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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 xGAD67 in Xenopus laevis laevis . xGAD67 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 xGAD67. 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 o f neural 

networks and the behavioral repertoire they generate have led to intense interest in 

uncovering the underlying genetics o f neural development and the mechanisms by which 

these networks have evolved. Driven by differential gene expression, a comprehensive 

understanding of development will require knowledge o f 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 o f glutamic acid decarboxylase 67 

(xG AD 67), an enzyme that confers the GABAergic phenotype in the developing central 

nervous system (CNS) o f vertebrates. We investigated the amount and pattern of variation in 

the upstream region o f xG A D 67  in a natural population o f X . laevis laevis individuals and 

several closely related species. The noncoding 5’ flanking region o f many genes has been 

shown to harbor functional, experimentally verified Af-regulatory elements (Wray et al., 

2003). Moreover, these 5’ proximal promoter elements have been proposed to constitute a 

major mechanism o f vertebrate brain evolution (Britten and Davidson, 1971; Haygood et al., 

2007; King and Wilson, 1975).

Neural Developm ent Overview

Neural development in vertebrates invokes a succession o f 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

1



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 Vgl /VegtT 

coexpression and decreased bone morphogenetic protein (BMP) inhibition. Early 

neurulation is characterized by the formation and shaping o f 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 o f N-cadherin and N -C A M  

has initiated separation o f the neural tube from the overlaying ectoderm. Complete closure 

requires, at least in mammals, Pax3, Sonic hedgehog, and openhrain expression (Milunsky et al., 

1989).

Following neural tube closure, the neural tube becomes subdivided into major 

regions of the CNS along the anterior-posterior (A/P) axis. Expression of H ox genes defines 

gross anterior and posterior regions while the ectoderm differentiates into epidermal and 

neural fated tissue based on the specific activation or inhibition o f BMP and W nt proteins. 

Full inhibition o f both BMP and W nt results in the most anterior structures of the CNS, 

while inhibition o f BMP and activation o f W nt gives rise to the spinal cord. The anterior 

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 o f cerebrospinal fluid constricting the neural tube at the base of the hindbrain 

(Desmond, 1982; Desmond and Levitan, 2002).
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The dorsal-ventral (D/V) axis of the neural tube is polarized concomitantly with the 

A /P  axis. The features o f 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 o f Sonic hedgehog is highest, becomes the floor plate. The 

dorsal region o f the neural tube is induced by secretion of TG F-p proteins (e.g. BMP4, 

BMP7, activin) from the overlying epidermis. The roof plate forms where the concentration 

of TGF-P proteins are highest and secretes secondary signaling molecules. Different layers 

of interneuron precursors are specified along the D /V  axis by exposure to varying 

concentrations o f Sonic hedgehog, TGF-P, and induced downstream regulators (e.g. Pax7, 

N k x 6 .1, N kx2.2 , 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 o f terminal differentiation genes characteristic of neurons. For 

example, the expression o f 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 or 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.
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Glutamic A cid 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 o f glutamate to form 

GABA. Two predominant GAD isoforms, G AD 67 and G AD 65 , 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).

GA.D65 is primarily found in the terminal bulbs of mature GABAergic neurons and 

is used for neurotransmitter mediated synaptic communication in adults (Martin and 

Rimvall, 1993). O n the other hand, G AD 67  is located in both the cytoplasm o f the soma and 

terminal bulbs o f presumptive GABAergic neurons (Kaufman et al., 1991). While G AD 67  

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). G AD 67  is also known to promote cell proliferation, migration, 

differentiation, and cell death (Owens and Kriegstein, 2002). Both isoforms o f GAD are 

differentially regulated (Popp et al., 2009; Somogyi et al., 1995); however, two variants of 

GAD67, GAD44 and GAD25, have been identified using Western blot analysis (Behar et al., 

1993). Both GAD67 and GAD65 are also known to undergo post-translational modification 

(Buddhala et al., 2009; Wei and Wu, 2008).
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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, Dlx1 /  2, Emx1 / 2, and Tbr1 are similarly 

expressed. Regional expression o f 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 o f GABAergic neurons is similarly concentrated in the spinal 

cord, hindbrain, midbrain, and forebrain (telencephalon) o f vertebrates (Guirado et al., 1999; 

Katarova et al., 2000; Marin et al., 1998; Medina and Reiner, 1995; Reiner et al., 1998).

The similarity o f cellular phenotypes between deeply diverged vertebrates suggests 

the deployment o f an equally conserved regulatory network. Changes within regulatory 

networks, such as mutations that alter the regulation or structure o f homeotic genes, reveal 

the delicacy o f signaling systems that define major morphological structures during 

development. We suggest that the upstream <xr-regulatory elements (CREs) directing G AD 67 

expression are under measurable functional constraint. Although many o f the Ar-regulatory 

elements coordinating embryonic G AD 67 expression have not been identified, the most 

likely location o f putative regulatory elements is immediately upstream of the translational 

start site. The conserved expression of G AD 67  across distantly related vertebrate species 

establishes an a priori expectation that the underlying regulatory elements should be under 

purifying selection.
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Evolution o f 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 o f gene expression centers on 

understanding the significance of sequence variation in trans acting factors and as acting 

elements. The former is confined to the DNA sequence o f transcription factor (TF) 

proteins that act in trans to regulate transcriptional activation. Cis acting regulatory elements 

are short sequences o f 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 o f evolutionary innovation emerges 

from mutations in protein coding or non-coding, presumably regulatory, regions of DNA.

The rapid expansion o f complete genome sequences for many species, including the 

human genome and many other closely related primates, has provided significant data to the 

cis verse trans debate. For example, the hypothesis by King and Wilson that cis 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). Moreover, several studies have 

implicated changes in protein coding regions, such as transcription factors and sensory 

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).
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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 o f genes is often attributed 

to changes in ^-regulatory elements, however, mutations within protein coding regions, 

often referred to as structural mutations, can also have a dramatic impact on gene 

expression. Synonymous substitutions in Drosophila melanogaster ‘s alcohol dehydrogenase are 

known to decrease enzymes leaves by impacting mRNA stability (Carlini and Stephan, 2003).

The genetic code facilitates direct inferences to be made about the phenotypic 

consequences o f nucleotide changes in protein coding regions, such as mutations that result 

in synonymous or nonsynonymous amino acid changes. More 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 variation 

within <xr-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 o f 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 o f protein coding sequences of developmental genes in the evolution of 

form and function (Carroll, 2008).
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Numerous TFs have been identified that have disparate master regulatory roles 

during development, such as the role of sonic 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 o f several spatially and temporally disparate structures. A study by Stark et al. 

(2007) estimated that 67 Drosophila 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 o f orthologs at the sequence level, despite deep species divergence, is 

continued at the functional level. Functional equivalence o f deeply diverged orthologs was 

demonstrated when Drosophila Pax-6 knockouts were rescued with mouse-Pax6 homologs to 

induce ectopic ommatidia (Haider et al., 1995). Similarly, the cnidarian A.chaete-Scute homolog



was able to induce sensory organ formation in Drosophila and recognize the endogenous 

protein binding partner Daughterless (Grens et al., 1995).

In order for CREs to have a role in evolutionary innovation or constraint they must 

constitute a major mechanism o f gene regulation and present phenotypic consequences 

when new variants arise. Genes can be regulated by a variety o f 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 o f 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 or-regulatory regions o f Adb-B (Celniker et al., 1990). Moreover, the range of 

morphological consequences due to mutations in the promoter region o f 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 (Carroll, 1995; Raff, 

1983), floral anatomy similar to other angiosperms in Arahidopsis thaliana (Lawton-Rauth, 

2000), and tail anatomy o f other nematodes in Caenorhahditis 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
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basis of phenotypic differences in natural populations must be demonstrated (Wray et al.,

2003).

Definitive 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 inadvertently 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 o f D. melanogaster and D. 

pseudoobscura, while the spatial pattern of Distal-less varies in correlation with patterns of wing 

coloration in the butterfly Bicyclus anynana (B eldade et al., 2002). In the later case, the 

expression pattern o f Distal-less correlated with artificial selection for patterns of wing 

coloration.

In addition to changes in the spatial pattern o f expression, the amount and 

inducibility o f gene expression can be altered at the transcriptional level. Polymorphisms 

located in cis have been associated with changes in the expression level of several gene in 

natural populations; the aforementioned amylase expression in D. melanogaster varies in 

response to starch diet (Matsuo and Yamazaki, 1984). The level o f (3-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 o f the cytochrome P450 gene Cyp6g1 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 cis- 

regulatory polymorphisms for 107 genes in Homo sapiens were found to have a two-fold 

increase in the rate o f 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 o f 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 Glycine max (soybean) 

(Gerber, 2000). Comparison o f 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 o f 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 cis 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 o f ^-regulatory mediated evolution have propounded that evolution can 

act more efficiently through changes in cis 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 o f heterozygotes over homozygotes, is at work. However, functional 

variation in promoter regions is likely to be exposed immediately to selection because o f co

dominance; measurements o f 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 (Idh-b) in populations of Fundulus heteroclitus (Mummichog). 

By comparing functional and non-functional regions o f the Idh-b promoter, investigators 

conclusively identified directional selection within promoter elements (Crawford et al., 1999) 

that were driving population differentiation, specifically, through alteration in Spl 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 o f «>-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 pattern to process remains dubious 

(Hoekstra and Coyne, 2007).
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Xenopus -  A polyploid m odel system  for genetics

The African 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 Xenopus lineage have multiples o f 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 independendy 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 

Haplorrhini (e.g. lineage leading to humans) primates.

X . laevis have occupied a central role in early vertebrate embryology because o f their 

large embryos, clutch sizes, and easy husbandry in the laboratory. However, more recendy 

Xenopus and Silurana have gained prominence as an ideal vertebrate model system in 

evolutionary and developmental biology through extensive EST DNA sequencing, 

completed sequencing o f the S. tropicalis genome, advances in transgene efficiency, and 

prefabricated expression microarrays. While many Xenopus species are known to be the
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result of bifurcating speciation others are the product o f 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 o f extant Xenopus frogs, their 

evolutionary history is suggested to have originated from an 18 chromosome diploid 

ancestor. However, W GDs 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 /o r 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 o f multivalents or random bivalents during meiosis that would 

disrupt the standard diploid model o f Mendalian segregation and independent assortment. In 

autopolyploids, polysomic inheritance is a legitimate concern because each homolog is an 

exact duplicated copy o f 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 o f Xenopus have suggested disomic inheritance as the prevalent 

state (Muller, 1977). Moreover, the sequence identity o f duplicated paralogs in X . I. laevis are
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likely to be very diverged as evidenced by the divergence observed between 'Xenopus and 

Silurana over ~50 million years o f evolution (Evans et al., 2004). O ur 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 o f any given gene or region o f the genome. Detecting 

recombination can be challenging depending on the degree o f divergence and extent or rate 

of heterogeneity o f 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 o f xG A D 67  in Xenopus laevis 

laevis has been subject to selective forces. xG A D 67  is a terminal differentiation gene with a 

tightly regulated spatiotemporal expression pattern during critical periods o f neural 

development, which appears conserved across deeply diverged vertebrates. There is 

abundant evidence that ^-regulatory elements constitute a large source o f variation in gene 

expression in natural populations. The structure and significance o f variation in cis elements 

is not well understood, largely due to the difficulty in identifying and determining their
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functional effect on overall transcription. However, where there is a conserved biological 

function, such as the pattern of expression between different species, there is an a priori 

expectation o f constraint and marked reduction in variation. We investigated the amount 

and pattern o f nucleotide variation in the 5’ flanking region of xG A D 67  in a natural 

population o f X . I. laevis individuals using a diverse array o f tests for selection.

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

Tissue collection

Genomic DNA  samples from 15 X. laevis laevis 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 o f Cape Point Nature Reserve in 

Cape Province, South Africa. Genomic DNA was provided in IX  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 o f the xG A D 67  locus: 5'- 

ACACCAGCACGTTCTCCATT-3’ /  5'-TTGGCAGGGTGTTCTCTTTC-3’ (immediate 

upstream region including a portion of the first exon), 5'- 

GCCAGAGGTTGTATTTTTCACA-3’ /  5'-TGATTTGGAAGCGAAAATCC-3' (intron 

15, partial exon 15 and 16), 5'-GCCCCAGTTTTCTTTATGGA-3'/5'- 

CAGTCCCCAGATTGGTTCTC-3' (intron 17, partial exon 17 and 18). PCR was conducted 

in a 50 pi reaction volume using 1.25 pi o f each [lOpM] primer, 0.2 pi of High Fidelity 

Platinum Taq Polymerase (Invitrogen), 2.5 pi o f lOx buffer, 1 pi o f 50 mM MgCl2, 1 pi of 10 

mM dNTPs, ~225ng o f 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 o f 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 

direcdy 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 pi of 

cloning buffer, 2 pi o f PCR product, and 1 pi 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 pi 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 M l 3 forward and M l 3 

reverse primers, 2 pi o f BigDye v3.1 Ready Reaction mix, and brought up to 10 pi with 

nuclease-free water (Promega). Labeled PCR products were combined with 2.5 pi of 125 

mM EDTA, 30 pi o f 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 pi o f 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 pi Hi-Di 

formamide (Applied Biosystems). Samples were either used immediately for sequencing or 

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 performance 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://ww w .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 o f xG A D 67  from our X . /. laevis population and 

outgroup samples was aligned with Threaded Blockset Aligner (TBA) using default 

parameters (Blanchette et al., 2004) with a binary tree of our five Xenopus species described 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.org; build 2.5.2); 

source code is provided in the Appendix.

Selection Analysis

The conserved expression pattern of G AD 67  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 o f selection in order 

to determine if the immediate 5’ upstream region of xG A D 67  has experienced selective 

pressure. All o f 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 o f 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 o f 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 o f the scale mutation rate (6), also 

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

measure o f a general class o f 6  estimators where 6 — 4N e[i; N e is the effective population
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size and p 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 o f segregating sites (S)

sample size n «  N e then S  becomes the sum of n - 1 independent, geometrically distributed 

random variables (Watterson, 1975). An infinite sites model o f 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 o f selection in the xGA.D67 promoter, 

we have obtained sequence data from a population o f X . I. laevis individuals and one 

representative sequence from each closely related outgroup species: X . amieti, 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 W u’s H , and Hudson, Kreitman, Aguade (HKA) test statistics. These 

summary statistics with the exception o f HKA utilize the difference between various 

estimators o f 6  and are detailed below. Our analyses assume an ideal Wright-Fisher 

population at stationarity.

E ( S ) = a lOs ,

and variance

V(S) = alOs + a20 1

where

of 0S based on the number of segregating sites (S) in a Wright-Fisher population model of n

randomly selected haploid individuals (also referred to as gametes or haplotypes). When the
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We estimated Tajima’s D  test statistic at the xGy4D67 locus with 26 X . /. laevis 

samples (Tajima, 1989). Tajima proposed the 6n estimator based on the average number of 

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

1983) and determined the expected number of pairwise differences

£ ( * ) = ^ = - 7 7 p  
2

and variance,

where

3 ( » - i )

2 (n2 +  n + 3 )

2 9 « (n - l)

for a neutrally evolving locus. Therefore, 0S and 0n are estimators o f low frequency (i.e. rare 

variants) and intermediate frequency (i.e. common variants) alleles, respectively. The 

biological significance o f these two different estimators o f 6  is their relationship in the 

presence o f selection. Under neutrality there should be no difference between 6S and <9̂ (0 = 

6n- 0S), however purifying selection will act to keep new variants at low frequency whereby 

generating an excess o f extreme low frequency alleles in a population 6S > 6n. The presence 

of positive selection, conversely, drives new advantageous alleles to higher frequency and 0n 

> 0S. Tajima proposed the test statistic
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which has a P-distribution under 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 6S while reducing 6̂ -and 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 o f selection and 

investigating multiple loci. For example, a dramatic drop in population size with display an 

excess of low frequency alleles across all loci while an excess o f low frequency allele 

generated by a strong selective sweep will only effect tightly link loci (i.e. genetic 

hitchhiking). The statistical significance o f our results was determined by coalescent 

simulation detailed in a subsequent section (see 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 (r|j) and external (r)e) 

branches o f a genealogy, and derived the relationship of these expectances to 0  estimators. 

The distribution of mutations along a genealogy can be categorized as internal if they occur



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). 0  estimates o f internal, i, and external, e, 

mutations are

respectively, where

In a sample o f n sequences with i — 1, 2, ... m nucleotide sites. The total numbers of 

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

respectively; j; are the number of segregating sites in the population-outgroup alignment 

minus one, ei 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 Qt and 6e estimates, therefore the normalized test 

statistic becomes

genealogy are

m m
rj = Y j s i a n d  ?l e = H e i ’

D _  V - a nVe

where
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Consider a sample o f sequences from a population and an outgroup organized into a 

genealogy, where internal branches represent mutations in “older” regions and external 

branches consist o f “new” mutations. Under this model, the action of adaptive or purifying

We conducted the test with n — 26 samples from the X . L laevis population, which served as 

external branches. Related species X . amieti, X . clivii, X . /. sudanensis, and X . muelleri were 

treated as ne outgroups to define internal older branches o f the genealogy. The statistical 

significance of our results was determined by coalescent simulation detailed in a subsequent 

section (see Coalescent Simulation).

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

site-frequency spectrum (Fay and Wu, 2000) at the xG A D 67  locus. Analogous to the 

preceding tests, the H  statistic is based on the difference between two estimators of 6, 

specifically 6n and 0H (Fu, 1995), where

times. Noteworthy is that as i approaches n /2, alleles o f intermediate frequency preferentially

selection would generate an excess of mutations in the external branches o f the genealogy.

and

where F- is the number o f segregating sites found in a sample size o f n with a frequency i

influence 6n, while as i approaches n (i.e. numerous derived alleles at high frequency) the



effect has a greater contribution on 0H. Originally proposed to overcome the limitations of 

Tajima’s D  in detecting hitchhiking events, the 0H estimator is influenced by an excess of 

high-frequency alleles characteristic of strong selection. Fay and W u’s H  statistic is the 

difference between 6n and 0H, divided by the variance o f these estimators, and expected to 

be zero at a neutrally evolving locus. Negative values o f 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 . /. laevis individuals and several 

closely related outgroups (e.g. X . amieti, X . clivii, X . L sudanensis, andX. muelleri).

Finally, we used software by R.H. to conduct the Hudson, Kreitman, and Aguade 

(HKA) test on the 5’ upstream region o f xG AD 67  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 o f the neutral mutation rate. A 

Fisher-Wright ideal population and infinite-sites model of mutation are assumed. For each 

locus i (i — 2) the number o f 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 2N  and 2N f  respectively. The population and outgroup species diverged T  generations 

in the past from a single ancestral population. Our analysis included 24 X . /. laevis 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 el al. (1987) example data set. 

Several outgroup species will be considered independently. We examined i — 2 loci, the
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promoter region o f xG A D 67  and intron 15, for n — 24 random samples. Hudson et al. 

(1987) derived the expectation and variance at a neutral locus for a population of samples as

E(StyeiC{nA),
n„ - 1

Var(Sfy E{Sfy
j=lJ

and for an outgroup as

E ( p , )= 0 , T + 0+/)
Var(D,)= E(D ,)+ e,0+/)Y

where

n - 1 1

C ( « ) = Z - -

is the number of nucleotide sites in species A (i.e. X. /. laevis) that are polymorphic at loci 

i, D{a is the number o f substitution between the ingroup population and an outgroup species, 

where each outgroup (X. amieti, X. clim, X. /. sudanensis, and X. muellen) is examined 

separately, 0X — 4X p;, T  — T  /  2N . The test statistic

Z S V a r Q t ) +5 Var(D,) ’

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

Estim ating 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://hom e.uchicago.edu/~rhudsonl) to determine two-site 

configurations for a sample o f X . I laevis 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 /?, where p  — 2 r N e; where N e 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 o f 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 o f a stable, neutrally evolving 

panmictic population (Hudson, 2002). Source code and documentation are available online 

(http://hom e.uchicago.edu/~rhudsonl) while the details o f our command-line instructions 

executed in a U NIX  shell for each locus are provided in the Appendix. For the upstream
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region 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 o f segregating sites (Depaulis et al., 2001; Rosenberg and Nordborg, 2002; 

Wall and Hudson, 2001). Standard small sample approximations of the coalescent are 

assumed, where the sample size n «  N e. An infinite sites model o f mutation is assumed 

where multiple hits and back mutations do not occur.

A random genealogical history is generated for each replicate sample at zero and 

estimated rates o f recombination. Mutations, which are parameterized as 4 N e p, where N e 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 o f the mutation rate and 

branch length. For each independent replicate simulation 7t, Tajima’s D, Fay and Wu’s H, 

and Fu and Li’s D  values were extracted with H udson’ s sample_stats program. The 

frequency distributions o f these test statistics were plotted as histograms using SPSS 

Statistics 12.0 and compared to our empirically derived results.

RESULTS

A.lignment of the xG slD 67 upstream region, intron 15, and intron 17

The amount and significance o f sequence variation in noncoding, potentially 

regulatory, DNA was investigated in the upstream region o f xG A D 67  in Xenopus. 

Approximately 1.2 kbps upstream of the xG A D 67  initiating methionine codon was cloned 

and sequenced for 27 alleles derived from 30 individuals o f a natural population of South
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African X . I. 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 

related Xenopus species, including X . I. sudanensis, X . amieti, X . clivii, and X . muelleri at the 

homologous xG A D 67  locus. An alignment of all 31 sequences was originally attempted with 

ClustalX 2.0.11 under default parameters (see Appendix). The resulting alignment presented 

with numerous gaps o f variable length. The pattern and variable length o f gaps suggested 

that many could be spurious, resulting from the inability o f 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 o f reported gaps. Various 

combinations o f 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, progressive- 

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 

(TBA), originally designed for genome assembly, using default parameters (see Appendix.).
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Inspection o f the TBA alignment suggests that a more parsimonious alignment was 

obtained. The TBA output alignment 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 o f 1,308 bps was 

obtained for the upstream region o f xG A D 67  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 

recapture the potential significance o f indels with several measures o f 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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* * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * *  
XLL1 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL2 — ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XLL3 — ACCAGCACGTTCTCCATCCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGAXTATTTGCTGGCTAGATAC
XLL4 — ACCAGCACGTTGTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL5 — ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XLL 6 — ACCAGCACGTTGTCCATTCCACCGGGAAGGGGXTGCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL7 ----GAGCACGTTCTCCATTCCACCGGGAAGGGGTTGCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL 8 — ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XLL9 — ACCAGCACGTTCTCCATTCCACGGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL10 — ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL11 — acgagcacgxtctccatxccaccggGaaGgggttcccATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XLL 12 — ACCAGCACGIXCTCCAIICCACCGGGAAGGGGITCCCAIGGGAACAGAGCAAGAIGTGAITATTTGCTGGCTAGATAC
XLL 13 — ACCAGCACGXIGTCCAXXCC ACCGGGAAGGGGXICCCAXGGGAAC AGAGCAAAATGXGAXIAXXXGCTGGCXAGAXAC
XLL14 — ACCAGCACGIXCXCCAIICCACCGGGAAGGGGTTCCCAXGGGAACAGAGCAAGAIGXGAXIAIIXGCXGGCIAGAIAC
XLL15 --ACCAGCACGIXCTCCATTCCACCGGGAAGGGGXXCCCAIGGGAACAGAGCaaaatgigaxxaxtxgcxggctagaxac
xll i6 — accagcacgxxcxccaxiccaccgGgaa ggggxtcccaigggaacagagcaaaaxgtgaxiaxixgctggctagaxac
XLL 17 — acc agcac gxtc tccai tccac cgggaaggggxtcccatgggaacagagcaaaatgtgattatttgctggctagatac
XLL 18 — AGCAGCACGXXCXCCAXXCGACCGGGAAGGGGXXCCCAXGGGAACAGAGCAAAAXGXGAXXAXXXGCXGGCXAGAXAC
XLL19 — ACCAGCACGXXCXCCAXXCCACCGGGAAGGGGXXCCCAXGGGAACAGAGCAAAAXGXGAXXAXXXGCXGGCXAGAXAC
XLL20 — ACCAGCACGXXCXCCAXXCCACCGGGAAGGGGXXGCCAIGGGAACAGAGCAAAAIGIGAXXAXIXGCIGGCXAGAIAC
XLL 21 — -ACCAGCACGXXCXCCAXXCCACCGGGAAGGGGXXCCCAXGGGAACAGAGCAAAAXGTGAXXAXXXGCXGGCXAGAXAC
XLL22 — ACCAGCACGXXCXCCAXXCCACCGGGAAGGGGXXCCCAXGGGAACAGAGCAAAAXGXGAXXAXXXGCXGGCXAGAXAC
XLL23 — ACCAGCACGXXCXCCAXXCCACCGGGAAGGGGXXCCCAXGGGAACAGAGCAAAAXGXGAXXAXXXGCXGGCXAGAXAC
XLL 2 4 — acc agcac gitc iccax iccac cgggaaggggiicccaigggaacagagcaaaaigigaixaxixgciggcxagaiag
XLL25 — ACCAGeACGTICTCCAITCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGAIXAITXGCIGGCIAGATAC
XLL26 — ACCAGCACGIXCICCAIICCACGGGGAAGGGGIICCCAXGGGAACAGAGCAAAAXGIGAXXAITXGCIGGCIAGAIAC
XLL27 — acc agcac giic iccai iccaccgggaaggggixcccaigggaacagagcaaaaigigaiiaiixgciggciagaiac
xa — acg agcac gixc xccax xccaccgggaaggggxxcccaigggaacagagcaaaaigxgaxxatixgciggcxagaxac
xc — accagcacgiiciccaxiccaccgggaaggggxicccaigggaacagagcaaaaigiGaixaxixgciggctagaiac
XLS — ACCAGCACGIICICCAIICCACCGGGAAGGGGXICCGAXGGGAACAGAGCAAGAIGIGAIIAIIXGCIGGCIAGAIAC
XM — ACCAGCACGXXCXCCAXXCCACCGGGAAGGGGXXCCCAXGGGAACAGAGCAAAAXGXGAXXAXXXGCXGGCXAGAXAC
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XLL1 AAAGCACAAGCAXXIACGCIIIXAAIAIGCACIAAIIAICCICAAGIAACXAGAAAIAGCACXAAIGICGGIAIAAACAI
XLL 2 aaa gcaca agca xxxac gcxxx taaxa xgcacxaaxxaxcgtcaagxaacxagaaaxagcacxaaxgxcggxaxaaacax
XLL3 aaagcacaagcaxxxacgcxxxxaaxaxggacxaaxxaxccxcaagxaacxagaaaxagcacxaaxgxcggxaxaaagax
XLL4 AAAGCACAAGCAXTXACGCIIXIAAIAIGCACTAATTATCCTCAAGTAACIAGAAAXAGCACTAATGTCGGTAIAAACAT
XLL5 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL6 AAAGCACAAGCATTXACGCTTTTAATAXGCACTAAIIATCCTCAAGIAACXAGAAATAGCACTAATGICGGIATAAACAT
XLL 7 aaa gcaga agca ixxac gciii iaaia iggacxaaxiaiccxcaagxaaciagaaaiagcaciaaigxcggiaiaaacai
XLL8 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGGACXAAXGXCGGXAXAAACAX
XLL9 AAAGCACAAGCAXXXAGGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL 10 AAAGC AGAAGCAXITACGCTTIIAAT AIGG ACTAATXATCeXC AAGXAACTAGAAATAGC ACTAATGICGGTAXAAACAT
XLL11 AAAGCACGAGCAXXTACGCIIIIAAIAIGCACXAAXIAXCCXCAAGXAACIAGAAAIAGCACXAATGXCGGXAIAAACAI
XLL 12 AAAGCACAAGCAIXIACGCTTXTAAT ATGCACXAAIIAICCIC AAGXAACX A6AAATAGC AGIAATGTCGGTATAAACAI
XLL 13 AAAGCAG AAGCAIIIACGCXTXTAAXAXGC ACIAATIAICCICAAGTAACXAGAAAIAGCACIAATGICGGTATAAACAT
XLL14 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL 15 AAAGCAGAAGCAIXIACGCITIXAAIAIGCACIAAITAICCTCAAGXAACTAGAAATAGCAGIAAXGXCGGIAIAAAGAI
XLL 16 AAAGCACAAGCAXXXACGCIIIIAAIAIGCACXAAXIAXCGIGAAGIAACIAGAAAIAGCACIAAIGICGGIAXAAACAI
XLL17 AAAGCACAAGCAXIIACGCXIXXAAXAXGCACTAAXTAICCICAAGXAACXAGAAATAGCACIAAXGXCGGTAXAAACAI
XLL18 AAAGCACAAGCAIIIACGCTIIIAAXAXGCACIAAIIAICCXCAAGIAACIAGAAAIAGCACTAAIGICGGIAXAAACAI
XLL19 AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XLL20 AAAGCACAAGCATTTACGCTITTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGICGGTATAAACAT
XLL 21 AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XLL22 AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XLL 2 3 AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XLL24 AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XLL25 AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XLL26 AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XLL27 AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XA AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XC AAAGCACAAGCATTTACGCXTTTAATATGCACTAATTATCCCCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XLS AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTAGAAATAGCACTAATGTCGGTATAAACAT
XM AAAGCACAAGCATTTACGCTTTTAATATGCACTAATTATCCTCAAGTAACTGGAAATAGCACTAATGTCGGTATAAACAT
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XLLl TAATGGAGAAGGAXXTTGTAAGAGAAAGGGATTTCATCCIXGAACAGACAXGTATTGTTCGCAGTCACAXTTCGAAGCTT 240
XLL2 TAATGGAGAAGGAXXTTGTAAGAAAAAGGGATITCATCCTIGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT 238
XLL3 IAAIGGAGAAGGAIIIIGIAAGAGAAAGGGAIIICAICCIIGAACAGACAIGIAIIGXICGCAGICACAIIICGAAGCII 238
XLL4 TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT 238
XLL5 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCAGATTTCGAAGCTT 238
XLL6 TAATGGAGAAGGATITTGTAAGAGAAAGGGAIXTCATCCTTGAACAGACATGIATXGTTCGCAGTCACATTTCGAAGCTT 238
XLL7 TAATGGAGAAGGAIXXXGTAAGAGAAAGGAAIXTCATCCXXGAACAGACAXGIAXTGTTCGCAGTCACAIXICGAAGCXX 236
xll8 iaaiggagaaggaixixgiaagaaaaagggaixicaiccixgaacagacaigiaiiGixcgcagicacaiixcgaagcii 238
XLL9 XAAXGGAGAAGGAXXXXGXAAGAGAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLL 10 XAAXGGAGAAGGAXXXXGXAAGAGAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLLl 1 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLLl 2 XAAXGGAGAAGGAXIXXGXAAGAAAAAGGGA-XXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXCCGAAGCXX 237
XLLl 3 XAAXGGAGAAGGAXXXXGXAAGAGAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLL 14 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXXXXCGCAGXCACAXXXCGAAGCXX 238
XLL15 TAATGGAGAAGGAXXXTGTATGAAAAAGGGATTTCATCCXTGAACAGAC— GTATTGTTCGCAGTCACATTXCGAAGCTT 236
XLL16 XAAXGGAGAAGGAXXXXGXAXGAAAAAGGGAXXXCAXCCXXGAACAGAC— GXAXXGXXCGCAGXCACAXXXCGAAGCXX 236
XLLl 7 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLLl 8 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCGXXGAACAGACAXGXAXXGXXCGCAGXGACAXXXCGAAGCXX 238
XLLl 9 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLL20 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLL21 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT 238
XLL22 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGACXXCAXCCXXGAACAGACAXGXATIGXXCGCAGXCACAXXXCGAAGCXX 238
XLL2 3 XAAIGGAGAAGGAXXIIGXAAGAAAAAGGGAIIICAICCXXGAACAGACAIGIAXXGXXCGCAGICACAIIXCGAAGCIX 238
XLL24 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLL25 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGTCACAXXTCGAAGCXX 238
XLL2 6 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLL27 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXTGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XA XAAXGGAGAAGGAXXXXGXAXGAAAAAGGGAXXXCAXCCXTOGACAGAC— GXAXXGXXCGCAGXCACAXXXCGAAGCXX 236
XC XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XLS XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX 238
XM XAAXGGAGAAGGAXXXXGXAXGAAAAAGGGAXXXCAXCCXXGGACAGAC— GXAXXGXXCGCAGXCACAXXXCGAAGCXX 236

