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ABSTRACT PAGE

Changes in the expression pattern of genes during development has been shown to
underlie dramatic evolutionary changes. The relationship, however, between sequence
variation within non-coding regulatory regions of DNA and transcriptional output remains
poorly understood in the conext of molecular evolution. We report an evolutionary analysis
of the immediate upstream region of xGADG7 in Xenopus laevis laevis . xGADG7 is the rate
limiting enzyme primarily responsible for the acquisition of the inhibitory GABAergic
neurotransmitter phenotype in the developing vertebrate central nervous system.
Expression of GAD67 is part of the terminal differentiation of neural cells that use GABA
(gamma-aminobutyric acid) as their neurotransmitter. The expression pattern of GAD67
during embryonic development has been shown to be highly similar among vertebrates
where such studies are available, suggesing that the regulatory elements coordinating
expression may be under selective pressure. Using a natural population of X. I. laeivs frogs
and several closely related species we attempted to detect the action of selection with a
variety of test statistics on the immediate upstream region of xGADG67. Analysis of the
polymorphism frequency spectrum suggests the action of purifying selection around
position -200 regardless of the Xenopus outgroup used in the analysis. The action of
positive selection was also detected around position -900 and -1200 for X. I. sudanensis
and X. amieti, respectively. Inferences of selection based upon patterns of polymorphim
may provided an alternative approach to identifying uncharacterized regulatory elements.
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INTRODUCTION

Development of the vertebrate central nervous system is driven by conserved genetic
networks from tissue specification to cell differentiation. The intricate structure of neural
networks and the behavioral repertoire they generate have led to intense interest in
uncovering the underlying genetics of neural development and the mechanisms by which
these networks have evolved. Driven by differential gene expression, a comprehensive
understanding of development will require knowledge of how genes important to neural
differentiation are regulated at all organizational levels. Our focus is on the evolutionary
pressures acting on the immediate upstream region of glutamic acid decarboxylase 67
(xGADG67), an enzyme that confers the GABAergic phenotype in the developing central
nervous system (CNS) of vertebrates. We investigated the amount and pattern of variation in
the upstream region of xGADG7 in a natural population of X. laevis laevis individuals and
several closely related species. The noncoding 5’ flanking region of many genes has been
shown to harbor functional, experimentally verified cs-regulatory elements (Wray et al,
2003). Moreover, these 5° proximal promoter elements have been proposed to constitute a
major mechanism of vertebrate brain evolution (Britten and Davidson, 1971; Haygood et al.,

2007; King and Wilson, 1975).

Neural Development Overview
Neural development in vertebrates invokes a succession of cell fate restrictions,
which controls the process by which undifferentiated progenitor cells become fully

functioning neurons. Neuronal precursor cells can be identified in the blastula where



pluripotent cells become segregated from presumptive epidermal precursors. Induction of
neural tissue is mediated primarily through vertical signaling from the dorsal meso-endoderm
to the ectoderm. The inductive potential of the dorsal mesoderm to direct neurulation and
axis formation was demonstrated by the well known Spemann and Mangold organizer
experiments (Bouwmeester, 2001), and later shown to result from P-catenin and Vgl1/VegtT
coexpression and decreased bone morphogenetic protein (BMP) inhibition. Eatly
neurulation is characterized by the formation and shaping of the neural plate. The plate then
thickens during mid-neurula and bends to shape the neural groove, which will invaginate to
form the neutral tube. By late neurulation, localized expression of N-cadberin and N-CAM
has initiated separation of the neural tube from the overlaying ectoderm. Complete closure
requires, at least in mammals, Pax3, Sonic hedgehog, and openbrain expression (Milunsky et al.,
1989).

Following neural tube closure, the neural tube becomes subdivided into major
regions of the CNS along the anterior-postetior (A/P) axis. Expression of Hox genes defines
gross anterior and posterior regions while the ectoderm differentiates into epidermal and
neural fated tissue based on the specific activation ot inhibition of BMP and Wnt proteins.
Full mhibition of both BMP and Wnt results in the most anterior structures of the CNS,
while inhibition of BMP and activation of Wnt gives rise to the spinal cord. The antetior
region develops three characteristic vesicles that will become the forebrain, midbrain, and
hindbrain. The spinal cord-becomes morphologically distinct from the anterior CNS by an
occlusion of cerebrospinal fluid constricting the neural tube at the base of the hindbrain

(Desmond, 1982; Desmond and Levitan, 2002).



The dorsal-ventral (D/V) axis of the neural tube is polarized concomitantly with the
A/P axis. The featutes of the ventral neural tube are induced by a gradient of Sonic
hedgehog secretion emanating from the notochord. The most ventral region of the neural
tube, where the concentration of Sonic hedgehog is highest, becomes the floor plate. The
dorsal region of the neural tube is induced by secretion of TGF-B proteins (e.g. BMP4,
BMP?7, activin) from the overlying epidermis. The roof plate forms where the concentration
of TGF-B proteins are highest and sectetes secondary signaling molecules. Different layers
of interneuton precursors are specified along the D/V axis by exposure to varying

concentrations of Sonic hedgehog, TGF-f, and induced downstream regulators (e.g. Pax7,
Nkx6.1, Nkx2.2, and Pax6) (Ericson et al., 1996).

As master regulatory genes define the A/P and D/V axis, a signaling cascade of
neurogenic transcription factors, such as SoxD, Neurogenin, and NeuroD coordinate the
downstream expression of terminal differentiation genes characteristic of neurons. For
example, the expression of neural specific cytoskeletal structures, voltage-gated ion-channels,
and biosynthetic enzymes required for production of some neurotransmitters are required
for a fully differentiated neuron. In general, neurons acquire either inhibitory ot excitatory
neurotransmitter phenotypes whereby they communicate with neighboring cells through the
release of small molecules (i.e. neurotransmitters) that cause inhibitory or excitatory post-

synaptic responses.



Glutamic Acid Decarboxylase Expression

y-Amino butyric acid (GABA) is the predominant inhibitory neurotransmitter
utilized in both the vertebrate and invertebrate CNS (Watanabe et al., 2002). Acquisition of
the GABAergic phenotype generally requires expression of the biosynthetic enzyme glutamic
acid decarboxylase (GAD), which catalyzes the decarboxylation of glutamate to form
GABA. Two predominant GAD isoforms, GADG67 and GADGS5, have been identified in
many vertebrates (Arata et al., 2008; Bu et al., 1992; Erlander et al., 1991; Martyniuk et al.,
2007; Trabucchi et al., 2008), and are expressed during early development and adulthood,
respectively (Pinal and Tobin, 1998; Popp et al., 2009).

GADG5 is primarily found in the terminal bulbs of mature GABAergic neurons and
is used for neurotransmitter mediated synaptic communication in adults '(Maru'n and
Rimvall, 1993). On the other hand, GADG67 is located in both the cytoplasm of the soma and
terminal bulbs of presumptive GABAergic neurons (Kaufman et al., 1991). While GAD67
produced GABA may be used in neurotransmission, its roles as a trophic factor in
synaptogenesis and providing protection during oxidative stress has been demonstrated
(Allain et al, 2006; Lamigeon et al, 2001; Pinal and Tobin, 1998; Popp et al, 2009;
Waagepetersen et al., 1999). GAD67 is also known to promote cell proliferation, migration,
differentiation, and cell death (Owens and Kriegstein, 2002). Both isoforms of GAD are
differentially regulated (Popp et al., 2009; Somogyi et al., 1995); however, two variants of
GADG67, GAD44 and GAD25, have been identified using Western blot analysis (Behar et al.,
1993). Both GADG67 and GADG5 are also known to undergo post-translational modification

(Buddhala et al., 2009; Wei and Wu, 2008).



The gross morphological features of the vertebrate CNS are remarkably similar
between mammalian and non-mammalian animals. Master regulatory genes that specify and
differentiate the neural tube, such as Pax6, Dix1/2, Emx1/2, and Thrl ate similatly
exptressed. Regional expression of neurogenic and proneural genes in pallial and subpallial
regions are comparable despite topological differences in telencephalon development,
namely evagination in mammals and eversion is teleosts (Mueller et al., 2006; Wullimann and
Mueller, 2004). The location of GABAergic neurons is similarly concentrated in the spinal
cotd, hindbrain, midbrain, and forebrain (telencephalon) of vertebrates (Guirado et al., 1999;
Katarova et al., 2000; Marin et al., 1998; Medina and Reiner, 1995; Reiner et al., 1998).

The similarity of cellular phenotypes between deeply diverged vertebrates suggests
the deployment of an equally conserved regulatory network. Changes within regulatory
networks, such as mutations that alter the regulation or structure of homeotic genes, reveal
the delicacy of signaling systems that define major morphological structures during
development. We suggest that the upstream cs-regulatory elements (CREs) directing GAD67
expression are under measurable functional constraint. Although many of the cs-regulatory
elements coordinating embryonic GADG7 expression have not been identified, the most
likely location of putative regulatory elements is immediately upstream of the translational
start site. The conserved expression of GADG7 across distantly related vertebrate species
establishes an a priori expectation that the underlying regulatory elements should be under

purifying selection.



Evolution of Cis-regulatory Elements

Changes in noncoding, regulatory regions of DNA have long been suspected as a
contributor to evolutionary innovation (Britten and Davidson, 1971; Jacob and Monod,
1961; King and Wilson, 1975). Molecular evolutionary analysis of gene expression centers on
understanding the significance of sequence variation in fans acting factors and «s acting
elements. The former is confined to the DNA sequence of transctiption factor (TF)
proteins that act in #rans to regulate transcriptional activation. Cir acting regulatory elements
are short sequences of DNA, referred to as transcription factor binding sites (TFBS), which
are located adjacent to the protein-coding region being regulated. More broadly, however,
there is contention whether the predominant mechanism of evolutionary innovation emerges
from mutations in protein coding or non-coding, presumably regulatory, regions of DNA.

The rapid expansion of complete genome sequences for many species, including the
human genome and many other closely related primates, has provided significant data to the
¢is verse trans debate. For example, the hypothesis by King and Wilson that s regulatory
mutations were the major mechanism behind human specific evolution has been
supplemented by complete genome sequences. While they were correct that chimpanzees
and humans are highly similar at the DNA level, at least 80% of the protein coding genes
contain at lease one amino acid change (Glazko et al., 2005). Moteover, several studies have
implicated changes in protein coding regions, such as transcription factors and sensoty
perception and immune system genes, that have undergone rapid evolution via natural
selection along the human lineage (Bustamante et al.,, 2005; Clark et al., 2003; Dorus et al.,

2004; Nielsen et al., 2005).



In addition to the genome-level surveys, which attempt to summarize the pattern of
sequence divergence between species, investigation at individual genes has provided insight
into the cis verse trans debate. Changes in the expression pattern of genes is often attributed
to changes in cis-regulatory elements, however, mutations within protein coding regions,
often referred to as structural mutations, can also have a dramatic impact on gene
exptession. Synonymous substitutions in Drosgphila melanogaster ‘s alcohol dehydrogenase are
known to decrease enzymes leaves by impacting mRINA stability (Carlini and Stephan, 2003).

The genetic code facilitates direct inferences to be made about the phenotypic
consequences of nucleotide changes in protein coding regions, such as mutations that result
in synonymous or nonsynonymous amino acid changes. Mote recently, the field of structural
genomics has developed algorithms that make 3-dimensional structural predictions of
proteins directly from DNA sequence based on similarity to other sequences for which
crystallographic or nuclear magnetic resonance structural data are available (Montelione et
al., 2009; Nair et al., 2009). However, the identification and phenotypic impact of vatiation
within cs-regulatory elements is less tractable than their protein counterparts.

Furthermore, progress in understanding the “genetic toolkit” necessary for normal
development has expanded the protein-centric view of molecular evolution to include non-
coding regions of the genome that harbor regulatory elements. Briefly, the “genetic toolkit”
is a collection of genes that determine the overall animal body plan and the number, identity,
and pattern of morphological features (Carroll, 2001). Important caveats have been noted
regarding the role of protein coding sequences of developmental genes in the evolution of

form and function (Carroll, 2008).



Numerous TFs have been identified that have disparate master regulatory roles
during development, such as the role of somic hedgehog in ventral differentiation in the neural
tube and later in limb bud formation (Carroll, 2001). Many other master regulatory genes
have also been recruited for other roles later in development and therefore, regulate the
development of several spatially and temporally disparate structures. A study by Stark et al.
(2007) estimated that 67 Drosgphila transcription factors had, on average, 124 target genes
(Carroll, 2008; Stark et al., 2007). The Drosophila TF Twist has been shown to have
approximately 500 target genes that mediate diverse cellular processes including cell
proliferation, cell migration, and morphogenesis (Sandmann et al., 2007). More specific to
development, sonic hedgehog regulates floor plate development in the early vertebrate CNS,
and is later recruited to determine digit number and polarity, cerebellum development, and
feather bud formation in chickens (McMahon et al., 2003). Therefore, while a newly arisen
variant in a TF may provide some evolutionary innovation in one structure during
development, that alteration could have dramatic pleiotropic effects in the other pathways
that the gene regulates.

While animals have been diversifying for more than 500 million years, the protein
components of many signaling systems remain highly similar. For example, 12 Wnt genes
have been identified in vertebrates, 11 of which are also found in cnidarians (Kusserow et al.,
2005). The similarity of orthologs at the sequence level, despite deep species divergence, is
continued at the functional level. Functional equivalence of deeply diverged orthologs was
demonstrated when Drosophila Pax-6 knockouts were rescued with mouse-Pax6 homologs to

induce ectopic ommatidia (Halder et al., 1995). Similarly, the cnidarian Achaete-Scute homolog



was able to induce sensory organ formation in Drosgphila and recognize the endogenous
protein binding partner Danghterless (Grens et al., 1995).

In order for CREs to have a role in evolutionary innovation or constraint they must
constitute a major mechanism of gene regulation and present phenotypic consequences
when new variants arise. Genes can be regulated by a variety of mechanisms, including
chromatin re-modeling, DNA methylation, transcriptional initiation, alternative splicing of
RNA, mRNA stability (e.g. 5 capping and 3’ polyadenylation), translational controls,
covalent post-translational modifications, intracellular trafficking, and protein degradation.
Although most genes are regulated at several of these levels, most empirical evidence
suggests that transcriptional initiation is the most common and rate-limiting point in
regulating gene expression (Carey et al., 2009).

In regards to phenotypic consequences of CRE variation, early screens in Drosophila
for homeotic mutations demonstrated dramatic changes in abdominal identity through
mutations in cs-regulatory regions of Adb-B (Celniker et al., 1990). Moreover, the range of
morphological consequences due to mutations in the promoter region of Ubx in Drosophila
were originally attributed to entirely different genes (Lewis, 1978).

Numerous cases exist where induced mutations have paralleled the phenotypic
differences between species. For example, mutations have been induced in Drosophila that
mimic the identity and number of appendages found in other insects (Catroll, 1995; Raff,
1983), floral anatomy similar to other angiosperms in Arabidopsis thaliana (Lawton-Rauth,
2000), and tail anatomy of other nematodes in Caenorhabditis elegans (Fitch, 1997). However,
as pointed out by Wray et al. (2003), if mutations that alter transcriptional regulation are to

be recognized as a major mechanism of evolution then empirical evidence for the genetic



basis of phenotypic differences in natural populations must be demonstrated (Wray et al.,
2003).

Defimnitive cases where changes in transcriptional regulation have driven lineage-
specific evolutionary change are limited, but any evolutionary transition germinates from
variation within populations. Widespread use of model systems to understand development
circumvents many technical obstacles, but can madvertently project a sense of invariability.
Substantial evidence suggests that natural populations from many species harbor significant
variation in the spatial pattern of gene expression. In natural populations of rainbow trout, a
variant of phosphoglucomutase is expressed in the liver and is associated with increased
glycolysis flux in the embryo, developmental buffering, body size advantage, earlier sexual
maturity, and overall accelerated prehatching growth (Allendorf et al., 1983; Allendorf et al.,
1982). The expression pattern of amylase varies in the midgut of D. melanogaster and D.
pseudoobscura, while the spatial pattern of Distal-less varies in correlation with patterns of wing
coloration in the butterfly Bigyclus anynana (B eldade et al, 2002). In the later case, the
expression pattern of Distal-less correlated with artificial selection for patterns of wing
coloration.

In addition to changes in the spatial pattern of expression, the amount and
inducibility of gene expression can be altered at the transcriptional level. Polymorphisms
located in ¢s have been associated with changes in the expression level of several gene in

natural populations; the aforementioned amylase expression in D. melanggaster vaties in
response to starch diet (Matsuo and Yamazaki, 1984). The level of B-glucuronidase

expression varies in natural populations of Mus domesticus and is known to differentially

respond to endogenous androgen levels (Bush and Paigen, 1992). Changes in prolactin
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expression have been documented in the teleost Oreochromis niloticus (Streelman and Kocher,
2002), and levels of the cytochrome P450 gene Cyp6gl in D. melanogaster have been linked to
insertion of an upstream transposable element that confers significant insecticide resistance
(Daborn et al., 2002). Furthermore, a study of 140 experimentally validated functional cs-
regulatory polymorphisms for 107 genes in Homo sapiens were found to have a two-fold
increase in the rate of transcription for >63% of surveyed genes (Rockman and Wray, 2002).

Although intraspecific changes in the spatial pattern, amount, and inducibility of
. gene expression have been demonstrated, to what extent is this variation heritable?
Quantitative genetic surveys based on protein and mRNA expression have been conducted
in a variety of species. A strong genetic component was discovered for variation in protein
expression, measured electrophoretically, in Zea mays (Maize) (Damerval et al,, 1994; De
Vienne, 2001), Pinus pinaster (Maritime Pine) (Costa, 1999), and Glyine max (soybean)
(Gerber, 2000). Comparison of gene expression, measured as a quantitative trait with
microarrays, between natural and lab strains of Saccharomyces cerevisiae found that 32% of 570
differentially expressed transcripts mapped to regions within 10 kb of the expressed gene
(Brem et al, 2002). A similar study in mice used the correlation between transcript
abundance and quantitative trait loci (QTL) to conclude an even higher portion of ¢ located
QTLs (Schadt et al, 2003). More broadly, however, statistical techniques have been
developed to investigate the regulation of entire genetic networks and their heritability
through expression QTL (eQTL) analysis (Kliebenstein, 2009).

Proponents of cs-regulatory mediated evolution have propounded that evolution can
act more efficiently through changes in s regulatory elements than protein coding regions

(Stern, 2000; Wray et al., 2003). Many mutations or alleles at protein coding loci are recessive
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and therefore not immediately exposed to selective pressure, particularly if heterosis, the
increased fitness of heterozygotes over homozygotes, is at wortk. However, functional
vatiation in promotet regions is likely to be exposed immediately to selection because of co-
dominance; measurements of allele-specific transcript abundance indicate independent
regulation (Pastinen et al., 2004; Ronald et al., 2005; Wittkopp et al., 2004). For example,
temperature variation in the environment created a latitudinal cline in the proximal promoter
region of lactate dehydrogenase-B (/dh-b) in populations of Fundulus heterocktus (Mummichog).
By comparing functional and non-functional regions of the /dh-6 promoter, investigators
conclusively 1dentified directional selection within promoter elements (Crawford et al., 1999)
that were driving population differentiation, specifically, through alteration in Sp1 binding
sites (Segal et al., 1999).

Natural variation in expression of the stress-inducible chaperone Hsp70Ba gene was
ascribed to transcriptional dysregulation induced by multiple transposable element (TE)
insertions. Promoter regions polymorphic for two different insertion elements had
measurable influence on hsp70Ba transcript abundance as revealed by RNase protection
assays. Moreover, alleles polymorphic for the TE insertion had phenotypic consequences in
inducible thermotolerance and female reproductive success, and therefore immediately
subject to purifying selection (Lerman et al., 2003; Walser et al., 2006).

In assessing the evolutionary significance of cis-regulatory mutations it remains quite
challenging to define casual relationships. Correlational studies between gene expression and
phenotypic divergence are valuable for generating hypotheses about the process of
evolutionary innovation but transitioning from pattetn to process remains dubious

(Hoekstra and Coyne, 2007).
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Xenopus — A polyploid model system for genetics

The Aftican clawed frogs Xenopus and Silurana, sister taxa within the subfamily
Xenopodinae, family Pipidae (de Sa and Hillis, 1990), are prevalent model organisms
(Cannatella and Sa, 1993) and arguably the most well characterized amphibians at the
molecular level. However, the distinction between the Xenopus and Silurana genera are often
not fully appreciated in studies that utilize these model systems. The tendency to treat these
genera as biological equivalents underscores the continued propagation of a historical artifact
despite significant molecular, cytogenetic, and morphological evidence to the contrary. Many
experimental studies and major bioinformatic resources (e.g. NCBI) refer to Xenopus tropicalis
and Silurana tropicalis interchangeably. Some of the notable distinctions include, for example,
that species along the Xengpus lineage have multiples of 18 chromosomes, whereas the
Silurana lineage includes species with multiples of 20 chromosomes (Cannatella and Trueb,
1988; Evans et al, 2004). Moreover, Xenopus and Silurana are estimated to have been
evolving independently for the last 53-21 million years (Chain and Evans, 2006; Evans et al.,
2004), roughly equivalent to the divergence between Strepsirrhini (e.g. extant lemurs) and
Haplorrbini (e.g. lineage leading to humans) primates.

X. laevis have occupied a central role in early vertebrate embryology because of theit
large embryos, clutch sizes, and easy husbandry in the laboratory. However, more recently
Xenopus and Silurana have gained prominence as an ideal vertebrate model system in
evolutionary and developmental biology through extensive EST DNA sequencing,
completed sequencing of the S. frupicalis genome, advances in transgene efficiency, and

prefabricated expression microarrays. While many Xengpus species ate known to be the
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tesult of bifurcating speciation othets are the product of reticulated lineages (i.e.
allopolyploidization) (Evans et al., 2004).

The Xenopus clade is known to include 10 tetraploid (2N = 36), 5 octoploid (2N =
72), and 2 dodecaploid species that arose through allolopolyploidy (2N = 108) (Schmid and
Steinlein, 1991; Tymowska, 1991). Based on the karyotypes of extant Xenopus frogs, their
evolutionary history is suggested to have originated from an 18 chromosome diploid
ancestot. However, WGDs are not unique to clawed frogs, and have occurred in teleost fish
(Taylor et al, 2003), salmonid fish (Allendorf, 1984), and the ancestor of all jawed
vertebrates (Dehal and Boore, 2005).

Any study that incorporates allele frequency and/or gene expression data in a
polyploid model system must exercise interpretive caution. Implementing standard
population genetic models based on segregation and independent assortment of alleles may
be confounded by whole genome duplication (WGD) events in clawed frogs (Kobel, 1996)
that have the potential to produce patterns of polysomic inheritance. Concern stems from
the possible formation of multivalents or random bivalents during meiosis that would
disrupt the standard diploid model of Mendalian segregation and independent assortment. In
autopolyploids, polysomic inheritance is a legitimate concern because each homolog is an
exact duplicated copy of its ancestor and unequal chromosome segregation during meiosis is
probable. However, allopolyploid genomes arise from the hybridization of two diverged
species. Therefore, a disomic pattern of inheritance, consistent with standard diploid
population genetic models, may evolve rapidly or immediately following polyploidization.
Laboratory generated hybrids of Xenopus have suggested disomic inheritance as the prevalent

state (Muller, 1977). Moreover, the sequence identity of duplicated paralogs in X. /. /aevis ate
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likely to be very diverged as evidenced by the divergence observed between Xenopus and
Silurana over ~50 million years of evolution (Evans et al., 2004). Our analysis is therefore
based on a conservative assumption that our loci displays a diploid pattern of inheritance
and subsequently amenable to standard population genetic models.

Although cytogenetic evidence suggest disomic inheritance in allopolyploids, the
potential exists for homologs from hybridized, yet diverged, species to recombine and
obscure the evolutionary history of any given gene or region of the genome. Detecting
recombination can be challenging depending on the degree of divergence and extent or rate
of heterogeneity of recombination (Posada, 2002). However, investigation at the RAG-1
locus in Xenopus and Silurana suggest that recombination is infrequent, at lease at this locus,
along both lineages (Evans et al., 2005). Similar results were found regardless of the method
or parameters specified (e.g. Informative Sites Test, Recombination Detection Program,
Geneconv). Therefore, inferences made from the pattern of polymorphism at most loci that

assume no recombination may be considered conservative.

Project Overview

We investigated whether the immediate upstream region of xG.ADG67 in Xenopus laevis
laevis has been subject to selective forces. xGADG7 is a terminal differentiation gene with a
tightly regulated spatiotemporal expression pattern during critical periods of neural
development, which appears conserved across deeply diverged vettebrates. There is
abundant evidence that ds-regulatory elements constitute a large source of variation in gene
expression in natural populations. The structure and significance of variation in ¢is elements

is not well understood, largely due to the difficulty in identifying and determining their
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functional effect on overall transcription. Howevet, where there is a conserved biological
function, such as the pattern of expression between differe;lt species, there is an a prior
expectation of constraint and marked reduction in variation. We investigated the amount
and pattern of nucleotide variation in the 5’ flanking region of xGADG7 in a natural

population of X. /' /aevis” individuals using a diverse array of tests for selection.

! Most laboratory strains of X. /aevis are, if fact, inbred lines of the species Xengpus laevis laevis
from South Africa. Existing phylogenic evidence has identified several Xenopus laevis
subspecies, including X. / victorianus and X. /. sudanensis.
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EXPERIMENTAL AND NUMERICAL METHODS

Tissue collection

Genomic DNA samples from 15 X. /aevis Jaevis individuals were kindly provided as a
gift by B. Evans (McMaster University, Hamilton, Ontario). All samples were collected on
the same night in the vicinity of the Lewis Gay Dam, north of Cape Point Nature Reserve in
Cape Province, South Africa. Genomic DNA was provided in 1X Tris-EDTA buffer and
stored at -20°C. One female and one male from the four closely related outgroups X. amieti,
X. clivii, X. [ sudanensis, and X. muelleri were obtained commercially (Xenopus Express).
Genomic DNA from one individual per outgroup was extracted from ~20 mg of femoral

muscle tissue with DNeasy tissue kit (Qiagen) and stored at -80°C.

PCR, cloning, and sequencing

The following primers were used to amplify three regions of the xGADG7 locus: 5'-
ACACCAGCACGTTCTCCATT-3 / 5-TTGGCAGGGTGTTCTCTTTC-3’ (immediate
upstream  tregion  including a  portion  of  the  first  exon), 5'-
GCCAGAGGTTGTATTTTTCACA-3 / 5-TGATTTGGAAGCGAAAATCC-3' (intron
15, partial exon 15 and 16), 5-GCCCCAGTTTTCITTATGGA-3'/5'"-
CAGTCCCCAGATTGGTTCTC-3' (intron 17, partial exon 17 and 18). PCR was conducted
in a 50 pl reaction volume using 1.25 pl of each [10uM] primer, 0.2 pl of High Fidelity
Platinum Taq Polymerase (Invitrogen), 2.5 ul of 10x buffer, 1 ul of 50 mM MgCL;, 1 ul of 10

mM dNTPs, ~225ng of genomic DNA, and brought up to volume with nuclease-free water

(Promega). The amplification reaction was performed in a GeneAmp PCR System 9700
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(Applied Biosystems) under the following conditions: 1 cycle of 1 min at 94°C; 35 cycles of
20 sec at 94°C for denaturation, 20 sec at 55/53.5/57°C for annealing, and 1-1.5 min at 68°C
for extension. PCR products were separated on an ethidium bromide agarose gel and
visualized on a FluorChem HD2 analyzer (Alpha Innotech). Amplified products were
directly cloned from the PCR reaction mixture into pSC-A-amp/kan vector using the
StrataClone PCR Cloning Kit (StrataClone). The ligation reaction consisted of 3 pl of
cloning buffer, 2 ul of PCR product, and 1 ul of vector mix (StrataClone), incubated at room
temperature for 5 min and immediately transformed or stored at -20°C. Ligation reaction
products were transformed into StrataClone SoloPack competent cells according to the
manufacturers protocol. Plasmid DNA was recovered from the bacteria with the Wizard
Plus SV Miniprep Kit (Promega) and eluted in 30 pl nuclease-free water and stored at 4°C.
DNA samples were prepared for Sanger automated capillary sequencing using
BigDye Terminator v3.1 cycle sequencing kit (Applied Biosystems). The terminal chain PCR
labeling was assembled with ~200 ng template DNA, 3.2 pM of M13 forward and M13
reverse primers, 2 pl of BigDye v3.1 Ready Reaction mix, and brought up to 10 pl with
nuclease-free water (Promega). Labeled PCR products were combined with 2.5 ul of 125
mM EDTA, 30 ul of 100% ethanol, and incubated at room temperature for 15 min.
Samples were centrifuged for 20 min at 4300 rpm at 4°C in a Mikro 200R. Samples were
washed with 200 pl of 70% ethanol and centrifuged an additional 5 min at 4°C. Samples were
dried ~5 min on a Savant Speed Vac Plus SC110A and resuspended with 20 ul Hi-Di
formamide (Applied Biosystems). Samples were either used immediately for sequencing ot

stored overnight at 4°C.
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DNA samples were loaded onto a 3130 Avant Genetic Analyzer equipped with a
3130 Capillary Array 50 cm column and high petformance polymer Pop7 (Applied
Biosystems). Internal sequencing primers were designed as necessary in order to ensure
complete bi-directional sequencing. Sequence fragments were assembled with Sequencer 4.9
(Gene Codes) using default parameters. Assemblies were exported from Sequencer in
FASTA format and stored for general viewing and organization on Vector NTI (Invitrogen)
software. The identity of each allele was confirmed using sequence data from multiple
clones (2-8) aligned with Clustal running locally in Vector NTI.

Population and outgroup sequences for introns 15 and 17 were aligned using
ClustalX 2.0.11 (http://www.clustal.org/) under default settings (Larkin et al., 2007) and
manually adjusted using Mesquite (http://mesquiteproject.org) in order to minimize the
number of unnecessary gaps and maximize local regions of identity (Maddison and
Maddison, 2009). The upstream region of xGADG7 from our X. / Jaevis population and
outgroup samples was alighed with Threaded Blockset Aligner (IBA) using default
parameters (Blanchette et al., 2004) with a binary tree of our five Xenopus species desctibed in
a modified Newick format (details in Appendix) and manually adjusted in Mesquite. Multiple
sequence alignments for each locus were generated in PHYLP and FASTA formats for

downstream applications.
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Sequence Statistics

Software kindly provided by R. Haygood (Duke University, Durham, NC) was used
to generate our summary statistics and selection results. R.H. programs were executed in -
MacPython 2.5 within the Biopython framework (http://www.biopython.otg; build 2.5.2);

source code is provided in the Appendix.

Selection Analysis
The conserved expression pattern of GADG/ across distantly related vertebrates
suggests that purifying selection should be acting in noncoding regions that harbor
regulatory elements. We have therefore employed several test statistics of selection in order
to determine if the immediate 5 upstream region of xG.ADG7 has experienced selective
pressure. All of our models assume an ideal Wright-Fisher population (Fisher, 1930; Wright,
1931) and are equitably applied to our allopolyploid system for reasons mentioned earlier.
Thus, populations have discrete and non-overlapping generations, with 2N number of genes
and N number of diploid individuals, constant population size where all individuals have
equal fitness, no geographic or social structure, and no recombination except where
indicated (Hein et al., 2005).
The signature of directional selection, either positive or negative, can be inferred as
a significant deviation from a neutral expectation based on predicted patterns of
polymorphism and substitution. Two test statistics, Tajima’s D and Fay and Wu’s H, attempt
to detect selection by using two different estimators of the scale mutation rate (), also

referred to as a population summary statistics of variation. Watterson introduced the first

measure of a general class of @ estimators where @ = 4N u; N, is the effective population
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size and W is the neutral mutation rate of the population per generation, as an estimate of
genetic diversity based on a scaled mutation rate (Watterson, 1975). For a population at
equilibrium, Watterson derived the expectation for the number of segregating sites (S)
E(S)=aby,
and variance
V(S)=ab; + a,0’
where
S 1
a= EE
s=1
of &; based on the number of segregating sites (§) in a Wright-Fisher population model of #
randomly selected haploid individuals (also referred to as gametes or haplotypes). When the
sample size #» << N, then S becomes the sum of # - 1 independent, geometrically distributed
random variables (Watterson, 1975). An infinite sites model of mutation is assumed where
each locus contains a large- number of independent sites, mutations are rare events, and back
mutations do not occur. In order to detect the action of selection in the xG.4AD67 promoter,
we have obtained sequence data from a population of X. / /zevis individuals and one
representative sequence from each closely related outgroup species: X. amietz, X. clivii, X. /.
sudanensis, and X. muelleri. We used software written by R.H. to compute Tajima’s D, Fu and
Li’'s D, and Fay and Wu’s H, and Hudson, Kreitman, Aguade (HIKA) test statistics. These
summary statistics with the exception of HKA utilize the difference between various
estimators of & and are detailed below. Our analyses assume an ideal Wright-Fisher

population at stationarity.
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We estimated Tajima’s D test statistic at the xGADG67 locus with 26 X. 4 /aevs
samples (Tajima, 1989). Tajima proposed the &, estimator based on the average number of

pairwise differences, 7, expected in a random sample drawn from a population (Tajima,

1983) and determined the expected number of pairwise differences
227
n b

E(r)=0, =—@—

V(n)=b0, + b6,

and variance,

where
1
="t
! 3(n-1)
b, =2(112+n+3)
In(n-1)

for a neutrally evolving locus. Therefore, §; and 6 are estimators of low frequency (i.e. rare
variants) and intermediate frequency (l.e. common variants) alleles, respectively. The
biological significance of these two different estimators of @ is their relationship in the
presence of selection. Under neutrality there should be no difference between &; and &,(0 =
6:- 0,), however purifying selection will act to keep new variants at low frequency whereby
generating an excess of extreme low frequency alleles in a population ;> &,. The presence
of positive selection, conversely, dtives new advantageous alleles to higher frequency and 6,

> @;. Tajima proposed the test statistic
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which has a B-distribution undet neutrality. While Tajima’s D can be an informative statistic
for interpreting polymorphism data there are several limitations. Demographic perturbations,
such as population bottlenecks, recent expansions, hitchhiking, and mutational rate
heterogeneity can produce a pattern of polymorphism similar to selection. For example,
population bottlenecks will greatly increase & while reducing fyand result in negative D
values that mimic purifying selection. The difficulty in distinguishing demographic influences
from selection can be partly mitigated by using several different measures of selection and
mnvestigating multiple loci. For example, a dramatic drop in population size with display an
excess of low frequency alleles across all loci while an excess of low frequency allele
generated by a strong selective sweep will only effect tightly link loci (Le. genetic
hitchhiking). The statistical significance of our results was determined by coalescent
simulation detailed in a subsequent section (se¢ Coalescent Simulation).

