism studies on 

MHC Class I genes in M. domestica, as they had consistently greater numbers of genomic 

alleles found [17,  20] The lowest number of alleles were found in ModoUT9 and 

ModoUT10, with three and four alleles respectively (Supplemental Table 1).  ModoUT3 

and ModoUT7 had the greatest number of alleles, with 23 and 19, but much of the 

variation was found in the intron. No individual was found with more than two alleles at 

any locus lending validity to the genotyping. The majority of the alleles for each locus 

were unique to either the Brazilian or Bolivian populations, with the exception of one  
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	   Figure 3: ModoUT2 and ModoUT16 are transcribed into 

alternatively spliced isoforms that differ with the loss or truncation 
of exon 4. Asterisks indicate relative location of stop codons.  
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allele in both ModoUT7 and ModoUT10 that were found in both populations. When 

examining alleles at the protein level, the numbers dropped 3 to 4-fold, indicating that a 

majority of the nucleotide diversity at each of the loci was found in intron 2 or were 

synonymous mutations in exons. The number of protein alleles ranged between one and 

six for exons 2 and 3, with an average of 3.4 alleles for exon 2 and three for exon 3.  

Most of the polymorphism found in ModoUT genes was limited to one to five amino acid 

changes between alleles. The exception to this is ModoUT5. While some of the alleles 

found in ModoUT5 do not differ substantially to the sequence found in the reference 

genome, ten of the alleles contain an additional insertion of three nucleotides in the 

intron, and another allele, ModoUT5.08, has a 26 base pair long insertion in the intron 

(not shown).  No insertions were seen in the exons of the ModoUT5 alleles, but 

substantial polymorphism between the alleles was seen.  A large 23 base pair insertion 

and two base pair insertion were also seen in intron 2 of two ModoUT7 alleles. Premature 

stop codons were found in one allele of ModoUT5 in exon 2 and two alleles in exon 3, as 

well as all alleles of exon 3 in ModoUT7 and one allele of ModoUT17.  

 

Heterozygosity was common across the UT genes and most frequently seen in the wild-

caught Bolivian individuals. Of the captive Brazilian animals, those from Population 2 

were homozygous in two-thirds of the ModoUT genes analyzed for polymorphism. The 

high percentage of homozygosity in captive-bred is likely the result of some partial 

inbreeding [26]. Only four and six animals respectively were found to be homozygous at 

ModoUT3 and ModoUT5, while ModoUT9, ModoUT10, and ModoUT15 had twenty or 

more animals that were homogyzous. For most of the ModoUT genes, approximately half 
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of the animals were heterozygous. Animals collected from the Porvenir region of Bolivia 

displayed the greatest amount of heterozygosity, with the highest numbers in ModoUT3, 

ModoUT5, ModoUT6, ModoUT7, and ModoUT8. 

 

Overall, there is amino acid conservation across the different ModoUT genes. The 

conservation can be seen across the α1 domain, at a leucine in position 54 and glutamic 

acid in position 71 are shared across all alleles (Supplemental Figure 1). Similar levels of 

conservation are seen across all alleles in the α2 domain. A shared threonine and 

glutamine are seen at positions 7 and 9, a cysteine at position 14, a glycine at position 32, 

and a proline at position 50. (Supplemental Figure 2) A comparison of the number of 

hydrophobic amino acids using all the ModoUT alleles to CD1 and other MHC class I 

genes was made. Analysis reveals nearly double the number of hydrophobic amino acids 

across the ModoUT α1 and α2 domains with 41 sites, when compared to classical MHC 

class I from both eutherians and marsupials, which had approximately 21. The number of 

hydrophobic sites in ModoUT genes was comparable to those of CD1 from both 

eutherians and marsupials.   

 

Positive selection was inferred for the α1 and α2 domains of all ModoUT alleles 

individually with the Pairwise Analysis of Maximum Likelihood method to determine 

which sites were under selection [28]. Only ModoUT5 had more than a single site with 

evidence of being under positive selection, and these were all in the α1 domain (Figure 

4).  ModoUT6 had a single site in the α2 domain that appeared to be under selection (not  
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Figure 4: Sites of positive selection in the α1 and α2 domains of 
ModoUT5. Gray shading represents sites of polymorphism that are not 
significant, yellow shading has significance at p<0.05, and red shading is 
significant at p<0.005. Of 52 sites of non-synonymous substitutions across 
both the α1 and α2 domains, only one was highly significant, and seven 
were significant.  
	  



 101 

shown). All other ModoUT loci revealed no evidence of positive selection acting on their 

evolution. 

 

Expression of ModoUT8 in thymic but not peripheral αβ T cells 

ModoUT8 was chosen as a model UT for further expression analysis as it was the 

first ModoUT uncovered, it demonstrates a limited transcription pattern like most 

opossum UT genes, it has clear orthologues in other marsupial species, and has the 

greatest structural similarity of all ModoUT molecules to the chicken MHC class I protein 

[24].   To detect mRNA transcription of ModoUT8 in specific cell lineages, fluorescent 

in-situ hybridization (FISH) was performed utilizing opossum thymus and spleen. 

ModoUT8 and T cell receptor β chain (TCRβ) mRNA were imaged simultaneously, 

allowing the visualization of the location of each of the ModoUT8 or TCR mRNA 

molecules within a cell. In the thymus, ModoUT8 co-localized with TCRβ (Figure 5) and 

TCRα (not shown), demonstrating that it is transcribed in αβ thymocytes. Consistent with 

the transcriptome databases (Figure 1) and RT-PCR experiments (not shown), ModoUT8 

transcripts were not detected in mature, splenic αβ T cells (Figure 5). 
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Figure 5: Fluorescent in-situ hybridizations of ModoUT8 with TCRα or 
TCRβ in the spleen and thymus. A&B: DAPI nuclear staining in the 
spleen and thymus allows visualization of lymphocytes. C&D: ModoUT8 
probes hybridizes to the thymus but not the spleen. Red points indicate 
evidence of transcription in the cell. Large areas of fluorescence are 
background and associated with binding of probes to dead cells. E&F: 
TCRβ probes bind to cells in both the spleen and thymus. G&H: Merged 
images of DAPI, ModoUT8, and TCRB give no evidence of ModoUT8 
transcription in the spleen, while ModoUT8 co-localized with TCRβ in the 
thymus. 	  



 103 

Discussion 

 

An unexpected result to emerge from the analyses of marsupial and monotreme genomes 

was the presence of immune related genes that are absent from eutherian genomes.  One 

example is the UT family of MHC class I genes [24].  Another was a non-conventional 

TCR locus, TCRµ [31].  Both UT and TCRµ genes are present in marsupial and 

monotreme genomes, consistent with their presence in the last common ancestor of all 

living mammals [24, 32-34].  Neither of these gene families has been found in any 

eutherian mammal or non-mammalian genome to date, consistent with their being unique 

to mammals but lost in the eutherians [24, 32]. Why genes such as the UT family or 

TCRµ have been lost in the eutherian lineage is a matter of speculation and can only be 

understood when their function in the species where they are found is determined.  

Towards this end, this study was convened to further characterize the UT family in a 

model marsupial. 

 

The opossum UT family of genes can be generally described as having limited tissue 

expression, low levels of polymorphism, and little evidence for positive selection. 

ModoUT5 is an exception in that it had several sites under selection in the α1 domain. 

These characteristics are usually indicative of MHC Class I molecules that have non-

classical roles.  The genes that encode the ModoUT molecules do not have the ubiquitous 

pattern of expression like the polymorphic ModoUA1 locus in M. domestica. ModoUA1, 

along with its nearest related genes ModoUA3 and UA4, is likely involved in peptide 

presenting functions based on its similarity to classical MHC class I loci. Thirteen of the 
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ModoUT genes are transcribed in three or less tissue types, indicative of a restricted 

transcription pattern.  It is noteworthy that two of the ModoUT genes, ModoUT12 and 

ModoUT13, have six or more sites of transcription, but do not have transcription in the 

most common tissue, the thymus. This may indicate that the ModoUT12 and ModoU13 

loci may be playing a different role than the UT loci that are found transcribed in the 

thymus and skin. The majority of ModoUT genes are found in the thymus and skin, and 

thus may have other roles than those found across more numerous tissues. All ModoUT 

loci do have numerous hydrophobic residues in the binding groove as well as structurally 

resembling the chicken B21 MHC class I molecules, which binds peptides promiscuously 

[24]. The hydrophobic residues as well as the possibility of non-specific peptide binding 

due to structure suggest they may be able to present small peptides within the relatively 

closed binding groove, or they bind hydrophobic antigens such as lipids. A more specific 

role for ModoUT in the thymus may be for T cell selection and maturation. Alternatively, 

ModoUT genes may also just be ectopically expressed in the thymus for negative 

selection against self-molecules and not serve in T cell selection. 

 

The role of ModoUT in skin is less clear. The high levels of ModoUT expression in the 

skin may be the result of the UT molecules playing a role in innate immunity. The skin 

serves as not only a barrier against many pathogens, but both cells within the skin and 

secreted molecules can protect against pathogens. Potentially, ModoUT molecules may 

also play a protective role in development. The altricial birth and development of 

marsupials and monotremes can leave the developing young immunologically immature 

and susceptible to pathogens. The presence of the UT molecules on the surface of the skin 
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of undeveloped young may help to provide protective benefits in a pathogen-rich 

environment. Close examination of the other epithelial tissues beyond skin did not find a 

correlation between epithelial tissues and transcription of ModoUT’s. Therefore, the 

abundance of expression of ModoUT genes in the skin is likely not the result of high 

levels of ModoUT transcription of the genes in epithelial cells, but rather, ModoUT 

transcription in skin cells only for potentially serving a protective role after altricial birth. 

 

Except for ModoUT2 and UT16, there was no evidence for alternative splice variants 

generated by the ModoUT loci.  This is in contrast to the non-classical MHC class I loci 

encoded within the opossum MHC where alternative splicing was a common 

characteristic [17, 20]. Unfortunately, this result provides little insight into the function of 

the ModoUT gene products other than they are likely to be expressed in a form with all 

three extracellular α-domains and there does not appear to be secreted or soluble forms of 

the molecules. 

 

Minimal polymorphism and little evidence for positive selection on the ModoUT genes 

follows a similar pattern as other M. domestica non-classical MHC class I genes. The 

lack of polymorphism is consistent with ModoUT molecules likely having a function 

other than peptide presentation.  In examination of the in-situ hybridizations, ModoUT8 

cannot be found in the spleen, but does co-localize with TCRα and TCRβ in the thymus. 

This suggests that perhaps the mature α/β T cells found in lymphatic tissues like the 

spleen do not express ModoUT8, but ModoUT8 is transcribed in immature α/β T cells in 

the thymus, perhaps indicating that it may play a role in T cell maturation.  
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The sequencing of the α1 and α2 domains of the UT genes revealed a high degree of 

hydrophobic residues, nearly double that of other marsupial and eutherian MHC class I, 

but comparable to CD1 [24]. This characteristic remained intact with the analysis of 

additional UT alleles. Some instances of polymorphism did occur at hydrophobic sites, 

but the majority of the hydrophobic sites were highly conserved across all of the UT loci. 

This likely indicates a need for conservation of the hydrophobic sites, potentially serving 

as invariant sites for binding lipids. 

 

The characterization of the UT genes in M. domestica contributes new insights into genes 

that are being uncovered using novel methods, but also provides greater knowledge into 

the evolution and development of marsupials and their immune system and how they 

differ from eutherian mammals. Future work done on ModoUT genes will possibly allow 

for the identification of the function of this large family of genes and the immune or non-

immune role they may play in marsupials.  
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Animal1 Source2 UT2 UT3 UT4  UT5  UT6  UT7 UT8 UT9 UT10 UT15  UT17 

C7585 1 01/01 01/02 01/01 01/01 01/01 01/02 01/02 01/01 01/01 01/01 01/01 

C6076 1 01/02 03/04 01/02 01/02 01/01 03/03 03/04 02/02 01/02 01/02 01/05 
D0214 1 01/01 03/05 01/01 01/01 01/01 01/01 03/03 01/01 01/01 01/01 01/01 
D3888 1 03/04 03/06 03/04 03/04 02/03 n.d. 05/06 02/02 03/05 02/02 02/06 
D4368 1 02/02 03/07 05/05 01/02 01/02 04/05 05/06 02/02 02/03 03/04 01/11* 
D2718 1 01/01 03/08 01/01 01/05 01/01 01/01 03/03 01/01 01/01 01/01 02/02 
D2920 2 01/02 03/03 02/02 01/04 04/04 06/06 04/04 02/02 03/03 02/02 02/06 
D5468 2 02/02 03/09 05/05 01/04 05/05 07/07 06/06 02/02 03/03 05/05 03/03 
23169 Brecha Tres 01/05 10/11 06/07 06/06 06/06 08/08 07/08 03/03 02/02 06/06 04/07 
21696 Rio Limon 06/06 n.d. 07/07 06/07 07/08 09/10 04/09 03/03 04/04 06/06 04/04 
12653 Porvenir 06/06 10/10 07/07 06/07 06/07 09/11 08/08 03/03 02/02 06/06 04/04 
12664 Porvenir 06/06 10/12 07/08 06/06 08/09 08/09 10/11 03/03 02/02 06/06 04/04 
23170 Brecha Tres 06/06 12/13 07/07 08/09 08/08 12/12 08/08 03/03 02/02 06/06 04/04 
12663 Porvenir 06/07 10/12 08/09 06/09 07/08 10/13 08/09 03/03 02/02 06/06 04/08 
12668 Porvenir 06/08 12/14 07/09 08/10 06/09 14/15 08/12 03/03 02/02 06/06 04/04 
12669 Porvenir 06/09 n.d. n.d. 06/07 06/06 15/16 10/13 03/03 01/02 06/06 08/09 
221692 S.R. de A. 08/10 15/15 06/07 06/08 10/11 17/17 08/08 03/03 02/02 06/06 04/08 
12670 Porvenir 06/08 11/16 07/10 06/06 10/10 11/13 08/09 03/03 01/02 06/06 04/08 
12538 Tita 06/08 17/17 07/07 06/06 07/07 09/09 08/08 03/03 01/02 06/06 04/08 

12350 
Santiago de 
Chiquitos n.d. 15/18 07/07 08/11 08/12 11/18 14/15 03/03 02/02 06/06 04/10 

12571 Porvenir n.d. 10/19 07/07 06/12 06/06 15/19 07/16 03/03 02/02 06/06 04/04 
12555 Porvenir 06/06 10/12 07/07 06/12 09/13 12/17 08/16 03/03 02/02 06/06 04/04 
12622 Porvenir 07/07 10/20 07/09 06/09 06/08 15/20 08/09 03/03 02/02 06/06 04/04 
12580 Porvenir 06/06 12/21 07/07 06/13 06/08 11/15 16/16 03/03 02/02 06/06 04/04 
12578 Porvenir n.d. 18/22 07/09 06/13 06/09 14/21 08/17 03/03 02/02 06/06 04/04 
12579 Porvenir 06/08 15/21 07/07 06/09 08/09 09/15 10/16 03/03 02/02 06/06 04/04 
12623 Porvenir n.d. 15/23 07/09 06/14 09/14 17/22 08/08 03/03 01/02 06/06 04/04 

Supplementary Table 1: Number of genomic alleles found across 
ModoUT loci in different M. domestica populations. The numbers of 
alleles varies between 2 and 23, but overall low levels of polymorphism 
were found. 
	  

1 Identifier numbers for individual M. domestica of Brazilian origin from the Southwest Foundation for 
Biomedical Research (SFBR) breeding colony or for wild-caught Bolivian animals in the frozen tissue 
collections at the Division of Genomic Resources, Museum of Southwestern Biology (MSB), University 
of New Mexico, respectively. 
2Source refers to the Brazilian SFBR breeding population (Population 1 or 2) from which animal is 
descended from or the site of local collection of wild Bolivian M. domestica from the MSB collection. 
n.d. indicates animals whose genotype was not determined at the indicated loci, * an unconfirmed but 
likely allele. 
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 Supplemental Figure 1 and 2:  Comparison of identity across ModoUT 

alleles in the α1 and α2 domains. Yellow shading represents conserved 
hydrophobic regions, and red circles show three sites of positive 
selection in ModoUT5 alleles that are found in the hydrophobic regions.	  



 112 

CHAPTER 4 

 

THE MHC GENOMIC REGION OF THE OPOSSUM MONODELPHIS 

DOMESTICA REEXAMINED 

 

By Katina V. Krasnec1*, Alana R. Sharp1*, Tracey L. Williams, and Robert D. Miller1 

 

1Center for Evolutionary & Theoretical Immunology, Department of Biology, University 

of New Mexico, Albuquerque, NM, 87131, USA 

 

*These authors contributed equally 

 

ARS, KVK, and RDM drafted manuscript. ARS and KK generated and figures. TLW 

performed sequencing reactions.  

 

 

Manuscript to be submitted as Brief Communication to Immunogenetics 

 

 

 

 

 

 



 113 

Abstract 

 

The gray short-tailed opossum Monodelphis domestica is one of the few marsupial 

species for which a high quality whole genome sequence is available and the Major 

Histocompatibility Complex (MHC) region has been annotated.  Previous analyses 

revealed only a single locus within the opossum MHC region, designated Modo-UA1, 

with the features expected for encoding a functionally classical class I α-chain. Nine 

other class I genes found within the MHC are highly divergent and have features usually 

associated with non-classical roles. The original annotation however was based on an 

early version of the opossum genome assembly. More recent analyses of allelic variation 

in individual opossums revealed too many Modo-UA1 sequences per individual to be 

accounted for by a single locus found in the genome assembly.  Analyses of a later 

generation assembly, MonDom5, revealed the presence of two additional loci, now 

designated Modo-UA3 and UA4, in a region that was expanded and more complete than 

in the earlier assembly. Modo-UA1, UA3 and UA4 are all transcribed, although Modo-

UA4 transcripts are rarer.  Modo-UA4 is also relatively non-polymorphic.  Evidence 

presented support the accuracy of the later assembly and the existence of three related 

class I genes in the opossum, making opossums more typical of mammals by having 

multiple apparent classical MHC class I loci. 

 

 

 

 



 114 

Introduction 

 

The Major Histocompatibility Complex (MHC) is among the most gene dense and 

polymorphic regions of the vertebrate genome (Beck et al. 1999; Gaudieri et al. 2000).  

The MHC encodes molecules involved in the processing and presentation of antigens to 

T cells and has been associated with disease resistance, transplant rejection, and 

reproductive success (Kumánovics et al. 2003). Classical MHC class I molecules, such as 

human HLA-A and B, are typically responsible for peptide presentation to cytotoxic 

CD8+ T cells.  They are generally polymorphic and ubiquitously expressed on most 

nucleated cells.  Non-classical class I genes, on the other hand, are often less 

polymorphic, restricted in their tissue expression, and have evolved to perform a variety 

of roles (Hofstetter et al. 2011). 

 

The study of distantly related species has provided important insight into the evolution of 

the MHC.  Marsupials represent a lineage of mammals that diverged from the eutherians 

(placental mammals) over 150 million years ago and have provided insights into the 

evolution of mammalian MHC (Baker et al. 2009; Belov et al 2006, Gouin et al. 2006).  

The gray short-tailed opossum (Monodelphis domestica) is arguably one of the better-

developed model marsupial species and has been useful for comparative immunology and 

biomedical research (Samollow 2008). M. domestica is used as a model for melanoma, 

developmental biology, spinal cord injury, and genetics of cholesterol regulation 

(Samollow 2008).  Significantly it is one of the few non-eutherian mammals for which a 

well-annotated whole genome sequence is available (Mikkelsen et al. 2007).   
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The opossum MHC, a 3.95 Mb region on chromosome 2, is as gene rich and complex as 

that of mouse and human (Belov et al. 2006). However its organization differs from that 

of eutherians in that the class I and II genes are interspersed at one end of the MHC, 

rather than being separated by the class III region (Belov et al. 2006).  Eleven class I loci 

were identified within the opossum MHC region (Belov et al. 2006). One, Modo-UA1, 

appeared to be highly polymorphic and ubiquitously transcribed and likely involved in 

peptide presentation (Miska and Miller 1998; Gouin et al 2006; Belov et al. 2006; Baker 

et al. 2009).  Modo-UA1 also appeared to account for all the known MHC class I 

transcripts known at the time (Miska and Miller 1998).  Six of the class I loci (Modo-UE, 

UI, UG, UJ, UK, and UM) are transcribed but have features of genes encoding molecules 

with non-classical functions (Baker et al., 2009). Modo-UF and UL have complete ORF 

but transcripts have yet to be identified in any tissue tested. A gene designated Modo-

UA2 due to its similarity to UA1, along with Modo-UH, are pseudogenes due to 

incomplete open reading frames (Belov et al., 2006).  Two other loci, Modo-UB and UC, 

appear related to Modo-UA1 but are located outside MHC (Miska et al. 2004, Belov et al 

2006). 

 

The number of classical MHC class I loci can vary between species and vertebrate 

lineages.  Chickens and Xenopus, for example, only have a single classical class I locus 

each (Flajnik et al. 1999; Gunther and Walter 2001; Kaufman 1999; Renard et al. 2001; 

Shiina et al. 1999). Mammals, however, tend to have multiple classical MHC class I loci.  

Therefore the presence of only a single classical class I chain locus in the opossum 

seemed unusual.  Unfortunately, the previous analysis was based on an early version of 
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the opossum genome assembly, MonDom2, and gaps in the area containing 

corresponding to the MHC were present (Belov et al 2006).   

 

Recent genotyping studies of both captive bred and wild caught M. domestica uncovered 

too many Modo-UA1 "like" sequences per individual to be accounted for by a single 

locus (Table 1).  Here we reexamined the opossum MHC genomic region using a later 

assembly than that used for the earlier annotation (Belov et al 2006; Mikkelsen et al. 

2007). 
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Table 1: Alleles from both captive and wild-caught M. domestica 

Animal Source Alleles 

46 Brazil 01/02/11 

47 Brazil 031/04/05/27/28 

50 Brazil 031/051/091/121/23 

96 Brazil 032/052/212/24/25/26 

97 Brazil 032/052/12 

97.6 Brazil 03 

97.7 Brazil 03/05 

97.9 Brazil 03/05 

110 Brazil 03/05 

110.3 Brazil 03 

136 Brazil 03/12 

139 Brazil 03/12 

D43683 Brazil 03/05/09/13/14 

216963 Bolivia 04/08/10/15/16 

126533 Bolivia 06/07/17 

125383 Bolivia 07/18/19/20/21/22 
1Genomic DNA sequences confirmed with targeted PCR on splenic cDNA from same animals 

2Genomic DNA sequences confirmed with 454 sequencing on RNA from same animals 
!
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Materials and Methods 

 

Whole genome sequence analysis 

Sequence analyses were performed using the MonDom5 M. domestica genome assembly 

available (GenBank accession number AAFR03000000) (Mikkelsen et al. 2007).  

Homology searches using the BLAST algorithm and Modo-UA1 cDNA sequences 

(accession number AF125540.1) were performed. Intron-exon boundaries were identified 

by determining splice sites using cDNA sequences and with the GENSCAN 1.0 

algorithm (Altschul et al. 1997; Burge and Karlin 1997; Miska and Miller 1999). 

 

RNA and DNA extraction and cDNA synthesis 

Opossum adult spleen tissue or whole embryonic tissues were collected from captive-

bred M. domestica and stored overnight at 4°C in RNALater (Invitrogen, Carlsbad, CA).  

RNA was extracted using the Trizol protocol (Invitrogen, Carlsbad, CA) and stored at -

80°. Complementary DNA was synthesized from RNA using the SuperScript III First-

Strand Synthesis System for RT-PCR (Invitrogen, Carlsbad, CA).  Genomic DNA was 

extracted from spleen or liver tissue from six captive-bred adult animals with the DNeasy 

Blood & Tissue Kit (Qiagen, Valencia, CA). Genomic DNA was also isolated from liver 

and spleen tissues from one Brazilian and three wild-caught Bolivian animals provided 

by the Division of Genomic Resources, Museum of Southwestern Biology (MSB) at the 

University of New Mexico.  All live animal protocols were approved under the 

University of New Mexico Institutional Animal Care and Use Protocol No. 10-100413-

MCC. 
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PCR and sequencing 

The region of Modo-UA1, UA3, and UA4 loci corresponding to exon 2, intron 2, and 

exon 3 were amplified from genomic DNA by PCR using the primers 5’–

AGGGAGAGCTGCCCTGAGCC–3’ and 5’–AGTCTTTCCTTCTCTCTGCGATGCT–

3’ which flank the exons and the Advantage HF 2 PCR kit (Clontech, Mountain View, 

CA). PCR conditions were 94°C for 1 minute, 33 cycles of 94°C for 30 seconds and 62°C 

for 4 minutes, followed by a 7 minute extension at 68°C.  The sequences of full-length 

transcripts were determined from overlapping clones amplified from a M. domestica 

thymus library using primers (5’-ATTAACCCTCACTAAAGGGA–3’ and 5’-

TAATACGACTCACTATAGGG–3’) flanking the cloning site in the Uni-ZAP XR 

vector paired with primers in exons 2 and 3 (Modo-UA1-F, 5’-

CGACCAGCAGTTCGTGCGCT–3’; Modo-UA1-R, 5’-

CACTCTCTCTGCGAAGCTCCTCTC–3’; Modo-UA3-F, 5’-

GCGGCCTGGATGGACAAGATGG–3’; Modo-UA3-R, 5’-

AGTCTTTCCTTCTCTCTGCGATGCT–3’; Modo-UA4-F, 5’-

GGGCGGCCTGGATGGACAAG–3’; Modo-UA4-R, 5’-

ATCTCTCTGCGATGCTCCTCTCTG–3’).  Targeted PCR were performed on splenic 

cDNA from one genotyped Brazilian animal with two primer pairs in exons 2 and 3 (5’-

GATATTGCCACACTACCATGTCCCG–3’ and 5’-

TGCAGGTACTTCTTCAGCCACTGC–3’; 5’–TTTCCACACTGCCATGTCCCG–3’ 

and 5’-GCCACTGCAGGCAGGTCTCC–3’). 
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All PCR products were cloned using the pCR4-TOPO TA kit following manufacturers 

recommended protocol (Invitrogen, Carlsbad, CA).  Clones were sequenced with Big 

Dye Terminator v3.1 Cycle Sequencing Kit (Invitrogen, Carlsbad, CA) (Holmes and 

Quigley 1981).  Sequences were analyzed and edited using Sequencher 5.0 (Gene Codes, 

Ann Arbor, MI).  Sequence identity was determined by BLAST comparison and 

nucleotide alignment with the MonDom5 assembly. Exon and intron structures were 

determined via the GENSCAN algorithm (http://genes.mit.edu/GENSCAN.html).  

 

Sequence analyses 

Phylogenetic analyses were performed based on nucleotide alignments corresponding to 

exons 2 and 3 of MHC class I genes from M. domestica and other representative 

vertebrate species.  Nucleotide sequences were first translated into protein and aligned 

using ClustalW in BioEdit (Hall, 1999) to preserve codon positions.  Aligned sequences 

were then converted back to nucleotides for tree construction using MEGA 5.05 (Tamura 

et al. 2011). The tree was constructed using neighbor joining statistical method using the 

Tajima-Nei Model with 1000 bootstrap replicates.  Accession numbers for sequences 

used in the phylogenetic analyses were:  Human HLA-A (U03862.1), HLA-B (X91749.1), 

HLA-Cw (U06487.1), HLA-F (BC009260.2), HLA-G (M32800.1), FcRn (NM_004107.4), 

HFE (NM_000410.3), MICA (NM_000247.1), and MICB (AK314228.1); mouse H-

2K(b) (U47328.1), and FcRn (D37874.1); Grey short-tailed opossum Modo-UB 

(NM_001079820.1), Modo-UC (NM_001079819.1), Modo-UE (NM_001171835.1), 

Modo-UG (DQ138606.1), Modo-UI (NM_001171837.1) Modo-UJ (NM_001171836.1), 

Modo-UM (NM_001171834.1), Modo-1 (AF135040.1), Modo-3 (AF125540), Modo-10 
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(AF125542), and Modo-16 (AF125543); Northern brown bandicoot Mhc-1 

(DQ927302.1); brushtail possum Trvu-UB (AF359509.1), and FcRn (AF191647.1); Red-

necked wallaby, Maru-UA (L04950.1),  and Maru-UB (L04952.1); Rhesus macaque 

Mamu-A (AF157401.1), and Mamu-B (NM_001048245.1).  

 

Divergence time between Modo-UA1, Modo-UA3, and Modo-UA4 was estimated using 

the Jukes-Cantor model in MEGA5 (Jukes and Cantor 1969; Tamura et al. 2011).  The 

number of substitutions between Modo-UA1 and Modo-UA4 across introns 1-5 was 

estimated at 0.0390 substitutions/site (over 2642 sites) divided by the marsupial-specific 

rate of neutral nucleotide substitution of 6.8-8.9 x 10-9 substitutions/site/year based on 

previous analysis of opossum class I loci (Miska et al. 2004)  

 

Evidence of selection was performed using exon 2 and 3 sequence of the alleles from 

Modo-UA1, UA3, and UA4 (GenBank Accession No. JX661062-JX661088). Sequences 

were aligned using Clustal X (Larkin et al. 2007) and analyzed using MEGA (Tamura et 

al. 2011) where a maximum likelihood tree was generated. The alignment and tree were 

input into the Phylogenetic Analysis through Maximum Likelihood (PAML) program 

(Yang, 2007) for maximum likelihood analysis of to determine sites of positive selection. 

The analysis used both Naïve Empirical Bayes and Bayes Empirical Bayes to determine 

sites of positive selection, and any site determined to be under selection had p values of 

0.05 or lower. 
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Sequence deposition 

Sequence data for Modo-UA1, Modo-UA3, and Modo-UA4 described in this paper have 

been deposited in GenBank (http://www.ncbi.nlm.nih.gov/Genbank) under accession 

numbers JX661062 through JX661088.  
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Results & Discussion 

 

This reanalysis revealed two additional loci encoding MHC class Iα chains along with a 

previously unrecognized TAP2A gene.  These were located in a 390 Kb region flanked by 

the non-classical class I Modo-UJ and class II DXA genes (Fig. 1). The two additional 

class I genes are located in gaps in the earlier MonDom2 assembly and were designated 

Modo-UA3 and UA4. The Modo-UA1 locus retained its original designation. In 

comparing the full-length sequences of each of the genes with each other, Modo-UA1 and 

Modo-UA3 have the greatest levels of sequence identity at 93.09%, while comparing 

Modo-UA1 to Modo-UA4 is 88.39%. A comparison of Modo-UA3 to Modo-UA4, there is 

a sequence identity of 89.77%, indicating that Modo-UA4 is the most different of the 

three. 

 

Confirmation of Modo-UA1, UA3, and UA4 loci presence in the genome of M. domestica 

was made using genomic DNA to ensure discovery was not another assembly artifact. 

Genomic DNA from eight opossums, five of which were from a captive colony with 

Brazilian founders and the remaining three were wild-caught Bolivian animals (Baker et 

al. 2009).  Primers located in intron 1 and exon 3 were used to amplify a 734 bp product 

containing exon 2, intron 2, and most of exon 3 by PCR.  PCR products were then cloned 

and sequenced from each individual. Five or six unique alleles were amplified from six of 

the eight individuals, consistent with there being at least three UA loci, supporting the 

later genomic assembly (not shown).  
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Figure 1. A: Monodelphis domestica MHC map derived from Belov et al. 
2006. B: M. domestica updated MHC map derived from coordinates relative 
to opossum build 2.2 (MonDom5) base pair 270,288,868 on chromosome 2. 
Black arrows represent Class I genes, grey arrow are Class II genes, and 
white arrow are antigen presenting genes. 
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RACE-PCR was performed on the thymic cDNA library to investigate the complete gene 

structure for Modo-UA1, Modo-UA3, and Modo-UA4. Transcripts that correspond to all 

eight exons for each locus were amplified.  Overall, the Modo-UA1, UA3, and UA4 loci 

have similar intron/exon structure that is typical of MHC class I genes (Figure 2).  While 

the exon length was constant between loci, the intron lengths varied considerably, notable 

was the variation in intron 1 length. Alignment of full length Modo-UA1, UA3, and UA4 

cDNA sequences reveal substantial similarity between the Modo-UA loci and other MHC 

class I genes (Figure 3). 

 

Phylogenetic analyses using marsupial and eutherian class I sequences revealed Modo-

UA1, UA2, and UA3 form a single clade sister to that containing Modo-UB and UC 

(Figure 4).  Three of MHC class I cDNA sequences, Modo-3, 10 and 16, reported 

previously and thought to be from Modo-UA1, are actually more related to Modo-UA3 

(Miska and Miller, 1999).  Another cDNA, Modo-1, appears to be transcribed from 

Modo-UA1.  The topology of the Modo-UA clade is consistent with Modo-UA1 and UA3 

being a more recent gene duplication and the duplications that gave rise to the three 

Modo-UA genes having occurred after the divergence from the locus that duplicated to 

form Modo-UB and UC. These interpretations are also supported by the divergence times 

estimated for the three UA loci.  Using estimates of divergence rates for opossum MHC 

class I genes established previously (Miska et al. 2004), the Modo-UA1 and Modo-UA3 

duplications estimated as 6.35-8.31 million years ago (MYA) (0.0564 substitutions/site), 

whilst that for Modo-UA3 and Modo-UA4 is 7.56-9.89 MYA (0.0672 substitutions/site).   
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Figure 2. Intron and exon structure of A: Modo-UA1, B: ModoUA3, C: 
ModoUA4.   
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   Leader peptide 
                -20       -10 
             ....|....|....|....|....        
ModoUA1      ...MKPSLLSLFVLGVVALTETRA 
ModoUA3      ...---------------------  
ModoUA4      ...----V------------K---  
ModoUB       ...-EL------M-------Q---   
ModoUC       ...-EL------------------ 
ModoUA2      ...-----P--------------- 
ModoUE*01    ...-GFLV---LL--ILV---I-- 
ModoUI*01    .......MFF--LF-TLV-K--W- 
ModoUK*12    ...-ES-VVLSLL-EA-M-P-IK- 
ModoUMfl*01  ........ML--F-VSL-----W- 
HLA-A    MAV-A-RT-V-LLS-AL---Q-W- 
 
!1 domain 
                      10        20   30        40        50 60        70      80       90 
             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|        
ModoUA1      GSHSMRYFYTSMSRP..ELGFSQFISVGYVDDQQFVRFDSSSESQRAEPRAAWMDQMDEEDRNYWEGQTQINRRTAQITRVDLETALGYYNQSRG 
ModoUA3      --------H-A----..--------T--------------------M--------K----EP----E----Y-KN---Y-RN---LR------Q-  
ModoUA4      ----L--CH-T----..------I-A--------------------M--------K-E---PD---RN-H-C-SN---AQ---K--IL-----Q- 
ModoUB       --------H-A----..--------T--------------------M--------K----EP----E----Y-KN---Y-RN---LR------Q- 
ModoUC       --------H-A----..--------T--------------------M--------K----EP----E----Y-KN---Y-RN---LR------Q- 
ModoUA2      --------F-...--..-----------------------------L-L------KV--D...---R----S------YG-N---L--------- 
ModoUE*01    ----LK----AA-Q-..G-AEPR-TA-V------VLS---D-P--SI-TKTP-IE-EM...S----LE-R...EATLRY-MC-QKVPV---H-E- 
ModoUI*01    ----KS--V-I--S-..--QEPRKVV-----A--IEY---H-AN--V----Q--HK-G...QD--Q---R-A-AET-NY--G---LRN-----K- 
ModoUK*12    SF--L---Q----L-...GRKP----------L--ML--GN-PN--E----P-L----...QD---KNSR-S-E---TFELG-QNL-V-----E- 
ModoUMfl*01  -------ID-VVTA-RLG-EERW-TL------------H-NNA--ST-IG-P-IELET...PD---REKRHL.KDS-NCPMS-QNLHFN----HD 
HLA-A  -----------V---..GR-EPR--A------T-------DAA-R-M----P-IE-EG...PE--D-E-RKVKAHS-TH----G-LR------EA 
 
!2 domain 
                100       110       120       130       140       150       160       170       180 
             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.... 
ModoUA1     G.LHTIQRMYGCEVHPDGSFRKGFYQLAYDGRDYIALHRETLTWTAADPGAENTKRKWEAERSFAERVKAYLEETCVQWVKKYLQMGEDVLLRT 
ModoUA3     -.-------------------------------------------------------------I---Y--------L--L-------K------ 
ModoUA4     -.-------M----SR---------------H-----D----------T--------------I---R-D-V-VE----L-------K------ 
ModoUB      -.-------I----SAE--L------F----H------T---S-----T----------P-K-I--SY-----K--TH-L----V--K------ 
ModoUC      -.-------I----S-E---------F----H------S---S-----T----------P-K-I--SY-----KE-TH-L----E--K------ 
ModoUA2     -.---L---L--------------D-H----H-----D----------T-----------------GQ-----------L-------K------ 
ModoUE*01   -.V--Y--QA----FSN---SR--A-YGF-----LT-DTG--R-V---A--L-N------DQRI--NW-I----E--HSLQR--EN-KER---A 
ModoUI*01   -.V-VF-TLI---ISS----KR-IL-H----L---S-DM--Y-----V-V-LI------SDGK-LK-G------E----LH-H-ED-K-S---- 
ModoUK*12   -.---Y--LV----SHNRM--R--E-Y----Q---S-DF---S-----IP-L-S-H---M-PNIAQ-Q-T---KN----LY---EI-NET---A 
ModoUMfl*01 -GV--L--------FGN---STF-LLYG---Q-KLS-DP---N-I-S-SV-LSI-L-LD-D--P---W-VH-TV-----LLRH-EK-KET---- 
HLA-A       -.S--L-----CD-GS-WR-LR-YH-Y----K-----KEDLRS-----MA-QT--H----AH.V--QWR----G---E-LRR--EN-KET-Q-- 
 
!3 domain 
           190       200       210       220       230       240       250      260        270       280 
            |....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|... 
ModoUA1     DPPSARVSRHSGPDGEVSLRCRAQGFYPAEISLTWLRDGEEQLQDTEFIETRPGGDGTFQKWAAVAMAPGQEDRYSCRVQHEA.LAQPLSLRWE 
ModoUA3     -----------------------------------------------------------------------------------.---------- 
ModoUA4     ---------------------------------M-------------------------------------------------.---------- 
ModoUB      -------T--R------------H---------M-------------------------------------------------.---------- 
ModoUC      ----V--T-Y-------------H-----------------------------------------------------------.---------- 
ModoUA2     -----------------------------------------------------------------------------------.---------G 
ModoUE*01   -------T--TSS----T-K----D--------V---E---------------A-----------E-LS-S-HK-T-------G-PE--F-K-- 
ModoUI*01   ---A-Q-TH-A-SK---I-Q--------S----A-------------------A-----------SLTS---EE-I-QI---E.-PE--T-K-- 
ModoUK*12   G------TH-ISHE-K-M---W-RD----D---I---------HN------------------T------------------G.-PE--T-K-- 
ModoUMfl*01 ----VQ-T--ITS-S--I-K---W---------I---N----I---AY-D---------------E-PF-N-EK-T-------G-PE--F-K-- 
HLA-A       -A-KTHMTH-AVS-H-AT---W-LS------T---Q----D-T----LV----A-----------VVPSG--Q--T-H----G.-PK--T---- 
 
Transmembrane domain 
                 290       300       310 
            .|....|....|....|....|....|....|. 
ModoUA1     PEAPSVWVIVGVTAGVLVLVTA...VVAGAVIL 
ModoUA3     ---S-L-----------A----...-------- 
ModoUA4     ---S-L----------------...-------- 
ModoUB      ---S-L----------------...-------- 
ModoUC      ---S------------------...-------- 
ModoUA2     ---S-L---A--------M---...-------- 
ModoUE*01   SQFS-IRLSA--ITIL-L-AAV...-II-V-VW 
ModoUI*01   -QTS-I-ICG-II-..IA-LI-...----V--W 
ModoUK*12   -Q-S-IFIF-V-IIAGFLFAII.....--T--W 
ModoUMfl*01 LQS-FTGYMI-IM-F--L-LTS...-I--I--W 
HLA-A       -SSQPTIP---II-GLVLFGAVITGA-VA--MW 
 
Cytoplasmic tail 
             320       330       340       350       360       370       380       390       400       410       420    430 
            ..|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|... 
ModoUA1     RR....RNSGGKGGAYVPAADKDSAQG.SDVSLTVTA*.............................................................................. 
ModoUA3     --....---------------------.---------*.............................................................................. 
ModoUA4     --....---------------------.---------*.............................................................................. 
ModoUB      --....---------------Q-----.--L-V-A—-*.............................................................................. 
ModoUC      --....---------------------.------A--*.............................................................................. 
ModoUA2     --....--.------------------.---------*.............................................................................. 
ModoUE*01   -K....NT-DS-R-S-TAT-SN-----.----F-ERT*.............................................................................. 
ModoUI*01   -K....Q--D--E-N-IQT--N--T--.----FI*................................................................................. 
ModoUK*12   --LISVED--ITFRHHAVIVHRKLISVEDSGITFRHHAVIVHRSQMCPTVKAQ-IILCGIVQKTQGYSSLRFLSVPVDLWFLSVALIEARSFEVQGCVKEVHPLPFLSSFSIKHS* 
ModoUMfl*01 KK....CI------N-ALTSGS-----.----I-ER-*.............................................................................. 
HLA-A       --....KS-DR---S-TQG-SS-----.------ACKV*.......................................................................... 

Figure 3. Alignment of protein translation of Modo-UA1, Modo-UA3, 
Modo-UA4, and select opossum and human MHC genes.  Dashes indicate 
sequence identity, dots indicate gaps, and asterisks represent stop codons.  
Accession numbers for sequences used are Modo-UB, Modo-UC, and 
Modo-UA2, AAFR03000000 ; Modo-UE, NM_001171835.1; Modo-UI, 
NM_001171837.1; Modo-UK, EU886706.1; Modo-UM, EU886712.1; 
HLA-A, AAA03603. 
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Figure 4. Phylogenetic relationship among MHC loci. Phylogenetic tree 
based on nucleotide alignments corresponding to exons 2 and 3 of MHC 
class I from M. domestica (Modo) and representative vertebrate species. 
The tree was constructed using neighbor joining statistical method using 
the Tajima-Nei Model with 1000 bootstrap replicates using MEGA 5.05 
(Tamura et al. 2011).   
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By comparison, the duplication that gave rise to Modo-UB and UC occurred less than 6 

MYA.   

 

Previously, it was thought that the Modo-UA1 locus was highly polymorphic (Gouin et al 

2006).  It is likely that the polymorphism identified was due by the presence of multiple 

related loci. Sequencing of the Modo-UA loci from eight individual M. domestica from 

both captive-bred Brazilian animals and wild-caught animals from Bolivia revealed that 

Modo-UA1 and UA3 alleles are too similar to be distinguished from one another. Modo-

UA4 is sufficiently divergent from both Modo-UA1 and UA3 that alleles for this locus 

could be distinguished.  A total of six different Modo-UA4 alleles were uncovered from 

both the captive and wild-caught, while a total of 22 Modo-UA1/UA3 alleles were 

identified. An analysis of the Modo-UA4 α1 and α2 domain sequence, which could be 

analyzed independently, revealed no evidence of sites under positive selection (data not 

shown).   

 

In summary, a reanalysis of the M. domestica MHC genomic region using a later whole 

genome assembly revealed that a majority of the gene content and gene order remained 

unchanged from what was published previously (Belov et al 2006).  The region differed 

substantially due to an additional 390 kb of sequence not present in the original assembly, 

located in a region between the TAP1 and TAP2B genes.  Present were three additional 

genes, two encoding class I a chains, designated Modo-UA3 and Modo-UA4, and one 

encoding a second TAP2A.  Modo-UA3 and Modo-UA4 were so named in recognition of 

their sequence homology to Modo-UA1 and the pseudogene Modo-UA2. Phylogenetic 
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analyses place the three loci in a clade with Modo-UA2 and the MHC class I-like genes 

Modo-UB and UC, located outside of the MHC (Miska et al. 2004).  As with other 

rapidly-evolving class I genes, these genes are nested within a larger M. domestica clade 

and are not orthologous to other species’ class I genes (Belov et al. 2007; Miska and 

Miller 1999).  Previous annotations and analyses of the opossum genome depicted the 

MHC as more akin to nonmammalian vertebrates’ genomes, with only a single classical 

class I gene (Flajnik and Kasahara 2001; Kulski et al. 2002).  This revisiting of a 

marsupial MHC reveals a class I gene organization more akin to eutherian mammals’ 

multilocus  class I system. 
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a  b  s  t  r  a  c  t

One  hundred  and  thirty  four  Little  Penguin  (Eudyptula  minor)  carcases  found  since  2004
in south  west  Australia  were  necropsied.  The  livers  and  spleens  from  ten  of  the  penguins
exhibited  varying  degrees  of  multifocal,  randomly  scattered  areas  of  necrosis  and varying
numbers  of parasites  were  associated  with  these  areas.  Hepatomegaly  and  splenomegaly
were  noted  in  many  of  these  ten cases.  Necrosis  and  parasites  were  also  observed  in  the
cardiac  muscle  of four  of the  cases  and  in  the  lung  tissue  in  one  of  the  penguins.  Using
PCR,  the  parasites  were  positively  identified  in  four  of  the  cases  as  Haemoproteus  spp.  and
morphologically  identical  tissue  stage  parasites  associated  with  histopathological  changes
were observed  in  all  ten  dead  penguins.  This  is the  first  study  to  demonstrate  both  the
in situ  presence  of the  Haemoproteus  parasite  in any  member  of  the  Sphensicidae  family  and
mortality  due  to  its presence.  We  postulate  the  involvement  of anomalous  environmental
conditions  in  a potential  increase  in  local  vectors.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The largest colony of Little Penguins (Eudyptula minor)
in Western Australia, found on Penguin Island, has the
highest conservation status of all the major Little Pen-
guin colonies in Australia and New Zealand (Dann et al.,
1996). However, they face an increasing range of natu-
ral and anthropogenic threats, such as reduction in food
resources, collisions with watercraft, hyperthermia, pol-
lution, and introduced predators (Cannell, 2004). These
threats, along with parasites and infectious diseases, are

∗ Corresponding author. Tel.: +61 421 641 050.
E-mail addresses: B.Cannell@murdoch.edu.au,

belindacannell@bigpond.com (B.L. Cannell).

known causes of mortality for Little Penguins throughout
Australia and New Zealand (Obendorf and McColl, 1980;
Harrigan, 1992; Norman et al., 1992; Clarke and Kerry,
1993; Hocken, 2000a; Cannell unpubl. data).

The prevalence of the haemosporidian parasites of the
genera Plasmodium, Haemoproteus and Leucocytozoon is
generally low in seabirds (Peirce, 2005; Quillfeldt et al.,
2011), and worldwide, penguins appear to be more likely
to be infected by Plasmodium than by species of Haemo-
proteus or Leucocytozoon (Levin et al., 2009; Quillfeldt
et al., 2011). Infections of avian malaria, caused by Plas-
modium relictum, P. elongatum and P. cathemerium, have
been observed in many captive populations of penguins,
often resulting in high mortality (Fleischman et al., 1968;
Bennett et al., 1993a; Clarke and Kerry, 1993; Graczyk
et al., 1994; Jones and Shellam, 1999a; Valkiunas, 2005;
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Bueno et al., 2010). Haemoproteus spp. in penguins have
only been reported so far in a study of haemoparasites of
Galapagos penguins (Spheniscus mendiculus), where a sin-
gle individual, out of 362 tested, was positive (Levin et al.,
2009). Leucocytozoon spp. have been observed in Fiord-
land crested penguins (Eudyptes pachrhynchus),  African
penguins (Spheniscus demersus) yellow-eyed penguins
(Megadyptes antipodes), and Macaroni penguins (Eudyptes
chrysolophus) (Valkiunas, 2005; Peirce et al., 2005) and
were associated with increased regional chick mortality
with evidence of severe, disseminated megaloschizont for-
mation in multiple tissues in the latter species (Hill et al.,
2010). Haemoparasites have rarely been observed in Little
Penguins (Jones and Shellam, 1999a,b), though a “malaria-
like parasite” was noted to have caused the mortality of two
wild Little Penguins from New South Wales in 2000 (Rose,
2001) and Leucocytozoon takawi was transferred from a
Fiordland crested penguin into a juvenile Little Penguin
(Allison et al., 1978).

Avian haemosporidians have a sexual phase that devel-
ops in a vector, a blood-sucking dipteran, and an asexual
phase in birds (Valkiunas, 2005). The abundance and geo-
graphic range of vectors and hence vector-borne disease
may  be impacted by climate change (Jones and Shellam,
1999b; Harvell et al., 2002), while migratory birds are an
important factor in the distribution of parasites and dis-
eases (Jourdain et al., 2007) due to their movement over
large areas. In addition to this normal large scale move-
ment, the geographic range of many bird species is also
affected by changes in climate. In Western Australia, tropi-
cal birds have moved into areas that once were the domain
of temperate birds (Dunlop and Wooller, 1986; Wooller
et al., 1991), and haemosporidian parasites have been
reported in a greater number of species of tropical com-
pared to temperate seabirds (Quillfeldt et al., 2011). The
expansion of tropical seabirds onto temperate islands such
as Penguin Island could therefore result in the introduction
or rise in prevalence of such parasites in endemic species.

Since 2004, 134 necropsies have been performed on
many of the Little Penguins found dead on the South-
western Australian coastal foreshores as well as Penguin
Island itself. It is extremely rare to find wild birds that have
died of haemoparasitic infections (Valkiunas, 2005), as
most dying birds are predated upon (Bennett et al., 1993b;
Ladds, 2009). In this paper, we report on the first known
cases of haemoproteosis caused by Haemoproteus spp. in
wild Little Penguins in Western Australia, and describe the
pathology and pathogenicity.

2. Materials and methods

2.1. Specimen collection and gross examination

Necropsies were performed on 10 dead Little Pen-
guins found on Penguin Island, Western Australia (32◦18′

S, 115◦41′ E) or at various locations in the southwest of
Western Australia (Fig. 1) between November 2006 and
May  2012. Eight of the dead penguins were frozen for
10–90 days prior to necropsy (following an unspecified
interval between death and the discovery of the carcase),
and two were necropsied within 24 h of discovery and

Fig. 1. The location of dead penguins in Western Australia: on Pen-
guin Island and the foreshores of Cockburn Sound, Warnbro Sound, Port
Kennedy and Preston Beach. Penguin Island is approximately 50 km south
of  Perth, the capital city of Western Australia.

subsequent refrigeration, though the post-mortem interval
was unknown. Gross external and internal examinations
were performed and the body was  weighed in all but
one case. The liver and spleen were weighed in eight
of the cases and abdominal fat pad in seven cases. The
bodies were weighed using an Avery platform scale (res-
olution 10 g) and internal organs were weighed using an
A&D EK-410i scale (resolution 0.01 g). The mass of each
of the organs was  compared with that reported for Little
Penguins from New Zealand (Hocken, 2000b). However,
penguins from the Penguin Island colony are known to
be larger than those from New Zealand (Wienecke, 1993;
Dann et al., 1996), and as Hocken (2000b) found a con-
sistent organ-to-body mass ratio in penguins, the liver
to body mass ratio was  used to demonstrate hepato-
megaly. The ratio of abdominal fat to body mass was
also used to demonstrate the body condition of the pen-
guins. Histopathology was  performed on various organs,
providing autolysis did not preclude such examination;
all carcases were scored according to their degree of
autolysis.



76 B.L. Cannell et al. / Veterinary Parasitology 197 (2013) 74– 84

2.2. Screening of organs for tissue stages of
haemosporidians

Tissue samples from the lung, spleen, liver and heart
were fixed in formalin, cut into 4 �m thick sections and
stained with haematoxylin and eosin. 2 �m thick sections
stained with Martius Scarlet Blue were used to obtain
photomicrographs of the organisms, which appeared
more prominent using this technique. The samples were
examined using light microscopy, including 1000× magni-
fication with oil immersion. Impression smears were made
for cytological examination of the liver and spleen in the
final case, by rolling the cut surface of the fresh tissues onto
glass slides, air drying, then staining with Wright–Giemsa.

2.3. Molecular screening for haemosporidians and
sequence analysis

DNA was extracted and purified from the liver of
each bird using a Qiagen DNeasy Blood and Tissue Kit.
Using polymerase chain reaction (PCR) a fragment of
approximately 480 bp of the mitochondrial cytochrome-b
(cyt-b) gene was targeted for Plasmodium and Haemo-
proteus using a nested PCR strategy. For each bird, at
least three independent PCR amplifications were per-
formed before being declared negative. Avian blood
samples known to be positive for either Haemoproteus or
Plasmodium were used as positive controls for the PCR.
Samples were first amplified using the primers HaemNF
(5′-CATATATTAAGAGAATTATGGAG-3′) and HaemNR2
(5′-AGAGGTGTAGCATATCTATCTAC-3′) described in
Waldenström et al. (2004). A second nested PCR was
performed using HaemNF1 (5′-CATATATTAAGAGAA-
ITATGGAG-3′) [I = a universal base, inosine] and HaemNR3
(5′-ATAGAAAGATAAGAAATACCATTC-3′) (Hellgren et al.,
2004). PCR were set up as 15 �l reactions containing
50 ng template DNA, 0.75 units of AmpliTaq Gold (Applied
Biosystems, Carlsbad, California), 1.5 �l of MgCl, 0.2 mM
of each dNTP, and 0.5 mM of each primer. The HaemNF
and HaemNR2 PCR were run using a programme of 94 ◦C
for 8 min  followed by 35 cycles of 94 ◦C for 30 s, 50 ◦C for
30 s, and 72 ◦C for 45 s, and a final extension at 72 ◦C for
10 min. The conditions for HaemNF1 and HaemNR3 are
identical except for an annealing temperature at 52 ◦C.
An additional positive control to assess DNA quality was
performed using avian-specific cyt-b primers as described
in Cicero and Johnson (2001).

PCR products were cloned using the pCR4-TOPO TA
kit following the manufacturers recommended proto-
col (Invitrogen, Carlsbad, CA). Cloning rather than direct
sequencing of PCR products was performed initially to
avoid problems that may  arise due to presence of mixed
infection. Multiple clones from each positive PCR amplifi-
cation were sequenced using the BigDye Terminator v3.1
Cycle Sequencing Kit (Invitrogen, Carlsbad, CA). Sequences
from independent clones obtained from the same bird
were always identical indicating absence of variation
due to PCR and/or cloning artefacts. Sequences obtained
were viewed and manually edited using Sequencher ver
5.0 (GeneCodes, Ann Arbour, MI)  and aligned using Clu-
talX (Larkin et al., 2007). Sequences were compared to

those in the GenBank database using the BLAST algorithm
(http://www.ncbi.nlm.nih.gov). Novel sequences gener-
ated in this study have been deposited in GenBank under
accession numbers KC121053–KC121056.

Parameters for phylogenetic analysis and rooting were
based on that of Outlaw and Ricklefs (2011). A maxi-
mum  likelihood phylogeny was  generated using MEGA
5.0 (Tamura et al., 2011) and a GTR+ gamma  model of
nucleotide substitution with 1000 bootstrap iterations, and
was  rooted between mammalian Plasmodium and avian
Plasmodium. Accession numbers for additional sequences
used in the phylogenetic analyses are: Avian Haemopro-
teus spp.: Spheniscus mediculus,  JX679087 and KC121057;
Heteromyias albuspecularis,  AY714147; Turdus merulus,
DQ630013; Sylvia atricapilla,  GU784854; Malimbus rubri-
collis, HQ386243; Quelea quelea,  EF117230; Fringilla coelebs,
DQ368340; Phylloscopus trochilus, AF254972; unknown
avian host, EF032812. Avian Parahaemoproteus spp.: Dume-
tella carolinensis, GU252002; Vireo olivaceus, GU252005;
Falco sarverius, GQ141558. Avian Plasmodium spp.: Seiu-
rus aurocapillus, HM222481; Parus major,  DQ658590
and JQ778277; Passer domesticus,  AF069611. Mammalian
Plasmodium sp.: Gorilla gorilla,  GU045322; Grammomys sur-
daster, DQ414646; Mandrillus sphinx,  JF923750.

3. Results

3.1. History and body condition of penguins cases

Three of the ten cases were adults that had previously
been banded or microchipped. These marked penguins
had been observed 11–45 days prior to being found dead
(Table 1). Of the other seven cases, one was an unmarked
fledgling and six were unmarked adults, none of which
had previously been observed (Table 1). Penguin 11/624
had just completed rearing two chicks, which were last
observed in the nest on 14th September 2011, i.e. approxi-
mately 2 months prior to 11/624 being found dead.

The body condition of the penguins was variable; how-
ever none were in poor condition, all having an appreciable
layer of subcutaneous adipose tissue and a reasonable to
adequate intra-abdominal fat pad. The penguins of known
ID were all lighter than their average body mass, however
the body mass of 11/624 had actually increased from the
time it was last observed alive (Table 1).

3.2. Gross pathological findings

3.2.1. Liver
Hepatomegaly with rounded lobar edges was  evident

in several of the penguins. The livers were weighed in
eight penguins and ranged from 58.6 to 79.7 g (Table 2),
with an average of 65.8 ± 4 g for males and 65.7 ± 3.3 g in
females. This is notably greater than that of healthy Lit-
tle Penguins in New Zealand (males: 42.4 ± 14.6 g, females:
34.2 ± 10.9 g; Hocken, 2000b). The liver mass, as a per-
centage of body mass, averaged 5.3 ± 0.5 for males and
5.5 ± 0.3 in females (Table 3). In this study, the ratio of
liver to body mass for all penguins (5.4 ± 0.3) was sub-
stantially greater than that obtained by Hocken (2000b)
for healthy Little Penguins (3.67 ± 0.8). Thus, all eight

http://www.ncbi.nlm.nih.gov/
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Table 1
Details for each of the penguins.

Case no. Sex Area found Date found
dead

Date last
seen alive

Body mass –
dead (g)

Body mass –
last seen alive

Av. body mass (g)

06/1172a M PI 8/11/06 n/a Unknown n/a n/a
08/1075a M PI 28/7/08 n/a 1300 n/a n/a
12/021a M CS 6/10/11 n/a 1300 n/a n/a
11/627a M PI 3/11/11 23/9/11 1160 1220 1323 (3)
11/624a M PI 6/11/11 25/10/11 1370 1210 1410 (24)
11/628a F PB 8/11/11 23/9/11 1225 1450 1450 (1)
12/020a F PK 8/11/11 n/a 1230 n/a n/a
11/626b F PI 9/11/11 n/a 1105 n/a n/a
12/338a M WS 30/04/12 n/a 1190 n/a n/a
12/362a M PI 30/05/12 n/a 1240 n/a n/a

Area found – PI = Penguin Island, PB = Preston Beach, PK = Port Kennedy, CS = Cockburn Sound, WS = Warnbro Sound. The number of times each penguin was
weighed to determine the average body mass is noted in parentheses (note an average was not possible for 11/628).

a Adult.
b Fledgling.

Table 2
Mass of the liver, spleen and abdominal fat pad in each case. Note that the organs were not weighed in all cases.

Case no. Liver mass (g) Spleen mass (g) Abdominal fat pad

06/1172a Not weighed Not weighed but splenomegaly noted Not weighed
08/1075a 69.4 Not weighed Not weighed
11/627a 79.7 5.0 8.3
11/624a Not weighed 9.6 Not weighed
11/628a 63.7 4.2 16.1
11/626b 61.2 7.5 5.4
12/020a 72.1 3.8 8.3
12/021a 58.6 3.3 4.1
12/338 62.4 6.9 6.7
12/362 59.0 5.9 15.0

a Adult.
b Fledgling.

individuals in which the liver was weighed had demonstra-
ble hepatomegaly. Pinpoint flat white to off-white spots
were disseminated over the hepatic capsular surfaces in
11/626, 11/627, 11/628, and 12/362 (Fig. 2). A focal area of
metallic yellow speckling was noted on the capsular sur-
face of the right liver lobe of 08/1075 (interpreted as urate
precipitate).

3.2.2. Spleen
The spleen was enlarged in all cases (8/10) in which

it was measured (Table 2). The average for both males
(6.1 ± 1.0 g) and females (5.2 ± 1.2 g) was notably greater

Table 3
Liver mass as a percentage of body mass.

Case no. Liver Gender

08/1075a 5.4 Male
11/627a 6.9 Male
12/021a 4.5 Male
12/338 5.2 Male
12/362 4.8 Male
Mean ± SD 5.3 ± 0.5
11/626b 5.5 Female
11/628a 5.2 Female
12/020a 5.9 Female
Mean ± SD 5.5 ± 0.3

All penguins 5.4 ± 0.3

a Adult.
b Fledgling.

than that found by Hocken (2000b) for healthy males
(1.5 ± 1.0 g) and females (1.2 ± 0.7 g). Pinpoint white to
off-white spots were scattered throughout the splenic
parenchyma and over its capsular surface in the case of
11/624.

3.2.3. Abdominal fat pad
The abdominal fat pad was  weighed in six of the pen-

guins and ranged from 4.1 to 16.1 g (Table 2), with an

Fig. 2. Liver, penguin 12/362. H = heart, L = liver, I = intestines. Note the
rounded hepatic lobar edges (arrow) and the multitudinous disseminated
white to off-white flat pinpoint capsular discolourations (arrowheads).
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Fig. 3. Liver, penguin 12/362. 400× magnification, 2 �m thick, Martius
Scarlet Blue stain. The arrow indicates a meront containing numerous
cytomeres at the periphery of a necrotic focus.

average of 8.6 ± 2.3 g for the males and 9.9 ± 3.2 g for the
females. The mass of the abdominal fat pad as a percent-
age of body mass varied from 0.3 to 1.3%. The average for
the males was 0.7 ± 0.2% and 0.8 ± 0.2% for the females.
This was lower than that for healthy males (1.4 ± 0.9%) and
slightly lower than that for females (0.9 ± 0.8%) (Hocken,
2000b).

3.3. Histopathological findings

The degree of autolysis ranged from minimal to
moderate-marked and rendered histopathological exam-
ination of some tissues difficult in some cases (however
parasites were obvious in all ten cases).

The livers from all penguins exhibited varying degrees
of multifocal, randomly scattered areas of hepatocellu-
lar necrosis (Table 4), which in the worst affected cases
was multifocal to coalescing. Associated with these areas
were varying numbers of parasites, present in all ten
cases. The protozoa were present both extracellularly (scat-
tered amongst necrotic tissue) and intracellularly within
macrophages/Kupffer cells, hepatocytes and endothelial
cells (the latter was difficult to confirm, given the host
cell was significantly enlarged/distorted; however they
were often in an intracellular location immediately adja-
cent sinusoids) at the periphery of the necrotic areas.
Each parasite varied from 2 to 4 �m diameter and was
round to ovoid with a dark basophilic (in haematoxylin
and eosin stained sections) paracentral to eccentric nucleus
and pale amphophilic cytoplasm (cytomere). When present
intracellularly they were often clustered in small groups
(approximately 20 �m diameter) of up to 18 cytomeres
contained within a thin walled vacuole (meronts contain-
ing cytomeres) (Fig. 3). Increased numbers of macrophages
were scattered throughout the liver (particularly associ-
ated with areas of necrosis) in five cases, with two  of
these also exhibiting heterophilic infiltrates (Table 4). Scat-
tered hepatocytes and Kupffer cells (particularly at the
periphery of necrotic areas) contained small amounts of
intracytoplasmic pigment in four cases (Table 4). This
material appeared to be comprised of two components

Fig. 4. Splenic impression smear, penguin 12/362. 1000× (oil immersion)
magnification, Wright–Giemsa stain. The arrow indicates an intraerythro-
cytic merozoite prior to its development into a young gametocyte.

mixed together in varying amounts, depending on the
area within the section. The first was  opaque, golden-
brown and granular (in haematoxylin and eosin stained
sections), staining bright blue with Perl’s Prussian Blue
histochemistry, confirming its identity as haeme pigment
(from erythrocyte degradation, given the extensive areas
of necrosis with accompanying haemorrhage seen); rather
than volutin pigment (which can be present in gameto-
cytes of Haemoproteus spp.). This is because the latter is
intraerythrocytic and also (being protein bound) does not
react positively with Perl’s Prussian Blue histochemistry.
The second was refractile, appearing pale golden to tan (in
haematoxylin and eosin stained sections; it was  negative
for Perl’s Prussian Blue); it occasionally (but not reliably)
polarised with the use of a polarising lens. Its morphology
was  interesting in that it was not granular, but rather linear
and occasionally formed a lining around apparently clear
vacuoles within the affected hepatocytes and Kupffer cells,
often in close proximity to individual extracellular mero-
zoites/cytomeres. Its exact identity is unknown; however
it was  felt it may  represent the residual hyaline walls of
ruptured meronts having released merozoites/cytomeres.

Multifocal areas of splenic parenchymal necrosis of
varying size were observed in all penguins, the worst
affected cases exhibited multifocal to coalescing necro-
sis. Cytomeres identical to those described in the liver
were observed scattered extracellularly throughout the
necrotic debris. Single to small groups (up to 8) of identical
organisms, possibly meronts, were observed intracellu-
larly within both macrophages as well as what appeared
to be reticuloendothelial cells on the periphery of the
necrotic areas. Rare intraerythrocytic organisms (con-
sistent with intraerythrocytic merozoites prior to their
development into young gametocytes) were observed in an
impression smear of the spleen of 12/362 (Fig. 4). Accom-
panying the necrosis and intralesional parasites was  a
moderate to marked, multifocal to coalescing histiocytic
and heterophilic (the latter often appearing degenerate)
inflammatory infiltrate in five cases, with another two
cases exhibiting solely a histiocytic infiltrate (Table 4).
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Table 4
Summary of histopathological findings.

Case no. Degree of autolysis Hepatocellular
necrosis

Pigment in Kupffer
cells/hepatocytes

Splenic
necrosis

Cardiac
necrosis

Histiocytic
infiltrate

Heterophilic
infiltrate

Spleen Liver Spleen Liver

06/1172 Minimal
√ √ √ √

08/1075 Moderate
√ √ √ √

11/627 Moderate-marked
√ √ √ √ √

11/624 Mild-moderate
√ √ √ √ √ √ √

11/628  Moderate-marked
√ √ √ √ √ √

12/020 Mild
√ √ √ √ √ √

12/021 Moderate
√ √ √

11/626 Moderate
√ √ √ √

12/338 Moderate
√ √ √

12/362 Minimal
√ √ √ √ √ √

Pigment of mixed morphology as previously described in
the liver was observed within the cytoplasm of scattered
macrophages in the spleen of one case (12/338).

The lungs of 08/1075 and 11/624 exhibited
increased numbers of inflammatory cells, predomi-
nantly macrophages; however they appeared to be
confined within circulation, rather than being represen-
tative of a true inflammatory infiltrate. It is unknown
whether this was related to a leukocytosis, as pre-mortem
haematology was not performed; alternatively, it could
have occurred secondary to stress-related leukocyte
sequestration within the pulmonary vasculature. Rare
parasites resembling merozoites (≤1 �m)  were observed
within alveolar macrophages in the case of 06/1172. Rare
merozoite-like organisms were also found within the
pulmonary interstitium in three cases (06/1172, 08/1075
and 11/624), but were not observed in the other cases.

Cardiac muscle from four cases (06/1172, 08/1075,
11/628 and 12/362) exhibited rare small focal to multi-
focal areas of cardiac myocyte degeneration and necrosis.
06/1172 additionally exhibited a focal histiocytic and lym-
phoplasmacytic periarteritis. Associated with these foci of
necrosis and inflammation were sparse individual parasites
resembling merozoites (each 1–2 �m),  which appeared
largely extracellular and scattered throughout the affected
tissue.

3.4. PCR results and sequence analysis

Of the ten Little Penguin samples obtained from 2006
to 2012, only four (11/626, 12/020, 12/021 and 12/338)
were positive for haemoparasite cyt-b (Fig. 5). When mul-
tiple PCR products from each positive bird were cloned
and sequenced, each bird was found to harbour a sin-
gle haemoparasite cyt-b sequence (not shown). When
compared between birds, the sequences from 11/626,
12/021 and 12/338 were identical. The sequence from
12/020 differed by only a single nucleotide (not shown).
When compared to public databases of cyt-b genes, the
sequences were found to have 86–97% nucleotide iden-
tity to sequences from parasites previously identified as
Haemoproteus subgenus Parahaemoproteus,  and 80–84%
identity to Haemoproteus subgenus Haemoproteus.  The iso-
lated sequences only shared 79–83% nucleotide identity
to avian Plasmodium isolates. Further confirmation of the

Haemoproteus spp. nature of the sequences was estab-
lished using phylogenetic analysis (Fig. 6). The sequences
obtained from the Little Penguin samples were aligned to
representative haemosporidian parasite cyt-b sequences
obtained from GenBank. A phylogeny based on these align-
ments reveals that the Little Penguin sequences are clearly
within a clade containing avian Haemoproteus spp., dis-
tinct from Plasmodium spp. Within the Haemoproteus clade
they are most related to the Haemoproteus of the sub-
genus Parahaemoproteus as would be expected based on the
nucleotide sequence identity. Previously isolated Haemo-
proteus sequences from Galapagos penguins were also in
the Parahaemoproteus subgenus, however these are distinct
from those detected in the Little Penguins.

4. Discussion

Haemoproteus spp. were identified by PCR in four dead
penguins in 2011 and 2012, and morphologically identi-
cal tissue stage parasites were observed in all ten dead
penguins associated with significant pathological changes
sufficient to result in acute death. It is worth noting that
parasites were not seen in histologically normal tissue,
only in areas affected by significant pathological changes.
Given that the birds were still in adequate to good body
condition (as evidenced by adequate subcutaneous and
intra-abdominal adipose); it is unlikely that the penguins
died from starvation. This, combined with the fact that
significant hepatic and splenic necrosis associated with
Haemoproteus spp. was  seen indicates that disseminated
haemoproteosis was responsible for their deaths. These
constitute only the second recorded cases of Haemoproteus
spp. identified in any member of the Spheniscidae fam-
ily (Levin et al., 2009), however this report is the first to
demonstrate the presence of the parasite in situ associated
with overt pathological changes. Moreover, it is the first
time that Haemoproteus spp. infection has been implicated
in the mortality of Little Penguins.

Although all ten birds tested here for haemosporidian
infection using DNA analysis exhibited similar histopatho-
logical findings, six of the birds were negative by PCR.
Previous investigators have reported similar false nega-
tives using PCR based methodology (Richard et al., 2002;
Beadell et al., 2004; Valkiunas et al., 2006). Inability
to amplify haemosporidians from DNA extracted from
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Fig. 5. Visualisation of PCR results of the four positive (11/626, 12/020, 12/021 and 12/338) and one representative negative (11/628) birds. Each sample
was  run in triplicate except for the positive controls, which were run in duplicate. H2O was included as a negative control.

microscopically positive samples may  be the result of
degradation of the DNA sample over time; however this
does not seem to be the case here since positive controls
performed support the quality of the DNA. Alternatively,
due to variation in tissue sampling, parasite DNA may  be
underrepresented in some samples. Microscopy alone can
also result in false negatives due to low infection levels
and often does not provide species level information on
the parasite. For example, it is difficult or impossible to

use the morphology of the preerythrocytic tissue stages
alone for accurate diagnosis of Haemoproteus spp. infec-
tion (Atkinson, 2008). Hence the value in the use of both
molecular as well as microscopic methods in identifying
infection (Valkiunas et al., 2008a) is supported by the
results presented here.

The molecular methodology used in this study has been
used previously to identify both Haemoproteus and Plas-
modium spp. (Hellgren et al., 2004; Waldenström et al.,

Fig. 6. Phylogenetic tree based on mitochondrial cytochrome b sequences of haemosporidians obtained from the liver of Little Penguins along with
representatives obtained from GenBank.
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2004). Indeed, the close phylogenetic relationship between
Plasmodium and Haemoproteus spp. makes it difficult to
design primers specific for one that would not amplify
the other (Beadell and Fleischer, 2005). Only Haemoproteus
was identified in the Little Penguins tested here, however
it is impossible to rule out the presence of other infec-
tions based on negative results. Mixed infections can result
in preferential amplification of DNA from the parasite
with the greatest level of parasitemia and/or tissue bur-
den (Valkiunas et al., 2006). Therefore PCR based methods
can underestimate the occurrence of mixed Haemoproteus
and Plasmodium spp. infections. One method to reduce
such underestimation is by sequencing multiple indepen-
dent clones from more than one independent PCR reaction,
increasing the chances of identifying dual infections, as was
performed here.

As the primers used only amplify the Plasmodium or
Haemoproteus spp. cyt-b gene, we cannot rule out the
possibility that the penguins could have also harboured
Leucocytozoon spp. infections. In addition, the clinical
observations of splenomegaly, hepatomegaly and histio-
cytic infiltrates in the current study not only correlate with
previous reports of Haemoproteus spp. infections (Atkinson
and Van Riper III, 1991; Ladds, 2009) but also those of
Plasmodium and Leucocytozoon spp. infections (Fix et al.,
1988; Graczyk et al., 1994; Valkiunas, 2005; Ko et al., 2008).
However, the intraerythrocytic stage observed in 12/362
(noting that this case was PCR negative but histologically
positive), did not deform the host cell nucleus, as would
be expected of even young Leucocytozoon gametocytes
(Valkiunas, 2005). Furthermore, the intralesional haemo-
sporidians observed in the six “PCR-negative” cases were
morphologically identical by light microscopy to that of the
four PCR positive cases. However, many of the necropsy
findings could also apply to infection with Babesia spp.,
and concurrent infection with Babesia peircei cannot be
excluded. This piroplasm has been identified from Little
Penguins in Australia (Peirce, 2000), and from Jackass Pen-
guins (Spheniscus demersus) in South Africa (Erlé et al.,
1993). Schizonts and trophozoites of B. peircei are diffi-
cult to differentiate from early intraerythrocytic stages of
haemoproteids, the main difference being the absence of
pigment in species of Babesia (Homer et al., 2000). How-
ever, refractile hyaline pigment of unknown significance
was present in the livers of four out of the ten birds in this
study, including one which was negative for Haemoproteus
spp. by PCR (11/624). In addition, no organisms consis-
tent with Babesia were noted in the splenic impression
from 12/362 (P. Irwin, pers comm.), even though intraery-
throcytic merozoites were present in this case. It should
be noted that the molecular techniques that we used for
haemosporidia do not detect Babesia spp.; therefore, the
potential remains for mixed infections. However, ticks are
vectors of Babesia spp., and although they are usually asso-
ciated with nesting bird colonies, none were found on Little
Penguins or in their nests in this study. Therefore we  con-
clude that a diagnosis of Haemoproteus spp. is likely the
case for all 10 dead penguins.

Haemoproteus spp. are normally considered benign
in birds (Bennett et al., 1993b; Quillfeldt et al., 2010),
although it has also been postulated that heavy infections of

Haemoproteus spp. may  delay bird migration (Valkiunas
and Iezhova, 2001). In addition, tissue stages of the parasite
have been reported to cause necrosis of pectoral mus-
cle fibres surrounding megaloschizonts in several avian
species (Atkinson and Forrester, 1987; Atkinson, 2008;
Olias et al., 2011); pneumonia-like symptoms (Valkiunas,
2005) and haemorrhage and necrosis associated with cyst
rupture (Ferrell et al., 2007). However, all but one of these
cases were from captive or laboratory animals, and the
apparent lack of pathogenicity in the wild could be artefac-
tual, arising from sampling birds that are in apparent good
condition (i.e. aclinical/asymptomatic), and not those found
ailing or dead (Valkiunas, 1998). Indeed, Ladds (2009) notes
that the severity of the disease may  be underestimated in
wild birds.

The exact life cycle and pathogenesis of the Haemopro-
teus spp. identified is unknown; however it is assumed that
they follow the general scheme of the haemoproteid life
cycle as elaborated by Valkiunas (2005). Unlike the mem-
bers of the genus Plasmodium, to which they are closely
related, haemoproteids undergo merogony (asexual repro-
duction) in tissues, rather than circulating erythrocytes. It
is these developing preerythrocytic tissue stages that have,
albeit in a limited number of cases, been reported to be
pathogenic, causing significant myonecrosis (Ferrell et al.,
2007; Atkinson, 2008; Olias et al., 2011) as they mature and
rupture to release merozoites capable of invading erythro-
cytes. No gross signs of skeletal myonecrosis were noted
in our cases, and unfortunately skeletal muscle was not
examined histologically. Four of the ten cases did exhibit
small foci of cardiac myonecrosis associated with sparse
intralesional merozoites.

No haemoparasites were previously found in blood
smears taken from penguins on Penguin Island in 1992
(Jones and Shellam, 1999a), nor from any of the other 124
penguins from the Perth region that have been necropsied
since 2004. This, and the fact that only a limited number
of preerythrocytic tissue stages (and rare intraerythrocytic
merozoites in the case of the spleen of 12/362) were seen in
all individuals, suggests that these cases represent the out-
come of lethal abortive development of Haemoproteus spp.
in a non-adapted penguin population (Valkiunas, 2011).
This is similar to the cases reported by Olias et al. (2011)
in which non-adapted exotic parrots of various species in
Europe died acutely; with PCR identifying parasites with
99–100% homology to Haemoproteus spp. known to be
highly prevalent in wild European songbirds (without caus-
ing overt disease or mortality).

It is assumed, similar to the situation in human malaria
(particularly that associated with Plasmodium falciparum)
(Clark et al., 2006); that the birds, having had heavy par-
asite burdens (i.e. disseminated infection), died acutely
as a result of the excessive release of pro-inflammatory
cytokines (in particular TNF and IL-1; “cytokine storm”)
secondary to the damage caused by the tissue stages (and
therefore before gametocytes were able to develop), lead-
ing to systemic inflammatory response syndrome (SIRS). It
is unclear whether these birds had a significant anaemia
which might also have contributed to disease and death by
way of exacerbating tissue ischaemia. It is also unclear how
much of a role the pathogen-associated molecular pattern
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(PAMP) glycosylphosphatidylinositol anchor (GPI) plays in
the pathogenesis of Haemoproteus-associated disease; this
highly conserved molecule is present in the membranes of
many parasitic protozoa and elicits the synthesis of pro-
inflammatory cytokines as well as nitric oxide (Ropert and
Gazzinelli, 2000); thus having been implicated in human
malaria via its recognition by host cell toll-like receptor 2
(TLR2) (Oakley et al., 2011).

It is probable that the dead penguins found elsewhere
originated from Penguin Island, as shown by previous radio
and satellite tracking data (Cannell unpubl. data). The pen-
guin located near Garden Island (12/021) could have been
either from the colony at Garden Island or from Penguin
Island, as penguins from both colonies forage in Cockburn
Sound (Cannell unpubl. data). As penguins are unlikely
to be bitten by competent vectors of Haemoproteus spp.
while at sea, and the penguins do not land on the main-
land, they were probably infected whilst at their colony.
The competent vectors of Haemoproteus spp. include biting
midges (Ceratopogonidae) and louse flies (Hippoboscidae)
(Valkiunas, 2005). The presence of louse flies on Little Pen-
guins has rarely, if ever, been observed (Cannell pers. obs.),
with fleas, lice and ticks being the listed ectoparasites on
these birds (Obendorf and McColl, 1980). In contrast, biting
midges are likely to be on Penguin Island and are therefore
the most likely competent vector for Haemoproteus spp.