XLLl GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  317
XLL2 GAAGGXCAAAGXGICICACIAAAGGICAIAAXGGACAAAAIAIGAAIXCCXIGIICIGCCIGCXGCICCIAIAAAXIICA 318
XLL3 * GAAGGTCAAAGIGXCTCACTAAAAGTCATAAXGGACAAAAXAGGAATTCCTTGITCTGCCTGCXGCTCCTATAAAiT  315
XLL4 GAAGGXCAAAGXGXCXC ACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLL5 GAAGGICAAAGXGICICACIAAAGGXCAIAAIGGACAAAAIAIGAAITCCIXGIXCIGCCXGCIGCXCCIAXAAAIIICA 318
XLL6 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXGGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLL7 GAAGGXCAAAGTGXCXCACXAAAAGTCATAATGGACAAAATAGGAATTCCTXGXTCTGCCTGCTGCTCCXAXAAATT  313
XLL8 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA 318
XLL9 GAAGGICAAAGIGTCTCACTAAAAGTCATAATGGACAAAATAGGAAXICCTTGXXCXGCCTGCIGCICCTATAAATI- —  315
XLL 10 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLL11 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA 318
XLL12 GAAGGXCAAAGXGXCXCACXAGAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA 317
XLLl 3 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLL14 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA 318
XLL15 GAAGGICAAAGIGXCXCACXAAAAGXCAIAAIGGACAAAAIAIGAAIICCXIGIXCIGCCIGCIGCXCCIAXAAAXX  313
XLLl 6 GAAGGTCAAAGTGTCTCACTAAAAGTCAXAATGGACAAAATATGAATTCCTTGXTCTGCCXGCTGCTCCTATAAATT  313
XLL17 GAAGGXCAAAGTGTCICACXAAAGGXCAXAATGGACAAAAXATGAATTCCTTGTICTGCCXGCXGCTCCXATAAATI  315
XLL18 gaaggTcaaagxgicicaciaaaggxcaiaaiggacaaaaxaigaaixcciigiiciGccigciGciccxaiaaaii  315
XLL 19 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLL20 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLL21 GAAGGXCAAAGIGICICACIAAAGGICAIAAIGGACAAAAIAIGAAIICCIIGIICIGCCIGCIGCICCIAIAAAXI  315
XLL22 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLL23 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLL24 GAAGGTCAAAGXGICTCACTAAAGGTCATAAIGGACAAAATATGAAIICCTTGTXCIGCCIGCIGCXCCIAIAAAIT  315
xll25 gaaggicaaagigicxcacxaaaggicaxaaxggacaaaaiaxgaaixccxigixciGciigcxgcicciaxaaaii  315
XLL26 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLL27 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XA GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  313
XC GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX  315
XLS GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGXXGCXCCXAXAAAXXXCA 318
XM GAAGGXCAAAGIGICICAClAAAAGXCAlAAXGGACAAAAXAXGAAIICCIIGIXCXGCCIGCIGCiCClAXAAAXI  313
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XLLl CAAIICAAAGGGGGXIIICXGGCACCCAIAGAGIAICCCIGAAAIGXACCCICIAAAACAAAAA-XAC-XXACCIAIGIG 395
XLL2 CCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG 396
XLL3 CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTATGTG 393
XLL4 CAAIICAAAGGGGGIIIICIGGCACCCAIAGAGIAICCCIGAAAIGIACCCICIAAAACAAAAA-IAC-XIACCIAIGIG 393
XLL 5 CCAIICAAAGGGGGXXXICIGGCACCCAIAGAAXAXCCCXGAAAXGIACCClCIAAAACAAAAA-IAe-IXACeiAIGXG 396
XLL6 CAAIICAAAGGGGGIIXXCXGGCACCCAIAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-IAC-XIACCIAIGIG 393
XLL7 caaxxcAaagggggxxxxcxggcacccaxagagxaxcccxgaaaxGXacccxcxaaaacaaaaa-xac-xxacgxaxgxg 3 91
XLL8 GCAXXCAAAGGGGGXXXXCXGGCACCCAXAGAAXAXCCCXGAAAXGIACCCXCXAAAACAAAAA-XAC-XXAGGXAXGXG 396
XLL9 CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCXGAAATGTACCCTCTAAAACAAAAA-TAC-TTACCTAXGTG 393
XLL10 CAAXXCAAAGGGGGXXXXCXGGCACGCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG 393
XLL11 CCAXXCAAAGGGGGXXXXCXGGC ACCCAXAGAAXAXCCCXGAAAXGXACCCXCXAAAACAAAAA- XAC - XXACCXAXGXG 396
XLL12 CCAXXCAAAGGGGGXXXXCXGGCACCCAXAGAAXAXCCCXGAAATGXACCCXCXAAAACAAAAA- XAC - XXACCXAXGXG 395
xlli3 caaiicaaagggGgxiiiciggcacccaxagagiaicccxgaaaigxacccxcxaaaacaaaaa-iac-iiaccxaigig 393
XLLl 4 CCAXXCAAAGGGGGXXXXCXGGCACCCAXAGAAXAXCCCXGAAATGXACCCXCXAAAACAAAAA—XACXXXACCXAXGXG 397
XLLl 5 CAAXTCAaAGGGGGIIIXCXGGCACCCAIAGAGIAXCCCXGAAATGIACCCCCXAAAACAAAAA-IAC-IXACCIAIGIG 391
XLL 16 CAAXXCAAAGGGGGXXXICXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG 391
XLL17 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAATGXACCCXCXAAAACAAAAA-XAC—XXACCXAXGXG 393
XLL18 CAAIICAAAGGGGGXIXXCIGGCACCCAXAGAGIAICCCIGAAAXGIACCCICIAAAACAAAAA-IAC-XXACCIAXGXG 393
XLL19 CAAXXCAAAGGGgGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG 393
XLL20 CAAIICAAAGGGGGIXIICXGGCACCCAIAGAGIAICCCIGAAAIGIACCCXCIAAAACAAAAA-IAC-XIACCIAIGIG 393
XLL21 CAATTCAAAGGGGGIXTTCTGGCACCCAIAGAGIATCeCIGAAAXGIACCCXCXAAAACAAAAA-XAC-TIACCXATGTG 393
XLL22 CAAXICAAAGGGGGXTTTCTGGCACCCAXAGAGXATCCCTGAAAXGTACCCTCTAAAACAAAAA-TAC-TXACCCATGTG 393
XLL23 CAATICAAAGGGGGTTTXCTGGCACCCATAGAGXATCCCTGAAATGIACCCTCTAAAACAAAAA-TAC-TTACCTATGXG 393
XLL2 4 CAAXXCAAAGGGGGXXXXCXGGC ACCC AXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA- XAC - XXACCXAXGXG 393
XLL25 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXGCCCXCTAAAACAAAAA- XAC - XXACCXAXGXG 393
XLL26 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG 393
XLL27 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG 393
XA CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG 391
XC CAAXXCAAAGGGGGXXXXCXGGC ACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG 393
XLS CCAXXCAAAGGGGGXTXICXGGCACCCAXAGAGIAICCCTGAAATGIACCCXCTAAAACAAAAA-TAC-XXACCXATGXG 396
XM CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAAAXAC-XXACCXAXGXG 392

XLLl CXGGCAXTTTGGACATXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 474
XLL2 CXGGCAXXXXGGACAXXXGXAGACAGAACAGAXGAXXX-GGGGAAAGAXACXGXAXGXXAAGGXGACXGXGXAXACXGXC 47 5
XLL3 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAGGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 472
XLL 4 CXGGCAXIXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 472
XLL 5 CXGGCAXXXXGGACAXXXGXAGACAGAACAGAXGAXXX-GGGGAAAGAXACXGXAXGXXAAGGXGACXGXGXAXACXGXC 475
XLL 6 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 47 2
XLL7 CTGGCAITTIGGACAIXTGTAGACACAACAGATGATXX-GGGGAAAGAGACTGIATGTIAAGGXGACIGXGXAXACTGTC 47 0
XLL8 CIGGCAXIIXGGACAIIIGIAGACAGAACAGAIGAIII-GGGGAAAGAIACIGIAIGIIAAGGIGACIGIGIAIACIGIC 475
XLL 9 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 47 2
XLLIO CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 473
XLLl 1 CXGGCAXXXXGGACAXXXGXAGACAGAACAGAXGAXXX-GGGGAAAGAXACXGXAXGXXAAGGXGACXGXGXAXACXGXC 475
XLL12 CXGGCAXXXXGGACAXXIGXAGACAGAACAGAXGAXXX-GGGGAAAGAXACXGXAXGXXAAGGXGACXGXGXAXACXGXC 474
XLLl 3 CXGGCAXXXXGGACAXXIGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 47 2
XLL 14 CXGGCAXXXXGGACAXXXGXAGACAGAACAGAXGAXXX-GGGGAAAGAXACXGXAXGXXAAGGXGACXGXGXAXACXGXC 476
XLLl 5 CXGGCAXXXXGGACAXXIGXAGACACGACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 470
xlli 6 cxggcaxxxxggacaxxxgxagacacaacagaxgaixx-ggggaaagagacxgxaxGxxaaggxgacxgxgxaxacxgxc 47 0
XLLl 7 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 472
xlli 8 cxggcaxxxxggacatxxgxagacacaacagaxgaxxx-ggggaaagagacxgxaxgxxAaggxgacxgxgxaxacxgxc 47 2
XLLl 9 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 47 2
XLL20 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 472
XLL21 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 47 2
XLL2 2 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 472
XLL2 3 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 472
xll2 4 cxggcaxxxxggacaxxxgxagacacaacagaxgaxxx-ggggaaagagacxgxaxGxxaagGxgacxgxgxaxacxgxc 47 2
XLL2 5 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 472
XLL2 6 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 472
XLL27 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 472
XA CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 470
XC CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGCCXGXGXAXACXGXC 472
xls cxggcaxxxxgGacaxxxgxagacaGaacagaxgaxxx-ggGgaaagaxacxgxaxgxxaaggxgacxgxgxaxacxgxc 47 5
XM XXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC 471
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554
555
552
552
555
552
550
555
552
553
555
554
552
556
550
550
552
552
552
552
552
552
552
552
552
552
552
550
552
555
551

634
635
632
632
635
632
630
635
632
633
635
575
573
577
580
580
582
582
582
582
582
582
582
582
582
582
582
580
582
576
581

** • ** ** ********* **************** ********** ** *** ********************** 
CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCCGGACTGAGAATTAAAATAGGCCC 
CCXICCCIGAGCAIIAGCAACAGGAGAXIXAGIGAAAGAGGICCIGGXAICAGGCCXGGACIGAGAAXIAAAAIAGGCCC 
CCXXCCCCGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC 
CCXXCCCIGAACAIXAGCAACAGGAGAXXXAGX&AAAGAGGXCCXGGXIXCAGGCCCGGACXGAGAAXIAAAAXAGGCCC 
CCXXCCCXGAGCAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXAXCAGGCCXGGACXGAGAAXXAAAAXAGGCCC
ccxxcccxgaacaxxagcaacaggagaxxxagxgaaagaggxccxggxxxcaggcccggacxgagaaxxaaaaxagggcc
CCXXGCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC
cgxxcccxgagcaxxagcaacaggagaxxxagxgaaagaggxccxggxaxcaggccxggacxgagaaxxaaaaxaggccc
CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCGGGCCCGGACXGAGAAXXAAAAXAGGCCC
CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGIGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC
CCXXCCCXGAGCAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXAXCAGGCCXAGACXGAGAAXXAAAAXAGGCCC
CCXXCCCXGAGCAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCX6GXAXCAGGCCXGGACXGAGAAXXAAAAXAGGCCC
CCXXCGCXGAACAXXAGCAACAGGAGAXXXAGTOAAAGAGGXCCXGGXXXGAGGCCCGGACXGAGAAXXAAAAXAGGCCC
CCXXCCCTGAGCAXXAGCAACAGGAGAXXTAGXGAAAGAGGXCCTGGTATCAGGCCXGGACXGAGAATXAAAATAGGCCC
ccxxcccxgaacaxxagcaacaggagaxxxagxgaaagaggxccxggxxxcaggccxggacxgagaaxxaaaaxaggccc
cciiccctgaacaixagcaacaggagaxttagxgaaagaggtccxggiixcaggcciggactgagaaiiaaaataggccc
GCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC
CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC
CCXXGCGXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC
ccxxcccxgaacaxxagcaacaggagaxxxagxgaaagaggxccxggxxxcaggcccggacxgagaaxxaaaaxaggccc
CCXXCCCXGAACAXXAGGAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAATAGGCCC
cciiccgigaacaxiagcaacaggagaxxxagigaaagaggiccxggiXicaggcccggacigagaaxxaaaaxaggccc
CCIICCCIGAACAIXAGCAACAGGAGAIIIAGXGAAAGAGGXCCIGGIIICAGGCCCGGACXGAGAAXXAAAAIAGGCCC
CCTTCCCIGAACAXXAGCAACAGGAGATITAGTGAAAGAGGXCCTGGTXTCAGGCCCGGACTGAGAATXAAAATAGGCCC
CCXXGCCXGAAGAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC
CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC
CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC
CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCXGGACXGAGAAXXAAAAXAGGCCC
CCCXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXGCXGGXXXCAGGCCCGGACXGAGAAXXAAAAXAGGCCC
CCXXXCCXGAGCAXXAGCAAXAGGAGAXXXAGXGAAAXAGGXCCXGGXAXCAGGCXCGGACXGAGAAXXAAAAXAGGCCC
CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGCCXGGACXGAGAAXXAAAAXAGGCCG

* * * * * * * * * * *  * * * * * * * * *

IGGCAXXXCAGGIAGAGAGAGACCCAAACAGCGCGACCIGCCCACIAAAIAGIGACXITCXAIGGCACCIIAIAGCAGCG
iggcatxtcaggiacacagaggcccaaacagccccaccigcgcactaaaiacxgactttcxaiggcacciiatagcagcc
XGGCAXXXCAGGXACACAGAGACCCAAACAGCCCCACCXGCCCACXAGAXACXGACXXXCXAXGGCACCXXAXAGCAGCC
xggcaxxxGaggxacacagagacccaaacagGcccaccxggccacxaaaxacxgacxxxcxaxggcaccxxaxagcagcc
xggcatttcaggxacacagaggcccaaacagccccacctgcccacxaaaxactgacxxxcxatggcaccxxatagcagcc
XGGGAXXXCAGGXACAGAGAGACGCAAACAGGCCCACCXGCCCAGXAAAXACXGACXXXCXAXGGCACGXXAXAGCAGCC
XGGCAXXXCAGGXACACAGAGACCCAAACAGCCCCACCXGCCCACXAAAXACXGACXXXCXAXGGCACCXXAXAGCAGCC
xggcaxxxcaggxacacagaggcccaaacagccccaccxgcccactaaaxacxgacxxxcxaxggcaccxxaxagcagcc
XGGCAXXXCAGGXACACAGAGACCCAAACAGCCCCACCXGCCCACXAAAXACXGACXXXCXAXGGCACCXXAXAGCAGCC
xggcaxxxcaggxaGacagagacGcaaacagccccaccxgccGacxaaaxacxgacxxxcxaxggcaccxxaxagcagcc
TGGCAIIICAGGXACACAGAGGCCCAAACAGCCCCACCIGCCCACXAAAIACIGACTXICIAIGGCACCXIAXAGCAGCC
IGGCAIIICAGGIAGACAGAG--------- --------- ------- ------------------ ----------
XGGCAXXXCAGGXACACAGAG----------------------------------------------------
TGGCATTTCAGGTACACAGAG----------------------------------------------------
XGGCAXXXCAGGXACACAGAGACCCAAACA-------- ------------- --- -------------------
tggcaiixcagGtAcacagagacccaaaca--------------------------------------------
xggcaxxtcaggxagagagagacccaaaca--------------------------------------------
IGGCATXTCAGGXACACAGAGACCCAAACA--------------------- ----------------------
XGGCATXXCAGGXACACAGAGACCCAAACA--------------------------------------------
iggcaiiiGaggiacacagaGacccaaaca--------------------------------------------
XGGCAXXXCAGGXACACAGAGACCCAAACA----------- ---------------------------------
IGGCAIIICAGGIACACAGAGACCCAAACA-------------------------- — ----------------
XGGCAXXXCAGGXACACAGAGACCCAAACA--------------------------------------------
IGGCAIIICAGGIACACAGAGACCCAAACA------- ------------ ---------------------
XGGCAXXXCAGGXACACAGAGACCCAAACA- -  -------------------------— --------------
IGGCAIIICAGGIACACAGAGACCCAAACA--------------------------------------------
XGGCAXXXCAGGXACACAGAGACCCAAACA--------------------------------------------
TGGCATITCAGGTAC ACAGAGACCC AAACA --------- --------------------------------
XGGCAXXXCAGGXACACAGAGACCCAAACA--------------------------------------------
XGGCAXXXCAGXXACACAGAG----------------------------------------------------
IGGCAIIICAGGIACACAGAGACCCAAACA--------------------------------------------
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XLLl
XLL2
XLL3
XLL4
XLL 5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL 12
XLLl 3
XLLl 4
XLL15
XLLl 6
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27
XA
XG
XLS
XM

XLLl
XLL2
XLL 3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL 10
XLL11
XLLl 2
XLLl 3
XLL14
XLL 15
XLLl 6
XLL17
XLLl 8
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL 2 6
XLL 2 7
XA
XC
XLS
XM

CCTCTGGCATTTGCCAGAACCCAC
CCTCTGGCATTTGCCAGAACCCAC'
CCTCTGGCATTTGCCAGAACCCAC'
CCTCTGGCATTTGCCAGAACCCAC
CCTCTGCCATTTGCCAGAACCCAC
CCTCTGGCATTTGCCAGAACCCAC-
CCTCTGGCATTTGCCAGAACCCAC-
CCTCTGCCATTTGCCAGAACCCAC-
CCTCTGGCATTTGCCAGAACCCAC
CCTCTGGCATTTGCCAGAACCCAC-
CCTCTGCCATTTGCCAGAACCCAC-

•CAGGTCTGGGCTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCGCA
CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCGCA
-CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
-CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
•CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
-CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
•CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
-CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
-CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
-CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
•CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
-CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
-CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCGCA
•CAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCA
caggtctggactgAgaattaaaataggccctggcatttcaggtacacagaggcgca

ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
atcagcccccaccagcccactaaataccgactttctatggcaccttatagcagcccctctggcatttgccagaactcaca
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
atcagcccccaccagcccactaaataccgactttctatggcaccttatagcagcccctctggcatttgccagaactcaca
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACCTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
ATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACA
atcagcccccaccagcccactaaataccgactttctatggcaccttatagcagcccctctggcatttgccagaactcaca
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XLLl ----------------------------------------------------------------------------
XLL2  ■-------- •-----------------  ■--*---------------------
XLL 3 — -------   >-------------- •---------------------------*--------------
XLL 4---------- --------- ---- .------------------         -*-■!*-.-------------
XLL 5 ----------------------------------------------------------------------------
XLL 6 — ---------------------------------------------------------------------------
XLL7  ■---•---------- ---------- ---------------------- --------------------
XLL 8           ’------------------
XLL9  ■-
XLL10 ----------------------------------------------------------------------------
XLL11 --------------------•------ — -----  '--- ----- ---------------------------
XLL 12----- ---- ------------ GCCCAAACAGCGCCACCTGCCCACTAAATAGTGACTTTCTATGGCACCTTATAGCAGCCCCT
XLLl 3  — ---   ACCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
XLLl 4----- ----------------- GCCCAAACAGCCCCACCTGCCCACTAAA7ACTGACTTTCTATGGCACCTTATAGCAGCCCCT
XLL 15 GATTGCGAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTAXAGCAGGCCCT
XLLl 6 GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
XLLl 7 gattgccagtccgggcctgcccaaacagccccacctgcccactaaatactgactttctatggcaccttatagcagccgct
XLL 18 GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
XLL 19 GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
XLL20 GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
XLL21 GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
XLL22 GATTGCCAGXCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCT
XLL23 GATTGCCAGTCCGGGCCTGCCCAAACAGCCCCAGCTGCCCACTAAATACTGAGTTTCTATGGGAGGTTATAGCAGCCCCT
XLL24 GATTGCCAGTCCGGGCCXGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTAXAGCAGCCCCT
XLL25 GAXIGCCAGIGCGGGCGIGCCCAAACAGCCCCACCIGCCGACIAAAIAGIGAGIIICIAIGGCACGIIAIAGCAGCCCGX
XLL26 GAXTGGCAGXCCGGGCCXGCCCAAACAGCCCCACCXGCCCACIAAATACIGACXXTCXATGGCACCXIATAGCAGCCCCI
XLL27 gaiigccagigcgggccigcccaaacagccccaccigcccaciaaaiacigaciiiciaiggcacciiaiagcaggccci
xa gaiigccagigcgggccigcGcaaacaggcccacgiggccacxaaaxacigaciiiciaiggcacgixaiagcagcccgi
XC GAXIGCCAGICCGGGCCIGCCCAAACAGCCGCACCIGCCGACIAAAIACXGACXIICXAIGGCACCIIAXAGCAGGCCCI
XLS------- ------------- ----GCCCAAACAGCCCCACCAGCCCACTAAAIACIGACTTICIAIGGCACCIIATAGCAGCCCCT
XM GAXIGCCAGICCGGGCCIGCCCAAACAGCCCCACCXGCCCACIAAAXACTGACIIICXAIGGCACCIIAIAGCAGCCCCI

* * * * * * * * * * * *  * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * *  * * * * * *
XLLl -----------------i - -r - AGAIIGCGAGXCXGGGGCXGCGTGGIAIXAATCAXACATCGCTIGICTATGTAIXIGCX
XLL2------ --------------------AGATTGCCAGTCCGGGCCTGCCTGGIATIAAICATACAXCCCTTCTCTAICTATTXGCI
XLL3 ----- -------- --- - - AGATXGGGAGTCXGGGGCTGCCIGGTATTAATCAXACAICGCTXCTCXATCXAXXXGCT
XLL 4------ --------------------AGATTGCCAGICXGGGICXGCCXGGTATXAATCAXACAICCCITCTGTATCTATTTGCX
xll 5 — ------------------ agaiiggcagxccgggggxgcgiggiaiiaaxcaxacaicccxicicxaiciaiixgci
XLL 6------ --------------------AGAXXGCCAGXCXGGGCCXGCCXGGXAXXAAXCAXACAXCCCXXCXCXAXCXAXXXGCX
XLL7------ --------------------AGAXXGCCAGXGXGGGCCXGCCXGGXAXXAAXCAXACAXCCGXXCXCXAXCXAXXXGCX
XLL8------ --------------------AGAXXGCCAGXCCGGGCCXGCCXGGXAXXAAXCAXACAXCCCXXCXCXAXCXAXXXGCX
XLL9------ -- ------- --------- AGAIIGCCAGICIGGGCCIGCCIGGIAIIAAXCAIAGAICCCIICXCXAICIAIIXGCI
XLLl 0----- --------------------AGAXXGCCAGXCXGGGCCXGCCXGGXAXXAAXCAXACAXCCCXXCXCXAXCXAXXXGCX
XLL 11----- --------------------AGAITGCCAGTCCGGGCCTGCCXGGIATTAATCATACATCCCXTCTCTAICXATITGCI
XLL 12 CXGCCAXIXGCCAGAACCCACAGAIIGCCAGICCGGGCCIGCCXGGIAXIAAIGAIACAICCCIICICIAIGIAIIIGCX
XLLl 3 CXGGCAIIIGCCAGAACCCACAGAXIGCCAGTCXGGGCCXGCCTGGIAXIAAXCAIACAICCCXICICIAIGIAXXTGCT
XLLl 4 CXGCCAIIIGCGAGAACCCACAGAIIGCCAGICCGGGCCIGGCIGGXAIIAAICAIAGAICCCIICICIAIGIAIXXGCI
XLL 15 CXGGCAXXXGCCAGAACCCACAGAXXGCCAGXCCGGGCCXGCCXGGXAXXAACCAXACAXCCCXXCXCXAXCXGXXXGCX
XLL 16 CXGGCAIXIGCCAGAACCCACAGAIIGCCAGICCGGGCCIGCGIGGIAIIAAICAIACAICCCIICICIAIGIGIIIGCI
XLLl 7 CXGGCAXIIGCCAGAAGCCACAGAXIGCCAGICCGGGCCIGCCIGGIAIXAAIGAXACAICCCIXCICIAICIGXXIGCX
XLL 18 CIGGCAIIIGCCAGAACCCACAGAIIGCCAGIGCGGGCGIGCCIGGIAIIAAICAIACAICCCIICIGIAICIGIXIGCI
XLLl 9 GXGGCAIIIGCGAGAACCCACAGAIIGCGAGICCGGGCCIGCCIGGIAIIAAICAXACAICCCIXCXCIAXCIGIIXGCI
XLL20 CIGGCAXTTGCCAGAACCCACAGAXXGCCAGICCGGGCCTGCCXGGTATTAAICAIACATCCCITCTCTATCTGTXXGCT
XLL21 CIGGCATIXGCCAGAACCCACAGATTGCCAGTCCGGGCCIGCCTGGXATTAAICATACAXCCCXXCTCTATCTGTTXGCT
XLL 2 2 CXGGCAXXXGCCAGAACCCACAGAXXGCCAGXCCGGGCCXGCCXGGXAXXAAXCAXACAXCCCXXCXCXAXCXGXXXGCX
XLL 2 3 CIGGCAITIGCCAGAACCCACAGAXTGCCAGTCCGGGCCIGCCTGGIATXAAXCATACAICCCTTCTCTAXCXGTTIGCT
XLL24 CTGGCAITXGCCAGAACCCACAGATTGCCAGXCCGGGCCXGCCTGGTATXAATCATACATCCCTTCTCTAXCTGITXGCT
XLL25 CXGGCAXTTGCCAGAACCCACAGAXTGCCAGTCCGGGCCXGCCTGGTAXTAAXCAXACATCCCTXCTCXATCTGTITGCT
XLL26 CIGGCAIIIGCCAGAACCCACAGAIIGCGAGICCGGGCCIGCCIGGIAIIAAICAIACAICCGXIGIGIAIGIGIIIGCI
XLL 2 7 CXGGCAXXXGCCAGAAXCCACAGAXXGCCAGXCCGGGCCXGCCXGGXAXXAAXCAXACAXCCCXXCXCXAXCXGXXXGCX
XA CXGGCAIXTGCCAGAACGCACAGAXTGGCAGTCCGGGGCIGCCTGGTATIAAXCATACATCCCTTCTGTAICXGTXTGCX
XC CTGGCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTXGCT
XLS GIGGCAIIIGCCAGAACCGACAGAIIGCCAGIGGAAGCGIGCGIGGIAIIAAICAXAGAICGCIICIGIAICIAIIXGCI
XM CXGGCAXXXGCCAGAACCCACAGAXXGCCAGXCCGGGCCXGCCXGGXAXXAAXCAXACAXCCCXXCXCXAXCXGXXXGCX
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XLLl CAGXCAACAGACIGIGCCIGIAGGCAGXIACAAICCAXXGACACAIICCIAAIGGCTCGIICAIICGCAGCAGXIGAITA
XLL2 CAGXCAACAGACIGIGCCIGXAGGCAGIIAAAAICCAXXGACACAXICCIAAIGGCXCGXXCAIXCGCAGCAGXIGAXTA
XLL3 CAGXXAACAGACXGXGCCXGXAGGCAGXXACAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXXCGCAGCAGXXGAXXA
XLL 4 CAGICAACAGACXGIGCCXGIAGGCAGIIACAAICCAIIGACACAIICCIAAIGGCXCGIICAIXCGCAGCAGIXGAIIA
XLL5 CAGTCAACAGACXGXGCCXGIAGGCAGIXAAAAXCCAXXGACACAIICCIAAXGGCXCGIICAIXCGCAGCAGIIGAIIA
XLL6 CAGICAACAGACIGIGCCXGXAGGCAGXXACAAICCAIIGACACAXICCIAAXGGCICGXICAIXCGCAGCAGIXGAIIA
XLL7 CAGXCAACAGACXGXGCCXGXAGGCAGXXACAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXXCGCAGCAGXXGAXXA
XLL 8 CAGXCAACAGACIGIGCCIGIAGGCAGIIAAAAICCATIGACACAXTCCTAAIGGCTCGITCAIXCGCAGCAGIIGATIA
XLL9 CAGXCAACAGACXGXGCCXGXAGGCAGXXACAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXXCGCAGCAGXXGAXXA
XLL10 CAGICAACAGACIGIGCCIGIAGGCAGIIACAAIGCAIIGACACAIICCIAAIGGCXCGIICAIICGCAGCAGIXGAIIA
XLL11 CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
XLL 12 CAGICAACAGACXGXGCCXGXAGGCAGXIAAAAXCCAIIGACACAXICCIAAXGGCICGXICAIXCGCAGCAGIIGAIIA
XLLl 3 CAGICAACAGACIGIGCCXGIAGGCAGIIACAAICCAIIGACACAIICCIAAIGGCICGIICAIICGCAGCAGIIGAIIA
XLLl 4 CAGXCAACAGACIGIGCCIGIAGGCAGIIAAAAICCAIIGACACAIICCIAAXGGCICGIICAIICGCAGCAGIIGAIIA
XLLl 5 CAGICAACAGACIGIGCCXGIAGGCAGIIAAAAICCAIIGACACAXXCCIAAIGGCXCGIICAIICGCAGCAGXXGAXXA
XLLl 6 CAGICAACAGACXGXGCCXGIAGGCAGIIAAAAXCCAXIGACACAXICCIAAIGGCXCGXICAXXCGCAGCAGXXGAXXA
XLL 17 CAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCAXTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTA
XLL 18 CAGTCAACAGACIGIGCCTGIAGGCAGTXAAAATCCAXTGACACATICCTAAXGGCXCGXXCAXICGCAGCAGXTGAXIA
XLLl 9 GAGXCAACAGACIGIGGCXGIAGGCAGIXAAAAXeCAXXGACACAIICCIAAIGGCIGGIXCAIXCGCAGCAGIIGAIIA
XLL20 CAGICAACAGACIGIGCCIGIAGGCAGIXAAAAICGAIIGACACAIICCIAAIGGCXCGIICAIXCGCAGCAGIIGAIIA
XLL21 CAGXCAACAGACXGXGCCXGXAGGCAGXXAAAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXXCGCAGCAGXXGAXXA
XLL22 CAGICAACAGACXGIGCCIGXAGGCAGIXAAAAXCCAIIGACACAIICCIAAIGGCXCGXICAXXGGGAGCAGIIGAXXA
XLL23 CAGTCAACAGACXGTGCCXGIAGGCAGTIAAAAICCAIIGACACAIICCTAATGGCICGITCATTCGCAGCAGIXGATIA
XLL24 CAGXCAACAGACXGXGCCXGXAGGCAGXXAAAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXXCGCAGCAGXXGAXXA
XLL25 cagxcaacagacxgxgccxgxaggcagxxaaAaxccaxxgacacaxxccxaaxggcxcgxxcaxxgggagcagxxgaxxa
XLL26 CAGXCAACAGACIGIGCCXGXAGGCAGIIAAAAXCCAXXGACACAXXCCXAAXGGGICGIICAXXCGCAGCAGIXGAXXA
XLL27 CAGICAACAGACXGIGCCXGXAGGCAGIIAAAAXCCAIIGACACAIXCCXAAXGGCXCGXICAIXCGCAGGAGXIGAXXA
XA CAGXCAACAGACXGXGCCXGXAGGCAGXXAAAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXXCGCAGCAGXXGAXXA
XC CAGICAACAGACIGIGCCIGIAGGGAGIIAAAAICCAIIGACACAIICCIAAIGGCXCGIICAXXCGCAGCAGXXGAIXA
XLS CAGXCAACAGACIGTGCCTGTAGGCAGIIAAAAICCATIGACACAXTCCTAATGGCXCGTICAXXCGCAGCATTIGAXTA
XM CAGTCAACAGACTGTGGCTGTAGGCAGTIAAAAXCCAITGACAGAXTCCXAAIGGCIGGTXCAIXCGGAGCAGTTGAITA