We computed Fu and Li’s D test statistic of selection on our population data with
each outgroup species (Fu and Li, 1993). Fu and Li proposed to examine the distribution of
mutations, also referred to as the site-frequency spectrum, within a genealogical framework.

Similar to Tajima’s D, Fu and Li posited that deviations from neutrality can be detected by
the differences between the number of mutations expected in internal (1)) and external (n,)
branches of a genealogy, and derived the relationship of these expectances to 6 estimatots.

The distribution of mutations along a genealogy can be categorized as internal if they occur
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in the older regions (i.e. outgroup branches) of the tree, or external if they occur in newer
parts of the tree (ingroup population branches). 8 estimates of internal, 7, and external, e,

mutations are

n,
6. = :
@,
0, =1
respectively, where
n-1 1
a,=) —.
o K
In a sample of # sequences with 7 = 1, 2, ... 7 nucleotide sites. The total numbers of

mutations in the sample and the number of mutations in the external branches of the

genealogy are
7 =35 and 1= 3e,

respectively; 5; are the number of segregating sites in the population-outgroup alignment
minus one, ¢ are the number of singleton sites between the ingroup and outgroup sequences
(ingroup segregating sites ignored). The null hypothesis, under the neutral model, states that
there should be no difference between 6, and 6, estimates, therefore the normalized test

statistic becomes

D= n—anne

ViupTl + "1)772

v, =1+ a: (c _n+1)
P b,+a:\'"" n-1

where

up,=a,-1-v,
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and

Consider a sample of sequences from a population and an outgroup organized into a
genealogy, where internal branches represent mutations in “older” regions and external
branches consist of “new” mutations. Under this model, the action of adaptive or purifying
selection would generate an excess of mutations in the external branches of the genealogy.
We conducted the test with » = 26 samples from the X. / /asevis population, x;fhich served as
external branches. Related species X. amieti, X. chivii, X. I sudanensis, and X. muelleri were
treated as z, outgroups to define internal older branches of the genealogy. The statistical
significance of our results was determined by coalescent simulation detailed in a subsequent
section (se¢ Coalescent Simulation).

We also estimated Fay and Wu’s H statistic as the third independent sutvey of the

site-frequency spectrum (Fay and Wu, 2000) at the xGADG67 locus. Analogous to the
preceding tests, the H statistic is based on the difference between two estimatots of 6,

specifically 8 and 6, (Fu, 1995), where

o, - Z 284

an(n=1)’

and

""12S1(n
O = IZ n(n— l)

where J, is the number of segregating sites found in a sample size of # with a frequency 7

times. Noteworthy is that as 7 approaches #/2, alleles of intermediate frequency preferentially

influence &, while as 7 approaches # (i.e. numerous derived alleles at high frequency) the

25



effect has a greater conttibution on 6. Originally proposed to overcome the limitations of

Tajima’s D in detecting hitchhiking events, the 8, estimator is influenced by an excess of
high-frequency alleles characteristic of strong selection. Fay and Wu’s H statistic is the
difference between 6, and 6, divided by the variance of these estimators, and expected to
be zero at a neutrally evolving locus. Negative values of H indicate that there is an excess of
high frequency alleles, the signature that tightly linked low frequency alleles have been driven
to high frequency by genetic hitchhiking. As stated previously, derived and ancestral
sequences were defined by an ingroup population of X. / /lsewis individuals and several
closely related outgroups (e.g. X. amieti, X. clivii, X. I. sudanensis, and X. muelleri).

Finally, we used software by R.H. to conduct the Hudson, Kreitman, and Aguade
(HKA) test on the 5 upstream region of xGADG67 using intron 17 as a neutral proxy
(Hudson et al, 1987). The HKA test of a neutral model predicts that intraspecies
. polymorphism and interspecies divergence are the products of the neutral mutation rate. A
Fisher-Wright ideal population and infinite-sites model of mutation are assumed. For each
locus z ( = 2) the number of mutations per sample per generation is Poisson distributed.
There is no recombination within loci, but free recombination is allowed to occur between
loci. The ingroup and outgroup populations are assumed at equilibrium with population
sizes 2IN and 2INf, respectively. The population and outgroup species diverged T' generations
in the past from a single ancestral population. Our analysis included 24 X. / /aevis sequences
representing species A, also referred to as the ingroup, while a single sequence from species
B will represent the outgroup species as done in Hudson ¢/ 4/ (1987) example data set.

Several outgroup species will be considered independently. We examined 7 = 2 loci, the
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promoter region of xG.AD67 and intron 15, for » = 24 random samples. Hudson ez 4/

(1987) detived the expectation and variance at a neutral locus for a population of samples as
E(S!)=6,C(n,)
n,-1 1

Var(S! )~ E(S! )+ & Z?,

J=1

and for an outgroup as
E(D)= Q{T+ @}
2
Var(D,)= E(D))+ (9,. (“Tf)J ,
where
n-1 1
C(n) = Z—
IRy

S is the number of nucleotide sites in species A (i.e. X. / /aevis)) that are polymorphic at loci
i, D} is the number of substitution between the ingroup population and an outgroup species,

where each outgroup (X. amieti, X. clivii, X. [ sudanensis, and X. muellers) is examined

separately, 8 = 4N, T= T / 2NN. The test statistic

s -56)) £ 0-50))

Var(Sf ) e Var(D,. )

b

i=1

was proposed as a goodness-of-fit of the empirical results to the neutral model.

Estimating p
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Assumptions about the rate of recombination can have important implications for
interpreting polymorphism. The distribution of test statistics extracted from simulated data
sets can be highly influenced by linkage. Likelihood methods have been developed to analyze
samples with multiple linked polymorphic sites (Kuhner et al., 2000; Nielsen, 2000). We used
Hudson’s maxhap program (http://home.uchicago.edu/~rhudsonl) to determine two-site
configurations for a sample of X. / /aevis sequences with an ancestral state specified by
several closely related species. Our approach is to compare empirically determined two-site
sample configurations with two-site sample distributions under a neutral model of evolution

(Hudson, 2001). The objective was to estimate p, where p = 2 r N,; where N, is the effective

population size and r is the rate of recombination (Hill, 1975). The estimator p, which is a
scaled population estimate of recombination, was calculated at each locus for each.outgroup
species (see Appendix for details). While the most conservative estimate of recombination is
p = 0, it may cause the neutral or null hypothesis of a given test statistic not to be rejected
when, in fact, selection may be present. The program exhap was used to convert a set of
haplotype data into an input file with the appropriately formatted pairs data. The program

maxhap then estimates p from our phased haplotype polymorphism data.

Coalescent Simulation

Our ability to distinguish variation generated by selection and variation generated by
random processes was assessed by coalescent simulation of a stable, neutrally evolving
panmictic population (Hudson, 2002). Source code and documentation are available online
(http:/ /home.uchicago.edu/~thudsonl) while the details of our command-line instructions

executed in 2 UNIX shell for each locus are provided in the Appendix. For the upstream
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tegion and intron 17, we conducted 100,000 independent, replicate coalescent simulations
for a Wright-Fisher ideal population of N haploid individuals at a locus of specified length
and fixed number of segregating sites (Depaulis et al., 2001; Rosenberg and Nordborg, 2002;
Wall and Hudson, 2001). Standard small sample approximations of the coalescent are
assumed, whete the sample size # << N,. An infinite sites model of mutation is assumed
whete multiple hits and back mutations do not occur.

A random genealogical history is generated for each replicate sample at zero and
estimated rates of recombination. Mutations, which ate parameterized as 4 IN, p, where N, is
the effective diploid population size, and p is the neutral mutation rate, are Poisson
distributed along a genealogy with mean equal to the product of the mutation rate and
branch length. For each independent replicate simulation 7, Tajima’s D, Fay and Wu’s H,
and Fu and Li’'s D values were extracted with Hudson’ s sample_stats program. The
frequency distributions of these test statistics were plotted as histograms using SPSS

Statistics 12.0 and compared to our empirically derived results.

RESULTS

Alignment of the xGADG7 upstream region, intron 15, and intron 17

The amount and significance of sequence variation in noncoding, potentially
regulatory, DNA was investigated in the upstream region of xGADG7 in Xenopus.
Approximately 1.2 kbps upstream of the xGAD67 initiating methionine codon was cloned

and sequenced for 27 alleles derived from 30 individuals of a natural population of South
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African X. / laevis clawed frogs. Three alleles were excluded from our analysis based on
poor quality sequence data or incomplete contigs assemblies. These alleles will be included
once the data become available. Additionally, one allele was obtained from several closely
telated Xenopus species, including X. /L sudanensis, X. amietr, X. clivii, and X. muelleri at the
homologous xGADG67 locus. An alignment of all 31 sequences was originally attempted with
ClustalX 2.0.11 under default parameters (se¢e Appendix). The resulting alignment presented
with numerous gaps of variable length. The pattern and variable length of gaps suggested
that many could be spurious, resulting from the inability of ClustalX to aligned closely
related sequences with potentially large indels (insertion or deletion). A poor alignment could
artificially inflate the number and length of indel polymorphisms or obscure informative
segregating sites. Attempts were made to find a more parsimonious alignment that would
optimize local regions of identity and minimize the number of reported gaps. Vatious
combinations of gap opening and extension penalties were explored, in addition to manual
adjustments in Mesquite, but all failed to give an alignment with an appreciable reduction in
gaps.

The Clustal-class aligners, such as T-Coffee (Notredame et al., 2000), MAFFT
(Katoh et al, 2002), and MUSCLE (Edgar, 2004) implement global, progtessive-
programming algorithms, and were originally designed to analyze protein sequences. These
global aligners may be inappropriate for aligning non-coding regions where the rates of
nucleotide and indel length polymorphisms are higher than in protein coding regions
(Haddrill et al, 2008; Halligan et al, 2004; Liang et al., 2008). Therefore, a dynamic-
programming alignment was attempted on our sample set with Threaded Blockset Aligner

(ITBA), originally designed for genome assembly, using default parameters (se¢ Appendix.).
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Inspection of the TBA alignment suggests that a more parsimonious alignment was
obtained. The TBA output alighment was manually adjusted with Mesquite and used for
downstream analysis (Fig 1.). Inspection of the alignment demonstrates, as expected, that
one large indel event was obscured in the previous two alignments by the introduction of
numerous unnecessary, and biologically meaningless, gaps. An alignment of 1,308 bps was
obtained for the upstream region of xGADG67 with 973 informative sites used to compute
the several summary statistics and our selection analysis, which regard single nucleotide
polymorphisms as informative. Detailed in a following subsection, we attempted to
recaptute the potential significance of indels with several measures of simple indel diversity
and selection, including Tajima’s D and Fu and Li’s D test statistics modified for simple

indels.
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ACACCAGCACGTTCTCCATTCCACCGGGAA ' TTCCCAT AACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
-—~ACCAGCACGTTCTCCATTCCACCGGGAA CCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATCCCACCGGGAAGGGGTTCCCATCGGAACAGAGCARAARATGTGATTATTTGCTGGCTAGATAC
-=ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAARATGTGATTATTTGCTGGCTAGATAC
-~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
~«ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAAATGTGATTATTTGCTGGCTAGATAC
--~-CAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
««ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
~-ACCAGCACGTTCTCCATTCCACCGGGAAGGGETTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~=ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGCGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
--ACCAGCACGTTCTCCATTCCACCGGEAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
-~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
~~RACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTIGCTGGCTAGATAC
-=-ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTIGCTGGCTAGATAC
~-ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
-~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~=ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
~=ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAARATGTGATTATTTGCTGGCTAGATAC
~=~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
-=ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAARAATGTGATTATTTGCTGGCTAGATAC
-~-ACCAGCACGTTCTCCATTCCACCGEGAAGGGGT TCCCATGGOAACAGAGCARAATGTGAT TAT TTGCTGECTAGATAC
-~ACCAGCACGTTCTCCATTCCACCGGGAAGGGETTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
~-ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
-=ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
--ACCAGCACGTTCTCCATTCCACCGGCAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTCGGCTAGATAC
~=ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
--ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTITGCTGGCTAGATAC
~=ACCAGCACGTITCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAARATGTGATTATTTGCTGGCTAGATAC
-~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
—~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC

ThdkRhE AKAFARALAE IR R T I T AR AR A AT R TN RIE hkh bR NIk d R AR RN TR R RI R TR T bR R bk dk b

AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTITTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATARACAT
AAAGCACAARGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTARCTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACGAGCATTTACGCTITTAATATGCACTAATTATCCTCAAGTARCTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTITTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACRAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTITTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAARTAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
ARAGCACAAGCATTTACGCTTTTARTATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAARTTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCCCAAGTAACTAGARATAGCACTAATGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTGGAAATAGCACTAATGTCGGTATAAACAT
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RANRFRRER AR RRRERNRNE AR RhRdr & AW Shdhrd khdhhd T A T e L T R T YT

TARTGGAGAAGGATTTTGTARGAGARAGGGATTTCATCCTTGAACAGACATGTATTGT TCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTARGAAARAGGGATTTCATCCTTGAACAGACATGTATTGTTCCCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGARAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGARGGATTTTGTAAGAGAAAGGAATTTCATCCTTGAKCAGACATGTATTGTTCGCAGTCACAT T TCGAAGCTT
TARTGGAGAAGGATTTTGTAAGAAARAGGGATTTCATCCTTGAACAGACATGTAT TGTTCGCAGTCACATTTCGAAGCTT
TAARTGGAGAAGGATTTTGTARGAGAAAGGGATTTCATCCTTGAACAGACATGTATIGT TCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATCTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAARAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTARGAAARAGGGA-TTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTCCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTARGAAARAGGGATTTCATCCTTGAACAGACATGTATTTTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTATGAAAAAGGGATTTCATCCTTGAACAGAC ~~GTATTGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTATGAAAAAGGGATTTCATCCTTGAACAGAC -~GTATTGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTARGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGT TCGCAGTCACATTTCGAAGCTT
TARTGGAGAAGGATTTTGTAAGARAAAGGGATTTCATCCTTGAACAGACATCTAT TG TTCGCAGTCACATTTCGAAGCTT
TAATGGAGANGGATTTTGTAAGARAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTARGAAARAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTARGARAAAGGGACTTCATCCTTGAACAGACATGTATTGT TCCCAGTCACATITCGARGCTT
TAATGGAGAAGGATTTTGTAAGAAAA TTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCCARGCTT
TAATGGAGARGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACAT T TCGARGCTT
TAATGGAGAAGGATTTTGTAAGARAARGECATTTCATCCTTGARCAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATIGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGARGCTT
TAARTGGAGAAGGATTTTGTATGAARAAGGGATTTCATCCTTGGACAGAC—~GTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTARGAAAAAGGGATTTCATCCTTGAACAGACATGTAT TG TTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTATGAAAAAGGGATTTCATCCTTGGACAGAC--GTATTGTTCGCAGTCACATTTCGAAGCTT

HRRRUARTERRNERARRERAN R REERARAAR SRR RN Rl hd Whhkhhhh Shdkddhrd ki whhhkrrrbabedy

GAAGGTCAAAGTGTCTCACTARAAGTCATARTGGACARAATAGGARTTCCTTGTTCTGCCTGCTGCTCCTATARATT ——~
GARGGTCAARGTGTCTCACTAAAGGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATTTCA
GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT - ~ -
GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACARAATAGGARTTCCTTGTTCTGCCTGCTGCTCCTATARATT ~ -
GARGGTCAAAGTGTCTCACTARAGGTCATAATGGACARAATATGARTTCCTTGTTCTGCCTGCTGCTCCTATARATTTCA
GARGGTCAAAGTGTCTCACTAARAGTCATAATGGACAARATAGGAATTCCTGGTTCTGCCTGCTGCTCCTATAAAT T - -
GAAGGTCAAAGTGTCTCACTARAAGTCATAATGCACARAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~
GAAGGTCAARGTGTCTCACTAAAGGTCATAATGGACARAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTAARAGTCATARTGGACARAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~
GARGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT —— -
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATTTCA
GAAGGTCAARGTGTCTCACTAGAGGTCATAATGGACARRATATGAATTCCTTCTTCIGCCTGCTGCTCCTATARATTTCA
GAAGGTCAARGTGTCTCACTAAAAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~
GARGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTARRAGTCATARTGGACAARATATGRATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~ ~
GARGGTCAAAGTGTCTCACTAAAAGTCATARATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT -~ ~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~ ~
GAAGGTCAARGTGTCTCACTAAAGGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT -~
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~ -
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~ -
GAAGGTCAARGTGTCTCACTAAAGGTCATAATGGACARRATATGARTTCCTTGTTCTGCCTGCTGCTCCTATAAATT ~ -~
GARGGTCAARGTGTCTCACTAARGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT - -
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT —~
GARGGTCAARGTGTCTCACTAAAGGTCATAATGGACARAATATGAATTCCTTGTICTGCTTGCTGCTCCTATAAATT ~ -~
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ~m~
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACARAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ~~ =
GAAGGTCAAAGTGTCTCACTARAAGTCATAATGGACARAATATGARTTCCTTGTTCTGCCTGCTGCTCCTATAAATT -~
GARGGTCAARGTGTCTCACTAARGGTCATARTGGACAAARTATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~ -
GAAGGTCAAAGTGTCTCACTARAGGTCATARTGGACAARATATGAATTCCTTGTTCTIGCCTGTTGCTCCTATAAATTTICA
GAAGGTCAAAGTGTCTCACTAARAGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~ -

33

240
238
238
238
238
238
236
238
238
238
238
237
238
238
236
236
238
238
238
238
238
238
238
238
238
238
238
236
238
238
236

317
318
315
315
318
315
313
318
315
315
318
317
315
318
313
313
315
315
315
315
315
315
315
315
315
315
315
313
315
318
313



XLL1
XLL2
XLL3
XLL4
XLLS
XLL6
XLL7
XLL8
XLLY
XLL10O
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25

XLL27

T REAARIAANERNNE RN AR RRIARTRRE RRRRRRTRARAEANN AAh bRk rdhdhdd dded Fhhhd hhRd

CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAARTGTACCCTCTAAAACAAAAR-TAC-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAARCAARAA~TAC-TTACCTATGTG
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACARARA -TAC-TTACCTATGTG
CCATTCARAGGGGGTTTTCTGGCACCCATAGAATATCCCTIGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAAARA-TAC~-TTACCTATGTG
CAATTCAAA TTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTARARCAAAAA-TAC~TTACCTATGTG
CCATTCAAAGGGGGTITTTCTGGCACCCATAGAATATCCCTGARATGTACCCTCTARAACAAAAA-TAC~TTACCTATGTG
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAARAAN-TAC~TTACCTATGTG
CCATTCAARAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAARA-TACTTTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGARATGTACCCCCTARAACARAAA~TAC~TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAAAAA-TAC-TTACCTATGTG
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC~-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAAAAA-TAC-TTACCTATGTG
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAN - TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC~TTACCCATGTG

CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAARA~TAC~TTACCTATGTG

CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAARTGTACCCTCTAAAACAAAAA-TAC~TTACCTATGTG
CARTTCAAAGGGGGTTTTICTGGCACCCATAGAGTATCCCTGAAATGTGCCCTCTAAAACAAAAA~TAC~-TTACCTATGTG
CARTTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC~TTACCTATGTG

CAATTCAAA TTTCTGGCACCCATAGAGTATCCCTGAARTGTACCCTCTARAACAAAAA-TAC~-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGARATGTACCCTCTAAAACARARA ~-TAC-TTACCTATGTG
CAATTCAA TTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAARATAC ~-TTACCTATGTG

Reddekdedek kbbb wd vkt hbw dedhh ek FREN R ek R RRR R AR R R AW hh hh AR rr bk khn
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT -GGGGAAAGAGAC GITAAGGTGACTGT TGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT-GGGGAAAGATACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT ~-GGGGAAGGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT~GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT-GGGGARAGATACTGTATGTTRAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GCGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT-GGGGAAAGATACTGTATGTTAAGGTGACTCTGTATACTETC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT~GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTIGGCATTTTGGACATTTGTAGACACARCAGATGATTTGGGGGAAAGAGACTGTATGTTAAGGTGACTGTIGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT ~GGGGAAAGATACTGTATGT TAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT ~GGGGRAAGATACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT~GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT~GGGGAAAGATACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACGACAGATGATTT-GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT~GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTITGGACATTTGTAGACACAACAGATGATTT-GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT~-GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT~GGGGAAAGAGACTGTATGT TAAGGTGACTGTGTATACTGTC
CTGGCATTTITGGACATTTGTAGACACAACAGATGATTT-GCGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT-GGGGARAGAGACTGTATGT TAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT~GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAAAGAGACTGTATGT TARGGTGACTGTGTATACTGIC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT-GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT -GGGGARAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT~GGGGARAGAGACTGTATGT TAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT-GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAAAGAGACTGTATGT TAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATT'TGTAGACACAACAGATGATTT-GGGGAAAGAGACTGTATGT TAAGGTGCCTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT -GGGGAAAGATACTGTATGTTAAGGTGACTGTGTATACTGTC
TTGGCATTTTGGACATTTGTAGRCACARCAGATGATTT -GGGGARAGAGACTGTATGTTARGGTGACTGTGTATACTGTC
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Xc
XLS

‘TGGCATTTCAGGTACACAGAGACCCAAACA

R R KR R RRKRARAEE ARRRRRARRNRRRN RS, KRR RRT Rk RN ERERR IR ANRANN Rk N
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCECGACTGAGAATTARAATAGGCCC
CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGANT TARAATAGGCCC
CCTTCCCCGARCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTARRATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAARGAGGTCCTGGTTTCAGGCCCGGACTGAGARTTAARATAGGCCC
CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAATTAARATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGETCCTGGTTTCAGGCCCGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTAARATAGGCCC
CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAATTARARTAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCGGGCCCGGACTGAGAATTARRATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTAGACTGAGAATTARARTAGGCCC
CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAATTARRATAGGCCC
CCTTCCCTGARCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTAARATAGGCCC
CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAATTAARATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCTGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCTGGACTGAGAATTARRATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTAARATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATT TAGTGAAAGAGGTCCTIGETTTCAGGCCCGGACTGAGARTTARAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTAARATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGRGGTCCTCGTTTCAGGCCCGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTAARATAGGCCC
CCTTCCCTGAACATTAGCARCAGGAGATTTAGTGAAAGAGGTCCTCGTTTCAGGCCCGGACTGAGAATTAAAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGETTTCAGGCCCGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTAARATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCTGGACTGAGAATTARAATAGGCCC
CCCTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTARAATAGGCCC
CCTTTCCTGAGCATTAGCAATAGGAGATTTAGTGAAATAGGTICCTGGTATCAGGCTCGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCTIGGACTGAGAATTARAATAGGCCC

R Y I T T

TGGCATTTCAGGTACACAGAGACCCAAACAGCCCCACCTGCCCACTAAATACTGACTTITCTATGGCACCTTATAGCAGCC
TGGCATTTCAGGTACACAGAGGCCCARACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCC
TGGCATTTCAGGTACACAGAGACCCAAACAGCCCCACCTGCCCACTAGATACTGACTTTCTATGGCACCTTATAGCAGCC
TGGCATTTCAGGTACACAGAGACCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCC
TGGCATTTCAGGTACACAGAGGCCCARACAGCCCCACCTGCCCACTAAATACTGRCTTTCTATGGCACCTTATAGCAGCC
TGGCATTTCAGGTACACAGAGACCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCC
TGGCATTTCAGGTACACAGAGACCCAAACAGCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCC
TGGCATTTCAGGTACACAGAGGCCCAAARCAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCC

‘TGGCATTTCAGGTACACAGAGACCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCC

TGGCATTTCAGGTACACAGAGACCCAAACAGCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCC
TGGCATTTCAGGTACACAGAGGCCCARACAGCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCC
TGGCATTTCAGGTACACAGAG
TGGCATTTCAGGTACACAGAG

TGGCATTTCAGGTACACAGAG

TGGCATTTCAGGTACACAGAGACCCAAACA
TGGCATTTCAGGTACACAGAGACCCARACA -
TGGCATTTCAGGTACACAGAGACCCAAACA
TGGCATTTCAGGTACACAGAGACCCARACA
TGGCATTTCAGGTACACAGAGACCCAAACA
TGGCATTTCAGGTACACAGAGACCCAAACA
TGGCATTTCAGGTACACAGAGACCCAAACA
TGGCATTTCAGGTACACAGRGACCCARACA
TGGCATTTCAGGTACACAGAGACCCARACA
TGGCATTTCAGGTACACAGAGACCCAAACA

TGGCATTTCAGGTACACAGAGACCCARACA.
TGGCATTTCAGGTACACAGAGACCCAAACA
TGGCAT'},‘T(“""""“!PAGAGAI"P(‘AAAP! -
TGGCATTTCAGGTACACAGAGACCCAAACA.
TGGCATTTCAGTTACACAGAG ——

TGGCATTTCAGGTACACAGAGACCCAAACA ———
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CCTCTGGCATTTGCCAGAACCCAC - = m e e e e e e —————————————
CCTCTGCCATTTGCCAGAACCCAC n = wm om e i s s s e -

CCTCTGGCATTTGCCAGAACCCAC - - - e et o e e e e o e
CCTCTGGCATTTGCCAGAACCCAC

CCTCTGCCATTTGCCAGAARCCCAC-~
CCTCTGGCATTTGCCAGAACCCAC
CCTCTGGCATTTGCCAGAACCCAC---
CCTCTGCCATTTGCCAGARCT R C e e o e o e o o o e o e o 0 2 o e e
CCTCTGGCATTTGCCAGAACCCAC = = = = = = e o oo s o o e o o e e e o o e e o e o o o
CCTCTGGCATTTGCCAGAACCCAC- -— e e s
CCTCTGCCATTTGCCAGAACCCAC--- —

------ -CAGGTCTGGGCTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCGCA
------ CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTICAGGTACACAGAGGCGCA
; CAGGTCTGGACTGAGAATTAARATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
- = =~ CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
e ——————————————— CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
-------- CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA

-------- CAGGTCTGGACTGAGAATTAARATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA

-------- CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA

----- CAGGTCTGGACTGAGAATTARAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA

----- CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
----- CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTPCAGGTACACAGAGGCCCA
----- CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCGCA
----- CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA

ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTITTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGARCTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTARATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACCTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTARATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
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ﬂFCCAAACAGCCCCACCTGCCCACTAAATRCTGACTTTCTATGGCACCTTATAGCAGCCCCT

------------ ~===«~ACCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCT TATAGCAGCCCCT
- GCCCARACAGCCCCACCTGCCCACTAAARTACTGACTTTCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCARACAGCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCARACAGCCCCACCTGCCCACTAMATACTGACTTTCTATGGCACCTTATAGCAGCECCT
GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTARAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCARACAGCCCCACCTGCCCACTAARTACTGACTTTCTATGGCACCTTATAGCAGCCECT
GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCAARCAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT

GATTGCCAGTCCGGGCCTGCCCARACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT

GATTGCCAGTCCGGGCCTGCCCARACAGCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCT TATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCARACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCARACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCAARCAGCCCCACCTGCCCACTAAATACTGACTT TCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTICTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCARACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT

———— GCCCAAACAGCCCCACCAGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT

E2 221222122223 AR 2221222322222 ] [ 2322222222223 22 223222223
--------------------- AGATTGCCAGTCTGGGCCTGCCTIGGTATTARTCATACATCCCTTCTCTATCTATTTGCT
- AGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT

- AGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT
------ -~AGATTGCCAGTCTGGGTCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT

- - AGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT
AGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTTCTICTATCTATTTGCT
--------------------- AGATTGCCAGTCTGGGCCTGCCTGCTATTAATCATACATCCCTTCTCTATCTATTITGCT
- - ~~AGATTGCCAGTCCGGECCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT
: AGATTGCCAGTCTGGGCCTECCIGGTATTAATCATACATCCCTTCTCTATCTATTTIGCT
----------------- ~===AGATTECCAGICTGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT
AGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT
CTGCCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT
CTGCCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTATTTGCT
CTGGCATTTCCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAACCATACATCCCTTCTCTATCTGTTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGEGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTITGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTIGTTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTICTATCTGTTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTICTATCTGTTIGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGEGCCTGCCTGETATTAATCATACATCCCTTCICTATCTGTTIGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTAT TAATCATACATCCCTTCTCTATCTGTTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGCT
CTGGCATTTGCCAGAATCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGCT
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGCT
CTGGCATTTGCCAGARCCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTIGET
CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCAAGCCTGCCTGGTATTAATCATACATCCCTTCICTATCTATTIGCT
CTGGCATTTGCCAGARCCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGCT
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CAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTCGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTTAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAARATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGICAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTACARTCCATTGACACATTCCTAATGGCTCGTECATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAMAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTARTGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTARAAATCCATTGACACATTCCTAATGGCTCCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA

CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA

CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTITCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTARAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTARAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTITGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTARRATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTARTGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTITAAAATCCATTGACACATTICCTAATGCCTCGTTCATTICGCAGCAGTTGATTIA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAMAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCATTTGATTA
CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA

L R T L Iy L T Y Y T 2

GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGARTCTGTGTGATCARCTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GIGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GIGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GITGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTIGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTIGCAC
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTARCTTIGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT

GTGGAGTGGAATCTGTGTGATCAACTCARTARGTGGTTACCTCTGCATCAATTGATGGACGTTAGGTTTTTAACTTGCAT

GIGGAGTGGAATCTGTGTGATCAACTCARTAAGTGGTTACCTICTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCARTAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTIGIGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT

‘GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT

GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTT TTTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTICTGCATCAATTGATGGACATTAGGTTTTTARCTTGCAT
GTGGAGTGGAATCTGTGIGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTITAACTTGCAT

‘GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT

GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACAT TAGGTTTTTAACTTGCAT
GIGGAGTGGAATCTGIGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTT TTAACTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCTGTGTIGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
GTGGAGTGGAATCIGIGTGATCAAGTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTCTTARCTTGCAT
GTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCAT
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GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCARAAGGCAGGCCATGTCATATAR
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAA
GGCTGCTTTICCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAARGGCAGGCCATGTCATATAA
GGCTGCTTTICCATTACCAGAGTGGGTGTCTCCTGATGICACTCACAACACARAACTCCCARAGGCAGGCCATGTCATATAA
GGCTGCTTICCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCARAGGCAGGCCATGTCATATAR
GGCTGCITTCCATTACCAGAGTIGGGTGTCTCCTGATGTCACTCACAACACAARCTCTCAAAGGCAGGCCATGTCATATAR
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAR
GGCTGCTTTICCATTACCAGAGTGGGTGTCTCCTGATGICACTCACAACACARACTCCCAAAGGCAGGCCCTGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAR
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAA
GGCTGCITTCCATTACCAGKGTGGGTGTCTCCTGATGTCACTGACAACACMACTCCCmGGCAGGCCCTGTCATATM
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCARAGGCAGGCCATGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTCATGTCACICACAACACARACTCCCAAAGGCAGGCCCTGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACICACAACACAAACTCCCAAAGGCAGGCCATGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAR

‘GGCTGCTTTCCATTACCAGAGTGGGTGTICTCCTGATGTCACTCACAACACARACTCCCAAAGGCAGGCCATGTCATATAA

GGCTGCTITCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACARACACARACTCCCAAAGGCAGGCCATGTCATATAR
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCARAGGCAGGCCATGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCARAGGCAGGCCATGTCATATAA
GGCTGCTITCCATTACCCGAGTGGGTGTCTCCTGATGTCACTCACAACACARACCCCCAAAGGCAGGCCATGTCATATAR
GGCTGCTTITCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACADACTCCCARAGGCAGGCCATGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCAMAGGCAGGCCATGTCATATAR
GGCTGCTTTCCATTACCAGAGTGEGTGTCTCCTGATGTCACTCACAACACAARCTCCCARAGGCAGGCCATGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAR
GGCTGCTTTCCATTACCAGAGIGGGTGTCTCCTGATGTCACTCACAACACARACTCCCAAAGGCAGGCCATGTCATATAR
GGCTGCTTITCCATTACCAGAGTGGGTGTCTCCTGATGYCACTCACAACACAAACTCCCAARGGCAGGCCATGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTICACTCACAACACAAACTCCCARAGGCAGGCCATGTCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCAAAGGCAGGCCATGCCATATAA
GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCAAAGGCAGGCCATGTCATATAR

KRANRARRERAERARERRRRN ARRRRANIAY FATRNE ARFARRAR A RNNRARRNRN RARRAR RPN NP AR SNE

ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTCTTTTAGTGAGCTAAGATTTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATC TATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGGGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGCATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGARGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCCATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTTTTAGTGAGCTAAGATT TCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTCAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGICTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGRAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTCTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATC TCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGC TTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCACTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTARGATCTCCATCTGATC TATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATC TCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGC TTGATAGCCTGAC
ATAGTCTTTCCACTOGCCTCATTAGAAGGT TGTATTAGTGAGCTARGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
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P Ty Y e T T T I L)
XLL1 CATGCTCAGGAAAGAGAACACCCTGCCA