Apart from the 10 cases in this study, no haemosporid-
ians have been previously found in Little Penguins in this
region (Cannell unpubl. data, Jones and Shellam, 1999a),
nor from colonies elsewhere in Australia and New Zealand
(Quillfeldt et al., 2011). However, the distribution, density,
biology, physiology and transmission rates of vectors are
influenced by changes in climate and habitat (Harvell et al.,
2002; Rogers and Randolph, 2006). In addition, the growth
rate of the haemoparasite can also change with altered
climatic conditions (Harvell et al., 2002). An anomalously
strong La Niña from September 2010 and throughout 2011
was responsible for above average sea surface tempera-
tures along the West Australian coast (Pearce et al., 2011;
Pearce and Feng, 2013) and high tides causing inundation
of coastal wetlands (City of Mandurah, 2011, 2012). It also
affected other climatic conditions, with the mean mini-
mum  and maximum daily temperature well above average
throughout the year resulting in the hottest year on record,
with a record number of days ≥32 ◦C. This temperature
increase was combined with above average rainfall dur-
ing the austral spring as well as heavy rainfall in the first
two weeks of December (beginning of the austral summer)
(Australian Bureau of Meteorology). It is therefore possi-
ble that these climatic changes contributed to a sudden
increase of vectors present on the island and hence in the
cases of avian haemosporidiosis documented.

Even if prevailing climatic conditions are suitable for
an increased presentation of the haemoparasite, it must
first be available to be transmitted and for it to shift hosts.
There is evidence to suggest that some Haemoproteus spp.
have a low host specificity and thus can be transmitted
between birds belonging to different families (Fallon et al.,
2005; Križanauskiené et al., 2006). However, Beadell et al.
(2004) found that the stability of jumps between differ-
ent host families in tropical songbirds is low, though this

could be due to the type of birds they sampled as well as
their isolation. Fallon et al. (2005) found that one lineage of
Haemoproteus was found in different bird families, depend-
ent on the geographic region. Furthermore, the families
of birds in one region were migrants that overwintered
in another region. There are several species of migratory
birds on Penguin Island. For example, bridled terns (Sterna
anaethetus), caspian terns (Hydroprogne caspia)  and crested
terns (S. bergii) breed on Penguin Island, but migrate from
the island after breeding. The caspian and crested terns
are likely to move to wetland areas within the localised
region (Cannell, 2004), whereas bridled terns migrate to the
Sulawesi Sea for the austral winter (Dunlop and Johnstone,
1994). Further research needs to be undertaken to deter-
mine if any of these species are reservoir hosts for the
Haemoproteus spp. found in the Little Penguins.

The dramatic increase in penguins presenting with dis-
seminated, fatal haemosporidiosis is of concern. It is known
that island hosts tend to be more susceptible to pathogens
compared to mainland hosts due to lower exposure to
pathogens (Levin et al., 2011 and refs within Valkiunas,
2005). In addition, the prevalence of Haemoproteus para-
sites has been shown to increase in other bird species when
stressed (Quillfeldt et al., 2010). While the penguins that
died from Haemoproteus spp. infections were not in poor
body condition, the average weight of the fat pad as a per-
centage of body weight was  lower than that identified by
Hocken (2000b), particularly for the males. However, it is
unknown if the Hocken (2000b) study included penguins
in a premoult or moult stage, which would carry a large
reserve of fat. Nevertheless, in this study, the infected pen-
guins for which we  have body-mass data were lighter than
their mean body mass, and a greater than average number
of penguins were found to have died as a result of starva-
tion in 2011 (Cannell unpubl. data). It is therefore likely that
the infected penguins in the present study were in a state
of stress and perhaps thus more vulnerable to succumbing
to the infection.

Inclusion of the Haemoproteus sequences from Little
Penguins continues to support two  main haemoparasite
clades, one containing mammalian Plasmodium and the
other avian parasites. The avian clade is further subdi-
vided into Plasmodium and Haemoproteus clades. Previous
classification divided the genus Haemoproteus into two
subgenera, Haemoproteus and Parahaemoproteus,  that form
sister clades in phylogenetic analyses (Valkiunas et al.,
2008b; Levin et al., 2011). Martinsen et al. (2008) found
Haemoproteus and Parahaemoproteus each form distinct
monophyletic clades based on limited gene sequence anal-
ysis and suggested raising Parahaemoproteus to be a distinct
genus. The addition of the sequences isolated from the Little
Penguins continue to support the conclusion that Para-
haemoproteus and Haemoproteus are distinct sister clades
with the penguin parasites in the Parahaemoproteus sub-
genus.

5. Conclusion

Fatal infection by haemosporidian parasites, identified
by molecular means in conjunction with histopatholog-
ical findings as Haemoproteus spp., is reported in four
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of ten Little Penguins in Western Australia. Additionally,
the other six cases exhibited identical histopathological
findings with the presence of morphologically identical
intralesional parasites. One of these also had rare intraery-
throcytic merozoites. This population has previously been
free of infection. Recent changes in climate, ocean currents
and the presence of other species of birds which could
introduce Haemoproteus spp. to the area could all be con-
tributing factors ultimately leading to these infections.
Further studies are needed to ascertain the epidemiology
and pathology of this parasite; and indeed, to investigate
the possibility of mixed apicomplexan infections in this
population.
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! "#"$$%& '()*+,-!./"$+0",1232456247628245626922:8;.<*&=1&>?()*+,-!.@=,=AB1C<DEFB@------!-754./G"H=+,AB1C<DEFB/------!I267.D("G=1I79J!.C8K*L%=14J6=8!-9.M=,NH)1!27!.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
2 "#"$$%& *L#)*! 2456267I2 245626922 JJ ! 95 QJ !!5 !JR-C8I7 8
I "#"$$%& *L#)*2 245626-4I 245626IR! JJ 95 !9- JS !69J7 IJR-C87I 8
R "#"$$%& AN 245624762 245624925 JJ ! 99 QS 4-J4 !JR-C82- 8
7 "#"$$%& '()*+,-2./"$+0",12326-!-627R826-!-97-I:8;.<*&=1&>?ETO8A.@=,=AB1C<DEFB@------!RR7-./G"H=+,AB1C<DEFB/------!65-9.D("G=1I72J-.C8K*L%=1RJ7=8!-4.M=,NH)1!27-.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
4 "#"$$%& *L#)*! 26-!-92!I 26-!-97-I JJ ! 95 QJ !!RJI IJ7-C8IR 8
6 "#"$$%& *L#)*2 26-!-66R7 26-!-9-25 JJ 99 !9- JS !66J! 5J!-C87I 8
9 "#"$$%& AN 26-!-627R 26-!-67!! JJ ! 99 QS 4-J4 !JR-C82- 8
5 "#"$$%& '()*+,-I./"$+0",123I9-27!648I9-24R!7:U;.<*&=1&>?EFBF8VO.@=,=AB1C<DEFB@-------I526./G"H=+,AB1C<DEFB/-------R9!R.D("G=1II5J9.C8K*L%=1!J9=8!-2.M=,NH)1!2R-.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
!- "#"$$%& *L#)*! I9-27!64 I9-27R44 JJ ! 95 QJ !!6J9 IJI-C8I7 U
!! "#"$$%& *L#)*2 I9-27426 I9-275!! JJ 99 !9- JS !42J2 2J2-C8R9 U
!2 "#"$$%& AN I9-24!79 I9-24R!7 JJ ! 99 QS 75J9 2J7-C82- U
!I "#"$$%& '()*+,-R./"$+0",123I9---2-98I9--!RR2:U;.<*&=1&>?EFBF8VW.@=,=AB1C<DEFB@-------I5!R./G"H=+,AB1C<DEFB/-------R654.D("G=1II7J5.C8K*L%=12J7=8!-!.M=,NH)1!2I7.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
!R "#"$$%& *L#)*! I9---2-9 I9---R59 JJ ! 95 QJ !!5 !JR-C8I7 U
!7 "#"$$%& *L#)*2 I9---442 I9---5R4 JJ 99 !9- JS !74JI !JI-C8R4 U
!4 "#"$$%& AN I9--!!97 I9--!RR2 JJ ! 99 QS 4-J4 !JR-C82- U
!6 "#"$$%& '()*+,-7./"$+0",123245529455824552557I:8;.<*&=1&>?()*+,-7.@=,=AB1<",=./G"H=+,AB1<",=.D("G=1II7JR.C8K*L%=1IJ6=8!-!.M=,NH)1!277.O"&&=,H1<"."K=GL*##+,N.*,,"H*0",$
!9 "#"$$%& *L#)*! 24552544I 24552557I JJ ! 95 QJ !-5JI !J!-C8I2 8
!5 "#"$$%& *L#)*2 245525!5! 245525R45 JJ 95 !9- JS !47J9 2J--C8R5 8
2- "#"$$%& AN 245529455 245529574 JJ ! 99 QS 4-JI !J6-C82- 8
2! "#"$$%& '()*+,-4./"$+0",12326-2R9957826-27--57:U;.<*&=1&>?EFBF8V@.@=,=AB1C<DEFB@------2I6RI./G"H=+,AB1C<DEFB/------I!7-!.D("G=1I24J7.C8K*L%=12JI=859.M=,NH)1!2-!.O"&&=,H1FK=GL*#$.&%L0#L=.*,,"H*0",$X.",=.+,.#G"H=+,$
22 "#"$$%& *L#)*! 26-2R9957 26-2R5!64 JJ ! 95 QJ !-5J2 !J2-C8I2 U
2I "#"$$%& *L#)*2 26-2R5I4I 26-2R547I JJ 94 !9- JS !4IJ6 9J--C8R5 U
2R "#"$$%& AN 26-2R59I9 26-27--57 JJ ! 99 QS 7IJ4 2JR-C8!9 U
27 "#"$$%& '()*+,-6./"$+0",12367226I!!8672I5!2-:U;.<*&=1&>?EY!.@=,=AB1C<DEFB@-------4726./G"H=+,AB1C<DEFB/-------9!--.D("G=1I!5J4.C8K*L%=12J!=854.M=,NH)1!!9!-.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
24 "#"$$%& *L#)*! 67226I!! 6722679- JJ ! 52 QJ !-6JR RJ--C8I2 U
26 "#"$$%& *L#)*2 67225495 6722554R JJ 95 !9- JS !77J4 2J--C8R4 U
29 "#"$$%& AN 672I9944 672I5!2- JJ ! 99 QS 74J4 2J4-C8!5 U
25 "#"$$%& '()*+,-9./"$+0",12326-II657R826-II52R4:8;.<*&=1&>?()*+,-9.@=,=AB1C<DEFB@------!RII4./G"H=+,AB1C<DEFB/------!65!9.D("G=1I!6J!.C8K*L%=15J7=854.M=,NH)1!25I.O"&&=,H1FK=GL*#$.&%L0#L=.*,,"H*0",$X.",=.+,.#G"H=+,$
I- "#"$$%& *L#)*! 26-II9542 26-II52R4 JJ ! 5- QJ !!- 4J6-C8II 8
I! "#"$$%& *L#)*2 26-II9R7I 26-II96IR JJ 99 !9- JS !R4J4 5J7-C8RR 8
I2 "#"$$%& AN 26-II657R 26-II92!! JJ ! 99 QS 4-J7 !J7-C82- 8
II "#"$$%& '()*+,-5./"$+0",1232457!I9-I82457!7!55:8;.<*&=1&>?EFBF8VC.@=,=AB1C<DEFB@------!R42R./G"H=+,AB1C<DEFB/------!9245.D("G=1I!4JR.C8K*L%=1!J7=857.M=,NH)1!I56.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
IR "#"$$%& *L#)*! 2457!R526 2457!7!55 JJ ! 95 QJ 59J6 !JR-C825 8
I7 "#"$$%& *L#)*2 2457!RR2! 2457!R455 JJ 95 !9- JS !76J4 7JI-C8R6 8
I4 "#"$$%& AN 2457!I9-I 2457!R-4- JJ ! 99 QS 4-J! 2J--C82- 8
I6 "#"$$%& '()*+,!-./"$+0",12326-2I7566826-2I6295:8;.<*&=1&>?()*+,!-.@=,=AB1C<DEFB@------2I6RR./G"H=+,AB1C<DEFB/------I!7-2.D("G=1I!RJR.C8K*L%=17J!=857.M=,NH)1!I!I.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
I9 "#"$$%& *L#)*! 26-2I4554 26-2I6295 JJ ! 5- QJ !-4J4 4JR-C8I2 8
I5 "#"$$%& *L#)*2 26-2I4R67 26-2I4675 JJ 99 !9- JS !R7JI 2JR-C8RI 8
R- "#"$$%& AN 26-2I7566 26-2I42IR JJ ! 99 QS 42J7 IJI-C82! 8
R! "#"$$%& '()*+,!!./"$+0",1232497!-97582497!2-R4:8;.<*&=1&>?()*+,!!.@=,=AB1C<DEFB@------!R9I5./G"H=+,AB1C<DEFB/------!9747.D("G=1I-2J5.C8K*L%=1!J7=85!.M=,NH)1!!99.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
R2 "#"$$%& *L#)*! 2497!!9I! 2497!2-R4 JJ 2I 95 JJ 44J! 4J7-C82- 8
RI "#"$$%& *L#)*2 2497!!I7! 2497!!4I7 JJ 99 !9- JS !64J2 !J4-C872 8
RR "#"$$%& AN 2497!-975 2497!!!!4 JJ ! 99 QS 4-J4 !JR-C82- 8
R7 "#"$$%& '()*+,!2./"$+0",12326-I77546826-I76976:8;.<*&=1&>?()*+,!2.@=,=AB1C<DEFB@------!RII4./G"H=+,AB1C<DEFB/------!65!9.D("G=1259J-.C8K*L%=1RJ6=85-.M=,NH)1!95!.O"&&=,H1FK=GL*#$.&%L0#L=.*,,"H*0",$X.",=.+,.#G"H=+,$
R4 "#"$$%& *L#)*! 26-I76765 26-I76976 JJ ! 95 QJ 5IJ9 RJ!-C829 8
R6 "#"$$%& *L#)*2 26-I76-67 26-I76I7I JJ 95 !9- JS !R7JI 2JI-C8RI 8
R9 "#"$$%& AN 26-I77546 26-I7422R JJ ! 99 QS 79J5 7J--C82- 8
R5 "#"$$%& '()*+,!I./"$+0",12326-256RR9826-259496:8;.<*&=1&>?Z[/!.@=,=AB1C<DEFB@------!RI72./G"H=+,AB1<",=.D("G=125IJ7.C8K*L%=19J4=895.M=,NH)1!2R-.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",X.,"H.+,.#G"H=+,$
7- "#"$$%& *L#)*! 26-259R-4 26-259496 JJ ! 95 QJ 9IJ2 7J7-C827 8
7! "#"$$%& *L#)*2 26-2565R5 26-259226 JJ 95 !9- JS !R5J7 !JI-C8RR 8
72 "#"$$%& AN 26-256RR9 26-2566-7 JJ ! 99 QS 4-J9 !J2-C82- 8
7I "#"$$%& '()*+,!R./"$+0",12324577R67-8245774!I-:8;.<*&=1&>?EFBF8VC.@=,=AB1C<DEFB@------!R42R./G"H=+,AB1C<DEFB/------!9245.D("G=1296J6.C8K*L%=16JI=896.M=,NH)1!I9!.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
7R "#"$$%& *L#)*! 24577796- 245774!I- JJ ! 97 QJ 59J2 2J--C825 8
77 "#"$$%& *L#)*2 245777I4R 2457774!9 JJ 56 !9- JS !I6JI 7JR-C8R! 8
74 "#"$$%& AN 24577R67- 245777-!- JJ ! 99 QS 72J2 4J9-C8!9 8
76 "#"$$%& '()*+,!7./"$+0",123245R5-4698245R52-92:8;.<*&=1&>?()*+,!7.@=,=AB1<",=./G"H=+,AB1<",=.D("G=126-J2.C8K*L%=19J2=892.M=,NH)1!R-7.O"&&=,H1<"."K=GL*##+,N.*,,"H*0",$
79 "#"$$%& *L#)*! 245R5!977 245R52-92 JJ ! 6I QJ 6IJ6 IJ9-C822 8
75 "#"$$%& *L#)*2 245R5!269 245R5!747 JJ 94 !9- JS !I9J! IJ!-C8R! 8
4- "#"$$%& AN 245R5-469 245R5-5I7 JJ ! 99 QS 79JR 6J--C82- 8
4! "#"$$%& '()*+,!4./"$+0",12326-I6462I826-I69---:8;.<*&=1&>?Z[/!.@=,=AB1C<DEFB@------!RI72./G"H=+,AB1<",=.D("G=1249J9.C8K*L%=1RJ!=89!.M=,NH)1!269.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",X.,"H.+,.#G"H=+,$
42 "#"$$%& *L#)*! 26-I666!- 26-I69--- JJ ! 95 QJ 57JI !J7-C829 8
4I "#"$$%& *L#)*2 26-I66!57 26-I66R65 JJ 99 !9- JS !24J2 !J!-C8I6 8
4R "#"$$%& AN 26-I6462I 26-I6459- JJ ! 99 QS R6JI 2J7-C8!4 8
47 "#"$$%& '()*+,!6./"$+0",12327!R!IR76827!R!469I:U;.<*&=1&>?T\C.@=,=AB1C<DEFB@-------947!./G"H=+,AB1C<DEFB/------!-64R.D("G=124-JR.C8K*L%=19JR=865.M=,NH)1II26.O"&&=,H1FK=GL*#$.&%L0#L=.*,,"H*0",$X.",=.+,.#G"H=+,$
44 "#"$$%& *L#)*! 27!R!IR76 27!R!I467 JJ ! 95 QJ 42JI 9J9-C8!5 U
46 "#"$$%& *L#)*2 27!R!7526 27!R!42-7 JJ 95 !9- JS !RRJ5 IJ--C8RI U
49 "#"$$%& AN 27!R!4724 27!R!469I JJ ! 99 QS 7IJ2 IJ2-C8!9 U
45 "#"$$%& '()*+,!9./"$+0",1!32276--R4282276-49R-:U;.<*&=1&>?[]@/!.@=,=AB1C<DEFB@-------2529./G"H=+,AB1C<DEFB/-------I746.D("G=127-J!.C8K*L%=1!JI=867.M=,NH)14I65.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
6- "#"$$%& *L#)*! 2276--R42 2276--6I! JJ ! 5- QJ 6RJR 2JI-C822 U
6! "#"$$%& *L#)*2 2276-2R4I 2276-26R! JJ 95 !9- JS !29JI 2J7-C8I9 U
62 "#"$$%& AN 2276-4795 2276-49R- JJ ! 99 QS R6JR 2JI-C8!4 U
6I "#"$$%& '()*+,!5./"$+0",1R3!2!I-!R-58!2!I-2564:U;.<*&=1&>?EAMM8MA^C.@=,=AB1C<DEFB@--------IR7./G"H=+,AB1C<DEFB/--------R-5.D("G=12-5J9.C8K*L%=1!J2=84I.M=,NH)1!749.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
6R "#"$$%& *L#)*! !2!I-!R-5 !2!I-!445 JJ ! 99 QJ 46JR 2J4-C82- U
67 "#"$$%& *L#)*2 !2!I-2-99 !2!I-2I62 JJ 99 !9- JS 59J2 2J--C825 U
64 "#"$$%& AN !2!I-26!5 !2!I-2564 JJ ! 99 QS RRJ2 2JR-C8!7 U
66 "#"$$%& '()*+,2-./"$+0",1!36-745-27986-745I-R-:U;.<*&=1&>?()*+,2-.@=,=AB1C<DEFB@------!!R2R./G"H=+,AB1C<DEFB/------!R29!.D("G=12-7J2.C8K*L%=1I=842.M=,NH)1269I.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
69 "#"$$%& *L#)*! 6-745-279 6-745-7I- JJ ! 5- QJ 74J4 RJ2-C8!6 U
65 "#"$$%& *L#)*2 6-745!4-4 6-745!97R JJ 5- !9- JS !-RJ6 2JR-C8I! U
9- "#"$$%& AN 6-7452666 6-745I-R- JJ ! 99 QS RIJ5 IJ--C8!7 U
9! "#"$$%& '()*+,2!./"$+0",1!36-7R25RR!86-7RIR26R:U;.<*&=1&>?()*+,2!.@=,=AB1C<DEFB@------2I-49./G"H=+,AB1C<DEFB/------29!7I.D("G=1!5RJ4.C8K*L%=1R=875.M=,NH)1R9IR.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
92 "#"$$%& *L#)*! 6-7R25RR! 6-7R256!I JJ ! 5- QJ 49J4 !J2-C82- U
9I "#"$$%& *L#)*2 6-7RI-6I7 6-7RI-59I JJ 5- !9- JS 9!J6 !J7-C82R U
9R "#"$$%& AN 6-7RIR-!! 6-7RIR26R JJ ! 99 QS RRJI 2J2-C8!7 U
97 "#"$$%& '()*+,22./"$+0",1R3R!257R7678R!2577769:8;.<*&=1&>?\O@YZ.@=,=AB1C<DEFB@------!I4R5./G"H=+,AB1C<DEFB/------!6-6I.D("G=1!52J6.C8K*L%=12=879.M=,NH)1!--R.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
94 "#"$$%& *L#)*! R!2577IR2 R!2577769 JJ ! 9- QJ 6IJR RJ4-C822 8
96 "#"$$%& *L#)*2 R!257R544 R!25772R! JJ 95 !9- JS 65J7 6J--C82R 8
99 "#"$$%& AN R!257R767 R!257R9I2 JJ ! 99 QS I5J9 4J!-C8!R 8
95 "#"$$%& '()*+,2I./"$+0",123246RII4228246RI6972:8;.<*&=1&>?()*+,2I.@=,=AB1C<DEFB@------!79!-./G"H=+,AB1C<DEFB/------!5629.D("G=1!94J7.C8K*L%=16J2=876.M=,NH)1R2I!.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
5- "#"$$%& *L#)*! 246RI64!4 246RI6972 JJ ! 9- QJ 65J7 4J5-C82R 8
5! "#"$$%& *L#)*2 246RIR672 246RI7-!7 JJ 95 !9- JS 74J4 RJ2-C8!6 8
52 "#"$$%& AN 246RII422 246RII95! JJ ! 99 QS 7-JR 2J7-C8!6 8
5I "#"$$%& '()*+,2R./"$+0",1!36-76!25I486-76!9I2-:U;.<*&=1&>?()*+,2R.@=,=AB1<",=./G"H=+,AB1<",=.D("G=1!6IJ!.C8K*L%=19J9=87I.M=,NH)17I97.O"&&=,H1<"."K=GL*##+,N.*,,"H*0",$
5R "#"$$%& *L#)*! 6-76!25I4 6-76!I2-2 JJ ! 95 QJ 76J4 2J2-C8!6 U
57 "#"$$%& *L#)*2 6-76!4R2I 6-76!446! JJ 5- !9- JS 45J! 9J7-C82! U
54 "#"$$%& AN 6-76!9-76 6-76!9I2- JJ ! 99 QS R4JR RJ6-C8!4 U
56 "#"$$%& '()*+,27./"$+0",1!36-7I777!986-7I76974:U;.<*&=1&>?()*+,27.@=,=AB1C<DEFB@------!!I96./G"H=+,AB1C<DEFB/------!R2R-.D("G=1!45J5.C8K*L%=16J9=872.M=,NH)12II5.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
59 "#"$$%& *L#)*! 6-7I777!9 6-7I7769! JJ ! 99 QJ 4-JR IJ2-C8!9 U
55 "#"$$%& *L#)*2 6-7I74!I7 6-7I74I57 JJ 96 !9- JS 4I 7JR-C8!5 U

!-- "#"$$%& AN 6-7I7675I 6-7I76974 JJ ! 99 QS R4J7 RJ7-C8!4 U
!-! "#"$$%& '()*+,24./"$+0",1!36-725I75R86-72575R4:8;.<*&=1&>?()*+,24.@=,=AB1C<DEFB@------!!I!4./G"H=+,AB1C<DEFB/------!R!7I.D("G=1!45JR.C8K*L%=1!J2=87!.M=,NH)12I7I.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
!-2 "#"$$%& *L#)*! 6-725749I 6-72575R4 JJ ! 99 QJ 74 4J2-C8!6 8
!-I "#"$$%& *L#)*2 6-7257-R- 6-7257I-- JJ 96 !9- JS 45JR 4J9-C82! 8
!-R "#"$$%& AN 6-725I75R 6-725I976 JJ ! 99 QS RR 2J9-C8!7 8
!-7 "#"$$%& '()*+,26./"$+0",1!36-7R57-5586-77-I!65:8;.<*&=1&>?()*+,26.@=,=AB1C<DEFB@------!!R-I./G"H=+,AB1C<DEFB/------!R276.D("G=1!45J!.C8K*L%=1!JR=87!.M=,NH)19-9!.O"&&=,H1FK=GL*#$.$+,NL=.*,,"H*0",.P.+,.#G"H=+,$
!-4 "#"$$%& *L#)*! 6-77-25!4 6-77-I!65 JJ ! 99 QJ R9J2 !JI-C8!R 8
!-6 "#"$$%& *L#)*2 6-7R56559 6-7R5924! JJ 97 !9- JS 6RJ5 !J4-C822 8
!-9 "#"$$%& AN 6-7R57-55 6-7R57I42 JJ ! 99 QS R4 4J4-C8!4 8
!-5 "#"$$%& '()*+,29./"$+0",1!36-76-22-486-76-7R27:U;.<*&=1&>?()*+,29.@=,=AB1<",=./G"H=+,AB1<",=.D("G=1!7IJ2.C8K*L%=1RJR=8R4.M=,NH)1I22-.O"&&=,H1<"."K=GL*##+,N.*,,"H*0",$
!!- "#"$$%& *L#)*! 6-76-22-4 6-76-2R62 JJ ! 95 QJ 7IJ4 IJI-C8!4 U
!!! "#"$$%& *L#)*2 6-76-I9R9 6-76-R!-7 JJ 99 !9- JS 99J2 !J9-C824 U
!!2 "#"$$%& AN 6-76-725! 6-76-7R27 JJ RI 99 JS !!JR 6JR-C8-7 U
!!I "#"$$%& '()*+,25./"$+0",1!36-7R75R9!86-7R45-7R:U;.<*&=1&>?()*+,25.@=,=AB1<",=./G"H=+,AB1<",=.D("G=1!RIJ2.C8K*L%=16JR=8RR.M=,NH)1576R.O"&&=,H1<"."K=GL*##+,N.*,,"H*0",$
!!R "#"$$%& *L#)*! 6-7R75R9! 6-7R756-2 JJ ! 67 QJ I4J5 2J5-C8!! U
!!7 "#"$$%& *L#)*2 6-7R4IR26 6-7R4I469 JJ 95 !9- JS 4IJ4 IJ7-C8!5 U
!!4 "#"$$%& AN 6-7R4965! 6-7R45-7R JJ ! 99 QS R2J6 6JI-C8!7 U
!!6 "#"$$%& '()*+,I-./"$+0",1!36-7R-4-4986-7R-9646:8;.<*&=1&>?()*+,I-.@=,=AB1<",=./G"H=+,AB1<",=.D("G=1!R!J-.C8K*L%=12J5=8RI.M=,NH)126--.O"&&=,H1<"."K=GL*##+,N.*,,"H*0",$
!!9 "#"$$%& *L#)*! 6-7R-97I6 6-7R-9646 JJ ! 69 QJ RI RJR-C8!I 8

( )*&+,-. /001+,#-&2
3*#"4$*5

#&&+"#6+&

78*&2.9+:*'5
-&"*$;#9

!"$#&'!8*.-*: !.+$* %<;#94*

Supplementary Table 2. Genomic features of predicted MHC class I genes 
found in the sensitive genome search. 
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!!" #$#%%&' ()$*(+ ,-./-,/-0 ,-./-,110 22 3, !3- 24 .02, 02--56!1 6

!+- #$#%%&' 78 ,-./-1-13 ,-./-10/- 22 ! 33 94 //20 +2+-56!. 6

!+! #$#%%&' :;*(<=0!>?#%<@#=A!B,-.03-1."6,-.03/0..C6D>E('FA'GH;*(<=0!>IF=F7JAE#=F>?K#LF<=7JAE#=F>M;#KFA!0+2+>56N()&FA!20F6/->OF=8L*A01",>P#''F=LAE#>#NFK)($$<=8>(==#L(@#=%

!++ #$#%%&' ()$*(! ,-.03/!+. ,-.03/0.. 22 ! ,3 92 0023 +2/-56!- 6

!+0 #$#%%&' ()$*(+ ,-.03+".. ,-.030+!. 22 3, !3- 24 .02" +2,-56!1 6

!+/ #$#%%&' 78 ,-.03-1." ,-.03-"++ 22 ! 33 94 //2. +2--56!. 6

!+. #$#%%&' :;*(<=0+>?#%<@#=A!B,-../-/-"6,-../,,/,C6D>E('FA'GH;*(<=0+>IF=F7JAE#=F>?K#LF<=7JAE#=F>M;#KFA!0!2!>56N()&FA+F6/->OF=8L*A,00">P#''F=LAE#>#NFK)($$<=8>(==#L(@#=%

!+1 #$#%%&' ()$*(! ,-../,/"- ,-../,,/, 22 ! 3, 92 +.2. 12"-56-3 6

!+, #$#%%&' ()$*(+ ,-../++-+ ,-../+/.- 22 "- !3- 24 .1 121-56!, 6

!+3 #$#%%&' 78 ,-../-/-" ,-../-1,+ 22 ! 33 94 /"21 /2.-56!, 6

!+" #$#%%&' :;*(<=00>?#%<@#=A!B,-.11"."36,-.1,0,+,CQD>E('FA'GH;*(<=00>IF=F7JAE#=F>?K#LF<=7JAE#=F>M;#KFA!+/2!>56N()&FA02"F603>OF=8L*A/!0->P#''F=LAE#>#NFK)($$<=8>(==#L(@#=%

!0- #$#%%&' ()$*(! ,-.11"."3 ,-.11"3.. 22 ! "- 92 ++2" /2--56-, Q

!0! #$#%%&' ()$*(+ ,-.1,!-+1 ,-.1,!+,/ 22 "- !3- 24 1!2" !2!-56!3 Q

!0+ #$#%%&' 78 ,-.1,0/1/ ,-.1,0,+, 22 ! 33 94 0"20 323-56!/ Q

!00 #$#%%&' :;*(<=0/>?#%<@#=A!B,-.0!,+,16,-.0!""3/CQD>E('FA'GH;*(<=0/>IF=F7JAE#=F>?K#LF<=7JAE#=F>M;#KFA!+023>56N()&FA02.F603>OF=8L*A+,-">P#''F=LAE#>#NFK)($$<=8>(==#L(@#=%

!0/ #$#%%&' ()$*(! ,-.0!,+,1 ,-.0!,.-1 22 ! ,3 92 !,2. !21-56-. Q

!0. #$#%%&' ()$*(+ ,-.0!3/!! ,-.0!31,! 22 3, !3- 24 1-2" +2+-56!3 Q

!01 #$#%%&' 78 ,-.0!",+! ,-.0!""3/ 22 ! 33 94 /.2/ !2--56!. Q

!0, #$#%%&' :;*(<=0.>?#%<@#=A!B,-.1!-!.-6,-.1!10+.C6D>E('FA'GH;*(<=0.>IF=F7JA5EMRSJI------!!/!/>?K#LF<=7JA5EMRSJ?------!/+,+>M;#KFA!+!21>56N()&FA!23F60,>OF=8L*A1!,1>P#''F=LASNFK)($%>%<=8)F>(==#L(@#=>T><=>$K#LF<=%

!03 #$#%%&' ()$*(! ,-.1!1-,/ ,-.1!10+. 22 ! 3. 92 0123 02+-56!! 6

!0" #$#%%&' ()$*(+ ,-.1!/,!3 ,-.1!/"/3 22 "+ !3- 24 /!20 !2/-56!+ 6

!/- #$#%%&' 78 ,-.1!-!.- ,-.1!-/!0 22 ! 33 94 /02. /2!-56!. 6

!/! #$#%%&' :;*(<=01>?#%<@#=A!B,-.+,-/.-6,-.+,0+/1C6D>E('FA'GH;*(<=01>IF=F7JAE#=F>?K#LF<=7JAE#=F>M;#KFA!!32->56N()&FA+2!F601>OF=8L*A+,",>P#''F=LAE#>#NFK)($$<=8>(==#L(@#=%

!/+ #$#%%&' ()$*(! ,-.+,0-+. ,-.+,0+/1 22 ! ,. 92 +!20 !2+-56-1 6

!/0 #$#%%&' ()$*(+ ,-.+,+.-! ,-.+,+,.+ 22 3, !3- 24 .+2" .2.-56!1 6

!// #$#%%&' 78 ,-.+,-/.- ,-.+,-,!0 22 ! 33 94 /023 02+-56!. 6

!/. #$#%%&' :;*(<=0,>?#%<@#=A!B,-..,,!116,-..30/0,C6D>E('FA'GH;*(<=0,>IF=F7JAE#=F>?K#LF<=7JAE#=F>M;#KFA!-"2+>56N()&FA!2+F600>OF=8L*A1+,+>P#''F=LAE#>#NFK)($$<=8>(==#L(@#=%

!/1 #$#%%&' ()$*(! ,-..30+-! ,-..30/0, 22 ! 3- 92 +,23 !2/-56-3 6

!/, #$#%%&' ()$*(+ ,-..3-.0, ,-..3-,,1 22 3" !3- 24 //2+ +2--56!0 6

!/3 #$#%%&' 78 ,-..,,!11 ,-..,,/+" 22 ! 33 94 0,2+ /2+-56!0 6

!/" #$#%%&' :;*(<=03>?#%<@#=A!B,-.+/1,,36,-.+.3-"!CQD>E('FA'GH;*(<=03>IF=F7JAE#=F>?K#LF<=7JAE#=F>M;#KFA,12">56N()&FA+21F6+0>OF=8L*A!!0!/>P#''F=LAE#>#NFK)($$<=8>(==#L(@#=%

!.- #$#%%&' ()$*(! ,-.+/1,,3 ,-.+/1"-1 22 ! // 92 +121 020-56-3 Q

!.! #$#%%&' ()$*(+ ,-.+/,0+0 ,-.+/,.,! 22 3, !3- 24 /.2! !2!-56!0 Q

!.+ #$#%%&' 78 ,-.+.,"./ ,-.+.3-"! 22 ! /1 92 .2+ -2--,0 Q

!.0 #$#%%&' :;*(<=0">?#%<@#=A+B!130.,+3/6!13010..-C6D>E('FA'GH;*(<=0">IF=F7JAE#=F>?K#LF<=7JAE#=F>M;#KFA."2">56N()&FA,2.F6!">OF=8L*A1+1,>P#''F=LAE#>#NFK)($$<=8>(==#L(@#=%

!./ #$#%%&' ()$*(! !1301003- !13010..- 22 +/ 3- 22 !12, +2,-56-. 6

!.. #$#%%&' ()$*(+ !1301+/!/ !1301+1/! 22 !-1 !3- 24 !.2! 32/-56-. 6

!.1 #$#%%&' 78 !130.,+3/ !130.,.03 22 ! 33 94 +32! 020-56!- 6

!., #$#%%&' :;*(<=/->?#%<@#=A+B+1,1-1+"06+1,1-,,."CQD>E('FA'GH;*(<=/->IF=F7JAE#=F>?K#LF<=7JAE#=F>M;#KFA.023>56N()&FA!2.F6!1>OF=8L*A!/1,>P#''F=LAE#>#NFK)($$<=8>(==#L(@#=%

!.3 #$#%%&' ()$*(! +1,1-1+"0 +1,1-1..1 22 ! 3" 92 0.23 120-56!! Q
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#!" $%&'( >?$'@(,,ABCD@EC(F+G+#"+#+,!!5+#"+#,-!#H6IAJ'&<F$DK:O+OAN<(<8OF4JPN22222+#"!.3AB=C;<@(8OF4JPB222223#.+#3AP?C=<F+-,0#A45Q')%<F,0,<5#/AR<(9;$F+.2,A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(ATA@(A*=C;<@(D
#!- $%&'( ')*$'+ +#"+#+,!! +#"+#+#,# 00 + +23 10 /#0, #0"245+- 6
##2 $%&'( ')*$', +#"+#+",+ +#"+#,2-- 00 "- +"2 07 "30+ 30+245,! 6
##+ $%&'( 89 +#"+#,/", +#"+#,-!# 00 + "" 17 !!0, +0,245+! 6
##, $%&'( >?$'@(,3ABCD@EC(F+G+#"3,!+-/5+#"3,#"-!H6IAJ'&<F$DK:O+4AN<(<8OF4JPN22222+#"!""AB=C;<@(8OF4JPB222223#.+!-AP?C=<F+/#0/A45Q')%<F,0,<5!"AR<(9;$F+/--A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(ATA@(A*=C;<@(D
##3 $%&'( ')*$'+ +#"3,!+-/ +#"3,!!3, 00 + "2 10 #!0# "0.245+/ 6
##! $%&'( ')*$', +#"3,#2"- +#"3,#3#" 00 "- +"2 07 /"0+ "0#245,2 6
### $%&'( 89 +#"3,#/3+ +#"3,#"-! 00 + "" 17 !3 302245+! 6
##/ $%&'( >?$'@(,!ABCD@EC(F/G,-.+,2!#5,-.+3#+!H5IAJ'&<F$DKL8:4AN<(<8OF4JPN22222,.33!2AB=C;<@(8OFJC(<AP?C=<F++/0#A45Q')%<F+0"<533AR<(9;$F+!.2A:C&&<(;FSQ<=)'*DA&%)E*)<A'((C;'EC(DXA(C(<A@(A*=C;<@(D
##. $%&'( ')*$'+ ,-.+3,!" ,-.+3#+! 00 + "- 10 .-0, !0,245,3 5
##" $%&'( ')*$', ,-.+,.,3 ,-.+,-/, 00 +2/ +"2 07 +20" 2022./ 5
##- $%&'( 89 ,-.+,2!# ,-.+,3++ 00 + "" 17 ,/0# #0#2452- 5
#/2 $%&'( >?$'@(,#ABCD@EC(F/G323",!..5323"!+/.H6IAJ'&<F$DKL8::AN<(<8OF4JPN22222,,/#..AB=C;<@(8OFJC(<AP?C=<F"-0,A45Q')%<F#0!<5,#AR<(9;$F+/-+A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(XA(C;A@(A*=C;<@(D
#/+ $%&'( ')*$'+ 323",!.. 323",/+! 00 + !/ 10 3!0- #0#245+2 6
#/, $%&'( ')*$', 323"322, 323"3+/2 00 "" +3" 00 !!0" /0#245+3 6
#/3 $%&'( 89 323"!2+# 323"!+/. 00 3- "" 07 -0# 2022+# 6
#/! $%&'( >?$'@(,/ABCD@EC(F/G,--3"#."5,--!2,#2H5IAJ'&<F$DKL8:OAN<(<8OF4JPN22222,,-3-2AB=C;<@(8OFJC(<AP?C=<F",03A45Q')%<F+<5,,AR<(9;$F+/.3A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(XA(C;A@(A*=C;<@(D
#/# $%&'( ')*$'+ ,--!22++ ,--!2,#2 00 + "2 10 .-0+ !0/245,3 5
#// $%&'( ')*$', ,--3-!." ,--3-//3 00 ++. +"2 07 30+ +0# 5
#/. $%&'( 89 ,--3"#." ,--3"/"" 00 #, "" 07 20+ +0# 5
#/" &C%D< >?$'@(2+ABCD@EC(F+.G3#!.23//53#!.!222H6IAJ'&<F&&KU,5^+2AN<(<8OF4JPL_PN222222/.,3#AB=C;<@(8OF4JPL_PB222222//!+-AP?C=<F3".0-A45Q')%<F!0"<5++#AR<(9;$F3/3#A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(ATA@(A*=C;<@(D
#/- &C%D< ')*$'+ 3#!.23// 3#!.2/!. 00 + "- 10 +!! .0"245!3 6
#.2 &C%D< ')*$', 3#!.2"+3 3#!.++22 00 "/ +"2 07 +.20+ +0!245#2 6
#.+ &C%D< 89 3#!.32-! 3#!.33#+ 00 + "" 17 #"0/ "0,245,2 6
#., &C%D< :5;<=& 3#!.3-#3 3#!.!222 00 +! ,- 07 +#0, 20222#! 6
#.3 &C%D< >?$'@(2,ABCD@EC(F+.G3#!3-!!,53#!!3,2"H6IAJ'&<F&&KU,5^.AN<(<8OF4JPL_PN222222/2##2AB=C;<@(8OF4JPL_PB222222.+"!3AP?C=<F3..0+A45Q')%<F/0#<5++,AR<(9;$F3./.A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(ATA@(A*=C;<@(D
#.! &C%D< ')*$'+ 3#!3-!!, 3#!3-.,3 00 + "- 10 +!30. -0+245!3 6
#.# &C%D< ')*$', 3#!3--2" 3#!!2+"3 00 "- +"2 07 +/30. +0+245!" 6
#./ &C%D< 89 3#!!,,." 3#!!,#3# 00 + "" 17 #-0+ #0-245,2 6
#.. &C%D< :5;<=& 3#!!3+/+ 3#!!3,2" 00 +! ,- 07 +20/ 202++ 6
#." &C%D< >?$'@(23ABCD@EC(F+.G33--//+.53!2222+3H5IAJ'&<F&&KU,5W+AN<(<8OF4JPL_PN222222/+,3,AB=C;<@(8OF4JPL_PB222222,#+"+AP?C=<F3.20.A45Q')%<F#0"<5++2AR<(9;$F33-.A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(ATA@(A*=C;<@(D
#.- &C%D< ')*$'+ 33---.3, 3!2222+3 00 + "- 10 +3" !0/245!+ 5
#"2 &C%D< ')*$', 33---,., 33---#!. 00 "- +"2 07 +/!0/ /02245!- 5
#"+ &C%D< 89 33--.,-, 33--.#!- 00 + "" 17 #.0" +0#245+- 5
#", &C%D< :5;<=& 33--//+. 33--//#, 00 +" ,- 07 +203 202+! 5
#"3 &C%D< >?$'@(2!ABCD@EC(F+.G3#3,2"++53#3,!2!.H6IAJ'&<F&&KU,5^+AN<(<8OF4JPL_PN222222.-#2.AB=C;<@(8OF4JPL_PB222222.,-!,AP?C=<F3//0-A45Q')%<F"0-<5+2-AR<(9;$F3,3.A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(ATA@(A*=C;<@(D
#"! &C%D< ')*$'+ 3#3,2"++ 3#3,+2-, 00 + "- 10 +3,0# +0-2453- 6
#"# &C%D< ')*$', 3#3,+,.! 3#3,+#!- 00 "- +"2 07 +#,0+ 30+245!# 6
#"/ &C%D< 89 3#3,32.# 3#3,333, 00 + "" 17 #-0! !0/245,2 6
#". &C%D< :5;<=& 3#3,!222 3#3,!2!. 00 +! ,- 07 ,,0- 3032452/ 6
#"" &C%D< >?$'@(2#ABCD@EC(F+.G3#3!,#-253#3!#.2/H6IAJ'&<F&&KU,5^,AN<(<8OF4JPL_PN222222-+.2#AB=C;<@(8OF4JPL_PB222222."+3"AP?C=<F3/!0#A45Q')%<F30/<5+2"AR<(9;$F3++.A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(ATA@(A*=C;<@(D
#"- &C%D< ')*$'+ 3#3!,#-2 3#3!,".+ 00 + "- 10 +!/0+ +0"245!3 6
#-2 &C%D< ')*$', 3#3!3++, 3#3!33". 00 "- +"2 07 +!"0! 30"245!! 6
#-+ &C%D< 89 3#3!!.// 3#3!#2,3 00 + "" 17 #-0- 303245,2 6
#-, &C%D< :5;<=& 3#3!#/#- 3#3!#.2/ 00 +! ,- 07 +20+ 202+/ 6
#-3 &C%D< >?$'@(2/ABCD@EC(F+.G3/+/#+!253/+/"+-2H5IAJ'&<F&&KN&"-2-AN<(<8OF4JPL_PN222222.3!2,AB=C;<@(8OF4JPL_PB22222+33//3AP?C=<F3/,03A45Q')%<F+0!<5+2.AR<(9;$F32#+A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(ATA@(A*=C;<@(D
#-! &C%D< ')*$'+ 3/+/.-,! 3/+/"+-2 00 / "- 00 +320- #0"2453- 5
#-# &C%D< ')*$', 3/+/.!3! 3/+/..2- 00 "- +"2 07 +/"0+ #0.245#2 5
#-/ &C%D< 89 3/+/#/2/ 3/+/#"/3 00 + "" 17 #-03 #02245,2 5
#-. &C%D< :5;<=& 3/+/#+!2 3/+/#+"+ 00 + +# 10 ! 20"3 5
#-" &C%D< >?$'@(2.ABCD@EC(F+.G3#,/33/-53#,//.,#H6IAJ'&<F&&KU,5O+AN<(<8OF4JPL_PN222222.3!++AB=C;<@(8OF4JPL_PB22222+3!#.2AP?C=<F3/+0#A45Q')%<F,0/<5+2.AR<(9;$F33#.A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(ATA@(A*=C;<@(D
#-- &C%D< ')*$'+ 3#,/33/- 3#,/3/#2 00 + "- 10 +3+0- ,0-2453- 6
/22 &C%D< ')*$', 3#,/3"3" 3#,/!++3 00 "- +"2 07 +/20, +0,245!. 6
/2+ &C%D< 89 3#,/#.-# 3#,//2#, 00 + "" 17 #-0! !0.245,2 6
/2, &C%D< :5;<=& 3#,///-2 3#,//.,# 00 +" ,- 07 +2 202+/ 6
/23 &C%D< >?$'@(2"ABCD@EC(F+.G3/+!,!-!53/+!#//.H5IAJ'&<F&&KN&+2!--AN<(<8OF4JPL_PN222222.3!23AB=C;<@(8OFJC(<AP?C=<F3/+0!A45Q')%<F,0.<5+2.AR<(9;$F3+.!A:C&&<(;FSQ<=)'*DAD@(9)<A'((C;'EC(XA(C;A@(A*=C;<@(D
/2! &C%D< ')*$'+ 3/+!#3"/ 3/+!#//. 00 + "- 10 +3+0, !0.2453- 5
/2# &C%D< ')*$', 3/+!!-+3 3/+!#+"" 00 "- +"2 07 +/,0, 30,245!" 5
/2/ &C%D< 89 3/+!3+#- 3/+!3!+/ 00 + "" 17 /203 ,0!245,2 5
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!"# $%&'( )*+(,$ -!./0/1/ -!./02-2 33 . .2 43 #3# "3"#! *
!"5 $%&'( 6789:;"1<=%':>%;?.#@-2-#151/*-2-5-!"#ABC<D9$(?$$EF0*G/<H(;(IJ?KDLMNLH""""""-2101<=,%+(:;IJ?KDLMNL=""""""5".21<L7%,(?-!"3!<K*O9P&(?2(*."#<Q(;R+8?-#./<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!"1 $%&'( 9PT89. -2-#151/ -2-5".#2 33 . 51 43 .-0 03#"K*-1 B
!." $%&'( 9PT890 -2-5"-!" -2-5"!-2 33 51 .5" 3V .!-32 .3-"K*/5 B
!.. $%&'( IR -2-505!1 -2-5-.0! 33 . 55 4V 2532 531"K*0" B
!.0 $%&'( )*+(,$ -2-5-22. -2-5-!"# 33 . 0" 43 !3! "3.! B
!.- $%&'( 6789:;."<=%':>%;?.#@--1#2#/5*--1#52--A*C<D9$(?$$EF0*W0<H(;(IJ?KDLMNLH""""""!#0"-<=,%+(:;IJ?D%;(<L7%,(?-2130<K*O9P&(?.3.(*."#<Q(;R+8?0#5!<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;X<;%+<:;<T,%+(:;'
!./ $%&'( 9PT89. --1#5020 --1#52-- 33 . 51 43 .2"3# 53."K*/2 *
!.2 $%&'( 9PT890 --1####0 --1#5"/# 33 51 .5" 3V .2.32 /3#"K*/2 *
!.! $%&'( IR --1#2#/5 --1#!""2 33 . 55 4V 2# 035"K*.1 *
!.# $%&'( 6789:;..<=%':>%;?.#@-2/02"15*-2/05!.0ABC<D9$(?$$EF0*G!<H(;(IJ?KDLMNLH""""""#-/"1<=,%+(:;IJ?KDLMNL="""""."12..<L7%,(?-2#3!<K*O9P&(?-31(*."!<Q(;R+8?-2.2<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!.5 $%&'( 9PT89. -2/02"15 -2/02-#1 33 . 51 43 .-#3- #3-"K*/. B
!.1 $%&'( 9PT890 -2/022#" -2/025/2 33 51 .5" 3V .2/3! 23#"K*/! B
!0" $%&'( IR -2/0#5#2 -2/05.-0 33 . 55 4V 213. 231"K*0" B
!0. $%&'( )*+(,$ -2/0522! -2/05!.0 33 . 0" 43 !3! "3.! B
!00 $%&'( 6789:;.0<=%':>%;?.#@-!"5"#50*-!"5-1#2A*C<D9$(?$$EF0*YP<H(;(IJ?KDLMNLH""""""#-/"!<=,%+(:;IJ?KDLMNL=""""".-/.22<L7%,(?-/53.<K*O9P&(?-3.(*."-<Q(;R+8?-.1/<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!0- $%&'( 9PT89. -!"5-!1/ -!"5-1#2 33 . 51 43 .-235 03."K*/" *
!0/ $%&'( 9PT890 -!"5-0-/ -!"5-2"1 33 51 .5" 3V .2.3- 23/"K*/2 *
!02 $%&'( IR -!"5.0/1 -!"5.2"! 33 . 55 4V 2230 .3""K*.5 *
!0! $%&'( )*+(,$ -!"5"#50 -!"5"50- 33 . .2 43 235 "30# *
!0# $%&'( 6789:;.-<=%':>%;?.#@-!"-"501*-!"-0/-0A*C<D9$(?$$EF0*Z0-<H(;(IJ?KDLMNLH""""""!#0.0<=,%+(:;IJ?KDLMNL=""""""11#-1<L7%,(?--#3/<K*O9P&(?03/(*.".<Q(;R+8?.!"/<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!05 $%&'( 9PT89. -!"-0.2. -!"-0/-0 33 . 51 43 .-53- -35"K*/. *
!01 $%&'( 9PT890 -!"-.!-1 -!"-.1.. 33 1" .5" 3V .-135 .3-"K*/. *
!-" $%&'( IR -!"-"501 -!"-."5! 33 . 55 4V 213- /31"K*0" *
!-. $%&'( 6789:;./<=%':>%;?.#@-!"/55-.*-!"25.0"A*C<D9$(?$$EH$...0#<H(;(IJ?KDLMNLH""""""#1/10<=,%+(:;IJ?KDLMNL="""""."1-#.<L7%,(?--/32<K*O9P&(?03/(*11<Q(;R+8?101"<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!-0 $%&'( 9PT89. -!"2#5-1 -!"25.0" 33 . 51 43 .-"35 !3/"K*-1 *
!-- $%&'( 9PT890 -!"2#/./ -!"2#!12 33 55 .5" 3V .-531 03/"K*/. *
!-/ $%&'( IR -!"2!2!- -!"2!50" 33 . 55 4V 2130 23/"K*0" *
!-2 $%&'( )*+(,$ -!"/55-. -!"/555. 33 .- 01 3V 23! "301 *
!-! $%&'( 6789:;.2<=%':>%;?.#@-!.0!11#*-!.01.#/A*C<D9$(?$$EH$#"-"<H(;(IJ?KDLMNLH""""""100/-<=,%+(:;IJ?KDLMNL=""""".--#-/<L7%,(?--/3"<K*O9P&(?-3!(*11<Q(;R+8?0.#5<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!-# $%&'( 9PT89. -!.0551- -!.01.#/ 33 . 51 43 .--3! 531"K*/" *
!-5 $%&'( 9PT890 -!.05/!! -!.05#/# 33 55 .5" 3V .-531 03/"K*/. *
!-1 $%&'( IR -!.0#!.! -!.0#5#- 33 . 55 4V 2231 235"K*.1 *
!/" $%&'( )*+(,$ -!.0!11# -!.0#"/# 33 .- 01 3V 23! "301 *
!/. $%&'( 6789:;.!<=%':>%;?.#@-2-1/-/#*-2-15"."ABC<D9$(?$$EF0*G2<H(;(IJ?KDLMNLH""""""22/.-<=,%+(:;IJ?D%;(<L7%,(?---32<K*O9P&(?!(*11<Q(;R+8?-!!/<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;X<;%+<:;<T,%+(:;'
!/0 $%&'( 9PT89. -2-1/-/# -2-1/!05 33 . 51 43 .//3! 23-"K*/- B
!/- $%&'( 9PT890 -2-1/5." -2-12"00 33 51 .21 33 .0"3/ #3-"K*-! B
!// $%&'( IR -2-1#"#5 -2-1#--2 33 . 55 4V 2#31 .3/"K*.1 B
!/2 $%&'( )*+(,$ -2-1#1!- -2-15"." 33 ./ 01 3V ."3! "3".. B
!/! $%&'( 6789:;.#<=%':>%;?.@.22.-0-25*.22.-##5/A*C<D9$(?$$EM,.<H(;(IJ?KDLMNLH""""""0!/#.<=,%+(:;IJ?KDLMNL=""""""0##//<L7%,(?--.31<K*O9P&(?.3-(*11<Q(;R+8?2/0#<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!/# $%&'( 9PT89. .22.-#20. .22.-##5/ 33 . 55 43 .0030 030"K*-! *
!/5 $%&'( 9PT890 .22.-!2#! .22.-!52. 33 51 .5" 3V .2/3- !35"K*/! *
!/1 $%&'( IR .22.-0-25 .22.-0!0/ 33 . 55 4V 223/ 535"K*.1 *
!2" $%&'( 6789:;.5<=%':>%;?.#@-!."15!#*-!.../-!A*C<D9$(?$$EH$#"-"<H(;(IJ?KDLMNLH""""""100/-<=,%+(:;IJ?KDLMNL=""""".--#-/<L7%,(?-0532<K*O9P&(?.30(*15<Q(;R+8?.2#"<)%$$(;+?SO(,P9T'<$&P>TP(<9;;%+9>%;'X<%;(<:;<T,%+(:;'
!2. $%&'( 9PT89. -!....22 -!.../-! 33 . 51 43 ./0 -3."K*/0 *
!20 $%&'( 9PT890 -!.."!!1 -!.."1/. 33 1" .5" 3V .053# 03!"K*-5 *
!2- $%&'( IR -!."15!# -!..".0/ 33 . 55 4V 2#35 .32"K*.1 *
!2/ $%&'( 6789:;.1<=%':>%;?.#@-#/5./#1*-#/5-02!A*C<D9$(?$$EF0*M0<H(;(IJ?KDLMNLH"""""".!05-<=,%+(:;IJ?KDLMNL=""""".-.01#<L7%,(?-.!3!<K*O9P&(?-3/(*12<Q(;R+8?.##5<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!22 $%&'( 9PT89. -#/5015. -#/5-02! 33 . 55 43 ...30 /3""K*-- *
!2! $%&'( 9PT890 -#/50/5/ -#/50##. 33 5! .5" 3V ./!3/ .3/"K*/- *
!2# $%&'( IR -#/5./#1 -#/5.#-! 33 . 55 4V 21 !3."K*0" *
!25 $%&'( 6789:;0"<=%':>%;?.#@-#0#"2.0*-#0#02-#ABC<D9$(?$$EF0*M-<H(;(IJ?KDLMNLH"""""".!0"!<=,%+(:;IJ?KDLMNL=""""""-2!5#<L7%,(?-.-35<K*O9P&(?03-(*1/<Q(;R+8?0"0!<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!21 $%&'( 9PT89. -#0#"2.0 -#0#"#1- 33 . 51 43 .0"3! !3!"K*-! B
!!" $%&'( 9PT890 -#0#"11# -#0#.0#0 33 51 .5" 3V .-.35 -30"K*-1 B
!!. $%&'( IR -#0#005" -#0#02-# 33 . 55 4V !.3/ .3."K*0" B
!!0 $%&'( 6789:;0.<=%':>%;?.#@-!.5#025*-!.5155"A*C<D9$(?$$EF0*Z-<H(;(IJ?KDLMNLH""""""2/.05<=,%+(:;IJ?KDLMNL=""""""11#-!<L7%,(?-"/32<K*O9P&(?.35(*1.<Q(;R+8?0!0-<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!!- $%&'( 9PT89. -!.51!-5 -!.5155" 33 . 5" 43 ..03! .3!"K*-- *
!!/ $%&'( 9PT890 -!.51.#5 -!.51/21 33 55 .5" 3V .-!32 .3-"K*/" *
!!2 $%&'( IR -!.5#025 -!.5#2.2 33 . 55 4V 223/ 53!"K*.1 *
!!! $%&'( 6789:;00<=%':>%;?.#@-!15#!!0*-!1510./A*C<D9$(?$$EF0*M2<H(;(IJ?KDLMNLH""""""0//21<=,%+(:;IJ?KDLMNL=""""".-.-!2<L7%,(?-"/32<K*O9P&(?.3.(*1.<Q(;R+8?.22-<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!!# $%&'( 9PT89. -!1551-- -!1510./ 33 . 51 43 1!31 !3!"K*01 *
!!5 $%&'( 9PT890 -!1552"! -!155#5# 33 55 .5" 3V ./235 030"K*/- *
!!1 $%&'( IR -!15#!!0 -!15#1.1 33 . 55 4V !.35 #35"K*0. *
!#" $%&'( 6789:;0-<=%':>%;?2@.-#152..!*.-#15150.ABC<D9$(?$$E[\RT.<H(;(IJ?KDLMNLH""""""-#"2-<=,%+(:;IJ?KDLMNL=""""""-5221<L7%,(?05/3!<K*O9P&(?/3-(*52<Q(;R+8?/#"!<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!#. $%&'( 9PT89. .-#152..! .-#152-!/ 33 . 5/ 43 .".31 030"K*-" B
!#0 $%&'( 9PT890 .-#15#/-5 .-#15##.- 33 51 .5" 3V ./13- 03."K*// B
!#- $%&'( IR .-#1512!# .-#15150. 33 . 55 4V --3/ 130"K*.0 B
!#/ $%&'( 6789:;0/<=%':>%;?.#@-!-0--50*-!-025/#A*C<D9$(?$$EF0*M."3.<H(;(IJ?KDLMNLH""""""0///5<=,%+(:;IJ?KDLMNL=""""""02-00<L7%,(?0#.3!<K*O9P&(?.3.(*5"<Q(;R+8?0/!!<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!#2 $%&'( 9PT89. -!-0225. -!-025/# 33 . 55 43 #/ /3""K*00 *
!#! $%&'( 9PT890 -!-02"2! -!-02-/! 33 52 .5" 3V .-.3/ /30"K*-1 *
!## $%&'( IR -!-0/02" -!-0/2"# 33 . 55 4V 253! 53-"K*0" *
!#5 $%&'( )*+(,$ -!-0--50 -!-0-/!5 33 . 01 4V #3! "3"50 *
!#1 $%&'( 6789:;02<=%':>%;?.-@0-#"25!5*0-#"5-".A*C<D9$(?$$EF](<H(;(IJ?KDLMNLH"""""""!!..<=,%+(:;IJ?KDLMNL=""""""51015<L7%,(?0#"32<K*O9P&(?-32(*5.<Q(;R+8?0/-/<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!5" $%&'( 9PT89. 0-#"5"0- 0-#"5-". 33 . 1" 43 1/3# -3."K*05 *
!5. $%&'( 9PT890 0-#"!#!5 0-#"#"/" 33 1" .5" 3V .-"3# !3!"K*-1 *
!50 $%&'( IR 0-#"25!5 0-#"!.02 33 . 55 4V /23. .3#"K*.2 *
!5- $%&'( 6789:;0!<=%':>%;?.#@-!"./5"#*-!".#2/#A*C<D9$(?$$EF0*Z0/<H(;(IJ?KDLMNLH""""""2-5-2<=,%+(:;IJ?KDLMNL="""""."1-51<L7%,(?0#"30<K*O9P&(?.3!(*5.<Q(;R+8?0#/.<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!5/ $%&'( 9PT89. -!".#-./ -!".#2/# 33 . 5" 43 5!30 .3""K*02 *
!52 $%&'( 9PT890 -!".2-52 -!".2!2# 33 51 .5" 3V .0.30 /3-"K*-! *
!5! $%&'( IR -!"./5"# -!".2"!/ 33 . 55 4V !035 -35"K*0. *
!5# $%&'( 6789:;0#<=%':>%;?.#@-!-!220!*-!-!5../A*C<D9$(?$$EF0*M."3-<H(;(IJ?KDLMNLH""""""25.0/<=,%+(:;IJ?KDLMNL=""""""#-0-!<L7%,(?0!03!<K*O9P&(?23-(*#5<Q(;R+8?0251<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!55 $%&'( 9PT89. -!-!#5#0 -!-!5../ 33 . 5" 43 !/3- -3."K*.1 *
!51 $%&'( 9PT890 -!-!#-.# -!-!#!"# 33 52 .5" 3V .-.3- /3-"K*-1 *
!1" $%&'( IR -!-!!2"" -!-!!#2# 33 . 55 4V 253! 532"K*0" *
!1. $%&'( )*+(,$ -!-!220! -!-!2!.0 33 . 01 4V 53/ "3"/# *
!10 $%&'( 6789:;05<=%':>%;?.#@-!5.0/#!*-!5./12/ABC<D9$(?$$EF0*M."3!<H(;(IJ?KDLMNLH""""""-#.-"<=,%+(:;IJ?KDLMNL=""""""-11"5<L7%,(?0253/<K*O9P&(?13.(*##<Q(;R+8?0/#1<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!1- $%&'( 9PT89. -!5.0/#! -!5.0#.5 33 . 5" 43 523# .3/"K*02 B
!1/ $%&'( 9PT890 -!5.01!. -!5.-0!" 33 50 .5" 3V ."#32 /31"K*-0 B
!12 $%&'( IR -!5.-50" -!5./"## 33 . 55 4V 253. .30"K*.1 B
!1! $%&'( )*+(,$ -!5./5!5 -!5./12/ 33 . 01 4V #3. "3.. B
!1# $%&'( 6789:;01<=%':>%;?.#@-!!#"02#*-!!#.1"-A*C<D9$(?$$EF0*M.<H(;(IJ?KDLMNLH""""""-#--/<=,%+(:;IJ?KDLMNL=""""""/"/-2<L7%,(?0/23#<K*O9P&(?-(*#/<Q(;R+8?.!/#<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
!15 $%&'( 9PT89. -!!#.!!/ -!!#.1"- 33 . 5" 43 #!31 235"K*0- *
!11 $%&'( 9PT890 -!!#."1- -!!#.-!5 33 51 .5" 3V ."!35 #31"K*-0 *
#"" $%&'( IR -!!#"02# -!!#"2./ 33 . 55 4V !0 !3!"K*0. *
#". $%&'( 6789:;-"<=%':>%;?.#@-!05-!//*-!05!.02A*C<D9$(?$$EF0*M."30<H(;(IJ?KDLMNLH""""""0-"5-<=,%+(:;IJ?KDLMNL=""""""0-5/2<L7%,(?0/030<K*O9P&(?23.(*#0<Q(;R+8?0/50<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
#"0 $%&'( 9PT89. -!052521 -!05!.02 33 . 5! 43 #13! 53#"K*0/ *
#"- $%&'( 9PT890 -!052-/" -!052!-1 33 50 .5" 3V ."-3! #30"K*-. *
#"/ $%&'( IR -!05/2.2 -!05/##0 33 . 55 4V 2535 #3/"K*0" *
#"2 $%&'( )*+(,$ -!05-!// -!05-#-" 33 . 01 4V "30 .. *
#"! $%&'( 6789:;-.<=%':>%;?.#@-!2/#-#1*-!2/1""/ABC<D9$(?$$EF0*M..<H(;(IJ?KDLMNLH""""""-#2-#<=,%+(:;IJ?KDLMNL=""""""/0200<L7%,(?0-532<K*O9P&(?23-(*#0<Q(;R+8?.!0!<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
#"# $%&'( 9PT89. -!2/#-#1 -!2/#!2# 33 . 10 43 #03# 13#"K*00 B
#"5 $%&'( 9PT890 -!2/#1.0 -!2/5.5# 33 51 .5" 3V ."532 032"K*-0 B
#"1 $%&'( IR -!2/5#/# -!2/1""/ 33 . 55 4V 2#3- 030"K*.1 B
#." $%&'( 6789:;-0<=%':>%;?.#@-!##-0"5*-!##2#.0ABC<D9$(?$$EF0*M."32<H(;(IJ?KDLMNLH""""""-#0/!<=,%+(:;IJ?KDLMNL=""""""/##!!<L7%,(?0-!3.<K*O9P&(?-32(*#"<Q(;R+8?02"2<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
#.. $%&'( 9PT89. -!##-0"5 -!##-/#/ 33 . 55 43 2# /3/"K*.# B
#.0 $%&'( 9PT890 -!##-#." -!##/""" 33 52 .5" 3V ..-3! #32"K*-/ B
#.- $%&'( IR -!##/2#5 -!##/5-2 33 . 55 4V 2532 531"K*0" B
#./ $%&'( )*+(,$ -!##2!0! -!##2#.0 33 . 01 4V # "3.0 B
#.2 $%&'( 6789:;--<=%':>%;?.#@-!/212-"*-!/!0"02A*C<D9$(?$$EF0*M."3/<H(;(IJ?KDLMNLH""""""/50-.<=,%+(:;IJ?KDLMNL=""""".-"5-0<L7%,(?00#3!<K*O9P&(?.30(*!#<Q(;R+8?0/1!<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
#.! $%&'( 9PT89. -!/!.#5- -!/!0"02 33 . 5" 43 #03! .3""K*0. *
#.# $%&'( 9PT890 -!/!.0-# -!/!.20# 33 52 .5" 3V 513- .30"K*0! *
#.5 $%&'( IR -!/!"-1# -!/!"!2/ 33 . 55 4V 2# 03#"K*.1 *
#.1 $%&'( )*+(,$ -!/212-" -!/21!.! 33 . 01 4V 53# "3"-5 *
#0" $%&'( 6789:;-/<=%':>%;?.#@-!!/"!1/*-!!/0-2"A*C<D9$(?$$EF0*M1<H(;(IJ?KDLMNLH""""""!#0".<=,%+(:;IJ?KDLMNL=""""""5//..<L7%,(?00/3/<K*O9P&(?!31(*!5<Q(;R+8?.!2#<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
#0. $%&'( 9PT89. -!!/0./. -!!/0-2" 33 . !1 43 !/3- -3."K*.1 *
#00 $%&'( 9PT890 -!!/.2-2 -!!/.5." 33 51 .5" 3V 11 .3#"K*01 *
#0- $%&'( IR -!!/"!1/ -!!/"12. 33 . 55 4V !.3. .3-"K*0" *
#0/ $%&'( 6789:;-2<=%':>%;?#@.55221-"*.5525/.5ABC<D9$(?$$EM:PP0<H(;(IJ?KDLMNLH""""""/"15#<=,%+(:;IJ?KDLMNL=""""""#000-<L7%,(?00-3!<K*O9P&(?/35(*!#<Q(;R+8?0/51<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
#02 $%&'( 9PT89. .55221-" .552!.5# 33 . 5! 43 !130 .3."K*0" B
#0! $%&'( 9PT890 .552!-11 .552!!5" 33 55 .5" 3V ..1 03""K*-2 B
#0# $%&'( IR .5525.20 .5525/.5 33 . 55 4V -23/ 030"K*.0 B
#05 $%&'( 6789:;-!<=%':>%;?#@/2"12.!#*/2."0!#5A*C<D9$(?$$E^7R,+<H(;(IJ?KDLMNLH"""""""-/0"<=,%+(:;IJ?KDLMNL="""""""-2.0<L7%,(?0."3/<K*O9P&(?-3/(*!-<Q(;R+8?#2.0<)%$$(;+?SO(,P9T'<':;RP(<9;;%+9>%;<U<:;<T,%+(:;'
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!"# $%&'( )*+,)- ./-0".1# ./-0"2!3 44 - 30 54 3!4# 14-067"2 7

!10 $%&'( )*+,)" ./-0-#-- ./-0"-32 44 3# -30 48 324# 24-067"2 7

!1- $%&'( 9: ./0#/-2! ./0#/.-3 44 - 33 58 1/42 -43067-" 7

!1" $%&'( ;<,)=>1!?@%'=A%>B!C-3"2"."#7-3"2.32"DEF?G)$(B$$HI=**-?J(>(9KB6GLIMLJ000000/.00/?@N%O(=>9KB6GLIML@0000002#031?L<%N(B"0-4!?67P)*&(B-4!(720?Q(>:O,B".1.?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>?T?=>?+N%O(=>'

!11 $%&'( )*+,)- -3"2"."# -3"2"2#" 44 - 33 54 /!41 142067-! E

!1. $%&'( )*+,)" -3"2"#"- -3"21"0" 44 33 -30 48 --"42 -4/06711 E

!1/ $%&'( 9: -3"2./#2 -3"2.32" 44 - 33 58 1-43 14-067-- E

!12 $%&'( ;<,)=>13?@%'=A%>B-!C12!1"##"712!1/112DEF?G)$(B$$HJ$."!-?J(>(9KB6GLIMLJ000000#"/"-?@N%O(=>9KBG%>(?L<%N(B-3141?67P)*&(B"4#(7/.?Q(>:O,B"1./?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>U?>%O?=>?+N%O(=>'

!1! $%&'( )*+,)- 12!1"##" 12!11-.. 44 -# 23 44 -#41 24/06702 E

!13 $%&'( )*+,)" 12!11.-2 12!11!-/ 44 3" -30 48 -034! "4"0671" E

!1# $%&'( 9: 12!1."!/ 12!1./.- 44 - 33 58 .!4# "41067-2 E

!.0 $%&'( R7O(N$ 12!1/"/0 12!1/112 44 - "# 58 !4. 0403# E

!.1 $%&'( )*+,)" 32##30!1 32##31/- 44 3# -30 48 2/4" -4!067-# 7

!.. $%&'( 9: 32##!1./ 32##!20" 44 - 33 58 .24. 24.067-2 7

!./ $%&'( ;<,)=>.0?@%'=A%>B-!C12#/0"1"712#!--"1D7F?G)$(B$$HV>NW-?J(>(9KB6GLIMLJ000000121-/?@N%O(=>9KBG%>(?L<%N(B-!04#?67P)*&(B141(7/0?Q(>:O,B"03#"?R%$$(>OBSP(N*)+'?$&*A+*(?)>>%O)A%>'U?>%>(?=>?+N%O(=>'

!.2 $%&'( )*+,)- 12#!03!3 12#!--"1 44 - 30 54 2243 /4!067"0 7

!.! $%&'( )*+,)" 12#!0132 12#!0/#/ 44 #0 -/# 44 !-4# -43067"- 7

!.3 $%&'( 9: 12#2#.#! 12#2#!01 44 - 2# 54 10 -4-067-0 7

!.# $%&'( R7O(N$ 12#/0"1" 12#/0"3" 44 - -! 54 "4" "4# 7

!/0 $%&'( ;<,)=>.-?@%'=A%>B-!C12"0"1!!712"020!0D7F?G)$(B$$HJ$331/?J(>(9KB6GLIMLJ000000#"./!?@N%O(=>9KBG%>(?L<%N(B-2!4#?67P)*&(B24"(7.#?Q(>:O,B12#.?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>U?>%O?=>?+N%O(=>'

!/- $%&'( )*+,)- 12"0/!3# 12"020!0 44 - 3# 54 -0/ "4!0671- 7

!/" $%&'( )*+,)" 12"0/12! 12"0//"/ 44 --. -2! 44 1!4" 141067-- 7

!/1 $%&'( 9: 12"011-" 12"01.1- 44 - .0 54 -243 "4006702 7

!/. $%&'( R7O(N$ 12"0"1!! 12"0"."! 44 -1 "# 48 34# 0401/ 7

!// $%&'( ;<,)=>."?@%'=A%>B-!C12.0!2"1712.0#--3D7F?G)$(B$$HJ$."/2?J(>(9KB6GLIMLJ000000#"/03?@N%O(=>9KBG%>(?L<%N(B-204-?67P)*&(B-4/(7.3?Q(>:O,B-.#2?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>U?>%O?=>?+N%O(=>'

!/2 $%&'( )*+,)- 12.0#0/0 12.0#--3 44 .1 22 44 .4# 04-" 7

!/! $%&'( )*+,)" 12.03.!" 12.03!!- 44 3" -30 48 -0!4/ /400671" 7

!/3 $%&'( 9: 12.0!2"1 12.0!330 44 - 33 58 .!4! "4/067-2 7

!/# $%&'( ;<,)=>.1?@%'=A%>B-!C12//3/!0712/2-22-DEF?G)$(B$$HJ$3323?J(>(9KB6GLIMLJ000000#"11"?@N%O(=>9KBG%>(?L<%N(B-.!4!?67P)*&(B/4-(7./?Q(>:O,B10#"?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>U?>%O?=>?+N%O(=>'

!20 $%&'( )*+,)- 12//3/!0 12//32!- 44 - 1. 54 "043 "4.06702 E

!2- $%&'( )*+,)" 12//#-0! 12//#13" 44 3# -30 48 !14# .4"067"" E

!2" $%&'( 9: 12/2-.0. 12/2-22- 44 - 33 58 /1 /4-067-3 E

!21 $%&'( ;<,)=>..?@%'=A%>B1C32#32#3!732#33/.3DEF?G)$(B$$HRW-W"?J(>(9KB6GLIMLJ000000.-!/0?@N%O(=>9KB6GLIML@0000001#/31?L<%N(B-134-?67P)*&(B-4"(7.-?Q(>:O,B-/2"?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>?T?=>?+N%O(=>'

!2. $%&'( )*+,)- 32#32#3! 32#3!"1" 44 - 31 54 /"41 -4-067-/ E

!2/ $%&'( )*+,)" 32#3!/." 32#3!3"0 44 3# -30 48 //4- -42067-2 E

!22 $%&'( 9: 32#331/. 32#33/.3 44 "" 33 48 104! 24!067-- E

!2! $%&'( ;<,)=>./?@%'=A%>B-!C1202/"#!71202!!!#D7F?G)$(B$$HJ$33-0?J(>(9KB6GLIMLJ000000#-1!1?@N%O(=>9KBG%>(?L<%N(B--"41?67P)*&(B-43(711?Q(>:O,B".31?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>U?>%O?=>?+N%O(=>'

!23 $%&'( )*+,)- 1202!23. 1202!!!# 44 - 1" 54 -34. -4"0670/ 7

!2# $%&'( )*+,)" 1202!-!- 1202!12" 44 3! -.! 44 1/43 342067-- 7

!!0 $%&'( 9: 12022-"" 120221!# 44 - 33 58 /.4/ -42067-3 7

!!- $%&'( R7O(N$ 1202/"#! 1202/11" 44 -3 "# 48 142 -4- 7

!!" $%&'( ;<,)=>.2?@%'=A%>B-!C12!0-212712!01"0#D7F?G)$(B$$HJ$33!!?J(>(9KB6GLIMLJ000000#""#3?@N%O(=>9KBG%>(?L<%N(B#/4.?67P)*&(B#4!(7"#?Q(>:O,B-/!.?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>U?>%O?=>?+N%O(=>'

!!1 $%&'( )*+,)- 12!0"#3/ 12!01"0# 44 -- 3. 44 -343 #4106702 7

!!. $%&'( )*+,)" 12!0"/01 12!0"!-3 44 3# -20 44 /!41 142067-! 7

!!/ $%&'( 9: 12!0-212 12!0-300 44 1" 33 48 -#41 "4#0670! 7

!!2 $%&'( ;<,)=>.!?@%'=A%>B-!C12#!322.712#3-11"D7F?G)$(B$$H".-0-1!I-.X=Y?J(>(9KB6GLIMLJ0000002.103?@N%O(=>9KBG%>(?L<%N(B234/?67P)*&(B-4!(7"-?Q(>:O,B"22#?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>U?>%O?=>?+N%O(=>'

!!! $%&'( )*+,)- 12#3--13 12#3-11" 44 "# 3# 44 #4! 0400.. 7

!!3 $%&'( )*+,)" 12#30211 12#30231 44 -2. -30 48 343 04003. 7

!!# $%&'( 9: 12#!322. 12#!3#"- 44 - 33 58 /0 .42067-! 7

!30 $%&'( ;<,)=>.3?@%'=A%>B-!C12"-0#0#712"-20/#D7F?G)$(B$$HJ$"01#"?J(>(9KB6GLIMLJ000000#"12"?@N%O(=>9KBG%>(?L<%N(B2"4!?67P)*&(B-43(7-#?Q(>:O,B/-/-?R%$$(>OBSP(N*)+'?$&*A+*(?)>>%O)A%>'U?>%>(?=>?+N%O(=>'

!3- $%&'( )*+,)- 12"-/#-0 12"-20/# 44 .. 3# 44 -34! -400670/ 7

!3" $%&'( )*+,)" 12"-/.!1 12"-//"1 44 -21 -30 48 24# 0401 7

!31 $%&'( 9: 12"-0#0# 12"---!3 44 - 33 58 1!4- 240067-1 7

!3. $%&'( ;<,)=>.#?@%'=A%>B!C-30.-"3/7-30.1320D7F?G)$(B$$H<,)=>.#?J(>(9KBG%>(?@N%O(=>9KBG%>(?L<%N(B--4-?67P)*&(B0400""?Q(>:O,B"/!2?R%$$(>OBG%?%P(N*)++=>:?)>>%O)A%>'

!3/ $%&'( )*+,)- -30.12!" -30.1320 44 - 2! 54 .4/ 04-/ 7

!32 $%&'( )*+,)" -30.1"". -30.11!0 44 -"/ -30 48 .4" 04" 7

!3! $%&'( 9: -30.-"3/ -30.-//. 44 - 33 58 "4. 040!/ 7

!33 W%: ;<,)=>0-?@%'=A%>B-"C#11/.37#12-0#DEF?G)$(B<ZHKQ[7-"?J(>(9KB6GLR[\J0000001""""?@N%O(=>9KB6GLR[\@0000001-.".?L<%N(B13140?67P)*&(B"4-(7--0?Q(>:O,B"/2"?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>?T?=>?+N%O(=>'

!3# W%: )*+,)- #11/.3 #113"# 44 - 3# 54 -." "4-067.- E

!#0 W%: )*+,)" #1.0#0 #1.1!- 44 33 -30 48 -/34" 14"067.2 E

!#- W%: 9: #1.#!2 #1/"11 44 - 33 58 2/4# "42067"- E

!#" W%: R7O(N$ #1202" #12-0# 44 -. "# 48 -24# 0400-" E

!#1 W%: ;<,)=>0"?@%'=A%>B-"C3#"#1173#/.1-D7F?G)$(B<ZHKQ[33?J(>(9KB6GLR[\J00000000.3!?@N%O(=>9KB6GLR[\@00000000!-3?L<%N(B1!243?67P)*&(B-42(7-03?Q(>:O,B".##?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>?T?=>?+N%O(=>'

!#. W%: )*+,)- 3#/-/0 3#/.1- 44 - 3# 54 -1341 "4!067.0 7

!#/ W%: )*+,)" 3#.2!! 3#.#/3 44 33 -30 48 -//4. "41067./ 7

!#2 W%: 9: 3#13-" 3#.02# 44 - 33 58 224" "4"067"- 7

!#! W%: R7O(N$ 3#"#11 3#"#30 44 -. "# 48 -24# 0400-" 7

!#3 W%: ;<,)=>01?@%'=A%>B-"C#313117#32.2!DEF?G)$(B<ZHKQ[72.?J(>(9KB6GLR[\J00000000/00?@N%O(=>9KB6GLR[\@0000001-.-0?L<%N(B1!04"?67P)*&(B-4/(7-02?Q(>:O,B"21/?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>?T?=>?+N%O(=>'

!## W%: )*+,)- #31311 #3.--. 44 - 3# 54 -"24! 24#0671! E

300 W%: )*+,)" #3.1#/ #3.2!0 44 3# -30 48 -2"4# -4.067.! E

30- W%: 9: #3/111 #3//#0 44 - 33 58 214! -41067"0 E

30" W%: R7O(N$ #32."0 #32.2! 44 -. "# 48 -24# 0400-" E

301 W%: ;<,)=>0.?@%'=A%>B-3C.--."!3-7.--./"32DEF?G)$(B<ZHKQ[7!#?J(>(9KB6GLR[\J00000003"1.?@N%O(=>9KB6GLR[\@000000-"0#2?L<%N(B1-#4#?67P)*&(B-(7#-?Q(>:O,B"/02?R%$$(>OBSP(N*)+'?'=>:*(?)>>%O)A%>?T?=>?+N%O(=>'

30. W%: )*+,)- .--."!3- .--.102/ 44 - 3# 54 -024. !410671- E

30/ W%: )*+,)" .--.1"21 .--.1/.. 44 33 -30 48 -.# -4!067.1 E

302 W%: 9: .--..-.# .--...02 44 - 33 58 2-4. !41067"0 E

30! W%: R7O(N$ .--./"/. .--./"32 44 - -" 54 14- -- E
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).") $46$YC7 3$4567.+9:%;6<%7=\],"#)!+/)>"*,+2-#--?2@9A5BC=((F$4567.+9JC7C'H=1AKJIRJ......8!.!,9:N%EC67'H=1AKJIR:........*#!9K$%NC=,8#/+912O5PQC=,/*C2!,9RC7(E4=))#,9G%BBC7E=SOCNP5T;9;67(PC9577%E5<%79U9679TN%EC67;
)."8 $46$YC7 5PT45) -,,) -#-- // ) !" V/ ).8/+ */,.128! 2
).", $46$YC7 5PT458 ""!- -.", // -! )-. /0 )+-/" )/8.12*- 2
)."* $46$YC7 '( "*,+ "+!, // ) -- V0 #*/, +/#.12)" 2
)."# $46$YC7 3$4567."9:%;6<%7=IIHA.,.),8*./)>)8,2)8"#?2@9A5BC=((F$4567."9JC7C'H=1AKJIRJ......8"8!,9:N%EC67'H=1AKJIR:......8))8,9K$%NC=,8#/+912O5PQC=,/*C2!,9RC7(E4=))#,9G%BBC7E=SOCNP5T;9;67(PC9577%E5<%79U9679TN%EC67;
)."+ $46$YC7 5PT45) ).)- )8"# // ) !" V/ ).8/+ */,.128! 2
)."" $46$YC7 5PT458 *-# "+. // -! )-. /0 )+-/" )/8.12*- 2
)."- $46$YC7 '( )8, ,-. // ) -- V0 #*/, +/#.12)" 2
)."! $46$YC7 3$4567.-9:%;6<%7=)+>,!,."#2,!*88"?2@9A5BC=((F$4567.-9JC7C'H=1AKJIRJ......8"!##9:N%EC67'H=1AKJIR:......*.,+*9K$%NC=,8*/*912O5PQC=+/,C2!,9RC7(E4=))#,9G%BBC7E=SOCNP5T;9;67(PC9577%E5<%79U9679TN%EC67;
).-. $46$YC7 5PT45) ,!,!## ,!*88" // ) -! V/ ).,/8 ,/..128! 2
).-) $46$YC7 5PT458 ,!,*," ,!,")8 // -! )-. /0 )+* 8/!.12*" 2
).-8 $46$YC7 '( ,!,."# ,!,,,8 // ) -- V0 #"/8 "/8.12)- 2
).-, $46$YC7 3$4567.!9:%;6<%7=)+>,+++).2,+""+8?W@9A5BC=((F$4567.!9JC7C'H=1AKJIRJ......8*,*-9:N%EC67'H=1AKJIR:......8)!!-9K$%NC=,8,/8912O5PQC=)/+C2!89RC7(E4=))#,9G%BBC7E=SOCNP5T;9;67(PC9577%E5<%79U9679TN%EC67;
).-* $46$YC7 5PT45) ,+++). ,++-+" // ) !" V/ ).#/" #/8.12,. W
).-# $46$YC7 5PT458 ,+")8# ,+"*.. // -! )-. /0 )+) 8/,.12*+ W
).-+ $46$YC7 '( ,+"#.# ,+""+8 // ) -- V0 #+/# )/,.12)" W
).-" $46$YC7 3$4567).9:%;6<%7=IIHA.,.).","/)>!,*28."8?2@9A5BC=((F$4567).9JC7C'H=1AKJIRJ......8-8+-9:N%EC67'H=1AKJIR:......)"!889K$%NC=,88/*912O5PQC=8/-C2!89RC7(E4=)),!9G%BBC7E=SOCNP5T;9;67(PC9577%E5<%79U9679TN%EC67;
).-- $46$YC7 5PT45) )-.. 8."8 // ) -! V/ ).8/8 #/!.128! 2
).-! $46$YC7 5PT458 )8-8 )##" // -! )-. /0 )+*/! )/+.12*" 2
).!. $46$YC7 '( !,* ))!) // ) -- V0 ##/, ,/..12)" 2
).!) $46$YC7 3$4567))9:%;6<%7=\],"#8.+/)>*!))2+.+,?2@9A5BC=((F$4567))9JC7C'H=A%7C9:N%EC67'H=A%7C9K$%NC=,8)/8912O5PQC=#/#C2!89RC7(E4=))#,9G%BBC7E=A%9%OCNP5TT67(9577%E5<%7;
).!8 $46$YC7 5PT45) #-8" +.+, // ) -. V/ !-/- #/!.128- 2
).!, $46$YC7 5PT458 #8", ##*- // -! )-. /0 )+#/! "/-.12*- 2
).!* $46$YC7 '( *!)) #)+- // ) -- V0 #+/# )/8.12)" 2
).!# $46$YC7 3$4567)89:%;6<%7=IIHA.,.),.)-/)>8+!*2,-*+?2@9A5BC=((F$4567)89JC7C'H=1AKJIRJ......8"!**9:N%EC67'H=1AKJIR:......*8,8"9K$%NC=,8)/8912O5PQC=#/#C2!89RC7(E4=))#,9G%BBC7E=SOCNP5T;9;67(PC9577%E5<%79U9679TN%EC67;
).!+ $46$YC7 5PT45) ,+). ,-*+ // ) -. V/ !-/- #/!.128- 2
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!"#$ %&'%()* +,-&+. /"01 ///! 22 3# !3" 24 !102# $23"5673 6

!"#3 %&'%()* 89 .1#7 .#0! 22 ! 33 :4 0120 !2."56!$ 6

!"## %&'%()* ;%&+'*!/<=>?'@>*ABC/$0."/2!D07$.611/7E6F<G+H)A99I%&+'*!/<J)*)8KA5GLJMNJ"""""".#"$#<=O>P)'*8KA5GLJMN=""""""7!$$#<L%>O)A/!720<56Q+,R)A020)6#"<N)*9P&A!!1/<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!"" %&'%()* +,-&+! 1/10 11/7 22 ! 3# :2 3320 121"56.0 6

!!"! %&'%()* +,-&+. 03/7 1!"# 22 3# !3" 24 !1#2$ 12""567# 6

!!". %&'%()* 89 07$. 0$.# 22 ! 33 :4 012/ !27"56!$ 6

!!"/ %&'%()* ;%&+'*!7<=>?'@>*ABC/$0!##2!D!/!"76!7.01E6F<G+H)A99I%&+'*!7<J)*)8KA5GLJMNJ"""""".1!70<=O>P)'*8KA5GLJMN=""""""7.30$<L%>O)A/!/2/<56Q+,R)A!20)63#<N)*9P&A!!0/<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!"7 %&'%()* +,-&+! !/### !7.01 22 ! #$ :2 !"!2. !2."56.3 6

!!"0 %&'%()* +,-&+. !/711 !/$7! 22 3# !3" 24 !032/ !27"5670 6

!!"1 %&'%()* 89 !/!"7 !//1! 22 ! 33 :4 0/23 #2."56!$ 6

!!"$ %&'%()* ;%&+'*!0<=>?'@>*AMMKG"/"!"17/2!D.#7367!""EVF<G+H)A99I%&+'*!0<J)*)8KA5GLJMNJ""""""".1!7<=O>P)'*8KA5GLJMN="""""""7!"1<L%>O)A/"32/<56Q+,R)A7)633<N)*9P&A!!0/<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!"3 %&'%()* +,-&+! .#73 /."0 22 ! #$ :2 #$20 !27"56.$ V

!!"# %&'%()* +,-&+. /71/ /$/3 22 3# !3" 24 !002! !2/"5677 V

!!!" %&'%()* 89 /37/ 7!"" 22 ! 33 :4 002$ .2."56!$ V

!!!! %&'%()* ;%&+'*!1<=>?'@>*ABC/$0!##2!D.1!036.$/."E6F<G+H)A99I%&+'*!1<J)*)8KA5GLJMNJ"""""".$1#/<=O>P)'*8KA5GLJMN=""""""7"/0$<L%>O)A.#02"<56Q+,R)A/27)637<N)*9P&A!!1/<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!!. %&'%()* +,-&+! .$"0! .$/." 22 ! 3# :2 302# /23"56.7 6

!!!/ %&'%()* +,-&+. .10." .1$#0 22 3# !3" 24 !0/2! 02""5677 6

!!!7 %&'%()* 89 .1!03 .17!0 22 ! 33 :4 01 !23"56!$ 6

!!!0 %&'%()* ;%&+'*!$<=>?'@>*A!1D7"131367"3!!$EVF<G+H)A99I%&+'*!$<J)*)8KA5GLJMNJ"""""".1711<=O>P)'*8KA5GLJMN=""""""7"070<L%>O)A.$.2/<56Q+,R)A!2#)6$$<N)*9P&A!.0"<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!!1 %&'%()* +,-&+! 7"1313 7"$".1 22 ! 0/ :2 002# /2""56!0 V

!!!$ %&'%()* +,-&+. 7"$73" 7"$$00 22 3# !3" 24 !1! .2/"5671 V

!!!3 %&'%()* 89 7"$31" 7"3!!$ 22 ! 33 :4 0027 .23"56!$ V

!!!# %&'%()* ;%&+'*!3<=>?'@>*ABC/$0!#$2!D0#306$"0!EVF<G+H)A99I%&+'*!3<J)*)8KA5GLJMNJ"""""""71!$<=O>P)'*8KA5GLJMN="""""""$//3<L%>O)A.132.<56Q+,R)A!2/)6$0<N)*9P&A!"1$<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!." %&'%()* +,-&+! 0#30 1.07 22 ! 3# :2 3121 .2/"56.7 V

!!.! %&'%()* +,-&+. 10!" 1$30 22 3# !3" 24 !072# !27"5677 V

!!.. %&'%()* 89 13#" $"0! 24 ! 07 :2 .12$ 72!"56"3 V

!!./ %&'%()* ;%&+'*!#<=>?'@>*AMMKG"/"!"$702!D."6!"0.E6F<G+H)A99I%&+'*!#<J)*)8KAG>*)<=O>P)'*8KAG>*)<L%>O)A.712#<56Q+,R)A12.)6$"<N)*9P&A!"//<S>HH)*PAG><>Q)O,+--'*9<+**>P+@>*?