XLLl GIGGAGIGGAAICXGXGIGAXCAACICAAXAAGXGGXXACCXCIGCAXCAAIXGAIGGACAXIAGGXXIXXAACXIGCAI
XLL2 gxggagiggaaicxgigigaicaacicaaiaagiggixaccxciggaicaaixgaxggacaxxaggxxxxxaagixggax
XLL3 GTGGAGTGGAAICXGTGTGATCAACTCAATAAGTGGTTACCXCIGCAXCAAITGATGGACATXAGGTTTTTAACXIGCAX
XLL4 GIGGAGXGGAAICXGIGIGAXCAAGIGAAXAAGIGGIIAGCICXGCAXCAAXIGAIGGACAXIAGGXIIIIAACIIGCAX
XLL 5 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLL6 GIGGAGXGGAAXCXGIGIGAXCAACXCAATAAGXGGXIACCICIGGAICAAIIGAIGGACAIIAGGIIXIIAACIIGCAI
XLL7 GTGGAGIGGAATCIGXGTGAXCAACICAAXAAGTGGTTACCTCTGCAICAAXTGATGGACATTAGGXTTTIAACXIGCAT
XLL 8 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLL9 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLL 10 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXGXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAC
XLL11 GXGGAGXGGAAXCXGXGXGATCAACTCAAXAAGXGGTXACCXCTGCAXCAAXXGAXGGACAXIAGGXXXTTAACIXGCAT
XLL 12 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLLl 3 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACGXXAGGXXXXXAACXXGCAX
XLL 14 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLLl 5 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLLl 6 GXGGAGIGGAATCXGXGXGATCAACICAAXAAGIGGXTACCICIGCAXCAAIXGAXGGACAXIAGGXXXXXAACXIGCAX
XLL 17 gxggagxggaaicxgxgigaicaacxcaaxaagiggixacgicigcaicaaxigaiggacaiiaggxiiixaaciiggax
XLLl 8 GTGGAGIGGAAICIGTGTGAICAACTCAAXAAGTGGIIACCICTGCAICAAXTGATGGACATTAGGIIITTAACTIGCAT
XLLl 9 GXGGAGIGGAAICTGTGIGATCAACTCAAIAAGIGGIIACCTCTGCAICAAXTGAXGGACAITAGGXITXIAACXIGCAT
XLL20 GIGGAGXGGAAXCXGIGXGAXCAACICAAXAAGXGGIXACCXCTGCAXCAATTGATGGACATTAGGXTIITAACIIGCAT
XLL21 GIGGAGIGGAAICIGTGTGATCAACICAAXAAGTGGTIACCTCIGCATCAAXXGATGGACAXTAGGXTTITAACIIGCAI
XLL22 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLL23 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGGAX
XLL24 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLL25 GXGGAGXGGAAXCXGXGXGAXCAACXGAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLL26 GXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAGGXXXXXAACXXGCAX
XLL27 GXGGAGXGGAAXCIGXGTGAXCAACICAAXAAGTGGTTACCTCTGCATCAAXIGAIGGACAXTAGGTITTXAACIIGCAI
XA GIGGAGIGGAATCTGTGTGAXCAACICAATAAGTGGIIACCTCTGCATCAAITGATGGACATTAGGTTITTAACIIGCAT
XC GTGGAGIGGAATCXGTGXGATCAACICAAIAAGTGGTTACCTCTGCAICAAXXGAXGGACAIIAGGIIITIAACTTGCAT
XLS GTGGAGTGGAAXCTGTGTGATCAAGTCAAIAAGTGGIIACCTCXGCATCAAXTGATGGACAXIAGGXXCXXAACXXGCAT
XM GXGGAGTGGAATCXGXGTGAXCAACXCAAIAAGXGGIIACCTCXGCAICAAXXGAIGGACAXIAGGXXXTIAACIIGCAI
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XLLl GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAA
XLL 2 GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAA
XLL 3 GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAA
XLL4 GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAA
XLL5 GGCTGCTTTCGATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGGAGGGCATGTCATATAA
XLL6 GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCTCAAAGGCAGGCCATGTCATATAA
XLL7 GGCTGCTTTCCATTACCAGAGTGGGTGTCXCCTGATGTCACTCAGAACACAAACTCCCAAAGGCAGGCCATGTCATATAA
XLL8 GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAA
XLL9 GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAA
XLL 10 GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGXCATATAA
XLLll GGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAA
xll 12 ggctgctttccattacCagagtggGtgtctcctgatgtcactcacaacacaaaCtcccaaaggcaggccctgtcatataa
XLLl 3 GGCXGCXTXCCAIXACCAGAGIGGGTGICICCTGAIGICACICACAACACAAACICCCAAAGGCAGGCCATGXCAXAXAA
XLLl 4 GGCXGCXXXCCAXXACCAGAGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCCXGXCAXAXAA
XLLl 5 GGCIGGIXIGGAIIAGCAGAGTGGGIGICICCXGAIGICACXCACAACACAAACXCCCAAAGGCAGGGCAIGXCAXAIAA
XLL 16 GGCXGCTXXCCAXXACCAGAGXGGGXGXCXCCXGAXGXCAGXCACAAGACAAACXCCCAAAGGCAGGCCAXGXCAXAXAA
XLL 17 GGCIGCIIICCAIIACCAGAGXGGGIGICICCIGAIGICAGICACAACACAAACXCCCAAAGGCAGGCGAXGICAXAXAA
XLL 18 GGCXGCXXXCCAXXACCAGAGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCAXGXCAXAXAA
XLL 19 GGCXGCXXICGAIXACCAGAGIGGGXGXGXCCIGAIGICACXCACAACACAAACICCCAAAGGGAGGCCAXGXCAIAIAA
XLL20 GGCXGCXXXCCAXXACCAGAGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCAXGXCAXAXAA
XLL21 ggcigcixicc:axiaccagagxgggigxcxccxgaxgicAcicacaAcacaaacxccgaaaggcaggcgaigicaxaiaa
XLL22 GGCXGCIIICCAIIACCCGAGIGGGIGICICCIGAIGICACXCACAACACAAAGCCCCAAAGGCAGGCCAXGICAIAIAA
XLL23 GGCTGCXIICCAIXACCAGAGIGGGIGICICCIGAIGICACICACAACACAAACICCCAAAGGCAGGCCAIGXCAIAIAA
XLL24 GGCXGCXXXCCAXXACCAGAGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCAXGXCAXAXAA
XLL 2 5 GGCIGCXXICCAIIACCAGAGXGGGIGXCXCCXGAIGXCACICACAACACAAACXCCCAAAGGCAGGCCAXGICAXAIAA
xll26 ggcxgcxxxccaxxaccagagxggGxgxcxccxgaxGxcacxcacaacacaaacxcccaaaggcaggccaxgxcaxAxaa
XLL27 GGCXGCIXXGCAIIACCAGAGIGGGXGXCICCIGAIGXCACICACAACACAAACICCGAAAGGCAGGCCAIGXCAXAIAA
XA GGCXGCXIICCAIIACCAGAGXGGGXGXCXCCXGATGICACICACAACACAAACICCCAAAGGCAGGCCAIGICAXAIAA
XC GGGXGCXXXCCAIXACCAGAGXGGGXGXCXCCXGAXGICACXCACAAGACAAACXCCCAAAGGCAGGCCAXGIGAIAXAA
XLS GGCXGCXXXCCAXXACCAGAGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCAXGCCAXAXAA
XM GGCIGCXXXCCAIIAGCAGAGXGGGXGICXGCXGAXGICACICACAACACAAACXCCCAAAGGCAGGCCAIGXCAXAIAA

A * * * * * * * * * * * * * * * * * * * *  * • * « « * * • * *  * * * * * *  * * * * * * * *  * * * * * * * * * * *  * * * * * * * * * * * * * * * * * *
xlli axagiciiiGcaciggccicaiiagaaggiiGiaiiagigagciaagaigicgaicigaxciaixgciigaiagcgxgac
XLL2 AXAGXCIIXCCACXGGCCICAXIAGAAGGXXGIXIXAGXGAGGIAAGAXXXGGAICIGAXCXAXIGCXXGAIAGCCIGAC
XLL3 AIAGXCIIICCACIGGCCICAIXAGAAGGIXGXAIIAGTGAGCTAAGAICXCCAXCIGAICIAXIGCIIGAXAGCCXGAC
XLL4 AIAGXCIIXCCACXGGCCXCAIIAGAAGGXIGIAXXAGIGAGCIAAGAICICCAICXGAICXAIXGCXIGAXAGCCXGAC
XLL5 AXAGXCXIICCACIGGCCICAIIAGAAGGIIGXAXXAGIGAGCIAAGAXCICCAICIGAXCXAXIGCXXGAXAGCCXGAC
XLL6 AXAGICXIXCCACIGGCGICAXIAGAAGGIIGIAIIAGIGGGCIAAGAXCICCAICIGAXCIAIXGCIIGAIAGCCIGAG
XLL7 ATAGTCTTXCCACXGGCCTGAXTAGAAGGTIGTATTAGXGAGCTAAGAICTCCATGTGAICTATTGCTIGATAGCCXGAC
XLL8 AXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXXXXAGXGAGCXAAGAXXXCCAXCXGAXCXAXXGCXXGAXAGCCXGAC
XLL9 AXAGXCTXXCCACTGGCCICAXTAGAAGGITGGAXIAGTGAGCTAAGAXCTCCAXCIGAICTATIGCTTGATAGCCTGAC
XLL 10 AIAGICIIICCACIGGCCICAIIAGAAGGIIGIAIIAGIGAGCIAAGAICICCAICIGAICIAIIGCXIGAXAGCCIGAG
XLLll AXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXXXXAGXGAGCXAAGAXXXCCAXCXGAXCCAXXGCXXGAXAGCCXGAC
XLL12 AXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXXXXAGXGAGCXAAGAXXXCCAXCXGAXCXAXXGCXXGAXAGCCXGAC
XLLl 3 AIAGXCIXXCCACIGGCCICAXIAGAAGGXXGXAXXAGIGAGCXAAGAXCXCCAXCXGAXCXAXXGCXIGAXAGCCIGAC
xlli 4 axagicxiiccagiggGcxGaitagaaggxxgiiiiagigagciaagaiuccaiGigaicxaiigGiigAxAgccigac
xlli5 aiagicxixccaciggccicaixagaaggixgiaiiagigaGgiaaGaicxccaicxgaicxaxigcxigaiagccxgac
XLL 16 AXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGAC
XLLl 7 AXAGIGIXIGGACIGGCCXCAIIAGAAGGXXGIAXXAGXGAGCIAAGAXCXCCAXGIGAICIAIIGCIIGAIAGCCXGAC
XLLl 8 AXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGAC
XLL 19 AXAGXCIIICCACIGGCCIGAIIAGAAGGXIGIAIIAGIGAGCIAAGAICTCCAICIGAICIAXIGCXIGAIAGCCXGAC
XLL20 AXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGAC
XLL21 axagxcitiggaGxggccxcatxagaaggiigiatiagxgagcxaagaicxccaxcigatcxaxigciigaiagcgigac
XLL22 AXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXAXXAGXGAGCTAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGAC
xll23 axagxcixigcaciggccxcaxiagaaggxiGxAxxagxgaggxaagaxciccaxcxGaxciaixgcixgaiagccxgac
XLL24 AXAGXCXXXCCACXGGCCXCACXAGAAGGXXGXAXXAGXGAGCTAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGAC
XLL25 AXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXAXXAGXGAGCTAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGAC
XLL26 axagicxiigcaciggccigaiiagaaggiigiaxiagxgagciaagaiciccaicigaiciaiigcxigaiagccigac
xll27 axagxcxxxccacxggccxcaxxagaaggxxgxaxxagxgagcxaagaxcxccaxcxgaxcxaxxgcxxgaxagccxgac
xa axagxGxxxGcAGxGgGcXcaxxagaaGgxxgxaxxagxgaGcxaagaxGtcCaxGxGaxcxatxgcxxgaxAgGcxgac
xc atagtctttccactggcctcattagaaggttgtattagtgagctaagatctccatctgatctattgcttgatagcctgac
XLS ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC
XM ATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGAC+1
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XLLl CATGCTCAGGAAAGAGAACACCCTGCCA
XLL2 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL3 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL4 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL5 CATGCTCAGGAAAGAGAACACCCTGC—
XLL6 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL7 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL8 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL9 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL10 CATGCTCAGGAAAGAGAACACCCTGC—
XLLll CATGCTCAGGAAAGAGAACACCCTGC—
XLLl2 CATGCTCAGGAAAGAGAACACCCTGCC-
XLLl3 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL14 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL15 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL16 CATGCTCAGGAAAGAGAACACCCTGCC-
XLLl7 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL18 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL19 CATGCTCAGGAAAGAGAACACCCTGC—
XLL20 CATGCTCAGGAAAGAGAACACCCTGC—
XLL21 CATGCTCAGGAAAGAGAACACCCTGC—
XLL22 CATGCTCAGGAAAGAGAACACCCTGC—
XLL23 CATGCTCAGGAAAGAGAACACCCTGC—
XLL24 CATGCTCAGGAAAGAGAACACCCTGC—
XLL25 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL26 CATGCTCAGGAAAGAGAACACCCTGCC-
XLL27 CATGCTCAGGAAAGAGAACACCCTGCC-
XA CATGCTCAGGAAAGAGAACACCCTGCC-
XC CATGCTCAGGAAAGAGAACACCCTGCC-
xls CatgctcagGaaagagaacaccctgcc-
XM CATGCTCAGGAAAGAGAACACCCTGCC-

Figure 1. Manually adjusted TBA alignment of the upstream region of xGAD67.
Manual adjustments were performed in Mesquite in order to minimize the number of 
unnecessary gaps. Local regions o f 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 o f the first exon. Conserved sites are indicated by an asterisk (*).

40



Introns 15 and 17 o f xG A D 67  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 o f 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 outgroup. 

Alignment o f 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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XLLl TGAIIIGGAAGCGAAAAICCTXGAAGCAAAGCAAAAGGTIGGIAGCAGGGAAAIIAIIITTAXIGICCCXGAAATGCTCI
XLL2 TGATITGGAAGCGAAAAXCCITGAAGCAAAGCAAAAGGTIGGIAGCAGGGAAAIIAITTITATXGTCCCTGAAATGCTCT
XLL3 IGAIIIGGAAGCGAAAAICCIIGAAGCAAAGCAAAAGGXIGGXAGCAGGGAAAIIAIIXIXAXIGXCCCXGAAAIGCICI
XLL4 TGAIITGGAAGCGAAAAICCIIGAAGCAAAGCAAAAGGTIGGTAGCAGGGAAAIIAITITTATTGICCCIGAAATGCTCI
XLL5 TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
XLL6 TGAIITGGAAGCGAAAAICCIIGAAGCAAAGCAAAAGGITGGIAGCAGGGAAAIIAIXIIIAHGICCCIGAAATGCICI
XLL7 XGAXXXGGAAGCGAAAAXCCXXGAAGCAAAGCAAAAGGXXGGXAGCAGGGAAAXXAXXXXXAXXGXCCCXGAAAXGCXCX
XLL8 IGAXXXGGAAGCGAAAAXCCXXGAAGCAAAGCAAAAGGXXGGXAGCAGGGAAAXIAXIXXXAIIGXCCCIGAAAIGCICI
XLL9 TGAIITGGAAGCGAAAATCCXIGAAGCAAAGCAAAAGGITGGTAGCAGGGAAAIIAITTITATTGTCCCTGAAATGCTCI
XLL10 TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
XLLll TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
XLLl2 TGAIITGGAAGCGAAAATCCIIGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATIATTTTTATTGTCCCTGAAATGCTCT
XLL 13 TGATITGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGXTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
XLL14 TGATTTGGAAGCGAAAAICCTIGAAGCAAAGCAAAAGGXTGGIAGCAGGGAAAIIATTTTTATTGICCCTGAAATGCTCI
XLL15 XGAIIIGGAAGCGAAAAICCIIGAAGCAAAGCAAAAGGXIGGIAGCAGGGAAAXIAIXIIIAIXGICCCIGAAAIGCICI
XLLl 6 TGAITTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
XLL17 TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTAITTTTATTGTCCCTGAAATGCTCT
XLLl 8 IGAIIIGGAAGCGAAAAICCIXGAAGCAAAGCAAAAGGIIGGIAGCAGGGAAAIIAIXIIIAXXGICCCIGAAAIGCICI
XLLl9 IGAIIIGGAAGCGAAAAICCIIGAAGCAAAGCAAAAGGXIGGIAGCAGGGAAAIIAXIIXIAXIGXCCCIGAAAIGCICI
XLL2 0 TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
XLL21 TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
XLL22 TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
XLL23 TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGTCCCTGAAATGCTCT
XLL24 TGATTTGGAAGCGAAAATCCTTGAAGCAAAGCAAAAGGTTGGTAGCAGGGAAATTATTTTTATTGXCCCTGAAATGCXCX
XA XGATTTGGAAGCGAAAATCCTXGAAGCAAAGCAAAAGGTTAGTAGCAGGGAAATXAATXTTATTGTCCCTGAAATGCTCT
XC XGAXXXGGAAGCGAAAAXCCXXGAAGCAAAGCAAAAGGXXGGXAACAGGGAAAXXGXXXXXAXXGXGCCXGAAAXGCXCX
XLS XGAXXXGGAAGCGAAAAXCCXXGAAGCAAAGCAAAAGGXXGGXAGCAGGGAAAXXAXXXXXAXXGXCCCXGAAAXGCXCX
XM XGAXIXGGAAGCGAAAAXCCXXGAAGCAAAGCAAAAGGXXGGXAGCAGGGXAAXIGXXXXXAXXGXCICXGA-------

EXON 15
* * *  * * * * * * * * * *  * * * * * * * * * * * *  * * * * * * * * * * * * * *  * * * * * * *  * * * •  * * *  * * *  *

xlli xxaxcacagxaaacgxxxaaggcaaxxxgcacxGaaaxxaxggcagxggxgxcacxgcxxacacaxxcxaxxggaxaaca
XLL2 IIAICACAGIAAACGTIIAAGGCAATXXGCACIGAAAXIAIGGCAGIGGIGICACIGCXXACACAIICIAIIGGAIAACA
XLL3 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
xll4 xxaxcacagxaaacGxxxaaggcaaxxxgcacxgaaaxxaxggcagxgGxGxcacxgcxxacacaxxcxaxxggaxaaca
XLL5 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
XLL 6 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
XLL7 TTATCACAGXAAACGTTIAAGGCAAXTTGCACTGAAATIAIGGCAGTGGIGTCACTGCIIACACAIXCTATTGGATAACA
XLL8 xxaxcacagxaaacgxxxaaggcaatxtgcacxgaaaxxaxggcagxggxgxcacxgcxxacacaxxcxaxxggaxaaca
XLL9 TTATCACAGIAAACGTTIAAGGCAATTTGCACTGAAATIATGGCAGTGGTGTCACTGCTIACACAITCIATTGGATAACA
XLL 10 XXAICACAGXAAACGXTXAAGGCAAIIXGCACXGAAAXIAIGGCAGXGGIGICACIGCXIACACAXICIAIIGGAIAACA
XLLll XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
XLL 12 IIAICACAGIAAACGIIXAAGGCAAXXIGCACIGAAAXXAIGGCAGXGGXGICACIGCIIACACAIXCIAXXGGAXAACA
XLL 13 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
XLL 14 IXAICACAGIAAACGXIIAAGGCAAIXIGCACIGAAAIIAIGGCAGIGGIGICACXGCIXACACAIXCXAIIGGAIAACA
XLLl 5 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
XLL16 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
xlli7 xiaicacagiaaacgiiiaaggcaaiiigcacigaaaiiaiggcagiggxgicaciGciiacacaiiciaixggaiaaca
XLL 18 XXAXCACAGTAAACGXXTAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
XLLl 9 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
XLL 20 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
XLL21 iiaicacagtaaacgttiaaggcaattigcacigaaatiatggcagtggigtcactgcttacacatictatiggataaca
XLL22 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
xll 2 3 xxaicacagiAaacgixxaaggcaaxxxgcacigaaatxaiGgcagxggxgxcacigcxiacacAiicxaXiggaiaaca
XLL 2 4 XXAXCACAGXAAACGXXXAAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACAXXCXAXXGGAXAACA
XA XXAXCACAGGAAACGXX-AAGGCAAXXXGCACXGAAAXXAXGGCAGXGGXGXCACXGCXXACACGXXCXAXXGGAXAGCA
XC TTAICACAIGAAACGIIIAAGGCAAXIIGCACIGAAAIXAIIGCAGIGGXGTCACIGCIIACACGIICXGIIGGAXAACA
XLS XXAICACAGIAAACGIXIAAGGCAAIIIGCACIGAAAXXAIGGCAGIGGIGICACIGCIIACACGIICIAIIGGAXAACA
XM ------------CAXXXAAGGCAAXXXXCACXGAAAXXAXGGCAGXGGXGXCACXACXXACACAXXCXGXXGAAXAAC-
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XLL1 ATGCATTITCAGCTGTTGGCIXAGXTGCCXAGATACAGCCAIAIAXGCAAAGCIATAGCXCCAAAAATACTAAGGTAAAG
XLL2 AIGCATIXXCAGCIGXIGGCXIAGIIGCCIAGAXACAGCCAIAIAXGCAAAGCIAIAGCicCAAAAAIACXAAGGXAAAG
XLL3 ATGCATTTTCAGCTGTTGGCTTAGTTGCCTAGATACAGCCATATATGCAAAGCTATAGCTCCAAAAATACTAAGGTAAAG
XLL4 AIGCAIIIICAGCIGIIGGCIIAGIIGCCIAGAIACAGCCAIAXAIGCAAAGCTAIAGCXCCAAAAAIACXAAGGIAAAG
XLL5 AIGCAIIIICAGCIGIIGGCIIAGIIGCCIAGAIACAGCCAIAIAIGCAAAGCIAXAGCICCAAAAAIACXAAGGIAAAG
XLL6 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL7 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL8 axgcaxxxxcagcxgxxggcxxagxxgccxagaxacagccaxaxaxgcaaagcxaxagcxccaaaaaxacxaaggxaaag
XLL9 aigcaiiiigagcxgxxggciiagxxgccxagaiacaggcaiaiaigcaaagcxaiagcicgaaaaaiagiaaggxaaag
XLL10 AXGCAIIIICAGCIGXIGGCIIAGIZGCCIAGAIACAGCCAXAIAIGCAAAGCXAXAGCICCAAAAAIACIAAGGIAAAG
XLL11 AIGCAXXTXCAGCXGIXGGCXIAGXIGCCIAGAIACAGCCAXAXATGCAAAGCIAXAGCXCCAAAAAXACTAAGGXAAAG
XLL12 aigcaiiiigagcigiiggciiagiigcgiagaxacagccaxaxaxgcaaagciaxagGiccaaaaaiaciaa<}giaaag
XLL13 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL14 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL15 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL16 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCATAXAXGCAAAGCTAXAGCXCCAAAAAXACXAAOGIAAAG
XLL17 AIGCATTTTCAGCTGTTGGCIIAGIIGCCTAGATACAGCCAIAXATGCAAAGCIAXAGCICCAAAAAIACTAAGGTAAAG
XLL18 AXGCAXXXXCAGGXGXXGGCXXAGXXGCCXAGAXACAGGCAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL19 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCGAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL20 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL21 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCAXAXAXGGAAAGGXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL22 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
XLL23 AXGCAXXXXCAGCXGXXGGCXXAGXXGCCXAGAXACAGCCAXAXAXGCAAAGCXAXAGCXCCAAAAAXACXAAGGXAAAG
xll24 axgcaxxxxcagcxgxxggcxxagxxgccxagaxacagccaxaxaxgcaaagcxaxagGxccaaaaaxacxaaggxaaag
XA AXGCAXXXACAGCXGXXGGCXXAAXXGCCXAGAXACAGCCAXACAXGCAAAGCTGXAGCXCCAAAGAXACGAAGGXAAAX
XC AXGCAXXXXCAGCXGXXGGXXXAAXXGCCXAAAXACAGCCATAXAXGCAAAGCXAAAGCXCCAAAGACACXAAGGXAAAG
XLS AXGCAXXXXCAGCXGXXCGXXXAGXXGCCXAGAXACACiCCAXAXAXGCAAAGCXAXAGCXC-AAAAAXACXAAGGXAAAG
XM  -CAGAIACTGGTTTAAITGCATACATACAGCCATATTTGCCACACTATAGAICCAAAA--- — -------

## ** #* * * * * * * * *  ** *  ** *  * * * * * * * * *  * **** * * * * *  * * * *  * * *  * * * *  * * * * *
XLL1 xaaaaaccxxaaaaggxxxcxxcagatagaacxaxccxccacxaxaaaaataacacttgc—-— ccgaxaaaacaaagga
XLL2 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCGAXAAAACAAAGGA
XLL3 XAAAAACCXXAAAAGGXXXGXXCAGAXAGAACXAXCCXCGACXAXAAAAAXAACACXXGC- CCCAXAAAACAAAGGA
XLL4 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL5 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL6 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACIAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL7 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL8 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL9 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLLIO XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL1X XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL12 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL13 TAAAAACCTIAAAAGGTIICTTCAGATAGAACTAICCTCCACTATAAAAATAACACTIGC CCCAXAAAACAAAGGA
XLL14 XAAAAACCITAAAAGGTXTCXIC AGATAGAACTATCCICCACTATAAAAAIAACACXIGC- CCCAXAAAACAAAGGA
XLL15 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC— -CCCAXAAAACAAAGGA
XLL16 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC- CCCAXAAAACAAAGGA
XLL17 XAAAAACCTIAAAAGGXTXCTTCAGAXAGAACTAICCTCCACTAIAAAAATAACACTXGC- CCCAXAAAACAAAGGA
XLL18 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL19 IAAAAACCIIAAAAGGXXXCIICAGAXAGAACIAICCICCACXAIAAAAAIAACACXIGC CCCAXAAAACAAAGGA
XLL20 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL21 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL2 2 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC CCCAXAAAACAAAGGA
XLL23 IAAAAACCTTAAAAGGTTTCIICAGATAGAACTAICCICCACTATAAAAATAACACXTGC CCCAXAAAACAAAGGA
XLL24 XAAAAACCXXAAAAGGXXXCXXCAGAXAGAACXAXCCXCCACXAXAAAAAXAACACXXGC— -— CCCAXAAAACAAAGGA
XA XAAAAACCXXAACAGGXXXCXXCAGAXAGAACXAXCCXCCAGXAXAAAAAXAACACXXGCXXXGCCCCAXAAACAAAGGA
XC XAAAAACCXXAAAAGGXXXCXTCAGAXAGAAAXAXCCXCCACXAXAAAAAXAACAXXXGC CCCAXAAAACAAAGGA
XLS IAAAAACCIIAAAAGGIIXCXICAGAIAGAACIAXCCICCACIAIAAAAAIAACACIIGC CCCAXAAAACCAAGGA
XM XAGGAAXAGGAAGAXGXXXCXXAAGAGGGAAAXAXCCXCCACXXXAAAGAXAACXCXXGC CCCAXAAAACAAAGGA
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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
XM

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLLIO
XLL11
XLLX2
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XA
XC
XLS
XM

**** *** * *
GATAATCCTCACTTAAA ---------------- — :----------- -------
GATAATCCTCACTTAAA--------------------------------------------------------------
GATAATCCTCACTTAAA  ------------------------------       .-------
GATAATCCTCACTTAAA--------------------------------------------------------------
GATAATCCTCACTTAAA------------------------------- ■------------------------------
GATAATCCTCACTTAAA-  ---------•-----   ■--------- :— -------------
GATAATCCTCACTTAAA--------------------------------------------------------------
GATAATCCTCACTTAAA  --------------- -------------------- ---------------------
GATAATCCTCACTTAAA--------------------------------------------------------------
GATAATCCTCACTTAAA ------------     :--------------- ----------
GATAATCCTCACTTAAA-----------------------------------          •------ --------
GATAATCCTCACTTAAA---------------------------------- -̂-------------------------
GATAATCCTCACTTAAA-. :---  ■---- >------ ------— — ---------- .------ r -
GATAATCCTCACTTAAA  ----------- *--- *-- ---------------- ----------------------
GATAATCCTCACTTAAA--------------------------------------------------------------
GATAATCCTCACTTAAA--------------- ----------------------------------------------
GATAATCCTCACTTAAA---------  — ----------------  — -------------
GATAATCCTCACTTAAA-  ---- ------------------ ------- ------ ----------------------
GATAATCCTCACTTAAA ■----- ■-------------------■---------------------------- ---
GATAATCCTCACTTAAA-------------------------------------------------------------
GATAATCCTCACTTAAA---- — ---    ,-----.-- --------- ------------------
GATAATCCTCACTTAAA--------------------------------------------------------------
GATAATCCTCACTTAAA-  --------------- ■--------------------------------— — -- ---
GATAATCCTCACTTAAA:----------------- --------------------- --------------- ------
GATAATCCTCACTTTAGGCTAGGGCTACATGTGCGTTTTTTGTGCGTCTCGACGCGCTGCGTCAAAAATAATGTTAAAGA
GATAACCCTCTCATAAATTGGATGTATACCTTCCATAGAACTCTACTATTGCTGTCTGCTCGGTTAAATAGGTGGTCCAA
GATAATCCTCACTTAAAGGAATTGTTCAGTGTAAAAATAAAAACTGGGTCAATAGACAGGCTGTGCAAAAAAAAAATGTT
TATAATCCTAATTTAAATGGGATGTATACCTTCCATAGAATTTGACTGTTGCTCTGCCAGCTCTCCTAACTAGGTGGCCC

TAGAATGTCGCATCGCGTCGCAGCGTCGTGTCCGACGCGACGCGACTGTCGCATGCGGACGCAGC-------------
ACCTAGAGGGCTAGAGGGTAAGAGGGATAGAGGGCACCCCGATGAGAATATTACCTACAAGAAAGAAATGGGCAACTGGT
TCTAATATAGTTAGTTAGCCAAAAATGTAATGTATAAAGGCTGGAGTGATTTGATGTATATTATGTCAGTCAGATCACTT
AAACCTTGAGAGCTAGAGGGCCATGGGAATCTTACCAACATAAAATAAAATGGGCAGCATGTGGCAGCAGCATTATTAAT
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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
XM

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

TGGCAGGGCTAAAATGGGCCTAGTTACACTTGTAGAGAATAAGTAAAAGCAGCATACTAATGTTAGTAGAATAATATTAA
CCTGCTTTTCAGCTCTCTTGGTTTACACTGACTGGTTACCCTGGCTACCAGGCAGTAACCAATCAGAGACTTGAGGGGGA
CCCATTAGTTATGTTCTCTGTTATGAGTACAATTACTTGCAGGACTAAAATGTAGATGATAAGTAAAAGCAGAAATTCTC

TTAAATGATGAATACTTTTTTAAAATATTACAAATGAATAGTAAAAGGCTCACAAA-----------------------
GCCACATGGGTCATATCTGTTGCTTTTGAATCTGAGCTGAATGCTGAGGATCAATTGCAAACTCACTGAACAGAAATGTC
ATTTTATTATTATTGTTTTATTATTATTATTATXATATAAATTAAATCATTAATATATTTAATAATGATTATACAATTCA
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XXX1
XIX2
XLL3
XLL4
XXX5
XLL6
XLL7
XLL8
XLL9
XIX10
XLL1X
XLL12
XLL13
XLL14
X1X15
XLL16
XLL17
XLL18
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XA
XC
XLS
XM

XLL1
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLLIOXLL11
XLL12
XLL13
XLL14
XLL15
XLL16
XLL17
XLL18
XLLX9
XLL20
XLL21
XLL22
XLL23
XIX24
XA
XC
XLS
XM

CCATGTGGCCCCCCTTCAAGTCGCTGACTAGCTCAGAGTTATAGAGCTGAAAAGCAGGAAGTTGGATTCTGTCTGTTTTA 
AATATGAATATTAATTTTAATAATCATTATACAATTCAAATATAATAGTAAAAGGTTCACAAATGT------------

TTAGACATCTGTTCACTCCAGCCTTTATGCATTACATTTTTGGCTAACTAACTATATTAGAAATATTTTTTATTTTGCAC  ------------    r,---,-------    AAATGTAATAGTTATTGGCC
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XLL1  TGGAATGTATACCTTCCATAGAACTCT
XLL2------       — ------------ ------- — f TGGAATGTATACCTTCCATAGAACTCT
XLL3  TGGAATGTATACCTTCCATAGAACTCT
XLL4  TGGAATGTATACCTTCCATAGAACTCT
XLL5------ ----------- — — -----      TGGAATGTATACCTTCCATAGAACTCT
XLL6  TGGAATGTATACCTTCCATAGAACTCT
XLL7  TGGAATGTATACCTTCCATAGAACTCT
XLL8------ --- -------- ------ — — ---------------- — --------------------------------- -TGGAATGTATACCTTCCATAGAACTCT
XLL9  TGGAATGTATACCTTCCATAGAACTCT
XLL10   TGGAATGTATACCTTCCATAGAACTCT
XLL11    -TGGAATGTATACCTTCCATAGAACTCT
XLL12  TGGAATGTATACCTTCCATAGAACTCT
XLL13-----    — ------------— ----  <-------TGGAATGTATACCTTCCATAGAACTCT
XLL14    r------------- TGGAATGTATACCTTCCATAGAACTCT
XLL15  — --------------------------TGGAATGTATACCTTCCATAGAACTCT
XLL16 ------------- -- ----------------- ---------------TGGAATGTATACCTTCCATAGAACTCT
XLL17      ■------------ •----------TGGAATGTATACCTTCCATAGAACTCT
XLLl 8    — ■------ TGGAATGTATACCTTCCATAGAACTCT
XLL19    ~---           TGGAATGTATACCTTCCATAGAACTCT
XLL20 ------------------------- ------------------------ TGGAATGTATACCTTCCATAGAACTCT
XLL21 ------------------------------------------------- TGGAATGTATACCTTCCATAGAACTCT
XLL2 2  — ------ ----- ------------- --- ------- -- —  TGGAATGTATACCTTCCATAGAACTCT
XLL23-----  — ----------  -TGGAATGTATACCTTCCATAGAACTCT
XLL24 ------------------------------------------------- TGGAATGTATACCTTCCATAGAACTCT
XA ------------- -- ------ — --------------------- — GCGGGATGTATACCTTCCATAGAACTCT
XC  ■-------------------   TGTATT-AGTGTTTGGCCCCAATAGA-----TT
XLS agcctatctatttacccagtttttattttcacactgaactattcctttaaatggaatgtataccttccatagaactttac
XM CCAATAGATAACCCATAGCTATATATTTTATTTACTTTAACTTACTTTAACTTTAGAGCACAAGGCTTAAGTTCAGG-CT