XLL2 CATGCTCAGGARAGAGARCACCCTGCC-
XLL3 CATGCTCAGGARAGAGAACACCCTGCC-
XLL4 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL5 CATGCTCAGGAAAGAGAACACCECTGC -~
XLL6 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL7 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL8 CATGCTCAGGARAGAGARCACCCTGCC~
XLL9Y CATGCTCAGGAAAGAGAACACCCTGCC~
XLL10 CATGCTCAGGARAGAGAACACCCTGC-~
XLL11 CATGCTCAGGAAAGAGAACACCCTGC--
XLL12 CATGCTCAGGAAAGAGARCACCCTGCC—
XLL13 CATGCTCAGGAAAGAGARCACCCTGCC -~
XLL14 CATGCTCAGGAARGAGAACACCCTGCC-
XLL15 CATGCTCAGGAAAGAGAACACCCTGCC~
XLL16 CATGCTCAGGARAGAGAACACCCTGCC-
XLL17 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL18 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL19 CATGCTCAGGAAAGAGAACACCCTGC--
XLL20 CATGCTCAGGARAGAGAACACCCTGC-~
XLL21 CATGCTCAGGAAAGAGAACACCCTGC--
XLL22 CATGCTCAGGAAAGAGAACACCCTGC-~
XLL23 CATGCTCAGGAAAGAGAACACCCTGC-—
XLL24 CATGCTCAGGAARGAGAACACCCTGC-~
XLL25 CATGCTCAGGARAGAGARCACCCTGCC-
XLL26 CATGCTCAGGARAGAGARCACCCTGCC~
XLL27 CATGCTCAGGAAAGAGARCACCCTGCC-
XA CATGCTCAGGAAAGAGAACACCCTGCC-
xc CATGCTCAGGARAGAGARCACCCTGCC~
XLS CATGCTCAGGAARGAGAACACCCTGCC-
XM CATGCTCAGGAAAGAGAACACCCTGCC-

Figure 1. Manually adjusted TBA alignment of the upstream region of xGADG67.
Manual adjustments were performed in Mesquite mn order to minimize the number of
unnecessary gaps. Local regions of conservation not aligned by TBA were identified and
adjusted as necessary, often eliminating gaps. The transcriptional start site is indicated by +1
and the initiating methionine is underlined. Sequences proceed from 5’ to 3’ and include a
portion of the first exon. Conserved sites are indicated by an asterisk (*).
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Introns 15 and 17 of xGADG67 were amplified and sequenced for 24 and 27 alleles,
respectively, from our population sample. There were no PCR products recovered for intron
15 and 17 from several individuals. The intronic alleles were aligned with ClustalX 2.0.11
using default parameters and manually adjusted with Mesquite to minimize the number of
gaps, as described earlier for the upstream region (Fig 2 and Fig 3). Evidence from mammals
suggests that introns are amongst the least constrained regions in the genome and therefore
provide the best empirical measure of neutrality (2005; Hellmann et al., 2003; Keightley et
al., 2005). The ClustalX alignment of intron 15 was slightly different with the inclusion of
each Xenopus outgroup, therefore the results for each outgroup are reported (Table 2.).
Intron 15 was determined to be 1,888 bps in length, however the number of informative
sites ranged from 1,190 to 1,322 bps due to indel presence/absence in the outgtoup.
Alignment of intron 17 was uniform across all four Xenopus species and yielded 692 bps in

total length with 654 considered as informative for analyzing the site-frequency spectrum.
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TGATTTGGAAGCGARAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTIGTCCCTGAAATGCTCT
TGATTTGGAAGCGAARATCCTTGAAGCAARGCARAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGARATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAARGGTTIGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCARAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGARATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCITGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGARATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTITTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGCARATTATTTTTATTGTCCCTGARATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAARTCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGARATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCARAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGARAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGARATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCARAGCAARAGGTTGGTAGCAGGGARATTATTTTTATTGTCCCTGARATGCTCT
TGATTTGGAAGCGARARTCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGICCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTAGTAGCAGGGAAATTAATTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAACAGGGAAATTGTTTTTATTGTIGCCTGARATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGTAATTGTTTTTATIGTCTCTGA -~~~ — -~

EXON 15

% kk AR RREREAEE AR ARTRREE AR A bbb AR Rd Ak hARd e Ak R Akk Rk w X
TTATCACAGTARACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTARACGTTTARGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTARACGTTTAAGGCARTTTGCACTGAAATTATGGCAGTGGTCTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGCTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAARCGTTTAAGCCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTARACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTCTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAARTTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTARGGCAATTTGCACTGAAATTATGECACTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAARTTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGARATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTARACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTARACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGARATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCARTTTGCACTGARATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATARCA
TTATCACAGTAARCGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAAATTATGCCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGARATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAARCGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGGTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAAATTATGGCAGTGCTGTCACTGCTTACACATTCTATTGGATAACA
TTATCACAGGAAARCGTT-ARGGCAATTTGCACTGARATTATGGCAGTGGTGTCACTGCTTACACGTTCTATTGGATAGCA
TTATCACATGAAACGTTTAAGGCAATTTGCACTGAAATTATTGCAGTGGTGTCACTCCTTACACGTTCTGTTGGATAACA
TTATCACAGTAAACGTTTAAGGCAATTTGCACTGAARTTATGGCAGTGGTGTCACTGCTTACACGTTCTATTGGATARCA
------------- CATTTAAGGCAATTTTCACTGAAATTATGGCAGTGGTGTCACTACTTACACATTCTGTTGAATAAC
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ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAARGCTATAGCTCCAARAATACTAAGGTAAAG
ATGCATTTTCAGCTGTTGCCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAARAATACTAAGGTAAAG
ATGCATTTTCAGCTGTTGGCTTAGITGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAARAATACTAAGGTAAAG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAARGCTATAGCTCCAAAARTACTAAGGTAARG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAARAATACTAAGGTAANG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAARAATACTAAGGTAAAG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAAAAATACTAAGGTAAAG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCARAGC TATAGCTCCAARAATACTAAGGTAARG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCARAGCTATAGCTCCAARAATACTAAGGTAARG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAAAAATACTAAGGTAARG
ATGCATTTTCAGCIGTIGGCTTAGTTGCCTAGATACAGCCATATATGCARAGCTATAGCTCCAARAATACTAAGGTAARG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCARAAAATACTAAGGTAARG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCARAAARTACTAAGGTARAG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAAAARTACTAAGGTAAAG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAAARATACTAAGGTAAAG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAARAARTACTAAGGTAANG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCARAGCTATAGCTCCAARAATACTAAGGTAAAG
ATGCATIT! ° TGGCITAGT CTAGATACAGCCATATATGCAARGCTATAGCTCCAARAATACTAAGGTAAAG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCC. ARAGCTA CTCCAAAAATACTAAGGTAAAG
ATGCATTTTCAGCTGITGGCTTAGTTGCCTAGATACAGCCATATATGCARAGCTATAGCTCCAAAAATACTAAGGTAARG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAARGCTATAGCTCCAARAATACTAAGGTAARG
ATGCATITTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCARARGCTATAGCTCCAARAATACTAAGGTARARG
ATGCATTTTCAGCTGTTGGCTTAGITGCCTAGATACAGCCATATATGCARAGCTATAGCTCCARAAATACTAAGGTAAAG
ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCARAAATACTAAGGTAARG
ATGCATTTACAGCTGTTGGCTTAATTGCCTAGATACAGCCATACATGCARAGCTGTAGCTCCAAAGATACGAAGGTAAAT
ATGCATTITCAGCTGTTGGTTTAATTGCCTAAATACAGCCATATATGCARAGCTAAAGCTCCARAGACACTAAGGTAARG
ATGCATTTTCAGCTGTTCGTTTAGTITGCCTAGATACAGCCATATATGCAAAGCTATAGCTC-AAAARTAC TMGGTMAG
--------- CAGATACTGGTTTAATTGCATACATACAGCCATATTTGCCACACTATAGATCCAAAA

L 1 Sk & whRERRh RRR Wk RRERRRRAR ok RREd hhEkd AR E1ad wkEE AEAAR
TAAARACCTTAAAAGGTTTCTTCAGATAGAACTATCCTICCACTATARAARTARCACTTGC - -~ ~CCCATARARCAARGGA
TAAAAACCTTARARGGTTTCTTCAGATAGAACTATCCTCCACTATAAAAATAACACTTGC~~~~CCCATARAACAAAGGA
TAAAARCCTTAARAGGITTCITCAGATAGARCTATCCTICCACTATAARAARTAACACTTGC-~~-CCCATARARCARAGGA
TAAARACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAARRATAACACTTGC~-~-CCCATAAAACAAAGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAAAAATAACACTTGC~~~-~CCCATAAAACARAGGA
TAAAAACCTTAARAGGTTITCTTCAGATAGAACTATCCTCCACTATAAAARTAACACTTGC ~CCCATAAAACRAAGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAAAAATAACACTTGC ~CCCATAAAACAAAGGA
TAAAAACCTTARAAGGTTTCTTCAGATAGAACTATCCTCCACTATAARRATAACACTTGC~~~~-CCCATAAAACAAAGGA
TAAAAACCTTAARAGGTTTCTTCAGATAGAACTATCCTCCACTATAAARATAACACTTGC ~~=~CCCATAAAACAAAGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAAAAATAACACTTGC-~~~CCCATAAAACAARGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATARARATAACACTTGC -CCCATAAAACAAAGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAAAAATAACACTTGC--~~CCCATARAACAARGGA
TAAAAARCCTTAAARGGTTTCTTCAGATAGAACTATCCTCCACTATAAAAATAACACTTGC - - ~CCCATAAAACAAAGGA

TAAARACCTTAARAGGTTTCTTCAGATAGARCTATCCTCCACTATAAAAATAACACTTGC -~~~ CCCATAAARCARAGGA
TAAARRCCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAAAAATAACACTTGC-~~-CCCATARAACAARGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAAAARTAACACTTGC ~~«~CCCATAAAARCAARGGA

TAAAAACCTTARAAGGTITCTTCAGATAGAACTATCCTCCACTATAARAARTAACACTTGC ~~~~CCCATAAAACAAAGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAARAATAACACTTGC-~~~CCCATAAARCAAAGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAARAATAACACTTGC-~-~CCCATAAAACARAGGA
TAAAAACCTTAARAGGITTCTTCAGATAGAACTATCCTCCACTATAAAAATAACACTTGC-~-~CCCATAAAACARAGGA

TAAAAACCTTAAAAGGTTTCTTCAGATAGARCTATCCTCCACTATARAAATAACACITGC ~CCCATARAACARAGGA
TARAAACCTTAAAAGGTITCTTCAGATAGAACTATCCICCACTATAAAAATARCACTTGC ~~~~CCCATARAACAAAGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGARCTATCCTCCACTATAAAAATAACACTIGE ~CCCATAAAACAAAGGA

TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAAAAATAACACTTGC~~-~CCCATAARACAAAGGA
TAAAAACCTTAACAGGTTTCTTICAGATAGARCTATCCTCCAGTATAAAAATAACACTTGCTTITGCCCCATAAACAAAGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAAATATCCICCACTATAAAAATAACATTITGC ~~~~CCCATARARCARAGGA
TAAAAACCTTAAAAGGTTTCTTCAGATAGAACTATCCTCCACTATAARAATAACACTTGC~~—~CCCATAAAACCAAGGA
TAGGAATAGGAAGATGITTCTTAAGAGGGARATATCCTCCACTTTAAAGATAACTCTTGC-~~~CCCATAAAACAAAGGA
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WhEE hhd * #
GATAATCCTCACTTAAA.

GATARTCCTCACTTAAA.
GATAATCCTCACTTAAA

GATAATCCTCACTTAAA

GATAATCCTCACTTAAA.
GATAATCCTCACTTAAA.

GATAATCCTCACTTAAA
GATAATCCTCACTTAAA.

GATAATCCTCACTTAAA.
GATAATCCTCACTTAAA

GATAATCCTCACTTAAA.
GATAATCCTCACTTAAA
GATAATCCTCACTTAAA.
GATAATCCTCACTTAAA

GATAATCCTCACTTAAA

GATAATCCTCACTTAAA.

GATAATCCTCACTTAAA:

GATAATCCTCACTTAARA.
GATAATCCTCACTTAAA

GATAATCCTCACTTAAA.
GATAATCCTCACTTAAR
GATAATCCTCACTTAAA
GATAATCCTCACTTAAA.

GATAATCCTCACTTARA

GATAATCCTCACTTTAGGCTAGGGCTACATGTGCGTTTTTTGTGCGTCTCGACGCGCTGCGTCAAAAATAATGTTAAAGA
GATAACCCTCTCATAAATTGGATGTATACCTTCCATAGAACTCTACTATTGCTGTCTGCTCGGTTAAATAGGTGGTCCAA
GATAATCCTCACTTAAAGGAATTGTTCAGTGTAAAAATAAAAACTGGGTCAATAGACAGGCTGTGCAAAAAARARATGTT
TATAATCCTAATTTAAATGGGATGTATACCTTCCATAGAATTTGACTIGTTGCTCTGCCAGCTCTCCTAACTAGGTGGCCC

TAGAATGTCGCATCGCGTCGCAGCGTCGTGTCCGACGCGACGCGACTGTCGCATGCGGACGCAGC-— -~ — = m e
ACCTAGAGGGCTAGAGGGTAAGAGGGATAGAGGGCACCCCGATGAGAATATTACCTACAAGAAAGAAATGGGCAACTGGT
TCTAATATAGTTAGTTAGCCAARAATGTAATGTATAAAGGCTGGAGTGATTTGATGTATATTATGTCAGTCAGATCACTT
AAACCTTGAGAGCTAGAGGGCCATGGGAATCTTACCAACATAAAATAARATGGGCAGCATGTGGCAGCAGCATTATTAAT
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TGGCAGGGCTAAAATGGGCCTAGTTACACTTGTAGAGAATAAGTAAAAGCAGCATACTAATGTTAGTAGAATAATATTAA
CCTGCTTTTCAGCTCTCTTGGTTTACACTGACTGGTTACCCTGGCTACCAGGCAGTAACCAATCAGAGACTTGAGGGGGA
CCCATTAGTTATGTTCTCTGTTATGAGTACAATTACTTGCAGGACTAAAATGTAGATGATAAGTAAAAGCAGARATTCTC

TTARATGATGAATACTTTTTTAAAATATTACAAATGAATAGTAARAGGCTCACAAA
GCCACATGGGTCATATCTGTTGCTTTTGAATCTGAGCTGAATGCTGAGGATCAATTGCARACTCACTGAACAGARATGTC
ATTTTATTATTATTGTTTTATTATTATTATTATTATATAAATTARATCATTAATATATT TAATAATGATTATACAATTCA
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CCATGTGGCCCCCCTTCAAGTCGCTGACTAGCTCAGAGTTATAGAGCTGAAAAGCAGGAAGTTGGATTCTGTCTGTITTA
AATATGAATATTAATTTTAATAATCATTATACAATTCAAATATAATAGTAARAGGTTCACARATGT ~ ~ =~ === o = e =

TTAGACATCTGTTCACTCCAGCCTTTATGCATTACATTTTTGGCTAACTKACTATATTAGAAATATTTTTTATTTTGCAC
: . - AAATGTAATAGTTATTGGCC
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TGGAATGTATACCTTCCATAGAACTCT
- - : ~-TGGAATGTATACCTTCCATAGAACTCT
TGGAATGTATACCTTCCATAGAACTCT
- TCGAATGTATACCTTCCATAGAACTCT
——— ——— i o TGGAATGTATACCTTCCATAGAACTCY
TGGAATGTATACCTTCCATAGAACTCT
- - TGCGAATGTATACCTTCCATAGAACTCT
- —— ‘ - - TGGAATGTATACCTTCCATAGAACTCT
- - TGGAATGTATACCTTCCATAGAACTCT
- TGGAATGTATACCTTCCATAGAACTCT
- -TGGAATGTATACCTTCCATAGAACTCT
- TGGAATGTATACCTTCCATAGAACTCT
[ — TGGAATGTATACCTTCCATAGAACTCT
- - : —— TGGAATGTATACCTTCCATAGAACTICT
TGGAATGTATACCTTCCATAGAACTCT
—-—— - TGGAATGTATACCTTCCATAGAACTCT
: -—— : TGGAATGTATACCTTCCATAGAACTCT
TGGAATGTATACCTTCCATAGAACTCT
e s e TGGAATGTATACCTTCCATAGARCTCT
TGGAATGTATACCTTCCATAGAACTCT
- TGGAATGTATACCTTCCATAGAACTCT

- - TGGAATGTATACCTTCCATAGAACTCT
et o o TGGAATGTATACCTTCCATAGAACTCT

TGGAATGTATACCTTCCATAGAACTCT

- GCGGGATGTATACCTTCCATAGAACTCT
TGTATT-AGTIGTTTGGCCCCAATAGA- - -TT
AGCCTATCTATTTACCCAGTTTTTATTTTCACACTGAACTATTCCTTTAAATGGAATGTATACCTTCCATAGAACTTTAC
CCAATAGATAACCCATAGCTATATATTTTATTTACTTTAACTTACTTTAACTTTAGAGCACAAGGCTTAAGTTCAGG-CT

& * L] *
ACTATTGCTCTGTTAG--CTCTCTTAAATAGGTGGCCCAAAC-~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG--CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG=~CTCTCTTAAATAGGTGGCCCAAAC~~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGITAG-~CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG--CTCTCTTAAATAGGTGGCCCAAAC~~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACE
ACTATTGCTCTGTTAG--CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG--CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG~--CTCTCTTAAATAGGTGGCCCAAAC-~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTICTGTTAG--CICTCTTAAATAGGTAGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTITAG--CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG-~CTCTCTTAAATAGGTGGCCCAAAC~~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG-~CTCTCTTAAATAGGTGGCCCAAAC-~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG-~CTCTCTTAAATAGGTGGCCCAAAC~-~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG-~-CICTCTTAAATAGGTGGCCCARAC-~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG-~CTCTCTTAAATAGGTGGCCCAAAC-~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG--CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG--CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG~~CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG-~CTCTCTTAAATAGGTGCCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG-~CTCTCTTARATAGGTGGCCCAAAC - ~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG~--CTCTCTTAAATAGGTGGCCCAAAC-~CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG-~CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ACTATTGCTCTGTTAG--CTCTCTTAAATAGGTGGCCCAAAC--CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACCE
ACTATTGCTCTGTITAG-~CTCTCTTAAATAGGTGGCCCAAAC - ~-CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
ATTATTGCTCTGTTAG--CGCTTTTAAATAGGTGGCCARAAC - ~CTAGAGGG = = = = = o e ! GAAGAGGGC~== === =, ATC
ACTGACA~TCTGTTTA~~TTTTATTTACTTTGTCTTTAGAGC~~C~~GAAGACTT~~~~AGATTCAGCCCTTGGGGGAGC
TATTGCTCTGTTAG~~~~CTCTCTTAAATAGGTGGCTGAAAC - -CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACT
ACCCTTGGGGAGATAGAATTTTCTCAGACCACCCCCCTCCTTTGCTCATGTGCTTAATAATATTGACATGCTCTTATCAC
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L] L 2 * * k& * ok

CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGARATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTARAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGARATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAARTGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGARATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTARAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCARCTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAARATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGARATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTIGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAARTGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAARTGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAARATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTIGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTARAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAARGARTGAAATAGGCAACTGATTGGCAGGGCTAARATGGGCCTAGTTATACTIGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAARATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAARATGGGCCTAGTTATACTTGTAGAGA
CCAGTGAGAATCCTACCTACAAGAATGAAAT GGGCCTATTTATACTCGTAGAGA
TAAACAATTCTCAGACCCCTTTTGCTTATTTTAA~ ~mm = GGTTCCTAA-~-TATATGAAATATGGTT~TATTAGTCACTC
CCAATGAGAATCTTACCTACAAGAATGAARTAGGCAACTGATTGGCAGGGCTARAATGGGCCTAGTTATACTTGTAGAG-
TTATGATGAATACTGTTTTGCATA - ~TACACAAAGAGGTGCTTTTCACATTTAATCTGCATCTGTTTTGGTTTCTAGATA

* * % * * X REX * (23
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTITAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGITAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACARATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTARATGATGAATCATTTTAATAATATTACARATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
AGARGTAAAAGCAGACATTCTAARTGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAARAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACARATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAAAGCAGATATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACARATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACARATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAARTTAR
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATT TTAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTARATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTARTGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACARATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTARATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGITAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAAR
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTT TAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACARATTAA
AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTARATGATGAATCATTITAATAATATTACAAATTAA
ATAAGAAAAAGCAGACATTCTAATGTTAGTAGAATAATATTACTTAAATGATGAATCATTTTAATAATAGTACACATTAA
TCTTATAGTTTCAGGAATAACAAAGGCAGTAAATAAGCATTCACCTCCARATATCACATTTITGGT ~~CCACACA-ATTAC
~-AAGTAARAAGCGGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
CTGTACACTACAAAACACACCT ~~~TCAGATGAATATATATATATATATGGAACAGCACTTTA~ =~ e TCAAGGATCCT
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* * * W * L 3 * * L N *
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACT T~ ~~TGCC
TAGCAAARAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT - -~TGCC
TAGCAAAAAGCTCACAARTGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT ~TATTTACTT - -~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT -TATTTACTT ~~-TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT ~TATTTACTT ~~~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT~~~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT -~ ~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT - ~~TGCC
TAGCAAARAAGCTCACARATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGITTATTT-TATTTACTT---TGCC
TAGCAAAAAGCTCACAARTGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT ~TATTTACT T~ ~~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT ~~~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT~TATTTACTT ~~~TGCC
TAGCAAAAAGCTCACARATGTATARGTACCTGGCCCCACTAGATTACCTATATCTGT TTATTT-TATTTACTT-~~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT ~-~TGCC
TAGCAAAAAGCTCACAAARTGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT -~ -TGCC
TAGCAAARAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATACCTGTTTATTT -TATTTACTT -~ ~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT ~TATTTACTT - --TGCC
TAGCAAAAAGCTCACAARTGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT ~TATTTACTT ~ - ~TGCC
TAGCAAAAAGCTCACARATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT-~-TGCC
TAGCAAAAAGCTCACARATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT-~~TGCC
TAGCAAAAAGCTCACARATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT~~~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT~~~TGCC
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT~~~TGCC
TAGCAAARAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGT T TATTT-TATTTACTT ~ - ~TGCC
TAACAAAAAGCTCACAAATGTATTAGTACCTGGCCCCACTAGATTACTTATATCTGTATATTT -TATTTACT T~ ~~TGCC
AAGTGAGCTAGTGATATA~GTACTGACATGCTCTTTCACTT-ATCGATGAATACTGTTTTCTATATACAGARATGGGTGCT
TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT - TATTTACTT - ~-TGCC
TGAAAAAGGTTCCAATAATGACCAAATGTTGGATACAGC -~ ~GTGTCCTAARATAAATCACTTTAAATGAAGA -~ ~~AAC

* » * * * * * * xx xR x *
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT~~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTARACATTTCTCAGACCCCCTTTGCT ~~-TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTITGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT -~ TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGG TAAACATTTCTCAGACCCCCTTTGCT - ~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGEGCTGCCATTTIGGGGAGCTAAACATTTCTCAGACCCCCITTGCT - -TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT--TATCTGGGET
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTARACATTTCTCAGACCCCCTTTGCT~--TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT -~ TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTARACATTTCTCAGACCCCCTTTGCT - ~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT~~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATITCTCAGACCCCCTTTGCT - ~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTIGGGGAGCTAAACATITCTCAGACCCCCTTTGCT - -TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT -~ TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAARCATTTCTCAGACCCCCTTTGCT ~~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTITGGGGAGCTAAACATTITCTCAGACCCCCTETGCT-~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT -~ TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTICTCAGACCCCCTTTGCT -~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATICAGGCTIGCCATTTGGCGAGCTAAACATTTCTCAGACCCCCTTTGCT~~TATCTGGGGT
TITAGAGCCGAAGACTTAGATTCAGGCTGCCATTTCGGGAGCTAAACATTTCTCAGACCCCCTITTGCT ~~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT ~~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT - ~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGOGAGCTAAACATTTCTCAGACCCCCTTTGCT~~TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTICAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT ~-TATCTGGGGT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATITCTCAGACCCCCTTTGCT --TATCTGGGGT
TTTCGAGCTGATGACTTAGATTCAGGCTIGCCATTIGGGGTGCTAAACATTTCTICAGACCCTCITTGCT~ -~ TATCTGGGGT
TTTTACATTTAACAGTCTGAATTTGTTTTGGTTTACAGATACTGTACACTACACTCCTTTAGATGAATA-TATATAARAT
TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGGCCCCCTTTGCT - ~TATCTGGGGT
TGTAATGCTGATCCCTTCTAAATATATATACCTGTGTGTAGATATATATGTITTATTTATAATCTATACATATATATAAT

49



XLL1
XLL2
XLL3
XLL4
XLLS
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24

XC
XLS

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XA
xc
XLS

*k * kA Wk dhk WhkAdd Kk khkdkk ke % Rkkdddd dhkdk dd k. * * * k &

CTACTTTGCT-TATCTGGG~TCTACTTAATATGTGACCT~AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTICA
CTACTTTGCT~TATCTGGG-TCTACTTAATATGTGACCT~-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTITCA
CTACTTTGCT~TATCTGGG~TCTACTTAATATGTGACCT-AGCA~GTACTTTTAACCCTGTGGTTIGGGTGTTTGATTTCA
CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT~AGCA~GTACTTTTAACCCTGTGGTTGGGTGTTTIGATTITCA
CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA~-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTITGCT-TATCTGGGGTCTACTTAATATGTGACCT~AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGETTGGGTGTTTGATTTCA
CTACTITGCT-TATCTGGG-TCTACTTARTATGTGACCT-AGCA-GTACTTITTAACCCTGTGGTTGGGTGTTTGATTTICA
CTACTTTGCT~-TATCTGGG~TCTACTTAATATGTGACCT~AGCA-GTACTTTTAACCCTGTGGTTIGGGTGTTTGATITCA
CTACTTTCCT~TATCTGGG-TCTACTTAATATGTGACCT~AGCA~GTACTTITTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTTTGCT~TATCTGGGGTCTACTTAATATGTGACCT~AGCA~GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTITGCT~TATCTGGGGTCTACTTAATATGTGACCT~AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTITGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTITTAACCCTGTGGTTGGGTGTTTGATTITCA
CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGCTGTTTGATTTICA
CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGEGTGTTTGATTTCA
CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTIGTTTGATTTCA
CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTIGGGTGTTTGATTTCA
CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT~-AGCA-GTACTTTTAACCCTGTGGTTGGCTGTTTGATTTCA
CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA~-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTTTGCT~TATCTGGG~TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTIGATTICA
CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT~AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA~GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
CTACTTTGCT-~TATCTGGTGICTACTTAGTAAGTGACCTTAGTAAGTACTTTTAACGCTGTGGTTGGCTGTTTGATTTCA
ATACAGGAGTATACCTGGGTTCAACTTAGTATGTGAACT--CGAAGTACTTTTAACCCTGTGGTTGGGTGTTTGATTTAA
CTACTITGCT-TATCTGGGGCTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTIGITTGGGTGTTTGATTTCA
ATATACAAGTATACCTGIGTTCTACTTAGAATGTGACCT-AACA-GTACTTT ~-AACCCT« === TGCTAGTTCTTA

* kW LA 2 *® ¥ LA L4 2] * & wkwr e LA B 1 * *

ATAATATGAGTTACATAT~~TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATARACARCATTACTTTTGTTANATACTA
ATAATATGAGTTACATAT--TAGGAGARTGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATAARCAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT-~TAGGAGAATGACATAACTGGCCICTTCTGTCATAAACAACATTACTITTGTTAAATACTA
ATAATATGAGTITACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATARACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT-~TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTARAATACTA
ATAATATGAGTTACATAT~~TAGGAGAATGACATAACTGGCCTCITCTGTCATAAACAACATTACTITTGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATAANCAACATTACTTTTGTTAAATACTA
ATARATATGAGTTACATAT-~TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTITTGTTAAATACTA
ATAATATGAGTTACATAT-~~TAGGAGAATGACATAACTGGCCTCTITCTGICATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT-~TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT-~TAGGAGAATGACATAACTGGCCTCTITCTGTCATAARCAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT-~TAGGAGAATGACATAACTGGCCICTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT-~-TAGGAGAATGACATAACTGGCCTCTTCTGICATAAACAACATTACTTTTGTTAAATACTA
ATARTATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTEGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT~-TAGGAGAATGACATAACTGGCCTCTTCTGICATAAACAACATTACTTTTIGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTICTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
ATAATATGAGTTACATAT--TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATTACTTTTIGTTAAATACTA
ATAATATGAGTTATATATATTAGGAGAATGACATAAAGGGCCTCTTCTGTICATAAACATCATTACTTTTGTTAAATACTA
TTAATATCAGATACTTAT~~TAGGGGAATGACATAAAGGGCTGCTTCTGTCATAAACAACATGACTTTIGGTAAA~~~TA
ATAATATGAGTTATATAT--TAGGAGAATGACATACCTGGCCTCTTCTGTCATAAACAACATTACTTTTGTTAAATACTA
GGGAAATGG- -~ ~~-TAT~~--TAAGGACTGCTT~-CTGGCAACATGAGTCCAAAAATATGACACATCTGAAGCAGATTC
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TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTARAACACCT~GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT ~GGAATTATCACTATGCTITTTCCAGGCTCCCACCGCTGGCCARAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTARAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAARACATTAATGTAAAACACCT~-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT~GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT~GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAMAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAARACATTAATGTAARACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTITTCCAGGCTCCCACCGCTGGCCARAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT~GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAARAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCARAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT~GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCARAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT~GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAARGGGTAAT
TGGCACTAAAACATTAATGTAAARCACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT-GCAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGGCACTAAAACATTARTGTAAAACACCT-GGAATTATCACTATGCTITTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TGTCACTGAAACATTTATGTAAAACGCCT-GGAATTATCACTATGCTTTTT TAGGCTCCCACCGATGGCCAARGGCTAAT
TGTCACTAAAATATGAATGTAAAATACTTAGGAATTATCACTAT-—— -~ TCCAGGCTCCTACCACTGGCCARAGGGTAAT
TGGCACTAAAACATTAATGTAAAACACCT~-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
TTAT-~-~AGACTTGAATGTAAAACACCT~GGA~ === ~=~= CTATGCTTTTIT ~ o= e = CCACCACTAGCCAAGGGTTAAA

L T A A T T R T LT T ek khkdkhk b RhRRR 21 L LA L * whkkhd
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA ~~~~TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTTTGGCGATITACATCTATGGGGGCTGTTGTGAGCA-~~~TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA - —- ~TTTTAGTACCCCATGGAGCTTGARGCA
A--CAAGTTCTITGTTTGGCGATTTACATCTATGEGEGCTGTTGTGAGCA~ -~ ~TTTTAGTACCCCATGGAGCTTGARGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA-~~~TTTTAGTACCCCATGGAGCTTGARGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA ~~-~TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTITTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA-~~-TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTCAGCA -~~~ -TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA ~~~~TTTTAGTACCCCATGGAGCTTGARGCA
A~-CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTIGTGAGCA~~~~TTTTAGTACCCCATGGAGCTTGARGCA
A--CAAGTICTTGITTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA~~~-TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATCGGCGCTGTTGTGAGCA~ =~ ~TTTTAGTACCCCATGGAGCTTGARGCA
A-~CAAGTTCTTGTT TTTACATCTAT TGTGAGCA~~~~TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA-——-TTTTAGTACCCCATGGAGCTTGARGCA
A--CAAGTTCTITGTITTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA-~~~TTTTAGTACCCCATGGAGCTTGAAGCA
A-~CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA -~~~ TTTTAGTACCCCATGGAGCTTGAAGCA
A~~CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA~~~~TTTTAGTACCCCATGGAGCTTGARGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA-~~~TTTTAGTACCCCATGGAGCTTGAAGCA
A~=-CAAGTTCITGTTTIGGCGATITACATCTATGGGGGCTGTTGTGAGCA-~~ -TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA-~~-TTTTAGTACCCCATGGAGCTTGAAGCA
A--CARGTTCTTGTTTGCCGATTTACATCTATGGGGGCTGTTGTGAGCA-~~~TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTTTGGCGATTITACATCTATGGGGGCTGTTGTGAGCA~~~ ~TTTTAGTACCCCATGGAGCTTGAAGCA
A~-CAAGITCTITGITIGGCGATTTACATCTATGGGGGCTGITGTGAGCA-~~~-TTTTAGTACCCCATGGAGCTTGAAGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGIGAGCA-~ - -TTTTAGTACCCCATGGAGCTTGARGCA
A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGCGCTGTTGCGAGCA~~~~TTTTGTTATCCAATGAAGCTTAAAGCA
A--CAAGTTCTTGTTTGGCGATTITACATCAGTGGGGGCTGCTGTGAGCA-~~-TTTTGETGCCCCATGGAGT TTAAAGCA
A--CAAGTTCTTGTTTGGCGATITACATCTATGGGGGCTGTTGTGAGCA-—- - TTTTGGTACCCCATGGAGCTTGAAGCA
ARACAAAGTCTTGTTAGGCATTTTACTAATATGCGGGCTGCTATGAGCACTTTITTTGATGCCCCAT - mm omem TAAAGCA
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CA~~GAGTAGACCATATTCCACTACACTTITTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
CA-~GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT - -~ ~~-AATGATGTCTAATGAACCTTTGGCATATAAA
CA--GAGTAGACCATATTCCACTACACTTTITGGTCACTGGTTT ~— ===~ AATGATGTCTAATGAACCTTITGGCATATAAA
CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATCGATGTCTAATGAACCTTTGGCATATAAA
CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGARACCTTTGGCATATAAAR
CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTARTGATGTCTARTGAACCTTTGGCATATAAA

CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT -~ ~~~~. AATGATGTCTAATGAACCTTTGGCATATAAA
CA~-GAGTAGACCATATTCCACTACACTTITTGGICACTGG LT~~~ ~~~ AATGATGTCTAATGAACCTTTGGCATATAAR
CA=-~GAGTAGACCATATTCCACTACACTTTTIGGTCACTIGGTTT ~~~~-~AATGATGTCTAATGAACCTTTGGCATATAAA
CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTIT ~~~~~-AATGATGTCTAATGAACCTTTGGCATATAAR