!!.7 %&'%()* +,-&+! 3#$ !"0. :2 /# 3# 22 ./21 !2!"56"0 6

!!.0 %&'%()* +,-&+. /3. 10$ 22 3# !3" 24 !112$ 72$"5673 6

!!.1 %&'%()* 89 ." .$$ 22 ! 33 :4 0121 !2."56!$ 6

!!.$ %&'%()* ;%&+'*."<=>?'@>*AMMKG"/"!710#2!D/16!".!EVF<G+H)A99I%&+'*."<J)*)8KA5GLJMNJ"""""".$!./<=O>P)'*8KA5GLJMN=""""""7.703<L%>O)A.7.2/<56Q+,R)A.20)61$<N)*9P&A#31<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!.3 %&'%()* +,-&+! /1 /"0 22 ! 3# :2 302# /23"56.7 V

!!.# %&'%()* +,-&+. 01! 3/1 22 3# !3" 24 !0/2! 02""5677 V

!!/" %&'%()* 89 #7! !".! 24 ! .$ :2 /2/ !2/ V

!!/! %&'%()* ;%&+'*.!<=>?'@>*A!1D./#"67!$"EVF<G+H)A99ISK!M!<J)*)8KA5GLJMNJ""""""!.7#7<=O>P)'*8KA5GLJMN="""""".31"/<L%>O)A!1/2$<56Q+,R)A023)670<N)*9P&A!$3!<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!/. %&'%()* +,-&+! ./#" .1/. 22 ! 3! :2 7!2/ 127"56!! V

!!// %&'%()* +,-&+. /0./ /3"7 22 3# !3" 24 3"2! .2!"56.. V

!!/7 %&'%()* 89 /#"7 7!$" 22 ! 33 :4 7.2/ 72/"56!/ V

!!/0 W)XO+Y*%& ;%&+'*"!<=>?'@>*A..IO+*Z>HD!00"6/"$"EVF<G+H)AP9I%&+'*"!<J)*)8KA5GL[J\J""""""!$.$/<=O>P)'*8KA5GL[J\=""""""!$00.<L%>O)A.#32!<56Q+,R)A$)6#!<N)*9P&A!0.!<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!/1 W)XO+Y*%& +,-&+! !00" !3.0 22 ! 3# :2 !"$2! .2/"56/. V

!!/$ W)XO+Y*%& +,-&+. .!7/ .7!0 22 3# !3" 24 !/#27 12""567. V

!!/3 W)XO+Y*%& 89 .3!/ /"$" 22 ! 33 :4 0!21 02!"56!3 V

!!/# W)XO+Y*%& ;%&+'*".<=>?'@>*A!.D/!1!!6/.1#!EVF<G+H)AP9I%&+'*".<J)*)8KA5GL[J\J"""""""/0/3<=O>P)'*8KA5GL[J\="""""""/17/<L%>O)A!$"2/<56Q+,R)A$2#)60/<N)*9P&A!"3!<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!7" W)XO+Y*%& +,-&+! /!1!! /!37$ 22 ! 3" :2 7"2$ !2!"56!. V

!!7! W)XO+Y*%& +,-&+. /."/1 /./!$ 22 3# !3" 24 3$2! !23"56.1 V

!!7. W)XO+Y*%& 89 /.7.0 /.1#! 22 ! 33 :4 7.20 72""56!0 V

!!7/ W)XO+Y*%& ;%&+'*"/<=>?'@>*A\*D$"3/."0#6$"3/71.#EVF<G+H)AP9I%&+'*"/<J)*)8KA5GL[J\J""""""!0!#0<=O>P)'*8KA5GL[J\=""""""!0071<L%>O)A7/2.<56Q+,R)A7)6!0<N)*9P&A.0$!<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!77 W)XO+Y*%& +,-&+! $"3/."0# $"3/.!!3 22 ! /1 :2 !20 "27! V

!!70 W)XO+Y*%& +,-&+. $"3/7"7. $"3/7"#3 22 !01 !3" 24 /21 "2"#$ V

!!71 W)XO+Y*%& 89 $"3/7/11 $"3/71.# 22 ! 33 :4 /32! !2""56!/ V

!!7$ PRO()] ;%&+'*"!<=>?'@>*AJN7.00"/2!D.!3.6//."EVF<G+H)AH9I%&+'*"!<J)*)8KA5GL^JMJ"""""""0#/$<=O>P)'*8KA5GL^JM="""""""03#/<L%>O)A.312#<56Q+,R)A0)63/<N)*9P&A!!/#<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!73 PRO()] +,-&+! .!3. .7/" 22 ! 3# :2 3/2. #23"56.7 V

!!7# PRO()] +,-&+. .13/ .#03 22 3# !3" 24 !712. .2."567. V

!!0" PRO()] 89 /"1/ //." 22 ! 33 :4 0$20 .2/"56!3 V

!!0! PRO()] ;%&+'*".<=>?'@>*AJN7.01.#2!D/##6!/31E6F<G+H)AH9I%&+'*".<J)*)8KA5GL^JMJ"""""""1.31<=O>P)'*8KA5GL^JM="""""""1/!.<L%>O)A!#32/<56Q+,R)A!27)600<N)*9P&A#33<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!0. PRO()] +,-&+! !!77 !/31 22 ! 3! :2 ##23 !2."56.3 6

!!0/ PRO()] +,-&+. 11/ 3$. 22 3# !03 22 #.2$ !20"56.1 6

!!07 PRO()] 89 /## 733 22 ! /" :2 023 "2"$# 6

!!00 PRO()] ;%&+'*"/<=>?'@>*AJN7.#$/02!D3176.730EVF<G+H)AH9I%&+'*"/<J)*)8KA5GL^JMJ"""""""#1"3<=O>P)'*8KA5GL^JM=""""""!31/.<L%>O)A!7"2.<56Q+,R)A!2$)6/3<N)*9P&A!1..<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!01 PRO()] +,-&+! 317 !!"1 22 ! 3! :2 7$20 /21"56!/ V

!!0$ PRO()] +,-&+. !##/ ..$7 22 3# !3" 24 3!27 /2/"56./ V

!!03 PRO()] 89 ./$0 .730 22 ! /$ :2 !!2/ "2""!7 V

!!0# ,'W+OZ ;%&+'*"!<=>?'@>*AJN/77!.02!D!#1$$6.0//"EVF<G+H)A+%I%&+'*"!<J)*)8KA5GLMSMJ"""""""17$3<=O>P)'*8KA5GLMSM="""""""1/11<L%>O)A/7321<56Q+,R)A.23)6!"!<N)*9P&A0107<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!1" ,'W+OZ +,-&+! !#1$$ !##17 22 ! #" :2 !"320 /2."56/! V

!!1! ,'W+OZ +,-&+. ..".# ../7/ 22 $1 !3" 24 !3"2$ !27"560. V

!!1. ,'W+OZ 89 .0"$/ .0//" 22 ! 33 :4 0#27 12."56!# V

!!1/ ,'W+OZ ;%&+'*".<=>?'@>*AJN/77!.02!D/7#!367$/7/EVF<G+H)A+%I%&+'*".<J)*)8KA5GLMSMJ"""""""17$3<=O>P)'*8KA5GLMSM="""""""1/11<L%>O)A/712$<56Q+,R)A#2#)6!"!<N)*9P&A!.7.1<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!17 ,'W+OZ +,-&+! /7#!3 /0."0 22 ! #" :2 !"32$ .2#"56/! V

!!10 ,'W+OZ +,-&+. 77!.0 777"" 22 3# !3" 24 !$$2$ !2!"560! V

!!11 ,'W+OZ 89 7$"31 7$/7/ 22 ! 33 :4 1"2/ /2!"56!# V

!!1$ ,'W+OZ ;%&+'*"/<=>?'@>*A.D!##0!//7/6!##0!0$/3EVF<G+H)A+%I%&+'*"/<J)*)8KA5GLMSMJ""""""!$..1<=O>P)'*8KA5GLMSM=""""""!1#07<L%>O)A/7721<56Q+,R)A/2#)6!""<N)*9P&A./#1<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!13 ,'W+OZ +,-&+! !##0!//7/ !##0!/1.7 22 ! 3# :2 !!!23 /27"56/. V

!!1# ,'W+OZ +,-&+. !##0!7#$! !##0!0.71 22 3# !3" 24 !$.21 /20"560" V

!!$" ,'W+OZ 89 !##0!073! !##0!0$/3 22 ! 33 :4 1"2. /2/"56!# V

!!$! ,'W+OZ ;%&+'*"7<=>?'@>*AJN/77"/12!D3/00.63#//0E6F<G+H)A+%I%&+'*"7<J)*)8KA5GLMSMJ"""""""11$7<=O>P)'*8KA5GLMSM="""""""107$<L%>O)A/772!<56Q+,R)A023)6!""<N)*9P&A0$37<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!$. ,'W+OZ +,-&+! 3#"07 3#//0 22 ! 3# :2 !"#2. .2""56/! 6

!!$/ ,'W+OZ +,-&+. 37"7! 37/!1 22 3# !3" 24 !$02# /21"560! 6

!!$7 ,'W+OZ 89 3/00. 3/3"# 22 ! 33 :4 0# 32""56!# 6

!!$0 ,'W+OZ ;%&+'*"0<=>?'@>*A.D!##0710#"6!##01/!3!EVF<G+H)A+%I%&+'*"0<J)*)8KA5GLMSMJ""""""!!"$"<=O>P)'*8KA5GLMSM=""""""!"#7"<L%>O)A//$2#<56Q+,R)A7)6#3<N)*9P&A!10#.<S>HH)*PATQ)O,+-?<HR,@-,)<+**>P+@>*?_<>*)<'*<-O>P)'*?

!!$1 ,'W+OZ +,-&+! !##0710#" !##0713$! 22 ! 3# :2 !"020 .27"56/" V

!!$$ ,'W+OZ +,-&+. !##073$.# !##07#""7 22 3# !3" 24 !$/23 !20"560" V

!!$3 ,'W+OZ 89 !##01.#.7 !##01/!3! 22 ! 33 :4 0321 !2!"56!3 V

!!$# ,'W+OZ ;%&+'*"1<=>?'@>*AJN/77!/72!D0"/!!601#"0E6F<G+H)A+%I%&+'*"1<J)*)8KA5GLMSMJ"""""".70.3<=O>P)'*8KA5GLMSM=""""""!#"#"<L%>O)A//$2!<56Q+,R)A#)6#3<N)*9P&A10#0<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!3" ,'W+OZ +,-&+! 011!3 01#"0 22 ! #" :2 !!!2. 02."56/. 6

!!3! ,'W+OZ +,-&+. 0.7". 0.1$$ 22 3# !3" 24 !$!20 $2."560" 6

!!3. ,'W+OZ 89 0"/!! 0"013 22 ! 33 :4 0727 .27"56!$ 6

!!3/ ,'W+OZ ;%&+'*"$<=>?'@>*AJN/77!172!D.0.!36/!$1/E6F<G+H)A+%I%&+'*"$<J)*)8KA5GLMSMJ""""""./11$<=O>P)'*8KA5GLMSM=""""""!31"/<L%>O)A//72!<56Q+,R)A723)6#$<N)*9P&A1071<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?

!!37 ,'W+OZ +,-&+! /!73. /!$1/ 22 ! 3# :2 !""2$ 121"56.# 6

!!30 ,'W+OZ +,-&+. .#.1" .#0/0 22 3# !3" 24 !$.2! 723"560" 6

!!31 ,'W+OZ 89 .0.!3 .0737 22 ! 33 :4 1!2/ !20"56!# 6

!!3$ ,'W+OZ ;%&+'*"3<=>?'@>*AJN/7771.2!D!00361/$7E6F<G+H)A+%I%&+'*"3<J)*)8KA5GLMSMJ""""""""01.<=O>P)'*8KA5GLMSM=""""""""077<L%>O)A/.#2.<56Q+,R)A!20)6#0<N)*9P&A73!$<S>HH)*PATQ)O,+-?<?'*9,)<+**>P+@>*<U<'*<-O>P)'*?
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!#!4 XKY',Z./ >+/,*?2<@A(.*B(?C"F<230<29<!!#<1G9H@I,JKCU'%J/+!X^,@DK?K:LC8IML[\D22222233200@A'(&K*?:LC8IML[\A2222221<51!@M+('KC0"!63@89N,-OKC060K943@EK?;&/C"0!2@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!#!5 XKY',Z./ ,-)/,! <!!0!# <!!#<1 66 ! 32 =6 3165 06#28904 9
!#!3 XKY',Z./ ,-)/,0 <!232# <!!21! 66 31 !32 67 !2"65 !64289"2 9
!#!1 XKY',Z./ :; <230<2 <23<2# 66 ! 33 =7 "36# <63289!" 9
!#02 XKY',Z./ >+/,*?24@A(.*B(?C!1F5441!3"9545!!3!GWH@I,JKCU'%J/+!O+,@DK?K:LC8IML[\D222222105"!@A'(&K*?:LC8IML[\A22222!!505"@M+('KC0"!64@89N,-OKC!6<K943@EK?;&/C!111@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!#0! XKY',Z./ ,-)/,! 5441!3" 5441#45 66 ! 1" =6 <261 560289!< W
!#00 XKY',Z./ ,-)/,0 5452<## 5452300 66 31 !32 67 !"!60 !60289"3 W
!#0" XKY',Z./ :; 5452121 545!!3! 66 ! 33 =7 #16< !65289!4 W
!#0# XKY',Z./ >+/,*?25@A(.*B(?C_N1%I[0<5F1042<91"40#GWH@I,JKCU'%L[\89_8`242!@DK?K:LC8IML[\D222222545"#@A'(&K*?:LC8IML[\A22222!2"04#@M+('KC00163@89N,-OKC46"K943@EK?;&/C!202@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!#0< XKY',Z./ ,-)/,! 1042< 103<2 66 ! 32 =6 3463 !652890< W
!#04 XKY',Z./ ,-)/,0 10151 1"044 66 31 !32 67 1561 36328901 W
!#05 XKY',Z./ :; 1""4# 1"40# 66 ! 33 =7 #<6! #60289!< W
!#03 XKY',Z./ >+/,*?23@A(.*B(?C!F#54!5"429#54!3<1!G9H@I,JKCU'%J/+!XK,@DK?K:LC8IML[\D2222222!#52@A'(&K*?:LC8IML[\A2222221!1!5@M+('KC0016"@89N,-OKC!6<K945@EK?;&/C!0"0@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!#01 XKY',Z./ ,-)/,! #54!3"#4 #54!3<1! 66 ! 32 =6 316# 06328904 9
!#"2 XKY',Z./ ,-)/,0 #54!55!0 #54!5111 66 31 !32 67 !2<6" <6#289"! 9
!#"! XKY',Z./ :; #54!5"42 #54!54!# 66 ! 33 =7 "#64 164289!0 9
!#"0 XKY',Z./ >+/,*?21@A(.*B(?C!F#54"44!<9#54#0102G9H@I,JKCU'%J/+!X+,@DK?K:LC8IML[\D22222241#5!@A'(&K*?:LC8IML[\A2222224"<03@M+('KC00"6#@89N,-OKC06!K94#@EK?;&/C4"24@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!#"" XKY',Z./ ,-)/,! #54#0441 #54#0102 66 ! 3! =6 346! 0642890< 9
!#"# XKY',Z./ ,-)/,0 #54#!3<" #54#0!#2 66 31 !32 67 1364 <6!28901 9
!#"< XKY',Z./ :; #54#!<2# #54#!54# 66 ! 33 =7 "565 165289!" 9
!#"4 XKY',Z./ P9&K'J #54"44!< #54"4410 66 ! 01 =7 ! !4 9
!#"5 XKY',Z./ >+/,*?!2@A(.*B(?C"F!!!#5209!!00345G9H@I,JKCU'%J/+!X,,@DK?K:LC8IML[\D2222225#54<@A'(&K*?:LC8IML[\A22222214#"4@M+('KC00061@89N,-OKC56<K944@EK?;&/C3!44@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!#"3 XKY',Z./ ,-)/,! !!004!2 !!00345 66 ! 3" =6 5164 06"2890" 9
!#"1 XKY',Z./ ,-)/,0 !!!<242 !!!<"#! 66 1! !32 67 1165 06<28901 9
!##2 XKY',Z./ :; !!!#520 !!!#140 66 ! 33 =7 #"64 !6"289!# 9
!##! XKY',Z./ >+/,*?!!@A(.*B(?C"F!231<059!212<#2G9H@I,JKCU'%J/+!X,,@DK?K:LC8IML[\D22222210!40@A'(&K*?:LC8IML[\A22222!!3"43@M+('KC00!62@89N,-OKC06"K94<@EK?;&/C!2!#@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!##0 XKY',Z./ ,-)/,! !21201< !212<#2 66 ! 32 =6 3#6! !622890# 9
!##" XKY',Z./ ,-)/,0 !231351 !212!44 66 31 !32 67 1263 !6!28904 9
!### XKY',Z./ :; !231<05 !23153! 66 ! 33 =7 #46! 06!289!< 9
!##< XKY',Z./ >+/,*?!0@A(.*B(?C00F<0#<"<"9<04!#!2GWH@I,JKCU'%P[a_2!2"!5<"6!@DK?K:LC8IML[\D222222<12"1@A'(&K*?:LC8IML[\A22222254#5!@M+('KC0!260@89N,-OKC!6<K942@EK?;&/C!42<3@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!##4 XKY',Z./ ,-)/,! <0#<"<" <0#<40< 66 ! 31 =6 4!61 "63289!3 W
!##5 XKY',Z./ ,-)/,0 <0#4"#4 <0#440# 66 31 !32 67 !2<6# <60289"! W
!##3 XKY',Z./ :; <0#452" <0#4150 66 ! 33 =7 #!60 565289!# W
!##1 XKY',Z./ P9&K'J <04!"<5 <04!#!2 66 !0 01 67 !65 163 W
!#<2 XKY',Z./ >+/,*?!"@A(.*B(?C00F<0"1<1#9<0#!15"G9H@I,JKCU'%P[a_2!2"!5<#6!@DK?K:LC8IML[\D222222"1!4#@A'(&K*?:LC8IML[\A222222<500"@M+('KC!##63@89N,-OKC!65K9#0@EK?;&/C0"32@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!#<! XKY',Z./ ,-)/,! <0#!5!4 <0#!15" 66 ! 31 =6 #265 560289!0 9
!#<0 XKY',Z./ ,-)/,0 <0#2524 <0#214" 66 31 !32 67 5260 !6#28902 9
!#<" XKY',Z./ :; <0"1<1# <0"1341 66 ! 33 =7 ""61 !65289!! 9
!#<# XKY',Z./ >+/,*?!#@A(.*B(?C3F#5!!04419#5!!<"0!G9H@I,JKCU'%X;+F!!"242@DK?K:LC8IML[\D222222!42<4@A'(&K*?:LC8IML[\A22222!0"!!!@M+('KC!"56"@89N,-OKC"K9#2@EK?;&/C04<"@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!#<< XKY',Z./ ,-)/,! #5!!<21! #5!!<"0! 66 ! 3" =6 <!61 "64289!< 9
!#<4 XKY',Z./ ,-)/,0 #5!!#444 #5!!#1## 66 31 !32 67 <"6" !6#289!< 9
!#<5 XKY',Z./ :; #5!!0441 #5!!01## 66 ! 33 =7 "06! 462289!! 9
!#<3 XKY',Z./ >+/,*?!<@A(.*B(?C0<F!!"0""149!!"05#1#GWH@I,JKCU'%.*F+/0!!9!#5;006!@DK?K:LC8IML[\D2222220"02"@A'(&K*?:LC8IML[\A2222224535"@M+('KC!"260@89N,-OKC064K9"3@EK?;&/C#211@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
!#<1 XKY',Z./ ,-)/,! !!"0""14 !!"0"443 66 ! 12 =6 <06! "60289!< W
!#42 XKY',Z./ ,-)/,0 !!"0##25 !!"0#45" 66 1" !32 67 "361 06<289!! W
!#4! XKY',Z./ :; !!"05003 !!"05#1# 66 ! 33 =7 "160 "60289!" W
!#40 XKY',Z./ >+/,*?!4@A(.*B(?C0<F!!"220<"9!!"2!0<!GWH@I,JKCU'%P\""12#!6!@DK?K:LC8IML[\D222222<!5!!@A'(&K*?:LC8IML[\A222222#<!3!@M+('KC!036!@89N,-OKC!K9"5@EK?;&/C111@P(JJK?&CSNK'-,).@.*?;-K@,??(&,B(?@T@*?@)'(&K*?.
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!"#$ %&'()*+, )-.,)! !!$//01$ !!$//"!" 22 ! 11 32 "420 02$/56!" 7
!"#" %&'()*+, )-.,)0 !!$//#/1 !!$//88# 22 88 !8/ 29 $82" $21/56!! 7
!"#1 %&'()*+, :; !!$//481 !!$/!01! 22 ! 88 39 "/21 !2$/56!$ 7
!"## %&'()*+, <=,)>?!@ABC+>DC?E01F!!0!#0//6!!0!@011G7HAI)J&EK(L+>F=,0!!6!"@;002"AM&?&:NE5IONPQM//////4@0@1AB(CR&>?:NE5IONPQB/////!04!4#AO=C(&E!0@20A56S)-T&E02$&6$@AU&?;R,E!/1#AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!"#@ %&'()*+, )-.,)! !!0!#0// !!0!#$"$ 22 ! "4 32 "/21 82"/56!0 7
!"#8 %&'()*+, )-.,)0 !!0!##!/ !!0!#888 22 84 !8/ 29 "824 028/56!" 7
!"#4 %&'()*+, :; !!0!#484 !!0!@011 22 ! 88 39 $@28 42#/56!$ 7
!"@/ %&'()*+, <=,)>?!8ABC+>DC?E01F!!/801@@6!!/81/$1G7HAI)J&EK(LYZ1@0#!42!AM&?&:NE5IONPQM//////"#/1@AB(CR&>?:NE5IONPQB//////#@@!"AO=C(&E!0$2/A56S)-T&E$2#&6$#AU&?;R,E0"14AVCJJ&?REWS&(-).+AJT-D.-&A)??CR)DC?+[AC?&A>?A.(CR&>?+
!"@! %&'()*+, )-.,)! !!/801@@ !!/80@0# 22 ! 1! 32 "" @28/56!$ 7
!"@0 %&'()*+, )-.,)0 !!/8"$@1 !!/8"#1$ 22 84 !8/ 29 $42# !2#/56!! 7
!"@$ %&'()*+, :; !!/8"@#4 !!/81/$1 22 ! 88 39 $42" 024/56!$ 7
!"@" %&'()*+, <=,)>?!4ABC+>DC?E01F!!08!!$$6!!08"$8@G7HAI)J&EK(L+>F=,0!!6!"@;002$AM&?&:NE5IONPQM//////4#8$/AB(CR&>?:NE5IONPQB/////!0888@AO=C(&E!0/24A56S)-T&E!2$&6$1AU&?;R,E$011AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!"@1 %&'()*+, )-.,)! !!08!!$$ !!08!"/8 22 ! 41 32 "$24 82#/56!$ 7
!"@# %&'()*+, )-.,)0 !!08$@"/ !!08"//# 22 84 !8/ 29 $12" 02@/56!/ 7
!"@@ %&'()*+, :; !!08"!0! !!08"$8@ 22 ! 88 39 "!2# 12#/56!" 7
!"@8 %&'()*+, <=,)>?0/ABC+>DC?E01F!!$@8///6!!$8/1/1G7HAI)J&EK(L+>FK\&]610.02@AM&?&:NE5IONPQM//////4@@##AB(CR&>?:NE5IONPQB/////!080"1AO=C(&E!!42$A56S)-T&E1&6$1AU&?;R,E01/#AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!"@4 %&'()*+, )-.,)! !!$@8/// !!$@8!"4 22 ! 1! 32 ""21 12"/56!$ 7
!"8/ %&'()*+, )-.,)0 !!$@48"/ !!$8/!!8 22 84 !8/ 29 $@28 121/56!! 7
!"8! %&'()*+, :; !!$8/0$4 !!$8/1/1 22 ! 88 39 $@ !2@/56!0 7
!"80 %&'()*+, <=,)>?0!ABC+>DC?E8F"@/41!#@6"@/4#$!"G7HAI)J&EK(LV^1@!$0$2!AM&?&:NE5IONPQM//////!#00@AB(CR&>?:NE5IONPQB//////000"/AO=C(&E!!12!A56S)-T&E!20&6$$AU&?;R,E!!"8AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!"8$ %&'()*+, )-.,)! "@/41!#@ "@/41"0" 22 ! 88 32 1$24 42!/56!# 7
!"8" %&'()*+, )-.,)0 "@/41#0/ "@/41841 22 84 !8/ 29 082# 024/56/8 7
!"81 %&'()*+, :; "@/4#/"1 "@/4#$!" 22 ! 88 39 $02# "2"/56!! 7
!"8# %&'()*+, <=,)>?00ABC+>DC?E01F!!$"0#!$6!!$1/!4$G7HAI)J&EK(L+>FK\&]610.02"AM&?&:NE5IONPQM//////4#4@@AB(CR&>?:NE5IONPQB/////!08444AO=C(&E!/42$A56S)-T&E$28&6$0AU&?;R,E@18!AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!"8@ %&'()*+, )-.,)! !!$"0#!$ !!$"0@8/ 22 ! 1@ 32 "$2! !2"/56!0 7
!"88 %&'()*+, )-.,)0 !!$"411" !!$"480/ 22 84 !8/ 29 0124 !28/56/@ 7
!"84 %&'()*+, :; !!$"440@ !!$1/!4$ 22 ! 88 39 "/2$ !21/56!$ 7
!"4/ %&'()*+, <=,)>?0$ABC+>DC?E01F!!$!1!0$6!!$!#!$!G7HAI)J&EK(L+>F=,0!!6!"@;0020AM&?&:NE5IONPQM//////1!@!0AB(CR&>?:NE5IONPQB//////#@8@0AO=C(&E!/@2!A56S)-T&E!21&6$!AU&?;R,E!//4AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!"4! %&'()*+, )-.,)! !!$!1!0$ !!$!108" 22 ! 11 32 "120 $21/56!$ 7
!"40 %&'()*+, )-.,)0 !!$!1"40 !!$!1@@/ 22 84 !8/ 29 !420 !2@/56/1 7
!"4$ %&'()*+, :; !!$!18#1 !!$!#!$! 22 ! 88 39 "02@ 02#/56!" 7
!"4" %&'()*+, <=,)>?0"ABC+>DC?E01F!!01@48!6!!0#$8/4G6HAI)J&EK(LVQ$$4/"!20AM&?&:NE5IONPQM//////1!@!/AB(CR&>?:NE5IONPQB//////8"8!4AO=C(&E!/12/A56S)-T&E!&6$/AU&?;R,E1804AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!"41 %&'()*+, )-.,)! !!0#$1@4 !!0#$8/4 22 ! @# 32 "02$ 021/56!0 6
!"4# %&'()*+, )-.,)0 !!018$1! !!018#04 22 84 !8/ 29 0420 !24/56/8 6
!"4@ %&'()*+, :; !!01@48! !!01801$ 22 ! 88 39 $$21 020/56!! 6
!"48 %&'()*+, <=,)>?01ABC+>DC?E01F!!/#$8!06!!/##!@@G6HAI)J&EK(LYZ1@0#!420AM&?&:NE5IONPQM//////8#!0@AB(CR&>?:NE5IONPQB//////#@8#4AO=C(&E!/!2/A56S)-T&E!2!&604AU&?;R,E0$##AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!"44 %&'()*+, )-.,)! !!/##//! !!/##!@@ 22 ! #/ 32 1#24 !20/56!# 6
!1// %&'()*+, )-.,)0 !!/#"04$ !!/#""0@ 22 84 !$/ 22 $20 /24" 6
!1/! %&'()*+, :; !!/#$8!0 !!/#"/@8 22 ! 88 39 "/24 428/56!" 6
!1/0 %&'()*+, <=,)>?0#ABC+>DC?E01F!!$#$#846!!$@0/8!G7HAI)J&EK(L+>FK\&]610.02#AM&?&:NE5IONPQM//////1!@!$AB(CR&>?:NE5IONPQB//////#@8@"AO=C(&E482!A56S)-T&E!&608AU&?;R,E8$4$AVCJJ&?REWS&(-).+AJT-D.-&A)??CR)DC?+[AC?&A>?A.(CR&>?+
!1/$ %&'()*+, )-.,)! !!$#$#84 !!$#$848 22 ! @/ 32 0@24 "21/56/8 7
!1/" %&'()*+, )-.,)0 !!$#1@"! !!$##//@ 22 84 !8/ 29 $$28 820/56!/ 7
!1/1 %&'()*+, :; !!$@!8!1 !!$@0/8! 22 ! 88 39 $#2" 02@/56!0 7
!1/# %&'()*+, <=,)>?0@ABC+>DC?E$F0$@#$$!860$@#1$1/G6HAI)J&EK(LYZ#801182!AM&?&:NE5IONPQM//////118!$AB(CR&>?:NE5IONPQB//////@0#@1AO=C(&E412!A56S)-T&E12!&608AU&?;R,E0/$$AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!1/@ %&'()*+, )-.,)! 0$@#10/" 0$@#1$1/ 22 ! "8 32 $42# !2#/56!! 6
!1/8 %&'()*+, )-.,)0 0$@#$8#@ 0$@#$4#0 22 8@ !!8 22 !021 /2//!# 6
!1/4 %&'()*+, :; 0$@#$$!8 0$@#$18@ 22 ! 88 39 "$ 02//56!" 6
!1!/ %&'()*+, <=,)>?08ABC+>DC?E01F!!/@!#0@6!!/@"#/0G6HAI)J&EK(LYZ1@0#!42$AM&?&:NE5IONPQM//////8@!#!AB(CR&>?:NE5IONPQB/////!!/44#AO=C(&E8"2#A56S)-T&E@21&601AU&?;R,E04@#AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?AXA>?A.(CR&>?+
!1!! %&'()*+, )-.,)! !!/@"$$4 !!/@"#/0 22 ! 84 32 !$2$ /2///4@ 6
!1!0 %&'()*+, )-.,)0 !!/@0/"4 !!/@0$!8 22 40 !8/ 29 $/2@ @2//56/4 6
!1!$ %&'()*+, :; !!/@!#0@ !!/@!4/0 22 ! 88 39 "/2# !2!/56!$ 6
!1!" %&'()*+, <=,)>?04ABC+>DC?E8F"@!011186"@!081$/G6HAI)J&EK(L=,)>?04AM&?&:NEIC?&AB(CR&>?:NEIC?&AO=C(&E8$24A56S)-T&E!2@&60"AU&?;R,E04@$AVCJJ&?REICACS&(-)..>?;A)??CR)DC?+
!1!1 %&'()*+, )-.,)! "@!08$8@ "@!081$/ 22 ! "4 32 $@2@ 124/56!! 6
!1!# %&'()*+, )-.,)0 "@!014$! "@!0#//1 22 !1# !8/ 29 !!20 /2//$4 6
!1!@ %&'()*+, :; "@!01118 "@!0180@ 22 ! 88 39 $1 @21/56!0 6
!1!8 %&'()*+, <=,)>?$/ABC+>DC?E01F!!008$@/6!!004$@"G7HAI)J&EK(L=,)>?$/AM&?&:NEIC?&AB(CR&>?:NEIC?&AO=C(&E@/2@A56S)-T&E!2!&60/AU&?;R,E!//1AVCJJ&?REICACS&(-)..>?;A)??CR)DC?+
!1!4 %&'()*+, )-.,)! !!008$@/ !!008#$$ 22 ! 88 32 $!28 $2!/56/4 7
!10/ %&'()*+, )-.,)0 !!008841 !!00844$ 22 !$8 !8/ 29 !20 $2@ 7
!10! %&'()*+, :; !!004!/8 !!004$@" 22 ! 88 39 $@2@ 428/56!$ 7
!100 %&'()*+, <=,)>?$!ABC+>DC?E$F$"/$84/$6$"/"$/!1G6HAI)J&EK(L>;,KAM&?&:NE5IONPQM//////4#0"8AB(CR&>?:NEIC?&AO=C(&E0!2@A56S)-T&E!2!&6/1AU&?;R,E"!!$AVCJJ&?REWS&(-).+A+>?;-&A)??CR)DC?[A?CRA>?A.(CR&>?+
!10$ %&'()*+, )-.,)! $"/"04$0 $"/"$/!1 22 ! 08 32 02" !2@ 6
!10" %&'()*+, )-.,)0 $"/$4$/1 $"/$4$#! 22 !1@ !8/ 29 /2! @2@ 6
!101 %&'()*+, :; $"/$84/$ $"/$4!#4 22 ! 88 39 !420 82!/56/@ 6
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Supplementary Table 3. Predicted MHC class I sequences. 

>md_UA1 Chain=chain01 Position=2:269726572-269727822(-) GeneID=ENSMODG00000010596 
ProteinID=ENSMODP00000013275 Score=358.1 E-value=6.7e-108 Length=1251 Comment=Overlaps single 
annotation & in proteins 
PGTMKPSLLSLFVLGVVALTETRAGSHSMRYFHTAMSRPELGDSQFITVGYVDDQQFVRF 
DSSSESQRMEPRAAWMDKMDEEEPNYWEEQTQIYRKNAQIYRRNLETLRGYYNQSQGGLH 
TIQRMYGCEVHPDGSFRKGFYQLAYDGRDYIALHRETLTWTAADPGAENTKRKWEAERSI 
AERYKAYLEETCLQWLKKYLQMGKDVLLRTDPPSARVSRHSGPDGEVSLRCRAQGFYPAE 
ISLTWLRDGEEQLQDTEFIETRPGGDGTFQKWAAVAMAPGQEDRYSCRVQHEALAQPLSL 
RWGTPSSGLSLLFPSSEPEASSLWVIVGVTAGVLALVTAVVAGAVILRRRNSGRE 
 
>md_UA3 Chain=chain02 Position=2:270107254-270108503(-) GeneID=ENSMODG00000014450 
ProteinID=ENSMODP00000017908 Score=352.0 E-value=4.5e-106 Length=1250 Comment=Overlaps single 
annotation & in proteins 
MKPSLLSLFVLGVVALTETRAGSHSMRYFYTSMSRPELGDSQFISVGYVDDQQFVRFDSS 
SESQRAEPRAAWMDQMDEEDRNYWEGQTQINRRTAQITRVDLETALGYYNQSRGGLHTIQ 
RMYGCEVHPDGSFRKGFYQLAYDGRDYIALHRETLTWTAADPGAENTKRKWEAERSFAER 
VKAYLEETCVQWVKKYLQMGEDVLLRTDPPSARVSLRCRAQGFYPAEISLTWLRDGEEQL 
QDTEFIETRPGGDGTFQKWAAVAMAPGQEDRYSCRVQHEALAQPLSLRWEPEAPSVWVIV 
GVTAGVLVLVTAVVAGAVILRRRNSGGKGGAYVPAADKDSAQGSDVSLTVTA 
 
>md_UC Chain=chain03 Position=2:38025176-38026415(+) GeneID=ENSMODG00000003927 
ProteinID=ENSMODP00000004814 Score=339.8 E-value=1.8e-102 Length=1240 Comment=Overlaps single 
annotation & in proteins 
MELSLLSLFVLGVVALTETRAGSHSMRYFHTAMSRPELGDSQFITVGYVDDQQFVRFDSS 
SESQRMEPRAAWMDKMDEEEPNYWEEQTQIYRKNAQIYRGNLETLRGYYNQSHGGLHTIQ 
RMIGCEVSPEGSFRKGFYQFAYDGHDYIALHSETLSWTAADTGAENTKRKWEPEKSIAES 
YKAYLEKECTHWLKKYLEMGKDVLLRTDPPSVRVTRYSGPDGEVSLRCRAHGFYPAEISL 
TWLRDGEEQLQDTEFIETRPGGDGTFQKWAAVAMAPGQEDRYSCRVQHEALAQPLSLRWE 
PEASSVWVIVGVTAGVLVLVTAVVAGAVILRRRNSGGKGGVYVPAADKDSAQGSDVSLTA 
TGEA 
 
>md_UB Chain=chain04 Position=2:38000208-38001442(+) GeneID=ENSMODG00000003914 
ProteinID=ENSMODP00000004796 Score=335.9 E-value=2.5e-101 Length=1235 Comment=Overlaps single 
annotation & in proteins 
MELSLLSLFMLGVVALTQTRAGSHSMRYFHTAMSRPELGDSQFITVGYVDDQQFVRFDSS 
SESQRMEPRAAWMDKMDEEEPNYWEEQTQIYRKNAQIYRRNLETLRGYYNQSQGGLHTIQ 
RMIGCEVSAEGSLRKGFYQFAYDGHDYIALHTETLSWTAADTGAENTKRKWEPEKSIAES 
YKAYLEKECTHWLKKYLVMGKDVLLRTDPPSARVTRHRGPDGEVSLRCRAHGFYPAEISL 
MWLRDGEEQLQDTEFIETRPGGDGTFQKWAAVAMAPGQEDRYSCRVQHEALAQPLSLRWE 
PEASSLWVIVGVTAGVLVLVTAVVAGAVILRRRNSGGKGGAYVPAADKDSAQGSDVSLTA 
TGEA 
 
>md_UA4 Chain=chain05 Position=2:269928699-269929953(-) GeneID=None ProteinID=None Score=335.4 
E-value=3.7e-101 Length=1255 Comment=No overlapping annotations 
SISGSHSLRYCHTTMSRPELGDSQIIAVGYVDDQQFVRFDSSSESQRMEPRAAWMDKMEE 
EDPDYWERNTHICRSNAQIAQVDLKTAILYYNQSQGGGLHTIQSMMGCEVSRDGSFRKGF 
YQLAYDGHDYIALDRETLTWTAADTGAENTKRKWEAERSIAERRKDYVEVECVQWLKKYL 
QMGKDVLLRTARVSRHSGPDGEVSLRCRAQGFYPAEISLMWLRDGEEQLQDTEFIETRPG 
GDGTFQKWAAVAMAPGQEDRYSCRVQHEALAQPLSL 
 
>md_UG Chain=chain06 Position=2:270248895-270250095(+) GeneID=ENSMODG00000023743 
ProteinID=ENSMODP00000031501 Score=326.5 E-value=2.3e-98 Length=1201 Comment=Overlaps multiple 
annotations; one in proteins 
AQFYRVDLETLRGYFNQSEEGVHTLQRLFGCEVSPDGSFKRSFYQYGYDGHDYL 
 
>md_MR1 Chain=chain07 Position=2:75227311-75239120(+) GeneID=ENSMODG00000006527 
ProteinID=ENSMODP00000008100 Score=319.6 E-value=2.1e-96 Length=11810 Comment=Overlaps single 
annotation & in proteins 
MIFLFHLLMTSATQGGDARTHSLRYFRLGLSDSNQGMPEFISVGYVDSHPITSYDSNGRQ 
KMPQASWMEENLGSDHWEKYTQLLRGWQQTFKIELRALQNHYNHTGGFHIYQRMIGCELL 
EDGSTTGFLQYAYDGKDFIVFNKESLSWIAMDNVARLTKQAWEANRNELRYQKNWLETEC 
IAWLKKFLDFGKDTLQRTETPLLSGSCKKSSTGITTLICKAYGFYPPEITMTWIKNGELI 
TQEIEHGDILPSGDGTYQTWVSIDIDPQSKDHYSCQVEHNNFLKVLHVPVELKTISLSPY 
VEIVSGVIIIASFLIGLGIFVYKRKQSELKEVGYVPTPVK 
 
>md_UF Chain=chain08 Position=2:270337954-270339246(-) GeneID=ENSMODG00000014336 
ProteinID=ENSMODP00000017918 Score=317.1 E-value=9.5e-96 Length=1293 Comment=Overlaps multiple 
annotations; one in proteins 
MESVVLSLLLEAVMLPEIKASFHSLRYFQTSMSLPGRKPQFISVGYVDDLQFMLFDGNSP 
NQREEPRAPWLDQMDQDYWEKNSRISRETAQTFEVGLQNLLVYYNQSEGGLHTYQRLVGC 
EVSHNRMFRRGFEQYAYDGQDYISLDFETLSWTAADIPSLNSKHKWEMEPNIAQRQKTYL 
EKNCVQWLYKYLEIGNETLLRADPPSVRVSRHSGPDGEVSLRCRAQGFYPAEISLTWLRD 
GEEQLQDTEFIETRPGGDGTFQKWAAVAMAPGQEDRYSCRVQHEALAQPLSLRWEPEAPS 
VWVIVGVTAGVLVLVTAVVAGAVILRRRNSGGKGGAYVPAADKDSSQGSDVSLIATG 
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>md_UE Chain=chain09 Position=2:269513803-269515199(-) GeneID=ENSMODG00000014624 
ProteinID=ENSMODP00000018269 Score=316.4 E-value=1.5e-95 Length=1397 Comment=Overlaps single 
annotation & in proteins 
FLTMEFFVLSLLLLGTLILTETWAGKCFHSLKYFYTTMSLPELIEPRFTAVVYVDDQQIL 
SFDSDSASQSMEPRTQWIKVEPPDYWERVTRISREDSQCNRMCLQKVSTNYNHSEGGVHT 
YQRQAGCEVFSNGSFSRGFAQYGFDGRDYLTLDTGTLRWVAADAGALNNKRKWEADQRIA 
ENWKIYLEGECVHSLQRYLENGKERLLRADPPSARVTRHTSSDGEVTLKCRAQDFYPAEI 
SLVWLREGEEQLQDTEFIETRPAGDGTFQKWAAVEMLSGSEHKYTCRVQHEGLPEPLFLK 
WGKDGESQFSSIGLSAGVITILLLLAAVIIGVVVWRKNTSGREEGSYTATASNDSAQGSD 
VSFTARSKI 
 
>md_UL Chain=chain14 Position=2:269554750-269556130(-) GeneID=ENSMODG00000014624 
ProteinID=ENSMODP00000018269 Score=287.7 E-value=7.3e-87 Length=1381 Comment=Overlaps single 
annotation & in proteins 
SDLGFHSLKYFYTTMSLPELIEPRFTAVVYVDDQQILSFDSDSASQSMEPRTQWIKVEPP 
DYWERVTRISREDSQCNRMCLQKVSTNHCCEVFSNGSFSHGFVQFAYDGYDYIKLDTETL 
RWTALDVRALNIKRKWDADPNSAAFWKIYLEEECVRWLQRHLENGKETLLRTARVTRHTR 
SDLEVTLRCRAQDFYPAEISLTWLRDGEEEQLQDTEFIETRPAGDGTLQKWAAVEMLSGS 
EHRYTCQVQHEGLPEPLFL 
 
>md_UJ Chain=chain10 Position=2:270235977-270237289(-) GeneID=ENSMODG00000023744 
ProteinID=ENSMODP00000031502 Score=314.4 E-value=5.1e-95 Length=1313 Comment=Overlaps single 
annotation & in proteins 
LETLQGLYNQSEGGIHILQKMFGCEVSANGNFRRGFKRFAYDGHDYL 
 
>md_UA2 Chain=chain11 Position=2:268510859-268512046(-) GeneID=ENSMODG00000014839 
ProteinID=ENSMODP00000018565 Score=302.9 E-value=1.5e-91 Length=1188 Comment=Overlaps single 
annotation & in proteins 
PGAMKPSLPSLFVLGVVALTETRAGEEGSVFFHCHGPGPEVRDSQFISVGYVDDQQFVRF 
DSSSESQRLELRAAWMDKVDEDYWERQTQISRRTAQIYGVNLETLLGYYNQSRGGLHTLQ 
RMLGCEVHPDGSFRKGFDQHAYDGHDYIALDRETLTWTAADTGAENTKRKWEAERSFAEG 
QKAYLEETCVQWLKKYLQMGKDVLLRTDPPSARVSRHSGPDGEVSLRCRAQGFYPAEISL 
TWLRDGEEQLQDTEFIETRPGGDGTFQKWAAVAMAPGQEDRYSCRVQHEALAQPLSLRWE 
PEASSLWVIAGVTAGVLVMVTAVVAGAVILRRRNSGGKGGAYVPAADKDSAQGSDVSLTV 
TGEA 
 
>md_UK Chain=chain12 Position=2:270355967-270357857(-) GeneID=ENSMODG00000014336 
ProteinID=ENSMODP00000017918 Score=298.0 E-value=4.7e-90 Length=1891 Comment=Overlaps multiple 
annotations; one in proteins 
LSSAFHSLRYFQTSMSLPGRKPQFISVGYVDDLQFMLFDGNSPNQREEPRAPWLDQMDQD 
YWEKNSRISRETAQTFEVGLQNLLVYYNQSEGGGLHTYQRLVGCEVSHNRMFRRGFEQYA 
YDGQDYISLDFETLSWTAADIPSLNSKHKWEMEPNIAQRQKTYLEKNCVQWLYKYLEIGN 
ETLLRAARVTHHISHEGKVMLRCWARDFYPADISLIWLRDGEEQLHNTEFIETRPGGDGT 
FQKWATVAMAPGQEDRYSCRVQHEGLPEPLTL 
 
>md_UI Chain=chain13 Position=2:270297448-270298687(-) GeneID=ENSMODG00000014352 ProteinID=None 
Score=293.5 E-value=8.6e-89 Length=1240 Comment=Overlaps single annotation; not in proteins 
YISGSHSKSYFVTIMSSPELQEPRKVVVGYVDAQQIEYFDSHSANQRVEPRAQWMHKMGQ 
DYWQGQTRIARAETQNYRVGLETLRNYYNQSKGGGVHVFQTLIGCEISSDGSFKRGILQH 
AYDGLDYISLDMETYTWTAAVPVALITKRKWESDGKFLKRGKAYLEEECVQWLHKHLEDG 
KDSLLRTAQVTHHAGSKGEVILQCRAQGFYPSEISLAWLRDGEEQLQDTEFIETRPAGDG 
TFQKWAAVSLTSGQEEEYICQIQHEGLPEPLTL 
 
>md_UH Chain=chain16 Position=2:270376723-270378000(-) GeneID=ENSMODG00000014352 ProteinID=None 
Score=268.8 E-value=4.1e-81 Length=1278 Comment=Overlaps single annotation; not in proteins 
SVSASHSLRYFSTAVSRPELGDTRYISVGYVDDQQFVRFDSDSEGQRQESRAPWMDNMDQ 
EDPDYWEKSTRISRENTQIYGVNLETLRGYYNESQGGGAGVHTVQRMSGCEVSTDCRFMR 
GFYQYG*DGRDHRALDSGTLTWTTMDTGAENTKRKWEADKFILERYKAYLEDTYVAYLHT 
YLEMGKDILLRTHLLSE*PSIGGEVTLRCGAQGFYPADISLIWLRDGEEQLHNTEFIETR 
PGGDGTFQKWAAVAMALGQEDRYSCPVQREGLPELFTL 
 
>md_UM Chain=chain15 Position=2:269490678-269492082(-) GeneID=None ProteinID=None Score=270.2 
E-value=8.2e-82 Length=1405 Comment=No overlapping annotations 
ILSGSHSMRYIDTVVTAPRLGLEERWFTLVGYVDDQQFVRFHSNNASQSTEIGAPWIELE 
TPDYWEREKRHLKDSQHWSGVHTLQRMYGCEVFGNGSFSTFFLLYGYDGQDKLSLDPETL 
NWIASDSVALSIKLKLDADRSPAERWKVHLTVTCVQWLLRHLEKGKETLLRTVQVTRHIT 
SDSEVILKCRAWGFYPAEISLIWLRNGEEQIQDTEYIDTRPGGDGTFQKWAAVEMPFGNE 
EKYTCRVQHEGLPEPLFL 
 
>md_HFE Chain=chain17 Position=2:251413457-251416783(+) GeneID=ENSMODG00000008651 
ProteinID=ENSMODP00000010764 Score=260.4 E-value=8.4e-79 Length=3327 Comment=Overlaps multiple 
annotations; one in proteins 
GASHPDLGLPSFMTLGYVDEHLFVFCDHESKAKSWGPWLTKEEDEFWVRLTQSLKGWDHM 
FIIDLWTIMDNHSQGQGSHILQVILGCEFLVEDNRTRGFWKYGYDGQDYLTFHPDTMNWT 
ALQPEAQATKQEWEMNKIWAKQHRAYLERDCPKQLQRYLKIESEILNKKCPRLVRVTQHV 
TDEGVTTLRCQAQNFSPVNITLSWLWDGKQVTQGTELGDIHPSGDGTFQIMTVAITPGEE 
WRYACQVEHPGLDQPLIMTWEPSPSWT 
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>md_AZGP1 Chain=chain18 Position=1:225700462-225706840(+) GeneID=ENSMODG00000002928 
ProteinID=ENSMODP00000003567 Score=250.1 E-value=1.3e-75 Length=6379 Comment=Overlaps single 
annotation & in proteins 
MGLLTTVFLLLMFTGTTMLKESGIRCYSLIYEDVARSHPRPGQSNFTNTGYLNGQVFYQY 
DSKNQRAVPSPPWDKVKGMHDWEKESQFQKRREDFVLDNMQNILDYYNDGNGSHIFQGRF 
GCKLCGDNFIKGFWKCQYDGRDFIEFNTDEKPSWIPLDPAAHMIKQRWEASPGAVYRAKA 
YLEEECIGTLRRYIEYGKTHLRQLIPPTVKLSHNSSLEGNLTMKCLAHHFYPKEIELNWL 
WNGKVQEKKVGEIQPIGDGTYQTWITAEIPSSKKNSYSCHVVHESSFESLVVNWAKE 
 
>md_MILL-LIKE Chain=chain19 Position=4:121301409-121302976(+) GeneID=ENSMODG00000000345 
ProteinID=ENSMODP00000000409 Score=209.8 E-value=1.2e-63 Length=1568 Comment=Overlaps single 
annotation & in proteins 
MEGDWRDWRDLCLFFWSKFLRVQECQNSLHRPASCKVQLSQRRFLGIQRALDSGLHSLQY 
NFIAISNSDQESFSYSALVYLDDQLFLHYGSKSQLELRSTSLEVVIPPDIWKKESENLKG 
MRWKLRATLAKITQQSQEKDGSHTLQVILGCDLLKNGKTRGCLEYGYDGENFLTFQPETL 
TWEDYYHPAANSIKNDFATDLIDTKLNKAKVEQECPQQLQGYLAVLKEKKASPSLHVTSK 
LNNLWVCWAYNIFPGDVKITWLKDGQALNQKEQESGILRPSGDGTYQTSVSIYANPKELN 
YKCHVEHQGKNQTKAIPSGSVRKEFQIIFVNPVVIVIIFNLRE 
 
>md_UT15 Chain=chain20 Position=1:705690258-705693040(+) GeneID=ENSMODG00000011424 
ProteinID=ENSMODP00000014281 Score=205.2 E-value=3e-62 Length=2783 Comment=Overlaps single 
annotation & in proteins 
AHHRHDFYFTATGSSGSFLDFIVNSVVDDVQLCSYHKEKHQLVMKEDWMYQALGASEIAQ 
KQQKLLDLEKNFQWAFKNLIKNEAKSGKNHTLQVFVNCEVDKDILVSSHFQFALDGEDFC 
QMDEQPEHWIAMKPEAQHFKFLWDSAFWKRRVRHYIQEDCIDGMNKVLQHSSMRENVPPE 
VTVSRYDAPDGRVTFSCRATGFYPSSILLHWEKDGALGVWGQESSSGTLPNADATFYLQV 
TLELPPGDPGTGYICVVEHSELETPAMFPVPGKPHMERPSVIAMSILAVIIVVLSCAG 
 
>md_UT8 Chain=chain21 Position=1:705429441-705434274(+) GeneID=ENSMODG00000023068 
ProteinID=ENSMODP00000028153 Score=194.6 E-value=4e-59 Length=4834 Comment=Overlaps single 
annotation & in proteins 
ILDPLFSFLPIHSCSAAHHKHMIQFTMVGTGSSLLEYFIVDFLDDVQVFSFNKYNHQLIA 
KEAWISQVLGAKFIEDTWQKLVDHEKSFLWFLRKLMQNSTKSDMNHTVQLFILCEIERNN 
QLGNEIQIAVNGQDFCWLDEKYGDWFIMVPEAEPFKPILTSNLWTTQRKHYMQEYCIDTM 
KKILQHSSIKKNVPPEVTVSYHEAMDGITTLSCSATGFYPSSILLHWQKKEKKIVVGKES 
SSGLLPNADSTFYQRVFIELPPEETGTNYDCVVEHIELGTPKVYPAHVKSSKKRSRTLTL 
AILGVVILVLSSIASFIMWHKIKT 
 
>md_FCGRT Chain=chain22 Position=4:412954575-412955578(-) GeneID=ENSMODG00000013649 
ProteinID=ENSMODP00000017073 Score=192.7 E-value=2e-58 Length=1004 Comment=Overlaps single 
annotation & in proteins 
MGSASPSPQGLPLRLALFLPLLRVLSAGTPSLFYQLTAVAAAPPGTPSFWASGWLGPQLF 
LTYSSGGSAEPWGAWRWEHQEAWFWEKETWYLKTQERLLQEALRLSKGAQTFQGLVGCQL 
NPNNSAYPTSRFALDGMDFLTFDPVARDWLGNSEGAQAVRRHWANETHRADREAQFLLTT 
CPEKLRSHLQNGKGNFQWKGMPPRCELEATPGQGQSTLTCQAFSFFPPEVKLTFLREGKP 
VPEPEKGAEPWPNRDGAFHSQATLQVQRGDEARYSCEVRHPALATPLTVSFEASGLSLAV 
IGGLVAACLLILLPIAAVVALVMWKKRGRPAPWIFRGRAADDVGALLSAPGP 
 
>md_MIC Chain=chain23 Position=2:267433622-267437852(-) GeneID=ENSMODG00000015810 
ProteinID=ENSMODP00000019728 Score=186.5 E-value=7.2e-57 Length=4231 Comment=Overlaps single 
annotation & in proteins 
MGVIRVPRPLAAAQLGLLLLLQLLQPAQTAAAGTSSHYLRYDFAIVSQPSQGQSSYTVLG 
YLDGQPFVWCCRQGQRAEPRAPWSQVQGPRSWERLIRSLKTVAQRLVIDLKSMMGTKETE 
KVWNGEAPGSHTLQALAMCEFQGNQSNPGFWRYGYDGQELILDLEMLNLTETESKRQEEI 
RKYQRRANLEQDFLVRTCLHPLRKYLEAGVLTLQKTVPPSVRVTHHGTFSKKSTLKCQAF 
SFYPPDISLTWLQDGKPTIKGTQESQSVRPQGDGTYQSYVNVEVPSEEESRYACLVEHQA 
LNGTFTGIWEPPPPKLPPIWILSGCLASALVFVGTTIVFIWRRWKRKRTGFRTKENV 
 
>md_UT17 Chain=chain24 Position=1:705712936-705718320(+) GeneID=None ProteinID=None Score=173.1 
E-value=8.8e-53 Length=5385 Comment=No overlapping annotations 
CPLAHHSHEMFFTAVGTTKTLLDFTLVSFLDDVEIVFYNKKQQQFVIKEAWVSHALGADF 
IEDIQQKLKYNEIDYLWALQNWVKNDKRGNHTVQIWHNCHLDQDIHVSSRVWCAVDGEDF 
CQMDEQISHWVAKKPEAEKIVLLSEKIYCSKKVQRYLEDYCVQPMRKVLQSNVTVSRYDD 
PDGHITLSCTARGFYPRSILLHWEKDEQLDVGGQESSSGILPNTDATFHLQITLKLQSSD 
SGTGYTCVVEHNELETPAVY 
 
>md_UT5 Chain=chain25 Position=1:705355518-705357856(+) GeneID=ENSMODG00000011387 
ProteinID=ENSMODP00000014240 Score=169.9 E-value=7.8e-52 Length=2339 Comment=Overlaps single 
annotation & in proteins 
LLELSGISFLDDVEVLSYNKAHKQIVFKIPWISKALGVKYLTELHDLLVKQEQDLRWTIE 
IVARNDTNHNRNHTAQLLAECEIDNDILVKSHIHLIWDGEECFRIDEEDGHWENVNPEFK 
QYQHILGSPLWTTLRKQYMKIYCVDGIRKIIGHSSIRDNVVPEVAVSQHVSPEGSIILSC 
IASGFYPRSILMHWERNGKLGIWGNESSSGTLPNMDSTFYLKVTLELPPEDSGAGYTCVV 
EHSELKSPAIYSVPRKPTMNKSWILALGITLAVILLLSCAGAFIIWKKKTG 
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>md_UT3 Chain=chain26 Position=1:705293594-705295946(-) GeneID=ENSMODG00000011316 
ProteinID=ENSMODP00000014153 Score=169.4 E-value=1.2e-51 Length=2353 Comment=Overlaps single 
annotation & in proteins 
NSVHHSHIGQFTAVGTAHSLLELSAINFLNDIEVGSYNKAHKQIIVKIPWISKALGVNNI 
IKKINLLVEHEQHFRWTIQFLSRNDTNHNRNHTAQLLAECEIDNNITVKSHIYLIWDGVE 
YFRIDEEVGHWENINPEFKEYQHILESPFWTTLRKRYMKLYCVDLMRKIVGYSSIRDNVV 
PEVAVSQHVSPEGSIILSCIASGFYPRSILMSWEKYGKLGIWGNESSSGTLPNMDSTFYL 
KVTLELPPEDSGAGYTCVVEHSELKSPAIYSVPGKSTVEKSWVLELGIVLAIILLLSCAG 
AIIIWKKR 
 
>md_UT10 Chain=chain27 Position=1:705495099-705503179(-) GeneID=ENSMODG00000011403 
ProteinID=ENSMODP00000014257 Score=169.1 E-value=1.4e-51 Length=8081 Comment=Overlaps single 
annotation & in proteins 
GHHRLEGEFIAVGTRHSLFNFTIIHVIDDVLVCTYDKGNKQTVFNGAWITRALGKDFTEN 
KKEFNLSAETYFRWLLSFFIKKDTKSNKNHTIQLYGECELDNDIYIGSQIQFAVDGEDFI 
RTNDKMEHWIVTKPEAEHFRTIAESTLGVNLRKKVMKHYCAEMIRKILHYSNLKENVAPE 
VTVSRHDVSDGRVAFNCTATGFYPRSIMMRWEKGGQLGVWGQESSSGTLPNADSTFYLQI 
TLELPPGDSGAGYACVVEHNKLQAPAVHPGESWVLVLGLLTAIILVLSCSGAFILWNKKT 
GMYVRRQGEKTNCPSKRS 
 
>md_UT16 Chain=chain28 Position=1:705702206-705705425(+) GeneID=None ProteinID=None Score=153.2 
E-value=4.4e-46 Length=3220 Comment=No overlapping annotations 
PYLAYHSLEMCFTAVGTTKSLLDFTMVGSMNGVQGSFYGKKNQQLVIKESWVSQALGAQY 
IEEKRQKLVYNEIDFLWALQNWIQNDTKGHSGNHTVQFWHDCHLDGDIHMSSHFWYAVDG 
ETFCGINEKLKHWVAMKPEAECFRPFWEVIFPYKKIKRYMEEDCIEPLRKVLKYSSSSGT 
LPNADATFYLQVTLELPPGDPGTGYTCVVEHSELETPAMF 
 
>md_UT9 Chain=chain29 Position=1:705459481-705469054(+) GeneID=None ProteinID=None Score=143.2 
E-value=7.4e-44 Length=9574 Comment=No overlapping annotations 
CHLEYHWNEVKFTAVSTDRSLLDFTGIAVIDDIQWISYYKLNHQIAVKVDWISDVLGTDF 
IEEMCHLIKSHERDGNNTMQYILGCELDDDIKLNSKIRIGLDGETMIEFDEHQRHWVVQS 
PRAENLKPIVESLFWTNLRKRYVKQYCVDVVQKVIQNSVVVSRHDSPNGTITFSCLVTGF 
YPKFIMLIWKKANEQAIWGKESSSGTLPNADGTFYLRITLELPVGDSGAGYTCVVEHREL 
KKTTIY 
 
>md_UT7 Chain=chain30 Position=1:705406068-705408767(-) GeneID=None ProteinID=None Score=141.0 
E-value=2.9e-43 Length=2700 Comment=No overlapping annotations 
YNSVHHRHELQFTTVGTDHSVLELSVISLIDDVKVASYKKGQKQITIKIPWISEVLGVNY 
VTQLHDLLVNHEQDFLWSSTGNCTVQLLAECEIDNDITVKSHIYLIWNGKESYRIDEEVG 
HWENIKPETKQYQYILESPLWTSLRKHYMKL*CADLMRKIIEYSMAVSQHVSPEDSIILS 
CIATGFYPHSILMPWEKNGDLGIWGNESSSGTLPNMDSTFYLKVTLELPPEDTGAGYSCV 
VEHRELKSPAMYSAK 
 
>md_UT6 Chain=chain31 Position=1:705380659-705384355(-) GeneID=None ProteinID=None Score=132.2 
E-value=1.3e-40 Length=3697 Comment=No overlapping annotations 
YNSVHHRHELQFTTVGTHHSVLELSAISLIDDVEVASYKKGQKQITIKIPWISKVLGVNY 
LTQWHNSLVNHEQDFLWSSTGNHTAQLLGECEIDNDITVRSHIHLIWNGKESYRIDEEVG 
HWENINPEVKQYPYILESPLWTSLRKSYMKLYCADLMKKIIGYSVAVSQHVSPEGSIILS 
CIASGFYPRSILMHWERNGKLGIWGNESSSGTLPNMDSTFYLKVTLELPPEDSGAGYTCV 
VEHSELISPAMY 
 
>md_UT11 Chain=chain32 Position=1:705540409-705547747(-) GeneID=None ProteinID=None Score=131.1 
E-value=2e-40 Length=7339 Comment=No overlapping annotations 
CFTDYHRHEVQFIAVGKTSLLDYKILHVIDGVNVCIYDKKNKQLRVKEAWISLALGEEFI 
KEKKKVIWESEVYFHLALKFLLQNDTNHTIQILAVCELDGDIEVTSQVRIAIDGEAFFQV 
DDQADQWDFLKPLAKQFKSLLKSHFWTDLRKQTMKQYCVNMMRKILQYSVTVSHHDDPDG 
NITLSCLATGFYPCSIQLHWEKNEQLGVWGQERSSGTLPNADDTFYLQVTLEVPPSDTVT 
GYTCVVQHSALEMPVTY 
 
>md_UT14 Chain=chain33 Position=1:705669598-705673727(+) GeneID=None ProteinID=None Score=124.1 
E-value=3.9e-38 Length=4130 Comment=No overlapping annotations 
HYSGQHRYAFYFTAVGTSNSLLNFTMTSFIDDIQLCSYHKLNQTGWTSSVPCANFSEKMQ 
SVLLNQEENFHRLIHYLEQNGTKSESSHTLQLFADCELEDDIQVDSHVHLAWDGEDLFWR 
DEQQGYWIFLKPMGYLLKPAVESPFWESVRRNYMQKYCFDIMRKILKSSVTVSRHDALGG 
IITLFCTATGFYPHSILLGWKKGYEHAIWGKESSSGILPNADGTFYLQVTLELLPGDPGI 
GYTCVVEHTELKTPAVY 
 
>md_UT4 Chain=chain34 Position=1:705317276-705319984(+) GeneID=None ProteinID=None Score=123.8 
E-value=3.5e-38 Length=2709 Comment=No overlapping annotations 
YNLVHHRHVIQFTTVGIDHSILELSAISLIDDIEVASYNKGQKQIAIKIPCISEVLGVNY 
LTQWHNSLVKHEQDFLRSSTGNHTAQLQAECEMDNDITVKSHIYLIWDGEECYQIDEEVG 
HWENMNPEFKQYQYILESSLRTSLRKHYMNLYCVDLMKKIVGYSMAVSQHVSPEGSIILS 
CIATGFYPRSILMRWEKNGKLGIWGNESSSGTLPNMDTTFYLKVTLELPLEDSGAGYTCV 
VEHSELTSPAMY 
 
>md_UT13 Chain=chain35 Position=1:705610150-705616325(-) GeneID=ENSMODG00000011414 
ProteinID=ENSMODP00000014272 Score=121.6 E-value=1.8e-37 Length=6176 Comment=Overlaps single 
annotation & in proteins 
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HELQFIAVGTSQGLLELSAIAFIDDIQWASYGKPLQQIKVKHAWISEALGRQFLKEMQYQ 
MTDQEEGYHRFIQHLTRNDRSKNHRTLQFYLNCELNEDIPLKYHVKYGFDGEDFIETNEK 
GKWKVLHHWAIGSEIFFESPAVFEQFNKIYCIGVMQKILQKSSLKENRPPDMYVSHQEFP 
NGTITFSCTATGFYPQAIQMSWKKADNGTVVGKEDSSGILPNSDDTFYLQISLEVQPGEP 
RTGYACVVDHSQLEAPAVL 
 
>md_UT2 Chain=chain36 Position=1:705270450-705273246(-) GeneID=None ProteinID=None Score=118.0 
E-value=2.1e-36 Length=2797 Comment=No overlapping annotations 
CSPALHSLEIQFTGMAITDDLPDIIFNVWLDSQLLFSYDTQSKEVLLKLGGAYPPLKNRL 
MEKLKEQLRRGGEDSPTELQTTQVTVFCELDGDIQVDSRMLVAFDGETVCQLNEQNARWV 
IKKPEVTRFCNYLDDSVQWHRILAEECPTFLKIVLELFVTVSHDDAPDGRFILFCTARGF 
YPRPIRLHWEKDGQMGVWRKERSSGTLPNADATFYLQVVLELHSRDPGDGYACVVEHYEL 
RMPAIY 
 
>md_UT12 Chain=chain37 Position=1:705577166-705583437(-) GeneID=None ProteinID=None Score=109.2 
E-value=1.2e-33 Length=6272 Comment=No overlapping annotations 
CYLAYHKHEMKFTAVGTSKGLLDLIGVAFIDGIQWASYYKSSQKIVVKPTHIYEALGENF 
LKDMDNEMKDQERGYHHFIGNHTMQLYLDCELDEDTHLSSLVKYGFDGEDFIEIDEHGKW 
KVLHPWAHSFEDFYEGPDVAKLLNKRYCIGAMLKILQKSVYVSRQEFPNGTISFSCTATG 
FYSQSILMHWKKGVDEAILGKESSSNILPNYDDTFYCRISLEIQPGDSGTGYACVVNHSH 
LETPTVY 
 
>md_UT1 Chain=chain38 Position=1:705246778-705258091(+) GeneID=None ProteinID=None Score=76.9 
E-value=2.6e-23 Length=11314 Comment=No overlapping annotations 
SLSDLHSLQLQLTIMAAYGDLPDIFFNGCLDDHLILSYDSHSKSPTGIHTAQALLRCETD 
KGILVNSLVRVAFDGEDMCQLDEEEKQWTVRKPEAEDFCPFWKDPFWIKAAQVDCPFFLS 
LLLQIVTPEVTLCQHVGRAVLSCPAAGF*FHSVFMHWKKDGEQLIQGMEKSS 
 
>md_CD1 Chain=chain39 Position=2:168357284-168363550(-) GeneID=None ProteinID=None Score=59.9 
E-value=7.5e-19 Length=6267 Comment=No overlapping annotations 
QSMVSCWLEDLETHKCNQRTDTIDFLWPWAQTGFSAEDREELQTNLQVYVVGFTGEVSPR 
DFFQVAFQGKGFWSFQGDSWKPLPGAESIAQHISSILNPDQSVQIIVQRHLLYTLPQLRD 
GLLDKGWKDTELQIVK*TYFCTRVADIALSVSGFYPKSIQVTWIKNGQEQSGTQTNDLVL 
NSHSTWWLNVSLIMEAEKAGGLACRVKHSSLGSKDLIQ 
 
>md_chain40 Chain=chain40 Position=2:267606293-267607759(+) GeneID=None ProteinID=None 
Score=53.8 E-value=1.5e-16 Length=1467 Comment=No overlapping annotations 
ESSGTSILQYDFTSVSQLGPGQPAYMALGYINGCISINYDSEVKRAELRAEIESTVLLLE 
TKEHLFLKRQEQDIRWSLSILGYNKLSGHH*LGHGVQGMTPDSHTIQLSHGCELGIQPGG 
DGIYQS*ENVEVPSRDEL*YICLVEHQRLNQTLTM 
 
>md_ENSMODG00000027380 Chain=None Position=1:225336071-225344637(+) GeneID=ENSMODG00000027380 
ProteinID=ENSMODP00000038711 Score=93.0 E-value=7.3e-27 Length=0 Comment=Not detected in genome 
search 
MLTYITRFGMMRPLFTANFLFLLSGTIMSQRPRIRCDVLHLKDFGFSNPQDGHYSFKNEV 
YLNGQTVYTYDSKSKRAVPQPEWQNVENWNEVSQLQKEREELIMKDLEEIRNLNTDNTDI 
YTTSQNVACQLCSNDAFRMSGYSLVEGKEFSKKSKRVFTLATQDPAAEMMKHQSKQDPMF 
HGYQEKKCIEILQKYRNYRDAH 
 