* * * * *
XLL1 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL2 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL3 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL4 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL5 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL6 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL7 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL8 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL9 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLLIO ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL11 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL12 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL13 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL14 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL15 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL16 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL17 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL18 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL19 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL20 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL21 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL22 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL23 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XLL24 ACTATTGCTCTGTTAG— CTCTCTTAAATAGGTGGCCCAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XA ATTATTGCTCTGTTAG— CGCTTTTAAATAGGTGGCCAAAAC— CTAGAGGG-------GAAGAGGGC------- ATC
XC ACTGACA-TCTGTTTA— TTTTATTTACTTTGTCTTTAGAGC— C— GAAGACTT AGATTCAGCCCTTGGGGGAGC
XLS TATTGCTCTGTTAG CTCTCTTAAATAGGTGGCTGAAAC— CTAGAGGGCTAGAGGAGAAGAGGGCTAGAGGGCACC
XM ACCCTTGGGGAGATAGAATTTTCTCAGACCACCCCCCTCCTTTGCTCATGTGCTTAATAATATTGACATGCTCTTATCAC
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* * * * * * * *
XLLl CCAAXGAGAAICTIACCTACAAGAAIGAAAIAGGCAACIGAIIGGCAGGGCXAAAAIGGGCCIAGITAIACITGIAGAGA
XLL2 CCAAXGAGAAXCXXACCXACAAGAAXGAAAXAGGCAACXGAXXGGCAGGGCXAAAAXGGGCCXAGXXAXACXXGXAGAGA
xll3 ccaaigagaaicxiacciacaagaaigaaaiaggcaacigAiiggCagggciaaaaigGgcciagiiaiaciigiagaga
XLL4 CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
XLL5 CCAAIGAGAAXCXXACCIACAAGAAIGAAAXAGGCAACIGAITGGCAGGGCXAAAAXGGGCCXAGITAIACXIGXAGAGA
XLL6 CCAAIGAGAAICXIACCIACAAGAAIGAAAIAGGCAACIGAIIGGCAGGGCIAAAAIGGGCCIAGIIAIACIIGIAGAGA
XLL7 CCAAIGAGAAXCXIACCIACAAGAAIGAAAIAGGCAACIGAIXGGCAGGGCXAAAAIGGGCCIAGXIAXACIIGXAGAGA
XLL8 CCAAXGAGAAICIIACCIACAAGAAXGAAAIAGGCAACIGAIIGGCAGGGCTAAAATGGGCCTAGITATACIIGTAGAGA
XLL9 CCAATGAGAATCXXACCIACAAGAAXGAAAIAGGCAACTGAXTGGCAGGGCTAAAATGGGCCIAGTTAXACXXGXAGAGA
XLL10 CCAAXGAGAAICIIACCIACAAGAAIGAAAIAGGCAACIGATIGGCAGGGCXAAAAIGGGCCXAGITAXACTTGIAGAGA
XLL11 CCAAIGAGAAICIIACCIACAAGAAIGAAAIAGGCAACIGAIIGGCAGGGCIAAAAIGGGCCIAGIIAIACIXGXAGAGA
XLLl2 CCAAIGAGAAICIIACCIACAAGAAIGAAAIAGGCAACIGAIIGGCAGGGCXAAAAIGGGCCIAGIIAIACIIGIAGAGA
XLLl 3 CCAAXGAGAAICXTACCIACAAGAAIGAAAIAGGCAACIGAIIGGCAGGGCIAAAAIGGGCCIAGIIAIACIIGIAGAGA
XLLl 4 CCAAIGAGAAICIIACCIACAAGAAIGAAAXAGGCAACIGAXIGGCAGGGCIAAAAIGGGCCXAGXIAIACIIGXAGAGA
XLLl5 CCAAIGAGAAXCXXACCXACAAGAAIGAAAIAGGCAACIGAXIGGCAGGGCXAAAAXGGGCCXAGTTAXACTIGTAGAGA
XLLl6 CCAAXGAGAAICXIACCTACAAGAAIGAAATAGGCAACXGATXGGCAGGGCTAAAATGGGCCIAGTTAXACITGIAGAGA
XLLl7 CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
XLLl8 CCAAXGAGAAICITACCIACAAGAAIGAAATAGGCAACIGAIIGGCAGGGCTAAAAIGGGCCIAGITAIACITGIAGAGA
XLLl 9 CCAAIGAGAAICIIACCIACAAGAAIGAAAIAGGCAACIGATIGGCAGGGCTAAAAIGGGCCTAGTTATACITGTAGAGA
XLL20 CCAAXGAGAAXCXIACCIACAAGAAIGAAAIAGGCAACIGAIXGGCAGGGCIAAAAIGGGCCTAGTXATACITGXAGAGA
XLL21 CCAAIGAGAAICXTACCTACAAGAATGAAAIAGGCAACIGATTGGCAGGGCTAAAATGGGCCTAGTTATACITGTAGAGA
XLL22 CCAAIGAGAAICIIACCIACAAGAAIGAAAIAGGCAACIGAIIGGCAGGGCIAAAAIGGGCCIAGIXAXACIIGIAGAGA
XLL23 CCAAXGAGAAICIIACCIACAAGAAXGAAAIAGGCAACIGATIGGCAGGGCXAAAATGGGCCIAGIIAIACITGXAGAGA
XLL24 CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAGA
XA CCAGIGAGAAXCCIACCIACAAGAAXGAAAX--------    -GGGCCXAXXIAXACXCGXAGAGA
XC XAAACAAITCICAGACCCCIIIXGCITAITIIAA GGIICCIAA IATATGAAAIAXGGTT-IATIAGTCACIC
XLS CCAATGAGAATCTTACCTACAAGAATGAAATAGGCAACTGATTGGCAGGGCTAAAATGGGCCTAGTTATACTTGTAGAG-
XM TIAXGATGAAIACIGITTXGCAXA— TACACAAAGAGGIGCIITTCACATITAAXCTGCAXCXGTTTTGGTTTCXAGATA

* * * *  * * * * *  * * *  * * *
XLLl AGAAGXAAAAGCAGACAIICXAAIGXXAGIAGAAIAAIAXIAATIAAAIGAIGAAXCAITTIAATAAIATTACAAATIAA
XLL2 AGAAGXAAAAGCAGACAXXCXAAXGXXAGXAGAAXAAXAXXAAXXAAAXGAXGAAXCAXXXXAAXAAXAXXACAAAXXAA
XLL3 AGAAGXAAAAGCAGACATXCXAAIGIXAGIAGAAIAAIAXIAATTAAAXGATGAAICAITXIAATAAXATTACAAATIAA
XLL4 AGAAGXAAAAGCAGACAIXCXAAXGIXAGIAGAAXAAXAXTAAXXAAAXGAXGAAXCAIIXXAAXAAXAIXACAAAXIAA
XLL5 AGAAGIAAAAGCAGACAIICIAAXGIIAGIAGAAIAAIATIAAXIAAAIGAIGAAICAIIIIAAIAAIATTACAAAITAA
XLL6 AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
XLL7 AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
XLL8 AGAAGXAAAAGCAGACAXXCXAAXGTXAGXAGAAXAAXAXXAATXAAAXGAXGAAXCAXXXXAAXAAXAXXACAAAXXAA
XLL9 AGAAGTAAAAGCAGACATTCIAATGIIAGIAGAAIAAIATIAAIXAAAIGAXGAATCAIITIAAIAATAITACAAATTAA
XLLIO AGAAGTAAAAGCAGACAIXCTAAIGTIAGIAGAAIAAIAIIAATIAAAIGAIGAAICAIIXIAATAATATIACAAAIIAA
XLL11 AGAAGIAAAAGCAGACAIICTAAIGIIAGIAGAAIAAXAIIAAIIAAAIGAIGAATCAIIIIAAIAAIAIIACAAAIIAA
XLL12 AGAAGIAAAAGCAGAXAIXCIAAIGIIAGIAGAAIAAIAIIAAXIAAAIGAXGAAICAXXIIAAXAAIAIXACAAAXIAA
XLL13 AGAAGXAAAAGCAGACAXXCXAAXGXXAGXAGAAXAAXAXXAAXXAAAXGAXGAAXCAXXXXAAXAAXAXXACAAAXXAA
XLL14 AGAAGIAAAAGCAGACAIICTAAXGIIAGIAGAAIAAIATTAAIIAAAXGAXGAATCAITXIAATAATAITACAAATTAA
XLL15 AGAAGTAAAAGCAGACAIXCTAATGXIAGXAGAAXAATATTAATTAAAIGAXGAATCATTTTAATAATATTACAAATTAA
XLLl6 AGAAGIAAAAGCAGACAIXCTAAIGTIAGIAGAAIAAIAIIAAIIAAAIGATGAAICAIITTAATAAIAIIACAAATTAA
XLLl 7 AGAAGIAAAAGCAGACAIICTAAXGIIAGIAGAAIAAIAIIAAIIAAAIGAXGAATCAIIIIAATAAXAITACAAAXIAA
XLLl8 AGAAGTAAAAGCAGACAIICIAAIGIIAGIAGAAIAAIATIAAIIAAAIGAXGAAICAXIIIAAXAAIAIIACAAAIIAA
XLL19 AGAAGXAAAAGCAGACAXTCXAAXGXXAGXAGAAXAAXATXAAXXAAATGATGAAXCAXXTXAAXAAXAXXACAAAXXAA
XLL20 AGAAGXAAAAGCAGACAIICIAAIGXIAGIAGAAIAAIATIAAXIAAAIGAIGAAICAIXXIAAIAAIAIIACAAATTAA
XLL21 AGAAGIAAAAGCAGACAIICIAAIGIIAGIAGAAIAAIAIIAAIIAAAIGAIGAATCAIXTIAAIAAXAITACAAAXIAA
XLL22 AGAAGIAAAAGCAGACAIICTAAIGITAGIAGAAIAAIAIIAAIIAAAIGAIGAAXCAIIITAAIAAIAIIACAAATIAA
XLL23 AGAAGTAAAAGCAGACAIICTAAIGTTAGIAGAAIAATATIAAIIAAAIGAXGAATCAXIXIAATAAIATTACAAAIIAA
XLL24 AGAAGTAAAAGCAGACATTCTAATGTTAGTAGAATAATATTAATTAAATGATGAATCATTTTAATAATATTACAAATTAA
XA AIAAGAAAAAGCAGACAIXCXAAXGIIAGXAGAAIAAIAIXACIIAAAIGAXGAAICAIIIXAAIAAIAGIACACAXIAA
XC TCTTATAGTTTCAGGAATAACAAAGGCAGTAAATAAGCATTCACCTCCAAATATCACATTXTGGT— CCACACA-ATTAC
XLS — AAGXAAAAGCGGACAXXCXAAXGXXAGXAGAAXAAXAXXAAXXAAAXGAXGAAXCAXXXXAAXAAXAXXACAAAXXAA
XM CXGXACACXACAAAACACACCX ICAGAIGAAIAIAIAIAIAIAIAXGGAACAGCACIIIA----- ICAAGGAICCI
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* * * * * * * * * * *
XLLl TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL2 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATGTGTTTATTT-TATTTACTT IGCC
XLL3 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL4 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL5 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL6 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL7 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL8 tagcaaaaagctcacaaatgtataagtacctggccccactagattacctatatctgtttattt-tatttactt TGCC
XLL9 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT— TGCC
XLL10 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT— TGCC
xllii tagcaaaaAgctcacaaatgtataagtacctgGccCCaCtagAttACctatatctgtttattt-tatttactt TGCC
XLL12 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT-— TGCC
XLLl 3 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT— TGCC
XLL14 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLLl 5 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLLl 6 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATACCTGTTTATTT-TATTTACTT TGCC
XLL 17 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
xlli8 tagcaaaaagctCacaaatgtaTaagtacctggccccactagattacctatatctgtttattt-tatttactt TGCC
XLL19 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL20 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL21 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL22 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL23 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
XLL24 TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT TGCC
xa taacaaaaagctCacaaatgtaTtagtacctGgccccactagAttacttatatctgtatattt-tatttactt---TGCC
XC AAGTGAGCTAGTGATATA-GTACTGACATGCTCTTTCACTT-ATGATGAATACTGTTTTGTATATACAGAAATGGGTGCT
XLS TAGCAAAAAGCTCACAAATGTATAAGTACCTGGCCCCACTAGATTACCTATATCTGTTTATTT-TATTTACTT---TGCC
XM TGAAAAAGGTTCCAATAATGACCAAATGTTGGATACAGC GTGTCCTAAAATAAATCACTTTAAATGAAGA--- AAC

* * * * * * * • • •  * * * * *
XLLl TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL2 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL3 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL4 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL5 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL6 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL7 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL 8 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL9 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL 10 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLLll TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLLl 2 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT--TATCTGGGGT
XLLl 3 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL 14 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL 15 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLLl 6 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLLl 7 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL18 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL19 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL20 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL 21 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL22 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL23 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XLL24 TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGACCCCCTTTGCT— TATCTGGGGT
XA TTTCGAGCTGATGACTTAGATTCAGGCTGCCATTTGGGGTGCTAAACATTTCTCAGACCCTCTTTGCT— TATCTGGGGT
xc ttttacatttaacagtctgaatttgttttggtttaCagatactgtacactacactcctttagatgaata-tatataaaat
XLS TTTAGAGCCGAAGACTTAGATTCAGGCTGCCATTTGGGGAGCTAAACATTTCTCAGGCCCCCTTTGCT— TATCTGGGGT
XM TGTAATGCTGATCCCTTCTAAATATATATACCTGTGTGTAGATATATATGTTTTATTTATAATCTATACATATATATAAT
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XLLl CIACIIIGCI-IAICIGGG-ICIACIIAAIAIGIGACCI-AGCA-GTACIIIIAACCCIGIGGITGGGIGIITGATTTCA
XLL2 CTACTTTGCT-TATCTGGG-TGTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL3 CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL4 CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGAGCT-AGCA-GTACTTTTAAGCCTGTGGTTGGGTGTTTGATTTCA
XLL5 CTACTTTGCT-TATGTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL6 CXACIIIGCI-XAICIGGGGICXACXXAAIAIGXGACCX-AGCA-GXACIIXXAACCCIGXGGIXGGGIGIIXGAIIXCA
XLL7 CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAAGCCTGTGGTTGGGTGTTTGATTTCA
XLL8 CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL9 CTACTTTGCT-TATGTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL 10 CIACIIIGCI-IAICIGGG-ICIACIIAAIAIGIGACCI-AGCA-GIACIIIIAACCCIGIGGIIGGGIGIIIGAIIICA
xll 11 ciAcxiigci-IaiciGGgGxCiacixaaIaigxgacci-agca-GIACixixaacccxGiGGixGGgigixigaiixca
XLL 12 CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL13 CIACTIIGCI-IATCIGGGGICTACITAAIAIGIGACCI-AGCA-GTACTIIIAACCCTGIGGITGGGTGIITGATTTCA
XLL 14 CIACIIIGCI-IATCIGGGGICIACTTAAIAIGIGACCI-AGCA-GIACIITTAACCCTGIGGITGGGIGIITGATITCA
XLLl 5 CIACTIIGCI-TATCIGGGGICTACIIAATATGIGACCI-AGCA-GTACTIIIAAeCCTGIGGITGGGIGTITGATITCA
XLL16 CTACIITGCT-IAICIGGG-ICTACTTAAIAIGTGACCT-AGCA-GTACTTTIAACCCTGIGGTTGGGIGTTTGATTTCA
XLL17 CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL 18 CIACXIIGCI-IAICIGGG-ICXACIIAAIAXGXGACCI-AGCA-GIACXIIIAACCCXGIGGIIGGGXGIIIGAXIICA
XLL 19 CTACTTTGCT-TATGTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCGTGTGGTTGGGTGTTTGATTTCA
XLL20 CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL21 CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACGCTGTGGTTGGGXGTTTGATTTCA
XLL22 CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL23 CTACTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XLL24 CTACTTTGCT-TATCTGGG-TCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGGTTGGGTGTTTGATTTCA
XA CTACTTTGCT-TATCTGGTGTCTACTTAGTAAGTGACCTTAGTAAGTACTTTTAACGCTGTGGTTGGCTGTTTGATTTCA
XC ATACAGGAGTATACCTGGGTTCAAGTTAGTATGTGAACT— CGAAGTACTTTTAAGCCTGTGGTTGGGTGT'rTGATTTAA
XLS CTAGTTTGCT-TATCTGGGGTCTACTTAATATGTGACCT-AGCA-GTACTTTTAACCCTGTGTTTGGGTGTTTGATTTCA
XM ATATACAAGTATACCTGTGTTCTACTTAGAATGTGACCT-AACA-GTACTTT-AACCCT-------- TGCTAGTTCTTA

* ★★ * * * * * 'if ** ir. it it it it

XLLl ATAATATGAGTTACATAX— TAGGAGAATGACATAACTGGCCTCTTCTGTCATAAACAACATXACTTTTGTTAAATACTA
XLL 2 AXAAXAXGAGXXACAXAX— XAGGAGAAXGACAXAACXGGCCXCXXCXGXCAXAAACAAGAXXACXXXXGXXAAAXACXA
xll 3 axaaXAxGagxxacaxAx— xaGGAgaaxgacaxaacxGgccxcxxcxGxcaxaaacaacaxxacXxxxgxxaaaxacxa
XLL4 AIAAIAIGAGIIACAXAI— IAGGAGAAIGACAIAACIGGCGXCIIGIGXCAIAAACAACAIIACIIIIGIIAAAXACIA
XLL5 AXAAXAXGAGXXACAXAX— XAGGAGAAXGACAXAACXGGCCXCXXCXGXCAXAAACAACAXXACXXXXGXXAAAXACXA
XLL 6 AXAAXAXGAGXXACAXAX— TAGGAGAAXGACAIAACIGGCGIGTTCTGICATAAACAACATTACITITGIXAAAXACTA
xll7 ataataxgagiiacaiat— iaggagaatgacaxaacxgggctcxigxgxcaxaaacaacattacxtttgxxaaatacxa
XLL8 ATAATAIGAGIXACAIAT— IAGGAGAATGACATAACIGGCCTCTXCTGTCATAAAGAACAITAGTTTIGTTAAAXACTA
XLL9 AXAAXAXGAGXXACAXAX1— XAGGAGAAXGACAXAACXGGCCXCXXCXGXCAXAAACAACAXXACXXXXGXXAAAXACXA
XLL10 AXAAXAXGAGXXACAXAX— XAGGAGAAXGACAXAACXGGCCXCXXCXGXCAXAAACAACAXXACXXXXGXXAAAXACXA
XLLl 1 ATAAIATGAGTIACAXAX— xaggagaatgacaxaaciggcctcitcigxcataaacaacatxacttxigttaaa.tacta
XLLl 2 ATAAXAIGAGTXACATAT— TAGGAGAATGACAIAACTGGCCTCTTCTGTCATAAACAACAITACIXTTGITAAATACTA
XLLl 3 AIAAIAIGAGIIACAXAI— lAGGAGAAIGACAIAACIGGCCICXXCIGXCAIAAACAACAXIACIIXIGIIAAAIACIA
XLL 14 AXAAXAXGAGXXACAXAX— XAGGAGAAXGACAXAACXGGCCXCXXCXGXCAXAAACAACAIXACIXXXGXXAAAXACXA
XLLl 5 AIAAIAIGAGIIACAXAI— IAGGAGAAIGACAIAACIGGCCXCXICIGXCAXAAACAACAXXACIIXIGIXAAAIACXA
XLL 16 ATAATAIGAGITACATAT— TAGGAGAAIGACATAACIGGCCICITCTGICATAAACAACAIIACTIITGTTAAATACIA
XLLl 7 AXAAIAIGAGXIACAIAX— IAGGAGAAIGACAIAACIGGCCICIICIGICAXAAACAACAXIACXIXIGIIAAAXACXA
xll 18 aiaAiaigagxxacaxai— iaggagaaxgacAiaacxggccxciicigicaiaaaCaacaixaciixigiiaAaiacia
XLL 19 AXAAXAXGAGXXACAXAX— IAGGAGAAIGACAXAACXGGCCICXXCXGXCAXAAACAACAXXACXXXXGXXAAAIACXA
XLL20 AXAAXAXGAGXXACAXAX— XAGGAGAAXGACAXAACXGGCCXCXXCXGXCAXAAACAACAXXACXXXXGXXAAAXACXA
XLL21 AXAAXAXGAGXXACAXAX— XAGGAGAAXGACAXAACIGGCCXCXICIGXCAIAAACAACAIXACIXXIGXXAAAXACXA
XLL22 AXAAXAXGAGXXACAXAX— IAGGAGAATGACAIAACTGGCCTCTTCIGTCAIAAACAACATTACTTIIGITAAATACTA
XLL 2 3 AIAAIAIGAGIIACAXAI— XAGGAGAAIGACAXAACIGGCCXCXICXGICAXAAACAACAIXACXIXIGIIAAAIACIA
XLL24 AXAAXAXGAGXXACAXAX— XAGGAGAAXGACAXAACXGGCCXCXXCXGXCAXAAACAACAXXACXXXXGXXAAAXACXA
XA AIAAXAXGAGXIAIAIAIAIXAGGAGAAIGACAIAAAGGGCCICXICXGXCAIAAACAICAXIACXXXIGIXAAAIACXA
xc xtaaxaicagataciiai— xaggggaatgacatAaagggcxgcxxctgxcaxaaacaacaxgaciixtggxaaa XA
XLS ataaxaxgagtiatatai— iaggagaatgacaxaccxggccxcxxctgxcataaacaacaixacxxixgxtaaatacia
XM GGGAAAIGG-----IAX--- IAAGGACIGCTX— CIGGCAACATGAGTCCAAAAAIAIGACACATCIGAAGCAGATIC
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XLLl TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL2 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL3 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATeACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL4 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL5 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL6 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL7 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL8 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL9 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL 10 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL11 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL 12 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLLl 3 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL 14 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLLl 5 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLLl6 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL 17 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL18 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLLl 9 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL20 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL21 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL22 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL23 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XLL24 TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XA TGTCACTGAAACATTTATGTAAAACGCCT-GGAATTATCACTATGCTTTTTTAGGCTCCCACCGATGGCCAAAGGCTAAT
XC TGTCACTAAAATATGAATGTAAAATACTTAGGAATTATCACTAT TCCAGGCTCCTACCACTGGCCAAAGGGTAAT
XLS TGGCACTAAAACATTAATGTAAAACACCT-GGAATTATCACTATGCTTTTCCAGGCTCCCACCGCTGGCCAAAGGGTAAT
XM TTAT AGACTTGAATGTAAAACACCT-GGA------CTATGCTTTTT------ CCACCACTAGCCAAGGGTTAAA

* **.* * * * * * * *  * * *  * * * * *  * *  * * * * * *  * * * * * *  * * * *  * * *  * *  * * * * * *
XLLl A— CAAGTTCXTGTTTGGGGATTTACATCTAXGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL2 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL3 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL4 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL5 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL6 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL7 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL8 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA— — TTTTAGTACCCCATGGAGCTTGAAGCA
XLL9 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL10 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL11 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL12 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL13 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLLl 4 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL 15 A- -CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLLl 6 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL17 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA--— TTTTAGTACCCCATGGAGCTTGAAGCA
XLL18 A--CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA- TTTTAGTACCCCATGGAGCTTGAAGCA
XLLl 9 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL20 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL21 A— CAAGTTCTTGTTTGGCGATITACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL22 A— CAAGTTCTTGTTTGGCGATTTACATCTAXGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL23 A-— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XLL24 A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTAGTACCCCATGGAGCTTGAAGCA
XA A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGCGAGCA TTTTGTTATCCAATGAAGCTTAAAGCA
XC A— CAAGTTCTTGTTTGGCGATTTACATCAGTGGGGGCTGCTGTGAGCA TTTTGGTGCCCCATGGAGTTTAAAGCA
XLS A— CAAGTTCTTGTTTGGCGATTTACATCTATGGGGGCTGTTGTGAGCA TTTTGGTACCCCATGGAGCTTGAAGCA
XM AAACAAAGTCTTGTTAGGCATTTTACTAATATGCGGGCTGCTATGAGCACTTTTTTTGATGCCCCAT----- TAAAGCA
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XLL 1 CA--GAGIAGACCAIAIICCACIACACIITXGGICACTGGTIIGTGITIAAIGAIGICIAAIGAACCIIIGGCAIAIAAA
XLL2 CA— GAGXAGACCAXAXXCCACXACACXXXXGGXCACXGGXTX----- AAIGAXGICIAAXGAACCIXXGGCAXAIAAA
XLL3 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT----- AATGATGTCTAATGAACCTTTGGCATATAAA
XLL 4 CA— GAGIAGACCAIAIICCACIACACIIIIGGXCACXGGXIIGXGIXIAAIGAIGICIAAIGAACCIIIGGCAIAIAAA
XLL5 CA— gagtagaccatattccaCtacacttttggtcactggtttgtgtttaatgatgtctaatgaacctttggcatataaa
XLL6 CA— gagiagaccaiattccaciacactittggtcaciggtitgtgttiaaigaigiciaaigaacctttggcaiataaa
XLL 7 CA— GAGIAGACCAIAIICCACIACACIIIIGGICACIGGIII----- AATGATGTCTAATGAACCTTTGGCATATAAA
XLL8 CA— GAGIAGACCAIAIXCCACIACACXXXIGGXCACIGGXII----- AATGATGTCTAATGAACCTTTGGCATATAAA
XLL9 CA— GAGIAGACCAIAIICCACTACACIIIIGGTCACIGGTII  AAIGAIGXCXAAXGAACCXXIGGCAIAXAAA
XLL 10 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT   AATGATGTCTAATGAACCTTTGGCAT ATAAA
XLL11 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
XLLl 2 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
XLLl 3 CA- -GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
XLLl 4 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
XLL 15 CA- -GAGIAGACCAIAIICCACIACACIXIIGGICACXGGXXXGXGXXXAAIGAIGICIAAIGAACCIIIGGCAIAIAAA
XLL 16 CA--GAGIAGACCAIAIICCACTACACITTIGGICACIGGTIT- AAIGAXGXCXAAXGAACCIIIGGCAIAXAAA
XLL 17 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
XLLl 8 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT-   - AATGATGTCTAATGAACCTTTGGCATATAAA
XLLl 9 CA--GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
XLL20 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT----- AATGATGTCTAATGAACCTTTGGCATATAAA
XLL21 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT----- AAIGAIGICIAAIGAACCIIIGGCAXAIAAA
XLL22 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGITTGIGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
XLL23 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTTGTGTTTAATGATGTCTAATGAACCTTTGGCATATAAA
XLL24 CA— GAGTAGACCATATTCCACTACACTTTTGGTCACTGGTTT — AATGATGTCTAATGAACCTTTGGCATATAAA
xa ca— aagtagaccatattcCactacacttttggttattGGtttgtgtttaatgaagtctaatgaacxtttggcatataaa
XC CACAAAGXAGGCCAXAXXCCACXACACXXXXGGXXACXGGXXXGXGXXXAAXGAAGXCXAAXGAACCXX-GGCAXAXAAAXLS CA— AAGTAGACCATAIXCTACXACAIXTXXGGICACXGGIXIGTGXTIXATGAAGXCXAAXGAACCTTTGGCATAXACA
xm cacaaigiaggcaaiiiiccaciacagiiciggiiaaigaixigiggiiAAiggagiciacigaaccciiggiaiaiaaa

* * * * * * * * *  * •  * * * * * * * *  * *  * * *  * * * * * *
XLL 1 TGXCXTGIIAAGIGCAAIXTAXACAACICXATATCAAATGACCATGCAXGTIXCTXCTGCTGCCCACTAAAGACA- -IGI
XLL 2 XGXCXXGXXAAGXGCAAXXXAXACAACXCXAXAXCAAAXGACCAXGCAXGXXXCXXCXGCXGCCCACXAAAGACA— XGX
xll 3 xgxcxxgxxaagxgcaaxxxaxACaacxcxAxaxcaaaxGaccAxgcaxgxxxcxxcxgcxgcccaCxaaaGaCA— XGX
XLL4 TGTCIIGIIAAGTGCAAIITAIACAACTCXAXAICAAAIGACCATGCAXGTIXeiXCXGCIGCCCACIAAAGACA— XGX
XLL 5 XGXCXXGXXAAGXGCAAXXXAXACAACXCXAXAXCAAAXGACCAXGCAXGXXXCXXCXGCXGCCCACXAAAGACA— XGX
XLL6 XGTCTTGTXAAGXGCAATTTATACAACICIAIATCAAAIGACCATGCATGTTTCTTCTGCTGCCCACTAAAGACA— XGX
XLL7 TGTCTTGTIAAGTGCAAITTATACAACICXATATCAAATGACCAIGCAIGITTCTTCTGCTGCCCACTAAAGACA— XGX
XLL 8 XGXCXXGXXAAGXGCAAXXXAXACAACXCXAXAXCAAAXGACCAXGCAXGXXXCXXCXGCXGCCCACXAAAGACA— XGX
XLL9 TGTCXTGITAAGTGCAAXTTAXACAACICXATATCAAATGACCATGCATGTITCTICTGCTGCCCACTAAAGACA— IGI
XLL10 XGXCXTGXXAAGTGCAAXXXAXACAACXCXAXAXCAAATGACCAXGCAXGXXXCXXCXGCXGCCCACTAAAGACA— IGI
XLL 11 XGICIIGIIAAGIGCAAIIIAIACAACICIAIAXCAAAIGACCAXGCAXGIIXCXICIGCIGCCCACIAAAGACA— XGX
XLL 12 TGTCTTGITAAGTGCAAIXTAIACAACTCXATAXCAAAIGACCAIGCATGITTCTXCTGCTGCCCACTAAAGACA--XGX
XLL 13 TGTCITGITAAGIGCAAIITAIACAACTCTATAICAAATGACCAIGCATGTTTCTTCIGCIGCCCACIAAAGACA- -XGX
XLL 14 XGXCXXGXXAAGXGCAAXXXAXACAACXCXAXAXCAAAXGACCAXGCAXGXXXCXXCXGCXGCCCACXAAAGACA— XGX
XLLl 5 IGICXIGIIAAGIGCAAXXIAXACAACXCIAXAXCAAAXGACCAXGCAIGIIXCXXCXGCXGCCCACIAAAGACA— XGX
XLLl 6 XGXCXXGXXAAGXGCAAXIIAXACAACXCXAXAXCAAAIGACCAXGCAXGXXXCXXCXGCXGCCCACXAAAGACA— XGX
XLL17 TGTCTTGTXAAGIGCAATTTATACAACTCTATAICAAATGACCATGCAIGTTTCTICTGCTGCCCACTAAAGACA— XGX
XLLl 8 IGXCXIGIXAAGXGCAAIIXAXACAACXCXAIAICAAAIGACCAXGCATGIIXCIICIGCIGCCCACIAAAGACA— IGI
XLL 19 TGTCITGXTAAGXGCAATTIAIACAACTCXATATCAAAIGACCATGCAIGITICIICIGCTGCCCACTAAAGACA- -XGX
XLL2 0 IGICIIGIIAAGIGCAAIIXAIACAACICIAIAXCAAAIGACCAXGCAIGIIICXICIGCIGCCCACIAAAGACA- -IGI
XLL21 igicxxgixaagigcaaiiiaiacaacxciaiaicaaaigaccaxgcaxgixxciicigcigcccaciaaagaca— IGI
XLL22 XGXCXXGXXAAGXGCAAXXXAXACAACXCXAXAXCAAAXGACCAXGCAXGXXXCXXCXGCXGCCCACXAAAGACA— XGX
xll2 3 igicxxgiiaagxgCaaixxaxacaacxcxaxaxcaaaigaccaxgcaxgiixcxtcigcxgcccaciaaagaca- -XGX
XLL24 igiciigiiaagxgcaaxxiaxacaaciciaiaxcaaaxgaccaigcaigxxiciicigcigcccaciaaagaca— IGI
XA IGXCXXGIXAAGXGCAAXXXAXACAACICXAXAXCAAAGGACCAIGCAXGCXXCXXCXGCXGCCCAAIAAAGAC ---
XC IGICIXGIXAAGXGCAACIXAXACAACICXAIAICAAAIGACCAIGCAXGCICCIICIGAIGXCCACIAAAGACAAAIAI
XLS IGICIIGIIAAGIGCAAIITAIACAACICIAIAICAAAIGACCAIGCAIGIIICIICIGCXGCCCACIAAAGACA— IGI
XM TATCTTGTXAGGTXTA----- ----------- ------ -------GCCTCTTCTGCTGGCCAC TAAAGATA— IAI
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XLLl GXGAXAXCAXXXGCAGGGXXAXAXXCCXCXAXAXGXAAAXGCXACAGCXGGGACAACAGXCXACGGXGCXXXXGAXCCAA
XLL2 GIGAIAICAIIIGCAGGGXXAXAIICCICIAXAIGIAAAIGCIACAGCIGGGACAACAGXCIACGGIGCIXXIGAICCAA
XLL3 GIGAIAICAIUGCAGGGIXAIAIICCICIAIAIGXAAAXGCXACAGCIGGGACAACAGICXACGGIGCIXIIGAICCAA
XLL 4 GXGAXAXCAXXXGCAGGGXXAXAXXCCXCXAXAXGXAAAXGCXACAGCXGGGACAACAGXCXACGGXGCXXXXGAXCCAA
XLL5 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGGTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL6 GIGATAICAIUGCAGGGTTAIAITCCICTATAIGTAAATGCIACAGCTGGGACAACAGTCTACGGTGCTTITGATCCAA
XLL7 GTGATATCATTIGCAGGGTTATAITCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLL8 GIGAIAICAIIIGCAGGGIIAIAIICCICIAIAIGIAAAXGCXACAGCIGGGACAACAGICXACGGIGCIXIIGAICCAA
XLL9 GXGAXAXCAXXXGCAGGGXXAXAXXCCXCXAXAXGXAAATGCXACAGCXGGGACAACAGXCXACGGXGCXXXXGAXCCAA
xll 10 gigaiaicaiiigcaGGgiiAiAitcciciAiaigiaaaigciacagcigggaCaacagxciacggigciiiXgaiccaa
XLLll GTGATAICAIITGCAGGGIIATATICCTCTAIAIGTAAAIGCTACAGCTGGGACAACAGTCTACGGTGCITTTGATCCAA
XLL 12 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGAGAACAGTCTACGGTGCTTTTGATCCAA
XLLl 3 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLLl 4 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGACAACAGTCTACGGTGCTTTTGATCCAA
XLLl 5 GTGATATCATTTGCAGGGTTATATTCCTCTATATGTAAATGCTACAGCTGGGAGAACAGTCTACGGTGCTTTTGATCCAA
XLLl 6 GIGAXAXCAIXXGCAGGGIXAIAIICCXCIAXAIGIAAAIGCXACAGCIGGGACAACAGXCXACGGXGCXIIXGAICCAA
XLLl 7 GIGAXAICAXXIGCAGGGIXAIAIICCXCXAIAXGXAAAIGCIACAGCIGGGACAACAGICXACGGIGCITIIGATCCAA
XLLl 8 GIGAIAICAIXIGCAGGGIIAIAIIGCIGIAIAIGIAAAIGCIACAGCIGGGACAACAGICIACGGIGGIXXIGAIGCAA
XLLl 9 GIGATAICAITXGCAGGGITATATXCCTCIAIAIGIAAAIGCIACAGCTGGGACAACAGTCIACGGIGCITIIGAICCAA
xll20 gxgaxaxcaxxxgcagggxxaxaxxccxcxaxaxgxaaaxgcxacagcxGggacaacagxcxacggxgcxtxxgatccaa
XLL21 GXGAXAXCAXXXGGAGGGXXAXAXXCCXCXAXAXGXAAAXGCXAGAGCXGGGACAACAGXCXACGGXGCXXXXGAXCCAA
XLL22 GXGAXAXCAXXXGCAGGGXXAXAXTCCXCXAXAXGXAAAXGCXACAGCXGGGACAACAGXCXACGGXGCXXXXGAXCCAA
xll23 gigaiaicaiixgcagggiiaiaiicciCiaiaigiaaaigctacagcigggacaacagicxaGggxgciiiigaiccaa
XLL24 GTGAIAICAIIIGCAGGGIXAIAITCCIGIAIAIGTAAAIGCIACAGCTGGGAGAACAGTCIACGGIGCIIIIGATCGAA
XA GIGAIAIAAIIIGCAGGGIIAIAIXCCICIAIAIGIAAAIGCIACAGCIGGGACAACIGXCIACGGIGCIXIIGAXCCAG
xc aigaiaiaaixxacagggxxaiaixcgxgxAxaxgiaaaxgciacagcigggagaagxgicxacggigcixxigaxccaa
XLS gigaiaicaxxigcagggixaxaxtcciciaiaxgiaaaigciagagcigggagaacagxgiacggigcxtiigatccaa
XM axgaxaixqxxxgcagggiiatgxxccicxaxaigtaaaxgciacagctggaacaagtgxciaiggxgcaxxxgatccaa