CA-~GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTARTGAACCTTTGGCATATAAR
CA--GAGTAGACCATATICCACTACACTTITGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTIGGCATATAAA
CA--GAGTAGACCATATTCCACTACACTTITGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAR

CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA

CA-~GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA

CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT~~mmm~. AATGATGTCTAATGAACCTTTGGCATATAAA
CA-~GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTIT-———~~ AATGATGTCTAATGAACCTTTGGCATATAAA
CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT-~~——~, AATGATGTCTAATGAACCTTTGGCATATAAA
CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTT T~~~ =~ AATGATGTCTAATGAACCTTTGGCATATAAA

CA-~GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAR
CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
CA--~GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT -~~~ AATGATGTCTAATGAACCTTTGGCATATAAA
CA--AAGTAGACCATATTCCACTACACTTTTGGTTATTGGTTTGTGTTTAATGAAGTCTAATGAACTTTTGGCATATAAAR
CACAAAGTAGGCCATATTCCACTACACTTTTGGTTACTGGTTTGTCTTTAATGAAGTCTAATGAACCTT~-GGCATATAAA
CA-~AAGTAGACCATATTCTACTACATITTTGGYCACTGGTTTGTGTTTTATGAAGTCTAATGAACCTTTIGGCATATACA
CACAATGTAGGCAATTTTCCACTACAGTTCTGGTTAATGATTTGTGGTTAATGGAGICTACTGAACCCTTGGTATATAAA

* khwwkkhh kE * WhRRhhh ke kAR kR RER

TGTCTTGITAAGTGCAATTTATACAACTCTATATCAARTGACCATGCATGTTTCTTCTGCTGCCCACTAAAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTAAAGACA-~TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTITCTTCTGCTGCCCACTARAGACA-~TGT
TGTCTTGTTARGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTITCTTCTGCTGCCCACTAARGACA~~TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGITTCTTCTGCTGCCCACTAAAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCARATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA-~TGT
TGTCTTGITAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTAAAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGITTCTTICTGCTGCCCACTAAAGACA - ~TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTAAAGACA~~TGT
TGTCTTGTTAAGIGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA-~TGT
TGTICTTGITAAGTGCAATTTATACAACTCTATATCARATGACCATGCATGTTTCTTCTGCTGCCCACTAAAGACA-~TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTICTTCTGCTGCCCACTAAAGACA--TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTAAAGACA~~TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTAAAGACA~-TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAARATGACCATGCATGTTTCTTCTGCTGCCCACTAAAGACA--TGT
TGICTTGITAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTITTCTTCTGCTGCCCACTAAAGACA--TGT
TGTCITCTTAAGTGCARTTTATACAACTCTATATCAAATGACCATGCATGTTICTTCTGCTGCCCACTARAGACA~~TGT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA - -TGT
TGTCTTGTTAAGIGCAATTTATACAACTCTATATCAAAGGACCATGCATGCTTCTTCTGCTGCCCAATARAGAC- -~~~
TGTCTTGTTAAGTGCAACTTATACAACTCTATATCAAATGACCATGCATGCTCCTTCTGATGTCCACTAAAGACAAATAT
TGTCTTGTTAAGTGCAATTTATACAACTCTATATCAAATGACCATGCATGTTTCTTCTGCTGCCCACTARAGACA ~~TGT
TATCTTGTTAGGTTTA~ : GCCTCTTCTGCTGGCCACTAAAGATA--TAT
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XLL1 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTARATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL2 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTARATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL3 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACACCTGGGACAACAGTCTACGGTGCTITTGATCCAA
XLL4 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTARATGCTACAGCTGGGACAACAGTCTACGGTGCTPTTGATCCAA
XLL5 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTARATGCTACAGCTGGGACAACAGTCTACGGTGCTTETGATCCAA
XLL6 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTARATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTCATCCAA
XLL7 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLLB GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACARCAGTCTACGGTGCTTTTGATCCAA
XLL9 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL10 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL11l GTG. ATIT TATTCCTCTATATGTARATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL12 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGC TACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAR
XLL13 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL14 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTARATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL15 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAR
XLL16 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL17 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL18 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL19 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL20 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL21 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACARCAGTCTACGGTGCTTTTGATCCAA
XLL22 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGETGCTTTTGATCCAA
XLL23 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL24 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XA GTGATATAATTTGCA TATTCCTCTATATGTAAATGCTACAGCTGGGACAACTGTCTACGGTGCTTTTGATCCAG
xC ATGATATAATTTACAGGGTTATATTCCTCTATATGTARATGCTACAGCTGGGACAACTGTCTACGGTGCTTTTGATCCAA
XLS GTGATATCATTTGCAGGGTTATATTCCTCTATATGTARATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XM ATGATATTGTTTGCAGGGTTATGTTCCTCTATATGTARATGCTACAGCTGGAACAACTGTCTATGGTGCATTTGATCCAR
EXON 16
ERREERE BN REXRE BATRRARANES RN RPN T RN
XLL1 TATCTGAGATAGCTGATATCTGTGARAAATACAACCTCTGE -~ mm
XLL2 TATCTGAGATAGCTGATATCTGTGAAAAATACARCCTCTGGC -~
XLL3 TATCTGAGATAGCTGATATCTGTGAAAA-TACAACCTCTGGC -~ mm=
XLL4 TATCTGAGATAGCTGATATCTGTGARAAATACAACCTCTGGC-—————
XLL5 TATCTGAGATAGCTGATATCTGTGAAARATACARCCTCTGGC -~ —-
XLL6 TATCTGAGATAGCTGATATCTGTGAAAAATACAACCTCTGGC ~mm =
XLL7 TATCTGAGATAGCTGATATCTGTGAAAARTACAACCTCTGGC - ~mm =
XLL8 TATCTGAGATAGCTGATATCTGTGAAAARTACAACCTCTGGC -~~~
XLL9 TATCTGAGATAGCTGATATCTGTGAAAAATACAACCTCTGGC - m =
XLL10 TATCTGAGATAGCTGATATCTGTGAAAAATACAACCTCTGGC-—mm~~
XLL11 TATCTGAGATAGCTGATATCTGTGARAAATACARCCTCTGGC -~~~
XLL12 TATCTGAGATAGCTGATATCTGTGAAAAATACARCCTCTGGC—mmmm
XLL13 TATCTGAGATAGCTGATATCTGTGAAAAATACAACCTCTGGC-——~ -
XLL14 TATCTGAGATAGCTGATATCTGTGARAARTACARCCTCTGGC -~ =~
XLL15 TATCTGAGATAGCTGATATCTGTGAAAAATACAACCTCTGGC  —wmm~
XLL16 TATCTGAGATAGCTGATATCTGTGAARAATACAACCTCTGGC — =
XLL17 TATCTGAGATAGCTGATATCTGTGARAAATACAACCTCTGGC - mmm
XLL18 TATCTGAGATAGCTGATATCTGTGAAAARTACARCCTCTGGC - mmm=
XLL19 TATCTGAGATAGCTGATATCTGTGAAAAATACAACCTCTGGC - =~
XLL20 TATCTGAGATAGCTGATATCTGTGAAAAATACAACCTCTGGC -~ =~~~
XLL21 TATCTGAGATAGCTGATATCTGTGARAAATACARCCTCTGGC e m o mon
XLL22 TATCTGAGATAGCTGATATCTGTGAAAAATACARCCTCTGGC -~ ~m—m
XLL23 TATCTGAGATAGCTGATATCTGTGAAAAATACAACCTCTGGC~-~~-
XLL24 TATCTGAGATAGCTGATATCTGTGAARAATACAACCTCTGGC-— =~~~
XA TATCTGAGATCGCTGATATCTGTGAAAAATACAACCTCTGGC -~~~
XC TATCTGAGATAGCTGATATCTGTGARAARTACAACCTCTGGC == mm e
XLS TATCTGAGATAGCTGAAATCTGTGAAAAATACAACCTCTGGC - mmmem
™ TATCTGAAATAGCTGATATCTGTGAAAARTACARCCTCTGGC == mmm

EXON 16

Figure 2. Manually adjusted alignment of xGAD67 intron 15. A ClustalX 2.0.11
alignment, performed on 24 X. /L /laevis alleles (XLL1 — XLIL24) and four closely related
outgroup species (XA, X. amieti; XC, X. clivit; XLS, X. /. sudanensis; XM, X. mueller)) under
defaults parameters, was modified using Mesquite in otder to minimize the number of
reported gaps. The regions corresponding to exons 15 and 16 are undetlined and labeled.
Sequences proceed from 5’ to 3’ and conserved sites are indicated by an asterisk (*).
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GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAAAGGGAAAATGATGAGAGCATGTTGARATATARAC
GCCCCAGTTTTCTTITATGGAATAGTGGCTCTTGAAAAGAAGCAAAAAGGGAARATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAARAGGGAAAATGATGAGAGCATGTTGARATATARAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAARGGGAAARTGATGAGAGCATGTTGARATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCARAAAGGGAAAATGATGAGAGCATGTTGAAATATARAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGARAAAGAAGCAARAAGGGAAAATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGITITCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAARAAGGGAAAATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTITTCTTTATGGAATAGTGGCTCTTGAARAGAAGCAAAARGGGAARATGATGAGAGCATGTTGAAATATARAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAAAGGGAAAATGATGAGAGCATGTTGARATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAARAGAAGCAARAAAGGGAARATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGCCTCTTGAAAAGAAGCAAAANGGGAAAATGATGAGAGCATGTTGARATATAAAC
GCCCCAGITTTCTITTATGGAATAGTGGCTCTTGAAAAGAAGCAAAAAGGGAAARTGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAARAGAAGCAAAAAGGGAARATGATGAGAGCATGTTGAAATATARAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAANGGGAAAATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAARGAAGCAARAAGGGARAATGATAAGGGCATGTTGAAATATARAC
GCCCCAGTTTTCTTITATGGAATAGTGGCTCTTGAAAAGAAGCAAAANAGGGAARATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAAAGGGAAAATGATGAGAGCATGTTGARATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAAAGGGAAAATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTITATGGAATAGTGGCTCTTGAARAGAAGCARAARGGGAARATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGARGCARAAAGGGAARATGATGAGAGCATGTTGAARTATARAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAAAGGGAAAATGATGAGAGCATGTTGAAATATAARC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAANGGGAAAATGATGAGAGCATGTTGARATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAAAGGGAAAATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAARRAGGGAARATGATGAGAGCATGTTGAAATATARAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAAAANGGGAAAATGATGAGAGCATGTTGAAATATARAC
GCCCCAGTTTTCTTTATGGARTAGTGGCTCTTGAAAAGARGCAAAAAGGGAAAATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAARAGAAGCAARAAGGGAARATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAARAGAAGCAAAANGGGAAAATGATGAGAGCATGTTCARATATARAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGARAAGAAGCAAAAAGGGAAAATGATGAGAGCATGTTGAAATATAAAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAARAGAAGCAAAAAGGGAARATGATGAGAGCATGTTGAAATATARAC
GCCCCAGTTTTCTTTATGGAATAGTGGCTCTTGAAAAGAAGCAARAAGGGAAAATGATGAGAGCATGTTGARATATAAAC
EXON 17

L L L T T T e Y vy 2 T T )
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAARAAATATATTTTARAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTACAATGCTCAAAAATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAARAATATATTTITARAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTIGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTARAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATCTGCCARTGGCTATTTGCAATGCTCAAARATATATTTTARAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGIGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTARAG
TATTACACATTTATAGCTTAAGGGAATAATGTICCTTATGTGCCAATGGCTATTTGCAATGCTCAARAATATATTTTARAG
TATTACACATTTATAGCTTARGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTAARG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAARAATATATTTITARAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTACAATGCTCAAAAATATATTTTAARG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAARAATATATTITAARG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAARATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTGCTTATGIGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTAAAG
TATTACACATT'TATAGCTTAAGGGAATAATGTCCTTATGTGCCARTGGCTATTTACAATGCTCAARRATATATTTTARAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTACAATGCTCAAARATATATTTITARAG
TATTACACATTTATAGCTTARGGGAATAATGTCCTTATGTGCCAATGGCTATTTCGCAATGCTCAARAATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTARAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAARAATATATTTTARAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATCTGCCARTGGCTATTTGCAATGCTCAAARATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTARAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAARAATATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAARARTATATTTTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAARAATATATTITAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCARTGGCTATTTGCAATGCTCAAAAATATATTTTARAG
TATTACACATITATAGCTTARGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTITTAAAG
TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTITARAG
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GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATA~ ~m~ TCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGC TGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTIGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGARTTATGTCATACCAGAGAATACTGETGCTGCTATIGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC

‘GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC

GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTICCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC

LT T T T L Y T e T Py P2 Py T 2 1Y
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTACTACGACAAGAGTATTACATGGCGGGCCCCAGAARTT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTCGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTIGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGARATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAARGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGARATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACARGAGTATTACATGGCGGGCCCCAGRAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTCTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTAT TACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGCGCTATGAGAAAACAAAGAGTGCTCTGCTGGTTACTGCTACGACARGAGTATTACATGGCGGGCCCCAGAARTT
TGTATCGGCTACGAGAAAACAAAGAGTGCTCTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTCTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGARAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGARATT
TGTATGGGCTACGAGAARACAAAGAGTGCTGTGCTGGTTACTGCTACGACAARGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGRAATT
TGTATGGGCTACGAGAARACAAAGAGTGCTIGTGCTGGTTACTGCTACGACARGAGTAT TACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGARAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGCCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGCGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAARTT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
TGTATGGGCTACGAGAAAACAAAGAGTGCTGTGCTGGTTACTGCTACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
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GCCTTGAGAGATCTTGCTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAARAGGTGATT ~m =
GCCTTGAGATATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT————~-
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT -~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATARCAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT -~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGAT T~ w =~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGARCAAAAAGGTGAT T~~~ —~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT -~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATARCAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT -~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGARGACATGAACAARAAGGTGATT -~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT ~~=m——
GCCTTGAGATATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATTTGGTAA
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGAT T~~~ ~~~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATARCAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT-——-~~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTITTGGAAGACATGAACAAAAAGGTGATT ~ = m—mm
GCCTTGAGAGATCTTGTGACCAGACCACCTGATARCAATGGAGGTTTTTGCAAGACATGARCAARAAGGTGATTTGGTAR
GCCTTGAGATATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAARAGGTGATTTGGTAR
GCCTTGAGATATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGARCAAAAAGGTGATTTGGTAA
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAARAGGTGATT -~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT -~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT -~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACARTGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT -~
GCCCTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACANARAGGTGATT ~~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATARCAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT -~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGAT TT T TGGARGACATGARCARRARGGTGATT ~~

GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT -~~~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGAT T~ v~~~
GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGAT T~~~ ~~

ThhhhbhhhhhhdRrhb b hhh bbbl hhhhhhdhhhrehbbhd Fhhdddn

—— — CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
- CTCGCTGCICATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCARCTCAGCTT
— CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
- —— CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAARCTCAGCTT
— CTCGCTGCTCATCTCCTAGRAATGAAGGTCAAATTGTGCTCATCCARCTCAGCTT
- CTCGCTGCTCATCTCCTAGAATGAAGGTCARATTGTGCTCATCCARCTCAGCTT
CTCGCTGCTCATCTCCTAGAATGAAGGTCARATTGTGCTCATCCAACTCAGCTT
--------------------- ~ == CTCGCTGCTCATCTCCTAGAATGARGGTCARATTGTGCTCATCCAACTCAGCTT
——— CTCGCTGCICATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAARCTCAGCTT
- CTCGCTGCICATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
AAAACTAGGGAATTCAAAGAACAATTCTCGCTGCTCRTCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
——— ——— e« CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
——— —— CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
——— CTCGCTGCTCATCTCCTAGAATGRAGGTCAARTTGTGCTCATCCARCTCAGCTT
CTAGGGAATTCAAAGAACAATGCTCGCTGCTCATCTCCTAGAATGAAGGTCATATTGTGCTCATCCAACTCAGCTT
AAAACTAGGGAATTCAAAGAACARTTCTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCARCTCAGCTT
AAAACTAGGGAATTCAAAGAACAATTCTCGCTGCTCATCTCCTAGAATGAAGGTCARATTGTGCTCATCCAACTCAGCTT
CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
! : CTCGCTGCTCATCTCCTAGAATGAAGGTCARATTGTGCTCATCCAACTCAGCTT
-— CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCARCTCAGCTT
- ~==~CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCARCCCAGCTT
——— CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
- CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
- CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT

-—— CTCGCTGCTCATCTCCTAGAATGAARGGTCAAATTGTGCTCATCCAACTCAGETT
_______ ’ CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCARCTCAGCTT
- CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
-------------------------- CTCGCTGCTCATCTCCTAGAATGAAGGTCAARATTGTGCTCATCCAACTCAGCTT
— ~==~CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCTT
—— — CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCARCTCAGCTT
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GT!\TAAC’IAT@G&CCTTCCACTACCMGMATTGGCTTMTTCTGA‘!GN\GTTATATATMAMGAAGA‘I‘ATTATGB
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTARTTCTGATGAAGT TATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATARAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCARGARATTGGCTTAATTCTGATGAAGTTATATATAAARAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTITATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTARTTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTARTTCTGATGAAGTTATATATAAAAARAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGARATTGGCTTAATTCTGATGARGTTATATATAAAARAAGAAGATATTATGG
GTATAACTATCAGACCTTCCACTACCAAGAAATTGCCTTARATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAARARAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCCTAATTCTGATTAAGTTATATATAAAARARGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATARAARAAGAAGATATTATGG
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAARAAAGAAGATATTATGG
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGARGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTARTTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAARGARATTGGCTTAATTCTGATGAAGTTATATATAAAAAARGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATCAAGTTATATATAMAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAARATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAARAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTARTTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGARATTGGCTTAATTCTGATGAAGTTATATATAAAAAARGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAARGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTIGGCTTAATTCTGATGARGTTATATATAARARARGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTIGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTARTTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTARTTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
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CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCARAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTITTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGITTTCGCTTTTCAGCCCTATATATACTITCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAARCCATAGTGACATGCAGACCTTTTCGCTTTTCAGCCCTATATATACTTITCARAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACCTTTTCGCTTTTCAGCCCTATATATACTTTCARAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGCTTTCGCTTTTCAGCCCTATATATACTTTCARAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTITTCCCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTITTTCGCTTTTCAGCCCTATATATACTTTCARAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTITTTCGCTTTTCAGCCCTATATATACTTTCARAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTITTTCGCTTTTCAGCCCTATATATACTTTCARAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTITTTCGCTTTITCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTITTCTGATCAARCCATAGIGACATGCAGACATITTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACCTITTCGCTTTTCAGCCCTATATATACTTTCARAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTITCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCARAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTITTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTITCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAARCCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTITTTCGCTTITCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTITTCGCTTTTCAGCCCTATATATACTITCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTITCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCARAGGACAGGGTAAT
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Figure 3. ClustalX 2.0.11 alignment of xGADG67 intron 17. Sequences from 27 X. / /laevis
alleles (XLL1 — XI.L27) and four closely related outgroup species (XA, X. amzet; XC, X.
clivii;, XIS, X. [ sudanensis; XM, X. muelleri) were aligned under defaults parameters. The
regions corresponding to exons 17 and 18 are underlined and labeled. Sequences proceed

WhER Rk R AR AR RRARF AN FhA R AR R AR A bR AR ARk W&

ATTGACCTGAACTCACATTTTCAGACGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAARAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGARCCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTC
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTARAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCCGAGGTAAAGAGARCCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTARAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTARAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGARCCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGARCTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGARCCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGARCTCACATTITTCAGAGGTARAGAGARCCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
EXON 18

from 5’ to 3’ and conserved sites are indicated by an asterisk (*).
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Nucleotide Polymorphism

Alignment of the xG.A67 upstream region in 27 X. / Jaewis individuals revealed 46
segregating sites and 28 singletons, which are segregating sites that are only represented once
in a sample (Table 1). Intron 15 contained only two segregating sites both of which were
singletons (Table 2). Nineteen segregating sites were identified in intron 17 with 15
singleton sites (Table 3). Average nucleotide diversity (1) was at least three fold higher in the
upstream region (m = 8.84) in comparison to intron 15 and 17, respectively, © = 0.17 and
2.10. Watterson’s estimator Oy, for the upstream region was 0.0123 per site while 0, ranged
from 2.78 to 9.62. Intron 15 showed a marked reduction in both 6 estimators, except for Oy
along the X. cZvii lineage. Oy, at the intron 17 locus was equally reduced compared to the

upstream region, yet 0; demonstrated intetmediate values between the upstream region and

intron 15. Comparison of 8y across all three loci teveals that the upstream region contains

comparatively more variants at higher frequency that two intronic loci, an indicator of

genetic hitchhiking.

Indel Polymorphism

Traditional estimators of population diversity only account for the presence and
frequency of single nucleotide variants. Indels are common structural changes within the
genome and are generated by DNA replication errors, transposon activity, and unequal
crossing over during melosis. Estimators of indels, analogous to the aforementioned
nucleotide estimators, have been developed to capture data missed by single nucleotide

surveys. The overall pattern of indel polymorphism between the upstream region of
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xGADG67 and both introns was similar to that of nucleotide polymorphism; the upstream,

presumptive promoter region, is measurably more vatiable than the corresponding neural
proxies (Table 1). The upstream region contains four segregating simple indels with an 7, 4,
= 0.65 and Watterson’s 0,4, = 1.04. Simultaneously accounting for both intron frequency
and length, Balhoff and Wray’s (BW) measure of average indel length polymorphism was
estimated to be Ty, = 5.1. Segregating simple indels for intron 15 locus ranged from 1-3.

Average pairwise indel diversity, T, ., varied from 0.08 to 1.12 while 7y, = 1.53 across all

indel>
Xenopus lineages. Intron 17 had reduced intron diversity across all measures with only one
segregating simple indel’, 7, 4, = 0.0741 and 75y, = 0.78 which would propose that the intron

itself may be under purifying selection or tightly linked to a locus, possibly within the exon,

that has undergone a selective sweep(s).

? Measurements of “simple indels” count the number of indels and do not take into account
_ the length of any given indel.
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Statistic Value
Nucleotide Polymorphism

Population Sample Size 27
Sequence Length 1308
Informative Length 973
k 46
Singletons 28
Watterson's 8w per site 0.0123
m 8.84 (p < 0.15)
Tajima's D -0.98 (» < 0.165)
Simple Indel Polymorphism

Kindels 4
Watterson's Gingel 1.04
P indels 0.65
Tajima's Dindels -0.99
Fu and Li's Dingess -1.01
pBwW 5.10
pBw per site 0.0039
Other Statistics X. /. sudanenesis X. amiets X. clivii X. muelleri
Substituted Sites (L) 12 1 3 3
Hudson's p per site 0.00227 0.00274 0.00264 0.00274
64 9.62 (p < 0.47) 593 (p<018) 278 (»p<0.017) 5.93 (p < 0.18)
Fu and Li's D -2.80 (p < 0.007) -2.80 (p <0.007) -2.80 (p <0.007) -2.80 (p < 0.007)
Fay and Wu's H -0.79(p < 0.290) 291(p<0.53)  6.06 (p <0.134) 2.91(p < 0.53)

Table 1. Statistics for the upstream region of xGADG67. The amount and pattern of
variation was analyzed with various summary statistics. The statistical significance of our
results was assessed by coalescent simulation of a 973 bp locus, p=0 and k=46, evolving
neutrally in panmictic population at stationary. Substituted sites (L) is the number of
differences between the respective outgroup and the X. / /zevis population sequences minus

polymorphic sites.
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Statistic X. L sudanenesis  X. amiett X. clivi X. mueller

Nucleotide

Polymorphism

Population Sample Size 24 24 24 24
Sequence Length 1888 1888 1888 1888
Informative Length 1322 1281 1293 1190
k 2 2 2 2
Singletons 2 2 2 2
Watterson's Oy per site 0.000405 0.000418 0.000414 0.000450
n ' 0.17 0.17 0.17 0.17
Tajima's Dr -1.51 -1.51 -1.51 -1.51
Simple Indel Polymorphism

Kindess 3 3 2 1
Watterson's Ginder 0.80 0.80 0.54 0.27
T indels 1.12 1.12 0.60 0.08
Tajima's Dinges 1.00 1.00 0.27 -1.16
Fu and Li's Dindets -0.24 -0.24 -0.72 -1.65
TBW 1.53 1.53 1.53 1.53
TBw per site 0.000808 0.000808 0.000808 0.000808

Other Statistics

Substituted Sites (L) 50 81 286 379
Hudson's O per site 0.00436  0.00436  0.00582 0.00291
6, per site 0.00725  0.00725 1.92 0.00362
Fuand Li's Dy -2.27 -2.27 0.60 -1.65
Fay and Wu's H 0.16 0.16 -1.83 0.08

Table 2. Statistics for the xGADG67 intron 15. Statistical summaty of the amount and
pattern of variation in intron 15, a neutral proxy for the xG.ADG67 locus. Twenty-four alleles
of X. / laevis were aligned with four Xenopus outgroups. The inclusion of each outgroup with
the population sequences changed the alighment and the number of informative sites. The
results from each alignment are therefore provided for each outgroup. The paucity of
segregating sites did not permit statistical inferences to be made from modeling the locus by
coalescent simulation.
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Statistic

Nucleotide
Polymorphism Value
Population Sample
Size 27
Sequence Length 692
Informative Length 654
k 19
Singletons 15
Watterson's Ow per
site 0.00754
T 210
Tajima's Dr -2.03 (p < 0.006)
Indel Polymorphism
Kinges 1
Watterson's Ginda 0.26
T indels 0.0741
Tajima's Dindels -1.15
Fu and Li's Dingess -1.69
TBW 0.78
Tigw per site 0.00113
X
Other Statistics X. L. sudanenesis amieli X. clivii X. muelleri
Substituted Sites (L) 0 0 0 0
Hudson's p per site 0.00125 0.00125 0.00125 0.00125
0, persite 0.21 0.21 0.21 0.21
Fuand Li's Dy -3.65 -3.65 -3.65 -3.65  (p<0.0005)
Fay and Wu's H 1.90 1.90 1.90 1.90 ($p<0.7)

Table 3. Statistics for the xGADG67 intron 17. Statistical summary of the amount and
pattern of variation in intron 17, a neutral proxy for the xGADG7 locus. Twenty-seven
alleles of X. / /aevis were aligned with four Xengpus outgroups. The statistical significance of

our results was assessed by coalescent simulation of a 654 bp locus, p=0 and k=19, evolving
neutrally in panmictic population at stationary.
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Estimating Hudson’s p and test statistic distributions of a stable panmictic population
8 P

Recombination, or more accurately the rate of recombination, is frequently used in

population and evolutionary genetics to interpret polymorphism data. The scaled

recombination rate p =IN7u was estimated using Hudson’s maxhap program, as described in

the Methods section and Appendix, for each outgroup species. Estimates of p across all four
outgroup species at all three loci suggest that recombination is not pervasive (Tables 1-3).
Coalescence theory has become indispensable for interpreting polymorphism data
and the likelihood of demographic or selective forces in shaping patterns of variation
(Rosenberg and Nordborg, 2002). Coalescent simulations were conducted with Hudson’s ms
program to generate 100,000 replicate samples of a stable, neutrally evolving panmictic
population with no recombination. The distribution of 7, Tajima’s D, Fu and Li’s D, Fay and
Wu’s H test statistics were extracted with Hudson’s sample_stats program in order to
determine the likelthood of our results given a neutral model (Fig. 4). The sampling
distributions of the all test statistics were not appreciably altered even at the highest
estimated rate of recombination, p = 0.00582, therefore, null distributions with and without

estimated rates of recombination are equally conservative.
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Figure 4. Distribution of test statistics for a neutrally evolving population modeled by
coalescent simulation. A genealogical history with a specified, Poisson distributed number
of mutations was generated for a locus equal to the size of the upstream region of xGADG7.
Hudson’s ms generated 100,000 replicate sample populations and the values of four
summary statistics (A-D) were extracted for each replicate sample with Hudson’s
sample_stats program. The observed statistic for the upstream region was calculated for each
distribution to be (A) 8.84, (B) -0.98, (C) 2.77, and (D) 2.80. Summary statistics for C-D are

averaged across all four Xengpus outgroups.
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Selection Analysis

The significance of sequence variation at the xGADG7 locus was analyzed to
determine if the immediate upstream region has been subject to selection. Four test statistics
were employed on a X. /L /laevis population sample of 27 alleles and four closely related
species in order to detect the presence of selection. Tajima’s D and Fay and Wu’s H utilize
different 0 estimators, while Fu and Li’s Dy assesses the genealogical distribution of
polymorphisms against a neutral expectation. In contrast, the HKA test relies on a neutral
proxy. We chose to use intron 15 as the neutral proxy for the HKA test based on the
observed number of within species differences and between species substitutions.
Interestingly, no substituted sites were identified in the outgroup for intron 17. These
statistics, except for the HKA test, were developed to detect selection from the frequency
spectrum of polymorphic sites in a population sample and therefore indels are excluded
from the analysis. Subsequently, D, and Dy, tests were modified and teported as Dy and
Diypgy in order to accommodate the possibility that indels could be under selection. In order
to investigate the likely variation contained in summary statistics of nucleotide variation, we
determined the polymorphism frequency specttum for Dy and Dy was also determined
along the axis of transcription in a sliding window frame of 101 bases with a 10 base slide.
Essentially, each summary statistic is calculated for a small region (e.g. 101 bps.). The 101 bp
window or region of interest is then shifted 10 bps along the sequence and the summary

statistics are again calculated
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Fuand Li’s D test statistic suggests that the promoter region of xGADG7 contains an
excess of rare alleles that is significantly greater than the level expected in a neutrally
evolving population (Table 1). The distribution of extreme low frequency alleles,
summatrized as negative Fu an Li values, is particularly concentrated in the most proximal
region immediately upstream of the xGADG67 coding region, approximately 175 bps
upstream from the transcriptional start site (Fig 5). In this region, the Fu and Li statistic
takes on the most negative values for the upstream region, indicating an abundance of rare
alleles (i.e. singletons) immediately upstream of the transcriptional start site. Using Fu and
Li’s nomenclature, there is an abundance of new mutations in the external branches of the
Xenopus genealogy (1.e. X. / laevis clade) compared to the older internal branches (i.e. Xenopus
outgroups). An excess of low frequency alleles can be generated by rapid population
expansion/contraction, positive selection, or purifying selection. Positive Fay and Wu H
values found in three out of four outgroup species for all three loci suggest that positive
selection is unlikely as the signature of genetic hitchhiking’ would preferentially increase 0
to produce negative H values (Table 1). Our inference is strengthened by the very similar,
and positive, distribution of H values immediately upstream of the transcriptional start for all
tour Xenopus outgroups (Figure 6). Moreover, dramatic perturbations in population size
would also generate negative Tajima’s D values, which were shown to be statistically
consistent with a stable panmictic population in the upstream region. Therefore, a model of
purifying selection in the region immediately upstream of xGADG67 is consistent with our

results.

> Genetic hitchhiking occurs with a locus has recently undergone a strong selective sweep
and risen to high frequency within the population because of positive, favorable selection for
a new variant. Nearby, neutral variation, also rises or hitchhikes to high frequency because of
linkage.
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Figure 5. Polymorphism frequency spectrtum for the upstream region of xGADG7.
Tajima’s D (Dp) and Fu and Li’s D (Dg) test statistics are plotted along the axis of
transcription from 5’ to 3’ in 101 bp sliding window frame with a slide of 10 bps. The red
and blue horizontal lines indicate the average D, and Dy, values, respectively. The +1
indicates the transcriptional start site.
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Figure 6. Fay and Wu’s H site-frequency spectrum of the upstream region of
xGADG67. Fay and Wu’s H statistic was calculated per site in 101 bp sliding window frame
(10 bp slide) and plotted against the axis of transcription from 5’ to 3’. The black hotizontal
line indicates the average H value per site for all four Xengpus species. The +1 indicates the
transcriptional start site.
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Incongruously, intron 17 also displays a strong signature of purifying selection (Table
3). Fu and Li’s D values are substantially higher than the expectation of a similatly sized
locus evolving neutrally in a stable panmictic population (p < 0.0005). Tajima’s D are in
concordance with directional, potentially purifying, selection (p< 0.006), but do not discount
the possibility of population expansions as a confounding scenario. While not statistically
significant, Fay and Wu’s H of 1.9 suggest that positive selection is unlikely.

Statistical inference of population parameters for intron 15 alone is problematic due
to the deficiency of segregating sites within the X. / /sevis population. Modeling the
distribution of any given test statistic by coalescence assumes that number of mutations
Poisson distributed along a genealogy can be approximated by the number of observed
mutations at a locus. However, when the number of polymorphic sites is very low then
mutations cannot be randomly distributed and any statistical inference based on our test
statistics are inconclusive (Depaulis et al., 2001). On a qualitative level, there is a positive
correlation between the number of substitutions (L) and the evolutionary distance of Xenopus
outgroups (Table 2). The linear accumulation of substitutions in each of the outgroups
combined with a dearth of polymorphic sites may suggest balancing selection (Fu and Li,
1993), however, the paucity of informative sites makes such a conclusion speculative.

Results from the HKA test also support a substantial deviation from a neutral model
of evolution (Table 5). Intron 15 was chosen as a neutral proxy to investigate the upstream
region of xGADG7 because it contained both within species polymorphism and between
species divergence. The ratio of within species to between species variation was considerably
greater for the upstream region (3.83) compared with intron 15 (0.04). Moreovet, the degtree

of variation within the X. / /aevis population was 31.25x higher for the promoter than intron
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15 while the level of divergence was only 0.32 (Table 4). These relationships of within
species variation to between species divergence for the upstream region and intron 15 are

consistent across all the outgroup species.