>md_PROCR Chain=None Position=1:388590506-388595071(+) GeneID=ENSMODG00000001848 
ProteinID=ENSMODP00000002258 Score=93.8 E-value=4.1e-27 Length=0 Comment=Not detected in genome 
search 
MLPLLSLFSWVIYCQGAMKGSQSFLMLQISHFRDPSSVQFWGNASLGGLATHTLEGGGHN 
ITIQQLKPLESPEHWQQTKKQLLNYFEEFQVLVQLVNKERGVAFPLILRCSLGCELPPDG 
QEAHVFFEVALNGSSFVSFQPEKGPDHPIELYDFTLKQLNTYNRTRFELLEFLQETCVGF 
LKQHGNRVRGPVPQVSRSYTMLILGIIMGVFAISSVAVGIFLCTGGKWS 
 
>md_ENSMODG00000024063 Chain=None Position=1:224303763-224308941(+) GeneID=ENSMODG00000024063 
ProteinID=ENSMODP00000032790 Score=104.8 E-value=2.3e-30 Length=0 Comment=Not detected in 
genome search 
MMEPLVTAIFLLLLSGTTMSKEPNNLGHSQCDSLAYRDMALIYSGAEHDLFTNKAFFNNE 
LVYKYDSESQTAKPQPGWENVENWGEISKLQKERGDFALENVELIKKTFGYRDDYNLTGI 
YGCDVCKNNVIKVRWTYYDSDKPLITFDTNGPAWKALSREGKILKKKWEEDPSAPNRAKS 
YLEEDCPKKLQEYKNYKNTN 
 
>md_ENSMODG00000028158 Chain=None Position=1:225082268-225092663(+) GeneID=ENSMODG00000028158 
ProteinID=ENSMODP00000040872 Score=129.4 E-value=1.2e-37 Length=0 Comment=Not detected in 
genome search 
MMRLLFTAIFLILISGTLMFQHTAFNCYFLTYKDTIFSKPQTGNYSFKNAAYINGHTIYI 
YDNSHKRAVPQPGWQYLENWDEVSQLQKKREDLIMKNLQEIMNSNEGTFTYTEYITCCIC 
PYKYLKVIRIFYINGEKFIKTNKNMLAQASHNPAAEMIKQKLKHDKGALNQLNAYLEKQC 
PAKLQRYKTSYYARLPRVRGN 
 
>md_ENSMODG00000029679 Chain=None Position=1:224712002-224719873(+) GeneID=ENSMODG00000029679 
ProteinID=ENSMODP00000038748 Score=90.6 E-value=3.7e-26 Length=0 Comment=Not detected in genome 
search 
MLTYNSRFGMMKPLFTAIFLFLLSGTIMSQHPRTRCDVLQYKNMGYSNPQTGRYSFKNEV 
NLNERTVYVYDSSSKRAVPQPGWENVENWNKVSQLQKEREELIMKDLQEIRNLNTDTTGT 
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YTVTHTFDCQLCPNDAFAISGYNLFEGNEFSKNFKRIFTLATQDPAAEMMKQQSQRYPML 
HGYQETQCVETLQKYLNYRDAH 
 
>md_MIC-like Chain=None Position=2:267557192-267558003(-) GeneID=ENSMODG00000015796 
ProteinID=ENSMODP00000019705 Score=195.6 E-value=3.1e-57 Length=0 Comment=Not detected in 
genome search 
PASLQYDLTVLSQAEEPRQPLYVALGYINDQLFLHYDGENENSRAELQKPWNDTEEGRKV 
WERVTQGLEEKGKELRMILQDILGQNNQSSHTLQATLGCELQGNDSTRGFWRFRFDGQDF 
ITFSPEKLSWISVHPGAQKIKEKWEDWFQMKLQEEEYCSIRLQRYLATWKGILERT 
 
>md_ENSMODG00000015798 Chain=None Position=2:267518869-267520166(+) GeneID=ENSMODG00000015798 
ProteinID=ENSMODP00000019708 Score=127.2 E-value=5.2e-37 Length=0 Comment=Not detected in 
genome search 
LLFLSSSDFSTLRYNLTLAYFGWNKTSSYIISGFINDNKFLTYDSKSRHVDFKSCEKADI 
QNLKEENKELRDIVSNIALRNGENGGSHTLQVTYGCKRINGDVKGFWHYIYDGQKFLSFS 
LEDGSWIGTGPEAEEAKKILQKSHSQKKVKAYILGDCPADLKKCLKYQECVKKTGIEHLE 
PGLPTHISQELPSFCLWFCLSWEGDTE 
 
>me_chain01 Chain=chain01 Position=Scaffold270567:38-1383(-) GeneID=ENSMEUG00000016222 
ProteinID=ENSMEUP00000014833 Score=352.2 E-value=1.5e-96 Length=1346 Comment=Overlaps single 
annotation & in proteins 
PHSMRYFYTGLTRPGLGEPRFLSVGYMDDQQFVRFDSDSPGQRVEPRAAWMEGVGQEEPG 
YWERETQISRGNTQIFRESLENIRGYFNQSAGGVHTFQRMYGCEVSPDLTFRRGFEQHAY 
DGTDYIALDTDTLTWTAAVPPAVSTKRKWEAEHEGTKAYLEETCVTWVKKYLEMGKETLM 
RTTHPLPVTHLTAPYGEVTLRCRAQDFYPKEISLTWLRDGEEHPQDTEFIETRPAGDGTF 
QKWADVHVTSGEEERYTCRVQHEGLSEPLTLQW 
 
>me_chain02 Chain=chain02 Position=Scaffold10370:39445-41903(+) GeneID=None ProteinID=None 
Score=347.8 E-value=5.9e-91 Length=2459 Comment=No overlapping annotations 
HVPGPHSLRYFNTAMTRPGLGEPRYLAVGYVDDQQFMSFDSDSPSQGLEPRVAWMERVEQ 
EEPEFWERRSGICKAETQFFRGTLESLLSLNQSSGGGAGVHTIQRLNGCEVSPDLTFQRG 
FIQYAYDGQDYLALDTETYKWTAAVPEAVNIKQKWEADGNIVKRWKAYLNEECVRRLKKY 
LEAGKETLMRKARVTRHTAPHGEVTLRCRAQDFYPKEISLIWLRDGEEQPQDTEFIETRP 
AGDGTFQKWADVVMTSGQEDKYTCQVQHEGLSEPLTLSGNDSAQGSDISLTVKG 
 
>me_chain03 Chain=chain03 Position=GeneScaffold_9817:27277-29655(-) GeneID=ENSMEUG00000007297 
ProteinID=None Score=347.4 E-value=8.7e-91 Length=2379 Comment=Overlaps single annotation; not 
in proteins 
PDSGSHSLKYFYAAMSQPGLAKPRFIAVTYVDDQQVLSFDSDRESQSTEPRTPWIEQEIP 
DYWERETRISREATQRYRMCLQKVSSYYNHSEGGGVHTYQRLSGCEVFSNRSFSRGFVQY 
AYDGMDYLALDTETLSWIAGNAGALNNKRKWEADQRIAKYWKGYMEEECVYWLQRYLENG 
KETLLRIVRVTRHTSSDGEVTLRCRAQSFYPAEISLTWLMDGEEQLQETELIETRPAGDG 
TFQKWAAVGMLSGSEQKYTCRVRHEGLPEPLFLPGTDSAQGSDVSLTAKG 
 
>me_chain04 Chain=chain04 Position=Scaffold312982:286-2910(-) GeneID=None ProteinID=None 
Score=344.2 E-value=6.7e-90 Length=2625 Comment=No overlapping annotations 
HVPGSHSLRYFDTGVTRPGLGEPRFLSVGYVDDQPFVGFDSDSPG*REEPRAAWIERVEQ 
EEPGYWEQQTRTSRANMPIAREGLENLRGYFNQSKGGGVHTVQAMYGCEVSPELTFQRGF 
IQFAYDGQDYLALDRDTLTWTAAVPPAVNTKREWEAERSFAEGWKAYLEEKCVLWVKKYL 
EMGKEALMRTARVTHHTAPYGQMTLRCRAWDFYPKEISLTWLKDGEEQPQDTEFIETRPA 
GDGTFQKWAAVDVTSGQEGRYTCRVQHEGLSEPLTLSGNDSAQGSDMSLTAKG 
 
>me_chain05 Chain=chain05 Position=Scaffold33820:13576-15767(-) GeneID=None ProteinID=None 
Score=329.9 E-value=1.2e-85 Length=2192 Comment=No overlapping annotations 
HVLGPHSMRYFAAVMTGPELWEPRYIAVGYVDDQHFVLFDSDSPSLRMEPRAVWMEQMDQ 
EDPGYWERNTWISRAKTQVYRGNLKTLLSYFNQSSGGGAGVHTFQRMSGCEVSPELTFKR 
GFLQHAYDGQDYLTLDTDTYTWMAAVPPAVNTKRKWEADRGIVEGYKSYLEETCVLWLKK 
HLEMGKEILMRTARVTCHTAPSGDVTLRCRAQDFYPKEISLTWLRNGEEQSQDTEFIETR 
PAGDGTFQKWAAVDVTPGQEGKYTCRIQHEGLSEPLTLPGNDSAQGSDVSLTARG 
 
>me_chain06 Chain=chain06 Position=Scaffold76695:6700-9101(+) GeneID=ENSMEUG00000001234 
ProteinID=ENSMEUP00000001136 Score=324.2 E-value=5.9e-84 Length=2402 Comment=Overlaps single 
annotation & in proteins 
LTLLLLGFLVLRETWAGSHSLKYFYTTMSRPGLAETRFTSVTYVDDQQVLSFDSDSDSQS 
KEPRMPWIEHDYWERETRISREATQRYRMCLQKVSTYYNHSEGGVHTFQSLSGCEVFSNG 
SFSRGFVQYAYDGLDFLALDMETLLWIAGNAEAVNRKRELEEAAKYWKGYLEGECVYWLQ 
KYLDNGKETLLRTDPPSVKVTRHISSEGEVTLRCRAQGFYPAEISLTWLRDGEEQLQEME 
LIETRPAGDGTFQKWAALGMLSGSEQKYTCRVQHEGLPEPLFLKWEPQSSTIGLSARVIT 
ALLLLLAAVIIGVVIWRKNIPGMERRKDGKRESYTTTANNDSAQGSDVSLVAKA 
 
>me_chain07 Chain=chain07 Position=Scaffold71957:679-3383(-) GeneID=None ProteinID=None 
Score=307.7 E-value=4.2e-78 Length=2705 Comment=No overlapping annotations 
HVPGPHSMRYFHTAVTGPGLGEPRFLSVGYVDDQQFVRFDSDSPGQRMEPRAAWMERVGQ 
EEPGYWEEETRTSRGNAQIYRGGLGVHTIQLMSGCEVSPELRFQRGFLQFAYDGRDYIAL 
DTETLTWTAAVPPAVSTKLKWEADWSIAERRKAYVEEECVLWLRKYLEMGKEVLMRTE*P 
ATLTPMGEVTLRCRAQDFYPKEISLTWLRDGEEQPQDTEPGNDSAQRSDIPLTAKG 
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>me_chain08 Chain=chain08 Position=Scaffold33251:14389-15623(+) GeneID=None ProteinID=None 
Score=307.1 E-value=3.5e-83 Length=1235 Comment=No overlapping annotations 
HVSGSHSLKYFHTFVSRPNAEPWFFSVGYVDDQEFVRFDSHSPSQREEPRAAWIEQVEEV 
EPGY*EKNTQIHMENAQSFRENLGVHTVQVMHSCELSSELTFQRGFFQDAYDGEDYITLD 
TETYTWTASMAPAVISKRKWEADRSFAELDKAYIEEECVMWLKKYLKMGKEMLERTVTRH 
IALDGEGEVILRCWAQDFYPKEISLTWLRDGEEQLQNTEFIETRPAGDGTFQKWAAVQMT 
SGQEGRYICQVQHEGLSETLTL 
 
>me_chain09 Chain=chain09 Position=Scaffold105202:2204-3461(+) GeneID=None ProteinID=None 
Score=295.7 E-value=7.4e-80 Length=1258 Comment=No overlapping annotations 
HFPGPHSMRYFLTGVTRPGLGEPRYLSVGYVDDLQFVSFDSDSPGQREEPRAAWMERMEQ 
EEPGYWERVTQIHRENAQTFRVGLGAGVHTIQSMYGCEVSPELTFLRGFRQIAYDGRDYI 
SLDLETLTWRTEVPQAVNTKRKWEERSEAERWKVYLEETCVARVTRHTAPHWEVTLQCRV 
QDFYPKEISLTWLRDGEEQPQDTEFIETRPAGDGTFQKWAAVSVTFGQEHKYTCQVQHKG 
LSEPLTL 
 
>me_chain10 Chain=chain10 Position=GeneScaffold_9846:369-1914(-) GeneID=ENSMEUG00000007887 
ProteinID=ENSMEUP00000007200 Score=284.1 E-value=2.3e-76 Length=1546 Comment=Overlaps single 
annotation & in proteins 
VCPHSMRYFDTAMTRPGLGEPRYLEVGYVDDQLFVSFDTDSPGQRMEPRAAWMERVEQED 
PEYWERETRRARANAQTYRGSLENIRGYFNQSAGGVHTLQSMYGCEVSPELTFQRGFYQS 
AYDGRDYISLDADLTWRTAVPQAVNTKRKWEERSEAEGLKGYLEETXXXXXXXXXXXXXX 
XXXXXXPPSVQVTRHTVHEGEVILRCRAQDFYPAEISMIWLRDGEEQLQDMEFIETRPAG 
DGTFQKWAAVRITSGQEGKYACRVQHEGLSEPLALKWEPQSKYTWITLGIIAVFILHLVI 
AGVVI 
 
>me_chain11 Chain=chain11 Position=Scaffold49163:19201-21229(-) GeneID=None ProteinID=None 
Score=282.8 E-value=1.8e-70 Length=2029 Comment=No overlapping annotations 
HVPAPHSLRYFKSAATGPGLEGPRFVSVGYVDDQPFMSFDTDSLSQREEPRAAWMERMKQ 
EEPEFWERQTRIHRATAQNYRVGLGFHTFQRMSGCEVSPELTFQRGFVQDAYDGQDYIAL 
DTETLRWTAAVPHAVNTKRKWEADRSEAEGWKIYLEEECVQWLKKYLEMGKETLMRTARV 
TCHTTPHE*VTVRCRAQDFYPKEISLTWLPGNDSAQGSNVSLTAKG 
 
>me_chain12 Chain=chain12 Position=Scaffold106256:4826-6083(+) GeneID=None ProteinID=None 
Score=276.1 E-value=4.7e-73 Length=1258 Comment=No overlapping annotations 
HVPGPHSMRYFNTAITRPGFRQPRFLTVGYVDDLQIVSFDTDRQCLRSGPQAAWMERMVQ 
EDPWFWERETEILRGNAQAFRVALQNISGTGVHTLQRMYGCEVSPELTFQRGFYQFAYDG 
RDYISLDLETLTWRTEVPQAVNTKRIWEADSREAETWKAYVERGCVLWLKKHLEMGKEML 
MRTATVTRHTAPSGEVTLRCRAQDFYPKEISLTWLRDGEEQPQDTVH*DQA 
 
>me_chain13 Chain=chain13 Position=Scaffold40600:14825-17206(-) GeneID=None ProteinID=None 
Score=275.6 E-value=1.5e-69 Length=2382 Comment=No overlapping annotations 
SHSGSHSLKYFYIGVSRPGLAKPRFIAVTYVDYQQVLSFDSDRESQSTEPRTPWIQREIA 
DYWERETRISREAKQHFPMCLQKVSSYYNQSEGGGVHRFQRL*GCEEFSNRSFSLGSMQH 
AYDGLDYLALDTETPNWIVANSGALNDKRERKEDQSVAKYWKGHMEEECVYWLQRYLENV 
ERRVQVTRHTASDWEVTLRC*AQGFYPAEISLTWLRDGEEQLQETELIETRPAGDGTFQK 
WAAVGMLSGREQKYTCRVRHEGLPEPLFLPGNDSAQRSDVSLTARG 
 
>me_chain14 Chain=chain14 Position=Scaffold32785:7456-14156(+) GeneID=None ProteinID=None 
Score=256.7 E-value=3.2e-68 Length=6701 Comment=No overlapping annotations 
HVPDSHSLRYLSTSVTRPELGEPRFFSVGYVDDRQFARFDSDVSSAREESRAPWMELVDK 
VDPEYWERNTRFHKEAAQKFLARLEILSAYYNDTKEGGAGVHIFQHLCGCEVYQNLTFKR 
GFFQFAYDGRDFLSLDTETYKWTASVPRALITKLGMEADESFKNDRKAYLEDTCVKARVT 
HHTAPNGEVTLKCWTQDFYPKEISLTWLRDGEEQLQDMEFIETRPAGDGTFQKWAVVQMT 
SGQEGKYTCQVQHEGXXXXRTVRR 
 
>me_chain15 Chain=chain15 Position=Scaffold116072:1660-2879(+) GeneID=ENSMEUG00000012186 
ProteinID=ENSMEUP00000011105 Score=253.6 E-value=2.4e-67 Length=1220 Comment=Overlaps single 
annotation & in proteins 
SHSLRYFYTSISRPELGKSRFIAVGYVDDQQFVRFYSDSSSQRMEPRAPWMDQMDLGYWK 
TETQHMREHAQDYRVGLENLLRYYNQSEDGVHTVQFFYGCEVYPNLTFKRGFEQNAYDGQ 
DYIALDTETYTWTAAGPEAVTTKHKWEAQGSIMEGEKVYLEDECVEWLRKYLEIGKEYLN 
RTDPPSVQVTRHTAPDEEVTLRCRAQDFYPSEISLTWLRDDEEQLQNTEFIETRPAGDGT 
FQKWAAVGITSGQEGKYACRVQHEGLSEPLTMKWVFHFRATVLITWITAVVLLLIALVIG 
VVIWRNRNSGKQDRK 
 
>me_chain16 Chain=chain16 Position=GeneScaffold_10171:5665-9302(+) GeneID=ENSMEUG00000010584 
ProteinID=ENSMEUP00000009653 Score=247.5 E-value=5.2e-61 Length=3638 Comment=Overlaps single 
annotation & in proteins 
LVLFFLVVLALTLTVTWAGPHSMRYFDTAVTRPGSEPRFLSVGYVDDQQFSRFDTDSPGQ 
REEPRAAWMERMDQEDPEYWERVTRIHRETAQIFRGNLETARGYFNHTAGXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXEAEGKGYLE 
ETCVTWLKKLKMGKDTLPPSARVTRHTGPFGEVTLRCRAQDFYPKDISLTWLRDGEEHPQ 
DTEFIETRPAGDGSFQKWAAVDVTSGQEDKYTCRVQHKGLSEPLTLQWEPQSSPTWLIVG 
GIAAALLLLPVVIAGVVMWNRNRSS 
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>me_chain17 Chain=chain17 Position=Scaffold350269:845-1897(+) GeneID=ENSMEUG00000012694 
ProteinID=ENSMEUP00000011572 Score=217.6 E-value=1.1e-56 Length=1053 Comment=Overlaps single 
annotation & in proteins 
SHSLRFFSVSVSGPELGKPRFFSIDYVDYQQLAGFDSHSASRRVEPLARWLQDGPDYWDR 
NTRHNEVSTHFYTLRGYFNQSESGIHTYQGLSGCEVSPELTFQRGFYQYAYDGLDYISLD 
TDTYTWTALVPQAVNTKRVWEAAGVSERRKAYLEEICLVWLKKYLEMGKETLMRTDPPSA 
CVTRHTAPHGEVTLRCQAQDFYPKEISLTWLRDGEEHPQDTEFIETRPAGDGTFQKWAAV 
QMTSGQEDKYTCLVQHQGLSEPLNLKWEPPSSPTLTVGGIAASLLLLTAVIAGVEIWRKK 
NSGG 
 
>me_chain18 Chain=chain18 Position=Scaffold42934:24502-27221(+) GeneID=ENSMEUG00000008531 
ProteinID=ENSMEUP00000007792 Score=212.4 E-value=3.6e-55 Length=2720 Comment=Overlaps single 
annotation & in proteins 
QAMIGCEVSPELTFQRGFMQDAYDGWDYLVLDLETLTWRAEVPQAVNTKRNWEADEVEGW 
KAYLEETCVIWVKKYLEMGKDTLMRTDPPSARVTRHTGPHGEVTLRCQAQDFYPKEISLT 
WLRDGEEQPQDTEFIETRPAGDGTFQKWAAVDVTSGQEGKYSCRIRHEGLSEPLTLQWEP 
QSSSTWLVVGEIAASLLLLISVIVGVWICIKKYSGRLDWAGSRKGGDYVPSAGNESAVTL 
TAKA 
 
>me_chain19 Chain=chain19 Position=GeneScaffold_5406:4803-7043(+) GeneID=ENSMEUG00000005831 
ProteinID=ENSMEUP00000005322 Score=209.7 E-value=2.7e-54 Length=2241 Comment=Overlaps single 
annotation & in proteins 
SHSLQYNLLTMFTADEESLSYSAQGYLDGELLFHYNSTNQILKPQVPSLDGLVETDIWNK 
EHDNLKDIGQDFTVALSKVKNQXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXF 
PLLNVTSKKKQEGEVTLRCWAYNFFPRDIKMTWLRDGRALNQKDQERGLIKPSGDGTYQT 
WVSTDVHIEEANYTCHVE 
 
>me_FCGRT Chain=chain20 Position=GeneScaffold_2032:11704-13437(+) GeneID=ENSMEUG00000008659 
ProteinID=ENSMEUP00000007917 Score=195.8 E-value=2.2e-49 Length=1734 Comment=Overlaps single 
annotation & in proteins 
HSLFYQLTAVSVAPKGTPRFWASGWLGPQLFLTYSSGGNAEPWGAWRWEPQEPWFWEKET 
WYLKTQERLLQEALSLSKKQGAHTFQGLVGCQLNPDNSSHHTARYALDGADLLTFDPVSR 
VWSGDTVEAWNVKESWANESQRAEKDAEFLLTTCPQKLKSHLQKGQGNFHWKEAPEVRLE 
ARVSTQSILTCQAFSFFPPELELSFLWKGASGCEGSDHPNGGGAFYSRGTLLVPFGDEAL 
YSCVVQHPALQLLTVNF 
 
>me_UT15 me_chain21 Chain=chain21 Position=Scaffold5385:3500-6178(-) GeneID=None ProteinID=None 
Score=182.6 E-value=7.2e-46 Length=2679 Comment=No overlapping annotations 
LAQQGLSNLIVISSVDDVQLCYYNKQNQLVVMKKAWMSQALGATAIGQIQKMLINLEKSF 
SWAFKNLIKNETNSESTPTENHMLQVFVDCELGNDIQVSSHFQFALDGEDFYQMDKQLGH 
WVAMKPEAQHCKPLWDSALWNRLVKHYIQEDCINGMKKILQYSVTVS*HDAPDGRVTLFC 
RATGFCPCSIMLHWERDGVLGVWGQESSSGTLLNADATFYLQVTLELSPSDPETGYTCVV 
EHSELRTPVMF 
 
>me_chain22 Chain=chain22 Position=Scaffold62626:3261-5893(-) GeneID=None ProteinID=None 
Score=178.7 E-value=8.6e-41 Length=2633 Comment=No overlapping annotations 
HVSGSHSLRYFDTAVSRTGLGKPRFIVDDQKFVRFDSDCPGPRQETRAAWMEQMNPDCWE 
GQTWVSMANAQGYFQVTYG*EVSPELTFKRGFEQKVYDGREYLTLDTETYSWTASVPQAV 
NSKNQKEAEVPVTRHTDPSGEVILRCRAQDFYPKEIFLTWLRDREEPPQDTEFIETRPAG 
DSTFQKWAAVQITSGQEGRYTCRVQHEGLSEPLTLPGNDSVQGSDVSLTAKG 
 
>me_UT16 me_chain23 Chain=chain23 Position=Scaffold36829:4826-7625(-) GeneID=None 
ProteinID=None Score=177.7 E-value=1.8e-44 Length=2800 Comment=No overlapping annotations 
SQLAYHTLEMCFTAVGTTKSLLDFTMVSSMDGVQGSFYDKKDQQLVIKEAWMSQALGAHY 
IEKKHQKLVCSEINFLWALQNWIQSDTKGDNHTVQFWHDCHLDGDIQVSSHFWYAVDGEA 
FCGVDEQLRHWVAMTPEAERFRPFWDVIFPYKMIERYMQEDCVEPLKKVLQYSVTVS*HD 
APDGRVTLFCRATGFYSRSIMLHWEKDGVLGVWGQETSSGTLPNADATFYLQVTLELPPS 
DPGIGYTCVVQHSGLRTPAMF 
 
>me_chain24 Chain=chain24 Position=GeneScaffold_10171:22023-27930(+) GeneID=ENSMEUG00000010584 
ProteinID=ENSMEUP00000009653 Score=168.4 E-value=4.3e-42 Length=5908 Comment=Overlaps single 
annotation & in proteins 
PDPGPHSMRYFDTAVTRPGSEPRFLSVGYVDDQQFSRFDTDSPGQREEPRAAWMERMDQE 
DPEYWERVTRIHRETAQIFRGNLMKGYLEETCVTWLKKHARVTRHTGPFGEVTLRCRAQD 
FYPKDISLTWLRDGEEHPQDTEFIETRPAGDGSFQKWAAVDVTSGQEDKYTCRVQHKGLS 
EPLTL 
 
>me_chain25 Chain=chain25 Position=GeneScaffold_10234:5091-6704(+) GeneID=ENSMEUG00000003085 
ProteinID=ENSMEUP00000002813 Score=160.0 E-value=5.5e-35 Length=1614 Comment=Overlaps single 
annotation & in proteins 
PHSMRYFFTSVTRPRLGEPRFFSVGYLDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXAPSARVTRHNAPHGEMTLPCQAQDFYPKEISLTWLRDGEEQPQDTEFIETRPAGDATF 
QNWAAVEVTSGQEGRYTCRVQHEGLPELLTLQWEPQSSSIWLIVGGIVAALLILTAVIAR 
VGIWRRRNSGGKGGNDSAQGSDVSLT 
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>me_UT17 me_chain26 Chain=chain26 Position=Scaffold136891:6877-11011(+) GeneID=None 
ProteinID=None Score=155.9 E-value=3.8e-38 Length=4135 Comment=No overlapping annotations 
YHLAHHSHETFFTAVGTSKTLLSFTMVSFLDDVEIAFYDKKTQQLEIKEAWVSHALGVDF 
INHTVQIWHNCHLDRDIHVSSRIWCAVDGEDFCQMDEWISLWVAKKPEAEPATLLSEKIY 
CSKKVKHYLEDYCVQPMRKVLQYSVTVNQHDAPDGNIILSCTATGFYPRSILLHWEKDAQ 
LVVWGQESSSGILPNIDATFYLQITLKLQSKDMETGYTCVVEHSELETPAVY 
 
>me_chain27 Chain=chain27 Position=Scaffold28197:17568-19287(-) GeneID=ENSMEUG00000004115 
ProteinID=ENSMEUP00000003758 Score=155.7 E-value=5e-38 Length=1720 Comment=Overlaps single 
annotation & in proteins 
SHSLQYNLFAMFSSDGGPPSYSKYLDGELFLHYDSKKHRPEPRSTWLNELVETESWKKED 
SNLKEIGQEFRITLDKVMDWKEGSHTFQETLGCELHDSNCRFWRYGYDGEDLSSNLRFPL 
LKVTQNKKQEGEVTLRCWAHNFFPGDIKMICLWDGYALIHKDVQPSGDGTYQTWVSIDVH 
IEEANYICHVEHQGRNQTISVPL 
 
>me_UT19 me_chain28 Chain=chain28 Position=Scaffold33001:4408-6729(-) GeneID=None 
ProteinID=None Score=154.9 E-value=9.9e-38 Length=2322 Comment=No overlapping annotations 
YNSAHHKFVGQFTAVGTSTKSVWELNGIIFIDDIELGSYNNTHQQIVVKIPWVSKLMGID 
YITQMRNLLVDHEQHLHWMMHYLAKNDTNGNHTGQLLADCEIDKDITVKSHIHLIWDGEE 
YYRIDEEVGHWEHLKPEFKRYHHVLDSPFWTDIRKRYMNKYCVDLMKKIVGYSVTVSRHV 
NPESSIILSCTATGFYPQSILLRWEKNGKLGVWGKETSTGILPNMDNTFYLQVTLQLPSE 
DPGMGYNCVVEHIELKTPVVY 
 
>me_UT8 me_chain29 Chain=chain29 Position=Scaffold57264:2841-7721(+) GeneID=None ProteinID=None 
Score=147.1 E-value=2.7e-35 Length=4881 Comment=No overlapping annotations 
CPAAHHKHVIQFTTVGTESSLLEHVMVDFLDDVQVFSYNKYNQKLMAKEAWISQVLGAKF 
IANTQQKLVDHEKSFFWFLTMQVSVSCEIEENNQIRKEIQIAVDGQEFCILDKDMGNQII 
LMPEALPFKDFLTSILQTTQIEHYMQEYCISSMKNILLHSVTVSHYEAVGGMNIFSCSAT 
GFYPSSILLYWQKGEDKILPGKESSSGILPNADSTFYQQITIELPPEDMKTDYDCVVEHI 
ELGTPKAY 
 
>me_UT20 me_chain30 Chain=chain30 Position=Scaffold22554:19566-21870(+) GeneID=None 
ProteinID=None Score=138.6 E-value=6.7e-33 Length=2305 Comment=No overlapping annotations 
NNSAHHKHIAQFTAVGTTHSLMELTLISFIDDIELASYNNIQKQIISKIPWATKAVGVDS 
ITQIRDLLIYHERHVSWMMHYLAKNDTNGNHTGQLLADCEIDKDITVKSHIHLIWDGEEY 
YRIDEEIGQWELLKPEFKKYLHILESPIWTNLRKLYMNQFCVDLMRKIVGYSVTVSRHVS 
PEGSIILSCTATGFYPQSILLRWEKNGKLGIWGKETSTGILPNMDNTFYLQLTLELPPED 
SGMGYTCVVEHIELKTPAVY 
 
>me_UT18 me_chain31 Chain=chain31 Position=Scaffold3670:19624-23747(-) GeneID=None 
ProteinID=None Score=135.9 E-value=6.2e-32 Length=4124 Comment=No overlapping annotations 
CPVAHHQHEVQFTVVGTGNSILDLTMVDFVDDIQVFFYDKQNSQLMAKEAWISQVLGAKF 
MEKTQQKLVDHEKSFLWFLKKLRQNDTKSDSTLQVSIVCELQRDDDIGNQIKIAVDGEDF 
CWLDEIGQWFFIISETDSFKPTLMSTFWVNQKDYYMKEYCYGIMKKILQHSVTVLYHETV 
NGIILLSCSATGFYPSAILLHWQKGGGIIVAGKESSSSTLPNADGTFYQRIIIELLPGDT 
GTNYDCVVDHIELGEPKVF 
 
>me_UT14 me_chain32 Chain=chain32 Position=Scaffold5385:25353-30701(-) GeneID=None 
ProteinID=None Score=131.5 E-value=1e-30 Length=5349 Comment=No overlapping annotations 
CHSGQHRHVFYFTAVGTASSLLNFTVASFIDDIQLFFYHKLNQFQVKMDWISNVLGANFT 
EQMQRLLMIHEEHFHRLFCYLEHNDTKSESSHILQLFGDCELEDDTEVNNHVHLAWDGED 
LFQRDEQQGYLIFLKPMGYILKPAMESTFWGNVRKHYMQKYCFDIMRKILRYSVTVSLHD 
ALDGTIILSCTATGFYPRSILLSWEKGYEHAIWGKENSSGILPNADGTFYLQVTLKLL*G 
DPGIAYTCVVEHRELKTPAIY 
 
>me_UT21 me_chain33 Chain=chain33 Position=Scaffold19997:2641-4934(-) GeneID=None 
ProteinID=None Score=125.5 E-value=5.1e-29 Length=2294 Comment=No overlapping annotations 
RNSAHHTHVGQFTAVGTIHSLLEINAVSIMDDVELGSYSYAQQKISVKIPWIVELFEVDY 
ITQRRHLLVEHEQQARWIMEFLSKNGNHTGQLLADCEIDNGIKINSHIHLIWDGEEYYRI 
EENGQWEILKPVGKKFLHILESPFVTDLRKRYMNEYCVDVMKKITGYKVTVSRHVSPEGN 
IILSCIATGFYPHSILLRWEKNGKLGVWGNETSTGILPNVDNTFYLQVTLELPPEDSGMD 
YNCVVEHIELKTPAVY 
 
>me_chain34 Chain=chain34 Position=Scaffold34365:7283-8419(-) GeneID=None ProteinID=None 
Score=107.6 E-value=8e-23 Length=1137 Comment=No overlapping annotations 
NARLGEPRFFSVGYVDYQQLSGCDTDSQGPRQEQPQAPWMQGMEKEYFA*DRLAYIALDR 
ETYRWTAAVPHAVNTKLKWEADRSAGDRWKAYLEEMCVVWLKK*LEMGKEALMRTTWLRD 
GEEQPQDVELIEMRPAGDGTFQKWAAVD 
 
>me_chain35 Chain=chain35 Position=Scaffold1906:88257-88790(+) GeneID=None ProteinID=None 
Score=49.7 E-value=6e-06 Length=534 Comment=No overlapping annotations 
WMEREDPEYWEWNMGNLRGAGVHTVQCMSGCELSSDLTFQ*GFFQDAYDARVTRHTAPHG 
EVTL*CPAQAFYPKEISLTWLRDGEEQVGEKE 
 
>me_ENSMEUG00000002955 Chain=None Position=Scaffold171902:3-1271(+) GeneID=ENSMEUG00000002955 
ProteinID=ENSMEUP00000002695 Score=266.7 E-value=2.1e-78 Length=0 Comment=Not detected in 
genome search 
FSTAMTRPGLGEPRFLSVGYVGDQEFVRFDSDSPGQRPEPRAAWMEGLGQEEPGFWERRS 
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GICKAETQFFRGTLESLLSLNQSSGDVHTIQRLHGCEVSPDLTFQRGFLLYAYDGEDYLV 
LDTETYRWTAAVPEAVHIKQKWEAQEVERWKAYLEEECVLWLKKYLETGKETLMRKDSPA 
AQVTRHTAPHGEVTLRCRAQDFYPEISLIWLRDGEEQPQDTEFIETR 
 
>me_ENSMEUG00000003479 Chain=None Position=Scaffold19886:10213-12165(+) 
GeneID=ENSMEUG00000003479 ProteinID=ENSMEUP00000003176 Score=203.4 E-value=7.8e-61 Length=0 
Comment=Not detected in genome search 
VHTFQRMAGCDVSPDLTFQRGFLQYAYYGQDYIALDRDLHWTAVVPQAVNTKRKWEAERP 
AEKWKGLLEEECVLWVKKYLEMGKEALMRTTHPLPVTRHTAPHGEVTLRCRAHDFYPKEI 
SLTWLRDGEEQPQDTEFIETRPAGDGTFQKWAAVEVTSGQEGRYTCRVQHEGLPEPLTLQ 
WEPQSSLTWLIVGAIAAGLLLTAVIVGVGIWKRKHSGRKEGDYVPAAGNDSAQGSDISLT 
A 
 
>me_HFE Chain=None Position=Scaffold56881:10201-12460(+) GeneID=ENSMEUG00000009762 
ProteinID=ENSMEUP00000008889 Score=244.7 E-value=6.1e-72 Length=0 Comment=Not detected in 
genome search 
SHSLQFLFMGASHPDLGLPSFVALGYVDEHLFVYYDHESRKAKPRGPWRRKKMWVTLTQS 
LKGWDHMFIIDLWTIMDNHSQGQGSHILQVLLGCELLVEDNRTRSFWKYGYDGQDYLIFH 
PETMNWTAVQPEAQTTKQEWEMTKIRAKQHRAYLERDCPEKLQSYLETGSEILNKK 
 
>me_PROCR Chain=None Position=Scaffold30751:8059-12290(-) GeneID=ENSMEUG00000012233 
ProteinID=ENSMEUP00000011151 Score=101.4 E-value=1.6e-29 Length=0 Comment=Not detected in 
genome search 
EMLPLLSLFSWVICCQGAMEGSQLHILQISHFWDPSSVQFWGNASLGGLTTHTLEGSGHN 
ITIQQLKPLESPEHWKQTKGRLLNYLSQFQGLVQVVSKERRVDFPLTLRCNLGCELPPDG 
KDAHVFFEVALNGSSFVSFQPEKVLWSAAQTTPRAINFTLKQLNNYDQTRFQLLEFLQDT 
CVGFLKQHMEVFSKPVSRVSPSYTMLILGIIMGVFTISSVAVGIFLCTGGRWS 
 
>me_ENSMEUG00000004463 Chain=None Position=GeneScaffold_9858:12374-13315(+) 
GeneID=ENSMEUG00000004463 ProteinID=ENSMEUP00000004058 Score=217.9 E-value=3.9e-65 Length=0 
Comment=Not detected in genome search 
VHTLQTMYGCEVSPELRFQRGFRQYAYDGQDYLALDRDLHWTAAVPPAVNTKRKWEAERS 
FAEGKKAYLEEECVLWLRKYLEMGKEALMRTTHPLAVTRHTAPHGEVTLRCRAQDFYPKE 
ISLTWLRDGEEQPQDTEFIETRPAGDGTFQKWAAVEVTSGQEGRYTCRVQHEGLSEPLTL 
QWEPESSFTWYIVGGIAAA 
 
>me_ENSMEUG00000008250 Chain=None Position=GeneScaffold_9844:13965-14785(-) 
GeneID=ENSMEUG00000008250 ProteinID=ENSMEUP00000007529 Score=210.1 E-value=1e-61 Length=0 
Comment=Not detected in genome search 
PASLQYDLTVVSQPEPSQPLYMALGYINDQLFLHYDGESRKVELQKPWNYRGRRKVWERV 
TQDLEEMGKELRVTLQDILRQNNQSKGSHTLQATLECELQGNDSSRGFWRFRFDGQDFLT 
FYREKLSWTAAHPSAKKIKEKWRTGSKRNKVHEEEYCSIRLQRYLASWKGILERT 
 
>sh_chain01 Chain=chain01 Position=GL861423.1:192-2390(+) GeneID=ENSSHAG00000000117 
ProteinID=ENSSHAP00000000133 Score=380.7 E-value=1.9e-105 Length=2199 Comment=Overlaps single 
annotation & in proteins 
MGWDLGVRRHLRFVVHSPGGTRSGGAPRAWPLTPGSRGRPHGVPALSPDRVPPSVSGSHS 
MRYFDTAVSRPGLGEPRFLAVGYVDDQQFVRFDSDSASQSEEPRAPWMEKVQDVDPGYWE 
RNTQISKENAQISRVDLQTLRGYYNQSEGAGAHTFQRMYGCEVSPELSFQRGFLQFAYDG 
QDYIALDTETLTWTAAQNEAVNTKRKWEAERSYAERDKAYLEETCVLWLKKYLEMGKESL 
QRADAPSARVTRHSTPSGEVTLQCRAQDFYPSEISLAWLRDGEEQHQDTEFIETRPAGDG 
TFQKWAAVGVPSGQEGRYTCRVQHEGLPEPLTLKWEPESSLPWIIVGVLAAVLLLTAVIA 
GAVVWRKKTSGGKGGDYVPAAGNDSAQGSDVSLTAKG 
 
>sh_SAHA-I Chain=chain02 Position=GL856884.1:746440-748777(-) GeneID=ENSSHAG00000010776 
ProteinID=ENSSHAP00000012589 Score=366.4 E-value=2.2e-101 Length=2338 Comment=Overlaps single 
annotation & in proteins 
LPTMGSYACSLFLLGALALKETWEGSHSLRYFGTTVSRPGLGEPRFFSVGYVDDQQFVGF 
DSDSASQRVEPRAPWIEKMENVDRDYWERNTQNSKRNAQISREDLQTLHGYYNQSESGVH 
TFQRLVGCEISPDLSFKRGFDQYAYDGQDYLALDTETLTWTAAVNEAVNSKHKLEAERSN 
AERDKAYLEETCVLWLKMYLEMGKESLQRADPPSVQVTRHSTSNGEVTLQCRAQDFYPAE 
ISLTWLRDGEEQHQDTEFIETRPAGDGTFQKWAAVGVTSGQEGKYTCRVQHEGLPEPLIL 
KWEPESSSPWIIVGILAVAVFLLTVVIAGAVVWRKKTSGGKGGDYVLAAGSDSAQGSDVS 
LSAK 
 
>sh_MR1 Chain=chain03 Position=GL856756.1:514408-537494(+) GeneID=ENSSHAG00000008980 
ProteinID=ENSSHAP00000010401 Score=314.5 E-value=7.7e-89 Length=23087 Comment=Overlaps single 
annotation & in proteins 
MTVAIQEGHARTHSLRYFRLGVSDSTQGIPEFISVGYVDSHPITSYDSIRRQKMPQASWM 
EENLGSDHWEKYTQLLRGWQQTFKTELRVLQNHYNHTGGFHTYQRMIGCELLEDGSTTGF 
LQYAYDGKDFLIFDKDSLSWIAVDNVARLTKQVWETNLNELRYQKNWLETECIAWLKKFL 
DFGKDSFQRTENPLLRGSCKKSSLGITTLICRAYGFYPPEITMTWIKNGELIIQEIEYGD 
ILPSGDGTYQTWISIEIDPQSKDHYFCQVEHNDFLKVLHVPIEPKTISPFVEIISGFTVI 
VLFLIGLGIFVYRRKQSGIKEANYIPTPVKKYRTNPS 
 
>sh_chain04 Chain=chain04 Position=GL857536.1:46569-49389(+) GeneID=ENSSHAG00000002942 
ProteinID=ENSSHAP00000003345 Score=309.6 E-value=2e-84 Length=2821 Comment=Overlaps single 
annotation & in proteins 
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MKEKVAAVEAAARIPRWNEFSAFATEAGPGSLGLGGQSWLWSLSLGVHSLRYFQTSMSQP 
GLTKPRFISVGYVDDQAFVRFDSDSAGLREEPMVMWLDKSNQNYWERNSRVIWETARTFQ 
VGLQNLQFYYNQSEGAHTYQRLVGCEVTYDWIFLRGFEQFAYNGHDYISLDLTTLSWTVA 
EPTALNSKLKWEAERSIAQRQKEYLEEKCVYWLRKYLEYGKEKLLRAAPPSVRITHRTHP 
DGKVTLQCRSQDFYPAEISLTWLRDGEEQHQDTEFIETRPAGDGTFQKWVAVEVTSGQEG 
NYICRVQHEGLPEPLTLKWEPESSSPWIIVGVLAAVFLLNAVIAGAVVWRKKTSGGKGGD 
YVQAAGNDSAQGSDVSLTAKA 
 
>sh_chain05 Chain=chain05 Position=GL857227.1:23521-26690(-) GeneID=ENSSHAG00000001982 
ProteinID=ENSSHAP00000002229 Score=292.6 E-value=2.5e-79 Length=3170 Comment=Overlaps single 
annotation & in proteins 
MEHYMLFLFFLAALTQTETWAGCHTMKYFDTIVTGPSLGLEERWFMTVGYVDDQQFVRFH 
NSSGSQITEPRAPWIELETPDYWERETRHLKDSQHCPMSLQNLHFNYNQSDDGGVHTLQR 
MYGCEVFPNGSFSTFFLRYGYDGQDKLSLDPETVIWIASDQVALNLKLKLETDRSLAERW 
EVYLKETCVQELLRHLEKGKKTHYPLDPPSVRVTRHITSDREVFLKCRAWGFYPSEISII 
WLKDGEEQIQDTEYIETRPGGDGTFQKWAAVEMPFRNEEKYTCLIQHEGLPAPLSLKWEP 
QSTSNGLFMGIIAAVLLLFTAVVAGVVIWKKSTLGGKGRNYALTSEIDSAQGSDVSLTAR 
G 
 
>sh_AZGP1 Chain=chain06 Position=GL834527.1:2588626-2594335(+) GeneID=ENSSHAG00000017241 
ProteinID=ENSSHAP00000020329 Score=250.6 E-value=1.2e-69 Length=5710 Comment=Overlaps single 
annotation & in proteins 
MMGSLTTIFILLLFMDTTMSKKSGARCYTLIYQDTALSHPGPEEFSFTNTGYLNGQAFYQ 
YDSKSQKAIPLSPWDKVEGMNDWEKESQLQKRREDFVLENMQNITDYYNDGKGSHIFQGR 
FGCQLCGDNFAKGFWKCQYDGRDFIEFKTTEIPAWIPLDPAADVIKQRWEADPGAVYRAK 
AYLEEECIGTLRTYLELGKAYLHQLIPPKVNLSHYSAPGGNLVLECLAYDFYPREIELHW 
LQDGKIQKKEVGQTQIIGNGTYQVSITVNIPLLKKKSYSCHVVHESLPEAFIVAWDEE 
 
>sh_chain07 Chain=chain07 Position=GL849604.1:1859453-1860996(+) GeneID=ENSSHAG00000015612 
ProteinID=ENSSHAP00000018394 Score=228.3 E-value=3.6e-63 Length=1544 Comment=Overlaps single 
annotation & in proteins 
MAPEKQNKNLSDSLLFLFLLGSLANAQSHILQYNVFVTVIDGELLFSVLGYLNDELFFYY 
DSKSQTPEPRGIWLDSIMKTDTWKTENSNVKEIIKAFRIIMGKVMEQSDQNTDSHTFQEI 
LGCELHKDGSIRGFLRFGYDGEDFLIFHSETLTWEAVHPAARSLENAFEAEPVETKIQKA 
KLEGDYCAGLQGYLEVWKEEKPVFPSLNLTQSKNPKEIITLKCRVYNFFPGDIKIMWYRN 
GDTLSQRDQEGGIILPSGDGTYQTWVSTDVYSEKSNYTCHGEHQGRNQSTSISLGPVSEA 
NRKYGIPPALFFGVFVAAVHMV 
 
>sh_UT15 sh_chain08 Chain=chain08 Position=GL835378.1:97853-100259(+) GeneID=ENSSHAG00000004293 
ProteinID=ENSSHAP00000004897 Score=219.9 E-value=1e-60 Length=2407 Comment=Overlaps single 
annotation & in proteins 
SAHHSHDFHFTAIGRATSLLNFTVISSVDDVQLCYYNKQDQQVVMKKAWMYEALGAAEIE 
RKQKKLISLEKTFQWAFRSLIKNETEKTHMLQVFVDCEVDRDVQVSSHFQFALDGEDFCQ 
MDEQLGHWVAMKPEAQRFKPLWDSALWKRQVKHFLQEDCVDSMTKVLQYSSMSSLPSVPP 
EVTVSRHDAPDDGRVTLFCRATGFYPRSITLHWEREGALGVWGQESSSGILPNADATFYL 
RVTLELPPSDPGTGYTCVVEHSELETPAVFPVPGKPPMERPWTIVLSTAAVIILVLSCAG 
AFIIWKKRKAGVYVWREGKEQEREIMRE 
 
>sh_UT16 sh_chain09 Chain=chain09 Position=GL835378.1:111514-114286(+) 
GeneID=ENSSHAG00000004579 ProteinID=ENSSHAP00000005233 Score=191.7 E-value=2.6e-52 Length=2773 
Comment=Overlaps single annotation & in proteins 
HTLEMCFTAVGTTKSLLDFTMVSSMDGVQGSFYDKKDQQLVIKEAWVSQALGAHYIEKKR 
QKLVFSEINFLWALQNWIQNDIKGEDNHTVQFWHDCHLDGDIHVSSHFWYAVDGEAFCGV 
DEQLRHWVAMKPEAECFKPFWEMIFPYKKIKHYMQEDCVEPLRKVLKYSQTSSLPSVPPE 
VTVLRHDAPDDSRVTLFCRATGFYPRSITLHWERDGALGVWGQESSSGILPNADATFYLQ 
VTLELPPSDPGTGYTCVVEHSELETPVIFPEVPEKPSMERRWAMALSILATVILVLSCAG 
AFNIWREKKAGTYDDLTANGNSNADDGDVIPI 
 
>sh_FCGRT Chain=chain10 Position=GL849778.1:124944-126410(-) GeneID=ENSSHAG00000004834 
ProteinID=ENSSHAP00000005532 Score=184.4 E-value=8.5e-50 Length=1467 Comment=Overlaps single 
annotation & in proteins 
VSSPCLSPILVGLAFSGCPRGSLGPGLGPAGTPSLFYQLTAVSSAPRGTPKVWGSGWLGP 
QLFLTYSSGGNAEPWGAWRWEPQEAWFWEEETWYLKKQERLLQEALRVSKEGAQIFQGLM 
GCQLKPDNSSQPTARFALDGADLLTFDPTRRDWFGHSVEASNVRNNWLNESQLAEKVAEF 
LLITCPQRLKSHLQRGKHNFQWKEAPEVRAGSHVGPGAVWSTLSCQAFFFFPPELELKFF 
REGKPVAELSPGLEPWPNGDGTFHSRGTLQVPSGDEALYSCTVQHPALTESITVNFETPG 
RLPLPVRVSLVAGSVLFLACLAAVVACMIYRKRGGRPALWIFRRRRAGDDVGALLSAPGS 
AQDSSS 
 
>sh_UT17 sh_chain11 Chain=chain11 Position=GL835378.1:126345-131520(+) GeneID=None 
ProteinID=None Score=179.6 E-value=8.9e-49 Length=5176 Comment=No overlapping annotations 
SHLALHRHEIFFTAIGTTKTLLDFILVSYVDDVEIAFYDKKHQQLVIKEAWVSHALGAEF 
IEDRQQTLIFSEIEYLWALQNWFQNDTGNHTVQIWHNCHLDQDIHVSSRIWYAIDGEDFL 
QMDEQISHWVAKKPEAKPLIPLLEKISCSKKMKRYLEDYCIQPMRKILRYSVTVSQHDTP 
DGNVSLSCTARGFYPRSILLRWEKDEQPVTWGQENSSDILPNIDATFYLQITLKLQSKDT 
EPGYTCVMEHSELESPAVY 
 



 169 

>sh_UT22 sh_chain12 Chain=chain12 Position=GL834773.1:299772-302023(-) 
GeneID=ENSSHAG00000007260 ProteinID=ENSSHAP00000008378 Score=174.4 E-value=3.9e-47 Length=2252 
Comment=Overlaps single annotation & in proteins 
IFSSSLPSHNSVHHRYVGQFTAVGTYYSLLELSAISFMDEVEVGFYNKENQQLIIKIPWL 
TEALGDAYIIQKRNLLVYHEQHFRWMMHFLAMNDTNHNRNHTVQLLADCEIDNDIKVKSY 
IHIIWDGEEIYRIDEEVGQWEYLKPEAKQYQHILESPFWTDLRKRYMNQFCVDFMKKIMG 
YKSIRILIPVPPEMTVSYRVNTEGSIILSCTATGFYPRSIQLQWEKNGELGVWGKETSTG 
ILPNMDSTFYLRLTLELPPEDPGMNFTCVVEHVALKTPALYSVPGKLTKEKSFFLALGIV 
LAVILLLSCAGAFIVWKKRCT 
 
>sh_UT10 sh_chain13 Chain=chain13 Position=GL835264.1:51864-58802(+) GeneID=ENSSHAG00000003088 
ProteinID=ENSSHAP00000003516 Score=168.2 E-value=1.9e-45 Length=6939 Comment=Overlaps single 
annotation & in proteins 
MNFSWFLKFLIQNDTKKESSLSTENHTMQLFIDCELNSGIEVGSRIWFALDGEDFLKTDD 
QTNHWTAMKPEAEHIKYMAESYFGVKMRDRTIKIYCYDMMRKILEYSSMKENVAPEVTVT 
RHDAPDGRVTFNCIATGFYPRSIQLLWKKDEQLGVWGQESSSGTLPNADSTFYLQITLEL 
PPGDSGTGYSCVVEHSKLQKPDLVVPEKPAVKRPWGMALGLLTIIMLLLGCAGPFIIWKK 
KKTG 
 
>sh_UT8 sh_chain14 Chain=chain14 Position=GL835264.1:79331-82841(-) GeneID=ENSSHAG00000003889 
ProteinID=ENSSHAP00000004421 Score=166.5 E-value=1.1e-44 Length=3511 Comment=Overlaps single 
annotation & in proteins 
GVHEMQYGVCSHALVRSGLGKPSCLPMDFLDDVQVLSYDKHTQQLKAKEDWVVQALGAKF 
IAKTQQKLLDHEKDFLWFLKKLMLNETKRDVNHTVQIFALCEIESDSHIGNEIQIAVDGH 
EFSVLDDEMGLWIALMSEAQSFLPVLTSTLWTTQRELYMQEYCIDTMKKILQHSVINFLP 
SVPPEVTVSQYETVDGITTLSCSATGFYPRSILLHWQNGKNIIMAGKQSSSGVLPNADST 
FYQRITIELLPEDMGTDYDCVVDHIELGPP 
 
>sh_HFE Chain=chain15 Position=GL856859.1:71173-73362(+) GeneID=ENSSHAG00000003686 
ProteinID=ENSSHAP00000004184 Score=163.9 E-value=6.5e-44 Length=2190 Comment=Overlaps single 
annotation & in proteins 
LFVYYDHESQKAKLQDPWMQKKDKFWMRLTQSLKGWDHIFFVDHNGQSQSRILQKVIFSC 
ELLMEDNRTRSFWNYGYDDQDYLLFHQEIMNWTAVQSKSQATKQELEMNKIRAKQHRAYL 
ESDFPEYLQEYILSLQIAVLSVTPLVRVTRHATHKGTITLRCQALNFSPMTITLSWLWDG 
KQLNQGIQLGDIYPSEDETFQVWTAVDITPGEEQRYAYQIEHMGLINPSLCLGHGPLSVT 
LATGISTGIIVSIIIITTVVIIWKKRNMSRGLIRNYILAEDK 
 
>sh_UT24 sh_chain16 Chain=chain16 Position=GL835264.1:26577-33674(+) GeneID=ENSSHAG00000002090 
ProteinID=ENSSHAP00000002357 Score=163.8 E-value=5.2e-44 Length=7098 Comment=Overlaps single 
annotation & in proteins 
MMNWRRESGSFSSWLLILVVLFALRGIQTGHHKNEIKHIAVGTSKTLLDLTVVALIDDIW 
WASYFKSNQHMVFKADWISEVLGSNLIEEMEHLLINHKEDFQFVFHYLTRNDTETEGNHT 
LQIQLDCELDGDIQLSSHVKYAFDGEDLIKVDELEGQWVVLNPKARNFKLIVNSPFWTEV 
RKRYIKRYCVGAMQKIIGNSNMKKNESPEVYVSQQDYPDGTTKLSCTATGFYPQPILLHW 
KKGTDGAIWGKESSSGTLPNSDDTFYLRISLEIQPGDSVTDYACIVEHSELERPVVYPVP 
KKPYKKNFWVVALSILLGVILTVGCLVVFIQWKKRKSGMYC 
 
>sh_UT25 sh_chain17 Chain=chain17 Position=GL835264.1:100680-102932(+) 
GeneID=ENSSHAG00000004299 ProteinID=ENSSHAP00000004905 Score=163.4 E-value=6.5e-44 Length=2253 
Comment=Overlaps single annotation & in proteins 
MDDIEVGSYNSADQQITVKIPWISQVIEADYTNQIHHILVAHEQNTHWLMQFLSNNDTNH 
NRNHTAQLLAECEIDNDIKIKSRIHLIWEGEEYYRIDEEVGQWENLKPEVKKLQYILDSP 
FWTNLRKNYMNEYCVNLLRKIVGYSSLRDNVPPEVTVSRHVNPEGRIILSCTATGFYPRS 
ILLQWKKNGELGVWGKETSSGILPNMDSTFYLRLTLELPPEDSGTGFTCVVEHTELKTPA 
VYPVPEKPTLKKPPVLTVSIVLAVILVMSCAGAFIAWKKRKSCMQ 
 
>sh_chain18 Chain=chain18 Position=GL856810.1:337391-341089(-) GeneID=ENSSHAG00000007630 
ProteinID=ENSSHAP00000008811 Score=160.7 E-value=4.4e-43 Length=3699 Comment=Overlaps single 
annotation & in proteins 
MLSCYLPFLLLFSGLSEGWGGKTASQEPLTFQCQLISSFLNDSWVQNLGSGWLGDLETHR 
WDLQTSTIQFLWPWARGHFSAEQWKKLQSITAVFLISFTRDVQDFIKVFRKDYPVVIQVR 
VSYSEGSPVSFFQAAFQGTDFMHFQGDSWKPAPGAESTSWNISRILNQDQGTRDMLQNLL 
NHTIPQFVGGLLETGQKDIERQVRPEVWLSSSTTSTPGQLKLLCHVSGFYPKLVRVTWIK 
NGQEQPGTQTSDLLPNSDGTWWIQVILIVEAGNTANLACRVEHSSLGGQDIIQYWGKTWG 
MGIIIAGIVLGLLLIGIIGYCLYRIVYKRHRLYEDMM 
 
>sh_UT23 sh_chain19 Chain=chain19 Position=GL835264.1:133457-136209(+) GeneID=None 
ProteinID=None Score=152.4 E-value=1.1e-40 Length=2753 Comment=No overlapping annotations 
YNSAHHRHMGQFTAVGTCNSLLELSVISFMDDVPVGSYNNIYKQINIKIPWIFKALGADY 
ITKRDHLLVDHEQHFRWIIPFLSKNDTNGNHTAQLLTDCEIDNDVKVKSHVHLIWDGVEY 
YRIDEEVGQWDNLKPETNQYQQILDTPYWTDLRKRFMSEYCVDLLRKIIGYSVTVSRHVN 
SEVRIILSCTATGFYPRSILLQWKKNGELGVWGKETSSGILPNMDSTFYLRLTLELPPED 
SGTGFTCVVEHTELKTPAVY 
 
>sh_UT14 sh_chain20 Chain=chain20 Position=GL835378.1:71054-77150(+) GeneID=ENSSHAG00000003654 
ProteinID=ENSSHAP00000004148 Score=138.6 E-value=2.1e-36 Length=6097 Comment=Overlaps single 
annotation & in proteins 
MGNWKKRGGSLSSWKLVLVIFVLKEVQTGQHRHEFYFTAVGTTGSLLNFTMVSFIDDIQL 
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CSYHKRNQISGMMECIPSILSANFSEQMQSALMKHEEDFHRLICYLEQNDTQSEESHILQ 
LFVDCHLEDDIQMDSHVQLAWDGEDLSRIDEQQGYWIFLKPMGYSLKRGLESAFWETVRK 
NYMQEYCYDIMRRILRYSRIKENGESHPSLIFSQEKQISSMLLLWSSS 
 
>sh_UT2 sh_chain21 Chain=chain21 Position=GL834773.1:262941-287202(-) GeneID=ENSSHAG00000007033 
ProteinID=ENSSHAP00000008107 Score=138.4 E-value=1.9e-33 Length=24262 Comment=Overlaps single 
annotation & in proteins 
MGCELLQMRTQRRKGIFIPWMFVLGVFALRETKAALHNLETQFTGLAITDNLPDIIFNVW 
VDGQLLFSYDTQNKELLIKLGWAYPPLKNKLMEKLKEHLQQGGEDDLRRFCAYWMVSYNE 
TWEVQTTQITVFCELDGDIQVDSRMRVGFDGETVCQLDEQSEGWVTKKSEVTRFCNYLEE 
SVQWDRILVDECPRFLKIVLELFHLKENEPPEVTVSRHDGLDGKITLFCTARGFYPRPIL 
LHWEKDGQMGVWGKETSSGTLPNADATFYLQLTVELELSDTGDGYTCVVEHCELGVPAVY 
PAPGKVTRGKSWELSLSISATTILLLVSAAAFIIWRKKDAWGHRSQEHNEEEAV 
 
>sh_UT1 sh_chain22 Chain=chain22 Position=GL834773.1:260795-263307(+) GeneID=ENSSHAG00000006681 
ProteinID=ENSSHAP00000007692 Score=117.4 E-value=2.6e-30 Length=2513 Comment=Overlaps single 
annotation & in proteins 
MEPQWKMQSSSFWMLFLGIFLLTKTQAELHSLEFQIIVVLSPRIPPDIFFNGFLDDHLII 
SYNSPSKDLIFKLDRVNTPMQNFMIQHYRTELLKLETEIDKILQDKTQYYNWTEETHTGQ 
AFMNCEIDRGILVNSHMGVAFDGEDVCHLDMKEERWIVMKLEDEFFCPYQKDHFWANTIR 
GDCTFLLKLLLQIVHLKEKTPPEVTVSRYHSQNGSLIFSCLATGFYPRSILLHWEKDGKL 
GIWGEESSSGTLPNADSTYYLHVTLKLPPEDPGKGYACLIEHSELEKPTVYPVPGETTKR 
SSWAVILSSTAAAIFVLSLLAAFIIWKKKKTGMTPLSQLECSFPPLFSPAL 
 
>sh_UT11 sh_chain23 Chain=chain23 Position=GL834746.1:1649434-1653202(-) GeneID=None 
ProteinID=None Score=92.2 E-value=5.7e-23 Length=3769 Comment=No overlapping annotations 
CFPAFHRHEGQFIAVGETSLLDYTILHVIDDVNMCSYDKRDKQLVVKESWMSLALGEEFL 
KHKTQSSTENHTIQILAICELDRDIEVKSQICIALDGEDFFQVDNQVDHWVVAVSHRDSL 
NGNITLSCLATGFYPRSIQLYWEKNGRLGVWGQERSSGILPNADATFYLQVTLEIPLRDT 
YTDYTCVVEHSALEKPVIC 
 
>sh_PROCR Chain=None Position=GL834625.1:3415636-3419909(+) GeneID=ENSSHAG00000018276 
ProteinID=ENSSHAP00000021578 Score=84.2 E-value=2.8e-24 Length=0 Comment=Not detected in genome 
search 
TPREMLLLLSLFGWVFCCQGAVEGSQSFLILQISHFLDPFSVQFWGNASLAGLTTHTLEG 
SNHNITIQQLKPLESREDWQQTKEHLLTYLSEFQALVQLVNKERRVTFPLTLRCSLGCEL 
PPESQDAHVFFEVALNGSSFVSFQPEKALWSACPDQGHPPELYNFALKQLNNYNRTRFEL 
LEFLQDTCVSFLKQHMDRVSGSVSQVPRSYTMLILGIIMGVFTISSVAVGIFLCTGGRWS 
 
>sh_ENSSHAG00000017227 Chain=None Position=GL834527.1:2571916-2576949(+) 
GeneID=ENSSHAG00000017227 ProteinID=ENSSHAP00000020312 Score=164.6 E-value=4.4e-48 Length=0 
Comment=Not detected in genome search 
MMGALVTVFFLLFFSGTVLGQDCDSLMYRDLISSKPQFSFRNTAYFNGERVYQYDSNNQK 
AVPEPEWKNVQDWDKESQIQKQRGDFAIETLKEIMNSSKKERDSHVLNGRIKCELCQNNA 
TSGSWSYAYDGNPFIRFDKDKVAWIAEQPAATVIKQKWEENPGAVNRTKEYLEKECIETL 
KKFRDYKKAN 
 
>oa_chain01 Chain=chain01 Position=Contig7965:6083-8321(+) GeneID=ENSOANG00000005224 
ProteinID=ENSOANP00000008299 Score=327.9 E-value=4e-90 Length=2239 Comment=Overlaps single 
annotation & in proteins 
METPALPRLLLFLFLFLGSGRLPATWARSHFLRYFYTAVSRPGPGVPAFTAVGYLDDQQF 
VRFDSNRQKVEGLTTWIQGGQGPDYWEQQNQELRGTQQIFLQNLQVALSYYNQSEGGYHS 
YQEMYGCELRTDGSTGKAYDRYGYDGQDYITLDLDTLTWTAANPEAQYTKRKWEANKKKL 
ELEKAYLQGQCVYWISEYLKLGGDSLNRTEPPSVRVTRHPSQDEDNVTLRCQALGFYPAD 
IRMRWQRDGEDLTRDTEHVETRPGGDGTFQKWTAVVGVSHGQEQRYVCVVDHDGLANPLA 
VGWVSDLSPRKAVIMGALATVLIVTAVLAGVVILRKRRPGEQQSYYIPAASE 
 
>oa_chain02 Chain=chain02 Position=Contig13429:11483-14679(+) GeneID=None ProteinID=None 
Score=234.0 E-value=1.9e-62 Length=3197 Comment=No overlapping annotations 
TLSGSQSLHYFFLTMSSSGLEVPNFVSVGYVNDKLFIWYDKSESGSHSIQRMFGCEIHED 
NSTSAFWQFGYDREDHLTLDLDTLTWISANPLAQDTKKWSVQEVCYAQNNKAYLQGLCLT 
SLLRYLELGQGRLDRKVRVTRHLAHNGEPMLRCGAHGFYPRDIRLSWWRDGQELTQETEH 
VESRPGGDGTYQSWGAVEVPSGEEHRYTCRVEHLGLEQPLTV 
 
>oa_chain03 Chain=chain03 Position=Contig11418:5983-9812(-) GeneID=ENSOANG00000001818 
ProteinID=ENSOANP00000002884 Score=203.6 E-value=3e-53 Length=3830 Comment=Overlaps single 
annotation & in proteins 
TAIPFFSLFLGGFVALFPTKRELHSLKFFSFAVSEPSPGVPEFGLHVYLDDHFLAQYDSE 
KQKLKFQNKRIENRVGHGYIEKQILQISLWQDWFQSQMQDIMSHYHHSGAGSHTFQNVIG 
CEIQKDNSPKGIFFFGYDGEDYISYDLDKETWTTKDSVAKITEQKWNATEAHRKSELLDK 
CVQTFQDLVKYKKYILDLKERPSGLVTQHTGPNREMILKCWVFSFSSPNIVLSWLKDGEE 
MEQDTKHSKARPSGDGTYQKWASVEIPPGEKEKYICRVKHGELSAQFNQAWELEPDSLTI 
WVIAFCLVAVL 
 
>oa_UT3 oa_chain04 Chain=chain04 Position=Contig20479:7985-10093(-) GeneID=ENSOANG00000015154 
ProteinID=ENSOANP00000023863 Score=188.1 E-value=1.7e-48 Length=2109 Comment=Overlaps single 
annotation & in proteins 
GVELSCLIHLTMHLPRTEHHIGTFFLTAVSGYDGFFELTAIILLDGQQMASYNSTVREVV 
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FSLNWLYQVVGGQLVQEKKAELERYEKDFRWGMENWARYLNHSSRTQTVQLIMGCELDRG 
VQVVSRFRFAYEGQDVLWLDELKGTWVTAGPAKKQFRHFWEERVFWSRVAEHYVREECPF 
LMRMVLHFWYLREHTFSLSPSVPPEVTVTRHDAKDGRVIFICLATGFYPSSILLRWVKDG 
EVGLWGDESSSGTLPNADFSFYVRQTLEVQGEVGDSGYACVVEHSALDGPIFFPGAGRTD 
ILPPAAPEKSSWLMPWDQALGVMAAAALVLSPAVGIIIWKKKKTAGFIPRPLPPTPDGNT 
WKGEE 
 
>oa_UT1 oa_chain05 Chain=chain05 Position=Contig21456:3669-10490(-) GeneID=ENSOANG00000012222 
ProteinID=ENSOANP00000019341 Score=172.4 E-value=7.2e-44 Length=6822 Comment=Overlaps single 
annotation & in proteins 
VVRLDGQQVLYYDSTRRELVLKLGWLYRALGARRIREKQQKLKAYEEDFRWAVENWMSKH 
NESGGTHIVQVLVGCEMDGDTQVGSSFKFAYNGMDFCWLDELQGGWVAASPAVLRFEPFQ 
QESTFWSKGVRSYVKEECVTLMRHALRYWQLRELCEWKTPPEVTVTRKDAPDGSLTLSCL 
ATGFYPSSILLRWVKDGEKGLWGEESSSGTLPNADDTFYLRQTLELRAEVGDSSYVCLVE 
HSTLGVPTAYPGMGSVTPRKPTWWIPWSLALGVAAAAGLVLSPAVGFILWRKKKQG 
 
>oa_UT4 oa_chain06 Chain=chain06 Position=Contig31346:3527-6020(-) GeneID=ENSOANG00000007216 
ProteinID=ENSOANP00000011481 Score=164.6 E-value=1.5e-41 Length=2494 Comment=Overlaps single 
annotation & in proteins 
MRFQNRSGGTHTLQLIVGCELDQDIQVGRVFRFAYDGEDFYWLDEQRGVWISSGLAADRY 
LPFWEGSPFWSEVVRRYTKEECASLMKITLQYWNLIESTPPEVTVTRHDGPDGSLTLSCL 
ATGFYPSSILLRWVKDGEEGLWGEESSSGTLPNADDTFYLRQTLQLRAEAGNPSYACLVE 
HSILGVPTAFPAPLKPKWKMPWSLALGMVAAGVLVLSPAVGFILWRKKKTDPERLGHCCS 
GGDGGPESR 
 
>oa_UT2 oa_chain07 Chain=chain07 Position=Contig27418:1911-4018(+) GeneID=ENSOANG00000021638 
ProteinID=ENSOANP00000027555 Score=162.9 E-value=5.5e-41 Length=2108 Comment=Overlaps single 
annotation & in proteins 
MEARRRLGFLASFFCLLLGSPSLPQTLEDHHIGTMYLTAVRGDDGFFELTAITMLDGQKI 
ASYNSTDQEIVFGQNWLYQVLGRNLIQEMKSDLDISEMDFRWGMENWAQYQNHSRGSQTV 
QVIMGCELDRGVLVVSRYRFAYEREEMLRLDELKGAWMTTGQAKKQFGHFWEKRASWFQE 
TERYIREECPFLMRMILRFWHLRVHTPPEVTVTRRDVKDGRVIFTCLATGFFPSSILLRW 
VKDGEVGLWGEESSSGTLPNADSSFYLRQTLEVREEAGDTGYSCVVEHSTLELPTSNPAP 
EKPLWLMPWDQALGVMAASVLVLSPAVGIILWKKKKTDSGGQIAASEEGMSSFTT 
 
>oa_chain08 Chain=chain08 Position=Ultra519:6073147-6073789(-) GeneID=ENSOANG00000004202 
ProteinID=ENSOANP00000028190 Score=133.7 E-value=9.1e-32 Length=643 Comment=Overlaps single 
annotation & in proteins 
MEPLAFPMILLFLPGGCTLPDSLHFFHYYFRVVSQPDPELPVFMAVGYVDDQWFMRFGSL 
GQSAEAPSAWIREGRGLGYWKQQTQNLQDTVQIFLGNLQISLSYYSQIEGGSQSYQETYG 
CQLQANGSPGGLHHPGLWHAYLSGGLPGAQNTKWKWKANRNFTKSTWRGSECIGSRHTCS 
TQSLSCQTCGFYPKEIKVKWQWDGMAMTQDPEHVETRPSGEG 
 
>oa_UT6 oa_chain09 Chain=chain09 Position=Contig28479:1860-3816(-) GeneID=ENSOANG00000022708 
ProteinID=ENSOANP00000029016 Score=80.1 E-value=1e-15 Length=1957 Comment=Overlaps single 
annotation & in proteins 
PSADHHTGTFFLTTVCGDDGFFELTTIILLDGQHMMSYNCTNREVVLKVNWLYQVVGGKP 
VQEKKAELESYESDLHWVMEKLFQYQNHSRGSQTIQLIKGCELDRGIQVISRFRLAYEGR 
KVQADLPQDCHSGVLSPSHDSGFLKSLRAWELSGVQLASPTSQDLAAEVWRNAFSFSPPA 
SPEVTVTRHDARDGSVIFSCLATGFYPRSILLHWVK 
 
>oa_UT5 oa_chain10 Chain=chain10 Position=Contig34347:2183-4530(+) GeneID=None ProteinID=None 
Score=78.2 E-value=3.4e-15 Length=2348 Comment=No overlapping annotations 
PQAFLHTREACFTAVGGEGIPFGLSMVMLVDRKQVTSYNNTVQELVVCLSWLYQAVGRKL 
IQKKTEELISYEKDFHWGVGTHTLQLILGCELN*DIQVSSIFQFAYDGKDFVTVTRHDGP 
DGSLTLFCLATKFYPSSILLCWVKDGEE 
 
>oa_ENSOANG00000022269 Chain=None Position=Contig46608:551-1719(-) GeneID=ENSOANG00000022269 
ProteinID=ENSOANP00000028412 Score=99.4 E-value=9.6e-29 Length=0 Comment=Not detected in genome 
search 
GSHTFQNVIGCEIQKDNSSKGIFFFGYDGEDYISYDLDKETWTTKDSVAKITEQKWNATE 
AHRKSELLDKCVQTFQDLVKYKKYILDLKGINSCYYYNYYHYYVSSTVLSAGFLCTYLYL 
LILITV 
 
>oa_UT7 oa_ENSOANG00000022751 Chain=None Position=Contig24929:1584-6219(+) 
GeneID=ENSOANG00000022751 ProteinID=ENSOANP00000029074 Score=101.8 E-value=9.9e-30 Length=0 
Comment=Not detected in genome search 
THTVQLLMGCELDRGVQVGTRFRFSCTGEDFFWLNELQGSWVADEPLGNHFQLVWEERDF 
LFRVAKHYIQEECAVLLRNILHFWSLTTHEPGPAEVTTILQEAPDGYLTLSCLATSFYPS 
SILLRWVKRGCGKRRVPSSTLPNANGTFYLHQTLELQAKTGNSDYACLVEHSTLQVPTAY 
LEWYLCAYNVPGSVLSAAVGIGLVLSPSVGFILWRKKKTG 
 
>oa_ENSOANG00000001863 Chain=None Position=Contig13429:137-2452(-) GeneID=ENSOANG00000001863 
ProteinID=ENSOANP00000002957 Score=253.3 E-value=2.5e-74 Length=0 Comment=Not detected in 
genome search 
SLIYFNICLFLSIQLPLSPVGSHSLQFFSFGVSEPGPRVPEYIVFGYLDDQLIARYDSEK 
RRVEARAKWMEEKEGPKFWDSQTLRGLSWQSRVMKYLNTIMGYYNHSGGSHTFQHVVGCE 
IRGDGSTRGVRQYAYDGQDYIFYDTETRTWAAANPVAKITKRLWEADTAHEAQRKFDLEH 
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ECVYFLQKFLKYATKHLGR 
 
>oa_ENSOANG00000008306 Chain=None Position=Contig41088:33-2080(+) GeneID=ENSOANG00000008306 
ProteinID=ENSOANP00000013202 Score=185.4 E-value=3.4e-54 Length=0 Comment=Not detected in 
genome search 
PLFKLGPGVSEFTSVGYVDDVFDINGGQGRAEPRTPWIQDNEGQEYWDQETEILRSGVQN 
FRVGLQNIMSYYNQSEEGSHTVQGMYGCQLLEDTTTGEGFMQYGYNGQDYIALDKAMLSW 
TAVDARALNTKRKWEDDGTIAKYRKHIRFMLVDFFRRE 
 
>oa_ENSOANG00000002636 Chain=None Position=Contig34233:2-7290(-) GeneID=ENSOANG00000002636 
ProteinID=ENSOANP00000004195 Score=150.2 E-value=1.5e-44 Length=0 Comment=Not detected in 
genome search 
SHWLRYFYTGVSRPGSGVSEFMSLGYVDDVQFVRFEGAPWIQDNEGQEYWDQNTQIFKGW 
AQMFPVGLRNIMGYYNQDKNGERGPGAWGSRLPRAPAMPGGGVGPTENGNNDNDNPLDDK 
SNSTFVVITLSSLGESNVTSAELILFPSSKPYLKLTSSERRSQTGKGGPVSPADPPEVEV 
TRHTGPDGEDVSLRCRALGFYPADIKFKWEREGEDMSQEMEFVGTRPSGDGNFQKWASVN 
VPRGEERKYVCVVEHEGLGQPLAVKWAPVPDASPPIAAIVGAVVVILLV 
 
>oa_ENSOANG00000003581 Chain=None Position=Ultra117:184139-187054(+) GeneID=ENSOANG00000003581 
ProteinID=ENSOANP00000005680 Score=306.0 E-value=8.9e-91 Length=0 Comment=Not detected in 
genome search 
MLRISQLKVQVSRLWGSVQFHFLFSWKGSQSLHYFFLTMSSSSLEVPNFVSVGYVNDELF 
IWYDSRTHLAEARAPWMSAMKAEYWERENQNQRAWEKVQRAEIQAIMRNLNHSGGSHSIQ 
RMFGCEIHEDNSTSVFWHFGYDGEDHLTLDLDTLTWISANPLAQDTKKWSEQEVCYAQYN 
KAYLQGLCLTSLLRYLELGRGRLNRKVPPVVRVTRHLAHNGEPMLRCWAHGFYPRDIRLS 
WWWDGQELTQETEHVGSRPGGDGTYQSWGAVEVPSGEEHRYTCRVEHLGLERPLTVTWEP 
PIDPSPIFTGAVVVLALSIVAAVTWMRRKRRKRPVSDSGSPSHLDCKPHIKLSDLPILC 
 
>oa_PROCR Chain=None Position=Contig24426:8073-11439(-) GeneID=ENSOANG00000015181 
ProteinID=ENSOANP00000023902 Score=46.2 E-value=5.3e-13 Length=0 Comment=Not detected in genome 
search 
MFHVSHFLNASVVRFWGNATLGDTVTHEMEEGGLPPTVRQLESPEPPEIWAETLKDLKAY 
LEDFKHLVELISRERGLSFPLTLTTSLGCELPGRGSAAHTYYEVSLNASASFRFRPTPAL 
WDSEWRGDLAAFTLRQLNGYNRTRYELQHFLRVTCVNYLKRKAPHLACEHQTSPPPRSAS 
DSTSDRPTLSPHPSEREGARSFTPLVMGIVVGIFIVSGVAVGIFLCTGGGRRS 
 
>oa_ENSOANG00000003172 Chain=None Position=Ultra12:1975819-1976844(-) GeneID=ENSOANG00000003172 
ProteinID=ENSOANP00000005033 Score=346.5 E-value=1.6e-102 Length=0 Comment=Not detected in 
genome search 
STKQARCAPFLPLLLCLGAALLPAGRTRSHSLRYFTTGVSRPGPGVSEFTSVGYVDDVQF 
VRFDGDGRRGRAEPRTPWIRDNEGREYWDQETKIFRSGAQNFHVGLQNIMGYYNQSEERS 
HTVQGLYGCQLREDNTPGEGFMQFGYDGRDYIALDKATLSWMVADAGALNTKSKWEADGT 
IAERDKAYLEDECIEWLRRYMGFGGPCLTRADPPKVDVIRHPGPDGEDVSLRCRAFGFYP 
ADIKFMWRREGEDVSLQMELVDTRPSGDGNFQKWASVSVPRGEELKYVCIVEHEGLAQPL 
AVKWVPDTSLSNKATVGVVIVILLILVAVVGFVIWKRSGPRG 
 
>oa_ENSOANG00000003398 Chain=None Position=Contig21219:1448-6348(+) GeneID=ENSOANG00000003398 
ProteinID=ENSOANP00000005392 Score=206.9 E-value=2.2e-61 Length=0 Comment=Not detected in 
genome search 
GSHTFQWMYGCQLREDDTPGQGFVQLGYDGRDYVALDKATLSWTAADAGALNTKRKWEVD 
RTEAERWKAYLEGRCIDGLRRYLGFGGPSLTRADPPEVEVTRHTGPDGEDVSLRCRALGF 
YPADIKFKWEREGKDMSQEMEFVGTRPSGDGNFQKWASVNVPRGEEQKYVCVVEHEGLAQ 
PLAVKWVPDPSPPIAAIVGAVVVILLVTAAVVGFVIWKRKKSG 
 