EXON 16

XLLl XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXGXGGC-
XLL2 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
xll3 xaxcxgagaxaGcxgaxaxcxgxgaaaa-xacaaccxcxggc-
XLL4 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
XLL5 XAXCXGAGAXAGCXGAXAXGXGXGAAAAAXACAACCXCXGGC-
XLL6 TATCTGAGATAGCTGATATGTGTGAAAAATACAACCTCTGGC-
XLL7 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
XLL8 TATCIGAGAIAGCIGAIAICIGIGAAAAAIACAACCICIGGC-
XLL9 TATCTGAGATAGCTGATATCTGTGAAAAATACAACCTCTGGC-
XLL10 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
XLLl1 xaxcxgagaxagcxgaxaxcxgxgaaaaaxacaaccxcxggc-
XLL12 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
xlli3 iaicigagaiagGigaiaicxgigaaaaaxAcaaccxciGgc-
XLLl4 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
XLL15 XAXCXGAGAXAGCXGATAXCXGXGAAAAAXACAACCXCXGGC-
xll16 xaxcxGagaxagcxgaxaxcxgxgaaaaaxacaacGxcxggc-
XLL17 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
XLL18 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXGXGGC-
xll19 iaigigagaiAgGXgaiaicigigaaaaaxacaaccxgxgGc-
XLL2 0 TATCTGAGATAGCTGATATCTGTGAAAAAIACAACCICTGGC-
XLL21 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
XLL22 xaxcxgagaxagcxGaxaxcxgxgaaaaaxacaaccxgxggc-
XLL2 3 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
XLL2 4 XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
XA XAICXGAGAICGCIGAIAICXGXGAAAAATACAACCICIGGC-
XC XAXCXGAGAXAGCXGAXAXCXGXGAAAAAXACAACCXCXGGC-
XLS XAXCXGAGAXAGGXGAAAXCXGXGAAAAAXACAACCXCXGGC-
XM XAXCXGAAATAGCXGAIAXCXGXGAAAAAXACAACGXCXGGC-

EXON 16

Figure 2. Manually adjusted alignment of xGAD67 intron 15. A ClustalX 2.0.11 
alignment, performed on 24 X. /. laevis alleles (XLLl — XLL24) and four closely related 
outgroup species (XA, X. amieti\ XC, X. cliviv, XLS, X. /. sudanensis\ XM, X. muelleri) under 
defaults parameters, was modified using Mesquite in order to minimize the number of 
reported gaps. The regions corresponding to exons 15 and 16 are underlined and labeled. 
Sequences proceed from 5’ to 3’ and conserved sites are indicated by an asterisk (*).
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XLL1 GCCCCAGTTTTCXIIATGGAAIAGTGGCTCTTGAAAAGAAGCAAAAAGGGAAAATGATGAGAGCATGTTGAAATATARAC
XLL2 GCCCCAGXXTTCXXXATGGAAXAGXGGCXCXXGAAAAGAAGGAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAATAXAAAC
XLL3 GCCCCAGHXICIXIATGGAAIAGTGGCTCXXGAAAAGAAGCAAAAAGGGAAAATGAIGAGAGCAIGIIGAAATAIAAAC
xll4 gccccAgttttctttatggaatagtggctcttgaaaagaagcaaaaAgggaaaatgatgagagcatgttgaaatataaac
XLL5 GCCCCAGXXXXCXXXATGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
xll6 GcccCagixxiciiiaiggaaxagigGcicixgaaaagaagCaaaaaGggaaaaxgaigagagcaiGiigaaaiaiaaac
XLL7 GCCCCAGXTXTCTTXATGGAATAGTGGCTCTTGAAAAGAAGCAAAAAGGGAAAATGATGAGAGCATGTXGAAATATAAAC
XLL8 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
xll9 gccccagxxxxcxxxaxGgaaxagxggcxcxxgaaaagaagcaaaaaggGaaaaxgaxgagagcaxgxxgaaaxaxaaac
XLL10 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL 11 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL 12 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLLl 3 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL 14 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAG
xlli5 gcGccagxxxxcxxxaxggaaxagxggGxcxxgaaAagaagcaaaaagggaaaaxgaxaagggcaxgxxgaaaxaxaaAc
XLLl 6 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL 17 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL 18 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL19 gccgcagxxxxcxxxaxggaaxagxggcxgxxgaaaagaagcaaaaagggaaaaxgaxgagagcaxgxxgaaaxaxaaac
XLL20 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL21 gccccagxxxxcxxxaxggaaxagxggcxcxxgaaaagaagcaaaaagggaaaaxgaxgagagcaxgxxgaaaxaxaaac
XLL 2 2 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL 2 3 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL2 4 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL25 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL2 6 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLL27 GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XC GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XLS GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XM GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC
XA GCCCCAGXXXXCXXXAXGGAAXAGXGGCXCXXGAAAAGAAGCAAAAAGGGAAAAXGAXGAGAGCAXGXXGAAAXAXAAAC

EXON 17

XLLl XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXCCXXAXGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
XLL 2 iaiiacacaiixaxagcixaagggaaiaaigicciiaxgxggcaaiggciaiixacaaxggicaaaaaiaiaiixiaaag
XLL3 IAXIACACAXIXAXAGCXXAAGGGAATAAIGXCCIIAIGIGCCAAXGGCXAIXIGCAAXGCICAAAAAIAXAITXXAAAG
xll 4 xaxxacacaxxxaxaGcxxaagggaaxaaxgtccxxaxgxgccaaxggcxaxxxgcaaxgcxcaaaaaxaxaxxxxaaag
XLL5 IAIIACACAXXIAXAGCIIAAGGGAAIAAXGXCCIIAIGIGCCAAIGGCIAXIIGCAAXGCICAAAAAXAXAXIXIAAAG
XLL6 IAIIACACAIXIAXAGCXIAAGGGAAIAAIGXCCXIAXGIGCCAAIGGCXAXXIGCAAIGGICAAAAAIAIAIIXIAAAG
XLL7 XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXCCXXAXGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
XLL8 XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXCCXXATGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
XLL9 XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXCCXXAXGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
XLL10 lAIXACACAIIIAIAGCIIAAGGGAAIAAIGXCCIXAIGIGCGAAIGGCXAIIIGCAAIGCICAAAAAIAXAIXIIAAAG
xllii xaxxacaCaxxxaxagcxxaagggaaxaaxgxCcxxaXgxgccaaxgggxaxxxacaaxgcxcaaaaaxaxaxxxxaaag
XLL 12 XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXCCXXAXGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
XLL 13 XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXCCXXAXGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
XLL14 xaxxacacaxxxaxagcxxaagggaaxaaxGxgcxxaxgxgccaaxggcxaxxxggaaxgcxcaaaaaxaxaxxxxaaag
XLL 15 XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXGCXXAXGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
XLL 16 TATTACACATXTATAGCTTAAGGGAATAATGTCCTTATGTGCCAAIGGCTATTTACAATGCTCAAAAATATATTTTAAAG
XLL17 TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTACAATGCTCAAAAATATATTTTAAAG
XLL18 TATTACACATTTATAGCTTAAGGGAATAATGTCCTTATGTGCCAATGGCTATTTGCAATGCTCAAAAATATATTTTAAAG
XLLl9 TATTACACATTTATAGCTTAAGGGAATAATGTCCXTATGTGCCAATGGCTATTXGCAATGCTCAAAAATATATTTTAAAG
xll20 xaxxagacaxxxaxagcxxaagggaataaxgxcgxxaxgxgccaaxggcxaxxxgcaaxgcxgaaaaaxaxaxxxxaaag
XLL21 XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXCCXXAXGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
XLL22 TAIXACACAIIXATAGCXXAAGGGAATAAIGTCCITAIGTGCCAATGGCXAXTTGCAAIGCICAAAAAXATATTTIAAAG
XLL23 TAXIACACAITTATAGCTTAAGGGAATAATGXCCIIATGTGCCAATGGCIATITGGAATGCTCAAAAATATAITTTAAAG
xll2 4 xaxxAcacaxxxaxagcxxaagggaaxaaxgxccxxaxgxgccaaxggcxaxxxgcaaxgcxcaaaaaxaxaxxxxaaag
XLL25 IAIIACACAIIXAXAGCIXAAGGGAAIAAIGXCCIXAIGIGGGAAIGGCXAIIIGCAAIGGICAAAAAIAIAIIIIAAAG
XLL26 TATIACACAIXXATAGCXTAAGGGAATAAXGICCITATGIGCCAATGGGTATIIGCAATGCTCAAAAATATAITXTAAAG
XLL27 XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXCCXXAXGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
xc xaxxacAcaxxxAxaggxxaagggaaxaaxgxGcxxaxgtgccaaxggCxaxxxGcaaxgcxcaaaaaxAxaxxxxaaag
XLS TAIXACACAIXIAIAGCXIAAGGGAATAAXGXCCIIAXGIGCCAATGGCTAIIIGCAAIGCTCAAAAAIATATXITAAAG
XM XAXXACACAXXXAXAGCXXAAGGGAAXAAXGXCCXXAXGXGCCAAXGGCXAXXXGCAAXGCXCAAAAAXAXAXXXXAAAG
xa xaxxacacaxxxaxagGxxaaggGaaxaaxgxccxxaxgxgccaaxgGcxaxxxgcaaxgcxcaaaaaxaxaxxxxaaag
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* * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  ******
XLLl GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLL2 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLL 3 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLL4 GGCCACTACAAXTGTCCTGGAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLL5 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLL6 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGGTATTGTTCTATTATACAGTATCTCTC
XLL7 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLL8 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLL9 GGCCACTACAATTGTGCTGCAGAATTGTGTCATACCAGAGAATAGTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLL10 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLLl1 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLLl2 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLLl3 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
xlli4 ggccactacaattgtcctgcagaattgtGtcataccagagaatactgctgctgctattgttctattatacaGtatctctc
XLL15 GGCCACTACAATTGTCCTGCAGAATTGTGTGATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATA- TCTCTC
XLL16 GGCCACTACAATTGTCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLLl7 GGCCACTACAATTGXCCTGCAGAATTGTGTCATACCAGAGAATACTGCTGCTGCTATTGTTCTATTATACAGTATCTCTC
XLLl8 GGCCACXACAAXXGXCCXGCAGAAXXGXGXCAXACCAGAGAAXACXGCXGCXGCXAXXGXXCXAXXAXACAGXAXCXCXC
XLLl9 GGCCAGXACAAIIGXCCXGCAGAAXIGIGXCAIACCAGAGAAIACIGCIGCIGCIAXIGXICIAIXAXACAGIAICICIC
xll20 ggccaciacaaiigicciGcaGaaiigigicaXaccagagaaxacigcxgciGcxaxigiiciaiiaiacagiaicxcic
XLL21 GGCCACIACAAIIGICCIGCAGAAIIGXGICAXAGCAGAGAAIACIGCIGCXGCXAXIGIXCIAIIAIACAGIAICICIC
XLL22 GGCCACXACAAXXGXCCXGCAGAAXXAXGXCAXACCAGAGAAXACXGGXGCXGCXAXXGXXCXAXXAXACAGXAXCXCXC
xll23 ggcCaciacaaiigxcGxgcagaaiigxgxGaiagcAgagaaxagigcigcXgGxaiigiiciaxiaiacagxaxcxgxc
XLL24 ggccagiacaaiigiccigcagaaiigigicaxaccagagaaxacigcigcxgciaxigiiciaxxaiacagiaicicic
XLL25 GGCCACXACAAIIGICCXGCAGAAIIGIGXGAIACCAGAGAAIACIGCIGCXGCIAIIGIICIAIIAIACAGXAXCICIC
XLL26 Ggccaciacaaiigiccigcagaaxigxgigaxaccagagaaxacigcxgcxgcxaixgiicxaxxaiagagxaxcxcic
XLL27 GGCCACIACAAIIGICCIGCAGAAIIGIGICAIACCAGAGAAXACXGCIGCIGCIAIXGIICIAIIAIACAGIAICICIC
xc ggccacXacaaxiGiccxgcagAaiigigxcaiaccagagaaxacigcigcigciaxxgxxciaxiaiacagxaicxcic
XLS GGCCACXACAAIIGXCCXGGAGAAIIGXGICAIACCAGAGAAXACIGGXGCIGCIAXIGIICXAXXAIACAGXAXCXCXC
xm ggccacxacaaxxgxgcxgcagaaxxgxgxcaxaccagagaaxacxgcxgcxgcxaxxgxxcxaxxaxacagxaxcxcxg
XA GGCCACIACAAIIGIGCIGCAGAAIIGIGICAXACCAGAGAAIAGIGCIGCIGCIAIIGIICIAIXAIACAGIAICICIC

XLLl xgxaxgggcxacgagaaaacaaagagxgcxgxgcxggxxacxgcxacgacaagagxaxxacaxggcgggccccagaaaxx
XLL2 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXACXACGACAAGAGXAXXACAXGGGGGGCCCCAGAAAXX
xll3 xgxaXgggcxacGagaaaacaaagagxgcxgxgcxggxxacxgcxacgacAagagxaxxacaxggcgggccccagaaaxx
XLL4 XGXAXGGGCXACGAGAAAAGAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLL5 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXAGGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
xll6 xgxaxgggcxacgaGaaaacaaagagxgcxgxgcxggxxacXgcxacgacaagagxAxxacaxggcgggccccagaaaxx
XLL7 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLL8 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLL9 xgxaxgggcxacgagaaaacaaagagxgcxgxgcxggxxacxgcxacgacaagagxaxxacaxggcgggccccagaaaxx
XLL10 IGXAIGGGCIACGAGAAAACAAAGAGTOCXGTGCXGGIXACIGCXACGACAAGAGIATIACAXGGCGGGCCCCAGAAATT
XLL11 XGXAXGGGCXACGAGAAAACAAAGAGXGCXCXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLLl 2 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGGXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLLl3 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLLl 4 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
xlli 5 xgxaxgggcxaxgaGaaaaoiaagagxgcxcxgcxggxxacxgcxacgacaagagxaxxacaxggcgggccccagaaaxx
XLLl6 XGXAXGGGCXACGAGAAAACAAAGAGXGCXCXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLLl 7 XGXAXGGGCXACGAGAAAACAAAGAGXGCXCXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLLl8 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLLl9 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXAGAXGGCGGGCCCCAGAAAXX
xll20 xgxaxggGcxacgagaaaacaaagaGxgcxgxgcxggxxacxgcxacgacaagagxaxxacaxggcgggccccagaaaxx
XLL21 XGXAXGGGCXACGAGAAAAGAAAGAGXGCXGXGCXGGXXAGXGGXAGGACAAGAGXAXXACAXGGCGGGGGCCAGAAAXX
XLL22 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
xll23 xgiaigggciacgagaaaacaaagagigcxgigciGgxxacxgciacgacaagagxaxxacaxggcgggccccagaaaii
XLL24 xgxaxggggxacgagaaaacaaagagxggxgxgcxggxxacxgcxacgacaagagxaxxagaxggcgggccccagaaatx
XLL 2 5 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLL26 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
XLL 27 XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXAGAXGGCGGGGCGCAGAAAXX
XC XGXAXGGGCXACGAGAAAACAAAGAGXGCXGXGCXGGXXACXGCXACGACAAGAGXAXXACAXGGCGGGCCCCAGAAAXX
xls xgxaxggggxacgagaaaacaaagAgxgcxgxgcxggxxacxgcxacgacaagagxaxxacaxggcgggccccagaaaxx
XM XGIAIGGGCTACGAGAAAACAAAGAGIGCIGTGCXGGITACXGCXACGACAAGAGXATXACAXGGCGGGCCCCAGAAAIX
XA TGTATGGGCTACGAGAAAAGAAAGAGIGCTGIGCTGGTTACTGCa’ACGACAAGAGTATTACATGGCGGGCCCCAGAAATT
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XLLl GCCXIGAGAGAICXIGIGACCAGACCACCIGAIAACAAIGGAGAIIITIGGAAGACAXGAACAAAAAGGXGAII— -----
XLL2 GCCIXGAGAIAICIIGIGACCAGACCACCIGAIAACAAIGGAGAIIXIXGGAAGACAXGAACAAAAAGGIGAXI------
XLL3 GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT------
XLL4 GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT------
XLL5 GCCXXGAGAGAXCXXGXGACCAGACCACCXGAXAACAAXGGAGAXXXXXGGAAGACAXGAACAAAAAGGXGAXX------
XLL 6 GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT------
XLL7 GGCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT------
xll 8 gcciigagagaxciigigaccagaccaccigaiaacaaxggagaiiiiiggaagAcaxgaacaaaaaggxgaii------
XLL9 gcciigagagaicxigigaccagaccaccigaxaacaaiggagaiiiiiggaagacaxgaacaaaaaggxgaii— ----
XLL 10 GCCXIGAGAGAICXIGIGACCAGACCACCIGAXAACAAIGGAGAXIXIXGGAAGACAXGAACAAAAAGGIGAXI------
XLL11 GCCTXGAGAXAICIIGIGACCAGACCACCIGAIAACAAIGGAGAIIIITGGAAGACAXGAACAAAAAGGXGAXITGGIAA
XLLl 2 GCCITGAGAGAICIIGIGACCAGACCACCIGAIAACAAIGGAGAIIIIIGGAAGACAIGAACAAAAAGGTGAXT------
XLLl 3 GCCIIGAGAGAXCIXGIGACCAGACCACCIGAIAACAAXGGAGAIIIIIGGAAGACAIGAACAAAAAGGIGAIX------
XLL 14 GCCIIGAGAGAXCIIGIGACCAGACCACCIGAIAACAAIGGAGAIITIIGGAAGACAIGAACAAAAAGGXGAII------
XLLl 5 GCCXIGAGAGAICIIGXGACCAGACCACCIGAIAACAAIGGAGGIIIXIGGAAGACAIGAACAAAAAGGTGATITGGTAA
XLL 16 GCCTXGAGAIAICIIGTGACCAGACCACCIGAIAACAAIGGAGAIITIIGGAAGACATGAACAAAAAGGTGATITGGTAA
XLLl 7 GCCITGAGAIAICIIGXGACCAGACCACCIGAIAACAAIGGAGAIITIIGGAAGACAXGAACAAAAAGGXGATTTGGTAA
XLLl 8 GCCIIGAGAGAICXIGTGACCAGACCACCIGAXAACAAIGGAGAIITTTGGAAGACATGAACAAAAAGGIGATI------
XLLl 9 GGCTTGAGAGATGTTGTGAGGAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT------
XLL20 GCCIIGAGAGAICIIGIGACCAGACCACCXGAXAACAAIGGAGAIITIIGGAAGACATGAACAAAAAGGIGAII------
XLL21 GCCXIGAGAGAICIIGIGACCAGACCACCIGAIAACAAIGGAGAIIIIIGGAAGACAIGAACAAAAAGGXGAIX------
XLL 2 2 GCCCIGAGAGAICIIGIGACCAGACCACCIGAIAACAAIGGAGAIIIIIGGAAGACAIGAACAAAAAGGXGAII------
XLL23 GCCTTGAGAGAICIIGIGACCAGACCACCIGAXAACAAXGGAGAIIIIIGGAAGACATGAACAAAAAGGTGAIT------
XLL24 GCCTTGAGAGATCTTGTGACCAGAGCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT------
XLL25 GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT------
XLL26 GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT------
XLL27 GCCTTGAGAGATCTTGTGACCAGACCACCTGATAACAATGGAGATTTTTGGAAGACATGAACAAAAAGGTGATT------
XC GCCTTGAGAGATCTTGTGACCAGACGAGCTGATAACAATGGAGATTTTTGGAAGACATGAAGAAAAAGGTGATT —
XLS GCCTTGAGAGATCTXGTGACCAGACCAGCTGATAAGAATGGAGATTTXXGGAAGACATGAACAAAAAGGTGATX------
xm gccxxgagagaxcxxgxGaccagaccaccxgaxaacaaxggagaxxxxxggaagacaxgaacaaaaaggxgaxx------
XA GCCXXGAGAGAXCXXGXGACCAGACCACCXGAXAACAAXGGAGAXXXXXGGAAGACAXGAACAAAAAGGXGAXX------

XLLl  cxcgcxgcicaicicciagaaigaaggicaaaxigigcicaiccaacicagcii
XLL2  CXCGCIGCICAXGICCXAGAAIGAAGGICAAAIIGIGCICAICCAAGXCAGCII
XLL 3      CXCGCXGCTCATCTCCTAGAATGAAGGTCAAATTGTGCXCATCCAACTCAGCTX
XLL4  CICGCIGCICAXCICCXAGAAIGAAGGICAAAXXGXGCICAXCCAACICAGCIX
XLL5  CICGCIGCICAICIGCIAGAAXGAAGGICAAAXIGIGCXCAICCAAGICAGCII
XLL6  CTGGCIGCXCAXCXCCXAGAAXGAAGGTGAAAXTGTGCTCAXCCAACTCAGGTX
XLL7   CTCGCTGCTCATCTCCIAGAATGAAGGTCAAAITGTGCXCATCCAACTCAGCTT
XLL 8  CTCGCIGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACTCAGCXX
XLL 9  CXCGCIGCICAICICCIAGAAIGAAGGICAAAIIGIGCICAICCAACICAGCII
XLLl 0     -CTCGCTGCTCAICICCTAGAATGAAGGTCAAATIGTGCXCATCCAACTCAGCTT
XLLll AAAACIAGGGAAIICAAAGAACAAIICICGCIGCIGAXCICCIAGAAIGAAGGICAAAIIGIGCXCAICCAACICAGCII
XLL 12------------------------------- CTCGCTGCTCATCTCCTAGAATGAAGGTCAAATTGTGCTCATCCAACXCAGCTT
XLL 13------------------------------- cxcgcigcicaicicciagaaigaaggicaaaiigigcicaxccaacicagcix
XLLl 4   — ---------- cxcgctgcicaxcicciagaaigaaggicaaattgtgctcatccaactcagctx
XLLl 5 AAAACXAGGGAAXXCAAAGAACAAXGCXCGCXGCXCAXCXCCXAGAAXGAAGGXCAXAXXGXGCXCAXCCAACXCAGCXX
xll 16 aaaacxaggGaaxxcaaagaacaaxxcxcgcxgcxcaxcxccxaGaaxgaaggxcaaaxxgxgcxcaxccaacxcagcxx
XLL 17 AAAACXAGGGAAXXCAAAGAACAAXXCXCGCXGCXCAXCXCCXAGAAXGAAGGXCAAAXXGXGCXCAXCCAACXCAGCXX
XLLl 8------------------------------- CICGCIGCICAICXCCTAGAAIGAAGGICAAATTGIGCICATCCAACTCAGCTT
XLLl 9 — ---    — ------ CXCGCXGCICAICXCCXAGAAIGAAGGICAAAXXGIGCXCAICCAACICAGCIX
xll20 ------------------------- cxcgcxgcicaicxcciagaaxgaagGxcaaaxxGxgcxcaxccaacxcaggxx
XLL21  CXCGCXGCTCAXCTCCIAGAAIGAAGGXCAAAITGXGCICAXCCAACICAGCTT
XLL22 --------- giggcxggtcaxcigciagaaxgaaggicaaaiigxgcicaiccaagccaggii
XLL2 3------------------------ -------CXGGCIGCICAICICCXAGAAIGAAGGXCAAAIIGIGCICAXGCAACIC AGCIX
XLL2 4------------------------------- CICGCXGCICAXCICCIAGAAXGAAGGICAAAXIGIGCXCAICCAACICAGCXI
XLL25  CTCGCTGCTCATCTCGXAGAATGAAGGTCAAAXIGTGCICAICCAACICAGCTT
XLL2 6------------------------------- CTCGCXGCICATCTCCTAGAATGAAGGTCAAATTGTGCXCAICCAACTCAGGTT
XLL2 7---------- -- ---------- -------CXCGCXGCXCAXCXCCXAGAAXGAAGGXCAAAXXGXGCXCAXGCAACXCAGCXX
xc  cicGcxgcicaiciccxagaaxgaaggicaaaiigigcxcaxccaacicagcix
XLS ----- ----------- ----- — CICGCXGGICAICICCXAGAAXGAAGGICAAAIIGXGCICAICCAACXCAGCII
XM  CTCGCXGCICATCTCCIAGAAIGAAGGICAAATTGIGCTCAXCCAACICAGCTT
XA      CXCGCXGCXCAXCXCCXAGAAXGAAGGXCAAAXXGXGCXCAXCCAACXCAGCXX
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XLLl GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTA'rGA
XLL2 GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
XLL3 GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
XLL 4 GTATAACTATCAGACCTTCCACTACCAAGAAATTGGCTTAATTCTGATGAAGTTATATATAAAAAAAGAAGATATTATGA
XLL5 GXAXAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXATAXAAAAAAAGAAGAXAXXAXGA
XLL 6 gtaxaacxaxcagaccxxccacxaccaagaaaxxggcxxaaxxcxgaxgaagxxaxaxaxaaaaaaagaagaxaxxaxga
XLL7 gxaxaacxaxcagaccxxccacxaccaagaaaxxggcxxaaxxcxgaxgaagxxaxaxaxaaaaaaagaagaxaxxaxga
XLL8 gxaxaacxaxcagaccxxccacxaccaagaaaxxggcxxaaxxcxgaxgaagxxaxaxaxaaaaaaagaagaxaxxaxga
XLL9 gxaxaacxaxcagaccxxccacxaccaagaaaxxggcxxaaxxcxgaxgaagxxaxaxaxaaaaaaagaagaxaxxaxga
XLL 10 GXAXAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
xll ii giaiaaciaicAGaccxiccaciagcaagaaatiggciiaaixCigaigaagiiaiataiaaaaaaagaagaiaiiaigg
XLLl 2 GXAXAACXAXCAGACCXXGGACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
XLL 13 GXAXAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
XLLl 4 GXAXAACXAXGAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
xll 15 gxaxaacxaxcagaccxxccacxaGcaagaaaxxggccxaaxxcxgaxxaagxxaxaxaxaaaaaaagaagaxaxxaxga
XLL 16 GXAXAAGXAXCAGAGCXXGGACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGG
XLL17 GXAXAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGG
XLLl 8 GXAXAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
XLL 19 GXAXAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
xll20 gxaxaacxaxcagaGcxxccacxaccaagaaaxxggcxxaaxxcxgaxgaagxxaxaxaxaaaaaaagaagaxaxxaxga
XLL 21 GIAIAACTAICAGACCTICCACIACCAAGAAAXIGGCITAAIICIGAIGAAGIIAIAIAIAAAAAAAGAAGAIAXIAXGA
XLL22 GXAXAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAIGAAGXXAXAXATAAAAAAAGAAGAXAXXAXGA
XLL23 GXAXAACXAXGAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
XLL24 GXAXAACXAXCAGACGXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
xll25 gxaxaacxaxcagacctxccacxaccaagaaaxxggcxxaaxxcxgaxGaagxxaxaxaxaaaaaaagaagaxaxxaxga
XLL 2 6 GXAXAACXATCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
XLL27 GXAXAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
XC GXATAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXGXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
XLS GXAXAACXAXCAGACCXXCCACXACCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA
XM gxataacxaxcagacctxccacxaccaagaaaxxggcxxaaxxcxgaxgaagxxaxaxaxaaaaaaagaagaxaxxaxga
XA GXAXAAGXAXCAGACCXXCCACXAGCAAGAAAXXGGCXXAAXXCXGAXGAAGXXAXAXAXAAAAAAAGAAGAXAXXAXGA

XLLl CGAGTXXCXGAXCAAACCAXAGXGACAXGCAGACGXXXXCGCXXXXCAGCCCXAXAXAXACXXXCAAAGGACAGGGXAAX
XLL2 CCAGXXXCXGAXCAAACCAXAGXGACATGCAGACGXXXXCGCXXXXCAGCCCXAXAXAXACXXXCAAAGGACAGGGXAAX
xll3 ccagxxxcxgaxcaaaccaxagxgacaxgcagacgxxxxcgcxxxxcagcccxaxaxaxacxxxcAaaggacagggxaax
XLL 4 ccagixicxgaicaaaccaiagigacaigcagacgiiiicgciiiicagccciaiaiaiacixicaaaggacagggiaai
XLL 5 ccagxxxcxgaxcaaaccaxagxgacaxgcagacgxxxxcgcxxxxcagcccxaxaxaxacxxxcaaaggacagggxaax
XLL6 CCAGXXXCXGAXCAAACCAXAGXGACAXGCAGACGXIIXCGGXXXXCAGCCCIAXAXAXACIXXCAAAGGACAGGGXAAX
XLL7 CGAGIXICIGAICAAACCAXAGXGACATGCAGAGGIIXXCGCXIIIGAGGCCIAXAIAXACIIICAAAGGACAGGGIAAI
XLL8 CCAGXXXCXGAXCAAACCAXAGXGACAXGCAGACGCXXXCGCXXXXCAGCCCXAXAXAXACXXXCAAAGGACAGGGXAAX
XLL 9 CCAGXXXCTGAXCAAACCAXAGXGACAXGCAGACGXXXXCGCXXXXCAGCCCXAXAXAXACXXXCAAAGGACAGGGXAAX
XLL 10 cGaGiiicigaicaaaccaiagigacaigcagacgiiiiggciixicagccciaiaiaiaciiigaaaggacagggtaai
XLLll CCAGIIICIGAICAAACCATAGIGACATGCAGACGIXIICGCXIIICAGCCCXAIAIAIACIITCAAAGGACAGGGTAAT
xlli 2 ccagiixcxgaicAaaccaiagigacatgcaGacgiiitcgGiiiicaggccxaiaiaiaciiicaaaggacagggxaai
XLLl 3 CCAGXXXCXGAXCAAACCAXAGXGACAXGCAGACGXXXXCGCXXXXCAGCCCXAXAXAXACXXXCAAAGGACAGGGXAAX
XLL 14 CCAGXIXCIGAICAAACCAXAGXGACAIGGAGACGIIIICGGXIXXCAGCCCIAXAXAIACIIICAAAGGACAGGGIAAI
XLLl 5 CCAGIXICXGAXCAAACCAXAGIGACAIGCAGACAXTIXCGCIIXXCAGCCCIAIAXAXACIXXCAAAGGACAGGGIAAI
xll 16 cCagxxxcxgaxcaaaccaxagxgacaxgcagacgxxxxcgcxxxtcagcccxaxataxacxxxcaaaggacagggxaat
XLLl 7 CCAGIIICIGAICAAACCAXAGIGACAIGGAGACGIIIICGCXXIICAGCCCIAIAIAIACIIICAAAGGACAGGGTAAT
XLL18 CCAGXXXCXGAXCAAACCAXAGXGACAXGCAGACGXXXXCGCXXXXCAGCGCXAXAXATAGTXXCAAAGGACAGGGTAAX
XLL 19 CCAGXXXCXGAXCAAACCAXAGXGACAXGCAGACGXXXXCGCXXXXCAGCCCXAXAXAXACXXXCAAAGGACAGGGXAAX
XLL 20 ccagtttctgatcaaaccatagtgacatgcagacgttttcgcttttcagccctatatatactttcaaaggacagggtaat
XLL21 ccagtttctgatcaaaccatagtgacatgcagacgttttcgcttttcagccctatatatactttcaaaggacagggtaat
XLL22 CCAGTTTCTGATCAAACCATAGTGACATGCAGACGIITTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
XLL2 3 CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
XLL24 CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCITTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
XLL25 CCAGTTTGTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
XLL26 CCAGTTTCTGATCAAAGCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
XLL 27 CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCITTTCAGCCCTATAXATACTTTCAAAGGACAGGGTAAT
XC CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGAGAGGGTAAT
XLS CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
XM CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGGCCTATATATACTTTCAAAGGACAGGGTAAT
XA CCAGTTTCTGATCAAACCATAGTGACATGCAGACGTTTTCGCTTTTCAGCCCTATATATACTTTCAAAGGACAGGGTAAT
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XLLl AXXGACCXGAACXCACAXXXXCAGAGGXAAAGAGAACCAAXCXGGGGACXG
XLL2 ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL3 AXIGACCXGAACXCACAIXXXCAGAGGXAAAGAGAACCAAICXGGGGACIG
XLL4 AXXGACCXGAACXCACAXXXXCAGAGGXAAAGAGAACCAAXCXGGGGACXG
XLL5 ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL6 AIIGACCIGAACICACAIIXICAGAGGIAAAGAGAACCAAICIGGGGACIG
XLL7 ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL8 ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL 9 AIIGACCIGAACICACAIXXXCAGAGGXAAAGAGAACCAAXCIGGGGACIG
XLL10 ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLLl 1 ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL 12 AIIGACCIGAACICACAIIXICAGAGGXAAAGAGAACCAAICXGGGGACIG
xll 13 axxgaccxgaacicacaxixxcaGaggiaaagagaaccaaxciggggacig
XLL 14 attgacctgaactcacatttxgagaggtaaagagaaccaatctggggagtg
XLL 15 axxgaccxgaacxcacaxxxxccgaggxaaagagaaccaaxcxggggacxg
XLL 16 ATTGACCTGAACTCACATXXTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL 17 ATTGACCTGAACTCACATTXTGAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL 18 AIXGACCXGAACICACAIXTXCAGAGGIAAAGAGAACCAAICXGGGGACIG
XLL 19 ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL20 ATXGACCTGAACTCACATXTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL 21 attgaggtgaactcacattttcagaggtaaagagaagcaatctggggactg
XLL22 AXTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL 2 3 ATTGACCTGAACTCACATTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL 2 4 ATTGACCTGAACTCACAXTTTCAGAGGTAAAGAGAACCAATCTGGGGACTG
XLL25 axxgacctgaactcacattttcagaggtaaagagaaccaatctggggactg
XLL2 6 AXXGACCXGAACXCACAXXXXCAGAGGXAAAGAGAACCAAXCXGGGGACXG
XLL2 7 AIIGACCIGAACIGACAIIXICAGAGGIAAAGAGAAGCAAICXGGGGACIG
XC AXXGAGCXGAACXCACAXXXXCAGAGGXAAAGAGAACCAAXCXGGGGACXG
XLS AXXGAGGXGAACXCACAXXXXCAGAGGXAAAGAGAACCAAXCXGGGGACXG
XM AXXGACCXGAACXCACAXXXXCAGAGGXAAAGAGAACCAAXCXGGGGACXG
XA AXXGACCXGAACXCACAXXXXCAGAGGXAAAGAGAACCAAXCXGGGGACXO

EXON IS

Figure 3. ClustalX 2.0.11 alignment of xG A D 6 7 intron 17. Sequences from 27 X . I laevis
alleles (XLLl — XLL27) and four closely related outgroup species (XA, X . amieti\ XC, X . 
clivii; XLS, X . /. sudanensis\ XM, X . muelleri) were aligned under defaults parameters. The 
regions corresponding to exons 17 and 18 are underlined and labeled. Sequences proceed 
from 5’ to 3’ and conserved sites are indicated by an asterisk (*).
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Nucleotide Polymorphism

Alignment o f the xGA.67 upstream region in 27 X . I. laevis 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 o f which were 

singletons (Table 2). Nineteen segregating sites were identified in intron 17 with 15 

singleton sites (Table 3). Average nucleotide diversity (7t) was at least three fold higher in the 

upstream region (n = 8.84) in comparison to intron 15 and 17, respectively, n = 0.17 and 

2.10. Watterson’s estimator 9W for the upstream region was 0.0123 per site while 0H ranged 

from 2.78 to 9.62. Intron 15 showed a marked reduction in both 0 estimators, except for 0H 

along the X . clivii lineage. 0W at the intron 17 locus was equally reduced compared to the 

upstream region, yet 0H demonstrated intermediate values between the upstream region and 

intron 15. Comparison o f 0H across all three loci reveals 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 o f 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 meiosis. Estimators o f 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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xG A D 67  and both introns was similar to that o f nucleotide polymorphism; the upstream, 

presumptive promoter region, is measurably more variable than the corresponding neural 

proxies (Table 1). The upstream region contains four segregating simple indels with an 7tmdel 

= 0.65 and W atterson’s 0mdel = 1.04. Simultaneously accounting for both intron frequency 

and length, Balhoff and Wray’s (BW) measure o f average indel length polymorphism was 

estimated to be 7CBW — 5.1. Segregating simple indels for intron 15 locus ranged from 1-3. 