Upstream Ratio
Species region Intron 15 (upstream/intron 15)
X I sudanenesis
Within species 0.047 0.002 31.250
Between species 0.012 0.038 0.326
Ratio
(within/between) 3.833 0.040
X. amieti
Within species 0.047 0.002 31.250
Between species 0.001 0.061 0.017
Ratio
(within/between) 46.000 0.025
X. clivir
Within species 0.047 0.002 31.250
Between species 0.003 0.216 0.014
Ratio
(within/between) 15.333 0.007
X. muelleri
Within species 0.047 0.002 31.250
Between species 0.003 0.287 0.011
Ratio
(within/between) 15.333 0.005

Table 4. Comparison of nucleotide variation in the upstream region and intron 15 of
xGADG67. The amount of polymorphism and divergence in the 973 bp upstream region and
1,322 bp intron 15 is reported within a population of 24 X. /. /aevis alleles and between four

closely related Xengpus species.
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Substituted Sites

Polymorphic
Region Sites X. [ sudanenesis X. amieti X. clivii X. muelleri
Promoter 46 12 1. 3 3
Intron 15 2 50 81 286 379

(p <349E-06) (p <1.52E-11)  (p <1.88E-38) ( <0)

Table 5. HKA test of neutrality for the upstream region of xGADG67. Intron 15 was
chosen as a neutral proxy for the nearby upstream region of xG.ADG67. The HKA test of a
neutral model assumes that the level of polymorphism and divergence are products of the
neutral mutation rate and therefore equivalent. The statistical significance of the amount of
variation in 24 X / /aevis alleles compared with four closely related Xenopus species is
reported.

DISCUSSION AND FUTURE DIRECTIONS

We have provided evidence that the proximal promoter region, immediately
upstream of XGAD67,' may be subject to purifying selection. More distal elements,
approximately 800 bps upstream, may be under lineage specific selection. Changes within
noncoding regulatory elements can have significant impacts on phenotypic diversity.
Noncoding elements regulating the expression of developmental genes have been shown to
drive major morphological transitions. However, whether the logic of regulatory evolution
for large scale morphological features extends to the cellular physiological level remains
unclear. Moreover, the intractability of identifying cis-regulatory elements has slowed
progress in undetstanding regulatory evolution in comparison to protein coding regions.
Significant progress has been made in elucidating the relationships between transctipt

abundance and patterns of noncoding variation in many model systems (Johnson et al., 2009;
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Kim et al, 2009; Lawniczak et al., 2008; Tung et al., 2009; Zhang and Borevitz, 2009).
Detailed studies in sea urchins have been able to superimpose selection analysis with maps
of expetimentally identified cs-regulatory elements at loci of several terminal differentiation
genes (Balhoff and Wray, 2005; Walters et al., 2008). However, such analyses are difficult
with most vertebrates and not feasible in higher primates. The relevance of cis-regulatory
elements identified in cell assays to biological processes in the organism remains
questionable.

Xenopus has continued to be a major model system for early vertebrate embryology
with advances in genome sequencing and transgene technology (Ogino and Ochi, 2009). The
ability to assay for cis-regulatory driven gene expression # viw for a vertebrate system is
significant. Progress in understanding the speciation genetics of African clawed frogs (Evans,
2008) coupled with experimental tractability make Xengpus a powerful model for
mvestigating regulatory evolution.

We have provided an evolutionary genetic analysis of the upstream region of
xGADG67 using a South African population of X. / ./aevis individuals and four closely related
Xenopus species: X. amiett, X. clivii, X. l. sudanensis, and X. muelleri. We have provided evidence
that ~1.3 kbps upstream of the translational start site may have been subject to purifying
selection, and therefore, contain functional regulatory elements. The pattern of extremely
low frequency alleles suggest that the intensity of purifying selection is particulatly
concentrated in the -200 to +150 region were putative cis-regulatory elements may be
recognizing retina specific transcription factors necessary for GABAergic differetnation.
This region is capable of driving retina-specific xGADG7 expression when cloned into a

green fluorescent protein (GFP) reporter and monitored in a developing transgenic X. /
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laevis embryo (data unpublished). The pattern of endogenous retina-specific xGAD67
expression 1is widely conserved in vertebrates and the action of purifying selection is not
unexpected. However, similar studies in sea urchins have shown that widespread sequence
conservation is not a necessary prerequisite driving conserved patterns of expression (Oda-
Ishii et al., 2005). The features of cs-regulatory regions, such as modularity, are theoretically
capable of emerging from nonadaptive processes (Lynch, 2007a; Lynch, 2007b) and
redundancy in regulatory elements has been shown for promoters with shadow enhancers*
(Wray and Babbitt, 2008). However, the suggestion that gene expression is maintained by
TF binding site turnover, where sites are lost and gained concomitantly, has found little
empirical support (Doniger and Fay, 2007).

Our study suggests that if regulatory.elements are present in the region 1.3 kbps
upstream of xGADG7 then developmental expression of this locus is intolerant of mid to
high frequency vartation. Alternatively, the excess of rarest alleles may be due to sequencing
or PCR amplification errors, however we attempted to mitigate those sources of etror by
using multiple clones and bi-directional sequencing to determine the sequence of each allele.
Moreover, the abundance of low frequency alleles was not observed at other intronic loci.
Another possibility is that our primers may have been allele specific, or allele degenerate
whereby allopolyploid paralogs may have been included in the analysis. Both of these
sttuations seem unlikely based on our initial electrophoretic results of PCR products where
only 1 or 2 bands were observed (data not shown). Also, there exist the possibility where
xGADG67 locus may be subject to an unusual pattern of inheritance for allopolyploids where

multivalents form during meiosis (Sammut et al., 2002).

4 Cis-regulatory elements that recognize a similar complement of transcription factots acting
on the main regulatory elements.
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Based on the polymorphism frequency spectrum, we propose that the region -200 to
+150 of xGADG7 likely contains cis-regulatory elements. In order to determine if this region
or others nearby contain regulatory elements, a variety of transgene constructs will need to
be generated. The significance of the polymorphism frequency spectrum of xG.ADG7
requites an 7 vivo assay in order functionally characterize the regulatory elements. Transgenic
X. laevis embryos can be generated by sperm nuclear injection of upstream regions fused to a
GFP reporter (Smith et al., 2006). A variety of transgenic methods have been developed for
high transgene efficiency (e.g. REMI, ISecl meganuclease, or transposon methods) (Ogino
and Ochi, 2009). Constructs should be generated for both the longest and shortest allele in
the population, 1,252 and 982 bps in length, respectively. Insertional elements on the order
of 200 bps may have arisen from transposon activity and could contain entire regulatory
elements with enhancer or silencer activity. The -200 to +150 bp region will need to be
assayed with a basal promoter-driven GFP reporter plasmid that contains «s elements
necessary for recruiting the basal transcriptional machinery needed for activity in all cells.

Experimental identification of cis-regulatory elements can be further resolved using a
variety of techniques to investigate specific TF binding targets. For example, xDistal-less4
(xDi/4) and xGADG67 expression has been shown to ovetlap in the forebrain (Brox et al.,
2003). xD//4 binding sites could be identified iz si/ico and independently, or coordinately,
disrupted through site directed mutagenesis. High resolution tegulatory maps could be
superimposed on the site-frequency spectrum to further resolve which sites are evolving
under selection. Lastly, the endogenous pattern of xG.ADG7 expression should also be

assessed in each of the outgroups. While distant vertebrates are known to express xGADG7
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similarly during development, 7z sit# hybridization should be performed to confirm that
lineage specific changes in xG.4D67 expression have not occutred.

We find the amount of polymorphic and substituted sites within introns 15 and 17
an unexpected result for a region presumed to be neutral. Intron 15 is an intermediately
sized intron at the xGADG7 locus with an expected pattern of substitutions (Table 2)
sustained along lineages of increasing phylogenetic distance (Evans et al., 2004). Curiously,
only two segregating sites, both singletons, were identified among 24 alleles. A possibility
exists that our original cloning attempts were allele specific whereby a considerable amount
of the variation was excluded from our analysis. Amplifying intron 15 with an alternative set
of primers would likely resolve whether our initial set was indeed allele specific. However,
inspection of the alignment at two indel sites, one and six bps in length, respectively, indicate
the presence of at least two different alleles of intermediate frequency isolated by PCR from
our population sample.

Conversely, intron 17 contains 19 segregating sites but appears to accumulate no
differences along any of our Xengpus lineages. Our study relies on one sequence from each
outgroup, similar to Balhoff and Wray (2005) and Walters ez @/ (2008), and may not be
representative. The inverse relationship in variation between introns 15 and 17 is perplexing.
Attempts to generalize the relationship between intron length and divergence have produced
contradictory results, possibly attributed to lineage specific genome evolution (Gazave et al.,
2007; Hadduill et al., 2005).

In summary, the upstream region of xGADG7 may contain cs-regulatory elements
that are under selective constraint compared with both the neutral expectation and a nearby

neutral region. Since no consensus sequence(s) exists for identifying promoter elements, we
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propose that the polymorphism frequency specttum can provide a detailed map of
prospective regulatory elements for genes with conserved expression patterns and functions.
The sea urchin literature has several detailed functional desctiptions of evolutionary
processes acting within promoter regions (Balhoff and Wray, 2005; Walters et al., 2008),
while few cases exist in vertebrates. We hope that our analysis will complement the
functional utility of Xengpus as a vertebrate model system for understanding gene regulation

as a major component of the evolutionary process.
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APPENDIX

Source code for summary statistics and sliding window analysis

The summary statistics and sliding window analyses were carried our with software
written and provided by R.H.. The source code for all of our analyses are provided below.
Separate module scripts have been prepared that make performing individual analysis easier;
an example is provided later in the Appendix. The following software is known to run with
Python 2.5 and Biopython 1.42. The HKA test was implemented using chi-squared
distributions, which are implemented in C with a Python wrapper. That code is not provided

below.

Import Bio.Align.Generic # Standard.
Import Bio.Alphabet ~ # “

import Bio.Alphabet. IUPAC # “
import copy #

import math #

import operator #
import re #

import sys #e

import chiSquared # Custom.

# MyAlignment is a facade to hide the ugliness of Biopython’s Alignment.
Class MyAlignment(Bio.Align.Generic. Alignment):
def init_ (self):
Bio.Align.Generic.Alignment. _init__ (self,
Bio.Alphabet.Gapped(Bio.Alphabet. IUPAC.IUPACAmbiguousDNA(), ¢-))
def addSequence(self, sequence):
Bio.Align.Generic.Alignment.add_sequence(self, ‘’, sequence)
def getNucleotides(self, site):
return list(Bio. Align.Generic.Alignment.get_column(self, site))
def getSequence(self, taxon):
return Bio.Align.Generic. Alignment.get_seq by _num(self, taxon).tostring()
def getSiteCount(self):
return Bio.Align.Generic.Alignment.get alignment_length(self)
def getTaxonCount(self):
return len(Bio.Align.Generic.Alignment.get_all segs(self))
def concatenate(self, other):
result = MyAlignment()
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for taxon in range(self.getTaxonCount()):
result.addSequence(self.getSequence(taxon)+other.getSequence(taxon))
return result
(@classmethod
def concatenation(dummy, first, second):
result = MyAlignment()
for taxon in range(first.getTaxonCount()):
result.addSequence(first.getSequence(taxon)+second.getSequence(taxon))
return result

# FASTA_ FileToMyAlignment is clumsy. A record parser and an iterator would be graceful.
Def FASTA _FileToMyAlignment( ilename):

handle = open( ilename, ‘r’)

entries = handle.read().split(‘“>")

handle.close()

alignment = MyAlignment()

for entry in entries[1:]: alignment.addSequence(entry[entry.index(“\n”)+1:].replace(“\n”, “”))

return alignment

# PHYLIP_FileToMyAlignment is clumsy. A record parser and an iterator would be graceful.
Def PHYLIP_ FileToMyAlignment( ilename):
handle = open( ilename, ‘r’)
lines = handle.readlines(}
handle.close()
alignment = MyAlignment()
for line in lines[1:]:
matchData = re.search(“\S+\s+(\S+)$”, line)
if matchData != None:
alignment.addSequence(matchData.group(1))
else:
alignment.addSequence(line[10:-2])
return alignment

# A SND is a single nucleotide difference, which might be a polymorphism within a population or a
substitution between populations or both.
# Snd objects usually aren’t directly useful to users; they’re meant to be created within Sample objects.
Class Snd:
def _init (self, site, nucleotides, populations, sndClasses):
self.site = site
self.sndClasses = sndClasses
self.nucleotides = {}
self.nucleotideFrequencies = {}
for population in populations.keys():
self.nucleotides[population] = [nucleotides[taxon] for taxon in populations[population]]
self.-nucleotideFrequencies{population] = {}
for nucleotide in set(self.nucleotides[population]):
self.nucleotideFrequencies[population][nucleotide] = self.nucleotides[population].count(nucleotide)
def _str (self):
return “(%s, %s, %s, %s)” % (str(self.site), str(self.nucleotides), str(self.nucleotideFrequencies),
str(self.sndClasses))

# A simple indel has two alleles, one nothing but gaps and the other free of gaps. Two or more such
features immediately adjacent to each other are a complex indel.
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# SimpleIndel objects usually aren’t directly useful to users; they’re meant to be created within Sample
objects.
Class Simplelndel:
def __init_ (self; site, size, alleles, populations, indelClasses):
self.site = site
self.size = size
self.indelClasses = indelClasses
self.alleles = {}
self.alleleFrequencies = {}
for population in populations.keys():
self.alleles[population] = [alleles[taxon] for taxon in populations[population]]
self.alleleFrequencies[population] = {}
for allele in set(self.alleles[population]): self.alleleFrequencies[population][allele] =
self.alleles[population].count(allele)
def str_ (self):
return “(%s, %s, %s, %s, %s)” % (str(self.site), str(self.size), str(self.alleles),
str(self.alleleFrequencies), str(self.indelClasses))

# A complex indel is any indel that isn’t simple.
# ComplexIndel objects usually aren’t directly useful to users; they’re meant to be created within Sample
objects.
Class ComplexIndel:
def _init_ (self, site, size, alleles, populations, indelClasses):
self.site = site
self.size = size
self.indelClasses = indelClasses
self.alleles = {}
self.alleleFrequencies = {}
for population in populations.keys():
self.alleles[population] = [alleles[taxon] for taxon in populations{population]]
self.alleleFrequencies[population] = {} .
for allele in set(self.alleles[population]): self.alleleFrequencies[population][allele] =
self.alleles[population].count(allele)
def str (self):
return “(%s, %s, %s, %s, %s)” % (str(self site), str(self.size), str(self.alleles),
str(self.alleleFrequencies), str(self.indelClasses))

# Sites containing ambiguous nucleotides are ignored apart from optional diplotype expansion.
ambiguousNucleotideSet = set((

‘R, #A,G

Y, #C, T

‘WL #A, T

‘S, #C, G

‘M, #A,C

‘K, #G, T

‘B, #C, G,

# Synonymy in coding sequences is assessed using the standard genetic code.
aminoAcids = {
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“‘TTT:

‘TTC’:
‘TTA’:
‘TTG’:

‘TCT’:

“TCC:

‘TCA’
‘TCG’

‘TAG’

‘TGC’

‘CTT”:

‘CTC”:
‘CTA”:
‘CTG’:

‘CCT”:

‘CCC:
P #E
‘CCG”:
‘CAT”:
‘CAC’:
‘CAA’:
‘CAG™
‘CGT”:
‘CGC’:
‘CGA”:
‘CGG’:

‘cea’

‘ATT’:
‘ATC:

‘ATA”:
‘ATG’:

‘ACT”:

‘ACC’:
‘ACA’:
‘ACG’:

‘AAT:

‘AAC:
‘AAA’:
‘AAG’:

‘AGT”:

‘AGC:
‘AGA’:
‘AGG™:

‘GTT”:
‘GTC’:
‘GTA’:
‘GTG’:
‘GCT’:
‘GCC’:

‘F’, # Phe
GF’, # (13
‘L’, #Leu
‘L!, # (13
‘S’, # Ser
‘S” # [

LS
LS
‘TAT”:
“TAC”:
‘TAA:

Y, # Tyr
6Y7’ # 3
0, # Ter

. “,, #«
“TGT”:

‘C’, #Cys

. ‘C,, #
“TGA’:
‘TGG’:

<, # Ter
‘W’, # Trp
‘L’, # Leu
‘L” # 13
‘L’, # (3
6L” # (13
‘P’, # Pro
‘P’, # (13

6P’, # (13
‘H’, # His
‘H” # (3
‘Q, #GIn
Q) #
‘R’, # Arg
(R), # (13
‘R” # 113
‘R’, # (19
‘T, #1le
‘I’, # (13

‘I’, # (43
‘M’, # Met
‘T’, # Thr
‘T’, # [
‘T’, # (13
ST), # “
‘N’, # Asn
‘N’, # [13
‘K’, #Lys
‘K” # 13
‘S’, # Ser
‘S’, # (13
‘R’, # Arg
KR,’ # “
‘V’°, # Val
‘V’, # (13
‘V” # [13
‘V” # [13
‘A’ # Ala
‘A,’ # 13
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‘GCAt A’ #©
‘GG’ ‘A%, # ¢
‘GAT’: ‘D’, # Asp
‘GAC’: ‘D, # ¢
‘GAA’: ‘E’, # Glu
‘GAG™: E’, #
‘GGT’: G, # Gly
‘GGC’: G, #
‘GGA’: ‘G’, #
‘GGG™: ‘G” #*
}

def Translate(sequence):
translation =
site =0
while site < len(sequence)-3:
if “-* in sequence[site:site+3] or sequence[site] in ambiguousNucleotideSet or sequence[site+1] in
ambiguousNucleotideSet or sequence(site+2] in ambiguousNucleotideSet:
translation += “-*
else:
translation += aminoAcids[sequence[site:site+3]]
site +=3
return translation

# Sample objects usually aren’t directly useful to users; they’re meant to be created within Statistics
objects.
Class Sample:
def init (self, alignment, populations = {}, siteClasses = {}, options = {}):
self.populations = copy.deepcopy(populations)
self.siteClasses = copy.deepcopy(siteClasses)
self.options = copy.deepcopy(options)
if populations == {}:
self.populations[‘_all’] = range(alignment.getTaxonCount())
else:
self.populations[‘_all’] = list(set(reduce(operator.concat, populations.values())))
if siteClasses == {}:
self.siteClasses[*_all’] = range(alignment.getSiteCount())
else:
self.siteClasses[‘_all’] = list(set(reduce(operator.concat, siteClasses.values())))
if options.has_key(‘expand_diplotypes’): alignment = self. expandDiplotypes(alignment)
self.taxonCounts = {}
for population in self.populations.keys(): self.taxonCounts[population] =
len(self.populations[population])
self.siteCounts = {}
for siteClass in self.siteClasses.keys(): self.siteCounts[siteClass] = len(self.siteClasses[siteClass])
self.unambiguousSiteCounts = {}
for siteClass in self.siteClasses.keys(): self.unambiguousSiteCounts[siteClass] = 0
self.informativeSiteCounts = {}
for siteClass in self.siteClasses.keys(): self.informativeSiteCounts[siteClass] = 0
self.snds =]
self.sndClasses = self.siteClasses.keys()
self.simpleIndels =[]
self.complexIndels = []
self.indelClasses = self.siteClasses.keys()
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indelFlag = False
for site in self.siteClasses[‘_all’]:
nucleotideList = alignment.getNucleotides(site)
nucleotideSet = set([nucleotideList[taxon] for taxon in self.populations[‘_all’]])
if len(nucleotideSet & ambiguousNucleotideSet) > 0: continue
siteClassesThisSite =[]
for siteClass in self.siteClasses.keys():
if site in self.siteClasses[siteClass]: siteClassesThisSite.append(siteClass)
for siteClass in siteClassesThisSite: self.unambiguousSiteCounts[siteClass] += 1
if *-¢ in nucleotideSet:
if not indelFlag:
indelFlag = True
indelAlleles = [[nucleotide] for nucleotide in nucleotideList]
indelClasses = siteClassesThisSite
else:
if indelClasses == siteClassesThisSite:
for taxon in range(alignment.getTaxonCount()):
indelAlleles[taxon].append(nucleotideList[taxon])
else:
self._completeIndel(site, indelAlleles, indelClasses)
indelAlleles = [[nucleotide] for nucleotide in nucleotideList]
indelClasses = siteClassesThisSite
else:
if indelFlag:
self._completeIndel(site, indelAlleles, indelClasses)
indelFlag = False
for siteClass in siteClassesThisSite: self.informativeSiteCounts[siteClass] += 1
if len(nucleotideSet) > 1: self.snds.append(Snd(site, nucleotideList, self.populations,
siteClassesThisSite))
else:
if indelFlag: self. completeIndel(self.siteCounts[_all’], indelAlleles, indelClasses)
if ‘coding’ in self.siteClasses.keys():
self.sndClasses += [‘nonsynonymous’, ‘synonymous’]
if options.has_key(‘frame’):
sequenceFrame = options{‘frame’]
else:
sequenceFrame = 0
for snd in self.snds:
siteFrame = (sequenceFrame+snd.site)%3
if siteFrame == 0 and snd.site <= self.siteCounts[‘_all’]-3:
nucleotideList]l = alignment.getNucleotides(snd.site+1)
nucleotideSetl = set([nucleotideList1[taxon] for taxon in self.populations[‘_all’]])
if len(nucleotideSetl & ambiguousNucleotideSet) > 0 or ‘-* in nucleotideSet1: continue
nucleotideList2 = alignment.getNucleotides(snd.site+2)
nucleotideSet2 = set([nucleotideList2[taxon] for taxon in self.populations[‘_all’]])
if len(nucleotideSet2 & ambiguousNucleotideSet) > 0 or ‘-* in nucleotideSet2: continue
nucleotideList0 = alignment.getNucleotides(snd.site)
nucleotideSet0 = set([nucleotideListO[taxon] for taxon in self.populations[¢_all’]])
codonSet = set([nucleotideListO[taxon]+nucleotideList1[taxon]+nucleotideList2[taxon] for
taxon in self.populations[‘_all’]])
for context in set([codon[1]+codon{2] for codon in codonSet]):
if len(set([aminoAcids[nucleotide+context[0]+context[1]] for nucleotide in
nucleotideSet0])) > 1:
snd.sndClasses.append(‘nonsynonymous’)
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break

else:
snd.sndClasses.append(‘synonymous’)
elif sitetFrame == 1 and snd.site >= 1 and snd.site <= self.siteCounts[‘_all’]-2:

nucleotideList0 = alignment.getNucleotides(snd.site-1)
nucleotideSet0 = set([nucleotideListO[taxon] for taxon in self.populations[‘_all’]])
if len(nucleotideSet0 & ambiguousNucleotideSet) > 0 or ‘-¢ in nucleotideSet0: continue
nucleotideList2 = alignment.getNucleotides(snd.site+1)
nucleotideSet2 = set([nucleotideList2[taxon] for taxon in self.populations[‘_all’]])
if len(nucleotideSet2 & ambiguousNucleotideSet) > 0 or ‘-¢ in nucleotideSet2: continue
nucleotideList1 = alignment.getNucleotides(snd.site)
nucleotideSet1 = set([nucleotideList1{taxon] for taxon in self.populations[* all’]])
codonSet = set([nucleotideList0[taxon]+nucleotideList1[taxon]+nucleotideList2[taxon] for
taxon in self.populations[‘_all’]])
for context in set([codon[0]+codon[2] for codon in codonSet]):
if len(set([aminoAcids[context[0]+nucleotide+context[1]] for nucleotide in
nucleotideSet1])) > 1:
snd.sndClasses.append(‘nonsynonymous’)
break
else:
snd.sndClasses.append(‘synonymous’)
elif sitetFrame == 2 and snd.site >= 2:
nucleotideList0 = alignment.getNucleotides(snd.site-2)
nucleotideSet0 = set([nucleotideListO[taxon] for taxon in self.populations[‘_all’]])
if len(nucleotideSet0 & ambiguousNucleotideSet) > 0 or ‘-* in nucleotideSet0: continue
nucleotideList] = alignment.getNucleotides(snd.site-1)
nucleotideSet] = set([nucleotideList1[taxon] for taxon in self.populations[‘_all’]})
if len(nucleotideSetl & ambiguousNucleotideSet) > 0 or ‘-* in nucleotideSet1: continue
nucleotideList2 = alignment.getNucleotides(snd.site)
nucleotideSet2 = set([nucleotideList2[taxon] for taxon in self.populations[‘_all’]])
codonSet = set([nucleotideList0[ taxon]+nucleotideList1[taxon]+nucleotideList2[taxon] for
taxon in self.populations[*_all’]])
for context in set([codon[0]+codon[1] for codon in codonSet)):
if len(set([aminoAcids[context[0]+context[1]+nucleotide] for nucleotide in
nucleotideSet2])) > 1:
snd.sndClasses.append(‘nonsynonymous’)

break
else:
snd.sndClasses.append(‘synonymous’)
self.gappedLength = self.siteCounts[‘_all’] # Deprecated.

Self.ungappedLength = self.informativeSiteCounts[‘_all’] #
def expandDiplotypes(self, alignment):
newAlignment = MyAlignment()
oldToNew =[]
newTaxon =0
for taxon in range(alignment.getTaxonCount()):
sequence = alignment.getSequence(taxon)
if taxon in self.options[‘expand_diplotypes’]:
newSequencel = list(sequence)
newSequence2 = list(sequence)
for site in range(len(sequence)):
if sequence[site] == ‘R’:
newSequencel site] = ‘A’
newSequence2[site] = ‘G’
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elif sequencefsite] == Y":
newSequencel [site] = ‘C’
newSequence2[site] = ‘T’
elif sequence[site] == ‘W’:
newSequencel[site] = ‘A’
newSequence2[site] = ‘T’
elif sequencefsite] == ‘S’:
newSequencel[site] = ‘C’
newSequence2[site] = ‘G’
elif sequence[site] == ‘M™:
newSequencel[site] = ‘A’
newSequence?[site] = ‘C’
elif sequence[site] == ‘K’:
newSequencel[site] = ‘G’
newSequence2[site] = ‘T’
newSequencel = *’_join(newSequencel)
newSequence2 = *’ join(newSequence2)
newAlignment.addSequence(newSequencel)
newAlignment.addSequence(newSequence?)
oldToNew.append([newTaxon, newTaxon+1])
newTaxon +=2
else:
newAlignment.addSequence(sequence)
oldToNew.append([newTaxon])
newTaxon += 1
newPopulations = {}
for population in self.populations.keys(): newPopulations[population] = reduce(operator.concat,
[oldToNew{taxon] for taxon in self.populations[population]])
self.populations = newPopulations
return newAlignment
def completeIndel(self, site, indelAlleles, indelClasses):
indelAlleleList = [*’.join(indelAllele) for indelAllele in indelAlleles]
indelAlleleSet = set([indelAlleleList[taxon] for taxon in self.populations[‘_all’]])
indelSize = len(indelAlleleList[0])
if len(indelAlleleSet) == 2 and ‘-‘*indelSize in indelAlleleSet:
self.simpleIndels.append(SimpleIndel(site-indelSize, indelSize, indelAlleleList, self.populations,
indelClasses))
else:
self.complexIndels.append(ComplexIndel(site-indelSize, indelSize, indelAlleleList,
self.populations, indelClasses))

class Statistics:

def _init__(self, alignment, populations = {}, siteClasses = {}, options = {}):
self.sample = Sample(alignment, populations, siteClasses, options)
self.cache = {}

def getTaxonCount(self, population = *_all’):
return self.sample.taxonCounts[population]

def getSiteCount(self, siteClass = *_all’):
return self.sample.siteCounts[siteClass]

def getUnambiguousSiteCount(self, siteClass = “_all’):
return self.sample.unambiguousSiteCounts[siteClass]

def getInformativeSiteCount(self, siteClass = *_all’):
return self.sample.informativeSiteCounts[siteClass]

def getSndCount(self, sndClass = *_all’):
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sndCount = 0
for snd in self.sample.snds:
if sndClass in snd.sndClasses: sndCount += 1
return sndCount
def getSimpleIndelCount(self, indelClass = ¢_all’):
simpleIndelCount = 0
for indel in self.sample.simpleIndels:
if indelClass in indel.indelClasses: simpleIndelCount += 1
return simpleIndelCount
def getComplexIndelCount(self, indelClass = *_all’):
complexIndelCount = 0
for indel in self.sample.complexIndels:
if indelClass in indel.indelClasses: complexIndelCount += 1
return complexIndelCount
def getIndelCount(self, indelClass = “_all’):
indelCount = 0
for indel in self.sample.simpleIndels+self.sample.complexIndels:
if indelClass in indel.indelClasses: indelCount += 1
return indelCount
#K is the number of polymorphic sites (also known as segregating sites) within a population (also
known as S).
def getK(self, population = *_all’, sndClass = *_all’):
if self.cache.has_key((‘K’, population, sndClass)):
return self.cache[(‘K’, population, sndClass)]
else:
K=0
for snd in self.sample.snds:
if len(snd.nucleotideFrequencies[population]) > 1 and sndClass in snd.sndClasses: K += 1
self.cache[(‘K’, population, sndClass)] =K
return K

# thetaW is Watterson’s estimator of theta (4 N_e u).
def get_thetaW(self, population = *_all’, sndClass = *_all’):
if self.cache.has_key((‘thetaW’, population, sndClass)):
return self.cache[(‘thetaW’, population, sndClass)]

else:
a=0.0
for i in range(1, self.sample.taxonCounts[population]): a += 1.0/
ifa>0.0:
thetaW = self.getK(population, sndClass)/a
else:
thetaW = 0.0
self.cache[(‘thetaW’, population, sndClass)] = thetaW
return thetaW

def get_thetaW_PerSite(self, population = *_all’, sndClass = ¢_all’, siteClass = ¢_all’):
length = self.sample.informativeSiteCounts[siteClass]
if length > 0:
thetaW_PerSite = self.get_thetaW(population, sndClass)/length
else:
thetaW_PerSite = 0.0
return thetaW_PerSite
# pi is the average number of single nucleotide differences between two sequences from a population
(also known as theta_pi).
Def get_pi(self, population = ¢_all’, sndClass = *_all’):
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if self.cache.has_key((‘pi’, population, sndClass)):
return self.cache[(‘pi’, population, sndClass)]
else:
pi=0
n = self.sample.taxonCounts[population]
ifn>1:
for snd in self.sample.snds:
if sndClass in snd.sndClasses:
freqs = snd.nucleotideFrequencies[population]
for nucl in freqgs.keys():
for nuc2 in fregs.keys():
if nucl !=nuc2: pi += freqs[nuc1]*freqs[nuc2]
pi/= 1.0*n*(n-1)
self.cache[(‘pi’, population, sndClass)] = pi
return pi
def get_piPerSite(self, population = ¢_all’, sndClass = *_all’, siteClass = *_all’):
length = self.sample.informativeSiteCounts[siteClass]
if length > 0:
piPerSite = self.get_pi(population, sndClass)/length
else:
piPerSite = 0.0
return piPerSite
#D T is Tajima’s D.
def getD Ti(self, population = _all’, sndClass = _all’):
n = self.sample.taxonCounts[population]
K = self.getK(population, sndClass)
ifn>1and K>0:
al=0.0
a2=0.0
for i in range(1, n):
al +=1.0/
a2 += 1.0/(i*i)
bl = (nt+1)/(3.0%(n-1))
b2 =2*(n*n + n + 3)/(9.0*n*(n-1))

cl=bl-1/al
c2 =b2 — (n+2)/(al*n) + a2/(al*al)
el =cl/al

e2 =c2/(al*al + a2)
‘D_T = (self.get_pi(population, sndClass)-self.get _thetaW(population, sndClass))/math.sqrt(e!1*K +
e2*K*(K-1))

else:
D T=0.0
returnD T

# K_SimpleIndel is the number of simple indels polymorphic within a population.
Def getK_SimpleIndel(self, population = “_all’, indelClass = ¢_all’):
if self.cache.has_key((‘K_SimpleIndel’, population, indelClass)):
return self.cache[(‘K_SimpleIndel’, population, indelClass)]
else:
K=0
for indel in self.sample.simpleIndels:
if len(indel.alleleFrequenciesfpopulation]) > 1 and indelClass in indel.indelClasses: K += 1
self.cache[(‘K_SimpleIndel’, population, indelClass)] =K
return K
def getSingletonCountSimpleIndel(self, population = ‘_all’, indelClass = *_all’):
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singletonCount = 0
for indel in self.sample.simpleIndels:
if len(indel.alleleFrequencies[population]) == 2 and 1 in
indel.alleleFrequencies[population].values() and indelClass in indel.indelClasses: singletonCount += 1
return singletonCount
# thetaW_Simplelndel is Watterson’s estimator of theta (4 N_e u) for simple indels.
Def get_thetaW_SimpleIndel(self, population = *_all’, indelClass = _all’):
if self.cache.has key((‘thetaW_Simplelndel’, population, indelClass)):
return self.cache[(‘thetaW _Simplelndel’, population, indelClass)]

else:
a=0.0
for i in range(1, self.sample.taxonCounts[population]): a += 1.0/i
ifa>0.0:
thetaW = self.getK SimpleIndel(population, indelClass)/a
else:
thetaW = 0.0
self.cache[(‘thetaW_Simplelndel’, population, indelClass)] = thetaW
return thetaW

def get thetaW SimpleIndelPerSite(self, population = ¢ all’, indelClass = *_all’, siteClass = *_all’):
length = self.sample.unambiguousSiteCounts[siteClass]
if length > 0: .
thetaW_PerSite = self.get_thetaWSimpleIndel(population, indelClass)/length
else:
thetaW_PerSite = 0.0
return thetaW_PerSite
# piSimplelndel is the average number of simple-indel differences between two sequences from a
population.
Def get piSimplelndel(self, population = ¢ all’, indelClass = *_all’):
if self.cache.has_key((‘piSimplelndel’, population, indelClass)):
return self.cache[(‘piSimplelndel’, population, indelClass)]
else:
pi=0
n = self.sample.taxonCounts[population]
ifn>1:
for indel in self.sample.simpleIndels:
if indelClass in indel.indelClasses:
freqs = indel.alleleFrequencies[population]
for all in freqs.keys():
for al2 in fregs.keys():
if all 1= al2: pi += freqs[all}*freqs{al2]
pi/=1.0*n*(n-1)
self.cache[(‘piSimpleIndel’, population, indelClass)] = pi
return pi
def get_piSimpleIndelPerSite(self, population = *_all’, indelClass = ¢_all’, siteClass = _all’):
length = self.sample.unambiguousSiteCounts[siteClass]
if length > 0:
piPerSite = self.get_piSimpleIndel(population, indelClass)/length
else:
piPerSite = 0.0
return piPerSite
#D T Simpleindel is Tajima’s D for simple indels.
Def getD_T_Simplelndel(self, population = *_all’, indelClass = ¢_all’):
n = self.sample.taxonCounts[population]
K = self.getK SimpleIndel(population, indelClass)
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ifn>1and K> 0:
al=0.0
a2=0.0
for i in range(1, n):
al += 1.0/
a2 += 1.0/(i*1)
bl = (n+1)/(3.0*%(n-1))
b2 = 2*(n*n + n + 3)/(9.0*n*(n-1))

cl=bl-1/al
c2 =b2 - (n+2)/(al*n) + a2/(al*al)
el =cl/al

e2 =c2/(al*al + a2)
D T = (self.get piSimplelndel(population, indelClass)-self.get_thetaW _SimpleIndel(population,
indelClass))/math.sqrt(e1*K + e2*K*(K-1))

else:
D T=00
retcurnD T

# piBW is Balhoff and Wray’s measure of indel polymorphism.
Def get piBW(self, population = ‘_all’, indelClass = “_all’):
if self.cache.has_key((‘piBW’, population, indelClass)):
return self.cache[(‘piBW’, population, indelClass)]
else:
piBW =0.0
n = self.sample.taxonCounts[population]
ifn>1:
for indel in self.sample.simpleIndels+self.sample.complexIndels:
if indelClass in indel.indelClasses:
freqs = indel.alleleFrequencies{population]
for all in freqs.keys():
for al2 in fregs.keys():
if all != al2: piBW += freqs[all]*freqs[al2]*self. piBW_ weight(all, al2, indel.size)
piBW /= 1.0¥*n*(n-1)
self.cache[(‘piBW’, population, indelClass)] = piBW
return piBW
def piBW_weight(self, all, al2, size):
efSizes = [}
efSizel =0
efSize2 =0
for site in range(size):
if all[site] == *-*:
if al2[site] != °-*: efSizel +=1
else:
if efSizel > 0:
efSizes.append(efSizel)
efSizel =0
if al2[site] == ‘-
if all[site] != *-*: efSize2 +=1
else:
if efSize2 > 0:
efSizes.append(efSize2)
efSize2 =0
if efSizel > 0: efSizes.append(efSizel)
if efSize2 > 0: efSizes.append(efSize2)
weight = 0.0
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for efSize in efSizes: weight += 1.0 + math.log(efSize, 10)
return weight
def get_piBW_PerSite(self, population = ¢_all’, indelClass = *_all’, siteClass = ¢_all’):
length = self.sample.unambiguousSiteCounts[siteClass]
if length > 0:
piBW_PerSite = self.get piBW(population, indelClass)/length
else:
piBW_PerSite = 0.0
return piBW_PerSite
# L is the number of substituted sites (also known as fixed differences) between two populations (also
known as D). ‘
# Following the McDonald-Kreitman convention, if a site is polymorphic within either population, it
isn’t substituted.
Def getL(self, population], population2, sndClass = *_all’):
(populationl, population2) = self._orderPopulations(population!, population2)
if self.cache.has_key((‘L’, populationl, population2, sndClass)):
return self.cache[(‘L’, populationl, population2, sndClass)]
else:
L=0
for snd in self.sample.snds:
if sndClass in snd.sndClasses:
freqs1 = snd.nucleotideFrequencies[population1]
freqs2 = snd.nucleotideFrequencies[population2]
if len(freqs1) == 1 and len(freqs2) == 1 and freqs1.keys()[0] != freqs2. keys()[0]: L +=1
self.cache[(‘L’, populationl, population2, sndClass)] =L
return L