>oa_ENSOANG00000029890 Chain=None Position=Contig99779:194-3066(-) GeneID=ENSOANG00000029890 
ProteinID=ENSOANP00000029583 Score=106.6 E-value=7.2e-31 Length=0 Comment=Not detected in 
genome search 
MSIPSAWWILETDVGDHLKDLKRIATGLARDSQDSLRDLPRYYNQTEGGSHSIQTMFGCE 
VEDNGTVRNGYYQVGYDGQDYIALERNHKNMTWVAADTVAQITKNMWEANPFFLGCLGFF 
MASVKYLRRARHCTKRWGVRLDMGPA 
 
>oa_ENSOANG00000015040 Chain=None Position=Ultra5:6518080-6518628(+) GeneID=ENSOANG00000015040 
ProteinID=ENSOANP00000023672 Score=181.5 E-value=4.7e-53 Length=0 Comment=Not detected in 
genome search 
GLLTLWTEATCSRLYYFTTGVTRPGPGASEFTSEGYVDHVQFVRFAGDGGRGRAEPRTPW 
IRDNGGREYWDQETEIFRCGAQNFRVGLQNIMSYYNQSKYGYDGRDYIALDKAKLSWTAA 
DAGALNTKRKWEADGTIAERYKGYLEGECIECLQRYL 
 
>hs_HLA-A Chain=chain01 Position=6:29910524-29913057(+) GeneID=ENSG00000206503 
ProteinID=ENSP00000366002 Score=407.3 E-value=1.4e-118 Length=2534 Comment=Overlaps single 
annotation & in proteins 
MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFFTSVSRPGRGEPRFIAVGYVDDTQFVRF 
DSDAASQRMEPRAPWIEQEGPEYWDQETRNVKAQSQTDRVDLGTLRGYYNQSEAGSHTIQ 
IMYGCDVGSDGRFLRGYRQDAYDGKDYIALNEDLRSWTAADMAAQITKRKWEAAHEAEQL 
RAYLDGTCVEWLRRYLENGKETLQRTDPPKTHMTHHPISDHEATLRCWALGFYPAEITLT 
WQRDGEDQTQDTELVETRPAGDGTFQKWAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEL 
SSQPTIPIVGIIAGLVLLGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTQAASSDSAQ 
GSDVSLTACKV 
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>hs_HLA-B Chain=chain02 Position=6:31322257-31324744(-) GeneID=ENSG00000234745 
ProteinID=ENSP00000399168 Score=394.1 E-value=9.3e-115 Length=2488 Comment=Overlaps single 
annotation & in proteins 
MLVMAPRTVLLLLSAALALTETWAGSHSMRYFYTSVSRPGRGEPRFISVGYVDDTQFVRF 
DSDAASPREEPRAPWIEQEGPEYWDRNTQIYKAQAQTDRESLRNLRGYYNQSEAGSHTLQ 
SMYGCDVGPDGRLLRGHDQYAYDGKDYIALNEDLRSWTAADTAAQITQRKWEAAREAEQR 
RAYLEGECVEWLRRYLENGKDKLERADPPKTHVTHHPISDHEATLRCWALGFYPAEITLT 
WQRDGEDQTQDTELVETRPAGDRTFQKWAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEP 
SSQSTVPIVGIVAGLAVLAVVVIGAVVAAVMCRRKSSGGKGGSYSQAACSDSAQGSDVSL 
TA 
 
>hs_HLA-H Chain=chain03 Position=6:29855722-29858262(+) GeneID=ENSG00000206341 ProteinID=None 
Score=383.2 E-value=1.3e-111 Length=2541 Comment=Overlaps single annotation; not in proteins 
SLPGSHSMRYFYTTMSRPGRGEPRFISVGYVDDTQFVRFDSDDASPREEPRAPWMEREGP 
EYWDRNTQICKAQAQTERENLRIALRYYNQSEGGGPGSHTMQVMYGCDVGPDGRFLRGYE 
QHAYDGKDYIALNEDLRSWTAADMAAQITKRKWEAARRAEQLRAYLEGEFVEWLRRYLEN 
GKETLQRATHMTHHPISDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGD 
GTFQKWAAVVVPSGEEQRYTCHVQHEGLPEPLTLGSNSAQGSDVSLTA*K 
 
>hs_HLA-G Chain=chain04 Position=6:29795814-29798376(+) GeneID=ENSG00000204632 
ProteinID=ENSP00000366024 Score=381.0 E-value=8.1e-111 Length=2563 Comment=Overlaps single 
annotation & in proteins 
MKTPRMVVMAPRTLFLLLSGALTLTETWAGSHSMRYFSAAVSRPGRGEPRFIAMGYVDDT 
QFVRFDSDSACPRMEPRAPWVEQEGPEYWEEETRNTKAHAQTDRMNLQTLRGYYNQSEAS 
SHTLQWMIGCDLGSDGRLLRGYEQYAYDGKDYLALNEDLRSWTAADTAAQISKRKCEAAN 
VAEQRRAYLEGTCVEWLHRYLENGKEMLQRADPPKTHVTHHPVFDYEATLRCWALGFYPA 
EIILTWQRDGEDQTQDVELVETRPAGDGTFQKWAAVVVPSGEEQRYTCHVQHEGLPEPLM 
LRWKQSSLPTIPIMGIVAGLVVLAAVVTGAAVAAVLWRKKSSD 
 
>hs_HLA-C Chain=chain05 Position=6:31237116-31239655(-) GeneID=ENSG00000204525 
ProteinID=ENSP00000372819 Score=378.7 E-value=3e-110 Length=2540 Comment=Overlaps single 
annotation & in proteins 
MRVMAPRALLLLLSGGLALTETWACSHSMRYFDTAVSRPGRGEPRFISVGYVDDTQFVRF 
DSDAASPRGEPRAPWVEQEGPEYWDRETQKYKRQAQADRVSLRNLRGYYNQSEDGSHTLQ 
RMSGCDLGPDGRLLRGYDQSAYDGKDYIALNEDLRSWTAADTAAQITQRKLEAARAAEQL 
RAYLEGTCVEWLRRYLENGKETLQRAEPPKTHVTHHPLSDHEATLRCWALGFYPAEITLT 
WQRDGEDQTQDTELVETRPAGDGTFQKWAAVVVPSGQEQRYTCHMQHEGLQEPLTLSWEP 
SSQPTIPIMGIVAGLAVLVVLAVLGAVVTAMMCRRKSSGHFLPTGGKGGSCSQAACSNSA 
QGSDESLITCKA 
 
>hs_HLA-E Chain=chain06 Position=6:30457493-30460218(+) GeneID=ENSG00000204592 
ProteinID=ENSP00000365817 Score=368.3 E-value=3.4e-107 Length=2726 Comment=Overlaps single 
annotation & in proteins 
MVDGTLLLLLSEALALTQTWAGSHSLKYFHTSVSRPGRGEPRFISVGYVDDTQFVRFDND 
AASPRMVPRAPWMEQEGSEYWDRETRSARDTAQIFRVNLRTLRGYYNQSEAGSHTLQWMH 
GCELGPDGRFLRGYEQFAYDGKDYLTLNEDLRSWTAVDTAAQISEQKSNDASEAEHQRAY 
LEDTCVEWLHKYLEKGKETLLHLEPPKTHVTHHPISDHEATLRCWALGFYPAEITLTWQQ 
DGEGHTQDTELVETRPAGDGTFQKWAAVVVPSGEEQRYTCHVQHEGLPEPVTLRWKPASQ 
PTIPIVGIIAGLVLLGSVVSGAVVAAVIWRKKSSGGKGGSYSKAEWSDSAQGSESHSL 
 
>hs_HLA-F Chain=chain07 Position=6:29691425-29694002(+) GeneID=ENSG00000204642 
ProteinID=ENSP00000259951 Score=346.6 E-value=8.7e-101 Length=2578 Comment=Overlaps single 
annotation & in proteins 
MAPRSLLLLLSGALALTDTWAGSHSLRYFSTAVSRPGRGEPRYIAVEYVDDTQFLRFDSD 
AAIPRMEPREPWVEQEGPQYWEWTTGYAKANAQTDRVALRNLLRRYNQSEAGSHTLQGMN 
GCDMGPDGRLLRGYHQHAYDGKDYISLNEDLRSWTAADTVAQITQRFYEAEEYAEEFRTY 
LEGECLELLRRYLENGKETLQRADPPKAHVAHHPISDHEATLRCWALGFYPAEITLTWQR 
DGEEQTQDTELVETRPAGDGTFQKWAAVVVPPGEEQRYTCHVQHEGLPQPLILRWEQSPQ 
PTIPIVGIVAGLVVLGAVVTGAVVAAVMWRKKSSDRNRGSYSQAAAYSVVSGNLMITWWS 
SLFLLGVLFQGYLGCLRSHSVLGRRKVGDMWILFFLWLWTSFNTAFLALQSLRFGFGFRR 
GRSFLLRSWHHLMKRVQIKIFD 
 
>hs_HLA-J Chain=chain08 Position=6:29974567-29977143(+) GeneID=ENSG00000204622 ProteinID=None 
Score=340.8 E-value=1.2e-98 Length=2577 Comment=Overlaps single annotation; not in proteins 
SPPGSHSMRYFSTAVSWPGRGEPSFIAVGYVDDTQFVRVDSDAVSLRMKTRARWVEQEGP 
EYWDLQTLGAKAQAQTDRVNLRTLLRYYNQSEAGTGPGYHILQGMFGCDLGPDGRLLRGY 
EQYAYDGKDYIALNEDLRSWTAADTAAQITQRKYEAANVAEQRRAYLEGTCMEWLRRHLE 
NGKETLQRAKTHVTHPPL*T*GITRSWVLGFYPAEITLTWQRDGEDQTQDMELVETRPTG 
DGTFQKWAVVVVPSGEEQRYTCHVQHKGLPKPLILPGSQSAQGSDVSLTACK 
 
>hs_MR1 Chain=chain09 Position=1:181018178-181041144(+) GeneID=ENSG00000153029 
ProteinID=ENSP00000356552 Score=335.6 E-value=2.4e-97 Length=22967 Comment=Overlaps single 
annotation & in proteins 
MGELMAFLLPLIIVLMVKHSDSRTHSLRYFRLGVSDPIHGVPEFISVGYVDSHPITTYDS 
VTRQKEPRAPWMAENLAPDHWERYTQLLRGWQQMFKVELKRLQRHYNHSGSHTYQRMIGC 
ELLEDGSTTGFLQYAYDGQDFLIFNKDTLSWLAVDNVAHTIKQAWEANQHELLYQKNWLE 
EECIAWLKRFLEYGKDTLQRTEPPLVRVNRKETFPGVTALFCKAHGFYPPEIYMTWMKNG 
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EEIVQEIDYGDILPSGDGTYQAWASIELDPQSSNLYSCHVEHCGVHMVLQVPQESETIPL 
VMKAVSGSIVLVIVLAGVGVLVWRRRPREQNGAIYLPTPDR 
 
>hs_HLA-K Chain=chain10 Position=6:29894427-29897009(+) GeneID=ENSG00000230795 ProteinID=None 
Score=291.4 E-value=3.9e-84 Length=2583 Comment=Overlaps single annotation; not in proteins 
SPPGTHSIRYFSTAVSRPGRGEPRYIAVGYVDDTQFVRFDSDAATPRM*PQSPWLEQEGP 
EYWDRSTRNIRPAHRLTRVNLPMGPGSNTLQIMYGCDLGLEGRLLRGYEQHANDGKDYIA 
RN*DLRSWTAADMAAQITKRKWEAEEFAEQIRAYLEGTCVERLTHMIHHSVSDYKATLRC 
WALGFYPVEITLAWQQDGEDQTRDMELLETRPAGDGTFQKWAAVVVPSGEEQRYPCHVQH 
EGLPKPLTLPGSDHAQGSDVSLTACK 
 
>hs_AZGP1 Chain=chain11 Position=7:99564644-99569639(-) GeneID=ENSG00000160862 
ProteinID=ENSP00000292401 Score=276.5 E-value=2.4e-81 Length=4996 Comment=Overlaps single 
annotation & in proteins 
MVRMVPVLLSLLLLLGPAVPQENQDGRYSLTYIYTGLSKHVEDVPAFQALGSLNDLQFFR 
YNSKDRKSQPMGLWRQVEGMEDWKQDSQLQKAREDIFMETLKDIVEYYNDSNGSHVLQGR 
FGCEIENNRSSGAFWKYYYDGKDYIEFNKEIPAWVPFDPAAQITKQKWEAEPVYVQRAKA 
YLEEECPATLRKYLKYSKNILDRQDPPSVVVTSHQAPGEKKKLKCLAYDFYPGKIDVHWT 
RAGEVQEPELRGDVLHNGNGTYQSWVVVAVPPQDTAPYSCHVQHSSLAQPLVVPWEAS 
 
>hs_HFE Chain=chain12 Position=6:26091059-26093181(+) GeneID=ENSG00000010704 
ProteinID=ENSP00000417404 Score=271.1 E-value=7.5e-80 Length=2123 Comment=Overlaps single 
annotation & in proteins 
MGPRARPALLLLMLLQTAVLQGRLLRSHSLHYLFMGASEQDLGLSLFEALGYVDDQLFVF 
YDHESRRVEPRTPWVSSRISSQMWLQLSQSLKGWDHMFTVDFWTIMENHNHSKESHTLQV 
ILGCEMQEDNSTEGYWKYGYDGQDHLEFCPDTLDWRAAEPRAWPTKLEWERHKIRARQNR 
AYLERDCPAQLQQLLELGRGVLDQQVPPLVKVTHHVTSSVTTLRCRALNYYPQNITMKWL 
KDKQPMDAKEFEPKDVLPNGDGTYQGWITLAVPPGEEQRYTCQVEHPGLDQPLIVIWEPS 
PSGTLVIGVISGIAVFVVILFIGILFIILRKRQGSRGAMGHYVLAERE 
 
>hs_AZGP1P1 Chain=chain13 Position=7:99580757-99601225(+) GeneID=ENSG00000214313 ProteinID=None 
Score=262.2 E-value=2.2e-75 Length=20469 Comment=Overlaps multiple annotations; none in 
proteins: (AZGP1P1, ENSG00000214313);(RP4-604G5.3, ENSG00000235713) 
SFAGHYSLTYLYTGLSRSGKGTHRLQGTVFLNGHAFFHYNSEDRKAEPLGPWRHAEGVED 
WEKQSQVQKAREDIFMETLGSHALQERFGCEIQNNRSTGAFWKNAYDGKDYIEFNKEIPA 
*VPLVPEAQNTKQK*EAEPVYVQRAKAYLEEECPATLRKYLKYSENILDRQVVVTSHQAP 
GEKKKLKCLAYDFYPGKIDVHWTRAGEVQEPELRGDVLHGGNGTYLTWLLVHVPPQDTAP 
YSCHVQHSSLAQPLVVQSSRLSLTNCW 
 
>hs_HLA-L Chain=chain14 Position=6:30227582-30230118(+) GeneID=ENSG00000243753 ProteinID=None 
Score=257.1 E-value=2.7e-74 Length=2537 Comment=Overlaps single annotation; not in proteins 
SPPGSHSLRYFSTAVSQPGRGEPRFIAVGYVDDTEFVRFDSDSVSPRMERRAPWVEQEGL 
EYWDQETRNAKGHAQIYRVNLRTLLRYYNQSEAGGPDRRLLRRYEQFAYDGKDYIALNED 
LHSWTAANTAAQISQHKWEADKYSEQVRAYLAHVTQHPISDHEATLRCWALGLYPAEITL 
TWQQDGEDQTQDTELVETRPAGDGTFQKWVAVVVPSGEEQRYMCHVQHEGLPEPLTLPGS 
NCAQYSDASHDTCK 
 
>hs_HLA-V Chain=chain15 Position=6:29760204-29770197(+) GeneID=ENSG00000181126 ProteinID=None 
Score=241.2 E-value=5.2e-69 Length=9994 Comment=Overlaps multiple annotations; none in 
proteins: (HLA-V, ENSG00000181126);(HLA-P, ENSG00000261548) 
LLPGFHSLRYFHTTMSRPGRADPRFLSVGDVDDTQCVRLDSDATSPRMEPRAPWMEQEGP 
EYWEEETGTAKAKAQFYRVNLRTLSGYYNQSERMSVCDVGSDGRLLRGYHQLAYDGKDYI 
VLNEDLCSLTAADTAAQITQLKWEAARGAEVHAQVTLHPISNYEATLRCWALGFYPLEIT 
LTQERDGEDQIQDAEFVETRLAGYRTFQKWAAAVVSSGEKQRYTCHVQHEGLPEPLTLPN 
RNSTQGSDVSLKACK 
 
>hs_FCGRT Chain=chain16 Position=19:50017132-50041984(+) GeneID=ENSG00000104870 
ProteinID=ENSP00000410798 Score=213.1 E-value=1.4e-60 Length=24853 Comment=Overlaps multiple 
annotations; one in proteins 
MGVPRPQPWALGLLLFLLPGSLGAESHLSLLYHLTAVSSPAPGTPAFWVSGWLGPQQYLS 
YNSLRGEAEPCGAWVWENQVSWYWEKETTDLRIKEKLFLEAFKALGGKGPYTLQGLLGCE 
LGPDNTSVPTAKFALNGEEFMNFDLKQGTWGGDWPEALAISQRWQQQDKAANKELTFLLF 
SCPHRLREHLERGRGNLEWKEPPSMRLKARPSSPGFSVLTCSAFSFYPPELQLRFLRNGL 
AAGTGQGDFGPNSDGSFHASSSLTVKSGDEHHYCCIVQHAGLAQPLRVELESPAKSSVLV 
VGIVIGVLLLTAAAVGGALLWRRMRSGLPAPWISLRGDDTGVLLPTPGEAQDADLKDVNV 
IPATA 
 
>hs_CD1A Chain=chain17 Position=1:158224873-158256729(+) GeneID=ENSG00000158477 
ProteinID=ENSP00000289429 Score=207.2 E-value=4.3e-59 Length=31857 Comment=Overlaps single 
annotation & in proteins 
MLFLLLPLLAVLPGDGNADGLKEPLSFHVTWIASFYNHSWKQNLVSGWLSDLQTHTWDSN 
SSTIVFLCPWSRGNFSNEEWKELETLFRIRTIRSFEGIRRYAHELQFEYPFEIQVTGGCE 
LHSGKVSGSFLQLAYQGSDFVSFQNNSWLPYPVAGNMAKHFCKVLNQNQHENDITHNLLS 
DTCPRFILGLLDAGKAHLQRQVKPEAWLSHGPSPGPGHLQLVCHVSGFYPKPVWVMWMRG 
EQEQQGTQRGDILPSADGTWYLRATLEVAAGEAADLSCRVKHSSLEGQDIVLYWEHHSSV 
GFIILAVIVPLLLLIGLALWFRKRCFC 
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>hs_CD1B Chain=chain18 Position=1:158299167-158300853(-) GeneID=ENSG00000158485 
ProteinID=ENSP00000357150 Score=203.9 E-value=1e-59 Length=1687 Comment=Overlaps single 
annotation & in proteins 
MLLLPFQLLAVLFPGGNSEHAFQGPTSFHVIQTSSFTNSTWAQTQGSGWLDDLQIHGWDS 
DSGTAIFLKPWSKGNFSDKEVAELEEIFRVYIFGFAREVQDFAGDFQMKYPFEIQGIAGC 
ELHSGGAIVSFLRGALGGLDFLSVKNASCVPSPEGGSRAQKFCALIIQYQGIMETVRILL 
YETCPRYLLGVLNAGKADLQRQVKPEAWLSSGPSPGPGRLQLVCHVSGFYPKPVWVMWMR 
GEQEQQGTQLGDILPNANWTWYLRATLDVADGEAAGLSCRVKHSSLEGQDIILYWRNPTS 
IGSIVLAIIVPSLLLLLCLALWYMRRRSYQNIP 
 
>hs_MICA Chain=chain19 Position=6:31378310-31380001(+) GeneID=ENSG00000204520 
ProteinID=ENSP00000413079 Score=197.6 E-value=7e-58 Length=1692 Comment=Overlaps multiple 
annotations; one in proteins 
MGLGPVFLLLAGIFPFAPPGAAAEPHSLRYNLTVLSWDGSVQSGFLAEVHLDGQPFLRYD 
RQKCRAKPQGQWAEDVLGNKTWDRETRDLTGNGKDLRMTLAHIKDQKEGLHSLQEIRVCE 
IHEDNSTRSSQHFYYDGELFLSQNLETEEWTVPQSSRAQTLAMNVRNFLKEDAMKTKTHY 
HAMHADCLQELRRYLESGVVLRRTVPPMVNVTRSEASEGNITVTCRASSFYPRNIILTWR 
QDGVSLSHDTQQWGDVLPDGNGTYQTWVATRICRGEEQRFTCYMEHSGNHSTHPVPSGKV 
LVLQSHWQTFHVSAVAAGCCYFCYYYFLCPLL 
 
>hs_CD1C Chain=chain20 Position=1:158260923-158262657(+) GeneID=ENSG00000158481 
ProteinID=ENSP00000357152 Score=195.0 E-value=3.4e-57 Length=1735 Comment=Overlaps single 
annotation & in proteins 
MLFLQFLLLALLLPGGDNADASQEHVSFHVIQIFSFVNQSWARGQGSGWLDELQTHGWDS 
ESGTIIFLHNWSKGNFSNEELSDLELLFRFYLFGLTREIQDHASQDYSKYPFEVQVKAGC 
ELHSGKSPEGFFQVAFNGLDLLSFQNTTWVPSPGCGSLAQSVCHLLNHQYEGVTETVYNL 
IRSTCPRFLLGLLDAGKMYVHRQVRPEAWLSSRPSLGSGQLLLVCHASGFYPKPVWVTWM 
RNEQEQLGTKHGDILPNADGTWYLQVILEVASEEPAGLSCRVRHSSLGGQDIILYWGHHF 
SMNWIALVVIVPLVILIVLVLWFKKHCSYQDIL 
 
>hs_MICB Chain=chain21 Position=6:31473384-31475076(+) GeneID=ENSG00000204516 
ProteinID=ENSP00000252229 Score=193.5 E-value=1e-56 Length=1693 Comment=Overlaps single 
annotation & in proteins 
MGLGRVLLFLAVAFPFAPPAAAAEPHSLRYNLMVLSQDGSVQSGFLAEGHLDGQPFLRYD 
RQKRRAKPQGQWAENVLGAKTWDTETEDLTENGQDLRRTLTHIKDQKGGLHSLQEIRVCE 
IHEDSSTRGSRHFYYDGELFLSQNLETQESTVPQSSRAQTLAMNVTNFWKEDAMKTKTHY 
RAMQADCLQKLQRYLKSGVAIRRTVPPMVNVTCSEVSEGNITVTCRASSFYPRNITLTWR 
QDGVSLSHNTQQWGDVLPDGNGTYQTWVATRIRQGEEQRFTCYMEHSGNHGTHPVPSGKA 
LVLQSQRTDFPYVSAAMPCFVIIIILCVPCCKKKTSAAEGPELVSLQVLDQHPVGTGDHR 
DAAQLGFQPLMSATGSTGSTEGT 
 
>hs_CD1D Chain=chain22 Position=1:158151244-158152945(+) GeneID=ENSG00000158473 
ProteinID=ENSP00000357153 Score=192.5 E-value=2.2e-56 Length=1702 Comment=Overlaps single 
annotation & in proteins 
MGCLLFLLLWALLQAWGSAEVPQRLFPLRCLQISSFANSSWTRTDGLAWLGELQTHSWSN 
DSDTVRSLKPWSQGTFSDQQWETLQHIFRVYRSSFTRDVKEFAKMLRLSYPLELQVSAGC 
EVHPGNASNNFFHVAFQGKDILSFQGTSWEPTQEAPLWVNLAIQVLNQDKWTRETVQWLL 
NGTCPQFVSGLLESGKSELKKQVKPKAWLSRGPSPGPGRLLLVCHVSGFYPKPVWVKWMR 
GEQEQQGTQPGDILPNADETWYLRATLDVVAGEAAGLSCRVKHSSLEGQDIVLYWGGSYT 
SMGLIALAVLACLLFLLIVGFTSRFKRQTSYQGVL 
 
>hs_CD1E Chain=chain23 Position=1:158324196-158325894(+) GeneID=ENSG00000158488 
ProteinID=ENSP00000357149 Score=165.6 E-value=2.2e-48 Length=1699 Comment=Overlaps single 
annotation & in proteins 
MLLLFLLFEGLCCPGENTAAPQALQSYHLAAEEQLSFRMLQTSSFANHSWAHSEGSGWLG 
DLQTHGWDTVLGTIRFLKPWSHGNFSKQELKNLQSLFQLYFHSFIQIVQASAGQFQLEYP 
FEIQILAGCRMNAPQIFLNMAYQGSDFLSFQGISWEPSPGAGIRAQNICKVLNRYLDIKE 
ILQSLLGHTCPRFLAGLMEAGESELKRKVKPEAWLSCGPSPGPGRLQLVCHVSGFYPKPV 
WVMWMRGEQEQRGTQRGDVLPNADETWYLRATLDVAAGEAAGLSCRVKHSSLGGHDLIIH 
WGGYSIFLILICLTVIVTLVILVVVDSRLKKQSSNKNILSPHTPSPVFLMGANTQDTKNS 
RHQFCLAQVSWIKNRVLKKWKTRLNQLW 
 
>hs_MICE Chain=chain24 Position=6:29712045-29713514(-) GeneID=ENSG00000273340 ProteinID=None 
Score=116.5 E-value=1.8e-33 Length=1470 Comment=Overlaps multiple annotations; none in 
proteins: (MICE, ENSG00000273340);(HLA-F-AS1, ENSG00000214922) 
SSPEPHSLCYNLTVLSQDGSVQSGFLAEGHLDGQLFLLCDRQKGRAGPRGQWAEAVLGAE 
TWDTETEDLTENGQELRRTLAHIKGQKGGSTRGFRHFYTYGKLFLSPNLETQ*WTVPRSS 
RTQTLAMNVTNFWEENAMQTKTHYCPVQADYMQKLW*YLKFWRYQKNRYSE*DAQWGLRR 
QCHHDVLASIFYPWNISLTWHQDEASLSQDAQQSRGVLPNGNGTYQTCMATRIPRGEEQR 
FTCYMGHRGNHSTHPVPS 
 
>hs_MICC Chain=chain25 Position=6:30382477-30384167(+) GeneID=ENSG00000226577 ProteinID=None 
Score=89.2 E-value=5.4e-25 Length=1691 Comment=Overlaps single annotation; not in proteins 
FFPRSHSLHYNLTVLSQDGFV*SGFLAEGHLDGQPFLLYDRQKGRAGAGLHSLQEIRVCE 
IHEDSSTRGSRHFYYDGELFLSQNLETQEWTVPQSSRAQQDAHRSVGVLPNGNGTYQTWV 
ATKIPQEEEQRATCYVGHSRNHSTYPGVLW 
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>hs_MICD Chain=chain26 Position=6:29938578-29940250(-) GeneID=ENSG00000229390 ProteinID=None 
Score=82.3 E-value=1e-22 Length=1673 Comment=Overlaps single annotation; not in proteins 
CSPGPHSLHYNLTVLSRDGSVQSGFLAEGHLDGQPFLLFNRQKGRAGSRGQWAEAVLGAE 
TWDTETEDLTENGQDLRRALG*LFLSLNLETQEWTVSQSSRTQTFAMNITNF*KEDAMPA 
ETHSHPIWVDCRQKLQQYLESCDGTYHTEVACRIPQGEEQRVICSMGYSRNHSTHPVSS 
 
>hs_RAET1E Chain=None Position=6:150204511-150219238(-) GeneID=ENSG00000164520 
ProteinID=ENSP00000349709 Score=170.2 E-value=4.5e-49 Length=0 Comment=Not detected in genome 
search 
MRRISLTSSPVRLLLFLLLLLIALEIMVGGHSLCFNFTIKSLSRPGQPWCEAQVFLNKNL 
FLQYNSDNNMVKPLGLLGKKVYATSTWGELTQTLGEVGRDLRMLLCDIKPQIKTSDPSTL 
QVEMFCQREAERCTGASWQFATNGEKSLLFDAMNMTWTVINHEASKIKETWKKDRGLEKY 
FRKLSKGDCDHWLREFLGHWEAMPEPTVSPVNASDIHWSSSSLPDRWIILGAFILLVLMG 
IVLICVWWQNGEWQAGLWPLRTS 
 
>hs_RAET1L Chain=None Position=6:150339470-150346668(-) GeneID=ENSG00000155918 
ProteinID=ENSP00000356310 Score=175.8 E-value=1e-50 Length=0 Comment=Not detected in genome 
search 
MAAAAIPALLLCLPLLFLLFGWSRARRDDPHSLCYDITVIPKFRPGPRWCAVQGQVDEKT 
FLHYDCGNKTVTPVSPLGKKLNVTMAWKAQNPVLREVVDILTEQLLDIQLENYTPKEPLT 
LQARMSCEQKAEGHSSGSWQFSIDGQTFLLFDSEKRMWTTVHPGARKMKEKWENDKDVAM 
SFHYISMGDCIGWLEDFLMGMDSTLEPSAGAPLAMSSGTTQLRATATTLILCCLLIILPC 
FILPGI 
 
>hs_ULBP1 Chain=None Position=6:150285143-150294846(+) GeneID=ENSG00000111981 
ProteinID=ENSP00000229708 Score=177.9 E-value=2.5e-51 Length=0 Comment=Not detected in genome 
search 
MAAAASPAFLLCLPLLHLLSGWSRAGWVDTHCLCYDFIITPKSRPEPQWCEVQGLVDERP 
FLHYDCVNHKAKAFASLGKKVNVTKTWEEQTETLRDVVDFLKGQLLDIQVENLIPIEPLT 
LQARMSCEHEAHGHGRGSWQFLFNGQKFLLFDSNNRKWTALHPGAKKMTEKWEKNRDVTM 
FFQKISLGDCKMWLEEFLMYWEQMLDPTKPPSLAPGTTQPKAMATTLSPWSLLIIFLCFI 
LAGR 
 
>hs_ULBP3 Chain=None Position=6:150384286-150390231(-) GeneID=ENSG00000131019 
ProteinID=ENSP00000403562 Score=191.3 E-value=2.7e-55 Length=0 Comment=Not detected in genome 
search 
MAAAASPAILPRLAILPYLLFDWSGTGRADAHSLWYNFTIIHLPRHGQQWCEVQSQVDQK 
NFLSYDCGSDKVLSMGHLEEQLYATDAWGKQLEMLREVGQRLRLELADTELEDFTPSGPL 
TLQVRMSCECEADGYIRGSWQFSFDGRKFLLFDSNNRKWTVVHAGARRMKEKWEKDSGLT 
TFFKMVSMRDCKSWLRDFLMHRKKRLEPTAPPTMAPGLAQPKAIATTLSPWSFLIILCFI 
LPGI 
 
>hs_ULBP2 Chain=None Position=6:150263136-150270371(+) GeneID=ENSG00000131015 
ProteinID=ENSP00000356320 Score=182.2 E-value=1.3e-52 Length=0 Comment=Not detected in genome 
search 
MAAAAATKILLCLPLLLLLSGWSRAGRADPHSLCYDITVIPKFRPGPRWCAVQGQVDEKT 
FLHYDCGNKTVTPVSPLGKKLNVTTAWKAQNPVLREVVDILTEQLRDIQLENYTPKEPLT 
LQARMSCEQKAEGHSSGSWQFSFDGQIFLLFDSEKRMWTTVHPGARKMKEKWENDKVVAM 
SFHYFSMGDCIGWLEDFLMGMDSTLEPSAGAPLAMSSGTTQLRATATTLILCCLLIILPC 
FILPGI 
 
>hs_RAET1G Chain=None Position=6:150238014-150244257(-) GeneID=ENSG00000203722 
ProteinID=ENSP00000356329 Score=167.9 E-value=2.2e-48 Length=0 Comment=Not detected in genome 
search 
MAAAASPAFLLRLPLLLLLSSWCRTGLADPHSLCYDITVIPKFRPGPRWCAVQGQVDEKT 
FLHYDCGSKTVTPVSPLGKKLNVTTAWKAQNPVLREVVDILTEQLLDIQLENYIPKEPLT 
LQARMSCEQKAEGHGSGSWQLSFDGQIFLLFDSENRMWTTVHPGARKMKEKWENDKDMTM 
SFHYISMGDCTGWLEDFLMGMDSTLEPSAGAPPTMSSGTAQPRATATTLILCCLLIMCLL 
ICSRHSLTQSHGHHPQSLQPPPHPPLLHPTWLLRRVLWSDSYQIAKRPLSGGHVTRVTLP 
IIGDDSHSLPCPLALYTINNGAARYSEPLQVSIS 
 
>hs_PROCR Chain=None Position=20:33759876-33765165(+) GeneID=ENSG00000101000 
ProteinID=ENSP00000216968 Score=112.5 E-value=5.5e-32 Length=0 Comment=Not detected in genome 
search 
MLTTLLPILLLSGWAFCSQDASDGLQRLHMLQISYFRDPYHVWYQGNASLGGHLTHVLEG 
PDTNTTIIQLQPLQEPESWARTQSGLQSYLLQFHGLVRLVHQERTLAFPLTIRCFLGCEL 
PPEGSRAHVFFEVAVNGSSFVSFRPERALWQADTQVTSGVVTFTLQQLNAYNRTRYELRE 
FLEDTCVQYVQKHISAENTKGSQTSRSYTSLVLGVLVGSFIIAGVAVGIFLCTGGRRC 
 
>mm_H2-Q10 Chain=chain01 Position=17:35470366-35474000(+) GeneID=ENSMUSG00000067235 
ProteinID=ENSMUSP00000066419 Score=387.9 E-value=4.8e-115 Length=3635 Comment=Overlaps single 
annotation & in proteins 
MGAMAPRTLLLLLAAALAPTQTQAGSHSMRYFETSVSRPGLGEPRFIIVGYVDDTQFVRF 
DSDAETPRMEPRAPWMEQEGPEYWERETQRAKGNEQSFHVSLRTLLGYYNQSESGSHTIQ 
WMYGCKVGSDGRFLRGYLQYAYDGRDYIALNEDLKTWTAADVAAIITRRKWEQAGAAEYY 
RAYLEAECVEWLLRYLELGKETLLRTDPPKTHVTHHPGSEGDVTLRCWALGFYPADITLT 
WQLNGEELTQDMELVETRPAGDGTFQKWASVVVPLGKEQNYTCHVYHEGLPEPLTLRWEP 
PPSTDSIMSHIADLLWPSLKLWWYL 
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>mm_H2-Q7 Chain=chain02 Position=17:35439442-35443208(+) GeneID=ENSMUSG00000060550 
ProteinID=ENSMUSP00000071843 Score=377.1 E-value=6.5e-112 Length=3767 Comment=Overlaps single 
annotation & in proteins 
MALTMLLLLVAAALTLIETRAGQHSLQYFHTAVSRPGLGEPWFISVGYVDDTQFVRFDSD 
AENPRMEPRARWMEQEGPEYWERETQIAKGHEQSFRGSLRTAQSYYNQSKGGSHTLQWMY 
GCDMGSDGRLLRGYLQFAYEGRDYIALNEDLKTWTAVDMAAQITRRKWEQAGIAEKDQAY 
LEGTCMQSLRRYLQLGKETLLRTDPPKAHVTHHPRSYGAVTLRCWALGFYPADITLTWQL 
NGEELTQDMELVETRPAGDGTFQKWASVVVPLGKEQNYTCHVNHEGLPEPLTLRWGRWEP 
PPYTVSNMATIAVVVDLGAVAIIGAVVAFVMNRR 
 
>mm_H2-K1 Chain=chain03 Position=17:33996617-34000013(-) GeneID=ENSMUSG00000061232 
ProteinID=ENSMUSP00000025181 Score=370.7 E-value=5.8e-110 Length=3397 Comment=Overlaps single 
annotation & in proteins 
MVPCTLLLLLAAALAPTQTRAGPHSLRYFVTAVSRPGLGEPRYMEVGYVDDTEFVRFDSD 
AENPRYEPRARWMEQEGPEYWERETQKAKGNEQSFRVDLRTLLGYYNQSKGGSHTIQVIS 
GCEVGSDGRLLRGYQQYAYDGCDYIALNEDLKTWTAADMAALITKHKWEQAGEAERLRAY 
LEGTCVEWLRRYLKNGNATLLRTDSPKAHVTHHSRPEDKVTLRCWALGFYPADITLTWQL 
NGEELIQDMELVETRPAGDGTFQKWASVVVPLGKEQYYTCHVYHQGLPEPLTLRWEPPPS 
TVSNMATVAVLVVLGAAIVTGAVVAFVMKMRRRNTGGKGGDYALAPGSQTSDLSLPDCKV 
MVHDPHSLA 
 
>mm_H2-Q1 Chain=chain04 Position=17:35320811-35324047(+) GeneID=ENSMUSG00000079507 
ProteinID=ENSMUSP00000072942 Score=366.9 E-value=8.9e-109 Length=3237 Comment=Overlaps single 
annotation & in proteins 
MALGRLLLLLAAALTLTKTGAGSHSLRYFETSVSRPGFGKPRFISVGYVDDTQFVRFDSD 
AKNPRYEPRAPWMEQEGPEYWERNTRRVKGSEKRFQESLSTLLSYYNQSKGGIHTFQKLS 
GCDLGSDGRLQSGYLQFAYDGLDYIALNEDLETWTAADVAAQETRRKWEQAGAAEKHRTY 
LEGKCLMWLHRYLELGKEMLLRTDPPKAHVTHHPRSQGDVTLRCWALGFYPADITLTWQL 
NGEELTQDMELVETRPAGDGTFQKWASVVVPLGKEQNYTCHVYHEGLPEPLTLRWEPPPY 
TVSNMVIIAVLVVLGAVIVIGAVVIIGVMVSFVMKRRRNKGGQGEDCALAPSRDSAQSSD 
ISLLDCKA 
 
>mm_H2-Q2 Chain=chain05 Position=17:35342590-35345706(+) GeneID=ENSMUSG00000091705 
ProteinID=ENSMUSP00000078138 Score=364.5 E-value=3.6e-108 Length=3117 Comment=Overlaps single 
annotation & in proteins 
MALRRLLLLLVAALKLTETRAGSHSLRYFTTAVSRPGLGEPRFIIVGYVDDTQFVRFDSD 
AENPRMEPRAPWMEQEGPEYWERNTQVSKENEQSFRVSLGTALSYYNQSKGGSHTLQWLV 
GCDLGPDGSLLRGYEQSAYDGRDYLALNEDLITWTAADLAALKTRSKLEQAGLAEKRRAY 
LEVDCLTWLRRYLELGKETLLHTDPPKAHVTHHPSSQGDVTLRCWALGFYPADITLTWQL 
NGEDLTQDMELVETRPSGDGTFQKWASVMVPFGEEPRYTCHVEHEGLPEPLTLRWEPPPS 
TDSYMVIIAVLVVLGAVIIIGAVVAFVMKRGRNTGGKVRDYAQDPGRDSPQSSDISLLEL 
 
>mm_Gm8909 Chain=chain06 Position=17:36165140-36168190(-) GeneID=ENSMUSG00000073402 
ProteinID=ENSMUSP00000133663 Score=362.3 E-value=1.4e-107 Length=3051 Comment=Overlaps single 
annotation & in proteins 
MAPRTLLLLLAAALILTETRAATEGPGRRSGSHREPPPGPHSMRYFTTAVSRPGPHSMRY 
FETAVSRPGLGEPWFISVGYVDDTQFVRFDGDAENPRMEPRAPWMEQEGPEYWERETQIA 
KGHEQGFQGSLRNLLHYYNQSAGGSHTFQRMYGCDLGSDGRLLRGYWQFAYDGSDYIALN 
QDLKTWTAADLAAQITRRRWEQGGVAETLRAYLEDPCLEWLRRYLELGKETLLRTDPPKV 
HVTHHPRSEDDVTLRCWALGFYPADITLTWQLNGEELTQDMELVETRPAGDGTFQKWASV 
VVPLGKEQNYTCHVYHEGLPEPLTLRWEPRPSRDSNMVIIAVLVVLGVVIIIGAMVPFVL 
KSRRKIGGKEENYALAGGSNSVQGSALFLEAFSHPS 
 
>mm_H2-D1 Chain=chain07 Position=17:35263369-35266725(+) GeneID=ENSMUSG00000073411 
ProteinID=ENSMUSP00000134570 Score=361.5 E-value=2.6e-107 Length=3357 Comment=Overlaps single 
annotation & in proteins 
MGAMAPRTLLLLLAAALAPTQTRAGPHSMRYFETAVSRPGLEEPRYISVGYVDNKEFVRF 
DSDAENPRYEPRAPWMEQEGPEYWERETQKAKGQEQWFRVSLRNLLGYYNQSAGGSHTLQ 
QMSGCDLGSDWRLLRGYLQFAYEGRDYIALNEDLKTWTAADMAAQITRRKWEQSGAAEHY 
KAYLEGECVEWLHRYLKNGNATLLRTDSPKAHVTHHPRSKGEVTLRCWALGFYPADITLT 
WQLNGEELTQDMELVETRPAGDGTFQKWASVVVPLGKEQNYTCRVYHEGLPEPLTLRWEP 
PPSTDSYMVIVAVLGVLGAMAIIGAVVAFVMKRRRNTGGKGGDYALAPGSQSSEMSLRDC 
KA 
 
>mm_Gm10499 Chain=chain08 Position=17:36142494-36145667(-) GeneID=ENSMUSG00000073403 
ProteinID=None Score=361.4 E-value=2.7e-107 Length=3174 Comment=Overlaps single annotation; not 
in proteins 
PPPGSHSMRYFETALSRPGLREPRFISVGYVDDTQFVRFDGDAENPRYEPRAPWMEHEGR 
EYWERETQIAKRNEQSFRGSLRTAQRYYNQSEGGGLHTFQLLFGCDVGSDGRLLRGYLQF 
AYDGRDYIALNEDLNTWTAADLAALITRRKWEQAGAAEHYKAYLEGECVESLRRYLQLGK 
ETLLRTAHVTHHPRSEGDVTLRCWALGFYPADITLTWQLNGEELTQDIELVETRPAGDGT 
FQKWAAVVVPLGKEQNYTCHVEHEGLPEHLTLTGGKGGDYAPAGGR 
 
>mm_H2-Q4 Chain=chain09 Position=17:35379894-35383607(+) GeneID=ENSMUSG00000035929 
ProteinID=ENSMUSP00000080159 Score=360.6 E-value=5e-107 Length=3714 Comment=Overlaps single 
annotation & in proteins 
MASTMLLLLVAVAQTLIEIRAAPRPAPLPARSPAGGPGRSSGSHRALPPGPHLLSYFYTS 
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VSRPGLGEPRFISVGYVDNTEFVRFDSDAENPRYEPRAPWMEQEGPEYWERETQKAKGNE 
QIFRVNLRTLLSYYNQSAGGSHTIQVISGCEVGSDGRLLRGYQQFAYDGRDYIALNEDLK 
TWTAADMAAQITRRKWEQAGATEKSKAYLEGACVQSLRRYLELGKETLLRTDPPKAHVTC 
HHRSDGDVTLRCWALGFYPANIILTWQLNGEELTQDMELVETRPSGDGTFQKWASVVVPL 
GKEQNYTCHVHHEGLPEPLTLRWEPPPSTVSNMANVAVLVVLGAWPSLQLWWLL 
 
>mm_H2-K2 Chain=chain10 Position=17:33975748-33978533(-) GeneID=ENSMUSG00000067203 
ProteinID=None Score=359.2 E-value=1.1e-107 Length=2786 Comment=Overlaps single annotation; not 
in proteins 
PPPGSHSLRYFHTAMSRPGLGEPRFIAVGYVDDTQFVRFDSDAENPRMEPRAPWMEQEGP 
EYWERETQVAKNTEQISRVNLRTLRGYYNQSEGGGSHTYQRMSGCEVGSDGRLLRGYWQY 
AYDGQDYIALNEDLKTWTTADIAAQITGQKLEQVGVAERERAYLEGACMESLRRYLELGN 
ATLLRTAHVTHHPGSEDDVTLRCWALGFYPADITLTWQLNGEELTQDMELVETRPAGDGI 
FQKWAAVVVPLGKEQNYTCHVHHEGLPEPLTL 
 
>mm_H2-Q6 Chain=chain11 Position=17:35425098-35428612(+) GeneID=ENSMUSG00000073409 
ProteinID=ENSMUSP00000109511 Score=357.6 E-value=3.9e-106 Length=3515 Comment=Overlaps single 
annotation & in proteins 
MALTTLLLLVAAALTLIETRAGPHSLRYFHTAVSWPGLVEPRFIIVGYVDNKQFVRFDSD 
AENPRMEPRARWMEQEGPEYWERETQKAKGHEESFRVSLRTAQRYYNQSKGGSHTLQWMY 
GCDVGSDERLLRGYLQFAYEGRDYIALNEDLKTWTAADMAAQITLHKWEQAGIAERDRAY 
LEGACVQSLRRYLQLRKETLLCTDPPKAHVTHHPRSYGAVTLRCWALGFYPADITLTWQL 
NGEELTQDMELVETRPAGDGTFQKWASVVVPLGKEQNYTCHVNHEGLPEPLTLRWEPPPS 
TVSNMANVAILVVLVAWPSLELWWIL 
 
>mm_H2-Bl Chain=chain12 Position=17:36080782-36083975(-) GeneID=ENSMUSG00000073406 
ProteinID=ENSMUSP00000134155 Score=348.1 E-value=3.1e-103 Length=3194 Comment=Overlaps single 
annotation & in proteins 
MAQRTLFLLLAAALTMIETRAGPHSMRYFETAVFRPGLGEPRFISVGYVDNTQFVSFDSD 
AENPRSEPRAPWMEQEGPEYWERETQIAKDNEQSFGWSLRNLIHYYNQSKGGFHTFQRLS 
GCDMGLDGRLLRGYLQFAYDGRDYITLNEDLKTWMAADLVALITRRKWEQAGAAELYKFY 
LEAECVEWLRRYLQLGKETLLRTDPPKAHVTHHPRPAGDVTLRCWALGFYPADITLTWQL 
NGEELTQDMELVETRPAGDGTF*KWAAVVVPLGKEQNYTCHVYHEGLPEPLTLRWEPPPS 
TGSNMVNIAVLVVLGAVIIIEAMVAFVLKSSRKIAILPGPAGTKGSSAS 
 
>mm_H2-T23 Chain=chain13 Position=17:36030829-36032432(-) GeneID=ENSMUSG00000067212 
ProteinID=ENSMUSP00000099739 Score=337.4 E-value=2.4e-101 Length=1604 Comment=Overlaps single 
annotation & in proteins 
MLLFAHLLQLLVSATVPTQSSPHSLRYFTTAVSRPGLGEPRFIIVGYVDDTQFVRFDSDA 
ENPRMEPRARWIEQEGPEYWERETWKARDMGRNFRVNLRTLLGYYNQSNDESHTLQWMYG 
CDVGPDGRLLRGYCQEAYDGQDYISLNEDLRSWTANDIASQISKHKSEAVDEAHQQRAYL 
QGPCVEWLHRYLRLGNETLQRSDPPKAHVTHHPRSEDEVTLRCWALGFYPADITLTWQLN 
GEELTQDMELVETRPAGDGTFQKWAAVVVPLGKEQYYTCHVYHEGLPEPLTLRWEPPPST 
VSNMVIIAVLVVLGAVIILGAVVAFVMKRRRHIGVKGCYAHVLGSKSFQTSDWPQKA 
 
>mm_Gm11127 Chain=chain14 Position=17:36048831-36058120(-) GeneID=ENSMUSG00000079492 
ProteinID=ENSMUSP00000109371 Score=334.5 E-value=2.4e-99 Length=9290 Comment=Overlaps single 
annotation & in proteins 
MGTLTSCPLLLLLLATALAPTQAGKSSHSLRYFATAISRPGFGEPRFTAVGYVDDTQFMR 
FDSDSENPRAEPCKPWVEQMEPEYWEQETRKFKEHTQNFRTCLYNLLHLYNQSQDGPHTI 
QDMHGCYVGPDGQFLHGHYQHAYDGHDYITLNEDLSSWTAADAVAQITQHKWEEAGVAEE 
YKAYLEGTCVETLHRLLEEAQQHSDPPNTHVTRHPRPEGDVTLRCWALGFYPADITLTWQ 
LNGEELTQDMELVETRPAGDGTFQKWAAVVVPLGKEQNYTCHVHHEGLPEPLTLRWEPLP 
STDSNMVIIAALVVFGAVIIIGAVVAFMMKRRNTGGKGGVYCWEPRPHSPLQDGADSCVL 
SGKQIICACAKGIL 
 
>mm_Gm7030.1 Chain=chain15 Position=17:36126997-36129174(-) GeneID=ENSMUSG00000092243 
ProteinID=ENSMUSP00000133734 Score=334.0 E-value=3.6e-99 Length=2178 Comment=Overlaps single 
annotation & in proteins 
MGTLTSCPLLLLLLATALAPTRAGKSSHSLRYFATAMSRPGLGEPRFTAVGYVDDTQFMR 
FDSDSENPRAEPCKPWVEQMEPEYWEQETRKFKEHTQNFRTCLYNLLHLYNQSQDGPHTI 
QDMHGCYVGPDGQFLHGHYQHAYDGHDYITLNEDLSSWTAADAVAQITQHKWEEAGVAEE 
YKAYLEGTCVETLHRLLEEAQQHSDPPNTHVTRHPRPEGEVTLRCWALGFYPADITLTWQ 
LNGEELTQDMELVETRPAGDGTFQKWAAVVVPFGEEPRYTCHVYH 
 
>mm_Gm7030.2 Chain=chain18 Position=17:36109867-36111436(-) GeneID=ENSMUSG00000092243 
ProteinID=ENSMUSP00000133734 Score=328.5 E-value=1.2e-98 Length=1570 Comment=Overlaps multiple 
annotations; one in proteins 
PSPGSHSLRYFHTVVSRPGLGEPRFIIVGYVDDTQFVRFDSDSENPRMEPRARWIEQEGP 
EYWERETRKARDMGRNFRVNLRTLLGYYNQSKDGSHTLQWMYGCDVGPDGRLLRGYCQEA 
YDGQDYISLNEDLRSWTATNLASHISKCKSEAVDEAHQQRAYLQGPCVEWLHTYLQLGSE 
TLLRSAHVTRHPRPEGDVTLRCWALGFYPADITLTWQLNGEELTQDMEFVETRPAGDGTF 
QKWASVVVPLGKEQNYTCHVYHEGLPEPLTL 
 
>mm_H2-Q5 Chain=chain16 Position=17:35394347-35398010(+) GeneID=ENSMUSG00000055413 
ProteinID=None Score=333.5 E-value=6e-99 Length=3664 Comment=Overlaps single annotation; not in 
proteins 
PPPGPHSLRYFHTAVSRPGLGEPRFIIVGYVDDTQFVRFDSDAENPRMEPRARWMEQEGP 
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EYWERETQVAKGHEQSFQGSLRTAQSYYNQSKGGGSHTLQWMYGCDMGSDGRLLRGYLQF 
AYEGRDYIALNEDLKTWTAADMEAQITRRKWEQAGIAERDRAYLETHVTHHPISYDAVTL 
RCWALGFYPVDITLTWQLNGEELTQDTELVETRPAGDGTFQKWAAVMVPFGEEQNYTCHV 
HHEGLPEPLTLGRDSS*SSDRSLPDGK 
 
>mm_Mr1 Chain=chain17 Position=1:155132358-155137784(-) GeneID=ENSMUSG00000026471 
ProteinID=ENSMUSP00000027744 Score=331.9 E-value=1.3e-99 Length=5427 Comment=Overlaps single 
annotation & in proteins 
MMLLLPLLAVFLVKRSHTRTHSLRYFRLAVSDPGPVVPEFISVGYVDSHPITTYDSVTRQ 
KEPKAPWMAENLAPDHWERYTQLLRGWQQTFKAELRHLQRHYNHSGLHTYQRMIGCELLE 
DGSTTGFLQYAYDGQDFIIFNKDTLSWLAMDYVAHITKQAWEANLHELQYQKNWLEEECI 
AWLKRFLEYGRDTLERTEHPVVRTTRKETFPGITTFFCRAHGFYPPEISMTWMKNGEEIA 
QEVDYGGVLPSGDGTYQTWLSVNLDPQSNDVYSCHVEHCGRQMVLEAPRESGDILRVSTI 
SGTTILIIALAGVGVLIWRRSQELKEVMYQPTQVNEGSSPS 
 
>mm_H2-M2 Chain=chain19 Position=17:37481479-37483256(-) GeneID=ENSMUSG00000016283 
ProteinID=ENSMUSP00000131297 Score=316.6 E-value=3.4e-95 Length=1778 Comment=Overlaps single 
annotation & in proteins 
METSAFFTLLFTLYLLLGASLALAQTFKGSHSLRYFDIAVSRPGLEETHYMTVGYVDDTE 
FVHFDNEAENPRFEPRVPWMEQMGQKYWDDQTRIAKAAEQQIRVYFQKLRDYYNQSQNSS 
HTIQRMTGCYIGPDGHLLHAYRQFGYDGQDYLTLNEDLSTWTAADAAAEITRREWEATNV 
AEFWRVYLEGPCMVWLFKYLTVGNETLLRTEPPKAYVTHHPRPEGDVTLRCWALGFYPSD 
IIMIWQRDGEDQTQDMDVIETRPAGDGTFQKWVAVVVPSGKEQNYTCHVAHEGLPEPLTL 
RWSRPPQSFIFIIIVAVGLVLLGASVATLVMWKKSSGGERGSL 
 
>mm_H2-M3 Chain=chain20 Position=17:37270512-37272537(+) GeneID=ENSMUSG00000016206 
ProteinID=ENSMUSP00000035687 Score=313.8 E-value=2.3e-94 Length=2026 Comment=Overlaps single 
annotation & in proteins 
MGSSSNRALLHMVVVSLAVTQTGSGSHSLRYFHTAVSRPGRGEPQYISVGYVDDVQFQRC 
DSIEEIPRMEPRAPWMEKERPEYWKELKLKVKNIAQSARANLRTLLRYYNQSEGGSHILQ 
WMVSCEVGPDMRLLGAHYQAAYDGSDYITLNEDLSSWTAVDMVSQITKSRLESAGTAEYF 
RAYVEGECLELLHRFLRNGKEILQRADPPKAHVAHHPRPKGDVTLRCWALGFYPADITLT 
WQKDEEDLTQDMELVETRPSGDGTFQKWAAVVVPSGEEQRYTCYVHHEGLTEPLALKWGR 
SSQSSVVIMVIVASLVLLGGVITIVVVCKRRGAGER 
 
>mm_H2-T3 Chain=chain21 Position=17:36187258-36189880(-) GeneID=ENSMUSG00000054128 
ProteinID=ENSMUSP00000099736 Score=304.5 E-value=1.8e-91 Length=2623 Comment=Overlaps single 
annotation & in proteins 
MRMGTMVPGTLLILLAASQGQTQTCPGSHSLRYFYTALSRPAISEPWYIAVGYLDDTQFV 
RFNSSGETATYKLSAPWVEQEGPEYWARETEIVTSNAQFFRENLQTMLDYYNLSQNGSHT 
IQVMYGCEVEFFGSLFRAYEQHGYDGRDYIALNEDLKTWTAADTAAEITRSKWEQAGYTE 
LRRTYLEGPCKDSLLRYLENRKKTQECTDPPKTHVTHHPRPEGYVTLRCWALRFYPADIT 
LTWQLNGEELIQDTELVETRPAGDGTFQKWAAVVVPLGKEQKYTCHVYHEGLPEPLTLRW 
EPPQTSMPNRTTVRALLGAMIILGFMSGSVMMWMRKNNGGNGDDNTAAYQNEREHLSLSP 
RAESEALGVEAGMKDLPSAPPLVS 
 
>mm_H2-M5 Chain=chain22 Position=17:36987662-36989214(-) GeneID=ENSMUSG00000024459 
ProteinID=ENSMUSP00000131365 Score=304.5 E-value=1.1e-91 Length=1553 Comment=Overlaps single 
annotation & in proteins 
MRSPALSTLLSLLLTGALALTLVRAGIHSLQFFATTMTQPGLREHSFIFVVFVDDTQFLC 
YNNKGKNQRMEPRALWVKQMGPEYWEQQTRTVKVIEKIALVNLQEAMDIYNHSKDGSHVF 
QCVYGCEVGPDGLFLRGHEKHAYDGRDYLTLSPDLHSWVAGDTAAQITLRRWEKSGVSEQ 
RQSFLKGECVESLRTYLEIGKETLLRTDPPKAHVTHHPRPEGEVTLRCWALGFYPANIIL 
TWQWDEEDLTQDMDLIETRPAGDGTFQKWASVVVPSGEEQRYTCHVQHEGLTQPLVLKWD 
PSKHTIPIMGITVGLLLFGVVFTGAVVAIVMRKRKGFQIIILKTFLKG 
 
>mm_Azgp1 Chain=chain23 Position=5:137985116-137989821(+) GeneID=ENSMUSG00000037053 
ProteinID=ENSMUSP00000038559 Score=284.6 E-value=4.3e-85 Length=4706 Comment=Overlaps single 
annotation & in proteins 
MVPVLLSLPLLLGPAVFQETGSYYLTFLYTGLSRPSKGFPRFQATAFLNDQAFFHYNSNS 
GKAEPVGPWSQVEGMEDWEKESQLQRAREEIFLVTLKDIMDYYKDTTGSHTFQGMFGCEI 
TNNRSSGAVWRYAYDGEDFIEFNKEIPAWIPLDPAAANTKLKWEAEKVYVQRAKAYLEEE 
CPEMLKRYLNYSRSHLDRIDPPTVTITSRVIPGGNRIFKCLAYGFYPQRISLHWNKANKK 
LAFEPERGVFPNGNGTYLSWAEVEVSPQDIDPFFCLIDHRGFSQSLSVQWDRTRKVKDEN 
NVVAQPQ 
 
>mm_H2-M10.1 Chain=chain24 Position=17:36323382-36325847(-) GeneID=ENSMUSG00000024448 
ProteinID=ENSMUSP00000025322 Score=271.6 E-value=1.1e-80 Length=2466 Comment=Overlaps single 
annotation & in proteins 
MRNTGPCTLLLLLMVALDLNHYCAGSHWLQTFNIVILEPGMLEPRFIQVSYVDSIQYQGF 
DSKDPSAGMQPRAAWIELEPPEYWEKETSRVLELSQVERQVLRLMVKKNGHKMDGYHTLQ 
EVYGCNVANDGSFLGGHYRLTYYGYDYLTLNEDLSSWTAEGKGAQHAKSRWEDAGEAKRR 
KTYLQGECVQRLLRYLDLGKETLLCSDAPQTHVTHHVRPEGNVTLRCWALGFYPADITMT 
WKRDGNNLTQDMELPDTRPAGDGTFQKWAAVVVPSGEELRYTCHVHHEGLPEPLTLKWEP 
PHTIPIIAILIGLVLGTLVVGTVVIFLVWRK 
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>mm_Hfe Chain=chain25 Position=13:23705868-23708301(-) GeneID=ENSMUSG00000006611 
ProteinID=ENSMUSP00000089298 Score=270.5 E-value=3.5e-81 Length=2434 Comment=Overlaps single 
annotation & in proteins 
MSLSAGLPVRPLLLLLLLLWSVAPQALPPRSHSLRYLFMGASEPDLGLPLFEARGYVDDQ 
LFVSYNHESRRAEPRAPWILEQTSSQLWLHLSQSLKGWDYMFIVDFWTIMGNYNHSKVTK 
LGVVSESHILQVVLGCEVHEDNSTSGFWRYGYDGQDHLEFCPKTLNWSAAEPGAWATKVE 
WDEHKIRAKQNRDYLEKDCPEQLKRLLELGRGVLGQQVPTLVKVTRHWASTGTSLRCQAL 
DFFPQNITMRWLKDNQPLDAKDVNPEKVLPNGDETYQGWLTLAVAPGDETRFTCQVEHPG 
LDQPLTASWEPLQSQAMIIGIISGVTVCAIFLVGILFLILRKRKASGGTMGGYVLTDCE 
 
>mm_H2-T24 Chain=chain26 Position=17:36014807-36017547(-) GeneID=ENSMUSG00000053835 
ProteinID=ENSMUSP00000109389 Score=270.2 E-value=1.6e-81 Length=2741 Comment=Overlaps single 
annotation & in proteins 
MWALIFWLLSHPQDGGARSHSLHYCYSAVTEPGPGVPSFFASGFLDNQPFIHYDSRSMKA 
EPCADWLRENAQYFTHETEVFTNRMKIFQLSLRNIRQYYNSSGTQSQRADGFRQQAGPHT 
LQFTYGCEMRYNRTTGHWQYGYDGSDYLTLDLGSMQYIAATFIAGYTKRKWENNEYWLEK 
EKTYLEKECILWLQRYLTMGGKNFTRTDPPKTTVTHQFKPKENVTLRCWALGFYPADITL 
TWQLNGEELTQDTELVETRPSGDGTFQKWAAVVVPSGEEQRYTCHVQHEALTQPLVLKWE 
PLQLTTPTTGVYARGSCSPQATLLSVLAFPLFGIVLVFGLTRYKTQVRRKNWPAPSVPEE 
ERL 
 
>mm_H2-M10.3 Chain=chain27 Position=17:36365526-36368114(-) GeneID=ENSMUSG00000058124 
ProteinID=ENSMUSP00000073236 Score=262.6 E-value=5.3e-78 Length=2589 Comment=Overlaps single 
annotation & in proteins 
MRNPGCCTLLLLLVAMDLNQYCAGSHWLQTFNIAFLEPGMINSRFIHIGYVDSIQYQGFD 
SKEPMAILKPRAAWMEQELPKYWNVETTKILLLSQIERRILYFMIEKYEHRMNDYHTLQE 
VYGCNVATDGRFLHGHFRLTYYGYDYLTLNEDLSSWTAEGKGAEYMKNRWENMSEAERWK 
TYLRGECVQRLLRYLDLGKETLLRSDAPRTHVTHHVRPEGNVTLRCWALGFYPADITLTW 
KRDGNNLTQDMELPDTRPAGDGTFQKWAAVVVPSGEELRYTCHVHHEGLPEPLTLKWEPP 
QTIPIIAILIGLVLGTLVVGTVVIFLVWKK 
 
>mm_H2-M10.6 Chain=chain28 Position=17:36812476-36814954(+) GeneID=ENSMUSG00000037130 
ProteinID=ENSMUSP00000039908 Score=258.4 E-value=9.1e-77 Length=2479 Comment=Overlaps single 
annotation & in proteins 
MRKPGPWDLLLLLMAIDLTQYCAGSHWLQIFNIVILEPGMLEARFIQVGYVDSIQFQGFD 
SKEPNARMQPRAAWMKQEPPEYWEKETAKALSFSLSGRRILKYMMSANKDKNNGYHTLQE 
VYGCNVANDGSFLEGHYRLTYYGYDSLILNEDLNSWTAEGEVGEKFKTYQEQGGMTESWR 
TYLLGECVERLLRCLDLGKKTLLHSDAPRTHVTHHVRPEGNVTLRCWALGFYPADITMTW 
KRDGKNHTQDMELPDTRPAGDGTFQKWAAVVVPPGEELRYTCHVNHEGLPGPLTLKWEPP 
HTIPIIAILIGLVLGALVVGTVVIFLVWKN 
 
>mm_H2-M1 Chain=chain29 Position=17:36670257-36671903(-) GeneID=ENSMUSG00000037334 
ProteinID=ENSMUSP00000040435 Score=245.7 E-value=3e-74 Length=1647 Comment=Overlaps single 
annotation & in proteins 
MKNFESQTLLLLLMITLAITKHPNGSHTLRYVYTLLSWPGPLEPQLIFLGYVDDTQIMGF 
NSISENLGVESRAPWMYETEEFWEKTTDNVVREHYILKEIMRSVLHIYNYSIIGYHTIQK 
TYGCQVMHRRYFSHGFFKLAFNLHDYITLNEDLKTWRGVGKAGEMLKEMWEKIKYANQVK 
SFLQITCVNLLHRFLAFGKKSLLRTDTPKIHMTHKIRPDRKTTLRCWAFNFYPPEITLTW 
QRDGSNQTQDMEMIETRPSGDGTFQKWAAVVVSTGEEHIYTCHVNHEGLSEPITIRWTKH 
EPPEPTIPFLAIVIALVLGALLMGAVMTFLIWKRRTRGKKGSWS 
 
>mm_H2-M10.2 Chain=chain30 Position=17:36283644-36286125(-) GeneID=ENSMUSG00000023083 
ProteinID=ENSMUSP00000023845 Score=242.2 E-value=5.1e-72 Length=2482 Comment=Overlaps single 
annotation & in proteins 
MNPGPCNFLLLLVALDLTQYCAGSHWLQTFNTVILKHGTLEPRIIQVGYVDSIQYQGFDS 
KEPTARMQPRAAWMEQEPPEYWEKETAQVLRLSLTNERLLRYMMIYNEQSNEEYHTLQEV 
FGCNVDNDGSFLGGLYRLTYYGYEFINLNEDLSSWTAQGEAAGFLKTDLVNVGAAEGWRT 
YLLGECTERLLRCLDLGKETLLRSDAPRTHVTHHVRPEGNVTLRCWALGFYPADITLTWK 
RDGKNYTQDMELPDTRPAGDGTFQKWAAVVVPSGEELRYTCHVHHEGLPEPLTLKWEPPQ 
TIPIIAILIGLVLGTFLVGTVVVFLVWKK 
 
>mm_H2-M11 Chain=chain31 Position=17:36547379-36549004(+) GeneID=ENSMUSG00000037537 
ProteinID=ENSMUSP00000042522 Score=238.5 E-value=5.3e-72 Length=1626 Comment=Overlaps single 
annotation & in proteins 
MKTFVTEALFLLLQVLLAMTSHPDGTHFFGFFQTLFTLPWMPKPQFISVGFVDDIQFERF 
NSRRDVQRTEHCAPWKDQKKPEYWKDNTDLVLSYFQDLTEILQRMLKIYNYSLTGYHTIQ 
RRYGCYILPRGYFRNGFFEVVFNDHDSIRLNEDLSTWTPVGKFAEILREEWDSSGFTQNV 
KNFLEVECVDLFLTELEYGKEILLRTDIPKIHVIRKVRPDKKITLRCWALKFYPAEITLT 
WERDKSNQTLDMEVTETMPTGDGTFQKWAAVVVLSGEEHRYKCHVNHEGLPEPITLRWVP 
PEPTISFMHIVIVVVLGALLMGAMMTLLIWKRRTR 
 
>mm_H2-M10.5 Chain=chain32 Position=17:36773208-36775712(+) GeneID=ENSMUSG00000037246 
ProteinID=ENSMUSP00000047766 Score=236.1 E-value=3.5e-70 Length=2505 Comment=Overlaps single 
annotation & in proteins 
MRNPGCCTLLLLLVAMDLIQYCAGSHWLQTFNAVILEPGMVNSRFVHIGYVDSIEYQRYD 
SKEPIAVLLPRVAWMEQVPMTYWTSETASVAELSQLDRRILHFMVNKNEQRMDDYHTLQE 
VYGCNVANDGSFLGGHFRLTYYGYDDLYLNENLSSWIAHGNAAEYVKSRWDGEGDAERWK 
TYLQGVCVERLLRYMVLGKEALLRSDAPRTHVTHHVRPEGNVTLRCWALGFYPADITMTW 
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KRDGNNHTQDMELPDTRPAGDGTFQKWAAVVVPSGEELRYTCHVHHKGLPEPLKLKWEPP 
HTIPIIAILIGLVLGTLVVGTVVIFLVWKK 
 
>mm_H2-M10.4 Chain=chain33 Position=17:36459530-36462025(-) GeneID=ENSMUSG00000048231 
ProteinID=ENSMUSP00000130832 Score=227.6 E-value=1.2e-67 Length=2496 Comment=Overlaps single 
annotation & in proteins 
MRNPGHFAILCLLLVTIDRPQYCEGSHWLKTFRIVIMEPGILEPRFIQVSYVDSIQYQGF 
DSRSETAGMQPRAAWMKQEPPEYWKNETEHAMGASLLARRTLIYMVTENNNKKNDYHTLQ 
EVFGCNVAHDGSFLGGHYGLTYYGYDYIILNEDLNSWTTEGKVGGKFNPDRTQGSVTEGW 
RTYLKGECTERFLRCLDLGKETLLRSDAPRTHVTHKVTPEGNVTLRCWALGFYPADITLT 
WKRDGKNHTQDMELPDTRPAGDGTFQKWAAVVVPFGEELRYTCHVHHEGLPGPLTLKWGP 
PQTIPIIAILIGLVLVALVVGTVVIFLVWRK 
 
>mm_H2-M9 Chain=chain34 Position=17:36640694-36642350(-) GeneID=ENSMUSG00000067201 
ProteinID=ENSMUSP00000084411 Score=224.4 E-value=6.9e-68 Length=1657 Comment=Overlaps single 
annotation & in proteins 
MKNFESQPLLLLFMVTLVIAKHPNGSHTLRFVSTFLSWPRHLELQFIFLIYVDETQIMGF 
NSISESQRMESRVPWLNELNAEFWELATQDVLKEKSFVTGIMNKLLHIYNDSMTGYHIIQ 
ETYGCQVKQRTYFSHAFMELLFDTHDYITLNEDLQTWRAVGKAAEIVKEEWEKINLVKSS 
KSFLLGACVEGLLQYLNFGKKYLLRTDTPKIHMTYKIRPDRKITLRCWAFNFYPPEITLT 
WQRDGSNQTQDMEVIEIRPSGDGTFQKWAAVVVSSGEEHRYTCHVNHEGLSEPVTLRWDP 
PEPTIPFLPMIIALVLGALLMGSVMTFLIWKRRTRGKKGSWS 
 
>mm_Mill2 Chain=chain35 Position=7:18855930-18858418(+) GeneID=ENSMUSG00000040987 
ProteinID=ENSMUSP00000072223 Score=223.6 E-value=4.8e-67 Length=2489 Comment=Overlaps single 
annotation & in proteins 
MKASSGKPREFRPAVLLLILGLLLRDSRGSSIQGFLADVEVHGSSRLTRTHTLRYNVRAH 
SLEGSEKTQLLVLIYVDEELFLKYNGDSRETEPLGCWIKGHGGNETCARETNNLLKVEEK 
LRGMMAEVINQKSQEEGLHTLQATLGCELLSNGSTRGFWHLGYDGQNFLTFDQKTLTWTV 
DGPSTQQNKMFWKTHAPRADLVKTFLDDICPAHLQRYLASLRNGLQDTGPPMVTVTCRNY 
PVGRVTLTCRAFNLYTREATLVWLQDGKPVQQKTFRSETILPSGDGTYQARVSIRVLPGQ 
EPQFSCNLRHGNHSIMQTAVSGHAAEDSQDVASSATASAGSALPVVLAVALARAN 
 
>mm_Fcgrt Chain=chain36 Position=7:45095167-45102678(-) GeneID=ENSMUSG00000003420 
ProteinID=ENSMUSP00000003512 Score=210.4 E-value=3.4e-63 Length=7512 Comment=Overlaps single 
annotation & in proteins 
MGMPLPWALSLLLVLLPQTWGSETRPPLMYHLTAVSNPSTGLPSFWATGWLGPQQYLTYN 
SLRQEADPCGAWMWENQVSWYWEKETTDLKSKEQLFLEALKTLEKILNGTYTLQGLLGCE 
LASDNSSVPTAVFALNGEEFMKFNPRIGNWTGEWPETEIVANLWMKQPDAARKESEFLLN 
SCPERLLGHLERGRRNLEWKEPPSMRLKARPGNSGSSVLTCAAFSFYPPELKFRFLRNGL 
ASGSGNCSTGPNGDGSFHAWSLLEVKRGDEHHYQCQVEHEGLAQPLTVDLDSSARSSVPV 
VGIVLGLLLVVVAIAGGVLLWGRMRSGLPAPWLSLSGDDSGDLLPGGNLPPEAEPQGANA 
FPATS 
 
>mm_Mill1 Chain=chain37 Position=7:18262429-18264862(+) GeneID=ENSMUSG00000054005 
ProteinID=ENSMUSP00000069083 Score=201.7 E-value=1.7e-60 Length=2434 Comment=Overlaps single 
annotation & in proteins 
MLLSRNLRALAAIHLWIVYLLLEDLLGTCAEGDNQRLVASAPYQDIEITLEKPRVQAVAE 
PHTLRYDLMALSLEVPGLPQFLTLRYFDDEPFLPYKKNSSITDSQEPRIKDHLRAETWGR 
ETDDLQEEEEQLKGMLAEITAQNGQNTDLHILQATFGCELQRNGSTRGFWKLGYDGQNFL 
TFDQKTLTWTVDGPSTQKNKTFWKTRAPRADLVKTFLDDICPAQLQRYLASLRNGLLNTG 
FPKVIVTFRNYPVGRITLTCRAFRLYTRVATLTWLQYRKPVQQKTFGSETILPSGDGTYQ 
AWVSIRVLPGQESQFSCNLKHGNHNINEPAATEAPVYGARREQPPTSGVGSRVGKSLWSA 
MTTALVVISWTLSQKLMGPLLWFCSGGFCSFLQCW 
 
>mm_Gm4271 Chain=chain38 Position=17:36732992-36735336(+) GeneID=ENSMUSG00000092521 
ProteinID=None Score=183.3 E-value=2.9e-54 Length=2345 Comment=Overlaps single annotation; not 
in proteins 
GPGMLEVIQVSYVDSIQFQGVNSKEPTARIQLWAA*MEQEPPEYWEKRKHKERLNGSGAE 
YHTLQGMYGCSVANDGSFLLGHY*FTYCGYDYIILNETLSSWNAQDKVAQMLKSSWETED 
MTESWKTYLQGECVERLLRCLDIGKETLLHSTHVTHHVRPEGNVTLRCWALGFYLADITM 
TWKRDGNNHTQDMELPDPRPAGDGTFQKGAAVVVPSGEELRYTCHVHHEAFHSEMG*GVG 
ATAS*QVLCYTAIGMDSAQRSDASLPVG* 
 
>mm_Cd1d1 Chain=chain39 Position=3:86997345-86998906(-) GeneID=ENSMUSG00000028076 
ProteinID=ENSMUSP00000029717 Score=171.9 E-value=4.9e-52 Length=1562 Comment=Overlaps single 
annotation & in proteins 
MRYLPWLLLWAFLQVWGQSEAQQKNYTFRCLQMSSFANRSWSRTDSVVWLGDLQTHRWSN 
DSATISFTKPWSQGKLSNQQWEKLQHMFQVYRVSFTRDIQELVKMMSPKEDYPIEIQLSA 
GCEMYPGNASESFLHVAFQGKYVVRFWGTSWQTVPGAPSWLDLPIKVLNADQGTSATVQM 
LLNDTCPLFVRGLLEAGKSDLEKQEKPVAWLSSVPSSAHGHRQLVCHVSGFYPKPVWVMW 
MRGDQEQQGTHRGDFLPNADETWYLQATLDVEAGEEAGLACRVKHSSLGGQDIILYWDAR 
QAPVGLIVFIVLIMLVVVGAVVYYIWRRRSAYQDIR 
 
>mm_Znrd1 Chain=chain40 Position=17:36950232-36971123(-) GeneID=ENSMUSG00000036315 
ProteinID=None Score=170.9 E-value=3.3e-50 Length=20892 Comment=Overlaps multiple annotations; 
none in proteins: (Znrd1, ENSMUSG00000036315);(H2-M6-ps, ENSMUSG00000083534);(Ppp1r11, 
ENSMUSG00000036398);(ZNRD1-AS1_2, ENSMUSG00000099318) 
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LSAGSHSLRYLVTTTVSGPGLRDSHVFIVGYMNYMQFMRFDSDGTTQRIQARGPWVKQMG 
PVYLEMERRKMESYSHRARENLSHTFQCLISCNMGPDRRLLRGHHRHAFDGSYYIILNLD 
RKTWTEADSTAQITQRQWKAEGVAEAFSHFLKVHVSHHPRPEGEVTLRCWALDCFPADVM 
LTWQRDEEDLTQVMDLVETRPAGDGTFQKWAALVVPSGRSRRKGRK*HSYINATKGDS 
 
>mm_Gm8835 Chain=chain41 Position=17:36202377-36206070(-) GeneID=ENSMUSG00000092457 
ProteinID=None Score=167.9 E-value=6.2e-49 Length=3694 Comment=Overlaps single annotation; not 
in proteins 
PPPGSHWMRYFSTAMSRPGHWKPLYMEAGYVDDTQFVRFDSDAENPRYEPRAPWMKLQGP 
EYWELQTKVAEGHEKSFQVHLRTLLGYYNQSKGGAYEGRDYIALNDDLKT*LAADRAALI 
TPNK*EQADEAEHYKAYQESTCME*LQAKVTHHARPEGGVTLRCWALGFYPADITLTWKR 
QEEDLTQADRHSSQTSDLSLEP*K 
 
>mm_Gm4256 Chain=chain42 Position=17:36407623-36409118(-) GeneID=ENSMUSG00000092508 
ProteinID=None Score=160.1 E-value=1.5e-48 Length=1496 Comment=Overlaps single annotation; not 
in proteins 
TARMQLWAA*MEQEPPEYWEKEKERLNVSGAGYHTLQGMYGCNVANDGSFLLGHNRFTYC 
GYDYTILNENLRSWNAQDKVAQTLRDSWEAEGITEIWRTYLLGECTERLLRCLDLGKETL 
LRSTHVTHHVRPEENVTLRCWALGFYPADSTLTWKRNGKNHTQDMELPDTRPAGDGTFQK 
WAAVLVPSGEELRYTGHVYHERLPEPLTL 
 
>mm_Gm8868 Chain=chain43 Position=17:36558570-36561661(+) GeneID=ENSMUSG00000092332 
ProteinID=None Score=147.7 E-value=5.1e-45 Length=3092 Comment=Overlaps single annotation; not 
in proteins 
LYLVAHFLGFYQTLFT*PGLPEPQFISVGFVDDTGYHTIQKRSGCYVLLQGDFSHGFFEI 
AINDHDYIRLNEDLRTWTTVSKFAEMHKKLWDSSSFKQIVETYLLGRYVDLLFTELEYGK 
AFLHWSNACET*VRPDKKITLRC*AISFYSAEITLTWETDESNQTSDMEVSETMPAADGT 
FQKWAAVVVPSGEDHRYTCHVNHEGLPEIITL 
 
>mm_Cd1d2 Chain=chain44 Position=3:86986987-86988548(+) GeneID=ENSMUSG00000041750 
ProteinID=ENSMUSP00000039583 Score=138.1 E-value=1.2e-41 Length=1562 Comment=Overlaps single 
annotation & in proteins 
MRYLPCLLLWAFLQVWGQSEVQQKNYTFRCLQTSSFANISWSRTDSLILLGDLQTHRWSN 
DSAIISFTKPWSQGKLSNQQWEKLQHMFQVYRVSFTRDIQELVKMMSPKEDYPIEIQLST 
GCEMYPGNASESFFHVAFQGKYAVRFRGTSWQRVLGAPSWLDLPIKVLNADQGTSATVQT 
LLNDTWPQFARGLLEAGKSDLEKQEKPVAWLSSVPSSAHGHLQLVCHVSGYPKPVWVMWM 
RGDQEQQGTHRGDFLPNADETWYLQATLDVEAGEEAGLACRVKHSSLGGQDIILYWDARQ 
APVGLIVFIVLIMLVVVGAVVYYIWRRRSAYQDIR 
 