Average pairwise indel diversity, 7 1 ^ ! ,  varied from 0.08 to 1.12 while 7tBW = 1.53 across all 

Xenopus lineages. Intron 17 had reduced intron diversity across all measures with only one 

segregating simple indel2, T t ^ ,  = 0.0741 and 7tBW = 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).

2 Measurements o f “simple indels” count the number of indels and do not take into account 
the length o f 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

Watters on's 0w per site 0.0123

7t 8.84 (p < 0.15)
Tajima's Dr -0.98 (p < 0.165)

Simple Indel Polymorphism

Kindds 4
Watterson's 0 mdei 1.04

p indels 0.65
Tajima's D̂ deis -0.99

Fu and Li's Dindeis -1.01

pBW 5.10
pBw per site 0.0039

Other Statistics X. 1. sudanenesis X. amieti X. clivii X. muelleri
Substituted Sites (L) 12 1 3 3
Hudson's p  per site 0.00227 0.00274 0.00264 0.00274

6 h 9.62 (p <  0.47) 5.93 (p < 0.18) 2.78 0  < 0.017) 5.93 0  <0.18)
Fu and Li's D fl -2.80 (p < 0.007) -2.80 (p < 0.007) -2.80 0  < 0.007) -2.80 0  < 0.007)
Fay and Wu's H -0 .790 < 0.290) 2 .910 < 0.53) 6.06 0  < 0.134) 2 .910 < 0.53)

Table 1. Statistics for the upstream region of xG AD 67. 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, 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 . I. laevis population sequences minus 
polymorphic sites.
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Statistic X. /. sudanenesis X. amieti X. clivii X. muelleri
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 0w per site 0.000405 0.000418 0.000414 0.000450

7C 0.17 0.17 0.17 0.17
Tajima's D t -1.51 -1.51 -1.51 -1.51

Simple Indel Polymorphism
K in d els 3 3 2 1

Watterson's 0 mdei 0.80 0.80 0.54 0.27

indels 1.12 1.12 0.60 0.08

Tajima's D in d eis 1.00 1.00 0.27 -1.16
Fu and Li's D in d e is -0.24 -0.24 -0.72 -1.65

TtBW 1.53 1.53 1.53 1.53
71bw per site 0.000808 0.000808 0.000808 0.000808

Other Statistics

Substituted Sites (L) 50 81 286 379
Hudson's p  per site 0.00436 0.00436 0.00582 0.00291
0H per site 0.00725 0.00725 1.92 0.00362
Fu and Li's D FL -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 xGAD67 intton 15. Statistical summary o f the amount and 
pattern o f variation in intron 15, a neutral proxy for the xG A D 67  locus. Twenty-four alleles 
of X . /. laevis were aligned with four Xenopus outgroups. The inclusion o f each outgroup with 
the population sequences changed the alignment and the number o f 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 0w per
site 0.00754
7T 2.10

Tajima's Dt -2.03 (p < 0.006)

Indel Polymorphism

kindels 1
Watterson's dmdd 0.26
tt indels 0.0741
Tajima's Dindeis -1.15
Fu and Li's Dindeis -1.69
TtBW 0.78
71bw  per site 0.00113

Other Statistics X. 1. sudanenesis
X.

amieti X. clivii X. muelleri

Substituted Sites (L) 0 0 0 0
Hudson's p  per site 0.00125 0.00125 0.00125 0.00125
dH per site 0.21 0.21 0.21 0.21
Fu and Li's DFL -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<0.1)

Table 3. Statistics for the xGAD67 intron 17. Statistical summary o f the amount and 
pattern o f variation in intron 17, a neutral proxy for the xG A D 67  locus. Twenty-seven 
alleles o f X . I. laevis were aligned with four Xenopus outgroups. The statistical significance of 
our results was assessed by coalescent simulation o f 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 panmicticpopulation

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

population and evolutionary genetics to interpret polymorphism data. The scaled 

recombination rate p  =N r\i 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 o f 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 o f 7t, 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 likelihood o f our results given a neutral model (Fig. 4). The sampling 

distributions o f the all test statistics were not appreciably altered even at the highest 

estimated rate o f recombination, p  — 0.00582, therefore, null distributions with and without 

estimated rates o f 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 o f the upstream region of xG AD 67. 
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 'Kenopus outgroups.
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Selection Analysis

The significance o f sequence variation at the xG A D 67  locus was analyzed to 

determine if the immediate upstream region has been subject to selection. Four test statistics 

were employed on a X . I. laevis population sample o f 27 alleles and four closely related 

species in order to detect the presence of selection. Tajima’s Dr and Fay and W u’s H  utilize 

different 9 estimators, while Fu and Li’s D7L 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 o f 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, DT and DFL tests were modified and reported as A n  d e l  and 

A n d e l  i*1 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 spectrum for DT and D PL was also determined 

along the axis o f 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 o f interest is then shifted 10 bps along the sequence and the summary 

statistics are again calculated
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Fu and Li’s D  test statistic suggests that the promoter region o f xG A D 67  contains an 

excess o f rare alleles that is significandy greater than the level expected in a neutrally 

evolving population (Table 1). The distribution of extreme low frequency alleles, 

summarized as negative Fu an Li values, is particularly concentrated in the most proximal 

region immediately upstream of the xG A D 67  coding region, approximately 175 bps 

upstream from the transcriptional start site (Fig 5). In this region, the Fu and Li statistic 

takes on the m ost 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 (i.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 hitchhiking3 would preferentially increase 0H 

to produce negative H  values (Table 1). Our inference is strengthened by the very similar, 

and positive, distribution o f H  values immediately upstream o f the transcriptional start for all 

four 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 xG A D 67  is consistent with our 

results.

3 Genetic hitchhiking occurs with a locus has recently undergone a strong selective sweep 
and risen to high frequency within the population because o f positive, favorable selection for 
a new variant. Nearby, neutral variation, also rises or hitchhikes to high frequency because of 
linkage.

67



1.5

10001400 1200

Figure 5. Polymorphism frequency spectrum for the upstream region of xGAD67.
Tajima’s D  (DT) and Fu and Li’s D  (DFL) test statistics are plotted along the axis of 
transcription from 5’ to 3’ in 101 bp sliding window frame with a slide o f 10 bps. The red 
and blue horizontal lines indicate the average D T and D FL 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 
xGAD67. Fay and W u’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 horizontal 
line indicates the average H  value per site for all four Xenopus species. The +1 indicates the 
transcriptional start site.
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Incongruously, intron 17 also displays a strong signature o f purifying selection (Table 

3). Fu and Li’s D  values are substantially higher than the expectation o f a similarly 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 o f population expansions as a confounding scenario. While not statistically 

significant, Fay and W u’s H  o f 1.9 suggest that positive selection is unlikely.

Statistical inference o f population parameters for intron 15 alone is problematic due 

to the deficiency o f segregating sites within the X . /. laevis population. Modeling the 

distribution o f 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. Flowever, 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 o f substitutions (L) and the evolutionary distance of Xenopus 

outgroups (Table 2). The linear accumulation of substitutions in each o f the outgroups 

combined with a dearth o f polymorphic sites may suggest balancing selection (Fu and Li, 

1993), however, the paucity o f informative sites makes such a conclusion speculative.

Results from the HKA test also support a substantial deviation from a neutral model 

o f evolution (Table 5). Intron 15 was chosen as a neutral proxy to investigate the upstream 

region of xG A D 67  because it contained both within species polymorphism and between 

species divergence. The ratio o f within species to between species variation was considerably 

greater for the upstream region (3.83) compared with intron 15 (0.04). Moreover, the degree 

o f variation within the X . /. laevis 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.

Species

Upstream
region Intron 15

Ratio 
(upstream/intron 15)

X. 1. su danenesis

Within species 0.047 0.002 31.250

Between species 0.012 0.038 0.326
Ratio
(within/between) 3.833 0.040

X. a m ie ti
Within species 0.047 0.002 31.250
Between species 0.001 0.061 0.017
Ratio
(within/between) 46.000 0.025

X . c liv ii
Within species 0.047 0.002 31.250
Between species 0.003 0.216 0.014
Ratio
(within/between) 15.333 0.007

X . m u elleri
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 
xG AD 67. The amount o f polymorphism and divergence in the 973 bp upstream region and 
1,322 bp intron 15 is reported within a population of 24 X  /. laevis alleles and between four 
closely related Xenopus species.
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-n , , • Substituted SitesP o ly m o rp h ic
Region____________________ Sites X. I. sudanenesis_____ X. amieti_________X. clivii_______ X. muelleri

Promoter 46 12 1 3 3
Intron 15 2 50 81 286 379

___________________________ (p < 3.49E-06) (p < 1 .52E-11) (p < 1 .88E-38)_________ (p < 0)

Table 5. HKA test of neutrality for the upstream region of xGAD67. Intron 15 was 
chosen as a neutral proxy for the nearby upstream region o f xGA.D67. 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  /. laevis alleles compared with four closely related Xenopus species is 
reported.

DISCUSSION AND FUTURE DIRECTIONS

We have provided evidence that the proximal prom oter region, immediately

upstream of xGA.D67, 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 o f regulatory evolution

for large scale morphological features extends to the cellular physiological level remains

unclear. Moreover, the intractability o f identifying ^-regulatory elements has slowed

progress in understanding regulatory evolution in comparison to protein coding regions.

Significant progress has been made in elucidating the relationships between transcript

abundance and patterns o f 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 experimentally identified ^-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 o f ^-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 a'j-regulatory driven gene expression in vivo for a vertebrate system is 

significant. Progress in understanding the speciation genetics o f African clawed frogs (Evans, 

2008) coupled with experimental tractability make Xenopus a powerful model for 

investigating regulatory evolution.

We have provided an evolutionary genetic analysis o f the upstream region of 

xG AD 67  using a South African population of X. /. .laevis individuals and four closely related 

Xenopus species: X. amieti, X. clivii, X. /. 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 particularly 

concentrated in the -200 to +150 region were putative A-regulatory elements may be 

recognizing retina specific transcription factors necessary for GABAergic differetnation. 

This region is capable o f driving retina-specific xG AD 67  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 xG AD 67  

expression is widely conserved in vertebrates and the action o f 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 o f expression (Oda- 

Ishii et al., 2005). The features o f ^-regulatory regions, such as modularity, are theoretically 

capable o f emerging from nonadaptive processes (Lynch, 2007a; Lynch, 2007b) and 

redundancy in regulatory elements has been shown for promoters with shadow enhancers4 

(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 xG A D 67  then developmental expression of this locus is intolerant of mid to 

high frequency variation. Alternatively, the excess of rarest alleles may be due to sequencing 

or PCR amplification errors, however we attempted to mitigate those sources o f error by 

using multiple clones and bi-directional sequencing to determine the sequence of each allele. 

Moreover, the abundance o f 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 o f these 

situations seem unlikely based on our initial electrophoretic results o f PCR products where 

only 1 or 2 bands were observed (data not shown). Also, there exist the possibility where 

xG A D 67  locus may be subject to an unusual pattern o f inheritance for allopolyploids where 

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

4 Cti-regulatory elements that recognize a similar complement o f transcription factors acting 
on the main regulatory elements.
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Based on the polymorphism frequency spectrum, we propose that the region -200 to 

+ 150 o f xG A D 67  likely contains ar-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 AD 67  

requires an in vivo assay in order functionally characterize the regulatory elements. Transgenic 

X . laevis embryos can be generated by sperm nuclear injection o f upstream regions fused to a 

GFP reporter (Smith et al., 2006). A variety o f transgenic methods have been developed for 

high transgene efficiency (e.g. REMI, ISeel 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 cis elements 

necessary for recruiting the basal transcriptional machinery needed for activity in all cells.

Experimental identification of or-regulatory elements can be further resolved using a 

variety of techniques to investigate specific TF binding targets. For example, xDistal-less-4 

(xDllA) and xG A D 67  expression has been shown to overlap in the forebrain (Brox et al., 

2003). xDll-4 binding sites could be identified in silico and independently, or coordinately, 

disrupted through site directed mutagenesis. High resolution regulatory maps could be 

superimposed on the site-frequency spectrum to further resolve which sites are evolving 

under selection. Lasdy, the endogenous pattern of xG A D 67  expression should also be 

assessed in each o f the outgroups. While distant vertebrates are known to express xG A D 67
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similarly during development, in situ hybridization should be performed to confirm that 

lineage specific changes in xG A D 67  expression have not occurred.

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 xG A D 67  locus with an expected pattern o f substitutions (Table 2) 

sustained along lineages o f 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 o f the alignment at two indel sites, one and six bps in length, respectively, indicate 

the presence o f at least two different alleles o f intermediate frequency isolated by PCR from 

our population sample.

Conversely, intron 17 contains 19 segregating sites but appears to accumulate no 

differences along any o f our Xenopus lineages. Our study relies on one sequence from each 

outgroup, similar to Balhoff and Wray (2005) and Walters et al (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; Haddrill et al., 2005).

In summary, the upstream region of xG AD 67  may contain aj-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 spectrum 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 descriptions o f 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 o f Xenopus as a vertebrate model system for understanding gene regulation 

as a major component o f the evolutionary process.
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APPEN D IX

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 # “
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_seqs(self)) 
def concatenate(self, other): 

result = MyAlignmentQ
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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

# FASTAFileToMyAlignment 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[l:]: alignment.addSequence(entry[entry.index(“\n”)+l:].replace(“\n”, “”)) 
return alignment

# PHYLIP_FileToMyAlignment is clumsy. A record parser and an iterator would be graceful.
Def PH YLIP FileToMyAlignment( ilename):

handle = open( ilename, ‘r’) 
lines = handle.readlines() 
handle.close()
alignment = MyAlignment() 
for line in lines[l:]:

matchData = re.search(“A\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.nucleotidesfpopulation] = [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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# Simplelndel 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.alleleFrequenciesfpopulation] = {}
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.
# Complexlndel objects usually aren’t directly useful to users; they’re meant to be created within Sample 
objects.
Class Complexlndel:

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  
‘W’, # A , T  
‘S’, #C, G 
‘M’, # A , C  
‘K’, # G, T 
‘B’,# C ,  G, T 
‘D ’,# A ,  G, T 
‘H’,# A ,  C, T 
‘V’, # A, C, G 
‘N ’ # A, C, G, T

))
# Synonymy in coding sequences is assessed using the standard genetic code. 
aminoAcids = {
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‘TTT’: ‘F’, # Phe 
‘TTC’: ‘F’, # “ 
‘TTA’: ‘L’, # Leu 
‘TTG’: ‘L’, # “ 
‘TCT’: ‘S ’, #Ser 
‘TCC’: ‘S’, # “ 
‘TCA’: ‘S’, # “ 
‘TCG’: ‘S’, # “ 
‘TAT’: ‘Y ’, # Tyr 
‘TAC’: ‘Y ’, # “ 
‘TAA’: V, #Ter 
‘TAG’:
‘TGT’: ‘C’, # Cys 
‘TGC’: ‘C’, # “ 
‘TGA’: # Ter
‘TGG’: ‘W’, # Trp 
‘CTT’: ‘L’, # Leu 
‘CTC’: ‘L \ # “ 
‘CTA’: ‘L’, # “ 
‘CTG’: ‘L’, # “ 
‘CCT’: ‘P’, # Pro 
‘CCC’: ‘P’, # “ 
‘CCA’: ‘P’, # “ 
‘CCG’: ‘P’, # “ 
‘CAT’: ‘H’, # His 
‘CAC’: ‘H’, # “ 
‘CAA’: ‘Q’, # Gin 
‘CAG’: ‘Q’, # “ 
‘CGT’: ‘R’, # Arg 
‘CGC’:
‘CGA’: ‘R’, # “ 
‘CGG’: ‘R’, # “ 
‘ATT’: ‘I’,#He  
‘ATC’: T , # “ 
‘ATA’: T , # “ 
‘ATG’: ‘M ’,#Met  
‘ACT’: ‘T’, # Thr 
‘ACC’: ‘T’, # “ 
‘ACA’: ‘T’, # “ 
‘ACG’: ‘T’, # “ 
‘AAT’: ‘N ’,# A sn  
‘AAC’: ‘N ’, # “ 
‘AAA’: ‘K’, #Lys 
‘AAG’: ‘K’, # “ 
‘AGT’: ‘S ’, # Ser 
‘AGC’: ‘S ’, # “ 
‘AGA’: ‘R’, # Arg 
‘AGG’: ‘R’, # “ 
‘GTT’: ‘V ’, # Val 
‘GTC’: ‘V ’, # “ 
‘GTA’: ‘V ’, # “ 
‘GTG’: ‘V ’, # “ 
‘GCT’: ‘A ’, # Ala 
‘GCC’: ‘A ’, # “
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‘GCA’: ‘A ’, # “
‘GCG’: ‘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+l] 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.siteCountsfsiteClass] = 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.simplelndels = [] 
self.complexlndels = [] 
self.indelClasses = self.siteClasses.keysQ
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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[‘_aH’]]) 
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 
i f i n  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[‘_aU’], indelAlleles, indelClasses) 
i f ‘coding’ in self.siteClasses.keys():

self.sndClasses += [‘nonsynonymous’, ‘synonymous’] 
if options.has_key(‘ffame’):

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 1 = alignment.getNucleotides(snd.site+l)
nucleotideSetl = set([nucleotideListl[taxon] for taxon in self.populations[‘_all’]]) 
if len(nucleotideSetl & ambiguousNucleotideSet) > 0 or ‘-‘ in nucleotideSetl: 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 
nucleotideListO = alignment.getNucleotides(snd.site)
nucleotideSetO = set([nucleotideListO[taxon] for taxon in self.populations[‘_all’]]) 
codonSet = set([nucleotideListO[taxon]+nucleotideListl[taxon]+nucleotideList2[taxon] for 

taxon in self.populations[‘_all’]])
for context in set([codon[l]+codon[2] for codon in codonSet]):

if len(set([aminoAcids[nucleotide+context[0]+context[l]] for nucleotide in 
nucleotideSetO])) > 1:

snd.sndClasses.append(‘nonsynonymous’)
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break
else:

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

nucleotideListO = alignment. getNucleotides(snd. site-1)
nucleotideSetO = set([nucleotideListO[taxon] for taxon in self.populations[‘_aH’]]) 
if len(nucleotideSetO & ambiguousNucleotideSet) > 0 or in nucleotideSetO: continue 
nucleotideList2 = alignment. getNucleotides(snd.site+l)
nucleotideSet2 = set([nucleotideList2[taxon] for taxon in self.populations[‘_all’]]) 
if len(nucleotideSet2 & ambiguousNupleotideSet) > 0 or in nucleotideSet2: continue 
nucleotideList 1 = alignment.getNucleotides(snd.site)
nucleotideSetl = set([nucleotideListl [taxon] for taxon in self.populations[‘_aU’]]) 
codonSet = set([nucleotideListO[taxon]+nucleotideListl[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[l]] for nucleotide in 
nucleotideSetl])) > 1:

snd. sndClasses. append( ‘nonsynonymous ’) 
break

else:
snd. sndClasses. append( ‘ synonymous ’) 

elif siteFrame =  2 and snd.site >= 2:
nucleotideListO = alignment. getNucleotides(snd. site-2)
nucleotideSetO = set([nucleotideListO[taxon] for taxon in self.populations[‘_aH’]]) 
if len(nucleotideSetO & ambiguousNucleotideSet) > 0 or in nucleotideSetO: continue 
nucleotideList 1 = alignment. getNucleotides(snd. site-1)
nucleotideSetl = set([nucleotideList 1 [taxon] for taxon in self.populations[‘_aH’]]) 
if len(nucleotideSetl & ambiguousNucleotideSet) > 0 or in nucleotideSetl: continue 
nucleotideList2 = alignment. getNucleotides(snd. site)
nucleotideSet2 = set([nucleotideList2 [taxon] for taxon in self.populations [‘ all’]]) 
codonSet = set([nucleotideListO[taxon]+nucleotideListl[taxon]+nucleotideList2[taxon] for 

taxon in self.populations[‘_all’]])
for context in set([codon[0]+codon[l] for codon in codonSet]): 

if len(set([aminoAcids[context[0]+context[l]+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 sequence [site] =  ‘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 ’ 
newSequence2[site] = ‘C’ 

elif sequence[site] == ‘K’: 
newSequencel [site] = ‘G’ 
newSequence2[site] = ‘T’ 

newSequencel = ‘’.join(newSequencel) 
newSequence2 = ‘ ’ .j oin(ne wSequence2) 
ne wAlignment. addSequence(ne wSequence 1) 
newAlignment.addSequence(newSequence2) 
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, 

[oldToNewftaxon] 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 s e 1 f. s amp le. taxonC ounts [population] 

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

def getUnambiguousSiteCount(self, siteClass = ‘_all’): 
return self.sample.unambiguousSiteCountsfsiteClass] 

def getInformativeSiteCount(self, siteClass = ‘_aH’): 
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’): 
simplelndelCount = 0 
for indel in self.sample.simplelndels:

if indelClass in indel.indelClasses: simplelndelCount += 1 
return simplelndelCount

def getComplexIndelCount(self, indelClass = ‘_all’): 
complexIndelCount = 0 
for indel in self.sample.complexlndels:

if indelClass in indel.indelClasses: complexIndelCount += 1 
return complexIndelCount

def getIndelCount(self, indelClass = ‘ all’):
indelCount = 0
for indel in self.sample.simplelndels+self.sample.complexlndels: 

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(l, self.sample.taxonCounts[population]): a += 1.0/i 
if a > 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:

theta WPerSite = self.get_thetaW(population, sndClass)/length 
else:

thetaW_PerSite -  0.0 
return thetaWPerSite

# pi is the average number of single nucleotide differences between two sequences from a population 
(also known as thetajpi).

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] 
if n > 1: 

for snd in self.sample.snds: 
if sndClass in snd.sndClasses:

ffeqs = snd.nucleotideFrequencies[population] 
for nucl in freqs.keys(): 

for nuc2 in freqs.keys():
if nucl != nuc2: pi += ffeqs[nucl]*freqs[nuc2] 

pi /= 1.0*n*(n-l) 
self, cache [(‘pi’, population, sndClass)] = pi 
return pi

def get_piPerSite(self, population = ‘ all’, sndClass = ‘_alP, 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_T(self, population = ‘ all’, sndClass = ‘_all’): 

n = self.sample.taxonCounts[population]
K = self.getK(population, sndClass) 
if n > 1 and K > 0: 

al =0.0  
a2 = 0.0
for i in range(l, n): 

al += 1.0/i 
a2 += 1.0/(i*i) 

bl = (n+l)/(3.0*(n-l)) 
b2 = 2*(n*n + n + 3)/(9.0*n*(n-l)) 
cl = b l -  1/al
c2 = b2 -  (n+2)/(al*n) + a2/(al*al) 
el = cl/a l
e2 = c2/(al*al + a2)
D_T = (self.get_pi(population, sndClass)-self.get_thetaW(population, sndClass))/math.sqrt(el*K + 

e2*K*(K-l)) 
else:

D T  = 0.0 
return D T

# KSimplelndel 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.simplelndels:

if len(indel.alleleFrequencies[population]) > 1 and indelClass in indel.indelClasses: K += 1 
self, cache [(‘KSimplelndel’, population, indelClass)] = K 
return K

def getSingletonCountSimpleIndel(self, population = ‘ all’, indelClass = ‘_all’):
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singletonCount = 0 
for indel in self.sample.simplelndels: 

if len(indel.alleleFrequencies[population]) == 2 and 1 in 
indel.alleleFrequencies[population].values() and indelClass in indel.indelClasses: singletonCount+= 1 

return singletonCount
# theta WSimplelndel 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((‘theta WSimplelndel’, population, indelClass)): 
return self.cache[(‘thetaW_SimpleIndel’, population, indelClass)] 

else: 
a = 0.0
for i in range(l, self.sample.taxonCounts[population]): a += 1.0/i 
if a > 0.0:

thetaW = self.getK_SimpleIndel(population, indelClass)/a 
else:

thetaW = 0.0
self.cache[(‘thetaW_SimpleIndel’, population, indelClass)] = thetaW 
return thetaW

def get_thetaW_SimpleIndelPerSite(self, population = ‘ all’, indelClass = ‘ all’, siteClass = ‘ all’): 
length = self.sample.unambiguousSiteCounts[siteClass] 
iflength>0:

thetaW_PerSite = self.get_thetaWSimpleIndel(population, indelClass)/length 
else:

theta WPerSite = 0.0 
return theta WPerSite

# piSimplelndel is the average number of simple-indel differences between two sequences from a 
population.

Def get_piSimpleIndel(self, population -  ‘ all’, indelClass = ‘_all’): 
if self.cache.has_key((‘piSimpleInder, population, indelClass)): 

return self, cache [(‘piSimplelndel’, population, indelClass)] 
else: 

pi = 0
n = self, sample. taxonCounts [population] 
if n > 1:

for indel in self.sample.simplelndels: 
if indelClass in indel.indelClasses:

freqs = indel.alleleFrequencies[population] 
for all in freqs.keys(): 

for al2 in freqs.keys():
if all != al2: pi += freqs[all]*freqs[al2] 

pi /= 1.0*n*(n-l) 
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 TSim plelndel is Tajima’s D for simple indels.
Def getD_T_SimpleIndel(self, population = ‘ all’, indelClass = ‘_all’): 

n = self.sample.taxonCounts[population]
K = self.getK_Simple!ndel(population, indelClass)
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if n > 1 and K > 0: 
al =0.0  
a2 = 0.0
for i in range(l, n): 

al += 1.0/i 
a2 += 1.0/(i*i) 

bl = (n+l)/(3.0*(n-l)) 
b2 = 2*(n*n + n + 3)/(9.0*n*(n-l)) 
cl = b l -  1/al
c2 = b2 -  (n+2)/(al*n) + a2/(al*al) 
el = cl/al
e2 = c2/(al*al + a2)
D_T = (self.get_piSimpleIndel(population, indelClass)-self.get_thetaW_SimpleIndel(population, 

indelClass))/math.sqrt(el*K + e2*K*(K-l)) 
else:

D T  = 0.0 
return D 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] 
if n > 1:

for indel in self.sample.simplelndels+self.sample.complexlndels: 
if indelClass in indel.indelClasses:

ffeqs = indel.alleleFrequencies[population] 
for all in freqs.keys(): 

for al2 in ffeqs.keys():
if all != al2: piBW += ffeqs[all]*ffeqs[al2]*self._piBW_weight(all, al2, indel.size) 

piBW /= 1.0*n*(n-l) 
self.cache[(‘piBW’, population, indelClass)] = piBW 
return piBW 

def jpiBW_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(efSize 1) 
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:

piBWPerSite = self.get_piBW(population, indelClass)/length 
else:

piBWPerSite = 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, populationl, population2, sndClass = ‘_all’):
(population 1, population2) = self._orderPopulations(populationl, population2) 
if self.cache.has_key((‘L’, populationl, population^, sndClass)): 

return self.cache[(‘L’, populationl, population^, sndClass)] 
else:

L = 0
for snd in self.sample.snds: 

if sndClass in snd.sndClasses:
freqsl = snd.nucleotideFrequencies [populationl] 
freqs2 = snd.nucleotideFrequencies[population2]
if len(freqsl) == 1 and Ien(ffeqs2) == 1 and freqsl.keys()[0] != ffeqs2.keys()[0]: L += 1 

self.cache[(‘L’, populationl, population2, sndClass)] = L 
return L

# D FL is Fu and 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[populationl] 
eta = 0 
eta e  = 0
for snd in self.sample.snds: 

if sndClass in snd.sndClasses: 
freqsl = snd.nucleotideFrequencies [populationl] 
freqs2 = snd.nucleotideFrequencies[population2]
if len(freqsl) > 1 and Ien(ffeqs2) == 1 and freqs2.keys()[0] in freqsl.keys(): 

eta += 1
if freqsl [freqs2.keys()[0]] == n-1: eta e += 1 

ifn  > 1 and eta > 0: 
a = 0.0 
b = 0.0
for i in range(l, n): 

a += 1.0/i 
b += 1.0/(i*i) 

ifn  == 2: 
c = 1.0 

else:
c = 2*(n*a -  2*(n-l))/((n-l)*(n-2)) 

v = 1 + a*a*(c -  (n+l)/(1.0*(n-l)))/(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 F L  = 0.0 
return D FL