#D FL is Fuand Li’s D.
# The first population is the ingroup, and the second is the outgroup.
# Following the DnaSP convention, polymorphic sites in the ingroup that can’t be polarized using the
outgroup are ignored.
Def getD_FL(self, populationl, population2, sndClass = *_all’):
n = self.sample.taxonCounts[population]]
eta=0
eta e=0
for snd in self.sample.snds:
if sndClass in snd.sndClasses:
freqs1 = snd.nucleotideFrequencies[population1 ]
freqs2 = snd.nucleotideFrequencies[population2]
if len(fregs1) > 1 and len(freqs2) == 1 and freqs2.keys()[0] in freqs1.keys():
etat+=1
if freqs1{freqs2 keys()[0]] ==n-1: eta e +=1
ifn>1 and eta > 0:
a=0.0
b=0.0
for i in range(1, n):
a+=1.0/1
b += 1.0/(i*i)
ifn==2:
c=10
else:
¢ =2*(n*a - 2*(n-1))/((n-1)*(n-2))
v=1+a*a*(c - (n+1)/(1.0*%(n-1)))/(b + a*a)
u=a-l-v
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D_FL = (eta — a*eta_e)/math.sqrt(u*eta + v*eta*eta)

else:
D FL=0.0
return D_FL

#F FLisFuand Li’s F.
# The first population is the ingroup, and the second is the outgroup.
# Following the DnaSP convention, polymorphic sites in the ingroup that can’t be polarized using the
outgroup are ignored.
Def getF FL(self, populationl, population2, sndClass = _all’):
n = self.sample.taxonCounts[population1]
pi=0
eta=0
eta e=0
for snd in self.sample.snds:
if sndClass in snd.sndClasses:
freqs1 = snd.nucleotideFrequencies[populationl]
freqs2 = snd.nucleotideFrequencies[population2]
if len(freqs1) > 1 and len(freqs2) == 1 and freqs2.keys()[0] in freqs1.keys():
for nucl in freqs1.keys():
for nuc2 in freqs1.keys():
if nucl !=nuc2: pi += freqs1[nuc1]*freqs1[nuc2]
eta+=1
if freqs1[freqs2.keys()[0]] ==n-1:eta e +=1
ifn>1 and eta > 0:
pi/=1.0*n*(n-1)
a=0.0
b=0.0
for i in range(1, n):
a+=1.0/
b += 1.0/(i*i)
ifn==2:
c=1.0
else:
¢ =2*(n*a — 2*(n-1))/((n-1)*(n-2))
v =(c +2.0%(n*n + n + 3)/(9*n*(n-1)) — 2.0/(n-1))/(b + a*a)
u=(1+(n+1)/(3.0¥(n-1)) — 4.0¥(n+1)*(a + 1.0/n — 2.0*n/(n+1))/((n-1)**2))/a — v
F_FL = (pi — eta_e)/math.sqrt(u*eta + v*eta*eta)

else:
F FL=0.0
return F_ FL

# thetaH is Fay and Wu’s estimator of theta (4 N_e u).
# The first population is the ingroup, and the second is the outgroup.
# Following the DnaSP convention, polymorphic sites in the ingroup that can’t be polarized using the
outgroup are ignored.
Def get_thetaH(self, populationl, population2, sndClass = ¢_all’):
if self.cache.has_key((‘thetaH’, populationl, population2, sndClass)):
return self.cache[(‘thetaH’, populationl, population2, sndClass)]
else:
thetaH = 0.0
n = self.sample.taxonCounts[population1 ]
ifn>1:
S={}
for i in range(1, n): S[i] =0
for snd in self.sample.snds:
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if sndClass in snd.sndClasses:
freqs1 = snd.nucleotideFrequencies[population]]
freqs2 = snd.nucleotideFrequencies[population2]
if len(freqs1) > 1 and len(freqs2) == 1 and freqs2.keys()[0] in freqs1.keys(): S[n-
freqs1[freqs2.keys()[0]]] +=1
for i in range(1, n): thetaH += S[i]*i*i
thetaH *= 2.0/(n*(n-1))
self.cache[(‘thetaH’, populationl, population2, sndClass)] = thetaH
return thetaH
def get_thetaH_PerSite(self, populationl, population2, sndClass = *_all’, siteClass = *_all’):
length = self.sample.informativeSiteCounts[siteClass]
if length > 0:
thetaH PerSite = self.get thetaH(populationl, population2, sndClass)/length
else:
thetaH_PerSite = 0.0
return thetaH PerSite
# H is Fay and Wu’s H.
# The first population is the ingroup, and the second is the outgroup.
# Following the DnaSP convention, polymorphic sites in the ingroup that can’t be polarized using the
outgroup are ignored.
Def getH(self, populationl, population2, sndClass = “_all’):
n = self.sample.taxonCounts[population1]
theta pi=0
ifn>1:
S={}
for i in range(1, n): S[ij =0
for snd in self.sample.snds:
if sndClass in snd.sndClasses:
freqs1 = snd.nucleotideFrequencies[population1]
freqs2 = snd.nucleotideFrequencies[population2]
if len(freqs1) > 1 and len(freqs2) == 1 and freqs2.keys()[0] in freqs1.keys(): S[n-
freqs1{freqs2.keys()[0]]] +=1
for i in range(1, n): theta_pi += S[i]*i*(n-1)
theta_pi *= 2.0/(n*(n-1))
H = theta_pi-self.get thetaH(populationl, population2, sndClass)
return H
def getH_PerSite(self, populationl, population2, sndClass = *_all’, siteClass = *_all’):
length = self.sample.informativeSiteCounts[siteClass]
if length > 0:
H_PerSite = self.getH(populationl, population2, sndClass)/length
else:
H_PerSite = 0.0
return H_PerSite

# HKApValue is Hudson—Kreitman—Aguade p-value for two “loci”.
# The first SND class is the first “locus”, and the second SND class is the second “locus”.
Def getHK ApValue(self, populationl, population2, sndClass1, sndClass2):
nl = self.sample.taxonCounts[population]]
n2 = self.sample.taxonCounts[population2]
ifnl >n2:
population2, populationl = populationl, population2
n2, nl =nl, n2
ifnl >1:
K11 = 1.0*self.getK(populationl, sndClass1)
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K12 = 1.0*self. getK(population1, sndClass2)
K1 =KI11+K12
if K1>0.0:
K21 = 1.0*self.getK(population2, sndClass1)
K22 = 1.0*self.getK(population2, sndClass2)
K2 =K21+K22
D1 = 1.0*self.getL(population], population2, sndClass1)
D2 = 1.0*self.getL(populationl, population2, sndClass2)
D=D1+D2
al=a2=b1=b2=0.0
for i in range(1, nl):
al +=1.0/i
bl += 1.0/(i*i)
for i in range(1, n2):
a2 += 1.0/
b2 += 1.0/(i*i)
f=(K2/a2)/(K1/al)
g =(1.0+)/2.0
T=D/Kl/al)-g
thetal = (K11+K21+D1)/(al + f*a2 + g+ T)
theta2 = (K12+K22+D2)/(al + f*a2 + g+ T)
EK11 = al*thetal
EK12 = al*theta2
EK21 = a2*thetal
EK22 = a2*theta2
ED1 = (g+T)*thetal
ED2 = (g+T)*theta2
VK11 =EKI11 + bl*thetal **2
VK12 = EK12 + bl*theta2**2
VK21 = EK21 + b2*thetal **2
VK22 = EK22 + b2*theta2**2
VD1 =ED1 + (g*thetal)**2
VD2 = ED2 + (g*theta2)**2
X2=0.0
if VK11 1= 0.0: X2 += (K11-EK11)**2/VK11
if VK12 1= 0.0: X2 += (K12-EK12)**2/VK12
if VK21 1= 0.0: X2 += (K21-EK21)**2/VK21
if VK22 !=0.0: X2 += (K22-EK22)**2/VK22
if VD1 !=0.0: X2 += (D1-ED1)**2/VDl1
if VD2 1= 0.0: X2 += (D2-ED2)**2/VD2
p = chiSquared.pValue(X2, 2)
else:
p = float(‘nan”)
elifn2 > 1:
K1 = 1.0*self.getK(population2, sndClass1)
K2 = 1.0*self.getK(population2, sndClass2)
K =K1+K2
if K> 0.0:
D1 = 1.0*self.getL(populationl, population2, sndClass1)
D2 = 1.0*self.getL(populationl, population2, sndClass2)
D=D1+D2
a=b=0.0
for i in range(1, n2):
a+=1.041
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b += 1.0/(i*)
T=D/(K/a)-1.0
thetal = (K1+D1)/(a+ 1.0+ T)
theta2 = (K2+D2)/(a+ 1.0+ T)
EK1 = a*thetal
EK2 = a*theta2
ED1 = (1.0+T)*thetal
ED2 = (1.0+T)*theta2
VK1 = EK1 + b*thetal**2
VK2 = EK2 + b*theta2**2
VD1 =EDI1 + thetal ¥*2
VD2 = ED2 + theta2**2
X2=0.0
if VK1 1= 0.0: X2 += (K1-EK1)**2/VK1
if VK2 1= 0.0: X2 += (K2-EK2)**2/VK2
if VD1 1= 0.0: X2 += (D1-ED1)**2/VD1
if VD2 != 0.0: X2 +=(D2-ED2)**2/VD2
p = chiSquared.pValue(X2, 1)
else:
p = float(‘nan’)
else:
p = float(‘nan’)
return p

#D FL Simplelndel is Fu and Li’s D for simple indels.
# The first population is the ingroup, and the second is the outgroup.
# Simple indels in the ingroup that can’t be polarized using the outgroup are ignored.
Def getD_FL_SimpleIndel(self, populationl, population2, indelClass = _all’):
n = self.sample.taxonCounts[population1]
eta=0
eta e=0
for indel in self.sample.simpleIndels:
if indelClass in indel.indelClasses:
freqs1 = indel.alleleFrequencies[populationl]
freqs2 = indel.alleleFrequencies[population2]
if len(freqs1) > 1 and len(freqs2) == 1 and freqs2.keys()[0] in freqs! keys():
etat+=1
if freqs1[freqs2.keys()[0]] ==n-1: eta_e +=1
ifn>1 and eta > 0:
a=0.0
b=0.0
for i in range(1, n):
a+=1.0/4
b += 1.0/(i*1)
ifn==2:
c=1.0
else:
¢ =2*(n*a— 2*(n-1))/((n-1)*(n-2))
v=1+a*a*(c — (nt+1)/(1.0*(n-1)))/(b + a*a)
u=a-1-v
D FL = (eta — a*eta_e)/math.sqrt(u*eta + v*¥eta*eta)
else:
D FL=0.0
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return D_FL
#F FL_Simplelndel is Fu and Li’s F for simple indels.
# The first population is the ingroup, and the second is the outgroup.
# Simple indels in the ingroup that can’t be polarized using the outgroup are ignored.
Def getF FL_Simplelndel(self, populationl, population2, indelClass = ¢_all’):
n = self.sample.taxonCounts[population1]
pi=0
eta=0
eta e=0
for indel in self.sample.simpleIndels:
if indelClass in indel.indelClasses:
freqs1 = indel.alleleFrequencies[population1]
freqs2 = indel.alleleFrequencies[population2]
if len(freqs1) > 1 and len(freqs2) == 1 and freqs2.keys()[0] in fregsl.keys():
for all in freqs1.keys():
for al2 in fregs1.keys():
if all != al2: pi += freqs1[all]*freqs1[al2]
eta +=1
if fregs1[freqs2 keys()[0]] ==n-1: eta e +=1
ifn>1andeta>0:
pi/= 1.0*n*(n-1)
a=0.0
b=0.0
for i in range(1, n):
a+=1.01
b += 1.0/(i*1)
ifn==2:
=1.0
else:
¢ = 2*(n*a — 2*(n-1))/((n-1)*(n-2))
v=(c+2.0%(n*n + n + 3)/(9*n*(n-1)) — 2.0/(n-1))/(b + a*a)
u=(1+(n+1)/(3.0%(n-1)) - 4.0%(n+1)*(a + 1.0/n - 2.0*n/(n+1))/((n-1)**2))/a — v
F_FL = (pi—eta_e)/math.sqrt(u*eta + v*eta*eta)
else:
"F FL=0.0
return F_FL_Simplelndel
# thetaH_Simplelndel is Fay and Wu’s estimator of theta (4 N_e u) for simple indels.
# The first population is the ingroup, and the second is the outgroup.
# Simple indels in the ingroup that can’t be polarized using the outgroup are ignored.
Def get_thetaH_SimpleIndel(self, populationl, population2, indelClass = *_all’):
if self.cache.has_key((‘thetaH_SimpleIndel’, populationl, population2, indelClass)):
return self.cache[(‘thetaH_SimpleIndel’, populationl, population2, indelClass)]
else:
thetaH = 0.0
n = self.sample.taxonCounts[population1]
ifn>1:
S={}
for i in range(1, n): S[ij =0
for indel in self.sample.simpleIndels:
if indelClass in indel.indelClasses:
freqsl = indel.alleleFrequencies[population]]
freqs2 = indel.alleleFrequencies[population2]
if len(freqs1) > 1 and len(freqs2) == 1 and freqs2 keys()[0] in freqs1.keys(): S[n-
fregs1[freqs2 keys()[0]]] +=1
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for i in range(1, n): thetaH += S[i}*i*i
thetaH *=2.0/(n*(n-1))
self.cache[(‘thetaH SimpleIndel’, population], population2, indelClass)] = thetaH

return thetaH
def get_thetaH_SimpleIndelPerSite(self, populationl, population2, indelClass = “_all’, siteClass =
< all’):
length = self.sample.unambiguousSiteCounts[siteClass]
if length > 0:
thetaH PerSite = self.get _thetaH SimpleIndel(populationl, population2, indelClass)/length
else:

thetaH PerSite = 0.0
return thetaH PerSite
#H_SimpleIndel is Fay and Wu’s H for simple indels.
# The first population is the ingroup, and the second is the outgroup.
# Simple indels in the ingroup that can’t be polarized using the outgroup are ignored.
Def getH_SimpleIndel(self, populationl, population2, indelClass = *_all’):
n = self.sample.taxonCounts[population1]
theta pi=0
ifn>1:
S={}
for i in range(1, n): S[i] =0
for indel in self.sample.simpleIlndels:
if indelClass in indel.indelClasses:
freqs1 = indel.alleleFrequencies[population1]
freqs2 = indel.alleleFrequencies[population2]
if len(freqs1) > 1 and len(freqs2) == 1 and freqs2.keys()[0] in fregs1.keys(): S[n-
freqs1[freqs2.keys()[0]]] +=1
for i in range(1, n): theta pi += S[i]*i*(n-i)
theta_pi *= 2.0/(n*(n-1))
H = theta_pi-self.get_thetaH SimpleIndel(populationl, population2, indelClass)
return H
def getH_SimpleIndelPerSite(self, populationl, population2, indelClass = ¢_all’, siteClass = ¢_all’):
length = self.sample.unambiguousSiteCounts[siteClass]
if length > 0:
H_PerSite = self.getH_SimpleIndel(populationl, population2, indelClass)/length
else:
H_PerSite = 0.0
return H_PerSite

class Slider:
def _ init_ (self, alignment, halfWidth, slide, populations = {}, siteClasses = {}, options = {}):
self halfWidth = halfWidth
self.slide = slide
self.statisticsHash = {}
length = alignment.getSiteCount()
center =0
while center < length:
windowAlignment = MyAlignment()
left = max(center-halfWidth, 0)
right = min(center+halfWidth+1, length)
for taxon in range(alignment.getTaxonCount()):
windowAlignment.addSequence(alignment.getSequence(taxon)[left:right])
windowSiteClasses = {}
for siteClass in siteClasses:
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windowSiteClasses[siteClass] = []
for site in siteClasses[siteClass]:
if left <= site and site < right: windowSiteClasses[siteClass].append(site-left)
self.statisticsHash[center] = Statistics(windowAlignment, populations, windowSiteClasses, options)
center += slide
def get_thetaW_PerSite(self, population = ‘_all’, sndClass = *_all’, siteClass = *_all’):
pairs = [(center, self.statisticsHash[center].get_thetaW_PerSite(population, sndClass, siteClass)) for
center in self.statisticsHash.keys()]
pairs.sort()
return pairs
def get piPerSite(self, population = *_all’, sndClass = *_all’, siteClass = *_all’):
pairs = {(center, self statisticsHash[center].get_piPerSite(population, sndClass, siteClass)) for center in
self.statisticsHash.keys()]
pairs.sort()
return pairs
def getD_T(self, population = *_all’, sndClass = *_all’):
pairs = [(center, self.statisticsHash[center].getD_T(population, sndClass)) for center in
self.statisticsHash.keys()]
pairs.sort()
return pairs
def get thetaW SimpleIndelPerSite(self, population = “_all’, indelClass = *_all’, siteClass = *_all’):
pairs = [(center, self.statisticsHash[center].get thetaW SimplelndelPerSite(population, indelClass,
siteClass)) for center in self.statisticsHash.keys()]
pairs.sort()
return pairs
def get_piSimpleIndelPerSite(self, population = *_all’, indelClass = *_all’, siteClass = *_all’):
pairs = [(center, self.statisticsHash[center].get_piSimpleIndelPerSite(population, indelClass,
siteClass)) for center in self.statisticsHash.keys()]
pairs.sort()
return pairs
def getD T Simplelndel(self, population = “_all’, indelClass = “_all’):
pairs = [(center, self.statisticsHash[center].getD T Simplelndel(population, indelClass)) for center in
self statisticsHash.keys()]
pairs.sort()
return pairs
def get piBW_PerSite(self, population = *_all’, indelClass = ¢_all’, siteClass = ¢_all’):
pairs = [(center, self.statisticsHash[center].get piBW_PerSite(population, indelClass, siteClass)) for
center in self.statisticsHash.keys()]
pairs.sort()
return pairs
def get_rhoPerSite(self, populationl, population2, sndClass = ¢_all’, siteClass = *_all’):
pairs = [(center, self.statisticsHash[center].get_rhoPerSite(populationl, population2, sndClass,
siteClass)) for center in self.statisticsHash.keys()]
pairs.sort()
return pairs
def getD_FL(self, populationl, population2, sndClass = *_all’):
pairs = [(center, self.statisticsHash[center].getD_FL(populationl, population2, sndClass)) for center in
self.statisticsHash.keys()]
pairs.sort()
return pairs
def getF FL(self, populationl, population2, sndClass = *_all’):
pairs = [(center, self statisticsHash[center].getF_FL(populationl, population2, sndClass)) for center in
self.statisticsHash.keys()]
pairs.sort()
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return pairs
def get_thetaH_PerSite(self, populationl, population2, sndClass = *_all’, siteClass = *_all’):
pairs = [(center, self.statisticsHash[center].get thetaH_PerSite(populationl, population2, sndClass,
siteClass)) for center in self.statisticsHash.keys()]
pairs.sort()
return pairs
def getH_PerSite(self, populationl, population2, sndClass = *_all’, siteClass = ‘_all’):
pairs = [(center, self.statisticsHash[center].getH PerSite(populationl, population2, sndClass,
siteClass)) for center in self.statisticsHash.keys()]
pairs.sort()
return pairs
def getFST(self, population, sndClass = *_all’):
pairs = [(center, self statisticsHash[center].getF_ST(population, sndClass)) for center in
self.statisticsHash.keys()]
pairs.sort()
return pairs
def getPairwiseF_ST(self, populationl, population2, sndClass = *_all’):
pairs = [(center, self.statisticsHash[center].getPairwiseF ST(populationl, population2, sndClass)) for
center in self.statisticsHash.keys()]
pairs.sort()
return pairs
def get_rhoSimpleIndelPerSite(self, populationl, population2, indelClass = _all’, siteClass = *_all’):
pairs = [(center, self.statisticsHash[center].get_rhoSimpleIndelPerSite(populationl, population2,
indelClass, siteClass)) for center in self statisticsHash.keys()]
pairs.sort()
return pairs
def getD FL_Simplelndel(self, populationl, population2, indelClass = *_all’):
pairs = [(center, self.statisticsHash[center].getD_FL_SimpleIndel(populationt, population2,
indelClass)) for center in self.statisticsHash.keys()]
pairs.sort()
return pairs
def getF_FL_SimpleIndel(self, populationl, population2, indelClass = <_all’):
pairs = [(center, self.statisticsHash[center].getF_FL_SimpleIndel(populationl, population2,
indelClass)) for center in self.statisticsHash.keys())
pairs.sort()
return pairs
def get_thetaH_SimpleIndelPerSite(self, populationl, population2, indelClass = ¢_all’, siteClass =
¢ all’):
pairs = [(center, self.statisticsHash[center].get_thetaH_SimpleIndelPerSite(populationl, population2,
indelClass, siteClass)) for center in self statisticsHash.keys()]
pairs.sort()
return pairs
def getH_SimpleIndelPerSite(self, population], population2, indelClass = *_all’, siteClass = *_all’):
pairs = [(center, self.statisticsHash[center].getH_SimpleIndelPerSite(population1, population2,
indelClass, siteClass)) for center in self.statisticsHash.keys()]
pairs.sort()
return pairs

# A hap file is an input file to Hudson’s program exhap (Hudson, 2001, Genetics 159:1805-1817;
http://home.uchicago.edu/~rhudsonl).
# The first population is the ingroup, and the second is the outgroup.
Def AlignmentToHapFile(alignment, ilename, populations, populationl = ¢_all’, population2 = None):
sample = Sample(alignment, populations)
alleleLists = {}
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ancestralAlleles = {}
for snd in sample.snds:
freqs1 = snd.nucleotideFrequencies[populationl)
if len(freqsl) == 2:
site = snd.site
alleleLists[site] = snd.nucleotides[populationl]
ancestralAlleles[site] = ‘?°
if population2 != None:
freqs2 = snd.nucleotideFrequencies[population2]
if len(freqs2) == 1 and freqs2 keys()[0] in freqs1.keys(): ancestralAlleles[site] = freqs2.keys(}[0]
for indel in sample.simpleIndels+sample.complexIndels:
freqs1 = indel.alleleFrequencies[populationi]
if len(freqs1) == 2:
site = indel.site
alleleLists[site] = indel.alleles[population]]
ancestralAlleles[site] = ‘?’
if population2 != None:
freqs2 = indel.alleleFrequencies[population2]
if len(freqs2) == 1 and freqs2.keys(){0] in freqs1.keys(): ancestralAlleles[site] = freqs2.keys()[0]
sites = alleleLists.keys()
sites.sort()
siteCount = len(sites)
taxonCount = sample.taxonCounts[populationl]
handle = open( ilename, ‘w’)
handle.write(“%d %d\n” % (taxonCount, siteCount))
for site in sites: handle.write(“%d * % site)
handle.write(‘\n”)
handle. write(“a )
for site in sites: handle. write(“%s “ % ancestralAlleles[site])
handle.write(“\n”)
for taxon in range(taxonCount):
handle. write(“%d “ % taxon)
for site in sites: handle.write(“%s “ % alleleLists[site]{taxon])
handle.write(“\n")
handle.close()
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Generating statistical values

Our analyses was performed with three different loci with alleles sequenced from a
natural X. / /aevis (XLL) population and several closely related Xenopus species (e.g. X. amicti:
XA). In order to run these analyses you must first generate a FASTA or PHYLP (non-
interleaved) alignment. The range of population sequences in the alignment is specified by
the range “XLL” (27) and the location of the outgroup [27] . After some basic analyses, a
sliding-window analyses using a window of 101 (50+1+50) bases and a slide of 10 bases is
conducted with several of the summary statistics. Finally, a .hap file is generated with our

data, which 1s useful if you have Richard Hudson’s programs exhap and maxhap for

estimating recombination (http://home.uchicago.edu/~rhudson1).

#! /usr/bin/env python
from populationGenetics import *

alignment = FASTA_FileToMyAlignment(“GAD67.promoter. TBAa.txt”)
populations = {‘XLL’: range(27), ‘XA’: [27]}

statistics = Statistics(alignment, populations)

print “XLL sequences: %d” % statistics.getTaxonCount(‘XLL")

print “XA sequences: %d” % statistics.getTaxonCount(‘XA’)

print “total length: %d” % statistics.getSiteCount()

print “unambiguous length: %d” % statistics.getUnambiguousSiteCount()
print “informative length: %d” % statistics.getInformativeSiteCount()
print “K: %d” % statistics.getK(‘XLL’)

print “singleton count: %d” % statistics.getSingletonCount(‘XLL’)

print “thetaW per site: %g” % statistics.get_thetaW PerSite(‘XLL")

print “pi per site: %g” % statistics.get piPerSite(‘XLL")

print “D_T: %g” % statistics.getD_T(‘XLL’)

print “L: %d” % statistics.getL(‘XLL’, ‘XA’)

print “rho per site: %g” % statistics.get rhoPerSite(*XLL’, ‘XA”)

print “D_FL: %g” % statistics.getD FL(‘XLL’, ‘XA”)

print “H: %g” % statistics.getH(‘XLL’, ‘XA”)

print “thetaH_Persite: %g” % statistics.get thetaH(‘XLL’, ‘XA”)

print “pi: %g” % statistics.get_pi(‘XLL’)

print “K_SimpleIndel: %g” % statistics.getK_SimpleIndel(‘XLL")

print “thetaW_SimpleIndel: %g” % statistics.get_thetaW _SimpleIndel(*XLL’)
print “piSimpleIndel: %g” % statistics.get_piSimpleIndel(‘XLL’)

print “piSimpleIndelPerSite: %g” % statistics.get_piSimpleIndelPerSite(‘XLL")
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print “D_T_Simplelndel: %g” % statistics.getD T SimpleIndel(‘XLL")

print “D_FL_SimpleIndel: %g” % statistics.getD FL_SimpleIndel(‘XLL’,"XA”)
print “piBW: %g” % statistics.get piBW(‘XLL")

print “piBW_PerSite: %g” % statistics.get piBW_PerSite(‘XLL")

slider = Slider(alignment, 50, 10, populations)

D_Ts = slider.getD_T(‘XLL’)

file = open(“GAD67promoter XA D _T”, ‘w’)

for D_T in D_Ts: file.write(“%d %g\n"%D_T)

file.close()

D FLs =slider.getD FL(‘XLL’, ‘XA’)

file = open(“GAD67promoter XA D_FL”, ‘w’)

forD FLinD FLs: file.write(“%d %g\n"%D FL)

file.close()

H_PerSites = slider.getH_PerSite(‘XLL’, ‘XA’)

file = open(“GAD67promoter_ XA_H_PerSite”, ‘w’)

for H PerSite in H_PerSites: file.write(“%d %g\n”%H_PerSite)

file.close()

pi_PerSites = slider.get piPerSite(‘XLL")

file = open(“GAD67promoter_XA pi PerSite”, ‘w’)

for pi_PerSite in pi_PerSites: file.write(“%d %g\n”%pi_PerSite)

file.close()

piBW_PerSites = slider.get piBW_PerSite(‘XLL")

file = open(“GAD67promoter XA piBW _PerSite”, ‘w’)

for piBW_PerSite in piBW_PerSites: file.write(“%d %g\n”%piBW_PerSite)
file.close()

D T Simplelndels= slider.getD_T_SimpleIndel(‘XLL’)

file = open(“GAD67promoter XA D T Simplelndel”, ‘w”)

for D T _Simplelndel in D T Simplelndels: file.write(“%d %g\n”%D T Simplelndel)
file.close() ’

D FL Simplelndels = slider.getD FL Simplelndel(‘XLL’, ‘XA”)

file = open(“GAD67promoter XA _D_FL_Simplelndel”, ‘w’)

for D_FL_Simplelndel in D_FL_Simplelndels: file.write(“%d %g\n”%D_FL_SimpleIndel)
file.close()

AlignmentToHapFile(alignment, “GAD67.promoter XA .hap”, populations, ‘XLL’, ‘XA’)
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Source code for running the HKA test

Summary code for implementing the HKA test of a neutral model is provided below.
This progtam requires two different FASTA alignment files: One alignment of a region of
evolutionary interests (i.e. promoter) and is defined as bindingAlignment, and a second
alignment that will serve as a neutral proxy (ie. intron) and is defined as

nonbindingAlignment. A chi-squared distribution is implement in C and not provided here.

#! fusr/bin/env python
from populationGenetics import *

bindingAlignment = FASTA_FileToMyAlignment(“GAD67.promoter. HKA..txt”)
bindingLength = binding Alignment. getSiteCount()

nonbindingAlignment = FASTA FileToMyAlignment(“GAD67.Intron15.CLUSTALa.txt”)
nonbindingLength = nonbindingAlignment.getSite Count()

alignment = MyAlignment.concatenation(bindingAlignment, nonbindingAlignment)
populations = {*XLL’: range(24), ‘XA’: [24]}

siteClasses = {‘binding’: range(bindingLength), ‘nonbinding’: range(bindingl ength,
bindingLength+nonbindingLength)}

statistics = Statistics(alignment, populations, siteClasses)

print “HKA p-value: %g” % statistics.getHKApValue(‘XLL’, ‘XA’, ‘binding’, ‘nonbinding’)
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Estimating p with Hudson’s exhap and maxhap programs

To estimate p from sequence alignment data, we used R.H. software to generate a

haplotype file (e.g. filename.hap) , and ran the following command in an UNIX shell

% exhap < YourData.hap > YourData.pairs

to convert a haplotype data file into a file with the necessary Hudson pairs data format. The

command

% maxhap 1 h27rho 0.01 100 0.01 0 0 1 0 < YourData.pairs

is instructs maxhap to estimate p for a dataset. The command line atguments tell maxhap to
use one two-site configuration file of two-locus sampling probabilities for 27 samples.
Maxhap will begin to search for the maximum composite-likelihood score starting from 0.01
x 0.01 to a maximum value 100 x 0.01 in equally spaced increments. The last four values

specify gene conversion parameters which were not included in our analysis.
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Generating sample populations with Hudson’s ms by coalescent simulation

Hudson’s ms program is available online
(http:/ /home.uchicago.edu/~rhudson1/). To run the program download the ms tarball and

cd to the downloaded directory in a UNIX shell. The command

% ms 27 100000 —s 46 —r 0 973 | sample_stats > SummaryStats_sample_stats

uses ms to generate random genealogies for 100,000 replicate sample populations of 27
haploid individuals at a 973 bp locus. A total of 46 mutations will be Poisson distributed
along each replicate sample genealogy. The output data is then submitted to sample_stats to
extract summary statistics for each replicate sample, which is imported into the file
SummaryStats_sample_stats. To assess the statistical significance of an observed test statistic

run

% cut —f 6 SummaryStats_sample_stats | ./stats 0.024

which uses the UNIX command cut to extract the 6™ column of data from the

SummaryStats_sample_stats file and assess the value at the 2.4 percentile.
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TBA evolutionary tree

In order to run a TBA alignment, a binary tree must be specified in a modified
Newick format that details the evolutionary relationship of the sequence included. Branch
lengths are not required. A tree for 27 X / /aevis alleles (XLL’) and four outgroups species

(XLS, XA’, XC. XM) is provided. The XIL1 XI.L2’ group merely seeds the alignment.