>mm_Gm8810 Chain=chain45 Position=17:36065297-36067779(-) GeneID=ENSMUSG00000091373 
ProteinID=None Score=112.3 E-value=1.8e-33 Length=2483 Comment=Overlaps single annotation; not 
in proteins 
VQ*FFYSSRYFYSAVSRPGIGEPRFRVVSYMDSSLDSHTPQWLQGCDVEPNGRLLHWSNQ 
HAYDGLDLSTWKKDLSSWTAATHTGPQIPHHKIEDYAHVTRHPRPAGDVTLRCWAVGFYP 
ADITLTWQLNGEDLTQDMELVETRPAGDGTFQKWAAVVLPSGKEQKFTCHLQHEGLYQPL 
TLAQSSDLNLEA*K 
 
>mm_Gm8877 Chain=chain46 Position=17:36701636-36703209(-) GeneID=ENSMUSG00000092298 
ProteinID=None Score=95.4 E-value=9.7e-29 Length=1574 Comment=Overlaps single annotation; not 
in proteins 
FYQALFTWPGLLEAQFISVVDDTQFERFNYREDV**MEHCAPWKDQKKPKNWKDRTYAVL 
DCFQQLRVLMNRRLKGYHTTQRRYDCYVLFQGDFSHKFFEVAFNDHDFIRLNKDLMTWTP 
VGKFAEMCKKLWDSSGVPEGLQTYLLGKRDESNQTSHMEVSETMPAGDGSF*KWADVVVP 
SGEEHRYTCHVNHKGLPELITL 
 
>mm_2410137M14Rik Chain=chain47 Position=17:36978664-36981332(-) GeneID=ENSMUSG00000064308 
ProteinID=None Score=68.5 E-value=1.7e-21 Length=2669 Comment=Overlaps single annotation; not 
in proteins 
GYMDNIQITSFSKDLESQWVEPWVPFIAQEPEHLEELMRLARRILILGQIELWTLFGYHS 
QRENGKWLLKYLDKGEEMLQHATNVAHHSTLEGDVTLRCWALDFHPAVIILTWQRDEKDL 
TQDMDLVETRPAEDEAFQKWAAVVLPSGEEHKYTCHVQPEGLSEPLIL 
 
>mm_Gm20392 Chain=chain48 Position=17:36210909-36216059(-) GeneID=ENSMUSG00000092362 
ProteinID=None Score=62.7 E-value=1.8e-19 Length=5151 Comment=Overlaps multiple annotations; 
none in proteins: (Gm20392, ENSMUSG00000092362);(Gm5682, ENSMUSG00000092265) 
WRMEPLTPWVEQEGLEYWEQETEWQE*GAEYQE*VDLRSLLHYYNQSKGGVKWLWRYLEK 
KEMLQRTQRHTHHLRPEGDVTLRSWALGFYPADITVTWQLNGKELTHDMELVETRPAGDG 
TFQKWAAVVVPSGEEQNIYLACVP*RAV*DGVRRVWV 
 
>mm_chain49 Chain=chain49 Position=7:18041285-18043860(-) GeneID=None ProteinID=None Score=11.1 
E-value=0.0022 Length=2576 Comment=No overlapping annotations 
LPQDPTLLHYELISLY*EGSWSGGFLVLEHLDDEFFLCYDGESILGPRIKEHVGAGTWKR 
EIEKTNLTWKMSVPLACSTNVLWERHDHRFDQIKTLLYNIYPDYLQIYFASMVSVIQHSS 
TVGCHNLKYSVFNIYLFNLIPTLLWDGEPIQKPTFWPRYPLSSGD*SFQTWMSTVILAEE 
EPRFTCLIRLIRTPWSLQTLMR 
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>mm_Raet1d Chain=None Position=10:22360552-22374139(+) GeneID=ENSMUSG00000078452 
ProteinID=ENSMUSP00000093471 Score=54.3 E-value=4.7e-15 Length=0 Comment=Not detected in genome 
search 
MAKAAVTKRHHFMIQKLLILLSYGYTNGLDDAHSLRCNLTIKAPTPADEVKCFVGEILIL 
HLSNINKTMTSGDPGETANATEVGECLTQPLKDLCQKLRDKVSNTKVDTHKTNGYPHLQV 
TMIYPQSQGQTPSATWEFNISDSYFFTFYTEIMSWRSANDESGVIMNKWKDDGEFVKQLK 
FLIHGCSQKMDEFLKQSKEKPRSTSRSPSITQLTSTSPLPPTSHSTSKKGFISVGLIFIS 
LLFAFAFAM 
 
>mm_H2-T10 Chain=None Position=17:36115876-36121465(-) GeneID=ENSMUSG00000079491 
ProteinID=ENSMUSP00000127602 Score=239.9 E-value=1.6e-70 Length=0 Comment=Not detected in 
genome search 
MSWVLRAAVVCALLLQLDARPSWTRIPLGSHSLRYFYTAVSRPGLGEPWFIIVGYVDDMQ 
VLRFSSKEETPRMAPWLEQEEADDWEQQTRIVTIQGQLSERNLMTLVHFYNKSMDDSHTL 
QWLQGCDVEPDRHLCLWYNQLAYDSEDLPTLSENPSSCTVGNSTVPQISQHLEGHCSDLL 
QKYLEKGKERLLRSDPPKAHVTRHPRPEGDVTLRCWALGFYPADITLTWQKDGEELTQEV 
EFVETRPAGDGTFQKWAAVVVPLGKVQSYTCHVDHEGLPEPLTLRWEPAWYQKPWIWIVA 
TVFSILLICLCVARRPMKKNAGGRGRRDTQEAGRDSPQDSSKTVVDDEEMGVCFWKIKYC 
KTCLGHSPGTSVGESLLSP 
 
>mm_H2-T22 Chain=None Position=17:36037128-36042747(-) GeneID=ENSMUSG00000056116 
ProteinID=ENSMUSP00000077111 Score=241.2 E-value=7.8e-71 Length=0 Comment=Not detected in 
genome search 
MSWVLRAAVVCALLLQLDARPSWTRIPLGSHSLRYFYTAVSRPGLGEPWFIIVGYVDDMQ 
VLRFSSKEETPRMAPWLEQEEADNWEQQTRIVTIQGQLSERNLMTLVHFYNKSMDDSHTL 
QWLQGCDVEPDRHLCLWYNQLAYDSEDLPTLNENPSSCTVGNSTVPHISQDLKSHCSDLL 
QKYLEKGKERLLRSDPPKAHVTRHPRPEGDVTLRCWALGFYPADITLTWQLNGEELTQDM 
ELVETRPAGDGTFQKWAAVVVPLGKEQSYTCHVYHEGLPEPLILRWEPAWYQKPWIWIVA 
MVFILFIICLCVVCICMKKNAGGRGRRDTQEAGRDSPQDSSKTVVDDEEMGVCFWKIKSC 
KTCLGHSPGTSVGESLLSP 
 
>mm_Ulbp1 Chain=None Position=10:7444873-7473477(-) GeneID=ENSMUSG00000079685 
ProteinID=ENSMUSP00000136637 Score=72.7 E-value=1.7e-20 Length=0 Comment=Not detected in genome 
search 
MELTASNKVLSCCLSLLCLLSVCLCPRIEETASLCNIYKVNRSESGQHSHEVQGLLNRQP 
LFVYKDKKCHAIGAHRNSMNATKICEKEVDTLKDGIDIFKGLLLHIVQETNTTGKPLTLQ 
AEVCGQYEVDKHFTGYAIVSLNGKNIFRVDTSTGNWTQLDHEFEKFIEMCKEDKVLAAFL 
KKTTEGDCRTWLDELMLHWKEHLEPAGSFSTLMIILCVIAIAFLGLIFGVSCKLRHLRTK 
KIGLQSSPPPLLDDSLTVPTSPQSSVCGTMIQCLCPRKLKSPVFMQIDLQSSAPPLLDDS 
LTVPETCSVKKEDEFPTASQNSVLLTSDDIDGIP 
 
>mm_Raet1e Chain=None Position=10:22158569-22374139(+) GeneID=ENSMUSG00000053219 
ProteinID=ENSMUSP00000066627 Score=60.3 E-value=8e-17 Length=0 Comment=Not detected in genome 
search 
MAKAAVTKRHHFMIQKLLILLSYGYTNGLDDAHSLRCNLTIKDPTSADLPWCDVKCSVDE 
ITILHLNNINKTMTSGDPGKMANATGKCLTQPLNDLCQELRDKVSNTKVDTHKTNGYPHL 
QVTMIYPQSQGQTPSATWEFNISDSYFFTFYTENMSWRSANDESGVIMNKWKDDGDLVQQ 
LKYFIPQCRQKIDEFLKQSKEKPRSTSRSPSITQLTSTSPLPPPSHSTSKKGFISVGLIF 
ISLLFAFAFAM 
 
>mm_Procr Chain=None Position=2:155751117-155755471(+) GeneID=ENSMUSG00000027611 
ProteinID=ENSMUSP00000029140 Score=84.7 E-value=4.9e-24 Length=0 Comment=Not detected in genome 
search 
MLTKFLPLLLLLLPGCALCNSDGSQSLHMLQISYFQDNHHVRHQGNASLGKLLTHTLEGP 
SQNVTILQLQPWQDPESWERTESGLQIYLTQFESLVKLVYRERKENVFFPLTVSCSLGCE 
LPEEEEEGSEPHVFFDVAVNGSAFVSFRPKTAVWVSGSQEPSKAANFTLKQLNAYNRTRY 
ELQEFLQDTCVEFLENHITTQNMKGSQTGRSYTSLVLGILMGCFIIAGVAVGIFMCTSGR 
RC 
 
>cf_DLA-12 Chain=chain01 Position=12:933548-936109(+) GeneID=ENSCAFG00000032222 
ProteinID=ENSCAFP00000031424 Score=383.0 E-value=2.1e-110 Length=2562 Comment=Overlaps single 
annotation & in proteins 
VWAMVPGTLALLLSGALAVTLTRAGSHSLRYFYTSVSRPGRGDPRFIAVGYVDDTQFVRF 
DSDAATGRMEPRARWMEQEGPEYWDRQTRTIKETARTFRVDLDTLRGYYNQSEAGSHTFQ 
WMFGCDLGPGGRLLRGYSQDAYDGADYIALNEDLRSWTAADAAALITRRKREAAGDAGHL 
RNYLETTCVEWLRRYLEMGKETLLRAEPPSTRVTRHPVSDHEVTLRCWALGFYPAEITLT 
WQRDGEDQTQDTEVVDTRPAGDGTFQKWAAVVVPSGQEQRYTCHVQHEGLAEPVTRRWEP 
SPLSTIVIVSIAALVLLVVAGVIGAVIWRKQRSGGKGPGYSHAARDDSAQGSDVSLTAPR 
 
>cf_DLA88.1 Chain=chain02 Position=12:892933-895431(-) GeneID=ENSCAFG00000000487 
ProteinID=ENSCAFP00000000718 Score=376.8 E-value=1.6e-108 Length=2499 Comment=Overlaps single 
annotation & in proteins 
MEVVMPRALLVLLSAALAVTLTRAGSHSLRYFYTSVSRPGRGDPRFIAVGYVDDTQFVRF 
DSDAATGRMEPRAPWVEQEGPEYWDGETRKVKETAQLYRVDLDTLRGYYNQSEAAGSHTI 
QTMYGCDLGPGGRLLRGYSQDAYDGADYIALNEDLRSWTAADAAALITRRKREAAGDAGH 
LRNYLETTCVEWLRRYLEMGKETLLRAEPPSTRVTRHPVSDREVTLRCWALGFYPEEITL 
TWQRDGEDQTQDTEVVDTRPAGDGTFQKWAAVVVPSGQEQRYTCHVQHEGLAEPVTRRWE 
PSPLSTIVIVSIAALVLLVVAGVIGAVIWRKQRSGGKGPGYSHAARDDSAQGSDVSLTAP 



 184 

RGETPETLKWGGLGHWEPAGSSLCSVSLLWKL 
 
>cf_DLA88.2 Chain=chain05 Position=12:1012553-1021445(-) GeneID=ENSCAFG00000000492 
ProteinID=ENSCAFP00000000727 Score=316.3 E-value=7.4e-90 Length=8893 Comment=Overlaps single 
annotation & in proteins 
MRVVMRGTPPPPPLLPSGALAVTLTRAGSHSLRFFHTAVSRPGRGDPLYISVGYVDDTQF 
VRFDSDAATGRMEPRAPWVEQEGPEYWDGETRNLKETAQVYRVDLDTLRGYYNQSEAAGS 
HTIQTMYGCDLGPGGRLLRGYSQDAYDGADYIALNEDLRSWTAADAAALITRRKREAAGD 
AGHLRNYLETTCVEWLRRYLEMGKETLLRAGSPKGTLTHHPFSDCEVTLTCQDGEDQTQD 
TELVETRPAGDGTFQKWAAVVVPSGQEQRYTCHVQHEGLAEPVTRRWESPPRLTIPIVGI 
VAGLLVFVVSGTMVAGAVLWRK 
 
>cf_DLA-64 Chain=chain03 Position=12:983833-986467(+) GeneID=ENSCAFG00000000500 
ProteinID=ENSCAFP00000031410 Score=370.2 E-value=1.5e-106 Length=2635 Comment=Overlaps single 
annotation & in proteins 
MEVVMPRALLVLLSAALAVTLTRAGSHSLRFFHTAVSRPGRGDPLYISVGYVDDTQFLRF 
NSDAASPKVEPRARWMEQEGPEFWEEQTEIAKVHAQTSRSNLQTALGYYNQSEAGSHTFQ 
WTSGCDVGPDGRLLRGYEQFAYDGADYLALDEDLRSWTAADAAAQITRRKWEAAGAAQYY 
RVYLQGECVQSLLKYLERGKETLQRTDPPKIYLTRHPISDHEVTLRCWALGFYPAEITLT 
WQRDGEDQTQDTEVVDTRPAGDGTFQKWAAVVVPSGQEQRYTCHVQHEGLAEPVTRRWEP 
SPLSTIVIVSIAALVLLVVAGVIGAVIWRKQRSGGKGPGYSHAARDDSAQGSDVSLTAPR 
V 
 
>cf_DLA-79 Chain=chain04 Position=18:41142781-41145286(+) GeneID=ENSCAFG00000008234 
ProteinID=ENSCAFP00000012096 Score=319.9 E-value=1e-91 Length=2506 Comment=Overlaps single 
annotation & in proteins 
MPVMRPRTLLLLLLLLLLSGTLGLAQTSAGSHSLRFLNTVVSRPGHGEPRHWAVAYVDDT 
PFERFNSEREGRRPEPLVRWLEQEGPEYWEERTLNSRTCTQVLRRTLNEVSQDYSNQSRT 
GSHTFQTITGCDVGPDGRFLRGYQRHAYDGLDYITLSEDLRSWIVEDPVAQITRRKWDAA 
TVAENRKNFLEGRCLEWLRRHLENGRETLQRADPPKTSVTRRPISEHEVTLKCWALGFYP 
AEITLTWQRDGEDQTQDTELVETRPGGDGTFQKWAAVVVPSGEEQRYTCHILHKSLPKPI 
TLRWEPPPQSTIPIVSIIAGLVLLVITGAMLVGVVIWRKKHSGRKGGSYSQAENKYGGSS 
AQDSQMSVMAPNEQASCLVGL 
 
>cf_AZGP1 Chain=chain06 Position=6:9623328-9626753(-) GeneID=ENSCAFG00000014889 
ProteinID=ENSCAFP00000021945 Score=296.9 E-value=2.7e-86 Length=3426 Comment=Overlaps single 
annotation & in proteins 
MDTIVSALLSLLLLLGPAVPQETQGGPYSLSFFYTGLSRPSDGFPSFQATAYLNDQDFFH 
YDSETGKAIPRYPWSQMEGIEDWEKESKLQKAREDIFMVTLKDIMEYYKDKEGSHTFQGM 
FGCELQNNKNSGAFWRYAYDGRNFIEFNKEIPAWVPQDPAALNTKKKWEAEEVYVQRAKA 
YLEEECPVMLQRYLEYGKTYLDRQEPPSVSITSHGTPEGIQTLKCWVSGFYPQEIDLHWI 
QADDTQETKSGGALLPSGNNTYQAWVVMSASPQDLASFSYSCLVKHSSLSQPLTVLWDKR 
QGAVRAEGSEDTQVQ 
 
>cf_HFE Chain=chain07 Position=35:24033561-24036503(+) GeneID=ENSCAFG00000010925 
ProteinID=ENSCAFP00000016096 Score=277.4 E-value=5.1e-79 Length=2943 Comment=Overlaps single 
annotation & in proteins 
MSPGARRARLLLLLLLLLLFLLLQLPTVAAQRRPPRSHSLRYLFMGASVPDLGLPLFEAR 
GYVDDQLFVSYSHESRRAEPRAQWVRTGAASQLWLQLSQSLKGWDHMFIVDFWTIMDNHN 
HSKVTKLGVSSESHTLQVILGCEVQEDNSTTGFWKYGYDGQNHLEFCPETLDWRAAEPKA 
QATKLEWEVNKIRAKQNRAYLQRDCPEQLRQLLELGRGVLDRQVPPLVKMTHHVTSAVTT 
LRCQALSFYPQNITMKWLKDRQPLDAEDVEPKDVLPNGDGTYQRWVALAVAPGEEQRYTC 
QVEHPGLDQPLTASWEAPMSGTLVVGIISGIAVCIIVLFTGILFRILRKRQASRGAMGDY 
VLAE 
 
>cf_FCGRT Chain=chain08 Position=1:106963801-106989648(-) GeneID=ENSCAFG00000003625 
ProteinID=ENSCAFP00000005404 Score=220.4 E-value=1.2e-61 Length=25848 Comment=Overlaps multiple 
annotations; one in proteins 
MGVPRPRSWGLGFLLFLLPTLRADSHLSLLYHLTAVSAPPPGTPAFWASGWLGPQQYLSY 
NNLRAQAEPYGAWVWENQVSWYWEKETTDLRTKEGLFLEALKALGDGGPYTLQGLLGCEL 
GPDNTSVPVAKFALNGEDFMTFDPKLGTWNGDWPETETVSKRWMQQAGAVSKERTFLLYS 
CPQRLLGHLERGRGNLEWKEPPSMRLKARPGSPGFSVLTCSAFSFYPPELQLRFLRNGLA 
AGSGEGDFGPNGDGSFHAWSSLTVKSGDEHHYRCLVQHAGLPQPLTVELESPAKSSVPVV 
GIVIGFLLLTAVAVGGALLWRRMRKGLPAPWMSLRGDDVGALLPTPGVPKDADS 
 
>cf_CD1B Chain=chain09 Position=38:23317871-23319502(-) GeneID=ENSCAFG00000024889 
ProteinID=ENSCAFP00000016818 Score=190.6 E-value=5.1e-55 Length=1632 Comment=Overlaps single 
annotation & in proteins 
MRLLLLLLWPTALYPGGGGEAAPADLQGPTSYRVIQISSFANSSWAQNQGSGWLGDVQIH 
GWDADAGRAVFLKPWSKGNFSDEEMVELEEIIQVYLTGFILEVQDHAPEFQMQYPFEIQG 
VAGCQLHPDRGTESFLRGALGGLDFLSLKNHSCVPAPEGGSRAQRICELILQYEGIRDIA 
EKLLFETCPRFLLGLLDAGKAELRRPVRPEAWLSAGPSPGPGRLQLVCHVSGFYPKPVWV 
TWMRGEQEQQGTRRGDVLPHADGTWYLRATLDVAAQEAAGLSCRVKHSSLGGQDMVLHWG 
NSISIGLISLAVILPVLIFLIGLPFWLWRRWWSYQSIS 
 
>cf_chain10 Chain=chain10 Position=38:23455331-23457040(-) GeneID=ENSCAFG00000031841 
ProteinID=ENSCAFP00000040338 Score=184.7 E-value=2.5e-53 Length=1710 Comment=Overlaps single 
annotation & in proteins 
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MLFLQLVLLAVLLPEGDSEDDSQEPVSFRVIRTSSLYNRSWTQNQGSVWLDDVQIHAWDN 
KNRTFVFRWPWAQGDLSNEERMEADQLFYSNYIFYNLVYHDHVSQWQLECEFRYLREGGK 
EVADVCVSVLGSFFLQERGSIGF 
 
>cf_CD1A6 Chain=chain11 Position=38:23380178-23384680(-) GeneID=ENSCAFG00000023677 
ProteinID=ENSCAFP00000016817 Score=179.6 E-value=8.8e-50 Length=4503 Comment=Overlaps multiple 
annotations; one in proteins 
MLFLQLVLLVVLLPEGDSEDASQEPVSFQVILTTSFYNSSWTQNLASAWLDELQTHSWDS 
DSGTFLFLWPWAKGKLSKEELIERERTFHTFSIRFPLIFQDSVSDWQLEYPFQVQMAEGC 
GLYFGKPSVGFMQIAYQGSDLVSFQNKSWWPSPKGGRRAQQVCKLLNQYHVVNLRIHSHI 
SDFCPHYLLGLLDAGKADLQRQVRPEAWLSAGPSPRSDHLRLVCHVSGFYPKPVWVTWMR 
GEQEQQGSWRGDVLPHADGTWYLQVSLDVKAKEVAGLSCRVRHSSLGGQDMVLHWERPHS 
MGLVFLVVIVPLVLLAGLAWCLWKRWKTHNRPQCTDFPLK 
 
>cf_chain12 Chain=chain12 Position=38:23347787-23349491(-) GeneID=ENSCAFG00000023735 
ProteinID=ENSCAFP00000035027 Score=175.9 E-value=1.2e-50 Length=1705 Comment=Overlaps single 
annotation & in proteins 
MLFLQLVLLAVLLLGGDSEDDSQEPISFRIILTTSFYSSSSTQNQGSAWLDELQTHGWDN 
KTGAFRYLQSWSKGNFSNEELLEAQNLFYTYTIRSPSTFHNHIRDWQLEYPFQIQLVLGC 
DSHFGEASAGFLQLAYQGSDLLSFQNTSWRPSPEGGSRAQKICSLFIEYHVFSEIVHKLL 
FDSCPRFLLGLLDAGKAYLQRKVRPEAWLSAGSSPGPGHLRLVCHVSGFYPKPVWVSWMR 
GEQEQQGTLYSDILPNTDGTWYLQVSLDVKSKEAAGLSCRVRHSSLGGQDMVLHWEQPHS 
MGLVFLVVIVPLVLLAGLAWWLWKRWKAHWRPQCTDFPSEQEPSSPGSSTYLNPAQH 
 
>cf_CD1A8 Chain=chain13 Position=JH374180.1:2244-3945(+) GeneID=ENSCAFG00000025281 
ProteinID=ENSCAFP00000016822 Score=175.1 E-value=2.1e-50 Length=1702 Comment=Overlaps single 
annotation & in proteins 
MLFLQLVLLAVLLLGGDSEGDSQEPISFRIILTTSFYSSSSTQNQGSAWLDELQTHGWNN 
KTGAFRYLQSWSKGNFSNEELLEVQNLFYTYTIRSPSTFHNHIRDWHLEYPFQIQLVLGC 
DSHFGEASAGFLQLAYQGSDLLSFQNTSWRPSPEGGSRAQKVCSLFNQDHVSHEIVRKLL 
NEICPRILLSLLDAGKVDLQRQVRPEAWLSTGPSPGSGHLRLVCHVSGFYPKPVWVMWMR 
GEQEQTGSQRGDVLPHADGTWYLQVSLDVKAKEAAGLSCRVRHSSLGGQDMVLHWEQPPS 
MGLVFLVVIVPLVLLAGLVWWLWKRWKAH 
 
>cf_CD1E Chain=chain14 Position=38:23295855-23297490(-) GeneID=ENSCAFG00000011437 
ProteinID=ENSCAFP00000016826 Score=174.1 E-value=4.9e-50 Length=1636 Comment=Overlaps single 
annotation & in proteins 
MPLLLLLLFGGLVQRGASTGASQGAGPPHPATEEPPSFRVLQTSSFANYSWAYTQGGGWL 
GELQTHGWDNVRDTIRFLWPWSRGNFSAVELKNLQSLFALYFHGFAIEVQAFARYFQFEY 
PFELQMSAGCRLHTGKASESFLNGAYQGSDFLSFQGNSWYPSPGAGSRARKVCEMLNRYQ 
DIKEIVKSLIGYICPQFLAGILEAGKAELGRQVRPEAWLSADPSPGPGRLRLVCHVSGFH 
PKPVRVTWMRGEQEQRGTRRGDFLPHADGTWYLRATLDVAAREAAGLSCRVKHSSLGGQD 
MVLHWGGGNSALLTLSGLAAVVTLLALPVVHTCCKKRSSNRKAPAPSPDSPMGTNTPKPR 
TSGHQLYTPQESWVKNRFLEKLKASLNRLWRR 
 
>cf_CD1D.1 Chain=chain15 Position=38:23328749-23330959(-) GeneID=ENSCAFG00000024030 
ProteinID=ENSCAFP00000016820 Score=164.1 E-value=4.1e-47 Length=2211 Comment=Overlaps single 
annotation & in proteins 
MLPLECILLAALLLQGDNAQAIQEHLVFTIIQISSFVNQSWVQHRGSGWLGDMQTHGWDT 
DSGTIIFLHTWSKGNFSDEELLDLELLFRVYLIGLTREAQEYVSQLHFTYPFEIQVVGGC 
ELRSSDFSKGFLRSAYEGSDFVTFQNMSLVPSPGADSKAQSVCYLINQYEGIKEIVYRLI 
TNTCPRFVLGLFDAAKVDYKRQVRPEAWLSTGPAPRPGRLRLVCHVSGFHPKPVQVTWMR 
GEQEQQGTQRGDILPHADGTWYLRVTLDVAAREAAGLSCRVKHSSLGGQDIVLYWGHHVP 
MYLILLAVTVPLELLLDLGLWFRKRCSYQDIP 
 
>cf_CD1D.2 Chain=chain18 Position=38:23490486-23491711(-) GeneID=ENSCAFG00000030554 
ProteinID=ENSCAFP00000016814 Score=138.2 E-value=2.1e-39 Length=1226 Comment=Overlaps single 
annotation & in proteins 
IGRALILLLFRLLSGLPATIWSVSQLHSVTLPVQHNLQVSVFANGSWARTDGQAWLGELQ 
AFGWSNGSDAVRCLRPWARGAWGAGRWRALQEQLGLYRRSFTRDVRELVKMLQLRYPLEI 
QVSAGCEVRPGNTSEDFFHAAVQGEEILSFQGSHWVPAPQAPRWVHRATKELNKDQGTRR 
TVRELLRDTCPPFVRGLLEAGRSELEKQERPEAWLSAGPAPGPGRLRLVCHVSGFHPKPV 
RVTWMRGEQEQRGTRRGDVLPHADGTWYLRVTLDVAAREAAGLSCRVKHSSLGGQDMVLH 
WGRSRSSAWLVAVAVLGSLLVIGCLGCSAAWCRARRSYQDIL 
 
>cf_chain16 Chain=chain16 Position=38:23437375-23439070(-) GeneID=ENSCAFG00000023735 
ProteinID=ENSCAFP00000035027 Score=160.7 E-value=3.9e-46 Length=1696 Comment=Overlaps multiple 
annotations; one in proteins 
AFQGPVSFQVILTSSLYNHSSTQNQGSAWLDELQTHGWDSKMGAFIFLWPWSTGNLSNEE 
LDPFQVQVTLGCELHFGEPSVGFVRLAYQGEDLISFQNKSWWPSPKGRSRAQQVCRQVNE 
LDHDDTELTHELITGHCPRFVLSLLDAGKADLQRQGCPLAPARSGHLRLVCHVSGFYPKP 
VRVTWMRGEQEQQGTWRGDVLPHADGTWYLQVSLDVKAKEAAGLSCRVRHSSLGGQDMVL 
HW 
 
>cf_chain17 Chain=chain17 Position=38:23363410-23365089(-) GeneID=ENSCAFG00000023735 
ProteinID=ENSCAFP00000035027 Score=157.6 E-value=6.3e-45 Length=1680 Comment=Overlaps single 
annotation & in proteins 
YFQEPISFQIILTTSFYSRSWTQNVGSAWLDELQTYGWDSDSGTFTCMWPWSRGNFSNKE 
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LMEEQRSFHTFSIRFPLIFQDHFSEWQSPDPFQVQAAKGCELHIGETAVGFM*IAYQGED 
LVSFQNKSGWPSPNGGRRA*QVSRLFNQYHVINVRLQTHISDSCPPFLLGLLDAGKTHLQ 
RQWLSAGPSPGPGRLQLVCHVSGFYPKPVWVTWMRSEQEQQGTQLPHADGMWYRQVSLDV 
KVKETAGLSCWVTHSSLGGHGPPLG* 
 
>cf_IER5 Chain=chain19 Position=7:14523431-14528827(+) GeneID=ENSCAFG00000029718 ProteinID=None 
Score=96.9 E-value=7.9e-27 Length=5397 Comment=Overlaps single annotation; not in proteins 
SLPGTHSLTYFFLGISDPSHGLTEFFSHPIIIYTCCWQKELWALWMVENSMPGHWERYTQ 
GFHTYQGMVG*GSLEDRSTIFLQHAYDGQDFIILNKDLFFWMATNNMARITKWAQEANWH 
EL*YQKNWLEEHITSLKKFLELRHGME*ITFPRITTPFCRIHGFYPPGICMIWLKNGEEI 
VQEIGKGDILPKGDGSYWTWGSIELDPQSGDLYSC 
 
>cf_chain20 Chain=chain20 Position=38:23424398-23426095(-) GeneID=ENSCAFG00000023735 
ProteinID=ENSCAFP00000035027 Score=80.5 E-value=3.2e-22 Length=1698 Comment=Overlaps single 
annotation & in proteins 
GFQGPVSFQIILTTSFYNRSSTQNQGSAWLDELQTPGRNPKTGSFFYRQPWSKGNFSNKE 
LMKAENLFHKLLNEICPPILLSLLDAGKADLQRQWLSAGPSPGPGRLWLVCHVSSFYPKP 
VQVTWMRGEQEQQGTRRGEVLPHADGTWYL*VYLYVAAWEVAGLSCQVRHSSLGGQDMVF 
HW 
 
>cf_chain21 Chain=chain21 Position=38:23403891-23405377(-) GeneID=ENSCAFG00000023735 
ProteinID=ENSCAFP00000035027 Score=42.9 E-value=1.9e-10 Length=1487 Comment=Overlaps single 
annotation & in proteins 
SAWLDELQTHGGDPKTGAISFLQAWSNGNFSNEELEHEWRPSPEGGRRAQKFCSLFNQDH 
VSHEIVRKLLNEICPWILLSLLDAGKADLQRQWLSAGPRPRSGHLWLACHVSSFYPKPVR 
VTWMRGEQEQQ 
 
>cf_PROCR Chain=None Position=24:24184440-24187910(+) GeneID=ENSCAFG00000007945 
ProteinID=ENSCAFP00000011762 Score=99.7 E-value=8.3e-29 Length=0 Comment=Not detected in genome 
search 
MLTTLLPLLCLLLLPSWAFCSQEASDGPRNLHMLQISYFRDPYQVWHRGNASLGGLTTHV 
LEGQGTNVTILQLQPLEEPESWARRERRLKTYLDEFNLLVRLVHQERRVNFPLTIRCSLG 
CELPPEGSPAHVFFEVAVNESAFVSFQPEKALWVAGPQVPSRVVTYTLHQLNSYNRTRYE 
LREFLQDTCVQYVQEHNASKNSKGSQTGRSYTSLVLGVLVGSFIIVGVAVGIFLCTGGRR 
C 
 
>cf_ENSCAFG00000000399 Chain=None Position=1:40635694-40637301(+) GeneID=ENSCAFG00000000399 
ProteinID=ENSCAFP00000000574 Score=92.9 E-value=8.7e-27 Length=0 Comment=Not detected in genome 
search 
FTGATSLFCEFSVKPQSSAGRPWCEVRGYVKRNLFLSYNCQSKELTLVGPMRTRMNDTGF 
RETQKETLNDLMEELQKKVRDIKAEIYPKNGSLDLHGEMKCVRGASRYTSASWKFAFNGQ 
ITHLFDSENGKWTVLQPAGRQFQGTLDSDRDVTNFLTKVSNGDCKSWMEYIMNHWDEKLE 
TTVPQSRPQDMAPSGASGSAPSTWIFLLFLYCAILLGI 
 
>cf_RAET1E Chain=None Position=1:40602291-40604598(-) GeneID=ENSCAFG00000024105 
ProteinID=ENSCAFP00000032793 Score=164.3 E-value=6.2e-48 Length=0 Comment=Not detected in 
genome search 
AGMETPFSARVLGPQLPFSFTDAHSLCLNLTVKSQARPEHPWYEVQGSVDKKPFLQYDSD 
SSKVRPLGLLGKKVNATKAWTELTQMLADVGQELRMILPDIKLENNMTKGPPTLHKLLSC 
QCEAEWHFNISRQMTLFFDAMKISWTVVNPGARGIKEEWESKGMADYFRRISMGDCNQWL 
QEFLEHWEKMLEPSILAPSITVPVANQSSSILKRLWIILVVISSVLITSAYQLFHYQKFL 
LCTMRELQRKTNPWWQKLTLMTI 
 
>bt_BOLA.1 Chain=chain01 Position=23:28502997-28505915(-) GeneID=ENSBTAG00000002069 
ProteinID=ENSBTAP00000031126 Score=408.8 E-value=7e-118 Length=2919 Comment=Overlaps single 
annotation & in proteins 
QRMRVMRPRTLLLLLSGVLVLTETLAGSHSLRYFYTGVSRPGLGEPRFIAVGYVDDTQFV 
RFDSDAADPRTEPRVPWMEQEGPEYWDRETRNLKDAAQTFRVNLNTLLGYYNQSEAGSHT 
LQWMYGCDVEPDGRFLRGYRQDAYDGRDYIALNQDLRSWTAADTAAQITKRKWEAAGEAE 
RRRNYLEGRCVEWLRRYLENGKDTLLRADPPKAHVTRHPSSDREVTLRCWALGFYPEEIS 
LTWQHNGEDQTQDMELVETRPSGDGTFQKWAALVVPSGEEQRYTCRVQHEGLREPLTLRW 
EPPQTSFLTMGIIVGLVVLVVAVVAGAVIWRKKHSGEKGRIYTQAASSDSAQGSDVSLTV 
PKV 
 
>bt_BOLA.2 Chain=chain04 Position=23:27863473-27865992(+) GeneID=ENSBTAG00000022590 
ProteinID=ENSBTAP00000035741 Score=370.4 E-value=1.4e-106 Length=2520 Comment=Overlaps single 
annotation & in proteins 
RVMGPRTLLLLLSGVLVLTETWAGSHSLSYFNTGVYQPGLGEPRFFAVGYVDDTQFARFD 
SDAPNPRMEPRAPWMEQEGPEYWEEMTRDAKESQQKSRLCLYNLRGYYNQSEAESHILQV 
MFGCEVGPDGRLLRGFWQKAYDGRDYIALNEDLRSWTAADTVAQITKRKWDVSGQAKIQR 
NYLEVKCVQWLLRHLETGKDTLLRADPPKTHVAHHRISDREVTLRCWALGFYPKEITLTW 
QQDGEDLTQDMELVETRPSGDGTFQKWAALVVPSGEEQRYTCRVQHEGLQEPLTLRWEPP 
QLSVLIKGIIVGLILLMVTGAVVTGAVIWRKKHSGEKGRGYTQTASSDSAQGSDVSLTVP 
KG 
 
>bt_BOLA.3 Chain=chain06 Position=23:27647460-27651819(+) GeneID=ENSBTAG00000005182 
ProteinID=ENSBTAP00000031125 Score=368.1 E-value=6.2e-106 Length=4360 Comment=Overlaps single 
annotation & in proteins 
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MRVVGQRTLLLLLLLDALILTETRAGSHSLRYFYTAVSRPGLGEPRFISVGYVDDTQFVR 
FDSDAPDPRIEPTARWVEQEGPEYWHQETQRTKDTAQFFRVYLNTLRGYYNQSEAGSHTV 
QEMYGCDVGPDGLLRGYDQFAYDGRDYIALNEDLRSWTAADTAAQVTKHNAEAAGDAARV 
RIYLEGKCVEWLRRYLVTGKDTLLRADPPKTHVAHHPISDREVTLRCWALGFYPEEISLT 
WQRDGEDQTQDMELVETRPSGDGTFQKWAALVVPSGEEQRYTCHVQHEGLQEPLTLRWEP 
PQPSIPIMGIIVGLVHLMVTGAMVTGAVIWRKKHSGEKGRIYSQASSSDSDQGSDVPLTV 
PKV 
 
>bt_JSP.1 Chain=chain02 Position=23:28470224-28473004(-) GeneID=ENSBTAG00000020116 
ProteinID=ENSBTAP00000011795 Score=401.8 E-value=8.6e-116 Length=2781 Comment=Overlaps single 
annotation & in proteins 
MRVMGPRTLLLLLSGVLVLTETRAGSHSLRYFYTAVSRPGLGEPRFIIVGYVDDTQFVRF 
DSDAGDPRVEPRARWVEQEGPEYWDQETRKAKDHAQFFRLGLNTLRGYYNQSEAGSHTLQ 
WMYGCDVGPDGRLLRGFWQFGYEGRDYIALNEDLRSWTAADTAAQISKRKWEAADVAERQ 
RNYLEGTCVEWLPRYLENGKDTLLRADPPKAHVTHHPISGREVTLRCWALGFYPEEISLT 
WQRNGEDQTQDMELVETRPSGDGTFQKWVALVVPSGEEQRYTCSVQHEGLQEPLTLRWEP 
PQTSFLTMGIIVGLVLLVTGAVVAGFVIWMKKRSGEKGGNYIQASRSDSAQGSDVSLTVP 
KV 
 
>bt_BOLA-NC Chain=chain03 Position=23:28355165-28357959(-) GeneID=ENSBTAG00000019386 
ProteinID=ENSBTAP00000021451 Score=384.4 E-value=1.1e-110 Length=2795 Comment=Overlaps single 
annotation & in proteins 
MGPRTLLLLLLGVLVPRDTRAGPHSMRYFLTAVSRPGLGEPRFITVGYVDDTQFVRFDSD 
RPDPRMEPRARWVEDEGPEYWDQETRIQKENTQTFRANLNTLLGYYNQSEAGSHTIQWMH 
GCGVGSDGRLLRGYNQLAYDGKDYLALNEDLRSWTAADTAAQITKRKWEAAGEAERFRNY 
LEGECVKLLRRHLENGKDTLLRADPPKAHVAHHPSSEREVTLRCWALGFYPEEISLTWQR 
NGEDQIQDMELVETRPSGDGTFQKWAALAVPSGEEQRYTCRVQHEGLQGPLTLRWGKGGE 
PPQPSVPIMGIILVLVLLVVAVVARAVIWSKKRTGEKGRIYT 
 
>bt_chain05 Chain=chain05 Position=23:27689770-27692225(+) GeneID=ENSBTAG00000012208 
ProteinID=ENSBTAP00000016194 Score=370.2 E-value=1.7e-106 Length=2456 Comment=Overlaps single 
annotation & in proteins 
QTRRIRVMGPRTLLLLLSEVLVLTETWAGSHSLSYFCTCVSRPGLGEPRFFAVGYVDDTQ 
FARFDSDAPNPRMEPRAPWMEQEGPEYWEAMTRDAKKAQQRLRTGLNTLRGFYNQSEAGS 
HTLQWVFGCDVGPEGRLLRGIWQNAYDGADYLALNEDLRSWTAANTVAQITKRKWETSGE 
AEFQRNYLEVKCVQWLLRHLETGKDTLLRADPPKTHVAHHPISDREVTLRCWALGFYPEE 
ISLTWQQDGEDQTQDMELVETRPSGDGTFQKWAALVVPSGEEQRYTCHVQHEGLQEPLSL 
RWKPPQPSIPIMGIIVGLVLLMVTGAVVTGAVIWRKGQTGRGYTQAASSDSAQGSDVSLM 
VPKV 
 
>bt_MR1 Chain=chain07 Position=16:63652896-63655404(+) GeneID=ENSBTAG00000009924 
ProteinID=ENSBTAP00000013095 Score=325.4 E-value=3.3e-95 Length=2509 Comment=Overlaps single 
annotation & in proteins 
MMLLLPLIIVLMMKLSDARTHSLRYFRLGISEPGYGIPEFISAGYVDSHPITMYNSVSQL 
KEPRALWMEENLAPDHWERYTQLLRGWQQAFKVELKQLQHHYNHSGFHTYQRMIGCELLE 
DGSITGFLQYAYDGQDFLIFNKDTLSWMAMDNVADIIRRVWEANRHELQYQKNWLEEECI 
AWLKRFLEYGKDALQRTEPPKVRVNHKETFPGITTLYCRAYGFYPPEISINWMKNGEEIF 
QDTDYGGILPSGDGTYQTWVSVELDPQNGDIYSCHVEHGGVHMVLQGFQESETILLVVKA 
VGFIVLAIALAGVGILAWRKRPRGKNKVICLSTPEH 
 
>bt_AZGP1 Chain=chain08 Position=25:36982591-36984540(-) GeneID=ENSBTAG00000026236 
ProteinID=ENSBTAP00000037042 Score=304.5 E-value=1.1e-88 Length=1950 Comment=Overlaps single 
annotation & in proteins 
MVPVLLALLLLLGPAVSEETQAGNYSLSFLYTGLSKPREGFPSFQAVAYLNDQPFFHYNS 
EGRRAEPLAPWSQVEGMEDWEKESALQRAREDIFMETLSDIMDYYKDREGSHTFQGAFGC 
ELRNNESSGAFWGYAYDGQDFIKFDKEIPAWVPLDPAAQNTKRKWEAEAVYVQRAKAYLE 
EECPGMLRRYLPYSRTHLDRQESPSVSVTGHAAPGHKRTLKCLAYDFYPRSIGLHWTRAG 
DAQEAESGGDVLPSGNGTYQSWVVVGVPPEDQAPYSCHVEHRSLTRPLTVPWDPRQQAE 
 
>bt_chain09 Chain=chain09 Position=23:27842654-27852650(+) GeneID=ENSBTAG00000007075 
ProteinID=ENSBTAP00000009299 Score=298.3 E-value=2.9e-85 Length=9997 Comment=Overlaps single 
annotation & in proteins 
MRVMGSRTLVLLLPGALVLTETWAGSHSLRYFYTAVSRPGLEEPRFIIVGYVDDMQFVRF 
DSDAPDPRMEPRARWVEQERPEYWDQATQRTKDTKQTFRANLNNLRGYYNQSEAGSHTLQ 
EMYGCDVGSDGGFLRGMQFAYDGRDYIALNEDLRSWTAADPAAQVSKRKIEQSGAAKGER 
NYLNRECVEGLRRYLETGKDTLLRTDPPKTHVTCHPISGREVTLRCWALGFYPEEILLTW 
QRDGEDQTQDMELVETRPSGDGTFQKWAALVVPSGEEQRHTCRVQHEGLQEPRTLRWEPP 
ETSFLTMGIIVGLVLLVVAVVAVVTGAVIWRKKRSGERGHYTQAESKCRGDTIPGTLLRV 
 
>bt_chain10 Chain=chain10 Position=23:28302417-28306062(+) GeneID=ENSBTAG00000038619 
ProteinID=ENSBTAP00000048068 Score=293.8 E-value=5.3e-86 Length=3646 Comment=Overlaps single 
annotation & in proteins 
MLWGPVLLYFFLAYLPETQTRSHSLQYFYSVVSEPGPGVPSFMAFGFVDNQPFIRYDSEE 
MKAKSCVHWLREEPSYFDDETKIFTSRMKIFHLNLRNVQQYYNQTKEDGLNRALAQKQTS 
PHTLQFTYGCELLEDGRTTWHWQYGYDGEDYLSLHMDPLQYTAATFVAQYTKQKWEAGGN 
FIERDKNYLEKECILWLWRYLTFGGESLNRTEPPKTHMTHHRISDREVTLRCWALGFYPA 
KISLTWQRNGEDQTQDMELVETRPSGDGTFQKWAALVVPSGEEQKYTCRVQHEGLQEPLT 
LRWEPLKTSVPITGIIVVLVLLVVTRAVIWIKKLSGYYHSTNGKNRTYFQTAI 
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>bt_chain11 Chain=chain11 Position=7:41789508-41797877(-) GeneID=ENSBTAG00000004815 
ProteinID=ENSBTAP00000006320 Score=289.5 E-value=1.6e-82 Length=8370 Comment=Overlaps single 
annotation & in proteins 
MAELANLKLENKSWPRGTHSLRYHYLDLSEPDPSLPKFQAVGYVDDQPFIRYDSRVDKAE 
PQAPWIMPMNAKYWEKETKKQRKWAELHQVETWRMMGYHNHSSVLTGMHSTHRMFGCEIQ 
EDGHSNSFWQFGYDGQDHVSLDMETLSWVSANPVALLTKRRMETEHCYAEYNKAYLEGPC 
LASLRRYLELGGQRFTRREPPTVWVTKHSAQDGGTTLRCWALGFYPQDITLSWWLGEKKL 
NSKLEYVEARPSGDGTYQTWMAVWVPAGDETQYTCHVQHCSLNHTLTVSWEMPSHPGLTA 
MVISLILILLVFGGGVSLTKCLQVLGGGKGG 
 
>bt_chain12 Chain=chain12 Position=23:28330913-28333698(-) GeneID=ENSBTAG00000005146 
ProteinID=ENSBTAP00000025832 Score=285.1 E-value=2.7e-80 Length=2786 Comment=Overlaps single 
annotation & in proteins 
MRVMGPRTLLQLLSGILVLIETLAAFHSLRYFYTAVSRPGLGEPRFIIVGYVDDTEFVRF 
DSDAPDPRMEPRARWVEQEGPEYWDQETRKAKDAAQTFRANLNSLRGYYNQSEAGSHTLQ 
LMYGCDVGPDGSLLRGYEQYGYDGRDYIALNEDLRSWTAADTAAQISKRKVEAAGDAARV 
RIYLGRCVESLRRYLETGKETLLRADPPKAHVTHHPISGREVTLRCWALGFYPEEILLTW 
QHNGEDQTQDMELVETRPGDGNFQKWAALVVPSGEEQRYTCHVQHEGLQEPLTLRWEPPQ 
TPFLTMGIIVGLVLLVVAVVAGAVIWRKKRSGEKGRTYTQASSSDSAQGSDVSLTVPKV 
 
>bt_BT.105339 Chain=chain13 Position=23:27715371-27718199(+) GeneID=ENSBTAG00000001476 
ProteinID=ENSBTAP00000026794 Score=284.4 E-value=3.7e-81 Length=2829 Comment=Overlaps single 
annotation & in proteins 
LLLLSGVLVLTETWPGSHSLSYFCTCVSRPGLGEPRFFAVGYVDRTQFARFDSDAPNPRM 
EPRAPWMEQEGPEYWEEMTRDAKKAQQRMRLALNNLRGYYNQSEAGSHTLQFVFGCHVGL 
DGRLLRGIWRTAYDGADYLLNEDLRSWTAANTVAQITKRKWETSGEAEFQRNYLEVKCVQ 
WLLRHLEKGKDTLLRADPPKTNVAHHRISDHDITLRCWALGFYPEEISLTWQRDREDQTQ 
DMEFVETRPSGDGTFQKWVALVVPSGEEQRYTCCVQHEGLQKPLTLRWEPPQPSIPIMGI 
IVGVLLMVTGAVVTEAVIWRKKHSGEVGRGYTQAASNDGAQGSGVPLTVLKG 
 
>bt_HFE Chain=chain14 Position=23:31617675-31635117(+) GeneID=ENSBTAG00000013065 
ProteinID=ENSBTAP00000017371 Score=278.0 E-value=5e-79 Length=17443 Comment=Overlaps single 
annotation & in proteins 
MGPRARPALLLLILLRTAATQGRPPRSHSLRFLFMGASKPDLGLPLFEALGYVDDQLFVS 
YDHESRRAERRAPWLWGRATSQLWLQLSQNLKGWDHMFIVDFWTIMDNHNQSKVTKLGAL 
PESHTLQVILGCELQEDNSTRGFWKYGYDGQDHLEFRPETLDWRAAEPRAQVTKLEWEVN 
KIRAKQNRAYLDRDCPEQLLHLLELGRGPLEQQVPPLVKVTHHVTSSLTTLRCRALNFYP 
QNITIRWLKDKQFLDAKEIKPEDVLPNGDGTYQAWVALAMLPGEEQRYSCQVEHPGLDQP 
LTATWEPSLSGTLVTGILSGIAVCVIIFLIGILFRILKRRQSSRGAAVNYALAECE 
 
>bt_FCGRT Chain=chain15 Position=18:56416586-56430488(+) GeneID=ENSBTAG00000013926 
ProteinID=ENSBTAP00000018500 Score=207.5 E-value=9.4e-58 Length=13903 Comment=Overlaps multiple 
annotations; one in proteins 
MRLPRPQPWGLGLLLVLLPGALSAENYRSLQYHFTAVSAPAAGTPAFWVSGWLGPQQYLS 
YNNLRAQAEPYGAWVWESQVSWYWEKETMDLRNQETLFLEALQALGEGPFTMQGLLGCEL 
GPDNVSVPVAKFALNGEEFMMFDPKLGIWDGDWPESRTVSIKWTQQPEAVNKEKTFLLYS 
CPHRLLGHLERGRGNLEWKEPPSMRLKARPGSPGFSVLTCSAFSFYPPELKLRFLRNGLA 
IGSGEIDMGPNGDGSFYAWSSLTVKSGDEHHYRCVVQHAGLAQPLTVELESPARTSVPVV 
GIVIGLFLLLTVAAGGALLWRRMRKGLPAPWISFRGEDVGALLPTPGLSKDGES 
 
>bt_CD1B5 Chain=chain16 Position=3:11753955-11755658(-) GeneID=ENSBTAG00000038502 
ProteinID=ENSBTAP00000012398 Score=198.5 E-value=2.8e-57 Length=1704 Comment=Overlaps single 
annotation & in proteins 
MLLLPLLLLAVIVPGGDNEDAFQGPTSFHLIQISTFANSTWTQNQGSGWLDDLQIHGWDS 
DSGTAIFLKPWSKGNFSDEEVAEMEELFRVYFIGFTLEVQDIVSEFQFEYPFVIQGIAGC 
ELHSGKVIQSFLRAGFGGLDFMSIKNRSCVPEPEGGSDAQWFCVFITQYQGILRIIDTLL 
SETCPRYLLGVLDAGKAELQRQVKPEAWLSSGPTPRPGRLLLVCHVSGFYPKPVRVMWMR 
GEQEQPGTQQGNIMPNADWTWYLRVTLDVVAGEAAGLSCRVKHSSLGDQDIILYWGHPKY 
IGLISVAIIVPSLILLICLALWLWRRWSYQTIL 
 
>bt_CD1E Chain=chain17 Position=3:11725705-11727347(-) GeneID=ENSBTAG00000009421 
ProteinID=ENSBTAP00000038206 Score=190.8 E-value=6.7e-55 Length=1643 Comment=Overlaps single 
annotation & in proteins 
MLLLLPLLPLLFKGLLCHGASIVGLQVPGPHHVAAEESPSFRLIQISSFANHSWTKTQGS 
GWLGDLQTHGWDSVLASIRFLRPWAQGNFSKEELKNIQAFLQLYLHSFPREVQAYASQFQ 
FEYPFELQVSFGCLIHSGKALETFLNGAYQGLDFLSFQENSWKSSPEAGSRAENVCKVLN 
HYRVIKEIVQRLLSDTCPRFLAGVLEAGKAELEKQVKPEAWVSKGPSPGPGRLLLVCHVS 
GFHPKPIWVMWMRGKQKHPGTRRGDVLPNADGTWYLRVTLDVAAGEAAGLSCQVKHSSLG 
GQDIIIHWGGYSVFWILICLIVIVTLVMLVIVDSLFKKQSSNQDVFSISHPAFPIGAKTQ 
DPRNSGHQLCLAQESWIKNKLLKKWKARLNQL 
 
>bt_CD1B3 Chain=chain18 Position=3:11849341-11851113(-) GeneID=ENSBTAG00000022893 
ProteinID=ENSBTAP00000013155 Score=189.8 E-value=1.1e-54 Length=1773 Comment=Overlaps single 
annotation & in proteins 
MLLLPFLLLGVILPGGDNEDVFQGPTSFHLMQISTFVNSTWAQNQGSGWLDDLQIHGWES 
DSGTAIFLKPWSKGNFSDDEVTELVDLFRAYFIGFTREVQDRVNEFQLEYPFVIQVTAGC 
ELHSGEAIESSLRGALGGLDFVSIQNHSCVPAPDSGSRGQKFCALTTQYQGISDIIERLL 
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SETCPRYLLGVLDAGKAELQRQVKPEAWLSSGPTPGPGRLLLVCHVSGFYPKPVRVMWMR 
GEQEQPGTQQGDLMPNADWTWYLRVTLNVAAGEAAGLNCRVKHSSLGDQDIILYWGHPTS 
IGLILVAIIIPSLILLICLALWFWRRWSYQNIL 
 
>bt_chain19 Chain=chain19 Position=3:11903102-11906623(-) GeneID=ENSBTAG00000026180 
ProteinID=ENSBTAP00000001274 Score=186.7 E-value=1.1e-53 Length=3522 Comment=Overlaps single 
annotation & in proteins 
LGVILPGGDNEDVFQGPTSFHLIQISTFVNNTWAQNQGSGWLDDLQIHGWESDSGTAIFL 
KPWSKGNFSDDEVTELVDLFRAYFIGFTREVQDRVNEFQLECEYSPLIWKDSQ 
 
>bt_chain20 Chain=chain20 Position=3:11784601-11786208(-) GeneID=ENSBTAG00000000963 
ProteinID=ENSBTAP00000001272 Score=185.3 E-value=2.8e-53 Length=1608 Comment=Overlaps single 
annotation & in proteins 
LSLFSFYPDPFVIQGIAGCEMHTGKAIGSFLKRAFRGLDFVSVKNDSCAPAPEGGSKAQR 
FCALIIQYQAICDTIAKLLLETCPQYLLSVLDAGKAELQRQVKPEAWLSSGPTPGPGRLL 
LVCHVSGFYPKPVRVMWMRGEQEQPGTQQGDLMPNADWTWYVRITLDVAAGEVAGLSCRV 
RHSSLGDQDIILYWGHPTSTGLIFVAIIVPSLILLICLALWFWRRWSYQTIM 
 
>bt_CD1A.1 Chain=chain21 Position=3:11994653-11996562(-) GeneID=ENSBTAG00000038263 
ProteinID=ENSBTAP00000009739 Score=183.2 E-value=7.8e-53 Length=1910 Comment=Overlaps single 
annotation & in proteins 
MLFLQLPLLLALLVGGDNEQNKNSVPEGFQEPISFEVICVLSFHNSSWVQSLGSGWLGEL 
QTHGWKSNSGTFIYLWPWSKGNFSNEELMELQNYLHTNFVRFVQAFYSHARKWQFEYPFE 
VQIAEGCELHAGEVPVGFMRIAYQGSDFLSFQNKSWVSSPEGGKRAQVLRRLFNLFRGAQ 
EIIHKLLSDTCPRFLLGLLDAGKAYLQRQVRPEAWLSLGPSPGPGQLTLVCHISGFYPKP 
IWVMWMRGEQEQQGTQRSDVLPNADGTWYLRVSLDVEASEASGLSCRVRHSSLGGQDIIL 
YRDHHSSMGWIALAVIVTLVLMAGLAFWLWKHWTHRESPSSVLPLE 
 
>bt_CD1A.2 Chain=chain22 Position=3:11537780-11539323(-) GeneID=ENSBTAG00000039366 
ProteinID=ENSBTAP00000050624 Score=177.5 E-value=4.2e-51 Length=1544 Comment=Overlaps single 
annotation & in proteins 
MLFLQIALLLSLLPCGDSENDFQEPITFKIIRISSFYSQFFAQNLGSAWLDELQTHAWDN 
NSDRVIYLRPWSKGNFSNEELMDVENVLHTFFIRLGQVLHNHASQWQLQYPFELQIAGGC 
EMHIRDASVGFVRIGYQGSDFLSFQKDVWVPSPEGGISAQFVCTLFNLYRGTQEIIHKLL 
SDTCPRFLLSLLDAGKAYLQRQVRPEAWLSPGPSPGPGQLMLVCHVSGFYPKPIWVMWMR 
GEQEQQGTQRSDVLPNADGTWYLRVSLDVEASEASGLSCRVRHSSLGGQDIILYWDHHSS 
TAWIILAMIVPLVLLAGLAFWLRKSWSTYMSDA 
 
>bt_chain23 Chain=chain23 Position=23:27600454-27602353(+) GeneID=ENSBTAG00000008959 
ProteinID=ENSBTAP00000035745 Score=176.9 E-value=2.2e-50 Length=1900 Comment=Overlaps single 
annotation & in proteins 
MWVTELRTLLLLLSESLALTKTWAGHIHLGHGDPRPKERRPGWQPLPVPGVHSLRYFHIL 
VSRPGLGRDLYQSVGYLDDTQFVRYNSDTANPRMEPRAPWMEQEGPQYWDRQTKIAREHS 
QAESNLQVIVGNHNHSYRESHSFLLSGCDVGPEGCIVRGYEHFAYDGAGYITLNEDMRSW 
SAAYTVQIIRRKWEVEGAAEQYGAYVETECVDWLRKYLEKGKETLRAVPPKTHVTRHPIS 
DREVTLRCWALGFYWAEISLTWQRDGEDQTQDMEVVETRASGDACHVQHEGLQKPLTLRW 
EPPQTPFLTMGIIVGLVLLVLAVVAGAVIWRKRSDGDGGSYTQTAREDRI 
 
>bt_chain24 Chain=chain24 Position=3:12187739-12189538(-) GeneID=ENSBTAG00000039993 
ProteinID=ENSBTAP00000053071 Score=174.5 E-value=3.9e-50 Length=1800 Comment=Overlaps single 
annotation & in proteins 
RKWGCWLFLFFWGLPQIWGSLGDPQTPFSFHGLQISSLANSSWTRTDCLGWLGELQPYTW 
RNESDTIRFLKPWSRGTFSDQQWEQLQHTFQVYRSSFTKVLWEFVKRLHAEFLSSVPLEI 
QGSAGCELLQGNTSESFLRAAFQGRDVLSFQGMSWVSAPDAPPWVQEVCKVINLDQGTKE 
TVHWLLHDICPELVRGLLQTGKSELEKQVKPEAWLSSGPSPGPGHLLLVCHVSGFYPKPV 
RVMWMRGEQEEPGTRQGDVMPNADSTWYLRVTLDVAAGEAAGLSCRVKHSSLGDQDIILY 
WDGNRVSRGLIVILVLLVFVLLFVGGLVFWFRKHRRYQDIP 
 
>bt_chain25 Chain=chain25 Position=3:11881620-11883417(-) GeneID=ENSBTAG00000038426 
ProteinID=ENSBTAP00000031077 Score=170.9 E-value=4.4e-49 Length=1798 Comment=Overlaps multiple 
annotations; one in proteins 
PFVIQLTAGCELHSGEAIGSSLRGALGGLDFVSIQNHSCVPAPDSGFRGQKFCALMTQNA 
VISYIERLLSETCPQYLLGVLDAGKAELQRQVKPEAWLSSGPTPGPGRLLLVCHVSGFYP 
KPVRVMWMRGEQEQPGTQQGDIMPNADWTWYLRVTLNVAAGEAAGLNCRVKHSSLGDQ 
 
>bt_chain26 Chain=chain26 Position=23:27725380-27727018(-) GeneID=ENSBTAG00000010166 
ProteinID=ENSBTAP00000013413 Score=168.6 E-value=3.3e-48 Length=1639 Comment=Overlaps single 
annotation & in proteins 
MGLSHVWLFLAHAAFFVLLGNAAGSHSLLYNMTVLSRDGFVQSRFFAEGYLDRQAFLHYD 
HKKGRAEPWGRWPEKLAAETWETETMDLNESWKELRKLLAEILSLQEEKGGLHSLQETVG 
CDINEDSHPQGFRLLYFNGELLLSCYPEPHGCTLPQSSARTLAMEMELSKHYQAHVQGEL 
CRRLRSYLESWPGFTERTEPPAVNVTCSQDSEGMVHLTGKTLVHQRSRWIVSIPVAVVFI 
IGFCVYCYIKKRKTASATGRPEPIRLQDLDQFQTEPTDHNGLTHPEFQSLCHTPAPSV 
 
>bt_chain27 Chain=chain27 Position=19:19951498-19966398(+) GeneID=ENSBTAG00000007238 
ProteinID=ENSBTAP00000009522 Score=165.7 E-value=1.2e-46 Length=14901 Comment=Overlaps single 
annotation & in proteins 
ARRQRYRHTPGYLLLVTLLKLQGGMSLAQTTDAHSLCLDLTVKSQSRPGQPWCQVQGSVD 
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TKPFLWYDSDSNKVKPLGFLGKEVNDTKAWTEISQTLVAAGRELRMVLPVIKLDKRGTGP 
PTLQVKLCCQREAEQCSGASLNFSLDGQTALLLDTMSITWTVIDPGATGIKEEWENNQEL 
AEYFRTISTGDCSYWLWEFLKHWEKMLVPEPT 
 
>bt_chain28 Chain=chain28 Position=3:12171328-12173150(-) GeneID=ENSBTAG00000047776 
ProteinID=ENSBTAP00000012703 Score=163.1 E-value=8.5e-47 Length=1823 Comment=Overlaps single 
annotation & in proteins 
VGCWLFLFFWGLPQIWRSFETPHLSFPFRGLQISSFANRSWTRTDGLAWLGELQPYTLRN 
ESNTIGFLKPWSRGTFSDQQWEQLQHTFLVYRSSFTRDIWEFVKMLPSDYPLEIQVSGGC 
ELLPRNISESFLRAAFQGKDVLSFQGMSWVSAPDAPPLIEEVIKVLNQDQGTKETVHWLL 
HDICPELVRGLLQTGKSELEKQVKPEAWLSSGPSPGPGRLLLVCHVSGFYPKPVWVMWMR 
GEQEEPGTRQGDVMPNADSTWYLRVTLDVAAGEAAGLSCQVKHSSLGDQDIILYWDGNRV 
SRGLIVALVLLVFVLLFVGGLVFWFRKHRRYQDIP 
 
>bt_CD1D Chain=chain29 Position=3:12142237-12144049(-) GeneID=ENSBTAG00000024960 
ProteinID=ENSBTAP00000033859 Score=162.3 E-value=1.6e-46 Length=1813 Comment=Overlaps single 
annotation & in proteins 
DSRSESRARKWGAGCFCSSGGFRRLGGVLRMSGTGLRAERGSRAGKGDDARGGRAETDAP 
RKAGSLIHQPENLLLPAFSCLAPGDRARFRASRHHPFFPNLTVCFFLFSFLLPSVLSLPC 
PRLLRSVFSPAPHMSFPFQFLQISSFSNRSWTRTDGLAWLGELQPYTWRNESNTIGFLKP 
WSRGTFSDQQWEQLQHTLLVYRSSFTRDIWEFVEKLHVEYPLEIQIATGCELLPRNISES 
FFRAAFQGKDVLSFQGMSWVSAPDAPPFIQEVCKRLNQDQGTKETVHWLLHDIWPELVRG 
LLQTGKSELEKQVKPEAWLSSGPSPGPGRLLLVCHVSGFYPKPVRVMWMKGEQEEPGTRQ 
GDVMPNVDSTWYLRVTLDVAAGEAAGLSCQVKHSSLGDQDIILYWDGNHVSRGLIVALVL 
LVFVLLFVGGLVFWFRKHRRYQDIP 
 
>bt_chain30 Chain=chain30 Position=3:12111049-12112873(-) GeneID=ENSBTAG00000047988 
ProteinID=ENSBTAP00000051276 Score=162.2 E-value=1.5e-46 Length=1825 Comment=Overlaps single 
annotation & in proteins 
VGCLLFLFFWGLPQIWRSFETPQTPFSFQGLQISSFANRSWTRTDGLAWLGELQPYTWRN 
ESDTIRFLKPWSRGTFSDQQWEQLQHTLLVYRSSFTRDIWEFVEKLHVEYPLEIQIATGC 
ELLPRNISESFLRAAFQGRDVLSFQGMSWVSAPDAPPFIQEVIKVLNQNQGTKETVHWLL 
HDIWPELVRGVLQTGKSELEKQVKPEAWLSSGPSPGPGRLLLVCHVSGFYPKPVRVMWMR 
GEQEEPGTRQGDVMPNADSTWYLRVTLDVAAGEVAGLSCQVKHSSLGDQDIILYWNGNHV 
SRGLIVILVLLVFVLLFVGGLVFWFRKHRRYQDIP 
 
>bt_chain31 Chain=chain31 Position=3:12036739-12038669(-) GeneID=None ProteinID=None 
Score=158.2 E-value=2.7e-45 Length=1931 Comment=No overlapping annotations 
DFQEPVSFEVICVLSFHNSSWVQSLGSGWLGELQTHCWKSNPGTIIYLWPWSKGNFSNEE 
LMELQSDPFEVQIAKGCELQAGEAPVGFMRVAYQGSDFLSFQNKSWVSSPEGGRRAQVLR 
RLFNLFQETQLIIHKLLSDTCPHFLLGLLDARKAYLQRQGKLTLVCHVSGFYPKPI*VMW 
MRGEQEQQGTQRSDVLPNSDGTSYLRVSLDVEAIEASGLSCRVRHSSLGGQHTILYW 
 
>bt_chain32 Chain=chain32 Position=3:11853516-11859752(-) GeneID=None ProteinID=None 
Score=131.9 E-value=1.8e-35 Length=6237 Comment=No overlapping annotations 
VFHWPTSYHIIHIWTFANSSWAQNQGSGWLDDLQIQGWDSDLGTTIFLKPWSKGDPFVIQ 
DIAGCELHSGEAIESSLRGALGELDFVRIQNHSCVPAPDSGSRGQKFCALTTQYPGISDI 
IERLLSETCLRYLLGVLDAGKAELQKQWLSSGPTPGPGCLLLVCHVSGFYPKPVRVMWMR 
GEQEQPGTQQGDIMPNAD*TWYLRVTLDVATGGAAGLSC*MKHSSLGDQDIILTQGSNPS 
LLHCR 
 
>bt_chain33 Chain=chain33 Position=23:28393697-28398497(-) GeneID=None ProteinID=None 
Score=125.2 E-value=1.2e-33 Length=4801 Comment=No overlapping annotations 
VDYTQFLQFDSDDPNLRMEARALWMEQEGPEYWDWNMQGIKDTAQTFRVNLNSLWGYYNQ 
SKVGTAADTAAQITKLK*EASGDAQCYRNYLEGTCVEQFHRFQENRIHVTYHPISDLEVT 
LRFWALGFYPEILLTWQHDGEDLTQDMELVETRPSGDGTFQKWVALVVPSGEEQRYTCRV 
QHEGLQEPLTLPSSDSAQGCDVTFHQS* 
 
>bt_chain34 Chain=chain34 Position=23:27661963-27663563(-) GeneID=ENSBTAG00000010166 
ProteinID=ENSBTAP00000013413 Score=124.6 E-value=1.9e-35 Length=1601 Comment=Overlaps single 
annotation & in proteins 
PSPGSHSL*YNITVLSQDGSVQASSFAEGFLDRQTFLHYDHKGAGLHSLQETVGCNINED 
SHPQGFRLLYFNGELLLSCYPEPHGCTLPQSSARTLAMEMELSKHYQAYVQGELCWRLRS 
YLESWTGFTERTVNVTHSQDSEGMVHLTCKAFGFFPRSISVVWFRNEEPMSWNDQESGDV 
LPDGNGTYYTWETVKIPQGEEQWVKCIVEHSGNHSSHLAP 
 
>bt_chain35 Chain=chain35 Position=3:11834222-11835843(-) GeneID=None ProteinID=None 
Score=105.8 E-value=1.2e-29 Length=1622 Comment=No overlapping annotations 
SNQGLGWLDDLQLHGWESDSGTDIFLKPWSKSNFSDEEMTKLEDLF*VYFIGFIQEVQNH 
INEDPFVIQVIESCGLHSGKAIGSSLRGAIGGLDFVRIQNHSCVSAPDSGSRGQKFCARM 
TQYPGISNIIERLMSETCPQYWLSSGPIPGPGRLLLVCHVSGFYAKPVRVMWVRGEQEQP 
GTQQGDIMLNADWTWYLLVTLDVVAGEAAGLSC*VKHSSLGDQDIIL 
 
>bt_chain36 Chain=chain36 Position=3:11885588-11891650(-) GeneID=ENSBTAG00000039189 
ProteinID=ENSBTAP00000051860 Score=102.6 E-value=2e-26 Length=6063 Comment=Overlaps single 
annotation & in proteins 
VLVFLYTDPFVIQVIAGCELHSGEAIESSLRGALGGLDFVRIQNHSCVPTRDSGSRGQKF 
CLMTQYQGISDIMERLHSETCPRYLLGVLNARKAELQKQVKPEAWLSSGPTPGPGCLLLV 
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CHVSGFYPKPVRVMWMRGEQEQPGTQQGDIMPNADWTWYLRVTLDGVAGVKHSSLGDQDI 
ILYWGEKQAIGRYFVAIIVPSLILSIGLALWFWRCW 
 
>bt_chain37 Chain=chain37 Position=3:12025126-12026824(-) GeneID=None ProteinID=None Score=98.0 
E-value=1.9e-27 Length=1699 Comment=No overlapping annotations 
GFQKPISF*YIWIL*FYNHPWVQNLGSA*LGDLQTHGWKSSSHTVIYLWPWSKGNFNNEE 
LMELQSVSHRRFTIVLQVFHNNANQWQTQEIHKLLNDICPCFLLGLLEAGKAYLQR*GHL 
MLVCHASGFYPKPIWVIWMRGEQEQ*GTQKSDVLAKADGTWYLRVSLDVEASEASGLSCR 
VRHSSLGGQDIIL 
 
>bt_chain38 Chain=chain38 Position=3:11981092-11982777(-) GeneID=None ProteinID=None Score=96.0 
E-value=9.2e-27 Length=1686 Comment=No overlapping annotations 
GFPEPISF*YIWIL*FYNHPWVQNLGLA*LGDLQTHGWKSSSHTVIYLWPWSKGHFNNEE 
LMELQSVSHRRFTIVLQVFHNNVNKWQNSSSLDPFEIQITEGCELHAGKASIDFV*FAYQ 
GSELLSFQTGHLLLVCHASGFYPKPLWVMWIWGEQEQ*GTQKSDVLAKTDGTWYLRVSLD 
VEASEESGLCCQVRHSSLVVQDIIL 
 
>bt_chain39 Chain=chain39 Position=3:11794354-11796050(-) GeneID=None ProteinID=None Score=92.8 
E-value=8e-26 Length=1697 Comment=No overlapping annotations 
GFQEPISF*YIWIL*FYNHPWVQNLGLA*LGDLQTHGWKSSSHTVI*LWPWSKGHFNNEE 
LMELQSVSHRRFTITQEIHKLLNDICPCFLLGLLEAGKAYLQR*GHLMLVCHTSGFYPKP 
IWVMWMWGEQEQ*GTQKSDVLAKADGTWYLRVSLDVEASEASGLSCWVRHSSLGGQNIIL 
 
>bt_ENSBTAG00000039444 Chain=None Position=9:85813503-85814535(+) GeneID=ENSBTAG00000039444 
ProteinID=ENSBTAP00000048357 Score=169.1 E-value=2.1e-49 Length=0 Comment=Not detected in 
genome search 
LLSQNWEKRPMCLLLPTSPSLQFAFTDAHSLSFNLTVDPQPRPGQPCCEVQGQVDGEVLL 
SYDCCHAKIIFTSPLGEEAWEAQIEILRDIRDQLRDFTLEKHTITDPLTLQARMTCRCED 
DRHVSRSWLFGLNGQMRLHFDSENGHWRVDHPGGRWMKEKWENDRAVTDFLKKVSMGDCR 
AWLQDFMACWEKMLKTTECDPSEVSCPGRAMTRGCSVILLPFLPPDI 
 
>bt_ENSBTAG00000047902 Chain=None Position=9:88273909-88299080(-) GeneID=ENSBTAG00000047902 
ProteinID=ENSBTAP00000053867 Score=199.0 E-value=2.9e-58 Length=0 Comment=Not detected in 
genome search 
MDRKAGPGARLGFAAQVLLVALRFCTARGGPPCAVSQRRTLCNAHSLCYNFTVYPHPSPG 
EPWCVVQGQVDGNVFLSYHCGGTKIQSTSPLGEEVKTTNTWETQTETLRDIGNFLKGQLP 
DIIPEKHTARDPLTLQGRMTCRCEEDGHISGSWQFGFNGEMCLRFDSENGHWTIDHSRGR 
QIKEKWENDRAVTDFFKKVSMGDCRAWLQDFMVCWEKMLKTSASPTTGPPTVQPMAPPIK 
SKPWILPVVLTSFIITFPRLSPFQEQVMLLPGSPNRCSVGLRTQSLLGPL 
 
>bt_ENSBTAG00000048114 Chain=None Position=9:88632916-88639753(+) GeneID=ENSBTAG00000048114 
ProteinID=ENSBTAP00000054263 Score=168.1 E-value=4.2e-49 Length=0 Comment=Not detected in 
genome search 
HSLCLDLTVKSQSRPGQPWCQVQGSVDTKPFLQYDSASNKVKPLGFLGKEVNDTKAWTEI 
SQTLVEAGKELRMVLPVIKLDENETRGPPTLQVKLCCQREAEQCSGASLHFSLNGRTALL 
LDTMSITWTVIDPGATGIKEEWENNQELAEYFRTISTGDCSYWLREFLKHWEKMLVPEPT 
ESLIMAADISQSASIRLDSCIILLIITQLVLIASSS 
 
>bt_ENSBTAG00000024751 Chain=None Position=9:88249142-88250182(+) GeneID=ENSBTAG00000024751 
ProteinID=ENSBTAP00000016352 Score=179.3 E-value=2e-52 Length=0 Comment=Not detected in genome 
search 
VVLGARGAFLLYQPSPAALLGSHISGGRRDTHSLFYNFTVDRHPSPGEPWCVVQGQIDGN 
FFLSYDCGGTKIQSTSPLGEEVKTTNTWETQTEPLRNIGDFLKGQLPDIIPEKHTARVES 
SPLTLQARMTCQCEEDGHISGSWQFGFNGEMCLRFDSENGHWTEVHSGGRRMKEKWEKDR 
AVTDFFKNVSMGDCQAWLQDFIVCWEKML 
 
>bt_ENSBTAG00000038366 Chain=None Position=3:11883112-11883708(-) GeneID=ENSBTAG00000038366 
ProteinID=ENSBTAP00000052888 Score=57.8 E-value=1.9e-16 Length=0 Comment=Not detected in genome 
search 
LGVILPGGDNADVFQGPTSFHLMQISTFVNNTCAQNQGSGWLDDLQIHGLESDLGTAIFL 
KPWSKGNFSDDEVTELQDLFRAYLIGFTCGMQDRVNEFQLECEYSPLIWKDSQ 
 
>bt_ULBP27 Chain=None Position=19:19833725-19875946(+) GeneID=ENSBTAG00000024490 
ProteinID=ENSBTAP00000033925 Score=179.2 E-value=2.1e-52 Length=0 Comment=Not detected in 
genome search 
MGGSKSSLDFLVLLLIVLFSGTSSDAHSLSYNVTIDPRPRDGQPWCEVQGEVDQKVFLSY 
DCGRAKIKSISPLGEEVKSMNAWETQINTLKDTGDLLKEQMPDVTPEKHIDKGPLTLQAR 
MTCWREDNGHTSASWEFGFNGQLCLLFDSENGYWTMVHSKGRRMKEKWENDRAVMDFFKK 
VSMGDCQRWYHTFLVRWEKMLKTAASPTEAPLRVNSTATATKHVTCILPVLLSSFIITVF 
LG 
 
>bt_ENSBTAG00000038891 Chain=None Position=9:88244953-88245726(-) GeneID=ENSBTAG00000038891 
ProteinID=ENSBTAP00000048618 Score=197.5 E-value=7.9e-58 Length=0 Comment=Not detected in 
genome search 
TDAHSLCYNFTVDSQPRPGQPWCVVQGQVDGKVFLSYDCGRAKIQFTSPLGEEVKTTKAW 
ETQTETLRDIGDLLREQLPDVTSEKRTVTDPLTLQGRMTCRCEDDGHISGSWQFGFSGQM 
CLLFDSENGHWTEVHSGGRRMREKWEKDRAVTNFFKKVSMGDCRVWLQDFLVHWEEMLKT 
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>bt_PROCR Chain=None Position=13:65052810-65106553(+) GeneID=ENSBTAG00000008291 
ProteinID=ENSBTAP00000010911 Score=90.5 E-value=3.8e-26 Length=0 Comment=Not detected in genome 
search 
MLTTLLPLLPLLLPGWALCSQEASDGPWDLHMTQVSYFRNPSQVWHRGNATLGGVLTHVL 
EGPGRNVSIQQLQPLQEPDSWALTKIYLNRYLEEFVGLVQVVHQERGVTFPLIIRCFLGC 
ELPPEGSEARVFFEVAVNGSSFVNFQPKTASWVAEPHAPSRVVTYTVDQLNKYNRTRYEL 
REFLQDTCVQYIQKHITTNNLKGSQTGRSYTSLVLGVLVGCFIVTGVAVGIFLCTGGRRR 
C 
 
>bt_ULBP3 Chain=None Position=9:85948859-85961158(-) GeneID=ENSBTAG00000038112 
ProteinID=ENSBTAP00000050046 Score=185.3 E-value=3.4e-54 Length=0 Comment=Not detected in 
genome search 
MGGSKTSLGFLVLLPIVLFSRTSSDAHSLSYNVTIDPRPRDGQPWCEVQGEVDQKVFLSY 
DCGRAKIMYMSPLGEKVKSMNAWETQTDTLRDIGDLLKEQMPDVTPEKHIDEVGSGLLTL 
QARMACWREDNGHTSASWQFGFNGQTCLLFDLENGHWTMVHSKGRRMKEKWENDRAVTEF 
FKKVSMGDCQRWFQDFLLRWEKMLKTTASPTTGPSTMQPMAPDSSYIAWIATGVLAGFVM 
TIIIIACIRYKKRKLCSQEAPDRCSVGLRTQSLLGCFCSPAVYFRAKRSDLRNPKSVYQL 
 
>bt_ENSBTAG00000039875 Chain=None Position=9:88307676-88310265(-) GeneID=ENSBTAG00000039875 
ProteinID=ENSBTAP00000045991 Score=151.3 E-value=3.8e-44 Length=0 Comment=Not detected in 
genome search 
QGRMPLAQTTGHLLLILLLIEARKTPGNAHSLCQDLTVKSQSRPGHLHMCQVQGSVDTKP 
FLWYDSDSNKVKPLGFLGKEVNDTKAWTEISQTLVAAGRELRMVLPVIKLDKRGTGPPTL 
QVKLCCQREAEQCSGASHFSLNGQTALLLDTMSITWTVIDPGATGIKEEWENNQELAEYF 
RTISTGDCSYWLWEFLKHWEKMLLPEPTEPIIMAPDISQSASIRLVSCIILLIITQLVLI 
 