Example:

(CCCCCCCCCCCCOEeeeeeeeeXLt XLL2) XLL3) XLL4) XLL5) XLL6 XLL7) XLL8) XLL9)
XLL10) XLL11) XLL12) XLL13) XLL14) XLL15) XLL16) XLL17) XLL18) XLL19)
XLL20) XLL21) XLL22) XLL23) XLL24) XLL25) XLL26) XLL27) XLS) XA) XC)

XM)
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ClustalX 2.0.11 alignment of the upstream region of xGADG67.

Sequences for 27 X. / /laevis alleles (XLL1 — XLL26) and four closely related

outgroup species (XA, X. amietr; XC, X. clivii; XLS, X. . sudanensis; XM, X. muelleri) were
aligned under default parameters: gap opening and extension penalties 15 and 6.66,
respectively. The transcriptional start site is indicated by +1 and the initiating methionine is
underlined. Sequences proceed from 5’ to 3’ and include a portion of the first exon.

Conserved sites are indicated by an asterisk (*).

106



XLL1
XLL2
XLL3
XLL4
XLLS
XLL6
XLL7
XLL8
XLLS
XLL10
XLL11l
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26

XC
XLS

XLL1
XLL2
XLL3
XLL4
XLLS
XLL6
XLL7
XLL8
XLL9
XLL10
XLL1l
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL2l
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26

XC
XLS

AhEERAREIERRREANE AAANRA R AR AR AARIRARRIR AR AR ARSI AR AR Sd Ahhd bk bR bbb bbb AN kb dd
ACACCAGCACGTTCTCCATTCCACCGGGAA I'TCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTIGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGCGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCAARATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAA TCCC AACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATCCCACCGGGARGGGGTTICCCATGGGRACAGAGCARARTGTGATTATTIGCTGGCTAGATAC
ACACCAGCACGTTCTICCATTCCACCGGGANGGEGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCARAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGANGGGGTTCCCATGGGAACAGAGCAARATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCARAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTICCATTCCACCGGCARNGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAARATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATT TGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARGATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTIGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGCTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAA CCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCARCCGGGAAGGGGTTCCCATGGGAACAGAGCAARAATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC

RNBRENRE AR RRRARRARRRNRRAINARANRRRRRRRERTRRRRE ARRARRARNT KA AR AR RRRRARRRRAIRAR AR RN
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTARTATGCACTAATTATCCTCAAGTARCTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTITTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTICAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTITAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAARCAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCICAAGTARCTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAARCAT
ARARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAARCAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTARCTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTICAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACGAGCATITACGCTITITAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTITAATATGCACTAATTATCCTCAAGTAACTAGAMATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTITAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
ARAGCACAAGCATTTACGCTTTITAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAARCAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTITTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AARAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTARCTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTITAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAARCAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCCCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTITTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTITAATATGCACTAATTATCCTCAAGTAACTGGAAATAGCACTAATGTCGGTATAAACAT
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TRA RN ERARARRRRRRIRNT AN Fhhdd F & RRNRERRE PR RPER  REEAR SRR RRARARRARE AR IR NN
TAATGGAGAAGGATTTTGTAAGARAAAGGGATTTCATCCITGAACAGACATGTATIGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTCTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTATGAAAAAGGGATTTCATCCTTGAACAGAC-~GTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTTTTCGCAGTCACATTTCGAAGCTT
TAATGCAGAAGGATTTTGTAAGACAAAGGAATTTCATCCTTGAACAGACATCTATTIGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTAAGARAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTAAGAGAARGGGATTTICATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAARGGGATTTCATCCITGRACAGACATGTATTGTTCGCAGTCACATTITCGARGCTT
TAATGGAGAAGGATTTTCTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTICATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TARTGGAGAAGCATTTTGTAAGARAAAGGGATTTCATCCTTGARCAGACATCTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAARTGGAGAAGGATTTTGTAAGAAAARGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGARAARGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGACTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAARARGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAARGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGRAGGATTTITGTAAGAAAAAGGGATT~CATCCTTGAACAGACATGTATTGTTCGCAGTCACATTCCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAARAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGRAAAAGGGATTTCATCCITGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT

‘TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT

TAATGGAGAAGGATTTTGTATGARAAAAGGGATTTCATCCITCAACAGAC--GTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGARAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTITGTATGAAAAAGGGATTTCATCCTTGGACAGAC--GTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAARGGGATTTCATCCTTGAACAGACATGTATIGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAARAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTATGAARAAGGGATTTCATCCTTGGACAGAC~~GTATTGTTCGCAGTCACATTTCGAAGCTT

T L I T L L L T T L Y T ey S YT Y
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGT TCTGCCTGCTGCTCCTATAAAT T~ -
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT -——
GAAGGTCAAAGTGTCTICACTAAARGTCATAATGGACAAAATATGAATTCCTTGTTICTGCCTGCTGCTCCTATAAATT~——
GAAGGTCAAAGTGTCTCACTAAARGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTAARAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATARAT T~~~
GAAGGTCAAAGTGTCTCACTAAAGGTCATARTGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATITCA
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAARATAGGAATTCCTGGTTCTGCCTGCTGCTCCTATAAATT - -~
GAAGGTCARAGTGTCTCACTAAAAGTCATAATGGACAARAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAAT T~~~
GAAGGTCARAGTGTCTCACTAAAAGTCATAATGGACARAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT - -~
GAAGGTCAAAGTGTCTCACTARAAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATARAT Y~~~
GAAGGTCAAAGTGTCTCACTAARGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAAAATATGAATTCCTITGTTCTGCCTGCTGCTCCTATAAATT ~ -~
GAAGGTCAAAGTGTCTCACTAARAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT - ~~
GAMGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTCCCTGCTGCTCCTATAAATT ~~—
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ~ -~
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ~ -~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT -~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCYATARATT -~ ~
GAAGGTCAAAGTGTCTCACTAGAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT -~~~
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACARAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAAT T~ ~
GAAGGTCAAAGTGTCTCACTAARAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ~ -~
GAAGGTCAAAGTGTCTCACTARARGTCATAATGGACAAAATATGAATTCCTTGTTCTIGCCTGCTGCTCCTATAARTT - ~~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACARAATATGAATTCCTTGTTCTGCTTGCTGCTCCTATAAATT~~—
GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ~ -~
GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAAAATATGAATTCCTTGITCTGCCTGCTGCTCCTATAAATT -~

‘GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTICTGCCTGCTGCTCCTATAAAT T~

GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGTTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACARAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT ~ -~
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LR L R T L T L L T
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAARTGTACCCTCTARAACAAAAA~TACTT-ACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAARACAAAAA~-TACTTTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-~ACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAAAAA~TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAA TTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAARACAAAAR-TACTT~ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA~-TACTT-ACCTATGTG
CAATTCAAAGGGGGTITTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CCATTCAAAGGGGGTITTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAARACAAARA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAARACAAAAAR~TACTT~ACCCATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT~-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAAACAAAAA~TACTT~ARCCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACARAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA~TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCCCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTGCCCTCTAAAACAAAARA-TACTT-ACCTATGTG
CAATTCAAA TTTTCTGGCACCCATAGAGTATCCCTGARATGTACCCTCTAARACARAAAA-TACTT-ACCTATGTG
CAATTCARAGGGGGITTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAAAAA~TACTT~ACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAARACAAAAA~TACTT-ACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAARACAAAAARATACTT-ACCTATGTG

KARRARARERNARARRRRAARRRE AR ARSARARRAAA, Ak *hk ARk dhdAddhhd & & Axk
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTITGGGG~-AAAGAGACTGTATGTTAAGGTGACTGTGT~~ v~~~ ~=
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG~ARAGAGACTGTATGTTAAGGTGACTGTGT -~~~ ~~~=
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG-AAAGAGACTGTATGTTAAGGTGACTGTGT -~ — =~~~
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTTGGGG-AAAGATACTGTATGT TAAAGGGATACTGTCATGGGAA
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG~AAAGAGACTGTATGTTAAGGTGACTGTGT ———————~
CTGGCATTTTGGACATTTGTAGACAGARACAGATGATTTGGGG-AAAGATACTGTATGTTAAAGGGATACTGTCATGGGAA
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTTGGGG-AAAGATACTGTATGTTAAAGGGATACTGTCATGGGAA
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG-AAAGAGACTGTATGTTAAGGTGACTGTGT ~ == = = ==
CTGGCATTTTGGACATTTIGTAGACACAACAGATGATTITGGGG~AAGGAGACTGTATGTTAAGGTGACTGTGT ~ ~ = = v e
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG-AAAGAGACTGTATGTTAAGGTGACTGTGT -~ ———— -~
CTGGCATTTTGGACATTTGTAGACACAACAGATGATITGGGG~-AAAGAGACTGTATGTTAAGGTGACTGTGT -~ ==~~~
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTTGGGG-AAAGATACTGTATGTTAAAGGGATACTGTCATGGCAA
CTGGCATTTTGGACATITGTAGACACAACAGATGATTITGGGG~AAAGAGACTGTATGTTAAGGTGACTGTGT——~ =~~~

CTGGCATTTTGGACATTIGTAGACAGAACAGATGATTTGGGG-AAAGATACTGTATGTTAAAGGGATACTGTCATGGTAA
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG-AAAGAGACTGTATGTITAAGGTGACTGTGT ~~~~-~~~
CTGGCATTTTGGACATTTIGTAGACACAACAGATGATTITGGGG-AAAGAGACTGTATGTTAAGGTGACTGTGT ~~~ =~~~
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG-AAAGAGACTGTATGTTAAGGTGACTGTGT ~ —— == = ==
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG-ARAGAGACTGTATGTTAAGGTGACTGTGT -~~~ - ~~
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTTIGGGG-AAAGATACTGTATGTTAAAGCGATACTGTCATGGGAA
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG-AAAGAGACTGTATGTTAAGGTGACTGTGT ~—— -~~~
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTIGGGG-ARAGAGACTGTATGTITAAGGTGACTGTG T~ ~ v m = ==
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTIGGGG-ARAGAGACTGTATGTTAAGGTGACTGTGT ~ = e m
CTGGCATTTTGGACATTTGTAGACACGACAGATGATTTGGGG-AAAGAGACTGTATGT TAAGCTCACTGTET w v e o e e e
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG-ARAGAGACTGTATGTTAAGGTGACTGTGT ~ = w e
CTGGCATTTTGGACATTTIGTAGACACAACAGATGATTTGGGGGAAAGAGACTGTATGTTAAGGTGACTGTGT— -~ ——~—~
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG~ARAGAGACTGTATGTTAAGGTGACTGTGT -~ mmm e
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGG~-AAAGAGACTGTATGTTAAGGTGCCTGTGT ~ =~ mm = mm
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATITGGGG-ARAGATACTGTATGTTAAAGGGATACTGTCATGGGA-
TTGGCATTTTGGACATTTIGTAGACACAACAGATGATTTGGGG-AAAGAGACTGTATGTTAAGGTGACTGTGT -~ =~ == ==
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kel N dkde kW

ATACTG- TCCOTTCCmmmmmm e =
ATACTG TCCCTTCC e e e
== ATACTG TCCCTTCC-mmmmm e
GAAAARAATATTTTCAAAATGAATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTCTCAARAGAG
-- ~ATACTG ~~TPCCCTTCC~mmmmmm e

GAAAAAAATATTTTCAAAATGAATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTCTCAAAAGAG
GAARAAAATATTTTCAAAATGAATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTCTCAAAAGAG

- ATACTG
ATACTG
- ATACTG
--ATACTG
GAAAAAAATATTTTCAAALTGAATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTCTCAAAAGAG
— - ATACTG ~=~TCCCTTCCmmmmmmm =
ATACTG TCCCTTCC——=m=—m
ATACTG —==—===—TCCCTTCC——mm=m=m
GAAAAAAATATTTTCAAAATGAATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTCTCAAAAGAG
- - ATACTG ~TCCCTTCC-—mmmmm e
- ATACTG---- : -—=TCCCTTCC—mmmmmmmm
- ATACTG — PCCCTTCC-—mmm e
ATACTG TCCCTTCCm oo mmm e
GAAAAAAATATTTTCAAAATGAATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTCTCAAAAGAG
ATACTG TCCCTTCCmmmm i mm e
- ATACTG TCCCTTCC-—
_— - v ~-BATACTG==—=m - -~ TCCCTTCC~
— : ATACTG S -=~TCCCTTCC-
---------- ATACTG -~TCCCTTCC
ATACTG-- TCCCTTCC-
----- ATACTG — ~-TCCCTTCC-
ATACTG TCCCCTCC-—
AAAAAATTTTTTTCAAAATGCATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTC-
- ~=~~ATACTG PCCCTTCCm === m ==
* kR EN R
—— CTGAACATTA. T —
CTGAACATTA-=——==-==mmm= LT A —— ——
CTGAACATTA GC
CAAACAGATTTTTTTATATTCAATTTTGAAATCTGACATGGGGCTAGACATTATGTCAATTTCCCAGCTACCCCTAGTCA
- CTGAACATTA-=-~=-= e mmGCmmmmmmm e e

CAAACAGATTTTTTTATATTCAAQTTTGAAATCTGACATGGGGCTAGACATTATGTCAATTTCCCAGCTACCCCTAGTCA
CAAACAGATTTTTTTATATTCAATTTTGAAATCTGACATGGGGCTAGACATTATGTCAATTTCCCAGCTACCCCTAGTCA

CTGAACATTA
— CCGAACATTA
CTGAACATTA-~=—=ww=w
CTGAACATTA C
CAAACAGATTTTTTTATATTCAAETTTGAAATCTGACATGGGGCTAGACATTATGTCAATTTCCCAGCTACCCCTAGTCA
----CTGAACATTA-~ GC
— . .~ —~-CTGAACATTA- GC -
- CTGARCATTA= = = w o o e LTSI ———
CAARCAGATTTTTTTATATTCAATTTTGARATCTGACATGGGGCTAGACATTATGICARTTTCCCAGCTACCCCTAGTCA
- CTGARCATTA--- GC -
- . CTGAACATTA T ——
CTGAACATTA GC—-w-
: CTGAACATTA GC ——
CAAACAGATTTTTTTATATTCAATTTTCARATCTGACATGGECCTAGACATTATGTCART TTCCCAGCTACCCCTAGTCA
----- -— - CTGAACATTA GC~- —
. . CTGAACATTA e
- : .~CTGAACATTA GC —_—
- - — CTGAACATTA GC
CTGAACATTA GC
CTGAACATTA GC
: .CPGAACATTA- - GC
- CTGAACATTA Ge
~=-==~AGATTTTTT - TGACATGGGGCTAGACATTATGTCAATTTCCCAGCTGCCCTTCGTCA
- : v CTGAACATTA
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TGTGACTTGTGCTCTGATAAACITCAATCACTCTTTACTGCTGTACTGCAAGTTGGAGTGATATCACCCACCTCCCTCCC

TGTGACTTGTGCTCTGATAAACTTCAATCACTCTTTACTGCTGTACTGCAAGTTGGAGTGATATCACCCACCTCCCTCCC
TGTGACTTGTGCTCTGATAAACTTCAGTCACTCTTTACTGCTGTACTGCAAGTTGGAGTGATATCACCCACCTCCCTCCC

TGTGACTTGTGCTCTGATAAACTTCAATCACTCTTTACTGCTGTACTGCABGTTGGAGTGATATCACCCACCTCCCTCCC

kA ok * w w ke * * * * *hk *
----------------- AACAGGAGATTTAGTGARAGAGGTCC TTCAG - GCCee
----------------- AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG- - —===m==——— === m === ==~ GCCCG
----------------- AACAGGAGATTTAGTGAAAGAGGTCCTGETTTCAG === mm—— === === === == == = ~GCCTG
CCCCCCCC-AGCAGCCAAACARAAGAACAATGGGARGGTAACCAGATAGCAGCTCCCTAACACAAGATAACAGCTGCCTG
------------ === ~=AACAGGAGATTTAGTGAAAGAGGTCCTCGTTTCAG -~ =~ === === === m == === == ~GCCCG

CCCCCCCC~AGCAGCCAAACAAAAGAACAATGGGAGGGTAACCAGATAGCAGCTCCCTAGCACAAGATAACAGCTGCCTG
CCCCCCCCCAGCAGCCAAACAAAAGAACEATGGGAAGGTAACCAGATAGCAGCTCCCTAACAGAAGATAACAGCTGCCTG

------ - mon e - ARACAGGAGATTTAGTGAAAGAGGTCCTGGTITCAG -~~~ ~ =~ = - =~ ==~ = =~ == == =GCCCG
AMCAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG -~ =~ w o e e GCCCG
————————— «==mew~-RACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG ~ = = m = GCCCG
----------------- ARCAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG GCCCG
CCCCCCCC-AGCAGCCAAACAAAAGAACAATGGGAAGGTAACCAGATAGCAGCTCCCTAACACAARGATAACAGCTGCCTG
----------------- AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG GCCCG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCGG GCCCG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG GCccce
CCCCCCCCCAGCAGCCAAACAAAAGAACAATGGGAAGGTAACCAGATAGCAGCTCCCThACACAAGATAACAGCTGCCTG
AACAGGAGATTTAGTGAAAGAGGTCCTEGTTTCAG- — = e e GCCCG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG GCCCG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG --=-GCCCG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG-~ GCCCG
CCCCCCCC-AGCAGCCAAACAAAAGAACAATGGGAAGGTAACCAGATAGCAGCTCCCTAACACAAGATAACAGCTGCCTG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG CCG
--------- === =====-AACAGGAGATTTAGTGAAAGAGGTCCTGGTITTCAG ---GCCCG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG GCCCG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTITTCAG GCCTG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG- - GCCCG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG ”"CCG
------ = e e e e - AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG: GCCTG
ARCAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG = ov e o i e n  mm ctc m m GCCCG
CCCCCCC--AGCAGCCAAACAACRGAACAATGGGAAGGTAACCAGATARCAGCTCCCTAACACAAGATAACAGCTGCCTG
AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAG == = = e e = e N GCCTG
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XLL1
XLL2
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* ok W w ek & * %

G ACTGAGA ATTAARATAGGC-—=-~

G ACTGAGA-- ATTARAATAGGC-==~~

G g Vol Je7. Ve VTR — ATTARAATAGGC=~~on

GTAGATCTAAGAACAACACTCAATAGTAAAAACCCATGT CTCACTGAGACACATTCAGTTACATTGAGATGGAAAAACA
ACTGAGA ATTARAATAGGC----~

GTAGATCTAAGAACAACACTCMTAGTMMACCCATGTTCTCACTGAGACACATTCAG’!TRCATTGAGA’!GGNU\MCA
GTAGATCTAAGAACMCACTCMTAGTAMAI\CCCATGT-CTC.ACTGAGACACATTCAGTTACATTGAGATGGAAAAACA

G ---——ACTGAGA~---~--— ----- ATTAAAATAGGC-~-==
G ACTGAGA ATTAAAATAGGC-~
G AC‘I‘GAGA ------------- ATTAAAATAGGC~~~--
G ACTGAGA-=—== === ATTAAAATAGGC= =~~~
GTAGATCTMGMCMCACTCAATAGTAMN\CCCATM-CTCAC TGAGACACATTCAGTTACATTGAGATGGAAARAACA
G ACTGAGA
G ACTGAGA.
G ACTGAGA.
GTAGATC TMGAACAACACTCAATAGTMAAACC CATGT~CTCACTGAGACACATTCAGTTACATTGAGATGGAAAAACA
G ACTGAGA.
G ACTGAGA
P ACTGAGA.
G ACTGAGA
GTAGATCTAAGAACAACACTCAATAGTAAAAACCCATGT-CTCACTGAGACACATTCAGITACATTGAGATGGAAAAACA
_____ ACTGAGA.
G ACTGAGA.
G ACTGAGA-—-
G ACTGAGA
Ge——= ACTGAGP.
G ACTGAGA
------ TGAGA
G ACTGAGA
GTAGATCTAAGGACAACACTCAATAGTAAAAACCCATGT~-CCCACTGAGACACATTCAGTTACATTGAGGTGGAARAACA
[ - - wmim e RCTGAGA o oo e o o oo ATTAAAATAGGC =~~~
LA L2 (212211 * * A% ik * ok
e e CCT G e e e = = GCATTTC AGGTACA-—mmw= e m e CAGRAGAC e o oo e o
CCTG-~~ GCATTTC g AGGTACA--- CAGAGAC-~
= =aCCTG~ =~ m = GCATTTC. -AGGTACA CAGAGAC-——me——cm e mm
GCTGCCTGCCAGMAGCATTTCTCTCCTAMGTGCAGGCACMGICACATGACCAGGGGCAGCTGGGAMTTGACMT
=== =CCTGm === GCATTTC AGGTACA. CAGAGAC = == om e = o e e CCAAAC

GCTGCCTGCCAGAAAGCATTTCTCTCCTAAAGTGCAGGCACAAGTCACATGACCAGGGGCAGCTGGGAAATTGACAAAAT
GCTGCCTGCCAGAAAGCATTTCTCTCCTAAAGTGCAAGTACARGTCACATGACCAGGGGCAGCTGGGAAATTGACAAAART

====CCTG~ === GCATTPTC -~ - m e e e e e AGGTACA-~~ e —— ~~CAGAGAC

-=-=--CCTG GCATTTC AGGTACA

w===CCIGm = GCATTTC AGGTACA

“ == mCCTG == e GCATTTC GGTACA y
GCTGCCTGCCAGM}\GCATTTCTCTCCTAMG’!GCAGGCACMGTCACATGACCAGGGGCAGCTGGGMAT’!‘GACAAMT
~===CCIG-=—mmm~ GCATTTC AGGTACA. CAGAGAC

e wCOTG o oo ' GCATTTC AGGTACA- CAGAGAC--

v e = CCLG~ e GCATTTC = = m = m e = = = = AGGTACA~ = o e = - CAGAGAC
GCTGCCTGCCAGAAAGCATTTCTCTCCTMAGTGCAGGCACMGTC&CATGACCAGGGGCAGCTGGGAMTTGACAAAAT
~-~-CCTG AGGTACA

~==~CCTG AGGTACA

= CCTG AGGTACA

----CCTG AGGTACA
GCTGCCTGCCAGAAAGCATTTCTCTCCTAAAGTGCAGGCACAAGTCACATGACCAGGGGCAGCTGGGAAATTGACAAAAT
-===CCTG: AGGTACA.

=~=-CCTG: -—AGGTACA-

-==-CCTG AGGTACA

—===CCTG AGGTACA

----CCTG AGGTACA--- CAGAGAC--

~===CCTG-==-—---GCATTTC~~ AGGTACA-~~- CAGAGAC-~-
SR T— GCATTTC= === == AGGTACA-~—mwm - = wewCAGAGAC-~
S T — GCATTTC AGGTACA-- CAGAGAC- =~ mmm e e

GCTGCCTGCCAGARAGCATTTCTCTCCTAAAGTGCAGGCACARGTCACATGACCAGGGGCAGCTGGGAAATTGACARAAT
=== CCTGmwm = mem GCATTTC-- AGGTACA~-~- CAGAGAC~= = m mom e CCARAC
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XC
XLS

AC--mmuww s m e we e < AGGTCTGGACTGAGAATTAAAATAGG ~ - ~CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC~
AC-—mmn ~-~AGGTCTGGACTGAGAATTAAAATAGG~ ~~CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC -
AC-rwwemnm e ———— AGGTCTGGACTGAGAATTAARATAGG--~CCCTGGCATTTCAGGTACACAGAGGCGCAATCAGC~

GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAAAAAA TGTGTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAA

GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAAAAAA-TGTGTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAA
GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAAAAAA-TGTGTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAA

A

Aemm - -
Awm—m ———

GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAARARA- TETGTTTGCTCTTTTGAGARATGGATTTCAGTGCAGAA
p YR AGGTCTCCACTGAGAATTARAATAGE- --CCCTCGCATTTCAGGETACACAGAGGCCCAATCAGC-
A-== -
N AGGTCTGGACTGAGAATTARBATAGG---CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC -
GTCTAGCCCCATGTCCGATTTCAACTTTGAATATAAAAARA-TGTCTTTCCTCTTTTGAGAARTGGATTTCAGTGCAGAA

AC-mmmmmm e ‘AGGTCTGGACTGAGAATTAAAATAGG---CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC -
---AGGTCTGGACTGAGAATTAAAATAGG--~CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC~
- --~AGGTCTGGACTGAGAATTAAAATAGG-~-CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC -

------------- AGGTCTGGACTGAGAATTAAAATAGG-~-~CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAAAAAA-TGTGTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAR
AC—mm e AGGTCTGGACTGAGAATTAAAATAGG -~ -CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC -
ACr—--—-——-—-—-AGGTCTGGACTGAGAATTAAAATAGG---CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-

AGGTCTGGACTGAGAATTAAAATAGG---CCCTGGCATTTCAGGTACACAGAGGCGCAATCAGC~
AGGTCTGGACTGAGAATTAAAATAGG~-~CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAAAARRATGTGTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAA

F . Vo E S AccwcTGGACTGAGAATTAAAATAGG—--cCCTGGCM.‘TTCAGGTACACAGAGGCGCAATCAGC-
.............. CCCCACCAGCCCACTAAAT - ACCGACTTTCTATGGCACCT
- e e o e e G CCCACCAGCCCACTAAAT ACCGACTTTCTATGGCACCT
o e e e e GOCCACCAGCCCACTARAT = e o o o et i ACCGACTTTCTATGGCACCT

GTCTGCTGGAGCAGCACTBTTAACTGATTCATTTTGAAAAAAAAAATTTT~—CCCATGACAGTATCCCTTTAAGGTGACT
GTCTGCTGGAGCAGCACTATTAACTGATTCATTTTGAAAAAAATTTTTTTTTCCCATGACAGTATCCCTTTAAGGTGACT
GTCTGCTGGAGCAGCACTATTAACTGATTCATTTTGAARAAAAAATTTTT~~CCCATGACAGTATCCCTTTAAGGTGACT

GTCTGCTGGAGCAGCACTATTAACTGATTCATTTTGAAAAAAATTTTTTTTTCCCATGACAGTATCCCTTTAAGGTGACT

--------- =====CCCCACCAGCCCACTAAAT ACCGACTTTCTATGGCACCT
—————————————— CCCCACCAGCCCACTAAAT ACCGACTTTCTATGGCACCT
GTC-GCTGGAGCAGCACTATTAACTGATTCATTTTGAAAAAAATTTTTTTTTCCCATGACAGTATCCCTTTAAGGTGACT
-------------- CCCCACCAGCCCACTAAAT ~ACCGACTTTCTATGGCACCT

- -CCCCACCAGCCCACTAAAT ACCGACTTTCTATGGCACCT
~~CCCCACCAGCCCACTARAT- - ACCGACTTTCTATGGCACCT
------------ CCCCACCAGCCCACTAAAT -ACCGACTTTCTATGGCACCT
GTCTGCTGGAGCAGCACTATTAACTGATTCATTTTGARAAAAAATTTTTTT - CCCATGACAGTATCCCTTTAAGGTGACT
—————— ~====CCCCACCAGCCCACTAAAT ACCGACCTTCTATGGCACCT
-------------- CCCCACCAGCCCACTAART ACCGACTTTCTATGGCACCT
CCCCACCAGCCCACTARAT . ~ACCGACTTTCTATGGCACCT
CCCCACCAGCCCACTAAAT - -ACCGACTTTCTATGGCACCT

ot = ===~CCCCACCAGCCCACTAAART ACCGACTTTCTATGGCACCT
--------- ====~CCCCACCAGCCCACTAAAT -~ACCGACTTTCTATGGCACCT
GTCTGCTGGAGTAGCACTATTAACTGATTCATTTTGARARACATTTTTTT ~~CCCATGACAGTATCCCTTTAAGGTGACT
--------- = ~==~CCCCACCAGCCCACTAAAT - ~ACCGACTTTCTATGGCACCT

113



XLL1
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XLL14
XLL15
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XLL17
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XLL23
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XLL25
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Xc
XLS

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL1ll
XLL12
XLLl13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26

XC
XLS

~-~TATAGCAGCCCCTCT-~~GGCATTTGCCAGAA. —-—— ———
~~=TATAGCAGCCCCTCT~~~GGCATTTGCCAGAA - . - -———
~=-=TATAGCAGCCCCTCT--~-GGCATTTGCCAGAA — _——

GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAAT

GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGRGAAT
GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGART

GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAAT
«~=~TATAGCAGCCCCTCT~~~GGCATTTGCCAGAA-~~ —

~=~TATAGCAGCCCCTCT~~~GGCATTTGCCAGAA~ ~ ——
GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTAGACTGAGAAT
~~~TATAGCAGCCCCTCT-~~GGCATTTGCCAGAA. -
-=-TATAGCAGCCCCTCT~~-GGCATTTGCCAGAA ———

-« =~TATAGCAGCCCCTCT~~~GGCATTTGCCAGAA - : o e
~=~TATAGCAGCCCCTCT~~~GGCATTTGCCAGAA - -——
GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAAT
~«~TATAGCAGCCCCTCT-~~GGCATTTGCCAGAA -—
~-~TATAGCAGCCCCTCT-~~-GGCATTTGCCAGAA. - -—=

~==TATAGCAGCCCCTCT~~-GGCA CAGAA _—
~==TATAGCAGCCCCTCT~~~GGCATTTGCCAGAA-~~ —-— ——
-==-TATAGCAGCCCCTCY~~-GGCATTTGCCAGAA - : 3 -—
-« ~TATAGCAGCCCCTCT---GGCATTTGCCAGAA--~ -——

GTGTATACTGTCCCTTICCTGAGCATTAGCAATAGGAGATTTAGTGAAATAGGTCCTGGTATCAGGCTCGGACTGAGAAT
~~~TATAGCAGCCCCTCT~~~GGCATTTGCCAGAA - -——

RERRRRAR RARARAERE ARAERARRTARRE R AR RRN

————————— CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
--------- CTCACAGATTGCCAGTCCGGGCCTGCCCAARCAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
————————— CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCAARCAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
CCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCARMACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
——— GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
GCCCCACCTGCCCACTAGATACTGACTTTCTATGGCAC

_____ - ~==~GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
- GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
----- ---—CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
CCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
ot o = = CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
e CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTARATACTGACTTTCTATGGCAC
--------- CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
--------- CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTARATACTGACTTTCTATGGCAC
--------- CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
= = oo - CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
----- ====CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
- GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
--------- CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
--------- CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
-————— GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
----- ~===CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
--------- CTCACAGATTGCCAGTCCGGGCCTGCCCARAACAGCCCCACCTGCCCACTARATACTGACTTICTATGGCAC
TAAAATAGGCCCTGGCATTTCAGTTACACAGAGGCCCAAACAGCCCCACCAGCCCACTAAATACTGACTTTCTATGGCAC
————— «==~CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTARATACTGACTTTCTATGGCAC
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XLL1
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L T R e T L AR T e T 2T LR I e e R e A e T e )
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGECCTGECTGGTATTAATCATACATCCCTT
CITATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTARTCATACATCCCIT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGCCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGCCATTTGCCAGARCCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGCCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGARCCCACAGATTGCCAGTCTGGGTCTGCCTGGTATTARTCATACATCCCIT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTT
CITATAGCAGCCCCTCTGCCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTARTCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTARTCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAARCCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGCCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGEGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTITATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGCCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAATCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTIT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTARCCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTARATCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTARTCATACATCCCTT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCANGCCTGCCTGGTATTAATCATACATCCCTIT
CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT

RANREERE KARRARREAN AARRRRRANRRAARRERRARNRRRE AR SRR AR R A RN SRR R I AN AR RO AR
CTCTATCTGTITTGCTCAGTCAACAGACTGTGCCTGTAGGCAGT TAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAARCAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGITTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAARTCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTARAATCCATTGACACATTCCTAATGGCTCGTTCATT
CICTATCTATTIGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTACARTCCATTGACACATTCCTAATGGCTCCTTCATT
CTCTATCTATITGCTCAGTTAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTARRATCCATTGACACATTCCTARTGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CICTATCTATTIGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CICTATCTGITTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATICCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTARAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAARATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGITTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTARTGGCTCGTTCATT
CTCTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATT
CICTATCTGITTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAARATCCATTGACACATTCCTAATGGCTCGTTCATT
CICTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAARATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAARATCCATTGACACATTCCTARTGGCTCGTTCATT
CICTATCTATTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
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XLLl
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLLS
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26

Xc
XLS

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26

XC
XLS

WRIRENR RRRANARRINRNRREARRORRARANRAFRRRS AR AER PR R R R AR R AR RRARARRARRRR R ARE SRR
CGCAGCAGTITGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCARTTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAARTCTGTGTCGATCAACTCAATARGTGGTTACCTCTGCATCARTTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCARTTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCARCTCAATAAGTGGTTACCTCTGCATCARTTIGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTCTGTGATCAACTCAATAAGTGGTTACCTCTGCATCARTTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCARCTCAATAAGTGGTTACCTCTGCATCAATIGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCARCTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGIGTGATCAACTCAATAAGTGGT TACCTCTGCATCAATTGATGCACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGARTCTGTGTGATCARCTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATARGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTETGATCAACTCAATAAGTGGTTACCTCTGCATCARTTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCARTIGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCARTTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTCGATCARCTCARTARGTGGTTACCTCTGCATCARTTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGYIGATCAACTCAATAAGTGGTTACCTCTGCATCAATIGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTIGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTICAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTICARTAAGTGGTTACCTCTGCATCAATTIGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGITACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGCTGTGATCAACTCAATAAGTGGTTACCTCTGCATCARTTGATGGACGTTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTICAATAAGTGGTTACCTCTGCATCARTTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGCAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCARTTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGARTCTCTGTGATCAACTCARTARGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCARCTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCATTTGATTAGTGGAGTGGAATCTGTGTGATCAAGTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG

RRE FARENNANRY ARNRRNRRREARERRERN KRR RARR AT R ERRR N AR ARRIRNRRRRRENARRES & ARFRRRER
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAARGGCA
GTTTTTAARCTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCAAAGGCA
GTTTTTAACTTGCATGGCTGCTITTCCATTACCAGAGTGGGTIGTCTCCTGATGTCACTYCACAACACAAACTCCCAAAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCAAAGGCA
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCTCAAAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCARAGGCA
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACARCACARACTCCCAARGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTCGATGTCACTCACAACACAAACTCCCARAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACARCACARACTCCCARAGGCA
GTTTTTAACTTGCATGGCTGCTITTCCATTACCAGAGTGGGTIGTCTCCTCGATGYCACTCACAACACAAACTTCCCAAAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGETGTCTCCTGATGTCACTCACARCACAAACTCCCAARGGCA
GITTTTAACTTGCATGGCTGCTTTICCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCARAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCCGAGTGGGTGTCTCCTGATGTCACTCACAACACARACCCCCAAAGGCA
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCARAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAARCTCCCAARGGCA
GTTTTTAACTTGCATGGCTGOTTTCCATTACCAGAGTGECTCTCTCCTCATGTCACTCACARCACAAACTCCCARAGGEA
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCAAAGGCA
GTTTTTARCTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACARCACAAACTCCCAAAGGCA
GTTTTTARCTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCARAGGCA
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
GTTTTTAACTTGCACGGCTIGCTTTCCATTACCAGAGTGGGTGICTCCTGATGTCACTCACAACACAAACTCCCAARGGCA
GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAARCACARACTCCCAARAGGCA
GITCTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
GITTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
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XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLLY
XLL10
XLLLL
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26

xC
XLS

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLLY
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLn21
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26

XC
XLS

2T AT AT R Ty I R T T AR T T T T2 BhRRRR RRRER AN AR R IR E wdW
GGCCATGTCATATARATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTITTCCACTGGCCTCATTAGARGGT TGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCCTGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTETTTTAGTGAGCTAAGATTTCCATCTGATCTATT
GGCCATGTCATATARATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCCTGTCATATARATAGTCTTTCCACTGGCCTCATTAGRAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATARATAGTCTTTCCACTGGCCTCATTAGAAGGT TGTATTAGTGGGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATARATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGETTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATARATAGTCITTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCCTGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTTTTAGTGAGCTARGATTTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTITCCACTGGCCTCACTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATARATAGTCTTTCCACTGGCCTCATTAGARGGTTGCATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATARATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCCTGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCCATT
GGCCATGTCATATARATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTAT TAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCITTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGARGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCCTGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGT TGTTTTAGTGAGCTAAGATTTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATARATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTITTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTARGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGICTITTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGCCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCrchFAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT

PRI L s e R Y L L I Y R L R Y e

GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCA-
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAR
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCA~
GCTTGATAGCCTGACCATGCTCAGGARAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCA-
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCA-
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCA-
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCA-
GCTTGATAGCCTGACCATGCTCRAGGAAAGAGAACACCCTGCCA~
GCTTGATAGCCTGACCATGCTCAGGAARGAGARCACCCTGCCT -
GCTTGATAGCCTGACCATCCTCAGGAAAGAGAACACCCTGCCT -
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAR
GCTTGATAGCCTGACCATCCTCAGGARAGAGAACACCCTGCCAR
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAARGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGARRGAGARCACCCTGCCA-
GCTTGATAGCCTGACCATGCTCAGGAAAGAGARCKCCCTGCCAR
GCTTGATAGCCTGACCATGCTCAGGAARGAGAACACCCTGCCAR
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
GCTTGATAGCCTGACCATGCTCAGGAAAGAGAACACCCTGCCAA
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TBA alignment of the upstream region of xGADG7.

Twenty seven X. L laevis alleles (XLIL1 — XILL26) and four closely related outgroup
species (XA, X. amieti; XC, X. chivit; XLS, X. /. sudanensis; XM, X. muelleri) were aligned using
TBA with a modified Newick format parameter file (provided in the Appendix) describing
the evolutionaty relationship of outgtoup species (Evans et al., 2004). The transcriptional
start site is indicated by +1 and the initiating methionine is underlined. Sequences proceed
from 5’ to 3’ and include a portion of the first exon. Conserved sites are indicated by an

asterisk (¥).
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XLL1
XLL2
XLL3
XLL4
XLLS
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
ALL14
XLL15
XLL16
XLL17
XLL18
XLL19
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XLL21
XLL22
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XC
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XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLLB

XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

XC
XLS

L L L e L e e e e T T T
ACACCAGCACGTTCTCCATTCCACC TCCCATGGGAACAGAGCAAAATGTGATTATTTIGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGARGGGGTTCCCATGGGAACAGAGUAAGATGTGATTATTTGCTGGCTAGATAC
—~ACCAGCACGTTCTCCATCCCACC! A TTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACRGAGCARARATGTGATTATTTGCTGGCTAGATAC
~--ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGEGGARCAGAGCAAGATGTGATTATTITGCTGGCTAGATAC
--ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATCGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~~-~=CAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAARAATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGETTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAARTGTGATTATTTGCTGGCTAGATAC
~-ACEAGCACGTTCTCCATTCCACCGGGAAGEGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
~=~ACCAGCACGTTCTCCATTCCACCGGGAAGGGCTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
-~ACCAGCACGTICTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~-ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
--ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
-~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~-ACCAGCACGTTCTCCATTCCACCGGGAAGGGETTCCCATGGGAACAGAGCAAARTGTGATTATTTGCTGGCTAGATAC
-~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
~-ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
<~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTCGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCARAATGTGATTATTTGCTGGCTAGATAC
~=ACCAGCACGTTCTCCATTCCACCGGGARGGGGTTCCCATGGGARCAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
-~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGCGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTICICCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCARARATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
--ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGCAACAGAGCAAAATGTCGATTATTTGCTGGCTAGATAC
~-ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGCGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
~~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGARCAGAGCANAATGTGATTATTTGCTGGCTAGATAC
=~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
~=~ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC

KERRKEE ARXERRRRERRAR I AR ANRARRRRARRRRRAR A A, AARRRRNRY AR AR IR R ANRR TR AR AR AR R R Rk

AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATARACAT
AAAGCACARGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTARTTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCANGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTARTTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATCCACTARTTATCCTCARGTARCTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTARTTATCCTCAAGTAARCTAGAAATAGCACTAATGTCGGTATAAACAT
AARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCARGTAACTAGAARTAGCACTAATGTCGGTATARACAT
AARAGCACAAGCATTTACGCTTTTAATATGCACTARTTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
ARAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGCTATAAACAT
AARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAARCTAGAAATAGCACTAATGTCGGTATARACAT
AAARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTARCTAGAAATAGCACTAATGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTARTTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATARACAT
AARAGCACGAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATARACAT
AARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTARTTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTARTTATCCTCARGTANCTAGARATAGCACTARTGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGARATAGCACTAATGTCGGTATAAACAT
AARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCARGTAACTAGAAATAGCACTARTGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
AARGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCCCAAGTAACTAGARATAGCACTARTGTCGGTATARACAT
AARAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATARACAT
AAAGCACAAGCATTTACGCTTTTAATATGCACTAKTTATCCTCARGTARCTGGAAATAGCACTARTGTCGGTATARACAT
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ERREERRRRAIRRRARAARE K4 Ahddd & KhRhAAAddt XA dAk REEEE RERRKXRRRRERAE Ahkhhhkh
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTICGAAGCTT
TAATGGAGAAGGATTTTGTARGAAAAAGGGATTTCATCCTTGARCAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGARCAGACATGTATTGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTARGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGT TCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGAATTTCATCCTTGAACAGACATGTATTGTITCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTITCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTITCGAAGCTT
TAATGGAGAAGGATTTTGTATGAARAAGGGATTTCATCCTTGAACAGAC--GTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAANGGGATTTCATCCTTGARCAGACATGTATTITTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGARCAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAARAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTAAGAARAAGGGATTTCATCCTTGAACAGACATGTATIGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTITGTAAGAARARGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGACTTCATCCTTGAACAGACATGTATTGTITCGCAGTCACATPTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTICATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAARAAGGGATITCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTAAGAARAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTITCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTT AGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTITGTATGAAAAAGGGATTTCATCCTTGAACAGAC-~CTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTITGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGT TCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGA-TTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTCCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTICATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTIGTATGAAAAAGGGATTTCATCCTTGGACAGAC--GTATTGTTCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAARARGGGATTTCATCCTTGAACAGACATGTATTGT TCGCAGTCACATTTCGAAGCTT
TAATGGAGAAGGATTTTGTAAGAARAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGARGCTT
TAATGGAGAAGGATTTTGTATGAAAAAGGGATTITCATCCTTGGACAGAC-~GTATTGTTCGCAGTCACATTTCGAAGCTT

LT R L A T T 2y T T A T T T T T T ST T T 2

GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAAAATAGGAATTCCTTGTITCTGCCTGCTGCTCCTATAAATT -~ ~
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAAAATATGAATTCCTTGTITCTGCCTGCTGCTCCTATARATTTCA
GAAGGICAAAGTGTCTCACTAAAAGTCATAATGGACARARTAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ———
GAAGGTCARAGTGTCTCACTAAAAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT-~~
GAAGGTCAAAGTGICTCACTAAAGGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTARAAGTCATAATGGACAAAATAGGAATTCCTGGTTCTGCCTGCTGCTCCTATARATT ~ -
GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAAT T~ o
GAAGGTCAAAGTGTICTCACTAAAGGTCATAATGGACAAARTATGAATTCCTITGTTCTGCCTGCTGCTCCTATARATTTCA
GAARGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAAAATATGAATTCCTTGYTCTGCCTGCTGCTCCTATARATT ~m w
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGARTTCCTTGTTCTGCCTGCTGCTCCTATARATTTCA
GAAGGTCAAAGTGTICTCACTAMAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT —~~
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACARAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT ~~~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACARAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT -~ ~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGITCTGCCTGCTGCTCCTATARAT T~ ~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACARAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~~~
GAAGGTCAAAGTGTCTCACTARAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ——~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ———
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAARTATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATTTCA
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -
GAAGGTCAARAGTGTCTCACTAAAAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT -~
GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAAAATAGGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT -~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCTTGCTGCTCCTATAAATT - -~
GAAGGTCAAAGTGTCTCACTARARGTCATAATGGACAARATAGGAATTCCITGTTCTGCCTGCTGCTCCTATARAT T~~~
GAAGGTCAAAGTGTCTCACTARAAGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT - -~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAARAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT—~~
GAAGGTCAAAGTGTCTCACTAGAGGTCATAATGGACARAATATGAATTCCTITGTTCTGCCTGCTGCTCCTATARATTTCA
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT ~~
GAAGGTCARAGTGTCTCACTAAAAGTCATAATGGACAARATATGAATTCCTTGTTCTGCCTGCTGCTCCTATARATT -~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGARTTCCTTGTTCTGCCTGCTGCTCCTATAAATT ~~~
GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGTTGCTCCTATAAATTTCA
GAAGGTCAAAGTGTCTCACTAAAAGTCATAATGGACAAAATATGAATTCCTTGTTCTGCCTGCTGCTCCTATAAATT ~ -~
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T ERERRTARETERNRAN RN AARARA RN REE ARRRRARRARREET AAE AR RNRIRARAR Whkd Fhodd R Rw
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGARATGTACCCTCTAARACARAAA-TAC-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCAARGGGGGTTTTCTGGCACCCATAGAGTATCCCTGARATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAARAA-TAC-TTACCTATGTG
CCATTCAAAGGGGETTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAARA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGARATGTACCCTCTAAAACAAARA-TAC-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGANTATCCCTGAAATGTACCCTCTARAACAAARA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAARTGTACCCTCTARAACAARRA-TAC-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTEGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TACTTTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAARTGTACCCTCTAAAACAARAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAARACAARAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA~TAC-TTACCTATGTG
CARTTCAAAGGGGGT TTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTIG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAAARA-TAC-TTACCCATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAARTGTACCCTCTAARACAARAA-TAC-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTARAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACARAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACARAAA~TAC-TTACCTATGTG
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTCGAAATGTACCCTCTAARACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTGCCCTCTARAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGETTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCCCTARAACAAAAA-TAC-TTACCTATGTG
CAATTCAAR TTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTARAACAAAAA-TAC-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAARTGTACCCTCTAARACAARAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAARCARAAA~TAC-TTACCTATGTG
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGRAATGTACCCTCTARAACAAAAA-TAC-TTACCTATGTG
CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG
CCATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA ~TAC-TTACCTATGTG
CAATTCARAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAARATAC -TTACCTATGTG

EZ 222222222 222222 sXi 22 RERRIENRUREE AR AERE AE AXNBRBRRIARCARRAES AN FIEAA AN e,
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT-GGGGAARGATACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAAGGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGARAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT-GGGGAAAGATACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT-GGGGAARGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAARGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT~GGGGAAAGATACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT-GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGARCAGATGATTT -GGGGAARGATACTGTATGTTARGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAAAGAGACTGTATGTTARGETGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT-GGGGARRGAGAC TTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAARGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGARARGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT -GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGARAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAARGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT~GGGGAAAGATACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT ~GGGGAARGAGACTGTATGT TAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGANAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTTGGGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT~GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT ~GGGGAARGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACGACAGATGATTT-GGGGAAAGAGACTGTATGT TAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT ~-GGGGAAAGAGACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT -GGGGAAAGATACTGTATGTTAAGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAAAGAGACTGTATGTTARGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACARCAGATGATTT-GGGGAAAGAGACTGTATGTTARGGTGACTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACACAACAGATGATTT-GGGGAARGAGACTGTATCT TAAGGTGCCTGTGTATACTGTC
CTGGCATTTTGGACATTTGTAGACAGAACAGATGATTT~GGGGARAGATACTGTATCTTAAGGTGACTGTGTATACTGTC
TTGGCATTTTGCACATT TGTAGACACARCAGATGATTT-GGGGAARGAGACTGTATGTTARGGTGACTGTGTATACTGTC
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¥k ok KR Wk hRRRhRERh AR AERRR RN R IRl A AR RS AN RR W hwd
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAARGAGGTCCTGETTTCAGGC
CCTTCCCTGAGCATTAGCARCAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGC
CCTTCCCCGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGEE
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGARAGAGGTCCTGETTTCAGGE
CCTTCCCTGAGCATTAGCARCAGGAGATTTAGTGARAGAGGTCCTGETATCAGGC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGARAGAGGTCCTGGTTTCAGGE
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGCTTTCAGGE
CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGARAGAGGTCCTGGTATCAGGE
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGETTTCAGGCCTGGACTGAGAATTARAATAGGCCC
CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGARAAGAGGTCCTGGTATCAGGC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGETCCTGETTTCAGEC -~ -
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAARGAGGTCCTGGTTTCAGGC -—-
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGARAGAGGTCCTGGTTTCAGGC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGARAGAGGTCCTGGTTTCAGGC ---
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGC -
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGC -~
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGA ( TTCAGGC
COTTCCCTGAGCATTAGCAACAGGAGATTTAGTGARAGAGGTCCTGGTATCAGGC =~ ==
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGC
CCTTCCCTGAACATTAGCARCAGGAGATTTAGTGARAGAGGTCCTCGTTTCCGGC- : -
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGARAGAGGTCCTGGTTTCAGGE
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGARAGAGCTCCTGGTTTCAGGC -~ ; —
CCTTCCCTGARCATTAGCAACAGGAGATTTAGTGARAGAGGTCCTGGTTTCAGCC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGC- - - - ~~CTGGACTGAGAATTAAAAT
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGARAGAGGTCCTGGTTTCAGGC ——-
CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGE
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGC
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGETCCTGETTTCAGEC - - - =~ = -~ - ~CTGGACTGAGARAT
CCCTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGCTTTCAGGC
CCTTTCCTGAGCATTAGCAATAGGAGATTTAGTGAAATAGGTCCTGGTATCAGGE
CCTTCCCTGAACATTAGCARCAGCAGATTTAGTCARAGAGETCCTGETTTCAGE - m o m ~---CTGGACTGAGAAT

* KRR ERARER SRS AR bR AR
CCGGACTGAGAATTARARTAGGCCCTGGCATTT
- CTGGACTGAGAATTAAARTAGGCCCTGGCATTT

: CCGGACTGAGAATTAAAATAGGCCCTGGCATTT

- CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
---~CTGGACTGAGAATTAAARTAGGCCCTGGCATTT
CCGGACTGAGAATTARAATAGGCCCTGGCATTT
CCGGACTGAGAATTARAATAGGCCCTGGCATTT
~CTGGACTGAGAATTARAATAGGCCCTCGCATTT
TGGCATTT -~ m = mm Coommm AGGTACACAGAGACCCAAACACAGGTCTGGACTGAGARTTARAATAGGCCCTGGCATTT
- CTGGACTGAGAATTAAAATAGGCCCTGGCATTT
- - ==~ ~CCGGACTGAGAATTARAATAGGCCCTGGCATTT
S CCGGACTGAGAATTAAARTAGGCCCTGGCATTT
CCGGACTGAGAATTAAARTAGGCCCTGGCATTT
~CCGGACTGAGRATTARAATAGGCCCTGGCATTT
CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
- CCGGACTGAGAATTARAATAGGCCCTGGCATTT
----CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
CTAGACTGAGAATTAAARTAGGCCCTGGCATTT
CCGGACTGAGAATTAAAATAGGCCCTCGCATTT
- - CCGGACTGAGAATTARAATAGGCCCTGGCATTT
- , CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
== =~CCGGACTGAGAATTARARTAGGCCCTGGCATTT

.~CCCGACTGAGAATTAARATAGGCCCTGGCATTT
AGGCCCTGGCATT-TC-~---AGGTACACAGAGACCCAAACACAGGTCTGGGCTGAGARTTAARATAGGCCCTGGCATTY
CCGGACTGAGAATTARAATAGGCCCTGGCATTT
- :CTGGACTGAGAATTAAAATAGGCCCTGGCATTT
CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
TARARTAGGCCCTGECATTICAGETACACAGAGACCCAARCACAGGTCTGEACTGAGART TARARTAGGCCCTGGCATTT
CCGGACTGAGAATTAARATAGGCCCTGGCATTT
TCGGACTGAGAATTAAARTAGGCCCTGGCATTT
TAAAATAGGCCCTOGCATTTCAGOTACACACAGACCCARACACAGGTCTGGACTGAGAATTARARTAGGCCCTGGCATTT
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ke hhhhhhdhd

CAGGTACACAGAG . —_—
CAGGTACACAGAG
CAGGTACACAGAG
CAGGTACACAGAG
CAGGTACACAGAG
CAGGTACACAGAG -
CAGGTACACAGAG ——
CAGGTACACAGAGGCGCAATCAGC ———
CAGGTACACAGAG —_—
CAGGTACACAGAG ————
CAGGTACACAGAG - : ‘

CAGmnrArhﬂﬂﬂ

CAGGTACACAGAG -
CAGGTACACAGAG —
CAGGTACACAGAG -
CAGGTACACAGAG ——
CAGGTACACAGAG
CAGGTACACAGAG 2 -
CAGGTACACAGAG

CAGGTACACAGAG - . - . -
CAGGTACACAGAG- - - - - -

CAGGTACACAGAG -
CAGGTACACAGAGGCGCAATCAGC -
CAGGTACACAGAG
CAGGTACACAGAG . ———
CAGGTACACAGARG
CAGGTACACAGAGGCGCAARTCAGCCCCCACCAGCCCACTAAATACCGACTTTCTA ~~ == e m e TGG
CAGGTACACAGAG : ——— -
CAGTTACACAGAG
CAGGTACACAGAGGCGCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGG

~===CCCCACCAGC-~--

CACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACAGATTGCCAGTCCGGGCCT -~ -

CATTTGCCAGAACTCACAG _—
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XLLl
XLL2
XLL3

XLLS

XLL6

XLL7

XLL8

XLL9

XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24

XLL25

XLL26
XLL27

Xc

XLL1
XLL2
XLL3
XLL4
XLLS
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

XC
XLS

~CCACTAAATACCGACTTTCTAT-~GGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACAGATTGCCAGTCCGG

GCCAGAACTCACAGATTGCCAGTCCGGGCCT

L2 2222113
CCCARKCA.
~-CCCAAACA
CCCAAACA
CCCAAACA
CCCAARCA.
______ CCCARACA . < : -
----------------- CCCAAACA
CCCAAACA
----------------- CCCAAACA-
CCCAAACA
CCCAAACACAGGTCTGGACTGAGAAT TARARTAGGCCCTGGCATTTCAGGTACACAGA
- CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
=== === e e mw ~CCCAARCACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
CCCAAACA -
- CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
CCCAAACA
~~CCCAAACA -
CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
CCCAAACA -
prys—— CCCAAACA
- CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
CCCAAACA
- CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
CCCAAACA- : - : -
----------------- CCCAAACACAGGTCTGGACTGAGAATTAAAATAGECCCTGGCATTTCAGGTACACAGA
CCCAAACA.
----ATTGCCAGTCCGGGCCTGCCCAAACA

PaPPIOOY

8
3

PPIPEYQAAQY

QAPQAPQAPZPIEIBED QDM

Q3
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XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLLl1
XLL12
XLL13
XLL14
ZLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

Xc
XLS

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

XC
XLS

Wl hhkd RAIRRNRNE W AR RNRN NN NE R AN bk hrkdhhd Kbk kR bR dr
----------- GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGCCATTTGCCAGAA
GCCCCACCTGCCCACTAGATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
=~~=GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
~=~GCCCCACCTGCCCACTAAATACTGACTITCTATGGCACCTTATAGCAGCCCCTCTGCCATTTGCCAGAA
~-GCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
—————— ~=GCCCCACCTGCCCACTAAATACTGACTITCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
GCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTIGCCATTTGCCAGAR
e e o e = GCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
- e | GCCCCACCTGCCCACTAAARTACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGCCATTTGCCAGAA
GGCCCAATCAGCCCCCACCAGCCCACTARATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
GGCCCAATCAGCCCCCACCAGCCCACTARATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
GGCCCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
GGCCCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
GGCCCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
GGCCCAATCAGCCCCCACCAGCCCACTARATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
GGCCCAATCAGCCCCCACCAGCCCACTARATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
----------- GCCCCACCTIGCCCACTAAATACTGACTTITCTATGGCACCTTATAGCAGCCCCTCTGCCATTITGCCAGAA
GGCCCAATCAGCCCCCACCAGCCCACTARATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
----- o e« GCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
e o o GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
GGCCCAATCAGCCCCCACCAGCCCACTARAATACCGACTTTCTATGCGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
-GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
GGCCCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
---------- GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGCCATTTGCCAGRA
GGCCCAATCAGCCCCCACCAGCCCACTAAATACCGACCTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
----------- GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
GGCCCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
----------- GCCCCACCAGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAR
e GCCCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA

* Nhd

CCCAC
cceac —

cceac : —
cceace -
cceae ———

cceac e e

cceac -——

CCCAC——-~ . —
cceac - ——
CCCAC -—
CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCA
CTCAC - AGATT
CTCAC === =~AGATT
CTCAC : AGATT
CTCAC : e ' : AGATT
CITCRAC S — = e o e AGATT
cTCAC- - . . , AGATT
ccecac : ,
CTCAC-- -~AGATT
cceac : :

cceac
CTCAC AGATT
cccac » '

cceac —— . -—

cTeac ~-AGATT
CCCAC :

creac : AGATT
cceac-
creac -
cceac
cccac--
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XLL1
XLL2
XLL3
XLL4
XLL5S
XLL6
XLL7
XLL8
XLLY
XLL10O
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18B
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

XC
XLSs

XLLl
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLLl1l1
XLL12
XLL13
XLLl14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

XxC
XLS

GCCCCTCTGGCATT CAGA ACCCAC
GCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGE
GCCAGTCCGGGCCTGCCCAAACAGC
GCCAGTCCGGGCCTGCCCARACAGC~~~
GCCAGTCCGGGCCTGCCCAARACAGC
GCCAGTCCGGGCCTGCCCAARCAGC
GCCAGTCCGGGCCTGCCCAARCAGC~~~

GCCAGTCCGGGCCTGCCCARACAGE

GCCAGTCCGGGCCTGCCCAAACAGC

GCCAGTCCGGGCCTGCCCAAACAGC

GCCAGTCCGGGCCTGCCCAAACAGC ——

CATTTGCCAGAACCCAC —_—
------------ CCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAAC
C
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XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL1Y
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

xc
XLS

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

CCAC

CCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGARCCCAC =~ mmmm =

‘CCCACCTGCCCACT

AAATACTGACTTTCTATGGCACCTTATAGCAGCCCCICTGECATTTGCCAGAACCCAC -

CCCACCTGCCCACTAAATACTGACTTT
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XLL1 ———
XLL2 : -——- ———
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8

XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16 CTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCAC
XLL17 - - CCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTA
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25 -
XLL26
XLL27

XC
XLs

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6 -
XLL7 .
XLL8

XLLS

XLL10
XLL11
XLL12
XLL13
XLL14
XLL15 s : -
XLL16 L d -
XLL17 TAGCAGCCCCTCTGGCATTTGCCAGAACCCAC
XLL18 -———
XLL19 CCCACCTGCCCACTAAARTACTGACTTTCTATGGCACCTTATAGCAGCCCCTCT
XLL20 -
XLL21
XLL22 .
XLL23 -
XLL24 = = ~cemmee
XLL25 ———— - . -
XLL26 --
XLL27

XC
XLS
™M ——— ——
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XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLLB
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

XC
XLS

XLL1l
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7

XLL9

XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XL1L.20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

XC
LS

e e de stk e e e e e W ke
AGATTGCCAGTCTGGGCCTG

AGATTGCCAGTCCGGGCCTG

AGATTGCCAGTCTGGGCCTG
AGATTGCCAGTCTGGGTCTG

~~=~AGATTGCCAGTCCGGGCCTIG

===~AGATTGCCAGTCTGGGCCTG

~~--AGATTGCCAGTCTGGGCCTG
AGATTGCCAGTCCGGGCCTG

AGATTGCCAGTCCGGGCCTG

AGATTGCCAGTCCGGGCCTG

AGATTGCCAGTCCGGGCCTG

---~AGATTGCCAGTCCGGGCCTG
----- AGATTGCCAGTCCGGGCCTG
AGATTGCCAGTCCGGGCCTG

AGATTGCCAGTCCGGGCCTG

=~~-AGATTGCCAGTCCGGGCCTG
~AGATTGCCAGTCCGGGCCTG

~-=~=--AGATTGCCAGTCCGGGCCTG

AGATTGCCAGTCCGGGCCTG

AGATTGCCAGTCTGGGCCTE

AGATTGCCAGTCTGGGCCTG

AGATTGCCAGTCCGGGCCTG

AGATTGCCAGTCTGGGCCTG

=-=---AGATTGCCAGTCCGGGCCTIG

~-~AGATTGCCAGTCCGGGCCTG
----- AGATTGCCAGTCCGGGCCTG

CTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAATCCACAGATTGCCAGTCCGGGCCTG

-AGATTGCCAGTCCGGGCCTG

AGATTGCCAGTCCGGGCCTG
AGATTGCCAGTCCAAGCCTG

AGATTGCCAGTCCGGGCCTG

wkhd Rk
CTGGTATT

CTGGTATT: -——

CTGGTATT ———

CTGGTATT -
~CTGGTAT T~~~ e mm e e

e e CTGGTAT T c e e e

CTGGTATT == e ——

CTGGTATT ————
CIGGTATT -~ m e ===

nannn9nono *
i
1]
]

Q
]

CTGGTATT
CTGGTATT

CTGGTATT === == ——

CTGGTATT
CTGGTATT

CTGGTATT ————

CTGGTATT~w=~~ —————

--CTGGTATT

CTGGTATT
CTGGTATT

~-CTGGTATT~~~——=—— —
-CTGGTATT~

==CTGGTATT~ e v mmmm

CIGGTATT

CTGGTATT -

CTGGTATT
e wCTGGTATT e o oo o o

CTGGTATT

CCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACCC

anoQaaaQaanNaNonn

==CIGGTATT~~emmm e ———
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XLL1
XLL2
XLL3
XLL4
XLL5

XLL7
¥LLS
XLL9
XEL10

XLL11

XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
‘XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

XC
XLS

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL2S
XLL26
XLL27

XC:
XLS

GGCATTTGCCAGAACCCAC
————————— CCCACCTGCCCACTARATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGR

ACCCAC ‘ . , -

~CCCACCTGCCCACTAAATACTGACTITCTATGGCACCTTATAGCAGCCCCTCTGGCATITGCCAGAACCCAC —m m e e e

CCCACCTGCCCA
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XLLl
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27
XA
XC
XLS

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLLY
XLL10O
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL2l
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

Xc
XLS

Rh REARANEAFARRARRRAREE RARRNRARAE AR Ahd o dddd
AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
~AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTGCTCAGTTAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTGCTCAGTCARCAGACTGTGCCT
~-~AATCATACATCCCITCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTGCTCAGTCARCAGACTGTGCCT
AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
ARTCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTCTTTGCTCAGTCAACAGACTGTGCCT
- ARTCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTCTGCCT
AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCARCAGACTGTGCCT
AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
- AATCATACATCCCTTCTCTATCTCTTTGCTCAGTCAACAGACTGTGCCT

-- AATCATACATCCCTTCTCTATCTGTTIGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTETGCCT
AATCATACATCCCTICTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTIGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTGCTCAGTCARCAGACTGTGCCT
- AACCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTITCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTGCTCAGTCARCAGACTGTGCCT
AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCARCAGACTGTGCCT
AATCATACATCCCTTCTCTATCTOTTTGCTCAGTCARCAGACTGTGCCT
ACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
AATCATACATCCCTTCTCTATCTATTTIGCTCAGTCARCAGACTGTGCCT
AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT

LT L T L T T e I T )
GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTIGTGTG
GTAGGCAGTTAAAATCCATIGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCCTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTACAATCCATTIGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCIGTGTG
GTAGGCAGTTAARATCCATIGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGARTCTIGTGTG
GTAGGCAGTTAAMATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTICCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTCTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTCTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAARATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTICCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTITAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTACAATCCATTIGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCOGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTIGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCCTTCATTCGCAGCATTTGATTAGTGGAGTGGAATCTGTGTG
GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
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XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLLY9
XLL10O
XLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27
XA
XxC
XLS
M

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLLY
XLL10
XLL11
XLL12
XLL13
XLL14
XLL1S
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27

XC
XLS

HAREN RAARRERTR AR R R RN R TR RN R RN N R ARV E AR PR Rdhd R R AR kR bd AR dh b v b b db b &
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTARCTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTT TTTAACTTGCATCGCTGCTTTCCATTACCAG
ATCAACTCAARTAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAARTTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAARCTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAARGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACAT TAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCCG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGCGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCACGGCTGCTTITCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACGTTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTITTAACTTGCATGGCTGCTTTCCATTACCAG
ATCARCTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAAGTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTCTTAACTTGCATGGCTGCTTTCCATTACCAG
ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTITTCCATTACCAG

RARFFREIIRAARA RN AR TR RAART R & Rhhdhdrddddd *h Ahdh A hR bbb dddd bbb bd

AGTGGGTIGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATCTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCTCARAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCARAGGCAGGCCCTGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACARARCTCCCAARGGCAGGCCATGTCATATAARTAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAARCTCCCARAGGCAGGCCATGTCATATAMATAGICTITCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCARAGGCAGGCCATGTICATATARATAGTCTTTCCACTGGCCT
AGTGGGTCTCTCCTGATGTCACTCACARCACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAARGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGYGTCTCCTGATGTCACTCACAACACAAACTCCCAARNGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACCCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAARCTCCCAAAGGCAGGCCCTGTCATATARATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAARGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATARAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAARGGCAGGCCATGTCATATAAATAGTICTTTCCACTGGCCT
AGTGGGTGTICTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAARGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATARATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAARGGCAGGCCCTGTCATATAAATAGTCTTTICCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTICCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACARACTCCCARAGGCAGGCCATGCCATATAAATAGTCTTTCCACTGGCCT
AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAARGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
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CATTAGAAGGTITCTATTAGTGAGCTAAGATCTCCATCTIGATCTATTIGCTTCGATAGCCTGACCATGCTCAGGARAGAGAAC
CATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTPGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGARC
CATTAGAAGGTTGTATTAGTGGGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGITTTAGTGAGCTAAGATTTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTIGTTTITAGTGAGCTAAGATTTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTITGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTIGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGC TTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCCATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CACTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTIGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGCATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAARGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTCCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGARAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTICAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAARC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTIGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGARAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGT%E?AGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACC&!QCTCAGGAhAGAGAAC
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Xenopus Phylogeny
The phylogenetic relationship of African clawed frogs was investigated by Evans et
al (2004) and reproduced here. A phylogenetic tree is provided where branch lengths are

proportional to divergence time as estimated from the maximum likelihood topology and a relaxed

molecular clock (Evans et al., 2004).
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