>bt_ENSBTAG00000001836 Chain=None Position=19:19937602-19947884(-) GeneID=ENSBTAG00000001836 
ProteinID=ENSBTAP00000002400 Score=185.5 E-value=2.9e-54 Length=0 Comment=Not detected in 
genome search 
MGGSESSLGFLVLLLIVLFSGTSSDAHSLSYNVTIDPRPRDGQPWCEVQGEVDQKVFLSY 
DCGRAKIKYMSPLGEEVKSMNAWETQTDTLKDIGDLLKEQMPGVTPEKHIDKVGSGPLTL 
QARMTCWREDNGHTSASWEFGFNGQLCLLFDSENGHWTMVHSKGRRMKEKWENDRDVTDF 
FKKVSMGDCQHWYQDFLLSWKKMLKTTASLTTGPSTMQPMAPDSSYIAWIATGVLAGFVI 
IIVLACIHYKNR 
 
>bt_ULBP3.02 Chain=None Position=17:39881230-39884057(+) GeneID=ENSBTAG00000026437 
ProteinID=ENSBTAP00000037395 Score=167.3 E-value=7.1e-49 Length=0 Comment=Not detected in 
genome search 
TDAHSLSYNITIDPRPRDGQPWCEVQGEVDQKVFLSYDCGRAKIKYMSPLGEEVKSMNAW 
EAQTDTLRDIGDLLKEQMTDVTPEKHLDKVGSGPLTLQARMSCWQEDNGLISASWEFGFN 
GQLCLLFDSESGYWTMVHSKGRWMKEKWENDRAVTEFFKKVSRADCQRWYQDFLLHWEKM 
LKTTASPTTGPSTMQRMAPDSSYSTWIATGVLAGFVITIIIIACIHYKKRRLCSQEARDR 
CSVGLRTQSLLGSFCCPAVHLRAKRSDLRNPKSVYQ 
 
>bt_ENSBTAG00000023970 Chain=None Position=19:19919500-19921026(+) GeneID=ENSBTAG00000023970 
ProteinID=ENSBTAP00000011321 Score=179.3 E-value=2e-52 Length=0 Comment=Not detected in genome 
search 
LGEGASGSFSPTSPSLCFAFTDAHSLSYNVTIDPRPRDGQPWCEVQGEVDQKVFLSYDCG 
RAKIKSISPLGEEVKSMNAWETQINTLKDTGDLLKEQMPDVTPEKHIDKGPLTLQARMTC 
WREDNGHTSASWEFGFNGQLCLLFDSENGYWTMVHSKGRWMKEKWENDRAVTEFFKKVSM 
GDCQRWYHTFLLSWEKMLKTAGKASPTEAPLRVNSTATATKHVTCILPVL 
 
>bt_ENSBTAG00000036061 Chain=None Position=9:88262868-88266693(+) GeneID=ENSBTAG00000036061 
ProteinID=ENSBTAP00000025021 Score=171.3 E-value=4.5e-50 Length=0 Comment=Not detected in 
genome search 
GSPCAMNQHCTLCNAHSLSYNVTIDPRPRDGQPWCEVQGEVDQKVFLSYDCGRAKIMYMS 
PLGEEVKSMNSWETQTDTLRDIGDLLKEQMPDVTPEKHIDEGPLTLQARMTCWREDNGHT 
SASWEFGFNGQLCLLFDSENGYWTMVHSKGRRMKEKWENDRAVMDFFKKVSMGDCQRWYH 
TSLVRWEKMLKTAASPTEAPLRVNSTATATKHVTCILPVLLSSFIIIVFLG 
 
>bt_ENSBTAG00000046595 Chain=None Position=19:19885026-19898292(-) GeneID=ENSBTAG00000046595 
ProteinID=ENSBTAP00000056117 Score=190.5 E-value=9.8e-56 Length=0 Comment=Not detected in 
genome search 
DTHSLFYNFTVDPHPSPGEPWCVVQGQVDGNFFLSYDCGGTKIQSISPLGEEVKTTNAWE 
TQTETLRDIRDFLKGQLPDIIPEKHTARGPLTLQARMTCQCEEDGHISGSWQFGFNGEMC 
LRFDSENGHWTEVHSGGRRMKEKWEKDRAVTDFFKNVSMGDCQTCLQDLIVCWEKTLKTS 
ASPTTVPHTVQPTAPTSNHITKIILGVLAGFIIISIVVWIIHKNSRRRCSQEAPDRCSVG 
LRTQSLLGCFCSPFTLEPRDQTLGIPSLSTSYDDTVAAPSRVSCHI 
 
>bt_RAET1G Chain=None Position=9:88232044-88402262(-) GeneID=ENSBTAG00000039329 
ProteinID=ENSBTAP00000052134 Score=176.2 E-value=1.7e-51 Length=0 Comment=Not detected in 
genome search 
MAKGERGGPETRLGFLDLLLIVWFSGTPGDAHSLSFDFTVDPQPRPGHPWCEIQSQVDGK 
VFLSYDCGHAKIIIPSVLREEVKTINAWETQIETLRDIRDWIKDHMHDFTMEKHMPRDPR 
TLQARMTCRCEDDRHVSGSWQFGLNGVMILHFDSENGHWRVDHPGGRWMKEKWENDRAVT 
DFLKKVSMGDCRGWLQDFMVRWKEILKTTASPTTVPPTVQPTAPPISHVTWIAPGVLVSF 
VIMGIVAWILYKKRRLCSQEAPDRCSVGLRTQCLLGCFCSPAFTLEPRDQTLGVSSLSTS 
YDDTVAAPSRVSCQI 
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>gg_BF1 Chain=chain01 Position=16:74245-75385(-) GeneID=ENSGALG00000000178 
ProteinID=ENSGALP00000000233 Score=334.1 E-value=8.3e-96 Length=1141 Comment=Overlaps single 
annotation & in proteins 
MRPCGAVGLGLLRLGLLLAAVCGAAAELHTLRYIHTAMTDPGPGQPWYVDVGYVDGELFV 
HYNSTARRYVPRTEWMAAKADQQYWDGQTQIGQRNERSVKVSLDTLQERYNQTGGSHTVQ 
WMFGCDILEDGTIRGYRQVAYDGKDFIAFDKDMKTFTAAVPEAVPTKRKWEEGGVAEGWK 
SYLEETCVEWLRRYVEYGKAELGRRERPEVRVWGKEADGILTLSCRAHGFYPRPIVVSWL 
KDGAVRGQDAQSGGIMPNGDGTYHTWVTIDAQPGDGDKYQCRVEHASLPQPGLYSWEPPQ 
PNLVPIVAGVAVAIVAIAIVVGVGFIIYRRHAGKKGKGYNIAPDREGGSSSSSTGSNPSI 
 
>gg_BFIV21 Chain=chain02 Position=16:59825-60964(+) GeneID=ENSGALG00000024372 
ProteinID=ENSGALP00000042920 Score=333.6 E-value=1.2e-95 Length=1140 Comment=Overlaps single 
annotation & in proteins 
MGSCGALGLGLLLAAVCGAAAELHTLRYIRTAMTDPGPGLPWFVDVGYVDGELFMHYNST 
ARRAVPRTEWIAANTDQQYWDRETQIVQGSEQINRENLDILRRRYNQTGGSHTVQWMSGC 
DILEDGTIRGYHQAAYDGRDFVAFDKGTMTLTAAVPEAVPTKRKWEEGGYAEGLKQYLEE 
TCVEWLRRYVEYGKAELGRRERPEVRVWGKEADGILTLSCRAHGFYPRPIVVSWLKDGAV 
RGQDAQSGGIVPNGDGTYHTWVTIDAQPGDGDKYQCRVEHASLPQPGLYSWEPPQPNLVP 
IVAGVAVAIVAIAIVVGVGFIIYRRHAGKKGKGYNIAPDREGGSSSSSTGSNPSI 
 
>gg_chain03 Chain=chain03 Position=JH375207.1:7801-8953(-) GeneID=ENSGALG00000024340 
ProteinID=ENSGALP00000009984 Score=330.2 E-value=1.3e-94 Length=1153 Comment=Overlaps single 
annotation & in proteins 
MGPSEVVVLGLLLGALGAAVCGLHSLRYFLTGMTDPGPGMPRFVIVGYVDDKIFGIYDSK 
SRTAQPIVEMLPQEDREHWAAQTQKAQGGERDFDRGLGRLPERYNKSKGSHTLQMMFGCD 
ILEDGSIRGYDQYAFDGRDYIAFDMDTMTFTAADPVAEITKRRWETEGTYAERWKHELGT 
VCVQNLRRYLEHGKAALKRRVQPEVRVWRKEANGILTLSCHAYGFYPRPIAISWMKDGMV 
RDQETHWGGVVPNSDGTYHASAAIDVLPEDGDKYWCRVEHASLPQPGLFSWEPQPNLIPI 
VAVAVVAIVAVIAAVVGLVVWKSKSGMEKKDYEAAPGHDEVSSSSATGSELSI 
 
>gg_chain04 Chain=chain04 Position=AADN03017514.1:1388-2540(-) GeneID=ENSGALG00000026292 
ProteinID=ENSGALP00000023473 Score=329.5 E-value=2.1e-94 Length=1153 Comment=Overlaps single 
annotation & in proteins 
MGPSEVVVLGLGLGLQLLVGALGAAVCGSHSLRYFLTGMTDPGPGMPRFVIVGYVDDKIF 
GIYDSKSRTAQPIVEMLPQEDQEHWAAQTQKAQGGERDFDWFLSRLPERYNKSGGSHTMQ 
MMIGCDILEDGSIRGYDQYAFDGRDFLAFDMDTMTFTAADPVAEITKRRWETEGTYAERW 
KHELGTVCVQNLRRYLEHGKAAVKRRVQPEVRVWGKEADGILTLSCHAHGFYPRRIAISW 
MKDSMVQDQETRWGGIVPNRDGTYHTSAAIDVLPEDGDKYRCRVEHASLPQPGLFSWEPQ 
PNLIPIEAWLVVPLVVLFVALIALLVWKFLSG 
 
>gg_chain05 Chain=chain05 Position=JH375207.1:19904-21056(-) GeneID=ENSGALG00000027445 
ProteinID=ENSGALP00000000235 Score=326.5 E-value=1.5e-93 Length=1153 Comment=Overlaps single 
annotation & in proteins 
MGPSEVVVLGLGLGLQLLVGALGAAVCGSHSLRYFLTGMTDPGPGMPRFVIVGYVDDKIF 
GIYDSKSRTAQPIVEMLPQEDQEHWAAQTQKTQGGERDFDWFLSRLPERYNKSGGSHTMQ 
MMIGCDILEDGSIRGYDQYAFDGRDFLAFDMDTMTFTAADPVAEITKRRWETEGTYAERW 
KHELGTVCVQNLRRYLEHGKAAVKRRVQPEVRVWGKEADGILTLSCHAHGFYPRRIAISW 
MKDSMVQDQETRWGGIVPNRDGTYHTSAAIDVLPEDGDKYRCRVEHASLPQPGLFSWEPQ 
PNLIPIEAWLVVPLVVLFVALIALLVWKFLSG 
 
>gg_chain06 Chain=chain06 Position=JH375196.1:7436-8588(-) GeneID=ENSGALG00000029093 
ProteinID=ENSGALP00000000459 Score=325.6 E-value=3.4e-93 Length=1153 Comment=Overlaps single 
annotation & in proteins 
MGTRGGVWGARDTVRCSAVGCRAMGPSEAVVLGLLLGAAECGSHSLRYFMTGMTDPGPGM 
PQFVIVGYVDGELFGKYDSKSRWVHPIVEKLPQEDQEHWDTQTLKAREGELEFSEGLHRL 
QVRYNRSGGSHTLQKMFGCDILEDGSIRGYDQYAFDGRDYIAFDMDTMTFTAADPVAEIT 
KRRWETEGTYAERWKHELGTVCVQNLRRYLEHGKAALKRRVLPEVRVWGKEANGILTLFC 
RAYGFYPWPISLSWMKDGMVRDQETHWGGVVPNSDGTYHASAAIDVPPEDGDKYRCHVEH 
ASLPQPGLFLWEPQPNLIPSGAGAVIAIVAVIAAVVGLVVWKSKSDKGRELGGRKKGLRS 
STRPRWGIQRLGHRYSVELGLRRGPCGWSGPSSLRSPVGPTAGAILGPALPGEPPGW 
 
>gg_chain07 Chain=chain07 Position=AADN03013240.1:123-1275(-) GeneID=ENSGALG00000027293 
ProteinID=ENSGALP00000021123 Score=325.6 E-value=3.4e-93 Length=1153 Comment=Overlaps single 
annotation & in proteins 
MTRRCVGSPAAAGVVPRTPRPLPPSEFLISILTALASEIWLAPGDVTRAHCRHWPGWAEA 
PMGTRGGVWGARDTVRCSAVGCRAMGPSEAVVLGLLLGAAECGSHSLRYFMTGMTDPGPG 
MPQFVIVGYVDGELFGKYDSKSRWVHPIVEKLPQEDQEHWDTQTLKAREGELEFSEGLHR 
LQVRYNRSGGSHTLQKMFGCDILEDGSIRGYDQYAFDGRDYIAFDMDTMTFTAADPVAEI 
TKRRWETEGTYAERWKHELGTVCVQNLRRYLEHGKAALKRRVLPEVRVWGKEANGILTLF 
CRAYGFYPWPISLSWMKDGMVRDQETHWGGVVPNSDGTYHASAAIDVPPEDGDKYRCHVE 
HASLPQPGLFLWGEPGSVGRMRLEGWGAAPSFPDMPLSSRATAQ 
 
>gg_chain08 Chain=chain08 Position=16:393075-394227(-) GeneID=ENSGALG00000027955 
ProteinID=ENSGALP00000040364 Score=324.4 E-value=6.3e-93 Length=1153 Comment=Overlaps single 
annotation & in proteins 
MPRFVIVGYVDDKIFGIYDSKSRTAQPIVEMLPQEDQEHWAVQTQKAQGGERDFDWFLSR 
LPERYNKSKGSHTMQMMIGCDILEDGSIRGYDQYAFDGRDFLAFDMDTMTFTAADPVAEI 
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TKRRWEEEGTYAERWKHELGTVCVQNLRRYLEHGKAAVKRRERPKVRVWGKEADGILTLS 
CHAHGFYPRPIAISWMKDGMVRDQETRWGGIVPNRDGTYHASAAIDVLPEDRDNYRCRVE 
HASLPQPGLFSWEPLPNLIPGGAGAVVTIVFVIAAVVGLEVWKRKSGKEKKDYEAAAGHD 
GESSGSATALVWNGGSGGVPVVGAVPVPCAPPLGPRPGQYWAQPSLENPQGGESGCGCGP 
T 
 
>gg_chain09 Chain=chain09 Position=16:366610-367762(+) GeneID=ENSGALG00000024348 
ProteinID=ENSGALP00000021998 Score=323.2 E-value=1.6e-92 Length=1153 Comment=Overlaps single 
annotation & in proteins 
GSHSLRYFLTGMTDPGPGMPRFVAVGYVDDKIFGKYDSKSRWVHPIVEMLPQEDQEHWDT 
QTQMAREGELEFSEGLHRLQVRYNRSGGSHTLQKMFGCDILEDGSIRGYDQYAFDGRDFL 
AFDMYTMTFTAADPVAEITKRRWETGGTYAERWKHELGTVCVQNLRRYLEHGKAALKRRV 
QPEVRVWGKEADGILTLSCHAHGFYPRPISISWMKDGMVRDQETHWGGVVPNSDGTYHTS 
AAIDVLPEDGDKYWCRVEHASLPQPGLFSWEPQPNLIPIVAGAVVAIVAVIAAVVGLVVW 
KRKSGKEKKGYEAAAGHDEVSSGSATGSEPSI 
 
>gg_chain10 Chain=chain10 Position=AADN03010737.1:934-2072(-) GeneID=ENSGALG00000028268 
ProteinID=ENSGALP00000017922 Score=322.4 E-value=2.8e-92 Length=1139 Comment=Overlaps single 
annotation & in proteins 
MGPSKVVVLGLLLGALGAEACWPHSLRYFVTGMTDPGPGMPRFVIVGYVDGDLFGKYDSK 
IKSAQPIVEMLPQEDQEHWAVQTQKARGGERDFDWFLSRLPERYNKSGGSHTLQRMIGCD 
ILADGSIRGHDKYAFDGRDYIAFDMDTMTFTAADPVAEITKRRWETEGTYAERWKHELGT 
VCVQNLRRYLEHGKAALKRRERPEVRVWGKEANGNLTLSCHAHGFYPRPIAISWMKDGMV 
GDQETHCGGVVPNSDGTYHASAVINVLPKDGDKYWCRVEHASLPQPSLFLWEPQPNLIPI 
VAGAVVAIVAVIAVVVGLVVWKSKSGKEKKGYEAAPGHDGESSISATGSEPSI 
 
>gg_chain11 Chain=chain11 Position=JH375206.1:4911-6063(-) GeneID=None ProteinID=None 
Score=321.2 E-value=5.5e-92 Length=1153 Comment=No overlapping annotations 
VPAGSHSLRYFLTGMTDPGPGMPRFVIVGYVDGDLFGKYDSKSRWVHPIVEKLPQEDREH 
WAAQTEKARGGERDFDRGLGSHTLQKMFGCDILEDGSIRGYDQYAFDGRDFLAFDMDTMM 
FTAADPVAEITKRQWETEGTYAERWKHELGTVCVQNLRRYLEHGKAALKRRKVRVWGKEA 
DGILTLSCHAHGFYPRPIAISWMKDGMVRDQETQWGGVVPNSDGTYHASAAIDVLPEDGD 
KYWCRVEHASLPQPGLF 
 
>gg_chain12 Chain=chain12 Position=AADN03013018.1:2694-3846(-) GeneID=ENSGALG00000027944 
ProteinID=ENSGALP00000042327 Score=321.2 E-value=5.5e-92 Length=1153 Comment=Overlaps single 
annotation & in proteins 
MTRGGARGVRGAVRCGAVRCGAVRCGAVPCGAVPCRAVPCHAMGPCKAVLLGLLLGALGA 
AACGSHSLRYFLTGMTDPGPGMPRFVIVGYVDGDLFGKYDSKSRWVHPIVEKLPQEDREH 
WAAQTEKARGGERDFDRGLGSLPERYNKSGGSHTLQKMFGCDILEDGSIRGYDQYAFDGR 
DFLAFDMDTMMFTAADPVAEITKRQWETEGTYAERWKHELGTVCVQNLRRYLEHGKAALK 
RRGEDGRAAWGWAGCGAGAQCGVLSPAHNVTNLQSGPRCECGGRRPTGS 
 
>gg_chain13 Chain=chain13 Position=JH375203.1:5472-6634(-) GeneID=ENSGALG00000029079 
ProteinID=ENSGALP00000041779 Score=314.5 E-value=5.5e-90 Length=1163 Comment=Overlaps single 
annotation & in proteins 
MGPSEAVVLGLLLGSLGAAVCGSHSLHYFLTGMTDPGPGMPQFVIVGCVDGELLWNYSSL 
GRTVRPIMGWLPQEDQEHWDAETKKARDVELDFYEFLGRLQVHYNKSGGSHTLQKMFGCD 
ILEDGSIRGYDQYAFDGRDFLAFDMDTMTFTAADPVAEITKRRWEEEGTYAERWKHELGT 
VCVQNLRRYLEHGKAALKRRGEDGRGTWGWAGYEAGAQCGLLSPVHNVTHLQSGPRCECG 
GRRPTGS 
 
>gg_chain14 Chain=chain14 Position=JH375199.1:13104-14256(-) GeneID=ENSGALG00000026145 
ProteinID=ENSGALP00000042857 Score=313.3 E-value=1.5e-89 Length=1153 Comment=Overlaps single 
annotation & in proteins 
MGTRGGVWGARGAAASSAMGPSEAVVLGLLLGALGAAECGSHSLRYFMTGMTDPGPGMPR 
FVIVGYVDGELFGKYDSKSRWVHPIVEKLPQEDREHWDGQSQKARDGELEFSEGLHRLQV 
RYNRSGGEHCRSHSAMELGQELCGAGASA 
 
>gg_chain15 Chain=chain15 Position=AADN03010643.1:2948-4100(+) GeneID=ENSGALG00000002614 
ProteinID=ENSGALP00000004106 Score=308.3 E-value=4e-88 Length=1153 Comment=Overlaps single 
annotation & in proteins 
MTRMTDPGPGMPQFVIVGYVDGELFGKYDSKSRWVHPIVEKLPQEDREHWVAQTQKAREG 
ELEFSEGLHRLQVRYNRSGGSHTLQKMFGCDILEDGSIRGYDQDAFDGRDYIAFDMDTMT 
FTVADPVAEISKRRREEEGTYAERWKHELGTVCVQNLRRYLEHGKAALKRRMQPEVRVWR 
KEADGILTLSCHAHGFYPRPIAISWIKDGMVRDQETHWGGVVPNSDGTYHASAAIDVLPE 
DVDKYWCRVEHTSLPQPGLFLWEPQPNLIPIVAGAVITIVAVIAAVIGLVVWKSKSGKSR 
ELGGKAVVAGSPGLPQ 
 
>gg_chain16 Chain=chain16 Position=JH375199.1:26158-27320(-) GeneID=ENSGALG00000027693 
ProteinID=ENSGALP00000040357 Score=295.0 E-value=3.4e-84 Length=1163 Comment=Overlaps single 
annotation & in proteins 
MTDPGPGMPQFVIVGYVDGELLWNYNSLCRTVRPIMGWLPQEDQEHWDAETKKARDVELD 
FYEFLGRLQVHYNKSGGSHTLQKMIGCDILEDGSIRGYVQYAFDGRDFLAFDMDKMTFTA 
ADAVAEISKRRWEEEGIYTEGCKHELGTICVQNLRRYLEHGKAVLKRRERPEVRVWGKEA 
NGILTLSCRAYGFYPRPIAISWMKDGMVRDQETHWGGIVPNSDGTYHASAAIDVLPEDGD 
KYRCRVEHASLPQPGLFSWEPQPNLIPVVAGVVVTTVAVIASVIGLVVWKSKSGKGPDLL 
RIGPDMSPMQTLILSAGKEKKKSYEAAAGHDRESSVSAMVIV 
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>gg_chain17 Chain=chain17 Position=16:406868-408117(+) GeneID=ENSGALG00000026466 
ProteinID=ENSGALP00000040545 Score=272.3 E-value=1.9e-77 Length=1250 Comment=Overlaps single 
annotation & in proteins 
MGPSEAVLLGLLLGALGAAACGSHSLRYFKTRMTDPGPGMPQFVIVGCVDGELLWNYNSL 
SRTVRPIMGWLPPPILSPPTPSQPHSTPGAPQPMKPLTPHPCCASGSHTLQKMIGCDILE 
DGSIRGYVQYAFDGRDFLAFDMDTMTFTAADPVAEITKRRWEEEGIYTEGCKHELGTICV 
QNLRRYLEHGKAVLKRRERPEVRVWGKEANGILTLSCRAYGFYPRRIAISWMKDGMVRDQ 
ETHWGGIVPNSDGTYHASAAIDVLPKDVDKYWCRVEHTSLPQPGLFSWELQPNLTPSVAG 
AVGAIVAVIAAVVGVVVWKSKSGKEKKGYEAAAGHDGESSV 
 
>gg_chain18 Chain=chain18 Position=JH375197.1:5985-7051(+) GeneID=ENSGALG00000004617 
ProteinID=ENSGALP00000007338 Score=268.2 E-value=1.3e-75 Length=1067 Comment=Overlaps single 
annotation & in proteins 
MGPSEAVLLGLLLGALGAAACGSHSLRYFKTRMTDPGPGMPQFVIVGCVDGELLWNYNSL 
GRTVRPIVGWLPQEDQEHWDAETQKARDVELHFYEFLGRLQVHYNKSGGSHTLQKMIGCD 
ILEDGSIRGYVQYAFDGRDFLAFDMDTMAFTAADAVAEITKRRWEEEGIYTEGCKHELGT 
ICVQNLRRYLEHGKAALKRRERPEVRVWGKEADGILTLSCRAYGFYPRPIAISWMKDGMV 
RDQETHWGGM 
 
>gg_chain19 Chain=chain19 Position=AADN03010745.1:20-1052(-) GeneID=None ProteinID=None 
Score=246.9 E-value=6.2e-70 Length=1033 Comment=No overlapping annotations 
YDSKSRWVHPLSEMLPQEDREHWDTQTQKARDVELVFCGFLGRLQVHYNKSGGSHTLQKM 
FGCDILEDGSIRGYDQYAFDGRDFLAFDMDTMTFTAADPVAEITKRRWEEEGTYAERWKH 
ELGTVCVQNLRRYLEHGKVALKRRKVRVWGKEADGILTLSCRAYGFYPRPIAISWMKDGM 
VRDQETHWGGIMPNRDGTYYASAVINVLPEDGDKYQCRVEHASLPQPGLF 
 
>gg_chain20 Chain=chain20 Position=AADN03014659.1:36-1021(+) GeneID=ENSGALG00000027123 
ProteinID=ENSGALP00000042458 Score=242.3 E-value=2.5e-67 Length=986 Comment=Overlaps single 
annotation & in proteins 
MKPLTPHPCCASGSHTLQKMIGCDILEDGSIRGYVQYAFDGRDFLAFDMDKMTFTAADAV 
AEISKRRWEEEGIYTEGCKHELGTICVQNLRRYLEHGKAVLKRRERPEVRVWGKEANGIL 
TLSCRAY 
 
>gg_CD1A1 Chain=chain21 Position=16:2390-4170(+) GeneID=ENSGALG00000012494 
ProteinID=ENSGALP00000028603 Score=163.7 E-value=5.8e-45 Length=1781 Comment=Overlaps single 
annotation & in proteins 
MQPHAILLLFFFPGTTAEPEALFPSPAGSHMLKLLHFATFQNSTSVLVGGLGLLGDVKMG 
SLDSRTGNIRYYRPWLRPSLPKGDWDVIESSIKSYVRDFSRLVQMYTTVPYPFVFQSSIG 
CELQSNGTIRTFFDIAYEGQNFLRFNLDAGTWDQMQHNQLSAKAEHLMANASTLNEVIQV 
LLNDTCVDILRLFIQAGKADLERQVPPMAVVFARTAGQAQLLLVCRVTSFYPRPIAVTWL 
RDGREVPPSPALSTGTVLPNADLTYQLRSTLLVSPQDGHGYACRVQHCSLGDRSLLVPWE 
DSKWGLSAGLGALLLLAAAAVAVVLVRRYRKRQRVDEVRSIPLAEHRGTARDGTAAGQYG 
GCDRETPDEGRGHI 
 
>gg_CD1.2 Chain=None Position=16:5769-8509(+) GeneID=ENSGALG00000027865 
ProteinID=ENSGALP00000042318 Score=89.1 E-value=1.9e-26 Length=0 Comment=Not detected in genome 
search 
MWPHCLFLFLLLHKTWAEAETSCPPPEESQFFQLFYTLLLGNVSSTELTGMALLADVPIM 
VLDPHTWNLNICRPWVQEITAETEVKKILSFSMVGIRNTIRFMHEMTAKAGLDYPRVFQI 
HTGCKLYTNGTRWSFVNIGEGGRDLVTYELSRERWVPQRSTLLAKVMSNTLTDLRAVSGF 
LEHVFSSSFPNYILMLHEEGRTDLERRVPPMAVVFARTAGQVQLLLVCRVTSFYPRPIAV 
TWLRDGREVPPSPALSTGTVLPNADLTYQLRSTLLVSPQDGHSYACRVQHCSLGDRSLLV 
PWENPSASSTVGITITILLLAAIITGGIWWWRRRKHAGSGTDFRTFLI 
 
>gg_ENSGALG00000027431 Chain=None Position=AADN03010681.1:349-1273(+) GeneID=ENSGALG00000027431 
ProteinID=ENSGALP00000043158 Score=146.9 E-value=5.8e-43 Length=0 Comment=Not detected in 
genome search 
MGPSEVVVLGLLLGALGAAACWPHSLRYFLTGMTDPGPGMPRFVIVGYVDGDLFGKYDSK 
IKSAQPIVEKLPQEDQEHWDTQTQKARDGELDFCGFLGSLPEQYNKSGGSHTLQMMFGCD 
ILEDGSIRGYDQY 
 
>gg_ENSGALG00000004772 Chain=None Position=16:380198-384541(-) GeneID=ENSGALG00000004772 
ProteinID=ENSGALP00000028184 Score=230.5 E-value=1.3e-68 Length=0 Comment=Not detected in 
genome search 
LGSLPEQYNKSGGSHTLQMMFGCDILEDGSIRGYDQYAFDGRDHIAFDMDTMMFTAADPV 
AEITKRRWEEEGEYAERWKHELGNVCVQNLRRYLEHGKAALKRRVQPVVRVWGKEADGIL 
TLSCHAHGFYPWPIAISWMKDGMVRDQETHWGGVVPNRDGTYHASAAIDVLPEDGDKYQC 
RVEHASLPQPGLFSWEPQPNLIPIVAGAVVAIVAVIAAVVGLVVWKSKSGKEKKGYEAAP 
GRDGESSISVTGSELSI 
 
>gg_ENSGALG00000027045 Chain=None Position=AADN03016313.1:424-1169(+) GeneID=ENSGALG00000027045 
ProteinID=ENSGALP00000042263 Score=117.2 E-value=3.7e-34 Length=0 Comment=Not detected in 
genome search 
MTDPGPGMPQFVIVGCVDGELLWNYNSLGRTVRPIMGWLPQEDQEHWDAETQKARDVELH 
FYEFLGRLQVHYNKSGGSHTLQKMIGCDILEDGSIRGYVQYAFDGRTSSPLIWTR 
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>gg_PROCR Chain=None Position=9:3879408-3881194(-) GeneID=ENSGALG00000006547 
ProteinID=ENSGALP00000010561 Score=60.8 E-value=1.8e-17 Length=0 Comment=Not detected in genome 
search 
MLRLLLLCAALGCGAGGDAPLTFTMLQWTRVSNGNYAFWGNATLGGRLSHLLEDRNVTQV 
LPLEPPAGWARQQDMVANYLSYFSGIVQVFSKERPLNYTQNLHCRLGCCLFPNGTTCSFY 
EVSLNGTAFLTFHVPNATWKLRWPRKDPVATFAQQELMKYSETTHHLQHFLNTTCVDILW 
AQSPQTGKHRGRSHAPLVLGLILGVSAVVGMAVGIFLCTGGSC 
 
>tg_chain01 Chain=chain01 Position=22_random:1550-3070(+) GeneID=ENSTGUG00000017273 
ProteinID=ENSTGUP00000017552 Score=298.1 E-value=7e-91 Length=1521 Comment=Overlaps single 
annotation & in proteins 
VLHSLHYLHVAVSEPSPGVPQFTSIGFVDGIPFVRYDSERGRAEPLTQWMKDGAEPGYWD 
EETQISVRNQHVDARNLETLQERYNQSRGLHTALWAYGCDLLSDGSVRGSRRYGYDGRDF 
ISFDLGSGKFLAADSAAEITRRRWEQEDMAERLKNYLKHKCPEWLRKYVGYGQKELERKE 
PPDVHVSGKEEYGTLILSCHAYGFYPNTITVSWMKENATLDQEMEWGGIVPNSDGTFHTW 
ARIEALPEEWEQYRCKVDHPGMLEPGLFAWEPTSGRNLTMAVAVSVIAAILILTVLIGFG 
VWKLQSGRRDRSGYNVAAGKDVGMNGSTAGTEE 
 
>tg_chain02 Chain=chain02 Position=12:31611-32691(+) GeneID=ENSTGUG00000003538 
ProteinID=ENSTGUP00000003643 Score=170.3 E-value=7.9e-53 Length=1081 Comment=Overlaps single 
annotation & in proteins 
GTFTIRLLQTTTFQNTSFVDMEGLGLLEDIELGSLDKHTWSIHFCQPWVHPALPRADWDT 
IENLIKIYLQQFNHLINEGAVQREVPYPFVVQCTAGCVLYPNRTSQAFGYVGYNGQDFLS 
FDTKNITWTLSQDTELSRYVQSFLQNYTAFTELLEILFNDTCVDDMEVLLHYGRAALERQ 
ELPLATVFARTPSLDQLLLVCHVTGFYPRPISVAWLRDGQEVPPGPALNTSTILPNADLT 
YQLRSVLAVAPRDGHSYVCRVRHRSLGTRSLLIPWGNSEVVLITGLMAGLLAAMAVAAML 
V 
 
>tg_chain03 Chain=chain03 Position=Un:70832059-70834629(+) GeneID=ENSTGUG00000015195 
ProteinID=ENSTGUP00000015546 Score=43.2 E-value=4e-15 Length=2571 Comment=Overlaps single 
annotation & in proteins 
VLHSLQFLEVALSEPGPRVPQSLIVGDVDGTPCERCGSERGWMEAQTPGMGAGAELGYWD 
RQRPCSRTGTGPWPTVTWRRGRYNQSRGGLHTVQGVSSCDLLSNSVHGSHQYGYEGWDFI 
SFQLGSGSFAVSNTAVWISQRCWESRGIMVEQMKHYLGHTYVEGPPKYIRYGREALEHKE 
PPDAHVYRKVEHGTRALSCHMYGFCPRTIRMSWMKGEEMQDQEIELGGIIPNSNGTFHTW 
ARAEALPGEREQHWCRVEHPRMLELGILIW 
 
>tg_ENSTGUG00000014179 Chain=None Position=Un:90577703-90578180(-) GeneID=ENSTGUG00000014179 
ProteinID=ENSTGUP00000014563 Score=109.8 E-value=6.4e-32 Length=0 Comment=Not detected in 
genome search 
RGRYNQSRGGLHTVQGVSSCDLLSNSVHGFHQYGYEGWDFIFFQLGSRSFAVSNGAVWIS 
QRCWEHKGIMVEQMKHYLGHTCVERPPKYIRYGREALEHK 
 
>tg_PROCR Chain=None Position=9:5279190-5280817(+) GeneID=ENSTGUG00000006783 
ProteinID=ENSTGUP00000006970 Score=56.6 E-value=3.6e-16 Length=0 Comment=Not detected in genome 
search 
MLRLLLLGGALGCAAEPAAPLAFTMLQLTRVYMGNSIFRGNASLNGQLSHLLEGNNVTQV 
LPLEPPDAWARRQDEVIAYLRNFRLLVMMFNKERPINFTHHLCCHLGCRLYPNGTAQSFY 
EVTLNRTAFLSFHVPSATWERRWPGELPVAAFAQEQLMKYPITTQDLQYFLNTTCVSILQ 
AQSVRTGKVSGRSRAPLVLGLVLGSLGLLGMAGIFLCTGGSC 
 
>tg_ENSTGUG00000016646 Chain=None Position=Un:51086513-51086992(+) GeneID=ENSTGUG00000016646 
ProteinID=ENSTGUP00000016940 Score=115.1 E-value=1.6e-33 Length=0 Comment=Not detected in 
genome search 
RGRYNQSRGSLHTVQGVSSCDLLSNGSIHGSHQYGYEGWDFISFQLGSGSFAVSNTAVWI 
SQRCWEHKGIMVEQMKHYLGHTCVERPPKYIRYDREALEHK 
 
>tg_ENSTGUG00000015564 Chain=None Position=Un:104347401-104347872(+) GeneID=ENSTGUG00000015564 
ProteinID=ENSTGUP00000015895 Score=101.0 E-value=2.6e-29 Length=0 Comment=Not detected in 
genome search 
RYNQSRGSLHTVQGVSSCDLLSNSVHGSHQYGYEGWDFISFLLGSRSFAVSSGATWITQR 
CWESRGIMVEQMKHYLGHTCVERPPKYIRYGWEALEHK 
 
>tg_ENSTGUG00000014985 Chain=None Position=Un:124963299-124964275(-) GeneID=ENSTGUG00000014985 
ProteinID=ENSTGUP00000015335 Score=135.3 E-value=1.8e-39 Length=0 Comment=Not detected in 
genome search 
VLHSLQFLEVALSEPGPGVPQSLIVGDVDGTPCERCGSERGRMEAQTPGMGAGAELGYWD 
SQSWDIGTARAGTLGDLESDRLFSPRSPGLHTVQGVSSCDLLSNSVHGFHQYGYEGWDFI 
SFQLGSELAVSNSAVWISQRCWESRGIMVEQMKHYLGHTCVERPPKYIRYGREALEHK 
 
>tg_ENSTGUG00000015443 Chain=None Position=Un:42292316-42292793(+) GeneID=ENSTGUG00000015443 
ProteinID=ENSTGUP00000015776 Score=98.4 E-value=1.4e-28 Length=0 Comment=Not detected in genome 
search 
RGRYNQSRGSLHTVQGVSSCDLLSNSVHGSHQYGYEGWDFISFLLGSGSFAVSSGALWIS 
QRCWESRGIMVEQMKHYLGHTCVERPPKYIRYGWEALEHK 
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>tg_ENSTGUG00000014981 Chain=None Position=Un:124954309-124954785(+) GeneID=ENSTGUG00000014981 
ProteinID=ENSTGUP00000015332 Score=103.5 E-value=4.5e-30 Length=0 Comment=Not detected in 
genome search 
RGRYNQSRGSLHTVQGVSSCDLLSNSIHGSHQYGYEGWDFISFLLGSRSFAVSNGAVWIS 
QRCWEHKGIMVEQMKHYLGHTCVERPPKYIRYGREALEHK 
 
>tg_ENSTGUG00000015460 Chain=None Position=Un:73084048-73084525(-) GeneID=ENSTGUG00000015460 
ProteinID=ENSTGUP00000015793 Score=107.3 E-value=3.5e-31 Length=0 Comment=Not detected in 
genome search 
RGRYNQSRGSLHTVQGVSSCDLLSNSVHGSHQYGYEGWDFISFQLGSGSFAVSNTAVWIS 
QRCWESRGIMVEQMKHYLGHTCVERPPKYIRYGWGALEHK 
 
>mg_chain01 Chain=chain01 Position=GL425503.1:2182-3320(+) GeneID=ENSMGAG00000005937 
ProteinID=ENSMGAP00000005893 Score=286.9 E-value=5e-83 Length=1139 Comment=Overlaps single 
annotation & in proteins 
RYFLTGMTDPGPGMPQFTAVGYVDGKAFGNYDSERRTVRPIVDWLPREDREHWDAETKKA 
RSGELDFYVGLGWLREHYNKSGGSHTLQKMFGCDILEDGSVRGYDQYAFDGRDYIAFEMD 
TMTFTAANAVAQSTKRKWESEGTYAERWKHELGTVCVENLRRYRGARKDRAERRERPEVR 
VRGKEADGILTLSCRAHSFYPRPITISWMKDGVVQDQETHWGGIVPNSDGTYHASATIDV 
PPGDWDKYQCRVEHASLLQSSFFSWELQPNLILIVAGAIITVVAVVAVVAGLVVWRSKSG 
KDEKCYRAELGHDGESSSMATGTVWDR 
 
>mg_chain02 Chain=chain02 Position=GL425629.1:399-1386(-) GeneID=ENSMGAG00000006286 
ProteinID=ENSMGAP00000006312 Score=198.3 E-value=1.4e-55 Length=988 Comment=Overlaps single 
annotation & in proteins 
LVPSEAVVLGLLLGSLSTTVCESHSLRYFVTAMTDPGPGMPQFVIIGYVDGKAFGNYDSK 
SWRAQPIVEILPQEDWEHWDAQTQRAQDGEVDLYWFLGRLQKLYNKSGGSHTLQKMFGCD 
ILEDGGIQGYNQYTFDRRDYIAFDMDTMTFTAAGAVAQITKRRLEEEGTCAVRFLCVENL 
RRYLEHGKAVLKRRERPEVQVRGKEADGILTLSCRAHGFYPWPIAIWRKDGKVRDQETHW 
GRIVPNSDSTCHASATIDVLPDGDKYRCRVEHASLPQPSLFSWKPQPNLIPIAAGAVIAI 
MAVIAIMAVIAAIVGLVVWRASHVKAEGRG 
 
>mg_chain03 Chain=chain03 Position=GL429735.1:864-2485(+) GeneID=ENSMGAG00000009608 
ProteinID=ENSMGAP00000018632 Score=140.2 E-value=1.7e-38 Length=1622 Comment=Overlaps single 
annotation & in proteins 
MQPHAILLLFFFFPGTWAEPEALFPSPAGSHMLKLLHFATFQNSTSVLVGGVGLLGDVEM 
GSLDSRTGNIHYYLPWMRPSLPKGNETTRARFGSLGILQHHHFSVELFQRREGTEDPFVF 
QTSVGCELYSNETIRTFFDIAYNGQIFLRFRLDTGTWDQMQHNQLAAIAEHLMVNASTLN 
EVIQVLLGDTCVEVLRIFIQAGKADLERQVPPIAVVFARTAGPAQLLLVCRVTSFYPRPI 
TVTWLRDGKELPPSPALSTGTVL 
 
>mg_ENSMGAG00000009766 Chain=None Position=GL424372.1:74-1058(+) GeneID=ENSMGAG00000009766 
ProteinID=ENSMGAP00000010090 Score=227.0 E-value=1.2e-67 Length=0 Comment=Not detected in 
genome search 
VSGSHTVQRKIGCDILEDGTTRGYHQVAYDGRDFIAFDKDTKTFTATVPEAVLTKRRWED 
DGSVAERFKHYLEETCVEWLRTYMERGKAELERREPPEVRVWGKKADGILTLSCRAHGFY 
PRPIDVSWMKDGVAQNQDTQSGGIAPNSDGTYHTLVTIDARPEDWDKYQCRVEHASLQQP 
GFYSWEPSQPNLVPIVVGVIVAIVAIAIVGGVGFIIYRSHAGKKGKGYNIAPG 
 
>mg_PROCR Chain=None Position=11:3905742-3914577(-) GeneID=ENSMGAG00000002693 
ProteinID=ENSMGAP00000002298 Score=67.3 E-value=2.1e-19 Length=0 Comment=Not detected in genome 
search 
AVTLGCGSGGAAPLAFIMLQWTQVSKGSSVFWGNATLGGRLSHILEDHNVTQVLPLEPPA 
VWAQQRDMVANYLSYFSGIVQVFSKERPLNYTQILHCRLGCCLFPNGTAHSFYEVSLNGT 
AFLTFHVPTATWELRWPRRDPVATFARRELMKYSETTRNLQHFLNTTCVDILRAQSPQTG 
KQRGRSHAPLVLGLILGVSAVVGMAVGIFLCTGGSC 
 
>mg_ENSMGAG00000017223 Chain=None Position=GL429694.1:2-782(+) GeneID=ENSMGAG00000017223 
ProteinID=ENSMGAP00000018230 Score=53.8 E-value=6e-16 Length=0 Comment=Not detected in genome 
search 
RWSFANIGEGGRDLVTYDLNRERWLPRRSTPLAELMSNTLTDLRAVSGLLEHIFSTSLPN 
YILMLHKEGKADLERRVPPIAVVFARTAGPAQLLLVCRVTSFYPRPITVTWLRDGKELPP 
SPALSTGTVLPNADLTYQLHSTLLVSPRDGHSYACRVQHCSLGDRSLLVPWENPSASSTV 
IITIAILLLTVIIVGAVWWWRHR 
 
>mg_ENSMGAG00000016965 Chain=None Position=GL424516.1:24657-24833(+) GeneID=ENSMGAG00000016965 
ProteinID=ENSMGAP00000017795 Score=96.8 E-value=3.9e-28 Length=0 Comment=Not detected in genome 
search 
VSGSHTVQRMYGCDILGNSTTRGYNQYAYDGRDFIAFDKDKKTFTAAVPEAVLTKRKWE 
 
>ac_chain01 Chain=chain01 Position=GL344125.1:19677-25330(+) GeneID=ENSACAG00000006478 
ProteinID=ENSACAP00000006366 Score=348.6 E-value=2.8e-101 Length=5654 Comment=Overlaps single 
annotation & in proteins 
MGLSRKEPFLLLLGVSALLLGGSAGSSSHSLRYFATIVSEPGQEVPQFFSVGYVDDQQFV 
SYDAKAKRRVPAVPWIRKVDKDDPQYWERNSQIVWNTEQVFRGSLVNNARYYNQSGGSHT 
WQQMYGCELRGDGSKGGYRQFAYDGRDYISFDKETLTYTAADVPAQNTKRKWEAEPAIAQ 
GRKVYLEEICIEWLQRYLDYGKESLLRTDKPEVKVTRKEDYDGMETLICRVGGFYPKEID 
ITWTKDGEVWMQDVFHGLVSPNSDGTYYTWRSVMVDPKESERYKCHVEHDGLPNPVDVAW 
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EEPDSNLGIIIGCVVGVLLLIGVMAGIYFKKRQDGYKAAAASDQGSNSSGTGTAVPI 
 
>ac_chain02 Chain=chain02 Position=GL344125.1:34918-47343(+) GeneID=ENSACAG00000006478 
ProteinID=ENSACAP00000006366 Score=346.7 E-value=9.9e-101 Length=12426 Comment=Overlaps single 
annotation & in proteins 
AGSSSHSMRYVYTSVSEPGQQEPQFFHVAYVDDQEFVSYDAQARRVLPTAPWIRKVDKDD 
PQYWERNSQYVWNWEQNFRVDLGTLSGYYNQSGGEPGSHTLQKMYGCELRGDGSKGGYRQ 
FAYDGRDYISFDKETLTYTAADVPAQNTKRKWEADLATIQYRKAYLEEICIEWLQRYLDY 
GKESLLRTVKVTRKEDYDDMETLICRVGGFYPKEIDITWTKDGEVWTQDVFHGLVSPNSD 
GTYYTWRSVTVDPKERERYKCHVEHDGLPNPVDV 
 
>ac_chain03 Chain=chain03 Position=2:199513343-199515738(+) GeneID=ENSACAG00000017226 
ProteinID=ENSACAP00000016954 Score=344.6 E-value=3.9e-100 Length=2396 Comment=Overlaps single 
annotation & in proteins 
MPLSRGAPAVLPFLLAFLVGRGAGSSSHSMRYFVTSVSEPGQQVPQFSYVGYVDDQEFVS 
YNASTRRYLPKVPWISKVEKNDPDYWERNTLYAQGHERSFRDHLATLAEYYNQSGGLHTF 
QWMYGCELRNDWSKGGYYQYAYDGRDYISLDKDTLTWMAADVPAQNTKRKWDADFRDNEY 
KKTYLEETCIEWLQRYLNYGKETLLRTDKPEVKVTRKEDYDGMETLICRVGGFYPKDIDI 
DWTRDGEVWLQDVFHGLVSPNSDGTYYTWRSVKVDPKERERYKCHVEHDGLPNPVDVAWE 
EPDSNLGLIIGCVVGVLLLIAVMAGIAVYFKKSQDGYKAAAASDQGSNSSGTGTAVPI 
 
>ac_chain04 Chain=chain04 Position=GL344036.1:83552-89335(-) GeneID=ENSACAG00000006674 
ProteinID=ENSACAP00000006547 Score=344.1 E-value=5.8e-100 Length=5784 Comment=Overlaps single 
annotation & in proteins 
SGTSKLPILGLPLEEDPLGGPSSSSSHSMCYFVTSISEPGQQVPQFFYVGYVDDQEFVSY 
NTGTRRYLAKVPWISQVEKNDPKYWERNTLYAQGHEQSFRDHLATLAEYYNQSGGLHTFQ 
WMYGCELRRDGSKGGYYQYAYDGRDYISLDKDTLTWMAADVPAQNTKRKWEADFSDNKYK 
KIYLEETCIEWLQRYLNYGKKTLLRTEVPEVKVTRKEDYDGMETLICRVGGFYPKDIDID 
WTRDGEVWMQDVFHGLVSPNSDGTYYTWRSVTVDPKERERYKCHVEHDGLPNPVDVAWEE 
PASNLGLIIGCVVGVLFLMAVMAGIAVYFSEKQDEKHHSGYKAAAASEQGSNSSGTGKCP 
QT 
 
>ac_chain05 Chain=chain05 Position=2:199546590-199563181(+) GeneID=ENSACAG00000011070 
ProteinID=ENSACAP00000010940 Score=337.9 E-value=4e-98 Length=16592 Comment=Overlaps multiple 
annotations; one in proteins 
MGLSQEDPFLLLFGVSALLLGGSSGSSSHSLRYVYTSVSEPGQQEPQFFSVGYVDEQEFV 
SYDSKAKRRFPAVPWIRKVEEEDPEYWEQGSQLVWSAEQVFRMDLENVARYYNQSGGAHI 
LQYMYGCELRKDGSKGGYDQLAYDGRDYISFDKETLTYTAADVPAQNTKRKWEAEPAIAQ 
RNKAYLEDICIEWLQRYLDYGKETLLRTEKPEVKVTCKEDYDGMETLICRVGGFYPKEID 
ITWTKDGEVWTQDVFHGLVSPNSDGTYYTWRSVTVDPKESERYKCHVEHDGLPNPVDVAW 
EEPASASNLGLIIGWVLGILLLIAVLAGIAVYFRNSQDGYRAAAGNDQGYSSSGAGKWDC 
WAHL 
 
>ac_chain06 Chain=chain06 Position=GL344134.1:50311-56905(-) GeneID=ENSACAG00000024528 
ProteinID=ENSACAP00000019090 Score=337.1 E-value=9e-98 Length=6595 Comment=Overlaps single 
annotation & in proteins 
LSRDGPFFLLLGVSALLLGGSAGSSSHSLRYFTTIVSEPGQEVPQFFSVGYVDDQEVTSY 
DAKARRDLPKAPWMRKVDKWERNSQVAWNWEQIFRVGLGTLLGYYNQSGGAHTLQWMYGC 
EMRKDRSKVGYFQYGYDGRDYLSLDKETLTWTAANVPAQNTKRKWEANHAFLQYSKDYLE 
KDCIEWLQRYLDYGKETLLRTEKPEVKVTRKEDYDGMETLTCHVGGFYPKDIDIDGEVWM 
QDVFHGLVSPNSDGTYYTWRSIKVDPKESEHYKCHMEHDGLPNPVDVAWEEPASNLGLII 
GCVLGIIFLIAVMAGIAVY 
 
>ac_chain07 Chain=chain07 Position=GL344164.1:25218-31763(-) GeneID=ENSACAG00000023667 
ProteinID=ENSACAP00000018603 Score=334.1 E-value=4.8e-97 Length=6546 Comment=Overlaps single 
annotation & in proteins 
VGFPFAEPRLHINIICAFFLTSLAISSHSLRYFYTAASEDNKWLSSFIIVGYVDDQQICQ 
YDSIMREKRPCVPWMSKVEEEDPSYWEEETEMSRNSEQFFKESLVTAKNRYNQSGGFHTL 
QQMYGCDLRKDGSKAGYRQYAYDGKDFISFDKETLTWTAADVEAQFTKRKWDAQYTRNQY 
LKAYLEEECILWLKKYLEYGKETLLRTEAPEVKVTRKEDYDGMETLICRVWGFYPKEIDI 
EWTRDGEVWMQDTFHGLVSPNSDGTYYTWRSVTVDPKERERYTCHVEHDGLPSPVDMAWK 
EPDSASKSVLIGCSVGILLPITGLGVYFQKHQDDYKTVSGSDKKFNSSKEGKSIQFVRQS 
 
>ac_chain08 Chain=chain08 Position=GL344462.1:1558-6374(-) GeneID=ENSACAG00000000562 
ProteinID=ENSACAP00000000544 Score=329.2 E-value=1.5e-95 Length=4817 Comment=Overlaps single 
annotation & in proteins 
MGSLFLLGFIVLLAGSCSGCSSHSMLYFVTSVSEPGQQVPQFSYVGFVNDQEFVFYNAST 
KRYLPKVPWISQVEKDDPDYWERNTLYAQGHERSFRDHLATLAKYYNQSGGLHTFQWMYG 
CELRNNWSKRGYYQYAYDGRDYISLDKKTLTWTAADVPAQNTKRKWDANFRDNKFKKFYL 
EETCIKWLQRYLNYGKETLLRTEKPEVKVTRKVDYDGMETLICRVGGFYPKEIDITWTRD 
GEVWMQDTFHGLVSPNSDGTYYTWWNVTVDPKEKERYKCHVEHDGLLNPVDVAWEEPASK 
SVLIGCAVGILLPIAGLAVYF 
 
>ac_chain09 Chain=chain09 Position=GL343748.1:166921-168031(+) GeneID=ENSACAG00000011968 
ProteinID=ENSACAP00000018536 Score=324.6 E-value=4.7e-94 Length=1111 Comment=Overlaps single 
annotation & in proteins 
MALPLWLLLGPACLSLFLLGDSVLALPKGTAEPEMAPGASFHFLRFFYTGVTESSPGVPH 
FVIVGYVDDQLFFQYDAQTRKAVPRVPWMEKVGEADPQYWVEQTQVAQNAEVGFRVDLAN 
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LRERYNQTGGFHTWQWMYGCELRKDRSKGGYYQYAYDGRGSLSFDKKTLTWTAADVPAQI 
TKRRWEREKIQAQRFNHYLEGECIDWLQNYLDYGKQTLLRTERPVGRVSRTTASDGQEAL 
ICQAHGFHPREIDATWRKGEENMDHETLRRNIAPNSDGTYHTWLSIEIDPKEMDLLRCHL 
EHASLSTPMVLAYEEPGVNI 
 
>ac_chain10 Chain=chain10 Position=GL344798.1:12321-17723(-) GeneID=ENSACAG00000027871 
ProteinID=ENSACAP00000019987 Score=324.0 E-value=4.9e-94 Length=5403 Comment=Overlaps single 
annotation & in proteins 
FNLHSKVSLFLHILSPVFMPSSFSSSSSHSLRYFYTAASEDNKWLSSFIIVGYVDDQRIC 
QYDSIVREKRPCVPWMSKVEEEDPSYWAEETEVSRNSELFFKVSLVTANNRYNQSGGFHT 
LQQMYGCDLRKDGSKAGYRQYAYDGKDFISFDKETLTWTAADVKAQITKRTWDAQSTRNQ 
YLKAYLEEECIKWLQKYLEYGNETLLRTEKPEVKVTRKVDYDGMETLICRVGGFYPKDID 
IEWTRDGEVWMQDTFHGLVSPNSDGTYYTWRSITVDPKERERYKCHVEHDGLPSPVDVAW 
EDPASKSVLIGCAVGILLPITGLAVYFPEKHQDDYKTVSASDQKFNISEVKNEVPL 
 
>ac_chain11 Chain=chain11 Position=GL344714.1:6300-11691(-) GeneID=ENSACAG00000022634 
ProteinID=ENSACAP00000007706 Score=323.3 E-value=7.9e-94 Length=5392 Comment=Overlaps single 
annotation & in proteins 
KDVPIIKLCFILENAALAELRRCFSSSSSHSLRYFYTAASEDNKWLSSFIIVGYVDDQRI 
CQYDSIVREKRACVPWMSKVEEEDPSYWAEETEVSRNAEVFFKVSLVTANNRYNQSGGFH 
TLQQMYGCDLRKDESKGGYRQYAYDGKDFISFDKETLTWTAADVEAQITKRRWDAQSTRN 
QYLKAYLEEECIKWLQKYLEYGNETLLRTEKPEVKVTRKVDYDGMETLICRVGGFYPKDI 
DIEWTRDGEVWMQDTFHGLVSPNSDGTYYTWRSITVDPKERERYKCHVEHDGLPSPVDVA 
WEDPVSKSVLIGCAVGILLPITGLAVYFQKHQDDYKTVSGSDKKSNTSKEGKFTAERVE 
 
>ac_chain12 Chain=chain12 Position=GL343965.1:57526-62923(-) GeneID=ENSACAG00000022657 
ProteinID=ENSACAP00000019604 Score=319.7 E-value=9.3e-93 Length=5398 Comment=Overlaps single 
annotation & in proteins 
MARLLLLRVVALLLGHPGIALLNPAPGVSSSSSHSLRYFYTAASEDNKMHSSFIIVGYVD 
DQRICQYDSTVREKRPSVPWMSKVEEEDPSYWKDESEESRNAEVFFKESLVIARNRYNQS 
GGFHTLQQMYGCDLRKDGSKAGYRQYAYDGKDFISFDKETLTWTAADVEAQTTKRKWDAQ 
SMRNQYLKAYLEEECILWLQKYLEYGKETLLRTEKPEVKVTRKVDYDGMETLICRVGGFY 
PKEIDITWTRDGEVWMQDTFHGLVSPNSDGTYYTWWNVTVDPKEKERYKCHVEHDGLLNP 
VDVAWEEPDSKFGLIIGCIVGALLAIAAIAGLAVYFRE 
 
>ac_chain13 Chain=chain13 Position=GL343520.1:556834-564191(-) GeneID=ENSACAG00000006498 
ProteinID=ENSACAP00000006420 Score=296.7 E-value=7.7e-85 Length=7358 Comment=Overlaps single 
annotation & in proteins 
MSPVSGLFPLLLGAIVSPFGCSAHSGRSHRLHYFFTGVSEPGGGLPHFSIVGYLDDEQFV 
RYDSETRRDLPRSSWIRKMEEHDAQYWDWQTQLSRSWELYFRVSLWTRFNHSRGHHTWQW 
MHGCEVSADGRKGGLSQFGYDGRDFLSLDKETLTWTASNPKAQVTKRKWEADRVWTQGRK 
TFLEEDCIDWLHKYLNYGKETLLRKESPVVKVTRKAGYGDLETLLCRAHGFYPKEIDITW 
RMEGNVMEQETRRGGIAPNADGTYHTWLSIEVDTKDRDLYRCHVEHDSLPEPLDAAWEEA 
GVLWPLVAGISGAVAVVILLGVILVLYLKRRHEGYRATASS 
 
>ac_chain14 Chain=chain14 Position=GL343520.1:493814-503767(-) GeneID=ENSACAG00000029516 
ProteinID=ENSACAP00000022668 Score=280.6 E-value=3.6e-81 Length=9954 Comment=Overlaps single 
annotation & in proteins 
MGQPWLLGAAALAFLLASITGAPSHSLSYLFTVVSEPGPGLPQFMVSGHFDGQLFASYDS 
ERRSGVPRTEWMEEMVELDPGYWDWLNRNARNSEQIFKWQIGTVMRHYNHSGGLHTMQWV 
FSCTLSEDGRKGGSNKFSYDGKEALSFDKETLRWTASDAVAEGYKEKWEAEAGRTQRSKV 
YLEDKCISMLHKHLEVRKGVPRKRVAPVVKVTHKAGIGGLETLVCHIHGFYPKDIDATWR 
KDEEVREQETLRGNITPNSDGTYNTWISIEVDEKDRDKYQCHVEHDSLPEGAGSDLHFPV 
VECGAPILPWIIVGSALVLILIVTLIVIILKKRGSQNAPATNAEMQEMNPPQRRRRICIS 
VAE 
 
>ac_chain15 Chain=chain15 Position=GL343520.1:527815-534009(-) GeneID=ENSACAG00000024638 
ProteinID=ENSACAP00000018398 Score=260.8 E-value=2e-75 Length=6195 Comment=Overlaps single 
annotation & in proteins 
MGAFRGLFFFFLFFPGTLAGSFSHSMRGFYTATWDPSQAQPQVAIVIYVDDQLATQYNSS 
TRQALPQVYWMEKMDEHIPSFWEVNTLKGQRLELRLKKTLENLKERSNQSTGFLTFQLMT 
GCEIRKNGHKEGYHQYSYNGRDFLSFDPKTQTWTAADLEAQITQRQWDGDVDYSRHVMYY 
VEEECPEDLQRFVEYGKESLLRRETPVVTISRKAYYDGLETLLCRVHGFYPKEIDVNWKR 
DGEVWVQDTFSGGILPNADGTYHTWISIEVEPKERDRYRCHVEHDSLEEPLVLAWEDRGS 
VWPLVGGVLGAVVGVLLVAAGIILYKKKGQEATEEEPQVEDPLMNG 
 
>ac_chain16 Chain=chain16 Position=GL344250.1:24152-28586(+) GeneID=ENSACAG00000006471 
ProteinID=ENSACAP00000006333 Score=239.0 E-value=9.9e-69 Length=4435 Comment=Overlaps single 
annotation & in proteins 
MAVVQVDGVTIGHYDSQVRRAIPRVPWITRVEEAYPMFWDWVTDRAQKAEMWFGWDMKKL 
QKLHNQSGGIYTLQSMYGCEMDGDGDRIQGYGLYGYNGEDFLSFDIETRIWTVSDVRAET 
LKKRWDSNVDRSQKIKDYLERNCIEYLQKFLDYGKEVLTIKEPPTVKVSYDGLKTLTCRV 
DGFYPKEIDAVWKKDSEVWEQETLRGGVVPNSDGTFHTWLRLEVDPKDRDLYRCHVDHAA 
LEEALDTAWEEPASIPIIIIIIIIAVLSVLVAHAVLLLWYKRNELPKIISKPFERQPLNT 
GGTKGQSQPDS 
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>ac_chain17 Chain=chain17 Position=GL343777.1:59265-67362(-) GeneID=ENSACAG00000000468 
ProteinID=ENSACAP00000000429 Score=194.3 E-value=2.4e-55 Length=8098 Comment=Overlaps single 
annotation & in proteins 
LVTHYRLSGRWETVWFSSTHNLYYSLTMWEHTGDPVHFVLHNYLDYESLYYYDNNIREVI 
PHATWINKAEKEYPGYWKQNQLGAASLERGLRADLLYLKNNINQTMSTLTWQMSFGCMLH 
PDNTTSSYYKTAYNGKDFLAFDTVKGSWTALSVEGQNNKLEWDARNVTNKSFKTFLELGC 
IAWLKKYLEYLEGVSLKKNPPKARVTIRVKPDGEEVLTCRAYGFSPKEISVNWVNDRDVI 
TAGVVYGNVTPNFDGTFYTWLRITVDPKERSNFQCRMEHEMLKKPIKVFLRKPGKGAVVG 
RV 
 
>ac_chain18 Chain=chain18 Position=GL343619.1:393831-405607(+) GeneID=ENSACAG00000003922 
ProteinID=ENSACAP00000003807 Score=186.2 E-value=4.6e-53 Length=11777 Comment=Overlaps single 
annotation & in proteins 
ASSHSLYYFRTYMSEAIPGAPRYVEIGYLDGQPIERYDSKSGKMHPLTPWISHSVSLMEN 
YWEVQSSLAQLNEEGFEHFTVILERYYNGYDVGLHTLQCVDGCELSDDGTEKLYHREAYD 
GKELTDWDIVWDIYRHRKGFWGQTCIGWLRRHLEFQKKNLPTDAEAPDVKLIHRPINGSL 
ETLICKVNGFFPKDINAFWLKDGKIVDDENIHVKVVPNADGTYQARLTIQVDPTEAQHYE 
CHIDHASLNEPLHKGWRWSADSAWPIVGSVAAAVAVGLVVVSGLIFYTSRVWRGAGASRS 
LSMGRIQRKHL 
 
>ac_chain19 Chain=chain19 Position=2:189407192-189410738(+) GeneID=ENSACAG00000011395 
ProteinID=ENSACAP00000011131 Score=157.3 E-value=3.2e-44 Length=3547 Comment=Overlaps multiple 
annotations; one in proteins 
MRMACRYFLIVFFYGIGAAFFHLPAVLWPFRMLQTISFQNTSATEIMGTIAFLGDVETHS 
LDTHTWKIKFLQPWTQSAFTPLKWEMLGQLFRASFIDFKKAINNMVAASNYSYPFVIQSF 
FFCEIGTDGTKRGFYKGAANGDDVLGYSTDNATWVVQKDTPLAVAVQDFLNRNKGTTANM 
RSLLLNECIDILESSLKTGNETLHRQEKPVAVVFAQEPPATTDSLLLVCQVTGFYPHLIN 
VSWLQDEVALPSSRINSTTILHNYDLTYQIRSSLAIKSMETSHSYVCRIQHSSLDGKSLV 
ILWERKHRYRVTIVVVVLVASILVVVAGVLFYLQKKRRQYEDVNQAISKTARQ 
 
>ac_ENSACAG00000003088 Chain=None Position=AAWZ02037434:7354-13029(-) GeneID=ENSACAG00000003088 
ProteinID=ENSACAP00000003009 Score=229.7 E-value=2.4e-68 Length=0 Comment=Not detected in 
genome search 
HFNLKTLTHTNRNSSVGMGFHTLQQMYGCDLRKDGSKAGYRQYAYDGKDFISFDKETLTW 
TAADVEAQTTKRKWDAQYTRNQYLKAYLEAECIGWLQKYLEYGKETLLRTETPEVMVTRK 
VDHDGMETLICRVGGFYPKEIDIEWTRDGEVWTQDVFHGLVSPNSDGTYYTWRSITVDPK 
ERERYQCHVEHDGLLKPVDVAWEEPASNLRRIIGCVVVALVAIAAIAGLAVYFKKCQGDC 
KATSGGRRGLQNSNKKKNIKM 
 
>ac_ENSACAG00000025539 Chain=None Position=GL344035.1:52225-52899(+) GeneID=ENSACAG00000025539 
ProteinID=ENSACAP00000018273 Score=78.5 E-value=1.2e-22 Length=0 Comment=Not detected in genome 
search 
INLPRLGRNFLISYPFLQTCHSFSSHSLKYFYTAISEDNELLSSFYVVGYMDDQRISQYD 
STVRLELPCVSWMKKVEEVDPSYWKDETEVSRNSEQFFKENLVIARNRYNQSRG 
 
>ac_ENSACAG00000024309 Chain=None Position=AAWZ02038573:7544-9660(-) GeneID=ENSACAG00000024309 
ProteinID=ENSACAP00000018317 Score=229.2 E-value=3.4e-68 Length=0 Comment=Not detected in 
genome search 
PSLNLHHLCISLSGFHTLQQMYGCDLRKDGSKAGYRQYAYDGKDFISFDKETLTWTAADV 
KAQFTKRKWDAQYTRNQYLKAYLEEECILWLKKYLEYGKETLLRTETPEVMVTRKVDHDG 
METLICRVGGFYPKEIDIEWTRDGEVWTQDVFHGLVSPNSDGTYYTWRSITVDPKERERY 
KCHVEHDGLLKPVDVAWEEPGM 
 
>ac_ENSACAG00000024939 Chain=None Position=AAWZ02038988:2977-5236(-) GeneID=ENSACAG00000024939 
ProteinID=ENSACAP00000019917 Score=99.4 E-value=7.9e-29 Length=0 Comment=Not detected in genome 
search 
FYLLALRDVLDLICTAVEITTSGCSSHSMLYFVTSVSEPGQQVPQFSYVGFVNDQEFVFY 
NASTKRYLPKVPWISQVEKDDPDYWERNTLYAQGHERSFRDHLATLAKYYNQSGG 
 
>ac_ENSACAG00000025947 Chain=None Position=AAWZ02040156:3915-5955(-) GeneID=ENSACAG00000025947 
ProteinID=ENSACAP00000021228 Score=230.2 E-value=1.9e-68 Length=0 Comment=Not detected in 
genome search 
PSLNLHHLCISLSGFHTLQQMYGCDLRKDGSKAGYRQYAYDGKDFISFDKETLTWTAADV 
EAQITKRTWDAQSMRNQYLKAYLEEECIGWLQKYLEYGKETLLRTETPEVMVTRKVDHDG 
METLICRVGGFYPKEIDIEWTRDGEVWTQDVFHGLVSPNSDGTYYTWRSITVDPKERERY 
QCHVEHDGL 
 
>ac_ENSACAG00000024081 Chain=None Position=AAWZ02039289:774-2823(+) GeneID=ENSACAG00000024081 
ProteinID=ENSACAP00000020986 Score=233.6 E-value=2e-69 Length=0 Comment=Not detected in genome 
search 
PSLNLHHLCISLSGFHTLQQMYGCDLRKDGSKAGYRQYAYDGKDFISFDKETLTWTAADV 
EAQTTKRKWDAQSMRNQYLKAYLEEECIEWLKKYLEYGKETLLRTETPEVMVTRKVDHDG 
METLICRVGGFYPKEIDIEWTRDGEVWTQDVFHGLVSPNSDGTYYTWRSITVDPKERERY 
QCHVEHNGL 
 
>ac_PROCR Chain=None Position=3:33612803-33622411(-) GeneID=ENSACAG00000009038 
ProteinID=ENSACAP00000008831 Score=69.1 E-value=7.6e-20 Length=0 Comment=Not detected in genome 
search 
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MLFFNMFLLSLALCHWAYGAESHNFTMVQYSYFPNKTLVESVGYATLDGTRTHTLESHNG 
HVNVSQLLPLETSDRWEMRRTQLHDYLSRLKALVYLLTLERNISYPLEVHCTATCQLSEN 
GTSSFFEVLLNKVEFLIFRGAKNGWEPLQETSEAIYASTNLNKYNETRGHVEFFLQETCI 
NFIREHTDVKEALTGKREGRPHTPLVLGIILGALAIMGFAVCLFLCTGGRR 
 
>xt_mhc1a Chain=chain01 Position=GL173531.1:22383-54316(-) GeneID=ENSXETG00000017065 
ProteinID=ENSXETP00000037199 Score=318.5 E-value=5.6e-91 Length=31934 Comment=Overlaps single 
annotation & in proteins 
VYCLLPDLYTVRMDVRLVPLLLTLGVSAVYSGSHSLRYYYTAVSDRAFGLPEFSSVGYVD 
ETQINRYSSDNGRNEPAAQWMKQNEGPEYWDRQTQNSKGMEAVFKHNVKVGMDRFNQTSG 
THSFQNMYGCELREDGSTRGYDQYGYDGREFMALDTQRWVYVPSVREAQISTQKWNSPEV 
NEPERERNYQENICIESLKRYLGYGQAELERRVRPHVKISDHQSDDITELRCQAYGFYPR 
EIDVKWVRNGRDDVHSDEAKEILPNPDGSYQLRATAVVTPKEGDSYACHVEHSSLEEKLI 
VVWPGPNKDGKNNVIIIACVAVAVLMITAAAVGFVLYKKRQEKSGYTETASNESPASSVA 
RA 
 
>xt_chain02 Chain=chain02 Position=GL172781.1:692190-695424(-) GeneID=ENSXETG00000017938 
ProteinID=ENSXETP00000038903 Score=276.9 E-value=1.3e-78 Length=3235 Comment=Overlaps single 
annotation & in proteins 
MYMQIISVLACASCKYKYAHIIVAGSHSYSYFYTGNSDGGQGHPHFTAAAYLDDFPIGVY 
TSETKTFQIKTKWIEEKADPALWKNYTNIFQRWETDFRQGVKKMMEHFNQTEGFHSLQWM 
YGCELDDDGGIRAYDLDGYDGKEFMALDLDRVIHISSRPETEAIAHKWNTETIEAEKMKT 
YLEVQCIETLKKYISYGKEHLERKVTPQVKVFHQQSAGFIKLHCQVYGFFPQAIKVKWLR 
SEEEKVQPFEVLQILPNTDFTYQTRVTITVAPEEMDTYFCHVEHSSLEKPHIVVWVIPEP 
SRNNLLYMSLGASSVLLLILTFVMGLWLGRRRPGKKQKMFCSVVISKDRHSPSTTPISQ 
 
>xt_chain03 Chain=chain03 Position=GL173193.1:381302-386177(-) GeneID=ENSXETG00000009073 
ProteinID=ENSXETP00000019930 Score=264.1 E-value=6.6e-75 Length=4876 Comment=Overlaps single 
annotation & in proteins 
LLPFMFVLLGSHTLLYHITIVSAPTTGVPQYSIIMYVDGVQYGRYNSDIRQAETSIPSLR 
ELSKHIEKQTQYVQEYEMSQRHKLKFLIGFYNNTKSDRDTHIYQSRLACELHDDGTIGGY 
QEIAFDGKALLIFDKENVTYVPVTQEAEIVAQLWNKHYDSTNTKLYMENDCIEHLKLYLP 
YISTDLERKVPPNVKVSNSESESGTKLHCRVYGFYPRDVEVKWIKNGRDEIHSEEAAQIL 
PNPDGTYQIRVSVGVTPEGGATYSCHIDHSSLEKPLVVKFDSTEPNNGRYLYIIISVIVT 
LLLLLLPFALGLCIYRKRKTKGVAAQTVATCRDSHSRNIGQR 
 
>xt_chain04 Chain=chain04 Position=GL173193.1:354444-357204(-) GeneID=ENSXETG00000009076 
ProteinID=ENSXETP00000007870 Score=257.4 E-value=7.3e-73 Length=2761 Comment=Overlaps single 
annotation & in proteins 
VVSAPTPGVPQYSIIMYVDGVQYGRYNSDIRQAQSFSPSLNHLSEHLEMQTKFAQTSEVW 
QRHKLNFLMGVFNKTKSNGNIHIYQRKCACELHDDGTIGGYQEIAFDGKDFLVFDKEKVV 
YVPVTHEAVMVSHLWNKRYDPTSSKKYMETDCIQHMEMYLPYISTDLEKKVPPKVQISSS 
ESENGTELHCRVYGFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIRVSVGVTPEG 
GATYSCHIDHSSLEKALVVPFARHTVAALRFLVIDVVLLLLLLLLIILGIYICRKRKDSR 
GSYQSGSKESEV 
 
>xt_chain05 Chain=chain05 Position=GL173063.1:966777-971978(-) GeneID=ENSXETG00000031111 
ProteinID=ENSXETP00000035926 Score=257.1 E-value=7.6e-73 Length=5202 Comment=Overlaps single 
annotation & in proteins 
VVLLFSLGVCAVHCGSHTLEYHIALVSSPAPGVPQSTITVYIDGLKYGKYDSETRRARFL 
TPSLSSLTEHLDMQTKYAQRFEVIQKHKMAFLTGYLNRTYGNGDFHVYQRRFACELHEDG 
TVSGYEEIAYNGKEVMMFDKERVVYVPVTQEVLTMTQQWNQHYNDAKINKIYMENECIHY 
MKMYLPYISTDLERKVHPEVKVSSSESVSGTKLHCRVYGFYPRDVDVKWIKNERDEIYSE 
EAAQILPNPDGTYQIRVSVEVTPEEGATYSCHVDHSSLAKPLAVCFGSWKSQDCLVPCNA 
GLSPLIWIFLFNCVRRRVQPDPCQKCCCT 
 
>xt_chain06 Chain=chain06 Position=GL173063.1:979645-982170(-) GeneID=ENSXETG00000031629 
ProteinID=ENSXETP00000035924 Score=256.9 E-value=7.9e-73 Length=2526 Comment=Overlaps single 
annotation & in proteins 
TSTLRIPILQYTCSVCSCCPAGSHTLEYHIALVSSPGPGVPQSTITAYIDGLKYGKYDSD 
TSRARFLTPSLSSLTEHLDMQTKYAQRFEVIQKHKMEFLMGYLNKTYVNGGFNIYQRKFA 
CELHEDGTVSGYEEIAYNGKEVMMFDKVRVVYVPASQEALTMTQQWNQHYNHAKINKIYM 
ENECIQHMKMYLPYLSTDLERKVCPKVKVSSSESDGEQKLHCRVYGFYPRDVEVKWIKNG 
RDEIHSEEAAQILPNPDGTYQIRVSVGVTPEEGATYSCHIDHSSLEKPLVVPFVFKPSSN 
IVIPIVAALALALVAL 
 
>xt_chain07 Chain=chain07 Position=GL173193.1:1938-6154(-) GeneID=ENSXETG00000009064 
ProteinID=ENSXETP00000019874 Score=252.8 E-value=1.6e-71 Length=4217 Comment=Overlaps single 
annotation & in proteins 
MNIILLSLHNSHCIAGPHILQYRLTLISTPTPGSPQCTITAYMDGLNYGRYDSDTGHGQA 
LVPSLSIPSLAEHREMQTRHARGVELIQRDKIKFLMGFLNKTNGNGDFHVYQRKFACELH 
EDGTVRGYEEIAFDGKEFISVDKERVVYVPVTQEALGITELWNKRYDLQDNKIYLENECI 
QHMKMYLPYLSTDLERKVPPKVKVSSSESESGTKLHCRVYGFYPRDVEVKWIKNGRDEIH 
SEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHIDHSSLEKTLVIPF 
 
>xt_chain08 Chain=chain08 Position=GL173193.1:87977-91470(-) GeneID=ENSXETG00000009068 
ProteinID=ENSXETP00000019887 Score=248.3 E-value=4e-70 Length=3494 Comment=Overlaps single 
annotation & in proteins 



 202 

MACIVFLLFGLGIAAVSCRSHTLLYHITVVSAPTPGVPQYSIIMYVDGAQYGRYNSDIRQ 
AQFFSPSLSPLSEHLEMQTRYAQAFEVWQRHRLNFLMGVFNKTKGGDRDTHIYQRKAACE 
LRDDGTSGGYQEIAFDGKEFLAYDKEKVVYIPSTQEAVMVSHLWNKHYSSTNSKMFMEID 
CIQHMKMYLPYISTDLEKKVPPKVKVSCSSESGTKLHCRVYGFYPRDVEVKWIKNGRDEI 
HSEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHIDHSSLEKAITVPFEPNKRSILYII 
PVILASLVLLIALIALGVFICRKKKDPSGSHQRVSAEDKE 
 
>xt_chain09 Chain=chain09 Position=GL173193.1:259437-268566(-) GeneID=ENSXETG00000033941 
ProteinID=ENSXETP00000053836 Score=244.7 E-value=4e-69 Length=9130 Comment=Overlaps single 
annotation & in proteins 
QNKYLPLFYSSYTPVSVSIGSHTLHYDVTIVSAPTPGVPRYLVSMYVDGVQYGKYNSDIR 
HAEALYPSLRALSEHIERQTQYAQEHEMRQRHRLNFLKGYLNTKESNGNIYQRRLACELY 
EDGTIGGYEEIAFDGKEFFSFDKERVVYVPVTQEAAMLSYLWNIRYDPTDTKIYMENDCI 
EHIKLYLPYISTDLEKKIPPKVKVSSSESESGTKLHCRVYGFYPRDVEVKWIKNGRDEIH 
SEEAAQILPNPDGTYQIRVSVGVTLDKNSNYSCLVDHSSLETPMIVNFGDACNKESEMPP 
SLLVVLSCPVIGQVASVSLHVILGIFIYRKRMTYVTGV 
 
>xt_XB-GENE-5894693 Chain=chain10 Position=GL173193.1:425428-427883(-) 
GeneID=ENSXETG00000016466 ProteinID=ENSXETP00000019932 Score=243.3 E-value=1.1e-68 Length=2456 
Comment=Overlaps single annotation & in proteins 
MACYISLVFLLGFPAVYSGSHSLHYYISMLSAPAHEVPQYSIVVYADGLPIGRYNSDLHR 
AQFLIPSLNVLTEHLELQTKFAQRWQVYQERKMAFLMGFLNRTSDRGTIHIYQRKFSCEL 
EEDGTIGGYQEFALDGREVITFDRENEVFVPATQEAVTMLPRWNQYLGNAKGNKMYMENE 
CIEHIKLYLPLIMMDLEKKVKPKVKVSISESDSGVELHCRVYGFYPRDVEVKWIKNGRDE 
IHSEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHIDHSSLEKALVVPFEGETKGYVIY 
IVIGVVVAALLALCLQDSLTKRPFLIFLGFKGSRQSVSTDEQD 
 
>xt_chain11 Chain=chain11 Position=GL173193.1:298049-301990(-) GeneID=ENSXETG00000009077 
ProteinID=ENSXETP00000053837 Score=241.7 E-value=3.3e-68 Length=3942 Comment=Overlaps single 
annotation & in proteins 
HTLHYDVTIVSAPTPGVPRYLVSMYVDGVQYGRYNSDTCHAEALYPSLGALSEHIEKQTQ 
YAQGYEMRQRRRLKSLNGYLNKTRGNGNIYQRRLACELYEDGTIGGYEEIAFDGQELLVY 
DKERVVYVPVTQEAEMLSFIWNIRCGPTDTKIYMENDCIEHIKLYLPYISTDLERKVPPN 
VNISSSESESGTKLHCRVYGFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIRVSV 
GVTPDKNSNYSCLVDHNSLETPIIVTFVPNNGRSHLYFIIPVSVIFLLLLIILGIFIYRK 
Q 
 
>xt_chain12 Chain=chain12 Position=GL173193.1:58340-69297(-) GeneID=None ProteinID=None 
Score=237.9 E-value=3.7e-67 Length=10958 Comment=No overlapping annotations 
APLGSHSLQYRIALVSVPGYDVPQYSVVMYIDGLQYGRYNSDTQCAQALAPSLNALSEHI 
ENQTKYAQEYEVWQRHRLNFLMGFFNKSKGDTHIYQRKCACELHEDGTIGGYEEIAFDGK 
EFFIFDKERVVYVPVTQEAVMVSHLWNIRYDPTDSKVYVENDCIENLKLYLPIISTDLEK 
KKVKVSSSESESGTKLHCRVYGFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIRV 
SVGVTPEEGATYSCHIDHSSLETPLVV 
 
>xt_chain13 Chain=chain13 Position=GL173193.1:16498-36539(-) GeneID=None ProteinID=None 
Score=235.8 E-value=1.8e-66 Length=20042 Comment=No overlapping annotations 
APLGSHTLQYHISLVSDPGYGVPQFSVVMYIDGLQYGRYNSDTQCAQALAPSLNALSEHI 
ENQIKFAQEYEVRQRHRLNFLMGFFNKTKGTGDIHVYQRKCACERHDDGTVDGYQEIAFD 
GKELLVFDKERAEYVPVTEEAEMVAHLWNIHYESADSKVYVENDCIENLKLYLPIISTDL 
EKKKVKVSSSESESGTKLHCRVYGFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQI 
RVRVGVTPEGGATYSCHIDHSSLEKPLVV 
 
>xt_XB-GENE-5873924 Chain=chain14 Position=GL176203.1:8516-10992(-) GeneID=ENSXETG00000015263 
ProteinID=ENSXETP00000033387 Score=235.6 E-value=3e-66 Length=2477 Comment=Overlaps single 
annotation & in proteins 
PAAHTLHYAFTLVSNSAGQSYFVVAFVDDAQIGRYSSDTQKVEPLLDWMKERLEPQHWET 
MTSWGKHYQNCHTKDMGFFIDRFNNTYGDRGPFIYQVNFACEVHEDGGVSGHEAFAFNGN 
EFMFFDKGNMRFVPVRREAEVIAQVWNGQQFSAIKHKNHMEQDCVQWMALYLRYGKGRLE 
KKVQPTVKVFSRESDGATKLYCWVYGFYPRDVDVRWVRNGTEEDSEEHKEILPNPDGTYQ 
IRITLTMQPADVDSYSCHVDHSSVNGTQIYKLPEPDKRGHVIVIACVAVVFIMAVAVVVA 
AVLKFKRR 
 
>xt_chain15 Chain=chain15 Position=GL173193.1:280451-286573(-) GeneID=ENSXETG00000032875 
ProteinID=ENSXETP00000019918 Score=234.4 E-value=5.4e-66 Length=6123 Comment=Overlaps single 
annotation & in proteins 
GSHTLHYHVTIVSAPTPGVPRYLVSMYVDGVQYGRYNSDIRHAEALYPSLGALSEHIEKQ 
TQYAQGYEMRQRRKLKFLNGYLNKTRGNGNIYQRRLACELYEDGTIGGYEEIAFDGQELL 
VYDKERVVYVPVTHEAEMLSFIWNICYGPTDTKLYMENDCIEHIKLYLPYISTDLERKAV 
PGNHVTLFSESESGTKLHCRVYGFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIR 
VSVGVTLDKNSNYSCLVDHSSLETPI 
 
>xt_chain16 Chain=chain16 Position=GL173193.1:549443-557399(-) GeneID=ENSXETG00000033834 
ProteinID=ENSXETP00000019884 Score=228.4 E-value=2.6e-64 Length=7957 Comment=Overlaps single 
annotation & in proteins 
ISSAAYPGLPQYSIIAYVDDVQYGRYNSDTRRCEPLIQSLMVFSEHLENQTKLAQQTEIT 
QKAFMNLITDLLNKNYDNNINYVFQTKAACVLHEDGTVDVYKEVALDGKELIVFDKERQE 
FVPATQEAVLLAQLLNKQANAMEDKIFMENECTQHLTLYLPYIKNYLDKKVPRVKLSSSE 
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SESGTKLHCRVYGFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIRVSVGVTPEEG 
ATYSCHIDHSSLEKTLVVPFETETKNSHITYILIAVGVIVLFLAFGLGFFIQRKMK 
 
>xt_chain17 Chain=chain17 Position=GL174797.1:5412-7994(-) GeneID=ENSXETG00000025015 
ProteinID=ENSXETP00000053705 Score=228.1 E-value=3.6e-64 Length=2583 Comment=Overlaps single 
annotation & in proteins 
DNITMSYIVVLLFSLGVCVVHCGRHTLQYDISLVSSYSHSVPHYTITAYIDGLQYGRYDS 
ATRRGQVLIPSMVIPSRSTHLKHMLLQIEFAQKQEVAEKQKMESLMGFLNKTHGNGEFHV 
FQRKFACELHKDGTISGYDEIAFDGKELMTFDRERVVHVPVTQEALAMTQLWNRNYDYAK 
INKLYMENDCIENMKMYLLYVSTDLERKVLPKVKVSSSESDSGADLHCSVYGFYPRDVEV 
KWIKNGRDEIHSEEAAQILPNPDGTYQIRVSVGVTPEGGANYSCHIDHSSLENPMVVPFV 
SNRRSISQIKIPIMAAFFLIFLALGMLTRMRRNKGSESSQESLSSEEENPE 
 
>xt_chain18 Chain=chain18 Position=GL173193.1:198714-203900(-) GeneID=ENSXETG00000033980 
ProteinID=ENSXETP00000019901 Score=224.4 E-value=4.2e-63 Length=5187 Comment=Overlaps single 
annotation & in proteins 
MHMAYVDDLRFARYNNEINRCEFWIPALGTLYERMTMQKNYMHNFEISHNQKTKLLTDLY 
NKTSGKDAIHVYQTKAACEMHEDGTITAYQEVAFDGKELIAYDYQTETFIPTTPEAQTVA 
QIWNENYVKLEKVFLENYCTHRLSTYLPAIASDLEKLVPPKVKVSSSESESGTKLHCRVY 
GFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHIDHSSL 
EKTLVVPFDPNGSYQSGSTETDIEN 
 
>xt_chain19 Chain=chain19 Position=GL173193.1:181934-186043(-) GeneID=ENSXETG00000030073 
ProteinID=ENSXETP00000063559 Score=219.2 E-value=1.4e-61 Length=4110 Comment=Overlaps single 
annotation & in proteins 
GNMAGILPLVFLIFSLGTSVVYSGSHTLKLYITKLTAPYPGLPDYLHMAYVDDLRYARYN 
KEINRCEYWIPALGAKWEPMTMQKNYMHNFEISHHQKTKLLTDLYNKTSGKDAIHVYQTK 
SACEMHEDGTITAYQEVAFDGKELIAYDYQTGTFIPTTPEAQIVAQIWNKNYAKIEKIFL 
EKFCTNRLSKYLNALASDLEKLAVPPKVKVSSSESESGTKLHCRVYGFYPRDVEVKWIKN 
GRDEIHSEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHIDHSSLEKTLVVPFEYNNRS 
ILYIIIPICAALLLLMIGLGLFLFKKGKKESHSNGAAYSYTWVTDIGR 
 
>xt_XB-GENE-5757686 Chain=chain20 Position=GL173193.1:168702-175190(-) 
GeneID=ENSXETG00000014445 ProteinID=ENSXETP00000060129 Score=219.0 E-value=1.7e-61 Length=6489 
Comment=Overlaps multiple annotations; one in proteins 
GNMAGILPLVCLIFSLGTSVVYSGSHTLRFHVTKLTAPYPGFPDYMLLAYVDDLRFARYN 
NELNRCEFWIPALGALNERITKQKNYTHNFKISHHQKTKLLTDLYNKTSGKDAIHVYQTK 
SACVMHEDGTISAYQEVAFNGKELIAYDYQMGTFIPTTPEAQVAAQVWNEDYAKIEKVFL 
ENFCTHRLSWYLPALASHLEKLVPPKVKVSISESDSGAELHCRVYGFYPRDVEVKWIKNG 
RDEIHSEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHVEHSSLEKTLVVPFGYRLRIS 
LVAIHVAVMLLLLNILVTAKFLIKAGQRHNPNGSYQSGSTETDIEN 
 
>xt_chain21 Chain=chain21 Position=GL173193.1:130442-134120(-) GeneID=ENSXETG00000009089 
ProteinID=ENSXETP00000019892 Score=216.8 E-value=7.2e-61 Length=3679 Comment=Overlaps single 
annotation & in proteins 
MHMAYVDDLRYARYNNEFNRCEYWIPALSTLYERMTMQKNYTHNFKISHNQKTKLLTHLY 
NKTSGKDAIHVYQTKSACEMHEDGTISAYQEVAFDGKELIAYDYQMETFIPTTPEAQVVA 
QIWNEDYAKREKIYLKNLCTYRFSKYLNALASDLEKLVPPKVKVSISESESGAELHCRVY 
GFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHVDHSSL 
EKALVVPF 
 
>xt_chain22 Chain=chain22 Position=GL173063.1:992422-996364(-) GeneID=ENSXETG00000030689 
ProteinID=ENSXETP00000035918 Score=215.5 E-value=2e-60 Length=3943 Comment=Overlaps single 
annotation & in proteins 
MGIVGFLLLGLGAHIASCGSHILHYCITAVVSDPAYGLPQYSIVGYVDNLLIGRYSSQTR 
RPEFLIQSLRDLFEHTEELTRIIHHKENADTMIMKVILSSLNKTGDGDFHIFQIKYACEL 
LEDSSISGKEELALNAKTFITYNTENPEYIPVVPAALTAAQKWTELYAKLEKDYMEHECV 
SHLKLYLPYLKKDLEKKVPPKVKVSSSESESGTKLHCRVYGFYPRDVEVKWIKNGRDEIH 
SEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHTDHSSLEKTLVVPFAEANNGMLLYIL 
IALAVTVILLAVLLGVFIHRKRSDRQPVNTEETD 
 
>xt_chain23 Chain=chain23 Position=GL173193.1:444157-447998(-) GeneID=ENSXETG00000034352 
ProteinID=ENSXETP00000058545 Score=207.6 E-value=3.8e-58 Length=3842 Comment=Overlaps single 
annotation & in proteins 
MACYISLVFLLGFPAVYSGDHTLQFYVAVSSTAYPGLLQYSIIAYVDDVRYGRYNSDTRR 
CESLIQSPMVFSEHLDGQTNMAQQTEITQKVLMNLIIDLLNKTHDINYVIQTKAACVLHE 
DGTVDVYEEVALDGKELVVFDKERVEFVPATQKAVLLAQWLNKQAFAMEDKIFMENECTQ 
HLTLYLPYIKSYLDEKVPRVKLSSSESESGTELHCRVYGFYPRDVEVKWIKNGRDEIHSE 
EAAQILPNPDGTYQIRVSVGVTPEEGATYSCHIDHSSLENPLIVPFETEIKNSHITYILI 
AVGVIVLFLAFGLGFFIQRKMKGLKGSRQSVSSEEQD 
 
>xt_chain24 Chain=chain24 Position=GL173193.1:512159-517175(-) GeneID=ENSXETG00000033504 
ProteinID=ENSXETP00000058304 Score=206.1 E-value=1e-57 Length=5017 Comment=Overlaps single 
annotation & in proteins 
MACYISLVFLLGFPAVYSGSHTLKYYITMLSTAYPGLPQYSVIAYVDDVRYGRYNSDTRH 
AEFLIQSLMVFSEHSEGLNKQAQLIETMQKAIMNFIMDSSNMTYDINYVFQIQAACVLHE 
DGTVDVYEEGALDGKQLVVFDKETVEFVPVTREAVLLAQWVNKQAFAKKYKILMENRCTQ 
HLTLYLPYIKSYLDEKVPRVKLSSSESESGTKLHCRVYGFYPRDVEVKWIKNGRDEIHSE 
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EAAQILPNPDGTYQIRVSVGVTPEGGATYSCHIDHSSLENPLVVLFETETKNSNITYILI 
AVGVIVLFLAFGLGFFIQRKMKGFKDSQQSASTNEQE 
 
>xt_chain25 Chain=chain25 Position=GL173193.1:585862-595649(-) GeneID=ENSXETG00000030785 
ProteinID=ENSXETP00000053844 Score=198.9 E-value=1.9e-55 Length=9788 Comment=Overlaps single 
annotation & in proteins 
MVSVAAPGLPQYSITAFVDDVMIGRYSSDTRDIETFVPVPEILSWHVRRKMEYAFHLEEE 
EKKGLEKVMVFSNMTYGDADIHVYQKKFICELDDDGSVGGYQEAAFDGESFATFDKEKGV 
FVPLTQKASDVIQQCANCDLYAKSDKFYMENYCIHDLKLYLPYLIKMLDKKVCPKVKISS 
LESDNNTKLHCCVYGFHPREVDVKWIKNGRDEIHSEEAPQILPNPDGTYQIRVSVGVTPE 
GGATYSCHIDHSSLNDTLVVPF 
 
>xt_chain26 Chain=chain26 Position=GL173193.1:530734-535327(-) GeneID=ENSXETG00000032895 
ProteinID=ENSXETP00000061810 Score=195.7 E-value=2.4e-54 Length=4594 Comment=Overlaps single 
annotation & in proteins 
MACYISLVFLLGFPAVYSGSYTLKYYITMLSTAYPGLPQYSVIAYVDDVRYGRYNSDTRH 
AEFLIQSLMVLSEHLDGLNKQAQLIEITQKALMNFIMDSSNKTYDINHVFQTKAACVLHE 
DGTVDVYKEEALDGKQLIVFDKETMEIVPATGEAAVLAQWLNKQAYPKKYKISMENECTQ 
HLPLYLLYIKNYLDKKVPNVKLSGSESENGTELHCRVYGFYPRDVEVKWIKNGRDEIHSE 
EAAQILPNPDGTYQISVGVKPEGGATYSCHIDHSSLEKALVVPFEKETKNSHITYILIAV 
GVIVLFLAFRLGFFYKKKVK 
 
>xt_chain27 Chain=chain27 Position=GL173193.1:490297-495395(-) GeneID=None ProteinID=None 
Score=191.1 E-value=4.1e-53 Length=5099 Comment=No overlapping annotations 
CFLGSPTLQYYITMLSTAYPGLPQFSIIAFVDDVRYGRYNSDTRRAEPLIQSLMVFSEQL 
ESLTKLAQQTELTQKLFMTLIMDLLNKTYGNYVFQIQAACVLHEDGTVDICKDTALDGKQ 
LLVFDKERVEIVPVTQEAVLLAQWVNKQGYAKKYKIFMENECTQHLPSFLPCIKSYLDKK 
VPHVKLSGSESGTKLHCRVYGFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIRVS 
VGVTPEGGATYSCHIDHSSLENPLVV 
 
>xt_chain28 Chain=chain28 Position=GL173193.1:238026-245746(-) GeneID=None ProteinID=None 
Score=190.2 E-value=4.1e-53 Length=7721 Comment=No overlapping annotations 
LLSGSHLLQYHITRLTAPSPGLPELIKIGYVDGLRYARCTSETHRCEFLIPALETVYERM 
TLKEKCINYFEFSQFERLQLLTDIYNKTSGFHIYQMKFGCVQHDDGTTGIYQEVAFDSKE 
LITYDKHTGTFIPTSQEARIVAQLWNKNYAKVEKIYMENCCTPRLALFPPAIASDLEKKK 
VKVSSSESDGEQKLHCRVYGFYPRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIRVSV 
GVTPEEGATYSCHIDHSSLENPLVV 
 
>xt_chain29 Chain=chain29 Position=GL173193.1:411576-415530(-) GeneID=None ProteinID=None 
Score=183.3 E-value=9.4e-51 Length=3955 Comment=No overlapping annotations 
LPPGKHVLEYYMTMTSAPIPGISTFSITAHVDGVQHGRYTSETGRAEPLIPSLSMLTEHL 
DMQTHFARHWVHVYQRKYICELQDSGKVLGYHAFVFNGKEVIAFDREREVFVPIMPEAEL 
LIPSWNKYLDDVKHHKAYLKNVCIEHLKLYLSYMLPELDRKKVKTSISRSDSGKRLCCHV 
YGFYPKKVHIKVMKNGTEEVSPEEFKHILPNPDGTYQIRVSVGVTPEGGATYSCHVDHSS 
LNSTMVI 
 
>xt_chain30 Chain=chain30 Position=GL173193.1:614050-621836(-) GeneID=ENSXETG00000030515 
ProteinID=ENSXETP00000035927 Score=156.4 E-value=6.8e-43 Length=7787 Comment=Overlaps single 
annotation & in proteins 
DINHVYQTKAACVLHEDGTVDVYQEVALDGKQLIVFDKDLVEFVPATQEAVLLTQLWTKH 
YANAKKDKLFLENECTQHLKLYIPYIKSYLDKKAVPRVKMSNSESGTKLHCRVYGFYPRD 
VVVKWIKNGRDEIHSEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHIDHSSLEKTLVV 
PFGDNDLPFSIHSVETETKN 
 
>xt_chain31 Chain=chain31 Position=GL173193.1:110268-114833(-) GeneID=None ProteinID=None 
Score=146.2 E-value=6.8e-40 Length=4566 Comment=No overlapping annotations 
GLLGSHTLQYDVTLVSAPTPGVPQFSIIVYVDGVPYGRYNSDIGRAEWNERYDSTYTEIF 
MEIDCIEHMKMYLPYISTDLEKKNVQISSSESESGTNLHCSGYGFYPRDVEVKWIKNGRD 
EIHSEEAAQILPNPDGTYQIRVSVGVTPEEGATYSCHIDHSSLENPLVV 
 
>xt_ENSXETG00000002125 Chain=None Position=GL173193.1:152859-156665(-) 
GeneID=ENSXETG00000002125 ProteinID=ENSXETP00000004543 Score=152.6 E-value=2.3e-45 Length=0 
Comment=Not detected in genome search 
AGKDAIHVYQTKSACVMHEDGTISAYQEVAFNGKELIAYDYQMGTFIPTTPEAQVAAQVW 
NEDYAKIEKVFLENFCTHRLSWYLPALASHLEKLVPPKVKVSISESDSGAELHCRVYGFY 
PRDVEVKWIKNGRDEIHSEEAAQILPNPDGTYQIRVSVGVTPEGGATYSCHVEHSSLEKT 
LVVPFEYNNRSILYIIIPICGALLLLMIGLGLFLFKKGKKDPNGSYQSGSTETDIEN 
 
>tn_chain01 Chain=chain01 Position=Un_random:91605827-91610885(-) GeneID=ENSTNIG00000001016 
ProteinID=ENSTNIP00000002167 Score=242.6 E-value=1.4e-75 Length=5059 Comment=Overlaps single 
annotation & in proteins 
VTVSSGIPNLPEYVVVGMLDDVQTDHYDSITGRAEPRQEWRKKVKAEHPEDWEGQTQIAA 
GIHQNFKATIEILKQRFNQTGAGVHIFQLMYGCEWDDETEERNGFHQWGYDGEDFISFKL 
KEEIYVAAKREAEVSARRWNQDRAEIEQQKNYYQTCIKWLKKYLDYGRSSLMRTEPPPLS 
VPSSRKEPSSPVTCVATGFYPGGATLSWRRGEEELHEEVEPGEILPNPDGTFQMSAALDL 
SSVPPEDWSSYKCVFQLSGGQEVPTSLDKNPSITTAIVGVGVAVLVLVLGAIAGFIMYRQ 
KKGESWR 
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>tn_chain02 Chain=chain02 Position=Un_random:91642436-91643710(-) GeneID=ENSTNIG00000001085 
ProteinID=ENSTNIP00000002941 Score=236.3 E-value=1.1e-73 Length=1275 Comment=Overlaps single 
annotation & in proteins 
MKIAKFVVVLAALAVYRSRAVIHTLKYFYYRSSGVPNFPEFSGAALLDGAEIVHYDSDTR 
RAEPRQEWMENLSAGDPQYWERETAKFLGAQQTYNARIEILKPRFNQTGAGVHIFQNMYG 
CEWDDETDERNGFDQWGYDGEDLMSFNLTEEIWVAAKREAEITTHTWNQDRAEMEYWKNY 
LTRECVSSLKTYLDYGRSSLMRTELPSVSLLQKEPSSPVTCMATGFYPGGATLSWRRGEE 
ELHEEVEPGEILPNPDGTFQMSAALDLSSVPPEDWSSYKCVFQLSGGQEVPTSLDRKRIR 
TNWENPSNTSTIVRVVISVLVLVLGTIAGFLVYRQKKGKCPRGRHHSGAEKKTNMQL 
 
>tn_chain03 Chain=chain03 Position=Un_random:91633011-91634212(-) GeneID=ENSTNIG00000005106 
ProteinID=ENSTNIP00000000273 Score=233.9 E-value=8.8e-73 Length=1202 Comment=Overlaps single 
annotation & in proteins 
MNSLVFLLLLALKSVPNCFAVTHTLNYFHTVSSGVPNFPEFVAVVMVDDVHISHYDSNTR 
RTQPRQEWMENVNADDPQYWEGETGNFMGAHQAYKARIEILKPRFNQTGGVHTYQLMYGC 
EWDDETDEINGFNQYGYDAEDFISFKLKEEIWVAAKREAEITKRKCDQNRANTDYLKSYY 
TQICIKWLQKFVDYGRSSLMRTELPSVSLLQKEPSSPVTCMATGFYPDGATLSWRRGEEE 
LHEEVEPGEILPNPDGTFQMSAALDLSSVPPEDWSSYKCVFQLSGGQEVPTSLDRKRIRT 
NRGKTGGGGDDAENPSNTSITTAIVAVAVLVLVLGAIAGFLVYRQKVLAGKCPRAEGHPE 
VKEPLKPAPT 
 
>tn_chain04 Chain=chain04 Position=Un_random:41327814-41340383(+) GeneID=ENSTNIG00000003024 
ProteinID=ENSTNIP00000005594 Score=228.2 E-value=2.6e-71 Length=12570 Comment=Overlaps single 
annotation & in proteins 
SLPVTHTLKYFYYRSSGVPNFPEFLAVVMVDDVQISHCDSNTRRAEPRQEWMEKVTADDP 
QYWERETAKFLDAQQTYNARIEILKPSFNQTGAGVHVYQSTYGCEWDDETKKINGFSQGG 
YDGEDLLRFKLKEAICAAAKPEAEILKRSGDEKKAEMESLKYYLTHECVYWLKKYLDYGR 
SSLMRTELPSVSLLQKEPSSPVTCMATGFYPGGATLSWRRGEEELHEEVEPGEILPNPDG 
TFQMSAALDLS 
 
>tn_mhc1zea Chain=chain05 Position=Un_random:59040704-59042474(+) GeneID=ENSTNIG00000003449 
ProteinID=ENSTNIP00000006036 Score=212.9 E-value=9.1e-67 Length=1771 Comment=Overlaps single 
annotation & in proteins 
KSFMVLLVLLGSGLVVDGGLSEIHSLHYIYTALSRPVNRPGIHEFTAMGMLDDHMIDYFD 
SDKQVKVPKQTWMKTELEENYWEKGTQSRKSKQQWFKVNIKILKDRFRQNDSDIHVLQWV 
HGCNIDTSGNETEFLHGIDMYSYDGESFLTFDEANENWVAPNDAALQTKRKWDDLQVLKE 
YTKVYLKKECVTWLERFLKYQKENTAPVKPAVYALSREANVQANIVLTCMATGFSSINTI 
VQIKRDGLVLTKDDGDVRPNGDGTYQKRDQVEIPKSDKSKYTCEVIHESSGLHEIRVWDT 
DEGNTAVVVGAVVGVVVVVVLVIGIGLYMAVKK 
 
>tn_chain06 Chain=chain06 Position=Un_random:91647125-91648450(-) GeneID=ENSTNIG00000000474 
ProteinID=ENSTNIP00000003437 Score=200.0 E-value=1.7e-62 Length=1326 Comment=Overlaps single 
annotation & in proteins 
EGGGVGRIRASLGEDGAHLSTGESAGTSLCFPHLCLCLCLSGVHVLQRMYGCEWDDETNE 
SLSGFYQYGYDGEDFISFNLTEEAWVAARREAEVTKRRWEKHEGVKEHWKTYLTHRCISW 
VQEYVAYRQSSLVRTELPPSVSLLQKEPSSPVTCMATGFYPGATLSWRRGEEELHEEVEP 
GEILPNPDGTFQMSAALDLSSVPPEDWSSYKCVFQLSGGQEVPTSLDRKRIRTNWGKTGG 
GGDDGEKNGLVLLWEQRLLLFSS 
 
>tn_chain07 Chain=chain07 Position=7:4474373-4475478(-) GeneID=ENSTNIG00000009992 
ProteinID=ENSTNIP00000012887 Score=192.6 E-value=1e-60 Length=1106 Comment=Overlaps single 
annotation & in proteins 
MFYTCIFICLFSVTDHLFAEKHYLKYYLTASSGVTNQPEFVAQLVVDNLPGGYCDSNGKI 
PQPRDDWAIKMIHEDPKQLELYENECVRYQHTYRGHIKNIKQQFNQSGGIHIFQRIHGCE 
WDDETGEVTAFNQFGYDGEDFISLDPVTMTWVAAKPQALITKYKWDSEIIYLQIKKMFNS 
HLCPDRLKMYLQFLKRFQQKKVQPSVFLLQKTPSSPVSCHVTGFHPENGVVFWRKDGQKL 
QEEVEYTEILPNHDGTFQTRVDLELSSVSPEEWSRYECVFHPPGDQEDITLKLDKDVIRT 
NWGKTGSACCVICQSETSLLKCV 
 
>tn_chain08 Chain=chain08 Position=Un_random:91618580-91625876(-) GeneID=ENSTNIG00000005106 
ProteinID=ENSTNIP00000000273 Score=191.5 E-value=3e-60 Length=7297 Comment=Overlaps single 
annotation & in proteins 
YLSVNHTLKYLYTGSSGIPNLPEYVIVGLVDDVQTDHYDSITGRAEPRQEWRKKVKAEHP 
EDWEGQTQIAAGIHQNFKATIEILKQRFNQTGGGYDGEDFISFKLTEEIWVAARREAEII 
KHKWDQERAWIEQLKTYFTQICIDWLKSSVSLLQKEPSSPVTCMATGFYPGGATLSWRRG 
EEELHEEVEPGEILPNPDGTFQMSAALDLSSVPPEDWSSYKCVFQLCGGQEVPTSLDRTQ 
TSDLSLINCR 
 
>tn_chain09 Chain=chain09 Position=Un_random:83418349-83419239(-) GeneID=None ProteinID=None 
Score=141.6 E-value=4e-45 Length=891 Comment=No overlapping annotations 
LLAVKHGLRYFITLSSGVTEFPELVALMVLDNFQGGWCDGKQIY*Q*FKSFVI*QLANVC 
LSGIHIFQRIHGCDWDDETGEVTGFNQFGYDGEDFISLDPVAMTWVAAKPQALITKYKWD 
SDTVHLQGRKIFNTHICPEKLKMYLQYLHRFQPSVFLLQKTPSSAVSCHVTGFHPENGVV 
FWRKDGQKLQEEVEYTEILPNH 
 
>tn_chain10 Chain=chain10 Position=7:4476900-4477892(-) GeneID=None ProteinID=None Score=102.9 
E-value=3.2e-34 Length=993 Comment=No overlapping annotations 
LLAVKHSLRYFITSTSGVTEFPDFVAQTVVDNFQGGWCENNQAQPRNEWAKKALDPVTMT 
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WVAAKPQALITKHTRDSDTVHLQEEKIFNTHICPERLKKYLQFLKRFQQKKQPSVFLLQK 
TPSSAVSCHVTGFHPENGVVFWRKDGQKLQEEVEYTEILPNHDGTFQTRADLELSSVSPE 
EWSRYECVFHPPGDQEDITL 
 
>tn_ENSTNIG00000004925 Chain=None Position=Un_random:74651122-74651415(+) 
GeneID=ENSTNIG00000004925 ProteinID=ENSTNIP00000007590 Score=84.5 E-value=2.5e-24 Length=0 
Comment=Not detected in genome search 
THTLKYFHTVSSGVPNFPEFVAVVMVDDVHISHYDSDTRRAQPRQEWMENVSAEHPQYWE 
RETGNFMGAHQAYKAWIEILKPSFNQTGGEMSSPLHC 
 
>tn_ENSTNIG00000004145 Chain=None Position=Un_random:66895563-66896295(+) 
GeneID=ENSTNIG00000004145 ProteinID=ENSTNIP00000006764 Score=171.7 E-value=2e-50 Length=0 
Comment=Not detected in genome search 
GVHTFQWMVGCEWDDETDEINGFDQYGYDGDDFLSFKLKDGTWVAAKREAEITKRKWDYD 
GAGIDYWKYYHNQNCIKWLKKYLDYGRSSLMRTELPHSVSLLQKEPSSPVICMATVFYPD 
GATLSWRRGEEELHEEVEPGEILPNPDGTFQMSAALDLSSVPPEDWSSYKCVFQLSGGQE 
VHTSLDRKQIRTNWGKTGGGGDDGE 
 
>tn_ENSTNIG00000001973 Chain=None Position=Un_random:46457180-46457895(+) 
GeneID=ENSTNIG00000001973 ProteinID=ENSTNIP00000004370 Score=145.6 E-value=1.1e-42 Length=0 
Comment=Not detected in genome search 
GVHIFQWMYGCEWDDEIDERNWFCQWGYDGEDFISFKLKEEIYVAAKREAEIITHRWNQN 
RALIEQQKYYYQICIKWLQKFVDYGRSSLMRTELPSVSLLQKEPSSPVTCMATGFYPGGA 
TLSWRRGEEELHEEVEPGEILPNPDGTFQMSAALDLSSVPPEDWSSYKCVFQLSGGQEVP 
TSLDRKRITTNWEG 
 
>dr_mhc1uba Chain=chain01 Position=19:7696486-7721711(+) GeneID=ENSDARG00000075963 
ProteinID=ENSDARP00000020667 Score=272.5 E-value=1.1e-80 Length=25226 Comment=Overlaps single 
annotation & in proteins 
MQSLIGLLLVVCLQYASGATHSWKAYYTGTTGLTEFPEFVALNLIDDQLMGYFDSKTNRF 
KSQFQWMEDNLGKEYDEQQTNILLGYPEVFKNNIKVVMERFNQTQGVHTFQFMYGCEMDD 
DGNKQVHWQIGYDGEDFISLDKKTLTWTAANSQAMTTKVKWDSTGAEANYWKGYLENECI 
EWVQKYVGYGKDTLERKVSPQVSLLQKSSSSPVVCHVTGFYPSGLKISWQRNGQDHDEDV 
ELGELIPNEDGTYQRTSTLNVKPEEWKKDKFSCVVEHQSKTINSILTEDEIRTNNPTAPL 
GIIIGIVVAAVLLVAIAVAGFVVYRRHKGFKPVPQNTSDGGSDNSSRT 
 
>dr_mhc1zba Chain=chain02 Position=1:47656107-47658002(-) GeneID=ENSDARG00000036588 
ProteinID=ENSDARP00000053152 Score=236.6 E-value=7.6e-70 Length=1896 Comment=Overlaps single 
annotation & in proteins 
MGSFAVLFSAVMLVAVVPAWTEKHSLYYIYTALSRPVNLPGIYEFTAMGLLDDRQIDYYN 
SEQQKKIPKQHWMKEKMQEDYWEKGTQSRKSKEQWFNVNVNILMERMRHNKSDVHVLQWR 
HGCEIESQGNDVRFSRGIDEYSYDGRNFLSFDDAESQWVAPVEEALPTKRKWDNVPILNQ 
YTKGYLEKECVDWLNKFREYGDKELREGSSPEVHVFAKRIINGKIKLKLTCLATGFYPKD 
VILNIRKYRITLPDNEVESTGVRPNEDGTFQLRKSINIYEDEKAEYDCYVSHTTLKEPII 
KKWDGECLDGPESGSPIGIIAGAIIVVLVVLAAIGGAVYFLRKRSGNNNVKPSSVPTISG 
NKDEKCSMLPGSDDSGQGSSDGSSKSSPTNSQEKMDIV 
 
>dr_mhc1zaa.1 Chain=chain03 Position=1:47627093-47631877(-) GeneID=ENSDARG00000086877 
ProteinID=None Score=236.0 E-value=1.2e-69 Length=4785 Comment=Overlaps single annotation; not 
in proteins 
FNTEKHSLYYIYTALSRPVNLPGIHEFTAMGLLDDRQIDYYNSQDQKKIPKQHWMKEKMQ 
EDYWEKGTQSRKSKEQWFNVNVNIDLHVLQWRHGCEIDSQDDDVRFSKGIDEYSYDGENF 
LSFDDADSQWVAPVDAALPTKRKWDNVPILNQYTKGYLEKECVDWLNKFREYGNEELREG 
VFARSIINGKAKLKLTCLATGFYPKDVYLTIRKYRMALLDKDLESSGVRPNHDGTFQLRM 
STYIYEDEKAEYDCYVKHRTLGAPIIK 
 
>dr_mhc1zaa.2 Chain=chain04 Position=3:1079142-1080155(-) GeneID=ENSDARG00000092162 
ProteinID=ENSDARP00000118368 Score=234.8 E-value=2.3e-69 Length=1014 Comment=Overlaps single 
annotation & in proteins 
XHRPESSLGKSPSAIFRCFPVVLFLRRKAEPPGKHTHFLSVMMSGGVASGICALLCVFLL 
CGDLPSAQGEKHSLYYIYTGLSKPLDLPGIYEFSAMGLLDDRQIDSYNSEEQRKIPKQQW 
MKEKMQEDYWEKGTQSRKSKEQWFNVNVNILMDRMRHNMSDLHILQWRTGCEVEIQGSEV 
KFSKGIDEYGYDGENFLSFDEAESQWVAPVKEALPTKRKWDNVPILNQYTKGYLEKECVD 
WLNKFREYADEELRNGSSPDVYKLTKKSTKDETKLKLTCLATGFYDKDVMLNIRRNCLPE 
DETESTGVRPNHDQTFQLRKSVEIKEDQIDEYDCHLTHRTLKNPIIVTQVNFTPPVVE 
 
>dr_mhc1zaa.3 Chain=chain10 Position=3:1114702-1122867(-) GeneID=ENSDARG00000074765 
ProteinID=ENSDARP00000096436 Score=222.9 E-value=7.5e-66 Length=8166 Comment=Overlaps single 
annotation & in proteins 
MTSFDRSFTLLYLCLFHVIMSSFRAEKHSLYFIYTGLSRPVDLPGIYEFSAMGLLDDRQI 
DSYNSEEQRNIPKQQWMKEKMQEDYWENRTQSRKEKQLWFYDNVHLLIDRNRQSTSVLHV 
LQWRHGCEVEKQGNEHSFNKSIDEYGYDGEDFLYYDDAESRWVAPVEEALPTKRKWDNLP 
ILNQYTKDYLEKECVDWLNKFREYADEELRKASPPDVFKLTRKSTKDETKLKLTCLATGF 
YPNDVMLNIRRYRVYLPEQETISTGVRPNHDQTFQLSKSVEIKEDQIDNYDCSVSHRTFK 
QPIIIKWDGTDLDGIYTGHPPETVPVVIGSVLIFLAILGVVVFLVMKCGEQDSSSTDTTE 
CTSILLGFIADHLNKELTEGENW 
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>dr_mhc1zaa.4 Chain=chain11 Position=3:1089527-1090540(-) GeneID=ENSDARG00000092162 
ProteinID=ENSDARP00000118368 Score=221.0 E-value=2.3e-65 Length=1014 Comment=Overlaps single 
annotation & in proteins 
SSSEKHSLYYIYTSLSKPLDLPGIYEFSAMGLLDDRQIDSYNSEEQRKIPKQQWMKEKMQ 
EDYWEKGTWSRKSKEQWFNVNVDLHILQWRHGCEVEIQGSEVKFSKGVSEYGYDGENLLY 
FDDAESRWVAPVEEALPTKRKWDNIPILNQYTKGYLEKECVDWLNKFREYADEELRKAKL 
TKKSTKDETKLKLTCLATGFYPNDVMLNIRRNCLPEDETESTGVRPNHDQTFQLRKSVEI 
KEDQIDEYDCHLTHRTLKNPVTA 
 
>dr_mhc1zfa Chain=chain05 Position=3:508250-511459(-) GeneID=ENSDARG00000088022 
ProteinID=ENSDARP00000095791 Score=231.8 E-value=2.2e-68 Length=3210 Comment=Overlaps single 
annotation & in proteins 
MIMDVKVLTLLCVFLLYGALPLCRAEKHSLYYIYTGLSRPVDLPGIYEFSAMGLLDDRQI 
DSYNSREQRKIPKQQWMKEKMQEDYWEKGTQSRKSKEQWFNVNVHILMDRMRHNRLDLHV 
LQWRHGCEVEIKGSEVKFSKGIDEYGYDGENFLAFDEAESQWVAPVEEALPTKRKWDSVP 
ILNQYTKGYLEKECVDWLNKFREYANEELRNGSPPEVHVFAVKSISDKTKLKLTCLATGF 
YSKDTMLVIRRNRLPEKKTESTGVRPNHDQTFQLRKSVEIEQDETDEYDCYMTHRTLKGP 
VIARWDGKCKDCLPNLNWIWVVAGAVLMLGVVALLLVLLKKKIIDLRQRLSGSQSPLYQI 
QADSESEDYNH 
 
>dr_mhc1uca Chain=chain06 Position=19:7669183-7671181(+) GeneID=ENSDARG00000092731 
ProteinID=ENSDARP00000117273 Score=231.6 E-value=1.5e-68 Length=1999 Comment=Overlaps single 
annotation & in proteins 
MADRITQMQKMEYILLLVVCLPYVDGATHTWNAYYTATTGLSQFPEFVAQNLIDGQLMGY 
FDSKTNCFKSQFQWMEDKLGTAYDEQQTNILQRHTAKFKNNIKVAIERFNQTQGVHTLQE 
IYGCEWDDQTGNLNAFRQYGYNGEDFLTLDFMEMRWITPVQQAMITTQKWNNDRGFIESD 
MNYFRSECIEWLQKYLEYGKSSLMKTVSPQVSVLQKYYFSPVVCHATGFYPSGIKISWQK 
NGQDHDEDVELGELLPNADGTFQKRSTLNVKPEEWKNSKFSCVVEHQGERILTEDEIRTN 
NPSATIGIIIGIVLSAVLLLFIAVAGFVVYWKKKGFKPVPANPVNSDNDSGCGSGSDSVS 
HKSSDSTSDISSVCSDNSSDSTTALLRNRQKYDKEN 
 
>dr_DARE-ZE*0601 Chain=chain07 Position=Zv9_NA257:92605-93624(+) GeneID=ENSDARG00000076734 
ProteinID=ENSDARP00000103264 Score=229.8 E-value=6.3e-68 Length=1020 Comment=Overlaps single 
annotation & in proteins 
MMSGGVASGICALLCVFLLCGDLPSAQGEKHSLYYIYTGLSKPLDLPGIYEFSAMGLLDD 
RQIDSYNSEEQRKIPKQQWMKEKMQEDYWEKGTQSRKSKEQWFNVNVHILMDRMRHNKSD 
LHVLQWRHGCEVEIQGSEVKFSKGVSEYGYDGENLLSFDETESQWVAPVKEALPTKRKWD 
NVPILNQYTKGYLEKECVDWLNKFREYADAELRNGSPPDVYKFTKKSTKDETKLKLTCLA 
TGFYPSDVMLNIRRNRVYLPEQETISTGVRPNHDQTFQLSKSVEIKEDQIDEYDCSVSHR 
TFKQPIIIKWDGTDLDGKYTGYPPETVPVVIGSVLILLAILAVVVFLVMNYDGECCKGLF 
IHFTLLKDCGLLLP 
 
>dr_mhc1zea Chain=chain08 Position=1:47617360-47618591(-) GeneID=ENSDARG00000001470 
ProteinID=ENSDARP00000091917 Score=229.3 E-value=1.5e-67 Length=1232 Comment=Overlaps single 
annotation & in proteins 
MAVFAALFSVVMLFTVVPAWTEKHSLYYIYTALSRPVHLPGIYEFTAMGLLDDRQIDYYN 
SQEQKKIPKQHWMKEKMQEDYWEKGTQSRKSKEQWFNVNLKILMERMRHNNNSDVHVLQW 
RHGCEIDSQGNDVRFSKGIDEYSYDGRNFLAFDDADSQWVAPVEEALPTKRKWDNVPILN 
QYTKGYLEKECVDWLNKFREYGDQELREGSPPDVHVFAKKIISGKAKLKLTCMVTGFYPK 
DVILTIRKYRTALSDNEVESSGVRPNPDGTFQLRKSTNIYEKAEYDCYVAHRTLKEPIIK 
KWDGECQDCSSGTPIGTIFGALIGVLLVLAVIGGAVYFLANTRMGWRNAL 
 
>dr_mhc1zca Chain=chain09 Position=1:47636615-47642920(-) GeneID=ENSDARG00000069471 
ProteinID=ENSDARP00000063528 Score=223.4 E-value=2.1e-64 Length=6306 Comment=Overlaps single 
annotation & in proteins 
MAVLAVLFSAVMLLSVVSVRTEKHSLYYIYTALSRPVDQSGIYQFTAMGLLDDRQIDYYN 
NIDQKKIPKQHWMKEKMQEDYWEKGTQSRKSKEQWFNVNVNILMDRMRHNNSDLHVLQWR 
HGCEIEIQGNEHRFSKGIDEYSYDGRNFLSFDDAESQWVAPVDAALPTKRKWDNVPILNQ 
YTKGYLEKECVDWLNKFREYGDQELRDGSPPDVYVFARRIISGKIKLKLTCMATGFYPKD 
MILTIRKYRTTLPDNDLDSSGVRPNQDGTFQLRKSTNIYEDEKAEYDCYVNHRTLKEPII 
VRWNGEYLSEPPIAIIAAIIGVLILLVAIGVTVWILKKKNIIGNKDEKRSMPNGSANYGR 
GSSA 
 
>dr_CABZ01031753.1 Chain=chain12 Position=22:5245353-5261410(+) GeneID=ENSDARG00000059039 
ProteinID=ENSDARP00000076471 Score=210.2 E-value=1.5e-60 Length=16058 Comment=Overlaps single 
annotation & in proteins 
MKIIVVFICIPFVCSGYHSLITTYTGIRGASETPIFIAVAILDGEQIDYYDSVTNKLIPK 
QDWMKEYASEEIWKEDCKIRGDVHQIYRSNINVLMQRFNQSNGVHVYQRMYGCDWDEETE 
ESHGFDQYGYDGEDYVMLDMREIRYITPVQQGEITVQKWNSNREQLKTLQHYYKYECVYW 
LKQFLGLRKADLEIRDPEVFLLQKNPSSPVECFATGFYPSGVIITWLKNGQDHGENVELR 
ELKPNEDGTFQRSSSLHVSQEDWKKSLYTCVVEHQRMTIQKSGDEIKSNSSSEVFITPER 
VLAILLAALVICLCICYLVYPKKLKPYQPVNQNEEMYEYIVKNE 
 
>dr_CABZ01031754.1 Chain=chain13 Position=22:5239594-5241973(-) GeneID=ENSDARG00000039164 
ProteinID=ENSDARP00000057223 Score=144.8 E-value=1.7e-42 Length=2380 Comment=Overlaps single 
annotation & in proteins 
MSIMKFIIFFFNLPFVYSELHTFVVTYTAMGNQTFFAAATLDGQQIGHYDKNTKTLVPKQ 
DWNEQIKSKTPWKVDTLIETVQRTYNNNMHDLIEQFPQSNGAHTYQGRHGCSWEDKTNYH 
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DEFHDYAYDGDDFITLDVKKIKYRASVSKAKYIVKKWNNDREQNKTLKEYYKLGCIYWLI 
EFLVFTKNAFGGTAPKMFLLQKSPNSDVKCHVTGFYSNNIVILWMKNGQEVSNSALLKSG 
EILPNEDGTFQRTVTLRVSLQYWRKEQYTCVVRYMEKTIRRNLTEEEIKSNYSEMSITAS 
DSSTSILVPIIVVVLVVSLILWWMSCHQNCRLGQCFHLENAN 
 
>dr_113060 Chain=chain14 Position=8:47112669-47115321(-) GeneID=ENSDARG00000016056 
ProteinID=ENSDARP00000123111 Score=137.3 E-value=3e-40 Length=2653 Comment=Overlaps single 
annotation & in proteins 
MFLRMFCFVCLLPFIGVVNAGSHSLMALATYIVGQTPFPEFSVVVMLDDLQLAYYDSIGW 
KTIYRSGSDSKYYDEEQSDAGIVFRDMFYDMKDRAFYLKDHQNHTDGVHVHQRLVGCELL 
NNEKTGPLHYWDAFGGQNMEEFIFDTEKHTIQVKMPWVITWDQLKRLHENFMYDNVYHPI 
CIKTLRRYLNMEKKNVMRKVKPRVRLMQKKLSDSQGLQISCLATGFYPRHINLTLFRDAE 
LVDDDQITGGEILPNGDGTYQMRKSLIVSEEELQKGHKYNCTANYLNLDNKMDIVFDVAE 
SDPGSFSVSVVMGVLVFVGLSVLSITALIMRRKRRDTGSVSGTSQNQYVYAQTSVQDAT 
 
>dr_ch211-147g22.1 Chain=chain15 Position=25:11323396-11327494(+) GeneID=ENSDARG00000023203 
ProteinID=ENSDARP00000067873 Score=130.2 E-value=2.6e-38 Length=4099 Comment=Overlaps single 
annotation & in proteins 
RTMPVILILSLRLIKTGSHSLWMHSTYIKGQTPFPEFSFVLMLDDVRVMYYNGETKNVFP 
RGNATNEDDVFDLNVLRTISDKVHSSFEEKWVVATQDVNKTEVVLALQRIVGCELRHDGK 
PGQMITRDAARGSTTDELLYVDKNFTYQGTLNVPAFVLNMHLKISMWNHEHLYHPFCIKT 
LKGYLEKRKNQVNRKVKPKVRLLLKKLSSSFRVSCLATGFYPRHINLTLLRDGQPVSDHD 
VTGGDLLPNGDGTYQMRKSLQIRAEEREKHKYTCSAKHLSLDNKLDVNLGERFEPVHSKV 
IVACVVGLVLLTIAGTIIECRKRKQSGNKCN 
 
>dr_CR339041.1 Chain=chain16 Position=25:11300253-11301251(+) GeneID=ENSDARG00000051711 
ProteinID=ENSDARP00000045181 Score=128.1 E-value=1e-37 Length=999 Comment=Overlaps single 
annotation & in proteins 
IQISILQIIRCNILCAGPHSLMLLATYIKGQTPFPEFSYVLMLDDVSTLYYNGETKTYVP 
RGNTTAEDDVFETNVLLKLSFMEKWVVGTNNINKTHVNFHFSIEGVLVLQRLVVCDLKDD 
GEPGKMITRDAFRGSTTDELQYFDKTFTYQGTLNVSDNLLKIHLEASKRNHEYLYQPYCI 
KTLKGYLKKRTNQVNRKVKPQVRLIQKASDLGWFVVSCLATGFYPRHINLTLLRDGQPVS 
DHELTGGDLLPNGDGTYQMRKSLEIRAEEREKHKYSCSVKHLSLDNKLDVDFVVLVADFD 
HGEPFKSLIPSVLVVSTLMLVFGVAAAVIARKRRCSGTT 
 
>dr_ch211-147g22.4 Chain=chain17 Position=25:11216200-11217255(+) GeneID=ENSDARG00000097275 
ProteinID=ENSDARP00000129196 Score=127.2 E-value=2.3e-37 Length=1056 Comment=Overlaps single 
annotation & in proteins 
MCELKDDGEPGQMITQEAFEGFTIDTLLYVDHNFTLHINLSIPQEQIEQTLEMVKNRHKT 
LYQPFCYKTLKGYLEKRKDQVNRKVKPEVRLFYEANSDSGDFRVSCLATGFYPRHINLTL 
LRDGQPVSDYEVTGGDLLPNGDGTYQMRKSLEIRAEERQKHKYTCSIKHLGKEYHIDLAE 
PQRNHIWIAVAVSVLLVCAIIVGLAMLIWKRYQAAG 
 
>dr_BX572619.1 Chain=chain18 Position=25:11082577-11085035(+) GeneID=ENSDARG00000046057 
ProteinID=ENSDARP00000067714 Score=123.0 E-value=3.6e-36 Length=2459 Comment=Overlaps multiple 
annotations; one in proteins 
SHSLWMLVMYIKGQTAFPEFSYVMMLDDVSVLYYNGDTNSLIARGNTKADDDVFNLNALP 
IIHDHLQSSFEDRWTLATTHLNKTDGVFALQQLVACELQDDGEPGRMILRNAFGGSTTDQ 
LLFVDKKFTYHDSFNVSTHVLHAHHDYNKYLCEKLLQPFCFQTLKGYLVKRRNQINRKVK 
PEVRLIQKANSDSGGFRVSCLATGFYPRHINLTLLRDGQPVSDHEVTGGDLLPNGDGTYQ 
MRKSLEISAEEREKHKYSCSAKHLKIDNKLDIYLGIYFLSDFDPEEPFPLVLILLSLVSV 
FITGVII 
 
>dr_ch211-147g22.3 Chain=chain19 Position=25:11281133-11284387(+) GeneID=ENSDARG00000096830 
ProteinID=ENSDARP00000128887 Score=120.9 E-value=1.3e-35 Length=3255 Comment=Overlaps single 
annotation & in proteins 
MSYVGNMIIILFLCVLLAPTTALTGSHSLWMLATYMKGEPYSEISITFMLDDITVGHYNS 
KTERYIARHNTTNEDELTWNTFYVARHDLHTFFVRKLKFKNHTESPQLYQMMSHCELQGN 
NKPGQMVSKIAFSGSTTDEMSIYENKFTYQSQKEMPSLALELIKWRHESVSYPTCISTLR 
NYLKMRQTQVNRKVKPKVRLFQKANSDSGGFRVNCLATGFYPRHINLTLLRDGQPVSENE 
VTGGDLLPNGDGTYQMRKSLEIRAEERQKHKYTCSAKHLSLDNKLIVTFDFDPGEPFKSV 
IPSVLIILSLVLVFITGVVIYKCRKRRAVSSKRDYISASTSEESTGSTVTQPQQEAT 
 
>dr_dkey-52p2.7 Chain=chain20 Position=25:11378000-11380505(+) GeneID=ENSDARG00000097766 
ProteinID=ENSDARP00000128245 Score=119.3 E-value=5e-35 Length=2506 Comment=Overlaps single 
annotation & in proteins 
MILRNAFGGSTTDQLLFVDKKFTYHDSFNVSTHVLHAHHDYNKYLCEKLLQPFCFQTLKG 
YLVKSRNQINRKVKPKVRLIQKANSDSGGFRVSCLATGFYPRHINLTLLIDGQPVSDHEV 
TGGDLLPNGDGTYQMRKSLEIRAEEREKHKYSCSAKHLKIDNKLDIYLDFDPEEPFPLVL 
ILLSLVSVFITGVIIYKCRKRRAVIIYLLSKCIKKITS 
 
>dr_CU571323.1 Chain=chain21 Position=8:47095167-47096314(+) GeneID=ENSDARG00000016227 
ProteinID=ENSDARP00000022240 Score=115.1 E-value=1.2e-33 Length=1148 Comment=Overlaps single 
annotation & in proteins 
MKTMLFLLYLLSCLTFTDAGFHSLLVLATYVDGQTPFPELSVVVMLDDVQIIYYDSDTWR 
VFHRSPSDSKYYDEDQSDADAVFHDTYDEMKYRVLHLKNQLNHTDGITVLQRIVGCELFN 
DKPGIYHLWDAHDGKTIEKFTFNIYNHEFQLKNQWFRTWDQVMIQQKRIVHENIYYPVCI 
KVLRRYLNVEKNSVMRKVKPRVRLMKKKLPDSQGLQISCLATGFYPRHINLTLFRDAEPV 
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DDDQIIGGEILPNGDGMYQMRKSLIVSKEELDEGHEYTCTMKHLNLDNKLDIVFDVSGTV 
PGCFSVSVVISVLVFMCVSVFIITKLIMRRKRQDTGRGSEKCDYSPTISSSQDEI 
 
>dr_dkey-52p2.4 Chain=chain22 Position=25:11342613-11350193(+) GeneID=ENSDARG00000096977 
ProteinID=ENSDARP00000128999 Score=109.3 E-value=3.8e-32 Length=7581 Comment=Overlaps single 
annotation & in proteins 
XFTATLYTTSNQFNFSRIACASENMTGKVLFVLFLLSAPTTVLTDSHSLWLLGTYIKGET 
QFPKLSFTVMLDDLRVGFYNSETKEFIPRDNTTNEDEAVSDVLTVIQNTLEPFMMSTLTF 
KNGTESPQLFQITWHCELLDNDKPGQIIFKIAFSGSTTDEVSFYNDNFTCQCQNNMATVP 
LESFQMHYETVCYPNCIATIRDYLKKRQTQVNGKVQPKVRLIKKVHPKSGGFRLSCLATE 
FYPHSINLTLLRDGQPVSDHEVTGGNLLPNG 
 
>dr_ch211-147g22.2 Chain=chain23 Position=25:11315123-11316131(+) GeneID=ENSDARG00000051712 
ProteinID=ENSDARP00000067872 Score=107.1 E-value=1.5e-31 Length=1009 Comment=Overlaps single 
annotation & in proteins 
HTHRGGAGTCFNVKCGFTESIRTCNMDKILLLFLFLLPTSAPKGSHSLCLLATYIKGPSP 
FPELSGVMMLDDIPLLYYNGDTKTFFMRGNTTAEDNVFDANAFLSIIGHIQSSFVDRWGL 
ASRDLNKTDRIFTLQQLVLCELSEDGEHGKMISRDAVEGTTTDELQHVDHKFTYKHTLNV 
SAYLIDFYLELTKSLHKTLFQPTCFKTLSGYLIQRRNQINRKVKPKVRLFKKELSSGFIV 
SCLATGFYPRHINLTLLRDGQPVSDHDVTGGDLLPNGDGTYQMRKSLEIRAEERQKHKYS 
CSVKHLSLDNKLHVDLDFDHSKPFQSVIPSVLTVLALLLVFGVAAVIWKRKCRDSVKCGY 
SAASTSVENMETT 
 
>dr_CR339041.2 Chain=chain24 Position=25:11257981-11263809(-) GeneID=ENSDARG00000051710 
ProteinID=ENSDARP00000084819 Score=105.0 E-value=1e-30 Length=5829 Comment=Overlaps single 
annotation & in proteins 
MFATYIKGKTPFPELSGVVMLDDIRVLYYNGVTDSFLARGNTTAEDDVFDPDDLENIKGF 
IKSEFSFLNAQNTFTKTDGIFVSQILAMCELKDDGEPGQMIGQDAFERLTIFTVLYADNK 
CTIDINLNISQEQKEKIIEGVKNYYRNLIQPFCYKTLKVYLKKRKDQVNRKVEPKVRIFH 
KANLDFGGFRVSCLATGFYPRHINLTLLRDGQPVSDHEFTGGDLLPNGDGTYQMRKSLEI 
RAEDSEKHKYTCSFKHLDKEWHIDLAEPHRNTIWIAVSVLLVCAIIVGLAMLIWKRYQTA 
RQRENEPNNHQTTHMNAPEDVDLMDHSRVE 
 
>dr_BX572619.2 Chain=chain25 Position=25:11063812-11066177(-) GeneID=ENSDARG00000086127 
ProteinID=ENSDARP00000067869 Score=101.0 E-value=1.1e-29 Length=2366 Comment=Overlaps single 
annotation & in proteins 
FLCFLCLLSLPTAVVTDSHSLWFLVTYIEGETQFPAFSVVYMLDDITVGYYNSETKTCVP 
RGNTTNEDEEVDLIGYYLNEYYPPIVEKFIGLFKNKTKGEYNRYSTCPVVHQLLTVCELP 
DKDGVGQMITKIAFEGSTTDEMHFIDDTLTFQGMEKVTKLHLEMFRWFHAMAYKRGKLIL 
EKYLKKRATQGKRRVKPRVRLIQKASDSGFCVSCLATGFYPRHINLTLLRDGQPVSDHEV 
TGGDLLPNGDGTYQMRKSLEISAEERQKHKYSCSAKHLSLDNKLIATLEFDHGEPYKSVI 
PSVLAVLALMLVFGAAAAVWKRRRTGTMRFKINL 
 
>dr_dkey-52p2.6 Chain=chain26 Position=25:11363689-11372081(+) GeneID=ENSDARG00000051713 
ProteinID=ENSDARP00000067874 Score=98.1 E-value=1e-28 Length=8393 Comment=Overlaps multiple 
annotations; one in proteins 
WVVATYIKGQTPFPEFSYVLMLDDITVMYYNSDTKTFFPRGNTTAEDDLYGSKDHLIIHD 
FMRSTFKDKWGLATKKLNKTDGVFALQQLVVLDLRADSEPGQIISQNTFEGCITDEVRYV 
DKKLTYQGTLNVSAPVHHIHHEYVKYLCETLIHPFYFKTLKGYLIKRRNQINRKVKPKVR 
LILKANSDSGGFRVSCLATGFYPRHINLTLLRDGQPVSDHGVTGGDLLPNGDGTYQMRKS 
LEIRGEEREKHKYTCSATHLSLDKKLDITLGLVAEFDPGELFKSVIPAVLIVLSLVLVFI 
TGVVI 
 
>dr_BX682558.1 Chain=chain27 Position=3:23763318-23765350(-) GeneID=ENSDARG00000055813 
ProteinID=ENSDARP00000072675 Score=95.1 E-value=5.1e-28 Length=2033 Comment=Overlaps single 
annotation & in proteins 
MMYLVLAVCILSASVFSQSGSHSLWVFATFLTGDISVQFPEFSAVVMLDDIVIGHYNADD 
RSFVPSTVQESVNITEQITISTVCKGIHEGMKTKAYYLIDYLNHTRGLHVQQRLVGCELL 
QNEPGQMMTLEAFNGESGFERRYDIQGDQQTHWKWPVIKSRAQLEYDAWLYAHFYRPLCI 
SQLRKYLKKEKKRVMARVKPRVRVIQRTCSKTGKIQMTCLATGFYPRHINLTLLQDGQPV 
NEERVMGGELLPNADGTYQMRKSVELSAEEQRERRTYTCTVNHLSLDNKLDISIEPGLDP 
VIIFPSVLLLLCVFGVLAGFLMWRKKYKQPEQVTYTPTSATDQTTEQSQL 
 
>dr_BX572619.3 Chain=chain28 Position=25:11071627-11074602(-) GeneID=ENSDARG00000087161 
ProteinID=ENSDARP00000110996 Score=84.6 E-value=7.5e-25 Length=2976 Comment=Overlaps single 
annotation & in proteins 
SLLSTYIKGETQFPKLSGTAILNDFIVGYYNNTYIPRGNTTNEDDVIDADQTKTLADYVY 
GSFLKRSSLLSQNNQNTSKGLDVYQKLVVCELLDSDTPGKMFFRDAARGSTIDEILYTNN 
TFMYTVIGNVSQELIKPHLEAFKLDFSTLFYPVCIKTLKTYLKKRKSQVNRREMPNSRLF 
RKASDSGGFRVSCLATGFYPRHINLTLLRDGQSVSDHEVTGGDLLPNGDGTYQMRKSLEI 
KAEEREKHKYSCSVKHMGEEFHIDL 
 
>dr_chain29 Chain=chain29 Position=8:47125558-47128530(-) GeneID=None ProteinID=None Score=83.9 
E-value=1.7e-24 Length=2973 Comment=No overlapping annotations 
YFKGSHSLMAFATNIIVHTPFPEFSAVVLLDDLQVMYYNSVTRQAVHRNVYHPICIKILQ 
GYLQSKKNNVMRKRLMKKKLSDCQGL*ISCLATGFYPRHINLTLFRDAEPVDDDQITGGE 
ILPNRDGTYQMRKSLIISEEELQKGHQYNCTVKHLNLDNKLDI 
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>dr_chain30 Chain=chain30 Position=25:11228370-11229374(+) GeneID=None ProteinID=None 
Score=70.7 E-value=1.1e-20 Length=1005 Comment=No overlapping annotations 
ISGSSLSFWLFSTYIKGKTQFPEFSYTTTLDDITVGYYNSETYIPRGNTTNEDDVIHSDY 
IISISHYMHESFMRRSRLLGQDNKNDSKEEFKMKFEQFFYPVCIDTLKNYVKKREIEINR 
KVRLIQKASDSGGFVVSCLATGFYPRHINLTLLRDGQPVSDHEFTGGDLLPNGDGTYQMR 
KSLEISAEEREKHNYTCSAKHMGEEYHIDL 
 
>dr_ighd Chain=chain31 Position=3:34038903-34043015(-) GeneID=ENSDARG00000096248 ProteinID=None 
Score=21.7 E-value=1.1e-05 Length=4113 Comment=Overlaps single annotation; not in proteins 
PLTGHH*LLTDITSLSQVTTSFSQTSLVYMEFTCPHHLRGQAFVLRRRPSDSDLSGGKIS 
SLVCFISDFFPSDILVEWKLNGKQLSRSQFSNSPLVALSSGGFSMHSALILPGEQQKDGI 
YSCEVSHESSQKPINA 
 
>dr_arpc1a Chain=None Position=25:11354468-11368396(+) GeneID=ENSDARG00000096940 
ProteinID=ENSDARP00000128878 Score=113.4 E-value=1.4e-32 Length=0 Comment=Not detected in 
genome search 
MARTSENMIGKVLFVLFLLSGPTSVLTDFHSLQILGTYIKGDTLFPQISFTFMLDDLTVG 
LYITERDEFIPRDNTTNEDETVSDMLDKIKNELQPLLKGTLIFQNSTESPQLFQIAWHCE 
LLDNNKTGQMILKIAFSGSTTDEVSFYGNNFTCQCQNNMATVPLEYFQMQFKSIYYPVCM 
TTLGGYLVKRQVQVNRKVQPKVRLIKKVHPKSGGFRLSCLASEFYPYFINLTLLRDGQPV 
SDHEVTGGDLLPNGDGTYQMRKSLEIRADEREKHKYTCSAKHLDKNLDVDFEFDPSYPVK 
IVIPVVVLLSLVLVLTAVLIHKCMNKQAASPPEQQEPIEMGGRLRK 
 
>dr_CABZ01077449.1 Chain=None Position=13:48786469-48790819(+) GeneID=ENSDARG00000090839 
ProteinID=ENSDARP00000107098 Score=55.9 E-value=1.5e-15 Length=0 Comment=Not detected in genome 
search 
MLAFLLIVSFHEVILGADEHAFQQFIECAFNSQGQVDRSWRYGYDGKDVMHVDLATETVV 
GTSEPGKRLAEERKSTEYIRRKEEKLKIVCSAVKTVFLKSNNTLSRAAKPTVLLLSNGGQ 
GQEYLKCVVRGFYPNVIRVRWTQKGKPIFFGVSTTGTLPHTDGTFQMTSYLSLGNMTAHG 
VTCEIEHLSIDGKLRKNYGDNPWILSQITVAVVAFILGFVCTIAVIFVWKRHQTTKSHDD 
ETNGASDESEASLSLNVMNISQET 
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Supplementary Table 4. Opossum UT exon 2 and 3 amplicon sequences. 

>UT2.cDNA 
Not detected 
 
>UT3.cDNA 
Not detected 
 
>UT4.exon2.cDNA 
AGGCATGTGATTCAGTTCACCACAGTGGGTATAGACCACTCTATCTTGGAACTAAGTGCAATTAGCCTCATAGATGACATTGAAGTGGCATCTTA
TAACAAAGGACAGAAGCAAATTGCTATCAAGATACCTTGCATCTCTGAAGTACTAGGAGTCAATTATCTTACCCAGTGGCATAATTCACTGGTGA
AACACGAGCAAGATTTCCTCCGGCCAATCGAATTCTTAGCACGGAATGACATTAACCGCCATAG 
 
>UT4.exon3.cDNA 
AAACCACACAGCCCAGCTCCAGGCAGAATGTGAAATGGACAATGACATAACAGTAAAGAGTCACATCTATTTAATTTGGGATGGGGAGGAATGTT
ACCAAATAGATGAAGAGGTTGGGCACTGGGAGAACATGAATCCCGAATTCAAGCAATACCAATACATTCTGGAGAGTTCTCTCAGGACCAGTCTA
AGAAAACACTACATGAATCTATATTGTGTTGACTTGATGAAGAAAATTGTTGGATATTCAAGCAAGGGCGA 
 
>UT4.aminoacid.cDNA 
RHVIQFTTVGIDHSILELSAISLIDDIEVASYNKGQKQIAIKIPCISEVLGVNYLTQWHNSLVKHEQDFLRPIEFLARNDINRHNHTAQLQAECE
MDNDITVKSHIYLIWDGEECYQIDEEVGHWENMNPEFKQYQYILESSLRTSLRKHYMNLYCVDLMKKIVGYSS 
 
>UT5.exon2.cDNA 
TTCAGTCCACCACAGGCATATGGGACAGTTGACTGGAGTTGGCACAGCCCACTCTCTCTTGGAACTAAGTGCAATTAGCTTATTAGATGACGTTG
AAGTGATATCTTACAACAAAGCACACAAGCAAATTGATTTAAAGATACCCTGGATCTCTAAAGCACTGGGAGTTAAGTATCTTACAGAGCTGCAT
GATTTATTGGTGAAGCAAGAGCAATATTTCAGATGGACTATCGAAATCGTAGAACGGAATGACACAAGCCATAATAGTT 
 
>UT5.exon3.cDNA 
GTTCCCCCACAGGAAACCACACAGCCCAGCTCCTGGCAGAATGTGAAATAGATAATAACATCACAGTAAAGAGTCACATGCATTTAATTTGGGAT
GGGGAGGAATGTTTCAGAATAGATGAAGAGTCTGGGCACTGGGAGAACATAAATCCTGAATTCAAGGAATACCAACAGACTCTGGAGAGACCATT
CTGGACTTCTCTAAGGAAACAATATATGAAGCTCTATTGTGTTGACGGGATCAGGAAAATAA 
 
>UT5.aminoacid.cDNA 
SVHHRHMGQLTGVGTAHSLLELSAISLLDDVEVISYNKAHKQIDLKIPWISKALGVKYLTELHDLLVKQEQYFRWTIEIVERNDTSHNSSPTGNH
TAQLLAECEIDNNITVKSHMHLIWDGEECFRIDEESGHWENINPEFKEYQQTLERPFWTSLRKQYMKLYCVDGIRKIKG 
 
>UT6.exon2.a.cDNA 
TTCAGTCCACCACAGACATGAGCTTCAGTTCACCACAGTGGGTACAGACCACTCAGTCTTGGAACTAAGTGTAATTAGCCTCATAGACGATGTTA
AAGTGGCATCTTATAAGAAAGGACAGAAGCAAATTACTATCAAGATACCCTGGATCTCTGAAGTTCTGGGAGTCAATTATGTCACACAGCTGCAT
GATTTATTGGTGAACCATGAGCAAGATTTCCTCTGGCCAATCCAGTACTTAGCACGGAATGACATTAACAAACATAG 
 
UT6.exon2.b.cDNA 
TTCAGTCCACCACAGACATGAGCTTCAGTTCACCACAGTGGGTACACACCACTCAGTCTTGGAACTAAGTGCAATTAGCCTCATAGATGACGTTG
AAGTGGCATCTTATAAGAAAGGACAGAAGCAAATTACTATCAAGATACCCTGGATCTCCAAAGTATTGGGAGTCAATTATCTTACCCAGTGGCAT
AATTCACTGGTGAACCATGAGCAAGATTTCCTCTGGCCAATCCAGTACTTAGCACGGAATAACATTAACAAACATAG 
 
UT6.exon2.c.cDNA 
TTCAGTCCACCACAGACATGAGCTTCAGTTCACCACAGTGGGTACACACCACTCAGTCTTGGAACTAAGTGCAATTAGCCTCATAGATGACGTTG
AAGTGGCATCTTATAAGAAAGGACAGAAGCAAATTACTATCAAGATACCCTGGATCTCCAAAGTATTGGGAGTCAATTATCTTACCCAGTGGCAT
AATTCACTGGTGAACCATGAGCAAGATTTCCTCTGGCCAATCCAGTACTTAGTATGGAATGACATTAACAAACATAG 
 
>UT6.exon3.a.cDNA 
GAAACTGCACAGTCCAGCTCCTGGCAGAATGTGAAATAGACAATGATATAACAGTAAAGAGTCACATCTATTTAATTTGGAATGGGAAGGAAAGT
TACCGGATAGATGAAGAGGTTGGGCACTGGGAGAACATAAAGCCTGAAACCAAGCAATACCAATACATTCTGGAGAGTCCCCTCTGGACCAGTCT
AAGGAAACACTACATGAAGTTATAGTGTGCTGACTTGATGAAGAAAATCA 
 
>UT6.exon3.b.cDNA 
GAAACTGCACAGTCCAGCTCCTGGCAGAATGTGAAATAGACAATGATATAACAGTAAAGAGTCACATCTATTTAATTTGGAATGGGAAGGAAAGT
TACCGGATAGATGAAGAGGTTGGGCACTGGGAGAACATAAAGCCTGAAACCAAGCAATACCAATACATTCTGGAGAGTCCCCTCTGGACCAGTCT
AAGGAAACACTACATGAAGTTATAGTATGCTGACTTGATGAAGAAAATCA 
 
>UT6.exon3.c.cDNA 
GAAACCACACAGCCCAGCTCCTGGGAGAATGTGAAATAGACAATGACATCACAGTAAGGAGTCACATCCATTTAATTTGGAATGGGAAGGAAAGT
TACCGGATAGATGAAGAGGTTGGGCACTGGGAGAACATAAATCCTGAAGTTAAGCAATACCCATACATTCTGGAGAGTCCCCTCTGGACCAGTCT
AAGGAAAAGCTACATGAAGCTATATTGTGCTGACTTGATGAAGAAAATCA 
 
>UT6.aminoacid.a.cDNA 
SVHHRHELQFTTVGTDHSVLELSVISLIDDVKVASYKKGQKQITIKIPWISEVLGVNYVTQLHDLLVNHEQDFLWPIQYLARNDINKHGNCTVQL
LAECEIDNDITVKSHIYLIWNGKESYRIDEEVGHWENIKPETKQYQYILESPLWTSLRKHYMKL.CADLMKKIKG 
 
>UT6.aminoacid.b.cDNA 
SVHHRHELQFTTVGTDHSVLELSVISLIDDVKVASYKKGQKQITIKIPWISEVLGVNYVTQLHDLLVNHEQDFLWPIQYLARNDINKHGNCTVQL
LAECEIDNDITVKSHIYLIWNGKESYRIDEEVGHWENIKPETKQYQYILESPLWTSLRKHYMKL.YADLMKKIKG 
 
>UT6.aminoacid.c.cDNA 
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FSVHHRHELQFTTVGTHHSVLELSAISLIDDVEVASYKKGQKQITIKIPWISKVLGVNYLTQWHNSLVNHEQDFLWPIQYLVWNDINKHRNHTAQ
LLGECEIDNDITVRSHIHLIWNGKESYRIDEEVGHWENINPEVKQYPYILESPLWTSLRKSYMKLYCADLMKKIKG 
 
>mdUT8.exon2.cDNA 
ACATGATACAGTTCACAATGGTGGGCACAGGAAGCTCCCTCTTGGAATACTTTATTGTGGACTTTCTGGATGATGTACAGGTGTTCTCCTTTAAC
AAATATAATCATCAGCTCATAGCCAAGGAGGCCTGGATCTCACAGGTCCTGGGGGCCAAGTTCATAGAGGACACTTGGCAGAAGTTAGTGGACCA
CGAGAAGAGTTTCCTATGGTTCCTGAGGAAGCTGATGCAGAACAGCACCAAGAGTGACA 
 
>mdUT8.exon3.cDNA 
TGAACCACACAGTGCAACTCTTCATACTTTGTGAAATTGAGAGGAACAACCAGCTAGGAAATGAAATCCAGATTGCTGTGAATGGTCAGGATTTT
TGCTGGCTGGATGAGAAGTATGGCGATTGGTTTATCATGGTGCCTGAGGCCGAGCCCTTCAAACCCATTCTGACAAGTAACCTGTGGACCACTCA
GAGGAAGCACTACAT 
 
>mdUT8.aminoacid.cDNA 
MIQFTMVGTGSSLLEYFIVDFLDDVQVFSFNKYNHQLIAKEAWISQVLGAKFIEDTWQKLVDHEKSFLWFLRKLMQNSTKSDMNHTVQLFILCEI
ERNNQLGNEIQIAVNGQDFCWLDEKYGDWFIMVPEAEPFKPILTSNLWTTQRKHY 
 
>UT9.exon2.cDNA 
TTAAGTTCACTGCAGTGAGCACAGACCGCTCTCTCTTGGACTTCACTGGTATTGCAGTTATTGATGACATTCAGTGGATTTCCTATTACAAACTG
AACCATCAGATTGCAGTAAAGGTAGATTGGATCTCTGATGTCCTGGGGACCGACTTCATTGAAGAGATGTGTCATTTGATAAAGAGTCATGAGA 
 
>UT9.exon3.cDNA 
GGGATGCTGTCTCCTTGATCCATTTTTTGACTGGAAATGACACCAAGACTGAGAGAAACAACACAATGCAGTACATATTAGGCTGTGAATTAGAT
GATGACATCAAGTTGAATAGCAAAATACGAATTGGCTTGGATGGAGAGACTATGATTGAGTTTGATGAACATCAAAGACACTGGGTGGTCCAGAG
CCCTAGGGCTGAAAACTTGAAACCCATTGTGGAAAGCCTCTTCTGGACTAATTTGAGAAAACGTT 
 
>UT9.aminoacid.cDNA 
KFTAVSTDRSLLDFTGIAVIDDIQWISYYKLNHQIAVKVDWISDVLGTDFIEEMCHLIKSHERDAVSLIHFLTGNDTKTERNNTMQYILGCELDD
DIKLNSKIRIGLDGETMIEFDEHQRHWVVQSPRAENLKPIVESLFWTNLRKR 
 
>UT10.exon2.cDNA 
CAGTGGGTACAAGACATTCTCTCTTCAATTTCACCATAATCCACGTTATTGATGATGTGCTAGTGTGCACCTATGATAAAGGGAATAAGCAAACT
GTGTTCAATGGAGCATGGATCACCAGGGCACTAGGGAAAGACTTCACTGAGAATAAGAAGGAATTTAATTTAAGTGCTGAGACGTATTTCCGCTG
GCTCCTCAGCTTCTTTATAAAGAAAGACACCAAGAGTAACA 
 
>UT10.exon3.cDNA 
AAAATCATACAATACAGCTCTATGGAGAGTGTGAACTGGATAATGACATTTACATTGGCAGCCAAATCCAGTTTGCTGTGGATGGTGAAGATTTT
ATCAGGACAAATGATAAGATGGAGCACTGGATTGTCACAAAACCTGAAGCAGAGCACTTCAGAACCATAGCAGAAAGCACCTTGGGGGTCAACCT
GAGAAAGAAAGTTATGAAGCATTATTGTGC 
 
>UT10.aminoacid.cDNA 
VGTRHSLFNFTIIHVIDDVLVCTYDKGNKQTVFNGAWITRALGKDFTENKKEFNLSAETYFRWLLSFFIKKDTKSNKNHTIQLYGECELDNDIYI
GSQIQFAVDGEDFIRTNDKMEHWIVTKPEAEHFRTIAESTLGVNLRKKVMKHYC 
 
>UT11.cDNA 
Not detected 
 
>UT13.cDNA 
Not expressed 
 
>UT15.exon2.cDNA 
CACAGGCATGACTTCTATTTCACCGCAACTGGCAGCTCAGGGTCATTCTTGGACTTCATTGTGAACAGTGTTGTGGATGATGTTCAGCTGTGCTC
CTACCATAAAGAGAAGCATCAGCTTGTGATGAAGGAAGACTGGATGTACCAAGCCCTGGGAGCCAGTGAGATTGCACAGAAACAGCAGAAATTGC
TGGACCTTGAAAAAAATTTCCAATGGGCTTTCAAGAACCTGATAAAGAATGAGGCCAAGAGTGGAA 
 
>UT15.exon3.cDNA 
AGAACCACACTCTACAGGTGTTTGTAAATTGCGAAGTGGACAAGGACATCCTGGTGAGCAGCCACTTCCAGTTTGCTTTGGATGGTGAGGATTTC
TGCCAGATGGATGAACAACCAGAGCATTGGATAGCCATGAAGCCTGAAGCCCAGCACTTCAAGTTCCTCTGGGACAGCGCCTTCTGGAAAAGGCG
GGTGAGACACTATATACAGGAAGATTGTATTGATGGCAT 
 
>UT15.aminoacid.cDNA 
HRHDFYFTATGSSGSFLDFIVNSVVDDVQLCSYHKEKHQLVMKEDWMYQALGASEIAQKQQKLLDLEKNFQWAFKNLIKNEAKSGHTLQVFVNCE
VDKDILVSSHFQFALDGEDFCQMDEQPEHWIAMKPEAQHFKFLWDSAFWKRRVRHYIQEDCIDG 
 
>UT17.exon2.cDNA 
CATCACAGCCATGAGATGTTTTTTACTGCAGTGGGAACGACAAAGACTCTCTTGGACTTCACCCTGGTCAGCTTCTTGGATGATGTAGAGATAGT
CTTCTATAACAAAAAGCAACAGCAGTTTGTGATCAAAGAGGCCTGGGTTTCCCATGCCCTGGGAGCTGACTTCATTGAAGATATACAGCAGAAGT
TAAAGTACAATGAGATTGACTATCTTTGGGCCCTACAGAACTGGGTAAAGAATGATAAGAGAGGGGAAA 
 
>UT17.exon3.cDNA 
AAAGAACCATACAGTCCAGATTTGGCATAACTGTCACCTGGACCAAGACATCCATGTGAGCAGTCGAGTCTGGTGTGCTGTGGATGGCGAAGATT
TCTGCCAGATGGATGAGCAGATAAGTCACTGGGTAGCCAAGAAGCCTGAGGCTGAAAAAATCGTCCTCCTCTCAGAAAAGATCTACTGCTCCAAG
AAGGTGCAACGCTACCTGGAGGACTATTGTGTCCAGCCAATGA 
 
>UT17.aminoacid.cDNA 
HHSHEMFFTAVGTTKTLLDFTLVSFLDDVEIVFYNKKQQQFVIKEAWVSHALGADFIEDIQQKLKYNEIDYLWALQNWVKNDKRGENHTVQIWHN
CHLDQDIHVSSRVWCAVDGEDFCQMDEQISHWVAKKPEAEKIVLLSEKIYCSKKVQRYLEDYCVQP 
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