# F_FL is Fu and 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[populationl] 
pi = 0 
eta = 0 
eta e  = 0
for snd in self.sample.snds: 

if sndClass in snd.sndClasses:
freqsl = snd.nucleotideFrequencies[populationl] 
ffeqs2 = snd.nucleotideFrequencies[population2]
if len(freqsl) > 1 and len(freqs2) == 1 and ffeqs2.keys()[0] in freqsl.keys(): 

for nuc 1 in freqs 1 .keys(): 
for nuc2 in freqsl.keys():

if nuc 1 ! = nuc2: pi += freqs 1 [nuc 1 ] *freqs 1 [nuc2] 
eta += 1
if freqs l[freqs2.keys()[0]] =  n-1: eta_e += 1 

if n > 1 and eta > 0: 
pi /= 1.0*n*(n-l) 
a = 0.0 
b = 0.0
for i in range(l, n): 

a += 1.0/i 
b += 1.0/(i*i) 

if n == 2: 
c =  1.0 

else:
c = 2*(n*a -  2*(n-l))/((n-l)*(n-2)) 

v = (c + 2.0*(n*n + n + 3)/(9*n*(n-l)) -  2.0/(n-l))/(b + a*a) 
u = (1 + (n+l)/(3.0*(n-l)) -4.0*(n+l)*(a + 1.0/n- 2.0*n/(n+l))/((n-l)**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[populationl] 
if n > 1: 
s={}
for i in range(l, n): S[i] = 0 
for snd in self.sample.snds:
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if sndClass in snd.sndClasses:
freqsl = snd.nucleotideFrequencies[populationl] 
freqs2 = snd.nucleotideFrequencies[population2]
if len(freqsl) > 1 and len(freqs2) == 1 and ffeqs2.keys()[0] in freqsl.keysQ: S[n- 

freqsl[freqs2.keys()[0]]] += 1
for i in range(l, n): thetaH += S[i]*i*i 
thetaH *= 2.0/(n*(n-l)) 

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:

thetaHPerSite = self.get_thetaH(populationl, population2, sndClass)/length 
else:

thetaHPerSite = 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[populationl] 
theta_pi -  0 
if n > 1:

S={}
for i in range(l, n): S[i] = 0 
for snd in self.sample.snds: 

if sndClass in snd.sndClasses:
freqsl = snd.nucleotideFrequencies [populationl] 
freqs2 = snd.nucleotideFrequencies [population2]
if len(freqsl) > 1 and len(freqs2) == 1 and freqs2.keys()[0] in freqsl.keys(): S[n- 

freqsl[freqs2.keys()[0]]] += 1
for i in range(l, n): theta_pi += S[i]*i*(n-i) 
theta_pi *= 2.0/(n*(n-l))

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:

HPerSite = self.getH(populationl, population2, sndClass)/length 
else:

HPerSite = 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 getHKApValue(self, populationl, population2, sndClass 1, sndClass2):

nl = self.sample.taxonCounts[populationl] 
n2 = self, sample. taxonCounts[population2] 
if nl > n2:

population2, populationl = populationl, population2 
n2, nl = nl, n2 

if nl > 1:
K ll = 1.0*self.getK(populationl, sndClassl)
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K12 = 1.0*self.getK(populationl, sndClass2)
K1 = K11+K12 
ifK l >0.0:

K21 = 1.0*self.getK(population2, sndClassl)
K22 = 1.0*self.getK(population2, sndClass2)
K2 = K21+K22
D1 = 1.0*self.getL(populationl, population2, sndClassl) 
D2 = 1.0*self.getL(populationl, population2, sndClass2) 
D = D1+D2 
al = a2 = bl = b2 = 0.0 
for i in range(l, nl): 

al += 1.0/i 
bl +== 1.0/(i*i) 

for i in range(l, n2): 
a2 += 1.0/i 
b2 += 1.0/(i*i) 

f  = (K2/a2)/(Kl/al) 
g = (1.0+f)/2.0 
T = D/(Kl/al) -  g
thetal = (K1 l+K21+Dl)/(al + Pa2 + g + T) 
theta2 -  (K12+K22+D2)/(al + Fa2 + g + T)
EK11 = al*thetal
EK12 = al*theta2
EK21 = a2*thetal
EK22 = a2*theta2
EDI = (g+T)*thetal
ED2 = (g+T)*theta2
VK11 =EK11 + bl*thetal**2
VK12 = EK12 + bl*theta2**2
VK21 = EK21 + b2*thetal**2
VK22 = EK22 + b2*theta2**2
VD1 = EDI + (g*thetal)**2
VD2 = ED2 + (g*theta2)**2
X2 = 0.0
if VK11 != 0.0: X2 += (K11-EK11)**2/VK11 
if VK12 != 0.0: X2 += (K12-EK12)**2/VK12 
if VK21 != 0.0: X2 + -  (K21-EK21)**2/VK21 
if VK22 != 0.0: X2 += (K22-EK22)**2/VK22 
if VD1 != 0.0: X2 += (D l-ED l)s|t*2/VDl 
if VD2 != 0.0: X2 += (D2-ED2)**2/VD2 
p = chiSquared.pValue(X2, 2) 

else:
p = float(‘nan’) 

elif n2 > 1:
K1 = 1.0*self.getK(population2, sndClassl)
K2 = 1.0*self.getK(population2, sndClass2)
K = K1+K2 
if K > 0.0:

D1 = 1.0*self.getL(populationl, population2, sndClassl) 
D2 = 1.0*self.getL(populationl, population2, sndClass2) 
D = D1+D2 
a = b = 0.0 
for i in range(l, n2): 

a += 1.0/i
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b += 1.0/(i*i)
T = D/(K/a) -  1.0
thetal = (Kl+Dl)/(a + 1.0 + T)
theta2 = (K2+D2)/(a + 1.0 + T)
EK1 = a*thetal 
EK2 = a*theta2 
EDI = (1.0+T)*thetal 
ED2 = (1.0+T)*theta2 
VK1 = EK1 + b*thetal**2 
VK2 = EK2 + b*theta2**2 
VD1 = EDI + thetal **2 
VD2 -  ED2 + theta2**2 
X2 = 0.0
if VK1 != 0.0: X2 += (K1-EK1)**2/VK1 
if VK2 != 0.0: X2 += (K2-EK2)**2/VK2 
if VD1 != 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’) 

retump

# DFLSim plelndel 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[populationl] 
eta = 0 
eta_e = 0
for indel in self.sample.simplelndels: 

if indelClass in indel.indelClasses:
ffeqsl = indel.alleleFrequencies[populationl] 
ffeqs2 = indel.alleleFrequencies[population2]
if len(ffeqsl) > 1 and len(ffeqs2) == 1 and ffeqs2.keys()[0] in freqsl.keys(): 

eta += 1
if ffeqsl [freqs2.keys()[0]] == n-1: eta e += 1 

if n > 1 and eta > 0: 
a = 0.0 
b = 0.0
for i inrange(l, n): 

a += 1.0/i 
b += 1.0/(i*i) 

if n == 2: 
c = 1.0 

else:
c = 2*(n*a -  2*(n-l))/((n-l)*(n-2)) 

v = 1 + a*a*(c -  (n+l)/(1.0*(n-l)))/(b + a*a) 
u = a-l-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
# FFLSim plelndel 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_SimpleIndel(self, populationl, population2, indelClass -  ‘_all’):

n = self.sample.taxonCounts[populationl] 
pi = 0 
eta = 0 
etae  = 0
for indel in self.sample.simplelndels: 

if indelClass in indel. indelClasses:
freqsl = indel.alleleFrequencies[populationl] 
freqs2 = indel.alleleFrequencies[population2]
if len(freqsl) > 1 and Ien(ffeqs2) == 1 and ffeqs2.keys()[0] in freqsl.keys(): 

for all in freqsl.keys(): 
for al2 in freqsl.keys():

if all != al2: pi += freqsl [all]*freqsl[al2] 
eta += 1
if freqsl [freqs2.keys()[0]] =  n-1: eta e += 1 

if n > 1 and eta > 0: 
pi /= 1.0*n*(n-l) 
a = 0.0 
b = 0.0
for i in range(l, n): 

a += 1.0/i 
b += 1.0/(i*i) 

if n == 2: 
c =  1.0 

else:
c = 2*(n*a -  2*(n-l))/((n-l)*(n-2)) 

v = (c + 2.0*(n*n + n + 3)/(9*n*(n-l)) -  2.0/(n-l))/(b + a*a) 
u = (1 + (n+l)/(3.0*(n-l)) -  4.0*(n+l)*(a + 1.0/n -  2.0*n/(n+l))/((n-l)**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, population^, indelClass)): 
return self.cache[(‘thetaH_SimpleIndel’, populationl, population2, indelClass)] 

else:
thetaH = 0.0
n = self, sample. taxonCounts [population 1 ] 
if n > 1:

S = { }
for i in range(l, n): S[i] = 0 
for indel in self.sample.simplelndels: 

if indelClass in indel.indelClasses:
freqsl = indel. alleleFrequencies [populationl] 
freqs2 = indel.alleleFrequencies[population2]
if len(freqsl) > 1 and len(freqs2) == 1 and freqs2.keys()[0] in freqsl.keys(): S[n- 

ffeqsl[ffeqs2.keys()[0]]] += 1
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for i in range(l, n): thetaH += S[i]*i*i 
thetaH *= 2.0/(n*(n-l)) 

self.cache[(‘thetaH_SimpleInder, populationl, population2, indelClass)] = thetaH 
return thetaH

def get_thetaH_SimpleIndelPerSite(self, populationl, population!, indelClass = ‘ all’, siteClass = 
‘ all’):

length = self.sample.unambiguousSiteCounts[siteClass] 
if length > 0:

thetaH_PerSite = self.get_thetaH_SimpleIndel(populationl, population2, indelClass)/length 
else:

thetaHPerSite = 0.0 
return thetaH PerSite

# H Simplelndel 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 [population 1 ] 
theta_pi = 0 
if n > 1:

S = {}
for i in range(l, n): S[i] = 0 
for indel in self.sample.simplelndels: 

if indelClass in indel.indelClasses:
ffeqsl = indel.alleleFrequencies[populationl] 
freqs2 = indel.alleleFrequencies[population2]
if len(freqsl) > 1 and len(ffeqs2) == 1 and freqs2.keys()[0] in freqsl.keys(): S[n- 

freqsl[freqs2.keys()[0]]] += 1
for i in range(l, n): theta_pi += S[i]*i*(n-i) 
theta_pi *= 2.0/(n*(n-l))

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:

HPerSite = self.getH_SimpleIndel(populationl, population2, indelClass)/length 
else:

HPerSite = 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+l, 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_SimpleIndelPerSite(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_SimpleIndel(self, population = ‘ all’, indelClass = ‘_all’): 
pairs = [(center, self.statisticsHash[center].getD_T_SimpleIndel(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, population^, sndClass = ‘_all’): 
pairs = [(center, self.statisticsFlash[center].getF_FL(populationl, population2, sndClass)) for center in 

self.statisticsHash.keysQ] 
pairs. sortQ
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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. sortQ 
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 getF_ST(self, population, sndClass = ‘_all’): 
pairs = [(center, self.statisticsHash[center].getF_ST(population, sndClass)) for center in 

self. statisticsHash.key s()] 
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_SimpleIndel(self, populationl, population^, indelClass = ‘ all’): 
pairs = [(center, self.statisticsHash[center].getD_FL_SimpleIndel(populationl, 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, populationl, population2, indelClass = ‘ all’, siteClass = ‘_all’): 
pairs = [(center, self.statisticsHash[center].getH_SimpleIndelPerSite(populationl, 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:

freqsl = snd.micleotideFrequencies[populationl] 
if len(ffeqsl) == 2: 

site = snd. site
alleleLists[site] = snd.nucleotides [populationl] 
ancestralAlleles [site] = '?’ 
if population2 != None:

freqs2 = snd.nucleotideFrequencies[population2]
if len(ffeqs2) == 1 and ffeqs2.keys()[0] infreqsl.keys(): ancestralAlleles[site] = freqs2.keys()[0] 

for indel in sample.simplelndels+sample.complexlndels: 
ffeqsl = indel.alleleFrequencies[populationl] 
if len(freqsl) =  2: 

site = indel. site
alleleListsfsite] = indel. alleles [populationl] 
ancestralAlleles[site] = ‘?’ 
if population2 != None: 

freqs2 = indel.alleleFrequencies[population2]
if len(freqs2) == 1 and freqs2.keys()[0] in freqsl.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.closeQ
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Generating statistical values

O ur analyses was performed with three different loci with alleles sequenced from a 

natural X . I. laevis (XLL) population and several closely related Xenopus species (e.g. X . amietv. 

XA). In order to run these analyses you must first generate a FASTA or PHYLP (non

interleaved) alignment. The range o f population sequences in the alignment is specified by 

the range “XLL” (27) and the location o f 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 o f the summary statistics. Finally, a .hap file is generated with our 

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

estimating recombination (http://hom e.uchicago.edu/~rhudsonl) .

#! /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 Simplelndel: %g” % statistics.get_thetaW_SimpleIndel(‘XLL’)
print “piSimplelndel: %g” % statistics.get_piSimpleIndel(‘XLL’)
print “piSimplelndelPerSite: %g” % statistics.get_piSimpleIndelPerSite(‘XLL’)

100

http://home.uchicago.edu/~rhudsonl


print “DTSim plelndel: %g” % statistics.getD_T_SimpleIndel(‘XLL’)
print “D FL Simplelndel: %g” % statistics. getD_FL_SimpleIndel( ‘ XLL’, ’ XA ’)
print “piBW: %g” % statistics.get_piBW(‘XLL’)
print “piBWPerSite: %g” % statistics.get_piBW_PerSite(‘XLL’)
slider = Slider(alignment, 50, 10, populations)
D T s  = slider. ge tDT (‘ 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 ’)
for D_FL in D 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()
piPerSites = 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()
piBWPerSites = 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_SimpleIndels= slider.getD_T_SimpleIndel(‘XLL’) 
file = open(“GAD67promoter_XA_D_T_SimpleInder, ‘w’)
for D_T_SimpleIndel in D T Simplelndels: file.write(“%d %g\n”%D_T_SimpleIndel) 
file.close()
D FL Simplelndels = slider.getD_FL_SimpleIndel(‘XLL’, ‘XA’) 
file = open(“GAD67promoter_XA_D_FL_SimpleIndel”, ‘w ’)
for D FL Simplelndel in D_FL_SimpleIndels: 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 tunning the HKA test
Summary code for implementing the HKA test o f a neutral model is provided below. 

This program 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 (i.e. intron) and is defined as 

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

#! /usr/bin/env python

from populationGenetics import *

bindingAlignment = FASTA_FileToMyAlignment(“GAD67.promoter.HKA.txt”) 
bindingLength = bindingAlignment. getSiteCount()
nonbindingAlignment = FASTA_FileToMyAlignment(‘‘GAD67.Intronl5.CLUSTALa.txt”) 
nonbindingLength = nonbindingAlignment.getSiteCount()
alignment = MyAlignment.concatenationfbindingAlignment, nonbindingAlignment) 
populations = {‘XLL’: range(24), ‘XA’: [24]}
siteClasses = {‘binding’: range(bindingLength), ‘nonbinding’: range(bindingLength,
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 arguments 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
H udson’s ms program is available online

(http://hom e.uchicago.edu/~rhudsonl /). 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 o f an observed test statistic 

run

% cut - f  6 SummaryStats_sample_stats | ./stats 0.024

which uses the U NIX command cut to extract the 6th column o f 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 o f the sequence included. Branch 

lengths are not required. A tree for 27 X  L laevis alleles (£XLL’) and four outgroups species 

(CXLS’, "XA’, £X C \ X M ’) is provided. The XLL1 XLL2’ group merely seeds the alignment.

Example:((((((((((((((((((((((((((((((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) XLS) XA) XC) XM)
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ClustalX 2.0.11 alignment of the upstream region of xG A D 67.

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

outgroup species (XA, X . amieti', XC, X . clivii\ XLS, X . I. 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 (*).
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XLL1 ACACCAGCACGXXCXCCA11CCACCGGGAAGGGGXICCCAIGGGAACAGAGCAAAAIGXGAXXAXXXGCXGGCXAGAIAC
XLL 2 ACACCAGCACGIICICCAXICCACCGGGAAGGGGIICCCAIGGGAACAGAGCAAAAIGIGAXIAXXIGCIGGCXAGAXAC
XLL3 ACACCAGCACGXXCICCAIICCACCGGGAAGGGGXICCCAIGGGAACAGAGCAAAAXGXGAXIAXIXGCXGGCXAGAIAC
xll4 acaccagcacgxxctccaxxccaccgggaaggggxxcCcaxgGgaacagaGcaagaxgxgaxtaxxxgcxggcxagaxac
XLL5 — ACCAGCACGIXCICCAIICCACCGGGAAGGGGIICCCAIGGGAACAGAGCAAAAIGIGAXIAIIIGCIGGCIAGAIAC
XLL6 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XLL7 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XLL8 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL9 ACACCAGCACGITCICCAXCCCACCGGGAAGGGGXICCCAIGGGAACAGAGCAAAAXGIGAIXATTIGCIGGCXAGAIAC
XLL 10  ACACCAGCACGXXCXCCAXXCCACCGGGAAGGGGXXCCCAXGGGAACAGAGCAAAAXGXGAXXAXXXGCXGGCXAGAXAC
XLL11 ACACCAGCACGIICICCAXXCCACCGGGAAGGGGIXCCCAIGGGAACAGAGCAAAAXGXGAIIAXIIGCIGGCIAGAIAC
XLL12 ACACCAGCACGIICXCCAIICCACCGGGAAGGGGXXCCCAIGGGAACAGAGCAAGAIGXGAXXAIXIGCIGGCTAGAXAC
XLL 13 ACACCAGCACGIICTCCAIICCACCGGGAAGGGGIICCCAXGGGAACAGAGCAAAAXGIGAITAIXIGCIGGCIAGAIAC
XLL14 ACACCAGCACGIICICCAIXCCACCGGGAAGGGGIICCCAIGGGAACAGAGCAAAAIGIGAITAIXIGCIGGCIAGAXAC
XLL15 ACACCAGCACGXXCXCCAXXCCACCGGGAAGGGGXICCCAIGGGAACAGAGCAAAAIGXGAlXAXXIGeXGGCXAGAXAC
XLL 16 ACACCAGCACGIICICCAX1CCACCGGGAAGGGGIXCCCAIGGGAACAGAGCAAGAIGXGAXXAXXIGCIGGCXAGAXAC
XLL17 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL 18  ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAAXGTGATTATTTGCTGGCTAGATAC
XLL 19  ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL20 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL21 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XLL22 ACACGAGCACGTTCTCCATTCCACGGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL23 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL24 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL25 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL27 ACAGCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL26 ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XA AGACCAGCACGTTCTCCATTCGACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGGTGGCTAGATAC
XC ACACCAGCACGTTCTCCATTCCACCGGGAAGGGGXTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
xls acaccAgcacgttctccaxxccaccgggaaggggxxcccaxgggaacaGagcaagatgxgaxxatxxgcxggctagaxac
XM ACACCAGCACGXXCTCCAXXCCACCGGGAAGGGGXTCCCAXGGGAACAGAGCAAAATGXGAXXAXTXGCXGGCXAGAXAC

XLL1 AAAGCACAAGCAXXXACGCXTTTAATATGCACTAATTATCCTCAAGTAACXAGAAATAGCACXAATGTCGGXATAAACAT
XLL2 AAAGCACAAGGAXXXACGCTXIIAATATGCACXAAXTAICCXCAAGTAAGIAGAAATAGGACXAATGXCGGXAXAAAGAT
XLL3 AAAGCACAAGCAXXXACGCTTXTAATATGCACTAATTAXCCTCAAGTAACXAGAAATAGCACXAATGXCGGXAXAAACAI
xll 4 aaagcacaaGcatxtacgGttxxaatatgcacxaattatcctcaAgtaactagaaatagcactaAtgxcggtataAacax
XLL 5 aaagcacaagcatxtacgcxtttaaxaxgcacxaaxxaxccxcaagxaacxagaaaxagcacxaaxgtcggtaxaaacax
XLL6 AAAGCACAAGCATXTACGCIIXIAAXATGCACXAAXXAXCCXCAAGTAACTAGAAAXAGCACXAAXGTCGGTAXAAACAX
XLL7 AAAGCACAAGCAIIIACGCXXXIAAIAXGCACXAAXXAXCCICAAGIAACIAGAAAXAGCACIAAXGICGGIAIAAACAX
XLL8 AAAGCACAAGCAXXXACGCXXXTAATAXGCACTAAXTAXCCXCAAGTAACXAGAAAXAGCACXAAXGICGGXAXAAACAX
XLL 9 AAAGCACAAGCATXXACGCITTXAAXATGCACXAATXAXCCXCAAGXAACXAGAAATAGCACTAAXGXCGGTAXAAACAX
XLL10 AAAGCACAAGCAIIIACGCIIXIAAIAIGCACXAAXIAICCXCAAGIAACXAGAAAXAGCACXAAXGXGGGIAIAAACAX
XLL 11 AAAGCACAAGCATXTACGCTTTXAAXAXGCACTAATTATCCXCAAGTAACIAGAAATAGCACXAAXGXCGGIAXAAACAX
XLL12 AAAGCACAAGGAXXTACGCXXXXAAXAXGCACTAAXXAXCCTCAAGIAACTAGAAAXAGCACXAAXGXCGGTAXAAAGAX
XLL13 AAAGCACAAGCAIIXACGCXIITAATAIGCACTAAXIAXCCTCAAGIAACIAGAAAIAGCACIAAIGXCGGIAXAAACAX
xll 14 aaagcacaagcaxxtacgctxttaaxatgcactaaxxatccxcaaGtaacxagaaatagcactaaxgxcggxaxaaacax
XLL 15 AAAGCACAAGCAXXXACGCXIXTAATAXGCACXAAXXAXCCXCAAGTAACXAGAAATAGCACIAAXGTCGGTAXAAACAX
XLL16 AAAGCACGAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXGGGXAXAAACAX
XLL 17 AAAGCACAAGCAIXXACGCITITAAIAXGCACTAAXXAXCCTCAAGIAACTAGAAAIAGCACTAAIGTCGGXAXAAACAI
XLL 18 AAAGCACAAGCAXXXACGCXXXXAAXAXGGACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAAGAX
XLL 19 AAAGCACAAGCAXIIAGGCIIIXAAIAIGCACXAAIIAICCICAAGIAACIAGAAAIAGCACXAAXGXCGGIAIAAACAI
xll20 AAaGgacaagcaxxxacgcxxxxaAxaxgcacXaaxxaxccxcaagxaacxagaaaxagcacxaaxgxcgGxaxaaacax
XLL21 AAAGCACAAGCAXXXACGCXIXTAATATGCACTAAIIAXCCTCAAGTAACTAGAAAXAGCACXAATGXCGGXAXAAAGAT
xll22 aaaGcacaagcaxxxacGcxxxxaaxaxgcacxaaxxaxccxcaaGxaacxagaaaxagcacxaaxgxcggxaxaaacax
XLL23 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL24 AAAGCAGAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL25 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
xll 2 7 aaagcacaagcaxxxacgcxxxxaaxaxgcacxaAxxaxccxcaagxaacxagaaaxagcacxaaxgxcggxaxaaacax
XLL26 AAAGCACAAGGAXXXACGCXXXXAAXAXGCACXAAXXAXGCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XA AAAGCACAAGCAXXXAGGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGGAGXAAXGXGGGXAXAAACAX
XC AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCCCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
xls aaagcacaAgcaxxxacggxxxxaaxaxgcacxaaxxaxccxcaagxaacxagaaaxagcacxaaxgxcggxaxaaacax
XM AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXGGAAAXAGCACXAAXGXCGGXAXAAACAX
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XLL1 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGTXCGCAGXCACATXXCGAAGCXX
XLL 2 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTICATCCTIGAACAGACAIGTAIIGTTCGCAGICACATTTCGAAGCTT
XLL3 TAATGGAGAAGGATTITGTATGAAAAAGGGATTTCATCCTTGAACAGAC— GXAXXGXXCGCAGXCACAXXXCGAAGGXX
XLL4 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXXXTCGCAGXCACAXXXCGAAGCXX
XLL5 XAAXGGAGAAGGATXXXGXAAGAGAAAGGAATXTCAXCCXXGAACAGACATGXAXXGXTCGCAGXCACAXXXCGAAGCXX
XLL6 XAAXGGAGAAGGAXIXIGXAAGAAAAAGGGAIXICAXCCXXGAACAGACAXGXAXXGIICGCAGICACAIXICGAAGCII
XLL7 lAAIGGAGAAGGAIIIIGTAAGAAAAAGGGAXXICATCCTIGAACAGACAIGTATIGTTCGCAGTCACATITCGAAGCTT
XLL8 TAAIGGAGAAGGATTTTGTAAGAGAAAGGGAITTCATCCTIGAACAGACAIGIATTGTTCGCAGTCACATTTCGAAGCTT
XLL9 XAAXGGAGAAGGAXXXXGXAAGAGAAAGGGAXXXCATCCTXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
XLL10 IAAIGGAGAAGGATTITGTAAGAGAAAGGGAITTCATCCITGAACAGACATGIATTGTTCGCAGTCACATTTCGAAGCTT
XLL 11 TAAXGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
XLL12 TAATGGAGAAGGATTTTGTAAGAAAAAGGGAITTCATCCTIGAACAGACAIGIAITGTTCGCAGICACATTICGAAGCTT
XLL13 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACAXGTATTGTTCGCAGTCACATTICGAAGCTT
XLL 14 XAAXGGAGAAGGAXXXXGXAAGAGAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACATTXCGAAGCXX
XLL15 TAATGGAGAAGGATTTTGTAAGAAAAAGGGAITTCATCCTTGAACAGACAIGTATTGTTCGCAGTCACATTTCGAAGCTT
XLL16 TAATGGAGAAGGATXTTGTAAGAAAAAGGGATTTCATCCTIGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
XLL17 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
XLL18 TAATGGAGAAGGATTTTGTAAGAAAAAGGGACTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
XLL19 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
XLL20 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATITCATCGTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
XLL21 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATT-CATCCTTGAACAGACATGTATTGTTCGCAGTCACATTCCGAAGCTT
XLL22 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCAGATTTCGAAGGTT
XLL23 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
XLL24 TAATGGAGAAGGATTTTGTAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGTCACATTTCGAAGCTT
XLL25 TAATGGAGAAGGATTTTGTATGAAAAAGGGATTTCATCCTTGAACAGAC--GTATTGTTCGCAGTCACATTTCGAAGCTT
XLL27 TAATGGAGAAGGATTTTGTAAGAAAAAGGGATTTCATCCTTGAACAGAGATGTATTGTTCGCAGTCACATTTCGAAGCTT
XLL26 TAATGGAGAAGGATTTTGXAAGAGAAAGGGATTTCATCCTTGAACAGACATGTATTGTTCGCAGXCACATTTGGAAGCTT
XA XAAXGGAGAAGGAXXXXGXAXGAAAAAGGGAXXXCAXCCXXGGAGAGAC— GTAIXGTICGCAGTCACATITCGAAGCIX
XC XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
XLS XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
XM XAAXGGAGAAGGAXXXXGXAXGAAAAAGGGAXXXCAXCCXXGGACAGAC— GXAXXGXXCGCAGXCACAXXXCGAAGCXX

XLL1 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXT---
XLL2 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL3 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL4 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA
XLL5 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCTAXAAAXT---
XLL6 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXATGAAXXCCXXGXXCXGCCXGCXGCTCCXATAAAXXTCA
XLL7 gaaggxcaaagxgxgxcacxaaaggxcaxaaxggacaaaaxaxgaaxxccxxgxxcxggcxgcxgcxccxaxaaaxxxca
XLL8 gaaggxcaaagxgxgxcacxaaaagxcaxaaxggacaaaaxaggaaxxccxggxxcxgccxgcxgcxccxaxaaaxx---
XLL9 GAAGGXCAAAGXGICXCACIAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXICXGCCXGCXGCXCCXAXAAAXX---
XLL10 GAAGGXCAAAGXGICICACXAAAAGICAXAAIGGACAAAAXAGGAAIXCCIIGXXCXGCCXGCXGCICCIAIAAAXX---
XLL11 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCXAIAAAXX---
XLL12 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA
xlli3 gaaggxcaaagxgxcxcacxaAagGxcaxaaxGgacaaaaxaxgaaxxccxxgxxcxgccxgcxggxccxaxaaaxx---
XLL14 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL15 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXT---
XLL16 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA
XLL17 GAAGGXCAAAGIGICICACIAAAGGXCAIAAIGGACAAAAIAIGAAIICCIIGIICIGCCXGCIGCICCIAIAAAII—
XLL18 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL19 GAAGGICAAAGIGTCTCACTAAAGGICAIAAIGGACAAAAIATGAATTCCIIGITCIGGCIGCTGCICCIATAAAII---
XLL2 0 GAAGGXCAAAGXGICXCACIAAAGGXCAIAAXGGACAAAAIATGAATICCIXGXICXGCCIGCXGCICCXAXAAAXX---
XLL21 GAAGGXCAAAGXGXCXCAGIAGAGGXCAIAAXGGACAAAAXAIGAATTGCTXGIXCIGCCXGCXGCICGXAXAAAIIICA
XLL22 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGAGAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL23 gaaggxcaaagxgxcxcagiaaaggxcaxaaxggacaaaaxaxgaaiiccxxgxxcxgccxGcxgcicgxaxaaaix---
xll24 gaaggxcaaaGxgxcxcacxaaaagxcaxaaxggacaaaaxaggaaxxccxxgxxcxgccxgcxgcxccxaxaaaxt---
XLL25 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL27 GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAATTCCTTGTTCTGCTXGCTGCTCCTATAAATT---
XLL26 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XA GAAGGICAAAGXGTCTCACIAAAAGTCAIAAIGGACAAAATAIGAATTCCXTGIICIGCCIGCIGCICCIATAAAXI---
XC GAAGGICAAAGTGXCXCACXAAAGGXCAIAATGGACAAAAXAIGAAXXCCXXGITCIGCCXGCIGCXCCXAIAAAIX---
XLS GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGXXGCXCCXAXAAAXXXCA
XM gaaggxcaaagxgxcxcacxaaaagxcaxaaxggacaaaaxaxgaaxxccxxgxxcxgccxgcxgcxccxaxaaaxx—
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*  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * *  * * *  * * * * * * * * * * * *  * * * * *  * * *  * * * * *  
XLL1 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XACXX-ACCXAXGXG
XLL2 CAATICAAAGGGGGTIIICTGGCACCCAIAGAGXAXCCCTGAAAIGIACCCICXAAAACAAAAA-IACTI-ACCTATGTG
XLL3 CAATTCAAAGGGGGTTTTCTGGCACCGATAGAGTATCCCTGAAATGTAGCCTCTAAAACAAAAA-TACTT-ACCTATGTG
XLL4 CCAIXCAAAGGGGGTIXICTGGCACCCAIAGAATAICCCXGAAAXGIACCCTCTAAAACAAAAA-TACITIACCTAIGTG
XLL5 CAATTCAAAGGGGGTIITCIGGCACCCAIAGAGIAICCCIGAAATGTACCCICTAAAACAAAAA-IACTX-ACCTATGTG
XLL6 CCAIXCAAAGGGGGIIIICIGGCACCCAIAGAAIAXCCCIGAAAXGIACCCICIAAAACAAAAA-IACII-ACCIAIGXG
XLL7 CCAXXCAAAGGGGGXXXXCXGGCACCCAXAGAAXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XACXX-ACCXAXGXG
XLL8 CAAITCAAAGGGGGTIITCTGGCACCCAIAGAGTAXCCCXGAAAXGTACCCTCTAAAACAAAAA-TACII-ACCTATGTG
XLL9 CAAIXCAAAGGGGGIIIICIGGCACCCAIAGAGXAXCCCIGAAAXGIACCCICIAAAACAAAAA-IACII-ACCIAIGIG
XLL10 CAAIICAAAGGGGGIIIICIGGCACCCAIAGAGXAXCCCIGAAAIGIACCCICIAAAACAAAAA-IACII-ACCIAIGIG
XLL11 CAAXICAAAGGGGGXIIXCIGGCACCCAXAGAGXAXCCCIGAAAIGXACCCICIAAAACAAAAA-XACII-ACCIAIGIG
XLL 12 CCAIXCAAAGGGGGIIXICIGGCACCCAIAGAAXAXCCCXGAAAXGIACCCICIAAAACAAAAA-IACII-ACCIAIGXG
XLL13 CAAIICAAAGGGGGIIITCIGGCACCCAIAGAGTAXCCCIGAAAXGXACCCTCTAAAACAAAAA-IACIX-ACCTATGTG
XLL14 CAAIICAAAGGGGGIIIXCIGGCACCCAIAGAGXAICCCXGAAAXGXACCCICXAAAACAAAAA-IACII-ACCIAIGIG
XLL 15 CAAITCAAAGGGGGIIXICIGGCACCCAIAGAGTAICCCIGAAAIGIACCCICIAAAACAAAAA-TACII-ACCTATGTG
XLL16 GCATTCAAAGGGGGTTTTCTGGCACCCATAGAATATCCCTGAAATGTACCCTCTAAAACAAAAA-TAGTT-ACCTATGTG
XLL17 CAAIICAAAGGGGGIIIICXGGCACCCAIAGAGXAICCCXGAAAIGIACCCICIAAAACAAAAA-XACII-ACCIAXGXG
XLL 18 CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTAXCCCTGAAATGTACCCTCTAAAACAAAAA-TACTT-ACCCATGTG
XLL19 CAATTCAAAGGGGGTTTTCTGGCACCCATAGAGTATCCCTGAAATGTACCCTCIAAAACAAAAA-TACTT-ACCIAIGIG
XLL20 CAATTCAAAGGGGGXTTXCXGGCACCCATAGAGTATCCCTGAAAXGXACCCTCTAAAACAAAAA-XACXT-ACCXAXGXG
XLL21 CCAIICAAAGGGGGIIXICIGGCACCCAIAGAAIAICCCXGAAAXGXACCCICXAAAACAAAAA-IACIX-ACCIAIGIG
XLL22 CAAIICAAAGGGGGIIIIGXGGCACCCAIAGAGIAICCCIGAAAIGIACCCICIAAAACAAAAA-IACIX-ACCIAXGXG
XLL23 CAATXCAAAGGGGGXXTTCXGGCACCCATAGAGTATCCCTGAAATGXACCCTCXAAAACAAAAA-XACTT-ACCXAXGTG
x ll24 caaxxcaaagggggxxxxGxgGcaCccaxagagxaxcccxgaaaxgxacccxcxaaaacaaaaa-xacxx-accxaxgxg
XLL25 CAAIICAAAGGGGGXXIXCIGGCACCCAIAGAGIAXCCCXGAAAXGIACCCCCIAAAACAAAAA-IACXX-ACCIAIGIG
XLL27 CAAIICAAAGGGGGXIXICIGGGACCCAIAGAGXAXCCCIGAAAIGIGCCCICXAAAACAAAAA-IACII-ACCIAIGIG
xll26 caAxxcaaagggggxxxxcxggcacccaxagagxaxcccxgaaaxgxacccxcxAaaa caaaa a-Xacx x-accxaxgxg
XA CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XACXX-ACCXAXGXG
XC GAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XACXX-ACCXAXGXG
xls ccaxicaaagggggXxxxcigggacccaiagagiaxcGcxgAAaigiaccciciaAaAcaaaaa-iagii-acciaigig
XM CAAXXGAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAAAXACXX-ACCXAXGXG

* * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * *  ** ** * * * * * * * * * * * *  * * ***
XLL1 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGACXGXGX--------
xll2 CiggcaXixiggaGaixigiagacAcaacagaiGaixigggg-aaagagacigiaxgiiaagGigaciGigi--------
XLL3 CTGGCAIXTXGGACAXXTGTAGACACAACAGATGAXTTGGGG-AAAGAGACXGIAXGTTAAGGTGACTGTGI--------
XLL4 CXGGCAXXXXGGACAXXXGXAGACAGAACAGAXGAXXXGGGG-AAAGAXACXGXAXGXXAAAGGGAXACXGXCAXGGGAA
xlls cigggaxiiigGagaixigiagacacAaGagaigaxiigggg-aaagagAgigiaigiiAaggigagigxgi--------
XLL6 cxggcaxxxxggacaxxxgxagacagaacagaxgaxxxgggg-aaagaxacxgxaxgxxaaagggaxacxgxcaxgggaa
XLL 7 CXGGCAXXXXGGACAXXXGXAGACAGAACAGAXGAXXXGGGG-AAAGAXACXGXAXGXXAAAGGGAXACXGXCAXGGGAA
xll 8 cxggcaXxxxggacAxxxgxagacacaacagaxgaxxxgggg-aaagagacxgxaxgxxaaggxgacxgxgx--------
XLL9 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAGGAGACXGXAXGXXAAGGXGACXGXGX--------
XLL 10 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGAGXGXGX--------
XLL 11 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGACXGXGX--------
XLL12 CIGGCAIXIIGGACAIIIGIAGACAGAACAGAIGAXITGGGG-AAAGATACIGXAIGXXAAAGGGAXACXGICAIGGGAA
XLL13 CIGGCAIIIIGGACAIIIGIAGACACAACAGAXGAIIIGGGG-AAAGAGACIGIAIGXIAAGGXGACIGIGI--------
XLL14 GIGGGAIXIIGGACAIIIGIAGACACAACAGAXGAXXXGGGG-AAAGAGACXGIAXGIXAAGGIGAGIGIGI--------
XLL15 CIGGCAIIXIGGACATXIGIAGACACAACAGAIGAIIIGGGG-AAAGAGACIGXAXGIIAAGGXGACXGIGI--------
XLL 16 CXGGCAXXXXGGAGAXXXGXAGACAGAACAGAXGAXXXGGGG-AAAGAXACXGXAXGXXAAAGGGAXACXGXCAXGGXAA
XLL 17 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGACXGXGX— ------
xll 18 cxggcaxxxxggacaxxxgxagacacaacagaxgaxxxgggg-aaagagacxgxaxgxxaaggxgAcxgxgx--------
XLL 19 CXGGGAXXXXGGAGAXXIGIAGACACAACAGAIGAXIIGGGG-AAAGAGACIGIAIGIIAAGGIGACIGIGI--------
XLL20 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGACXGXGX--------
XLL21 CXGGCAXXXXGGACAXXXGXAGACAGAACAGAXGAXXXGGGG-AAAGAXACXGXAXGXXAAAGGGAXACXGXCAXGGGAA
XLL 2 2 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGACXGXGX— ------
XLL 2 3 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGACXGXGX--------
xll24 cxggcaxxxxggacaxxxgxagacacaacaGaxgaxxxgggg-a aaGagacxgxaxgxxaaggxgacxgxgx--------
XLL25 CIGGCAXITIGGACATTTGIAGACACGACAGATGAIITGGGG-AAAGAGACTGXAXGXIAAGGTGACIGIGT --
XLL 2 7 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGACXGXGX--------
XLL 2 6 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGGGAAAGAGACXGXAXGXXAAGGXGACXGXGX--------
XA CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGACXGXGX--------
XC CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGCCXGXGX--------
XLS CXGGCAXXXXGGACAXXXGXAGACAGAACAGAXGAXXXGGGG-AAAGAXACXGXAXGXXAAAGGGAXACXGXCAXGGGA-
XM XXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXXGGGG-AAAGAGACXGXAXGXXAAGGXGAGXGXGX— ------
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* * *  ** * * *  * *
XLL1
XLL2
XLL3
XLL 4
XLL5
XLL 6
XLL 7
XLL8
XLL 9
XLL10
XLL 11
XLL12
XLL 13
X LL14
XLL 15
XLL16
XLL 17
XLL18
XLL 19
XLL20
XLL21
X LL22
XLL 2 3
X LL24
XLL25
XLL 2 7
X LL26
XA
XC
XLS
XM

XLL1
XLL 2
XLL 3
XLL4
XLL 5
XLL6
XLL 7
XLL 8
XLL9
XLLIO
XLL 11
XLL12
XLL 13
XLL14
XLL 15
XLL 16
XLL17
XLL 18
XLL19
XLL 20
XLL21
XLL22
X LL23
XLL 2 4
X LL25
XLL27
X LL26
XA
XC
XLS
XM

 ----- ----_.---     ATACTG-------------- - --------  TCCCTTCC------
----------------------------- ATACTG---------------------------TCCCTTCC--------
----------------------------- ATACTG---------------------------TCCCTTCC--------
GAAAAAAATATTTTCAAAATGAATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTCTCAAAAGAG 
---------- .--------------- — — ATACTG---■---------------------  -TCCCTTCC-----
gaaaaaaatattttcaaaatgaatcagttaatagtgctgctccagcagaattctgcactgaaatccatttctcaaaagag
GAAAAAAATATTTTCAAAATGAATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTCTCAAAAGAG
 --------------,------ .-------ATACTG— r— i— ----- -------- — <-- --- TCCCTTCC— -------
----------------------------- ATACTG---------------------------TCCCTTCC--------
------------------------------ATACTG:-------------------------- TCCCTTCC--------
— .---- --- . i ;----:------ ATACTG---— — — *---— :---*-- .---- TCCCTTCC---•-----
gaaaaaaatattttcaaaatgaatcagttaatagtGctgCtccagcagaattctgcactgaaatcCatttctcaaaagag
 — --------------   ATACTG--------- — —  — --------- TCCCTTCC------
------------- ATACTG--------------------■------ TCCCTTCC--------
 -- ----— ----   ATACTG---------------------------TCCCTTCC--------
gaaaaaaatattttcaaaatgaatcagttaatagTgctGctccagcagaattctgcactgaaatccatttctcaaaagag
 -------------------  ATACTG---------------------------TCCCTTCC--------
 ----------   ATACTG--- -----------------   TCCCTTCC---
----------------------------- ATACTG---------------------------TCCCTTCC--------
------    ATACTG------------------- TCCCTTCC-
GAAAAAAATATTTTCAAAATGAATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTCTCAAAAGAG
--------------------------- ATACTG--- -----------------   TCCCTTCC----
-------------  ATACTG---------------------------TCCCTTCC--------
_  -------    — ATACTG-      : - -TCCCTTCC--~------
------------  ATACTG--- -------------     TCCCTTCC----
----------------------------- ATACTG---------------------------TCCCTTCC--------
------------------------------ATACTG-------------------------  TCCCTTCC------
----------------------------- ATACTG---------------------------TCCCTTCC--------
---------------- ATACTG------------------   TCCCCTCC----- ■--------
-AAAAAATTTTTTTCAAAATGCATCAGTTAATAGTGCTGCTCCAGCAGAATTCTGCACTGAAATCCATTTC--------
----------  :---;-- -ATACTG-- :-- ---------— — :------- TCCCTTCC--------

* * * * * * * *  * *
 -------------------------------------- CTGAACATTA------------ GC------------
------------------------------------------ CTGAACATTA------------ GC------------
 ------------ -----------------------------CTGAACATTA------------ GC------------
CAAACAGATTTTTTTATATTCAATTTTGAAATCTGACATGGGGCTAGACATTATGTCAATTTCCCAGCTACCCCTAGTCA
------------------------------------------ CTGAACATTA------------ GC------------
CAAACAGATTTTTTTATATTCAATTTTGAAATCTGACATGGGGCTAGACATTATGTCAATTTCCCAGCTACCCCTAGTCA
CAAACAGATTTTTTTATATTCAATTTTGAAATCTGACATGGGGCTAGACATTATGTCAATTTCCCAGCTACCCCTAGTCA
--------------------- .— ---------  ,---- CTGAACATTA-------------GC-----------
------------------------------------------ CCGAACATTA------------ GC------------
-----------.----------- :---- ----- -------- CTGAACATTA ■-- >-----GC-- --------
 ------- ----- — ----   — CTGAACATTA-- — ------GC---— .------
caaaCagatttttttatattcaattttgaaatctgacatggggctagacattatgtcaatttcccagctacccctagtca
------------------------------------------ CTGAACATTA------------ GC------------
--------  — -------- ---------------------CTGAACATTA-------------GC —------ ■-
------------------------------------------ CTGAACATTA------------ GC------------
caaacagatttttttatattcaattttgaaatctgacatggggctagacattatgtcaatttcccagctacccctagtca
--------- -------------------------------- CTGAACATTA-------------GC-----------
----------------------------    CTGAACATTA-— GC--------
------------------------------------------ CTGAACATTA------------ GC------------
;------------ ------------------------------CTGAACATTA  --------GC-----------
CAAACAGATTTTTTTATATTCAATTTTGAAATCTGACATGGGGCTAGACATTATGTCAATTTCCCAGCTACCCCTAGTCA
------------------------------------------ CTGAACATTA------------ GC------------
 ,------------    :--- ---------- CTGAACATTA-------------GC-----------
---------     -CTGAACATTA--------- GC-----------
 ---------------------------------   CTGAACATTA------ -------- -GC--
------------------------------------------ CTGAACATTA------------ GC------------
 --    — ------- ----— --------CTGAACATTA— -----------GC-----------
  ---- -------------- -------------------- -CTGAACATTA— ---------- GC— ---------
------------------------------------------ CTGAACATTA------------ GC------------
 AGATTTTTT-------- — ------ TGACATGGGGCTAGACATTATGTCAATTTCCCAGCTGCCCTTCGTCA
  ------------   ir. _------ -------- -------- .-------- -------- -------- CTGAACATTA------ -------- -------- GC------
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XLLl
XLL 2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL 9
XLL 10
XLL11
XLL 12
XLLl 3
XLLl 4
XLLl 5
XLL16
XLL 17
XLL18
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL 2 7
XLL26
XA
XC
XLS
XM

XLLl
XLL2
XLL3
XLL4
XLL 5
XLL6
XLL 7
XLL8
XLL9
XLL10
XLL11
XLL 12
XLL 13
XLL 14
XLL 15
XLL 16
XLL 17
XLL18
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL 2 7
XLL26
XA
XC
XLS
XM

XGlGACIIGIGCICIGAIAAAeilCAAICACXCXXIACXGCXGXACXGCAAGXXGGAGlGAXAXCACCCACCICCCICCC
TGTGACTTGTGCTCTGATAAACTTCAATCACTCTTTACTGCTGTACTGCAAGTTGGAGTGATATCACCCACCTCCCTCCC
XGXGACXXGXGCXCXGAXAAACXXCAGXCACXCXXXACXGCXGXACXGCAAGXXGGAGXGAXAXCACCCACCXCCCXCCC

XGXGACXXGXGCXCXGAXAAACXXCAAXCACXCXXXACXGCXGXACXGCAAGXXGGAGXGAXAXCACCCACCXCCCXCCC

XGXGACIXGIGCICXGAXAAACXXCAAXCACXCXXXACIGCXGXACIGCAAGXXGGAGIGAIAICACCCACCXCCCXCCC

xgxgacxxGxgc xcxgaxaaacxxcaaxcacxcxxxacxgcxgxacxgcaagxxggagxgaxaxcacccaccxccctccc

XGXGACXXAXGCXCXGAXAAACXXCAAXCACXCXXXACXGCXGXACXGCAAGXXGGAGXGAAAXCACCC-CCXCCCXCCC

 ----------------AACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAG— --------------------- GCCCG
-----------------aac aGgagaxiiagigaaagagGxcciggiixcaG -------------------- GCCCG
-----------------AACAGGAGATXTAGTGAAAGAGGICCIGGITXCAG----------------------- GCCXG
CCCCCCCC-AGCAGCCAAACAAAAGAACAAXGGGAAGGXAACCAGAXAGCAGCXCCCXAACACAAGAXAACAGCXGCCXG 
---------- AACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAG------   GCCCG
ccc ccccc-agc agccaaacaaaagaacaaxgggaggGxaaccagaxagcaGcxc ccxag cacaagaxaacagcxgccxg
CCCCCCCCCAGCAGCCAAACAAAAGAACAAXGGGAAGGXAACCAGAXAGCAGCXCCCXAACACAAGAXAACAGCXGCCXG
— ---------- AACAGGAGAIITAGTGAAAGAGGTCCXGGTIXCAG----------------------- GCCCG
--------------- -AACAGGAGAIIIAGTGAAAGAGGTCCTGGITXCAG-- ---  GCCCG
-----------------aacaggagatitagtgaaagaggtccigGtitCa g----------------------- GCCCG
-----------------aac aggag atttagtgaaagaggtcctggtttcag--- ------------------   -GCCCG
CCCCCCCC-AGCAGCCAAACAAAAGAACAAXGGGAAGGIAACCAGAIAGCAGCICCCXAACACAAGAIAACAGCIGCCIG
-----------------aac aggag atit agtgaaagaggtcciggtttcag--------------------  GCCCG
-----------------aac aggag atxtagxgaaagaggtcctggtxicgg----------------------- GCCCG
— — ----- AACAGGAGAIXIAGIGAAAGAGGICCXGGIIXCAG-- ■-------------------- GCCCG
CCCCCCCCCAGCAGCCAAACAAAAGAACAAXGGGAAGGXAACCAGAXAGCAGCXCCCXAACACAAGAXAACAGCXGCCXG
 ---------- AACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAG--------   GCCCG
-----------------AACAGGAGAIXIAGIGAAAGAGGICCIGGIXXCAG----------------------- GCCCG
-----------------AACAGGAGAITTAGIGAAAGAGGTCCTGGTITCAG— --- GCCCG
------    AACAGGAGATTTAGTGAAAGAGGTCCIGGTTICAG--- -----— ---   GCCCG
CCCCCCCC-AGCAGCCAAACAAAAGAACAAXGGGAAGGXAACCAGAXAGCAGCXCCCXAACACAAGAXAACAGCXGCCXG
-----------------AACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAG-  --------------------- GCCCG
 --- ------— AACAGGAGAITIAGXGAAAGAGGICCTGGITTCAG --------  GCCCG
 -------------AACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAG----------------------- GCCCG
-----------------AACAGGAGAITTAGTGAAAGAGGICCTGGTTTCAG----------------------- GCCXG
-------  AACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAG--------- ---------- — — GCCCG
 ----  AACAGGAGAIIIAGXGAAAGAGGXCCXGGIIXCAG-- -------------------- -GCCCG
-----------------AACAGGAGAXXXAGIGAAAGAGGICCXGGXXXCAG----------------------- GCCXG
-----------------aac aggagaxxxagxgaaaGa gGxccxGqtx xCa g----------------------- GCCCG
ccccccc—agc agcca aaca acaga acaax gggaaggxaaccagaxaacagcxcccxaacacaagaxaacagcigccxg 
-----------------aac aggag axxx agxgaaagaggxccxggxxxcag-- -------------------- GCCXG
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XLLl
XLL2
XLL 3
XLL4
XLL 5
XLL6
XLL7
XLL8
XLL 9
XLL10
XLL11
XLL 12
XLLl 3
XLLl 4
XLL15
XLL 16
XLL17
XLLl 8
XLLl 9
XLL20
XLL 21
XLL22
XLL23
XLL24
XLL25
XLL 2 7
XLL26
XA
XC
XLS
XM

XLLl
XLL2
XLL3
XLL4
XLL5
XLL 6
XLL 7
XLL8
XLL9
XLL10
XLL11
XLL 12
XLL13
XLL 14
XLLl 5
XLLl 6
XLL17
XLLl 8
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26
XA
XC
XLS
XM

* * * * * * * *  *** * * *
G----------------------------------------- ACTGAGA----------- ATTAAAATAGGC----
G------------  -ACTGAGA------------ATTAAAATAGGC----
G -------------     ACTGAGA------------ATTAAAATAGGC----
GTAGATCTAAGAACAACACTCAATAGTAAAAACCCATGT-CTCACTGAGACACATTCAGTTACATTGAGATGGAAAAACA
G------------    — ------------- -ACTGAGA--- ------ - - ATTAAAATAGGC----
GTAGATCTAAGAACAACACTCAATAGTAAAAACCCATGTTCTCACTGAGACACATTCAGTTACATTGAGATGGAAAAACA
GTAGATCTAAGAACAACACTCAATAGTAAAAACCCATGT-CTCACTGAGACACATTCAGTTACATTGAGATGGAAAAACA
6— ------ .------- ^------------     — ACTGAGA--- -------- -------- ■— ATTAAAATAGGC-—
G-----------------------------   ACTGAGA------------ ATTAAAATAGGC— —
G------------------------  ACTGAGA------------ ATTAAAATAGGC----
G------------------------    -ACTGAGA-- ATTAAAATAGGC--
GTAGATCTAAGAACAACACTCAATAGTAAAAACCCATGT-CTCACTGAGACACATTCAGTTACATTGAGATGGAAAAACA
G---------------------------------------- ACTGAGA------------ ATTAAAATAGGC-----
G------------------ — ------ •---------- ACTGAGA-— ----- ATTAAAATAGGC----
G ---,------ ------ — --- — ---— ;----— ACTGAGA— — — --- - - ATTAAAATAGGC— --
gtagatctaagaAcaacactcaAtagtaaaAacccatgt-ctcactgAgacacattcagttacattgagatGgaaaaaca
G-------------- --- — ------------------- ACTGAGA------------ ATTAAAATAGGC----
G -------------- --------- ------------ ACTGAGA------------ ATTAAAATAGGC-----
G---------------------------------------- ACTGAGA------------ ATTAAAATAGGC-----
G— —  ----— — ---       — — ACTGAGA---- ------— ATTAAAATAGGC----
GTAGATCTAAGAACAACACTCAATAGTAAAAACCCATGT-CTCACTGAGACACATTCAGTTACATTGAGATGGAAAAACA
G-------- -------------------------------- ACTGAGA------------ATTAAAATAGGC-----
G------- -- ------ -------------------- — ACTGAGA------------ ATTAAAATAGGC----
G— — ---   •------ ■------- ACTGAGA-- ------ ■---ATTAAAATAGGC----
G---------------------------    ACTGAGA----- ATTAAAATAGGC-----
G------------------- ------------- ------- ACTGAGA------------ ATTAAAATAGGC-----
G ------------------------------------ACTGAGA------------ATTAAAATAGGC-----
G---------------------------------------- ACTGAGA------------ ATTAAAATAGGC-----
G— ------------- ------------------------- ACTGAGA------------ ATTAAAATAGGC-----
GTAGATCTAAGGACAACACTCAATAGTAAAAACCCATGT-CCCACTGAGACACATTCAGTTACATTGAGGTGGAAAAACA 
G---------------------------------------- ACTGAGA------------ ATTAAAATAGGC-----

• * * *  * * * * * * *  * * *•* **• * * * ***
 CCTG-------GCATTTC------------ AGGTACA---------- CAGAGAC-------------CCAAAC
— CCTG— — GCATTTC ---- -- AGGTACA--  CAGAGAC ----- CCAAAC
 CCTG-------GCATTTC------------ AGGTACA---------- CAGAGAC------------- CCAAAC
GCTGCCTGCCAGAAAGCATTTCTCTCCTAAAGTGCAGGCACAAGTCACATGACCAGGGGCAGCTGGGAAATTGACAAAAT 
 CCTG-— GCATTTC ----------— AGGTACA ----- CAGAGAC------------- CCAAAC
gctgcctgccagaaagcatttctctcctaaagtgcaggcacaagtcacatgaccaggggcagctgggaaattgacaaaat
GCTGCCTGCCAGAAAGCATTTCTCTCCTAAAGTGCAAGTACAAGTCACATGACCAGGGGCAGCTGGGAAATTGACAAAAT
--- CCTG— ---- GCATTTC------------ AGGTACA------- — CAGAGAC— ----------- CCAAAC
--- CCTG— ---- GCATTTC— ---------- AGGTACA------- — CAGAGAC— ----------- CCAAAC
--- CCTG— --- -GCATTTC— --- ------- AGGTACA------- -- CAGAGAC— ----------- CCAAAC
----CCTG— ---- GCATTTC— --------- -AGGTACA----- — -- CAGAGAC— ----------- CCAAAC
GCTGCCTGCCAGAAAGCATTTCTCTCCTAAAGTGCAGGCACAAGTCACATGACCAGGGGCAGCTGGGAAATTGACAAAAT
--- CCTG— ---- GCATTTC— --------- -AGGTACA-- ---— -- CAGAGAC------------- CCAAAC
----CCTG— -— --GCATTTC— --- ------ AGGTACA------- -- CAGAGAC— -- -------- CCAAAC
--- CCTG— ---- GCATTTC— ---------- AGGTACA------- -- CAGAGAC— ---- — — CCAAAC
gctgcctgccagaaaGcatttctctcctaaagtgcaggcacAagtcacatgaccaggggcagctgggaaattgacaaaat
--- CCTG— ---- GCATTTC— ---------- AGGTACA----- — -- CAGAGAC— ----------- CCAAAC
— — CCTG— ---- GCATTTC— ---------- AGGTACA--- --- -- CAGAGAC— ------— CCAAAC
--- CCTG— —  — GCATTTC— ---------- AGGTACA------- -- CAGAGAC— ----------- CCAAAC
--- CCTG— ---- -GCATTTC— ---------- AGGTACA----- — -- CAGAGAC— ------ ---- CCAAAC
GCTGCCTGCCAGAAAGCATTTCTCTCCTAAAGTGCAGGCACAAGTCACATGACCAGGGGCAGCTGGGAAATTGACAAAAT
--- CCTG— ---- GCATTTC— ---------- AGGTACA------- -- CAGAGAC— ----------- CCAAAC
•--- CCTG— --- -GCATTTC— ------- -AGGTACA----- — -- CAGAGAC------- ------CCAAAC
--- CCTG— ---- GCATTTC— ---------- AGGTACA------- -- CAGAGAC------------- CCAAAC
--- CCTG— ---- GCATTTC— ---------- AGGTACA------- -- CAGAGAC— ----------- CCAAAC
--- .CCTG— ---- GCATTTC— ---------- AGGTACA------- -- CAGAGAC— ---- -------CCAAAC
--- CCTG— ---- GCATTTC— ---------- AGGTACA------- -- CAGAGAC— ----------- CCAAAC
--- CCTG— ---- GCATTTC— ---------- AGGTACA------- -- CAGAGAC— ----------- CCAAAC
-- -CCTG— — -- GCATTTC— ---------- AGGTACA------- -- CAGAGAC— ---- ------ CCAAAC
GCTGCCTGCCAGAAAGCATTTCTCTCCTAAAGTGCAGGCACAAGTCACATGACCAGGGGCAGCTGGGAAATTGACAAAAT 
 CCTG------ GCATTTC------------ AGGTACA---------- CAGAGAC------------- CCAAAC
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XLLl
XLL 2
XLL 3
XLL4
XLL5
XLL6
XLL 7
XLL8
XLL9
XLL 10
XLL11
XLLl 2
XLLl 3
XLL14
XLLl 5
XLLl 6
XLL17
XLL 18
XLL 19
XLL20
XLL 21
XLL22
XLL23
XLL24
XLL25
XLL 2 7
XLL26
XA
XC
XLS
XM

XLLl
XLL 2
XLL3
XLL 4
XLL5
XLL 6
XLL7
XLL8
XLL 9
XLL10
XLL 11
XLL12
XLL 13
XLL14
XLLl 5
XLL16
XLL 17
XLL18
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL 2 4
XLL25
XLL27
XLL 2 6
XA
XC
XLS
XM

AC--------- — -AGGTCTGGACTGAGAATTAAAATAGG CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
AC---------  AGGTCTGGACTGAGAATTAAAATAGG- - - CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC -
AC------------AGGTCTGGACTGAGAATTAAAATAGG- - -CCCTGGCATTTCAGGTACAeAGAGGCGCAATCAGC-
GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAAAAAA-TGTGTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAA
A-----------------:-------------- -----------------------------------------------
GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAAAAAA-TGTGTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAA
gtcTaGccccatgtcagatttcaaatttgaatatAaaaaAa-tGtgtttGctcttttgagaaAtggatttcagtGCagaa
A-------   — -------— -- :■--:---■--,-----  ,----■----- ------------
A------ ------■------------------ --------------------------- --------------------
A-------------------------------------------------------------------------------
A------------------------------------ ------------------------------------------
gtctagccccatgtcagatttcaaatttgaatataaaaaaa-tgtgtttgctcttttgagaaatggatttcagtgcagaa
AC  ------- -AGGTCTGGACTGAGAATTAAAATAGG-- CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
A----------- -------------------------------------------------------------------
AC---------  AGGTCTGGACTGAGAATTAAAATAGG---CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
GTCTAGCCCCATGTCCGATTTCAACTTTGAATATAAAAAAA-TGTCTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAA
AC---------- AGGTCTGGACTGAGAATTAAAATAGG-- CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
AC------------ AGGTCTGGACTGAGAATTAAAATAGG— CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
AC------------- AGGTCTGGACTGAGAATTAAAATAGG--CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
AC-------- ----AGGTCTGGACTGAGAATTAAAATAGG— CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAAAAAA-TGTGTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAA
AC-------------AGGTCTGGACTGAGAATTAAAATAGG--CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
AC------------- AGGTCTGGACTGAGAATTAAAATAGG--CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
A----- — ,--------- — ------------- — ;-— '------------.----------
AC ---------AGGTCTGGGCTGAGAATTAAAATAGG---CCCTGGCATTTC AGGTACACAGAGGCGCAATCAGC -
AC------------- AGGTCTGGACTGAGAATTAAAATAGG--CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
A------------ ------- ------------------------------------
AC——-i------ AGGTCTGGACTGAGAATTAAAATAGG-- CCCTGGCATTTCAGGTACACAGAGGCGCAATCAGC-
AC------------ AGGTCTGGACTGAGAATTAAAATAGG— CCCTGGCATTTCAGGTACACAGAGGCCCAATCAGC-
GTCTAGCCCCATGTCAGATTTCAAATTTGAATATAAAAAAAATGTGTTTGCTCTTTTGAGAAATGGATTTCAGTGCAGAA 
AC----------- — AGGTCTGGACTGAGAATTAAAATAGG--CCCTGGCATTTCAGGTACACAGAGGCGCAATCAGC-

---------    CCCCACCAGCCCACTAAAT-- -------------  ACCGACTTTCTATGGCACCT
------------- CCCCACCAGCCCACTAAAT---------------------------ACCGACTTTCTATGGCACCT
------------- CCCCACCAGCCCACTAAAT---------------------------ACCGACTTTCTATGGCACCT
GTCTGCTGGAGCAGCACTATTAACTGATTCATTTTGAAAAAAAAAATTTT— CCCATGACAGTATCCCTTTAAGGTGACT
GTCTGCTGGAGCAGCACTATTAACTGATTCATTTTGAAAAAAATTTTTTTTTCCCATGACAGTATCCCTTTAAGGTGACT 
GTCTGCTGGAGCAGCACTATTAACTGATTCATTTTGAAAAAAAAATTTTT— CCCATGACAGTATCCCTTTAAGGTGACT

GTCTGCTGGAGCAGCACTATTAACTGATTCATTTTGAAAAAAATTTTTTTTTCCCATGACAGTATCCCTTTAAGGTGACT 
------------- CCCCACCAGCCCACTAAAT----- — ------------— -----ACCGACTTTCTATGGCACCT
------------- CCCCACCAGCCCACTAAAT---------------------------ACCGACTTTCTATGGCACCT
GTC-GCTGGAGCAGCACTATTAACTGATTCATTTTGAAAAAAATTTTTTTTTCCCATGACAGTATCCCTTTAAGGTGACT
------    -CCCCACCAGCCCACTAAAT------------   ACCGACTTTCTATGGCACCT
------------- CCCCACCAGCCCACTAAAT---------------------------ACCGACTTTCTATGGCACCT
--------------CCCCACCAGCCCACTAAAT---------------------------ACCGACTTTCTATGGCACCT
--------------CCCCACCAGCCCACTAAAT-------- ACCGACTTTCTATGGCACCT
GTCTGCTGGAGCAGCACTATTAACTGATTCATTTTGAAAAAAAATTTTTTT-CCCATGACAGTATCCCTTTAAGGTGACT
--------------CCCCACCAGCCCACTAAAT--- ---------  ACCGACCTTCTATGGCACCT
--------------CCCCACCAGCCCACTAAAT---------------------------ACCGACTTTCTATGGCACCT

- CCCCACCAGCCCACTAAAT—   ---- -----— —   -ACCGACTTTCTATGGCACCT
-CCCCACCAGCCCACTAAAT---------------------------ACCGACTTTCTATGGCACCT

  --------- CCCCACCAGCCCACTAAAT---------------------------ACCGACTTTCTATGGCACCT
------------- CCCCACCAGCCCACTAAAT-----      ACCGACTTTCTATGGCACCT
GTCTGCTGGAGTAGCACTATTAACTGATTCATTTTGAAAAACATTTTTTT— CCCATGACAGTATCCCTTTAAGGTGACT 
------------- CCCCACCAGCCCACTAAAT---------------------------ACCGACTTTCTATGGCACCT

113



XLLl -- TATAGCAGCCCCTCT---GGCATTTGCCAGAA--------------------------------------------
XLL2 -- TATAGCAGCCCCTCT---GGCATTTGCCAGAA-— ------------- .------ — -----------
XLL3 -- TATAGCAGCCCCTCT GGCATTTGCCAGAA --------    — ----
XLL 4 GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAAT
XLL5   ■---------------
XLL6 GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAAT
xll7 gtgtatactgtcccttccctgagcattagcaacaggagatttagtgaaagaggtcctggtatcaggcCtggactgagaat
XLL8 --------------------------------------------------------------------------------
XLL 9 -------------------------- ------------- -----------------------------------------
XLL10 --------------------------------------------------------------------------------
XLL11 --------------------------------------------------------------------------------
XLL 12 GTGTATACTGTCCCITCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAAT
XLL 13 -- TATAGCAGCCCCTCT GGCATTTGCCAGAA------------- -------------------------------
XLL14 --------------------------------------------------------------------------------
XLLl 5 —  -TATAGCAGCCCCTCT GGCATTTGCCAGAA-— ----------- -------------------------------
XLLl 6 GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTAGACTGAGAAT
XLL17 -- TATAGCAGCCCCTCT---GGCATTTGCCAGAA--------------------------------------------
XLLl8 -- TATAGCAGCCCCTCT---GGCATTTGCCAGAA--------------------------------------------
XLLl 9 -- TATAGCAGCCCCTCT— -GGCATTTGCCAGAA----- ■-------- — -------------------- -------
XLL20 -- TATAGCAGCCCCTCT---GGCATTTGCCAGAA--------------------------------------------
XLL21 GTGTATACTGTCCCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGCCTGGACTGAGAAT
XLL 2 2 -- TATAGCAGCCCCTCT---GGCATTTGCCAGAA----- ------ ---------------------------- ----
XLL2 3 -- TATAGCAGCCCCTCT GGCATTTGCCAGAA---------------------------------------------
XLL24 --------------------------------------------------------------------------------
XLL25 -- TATAGCAGCCCCTCT---GGCATTTGCCAGAA--------------------------------------------
XLL2 7 -- TATAGCAGCCCCTCT GGCATTTGCCAGAA ----------- — ---- ---------------
XLL26 --------------------------------------------------------------------------------
XA -- TATAGCAGCCCCTCT GGCATTTGCCAGAA----- >---------- ---------- ------------------
XC -- TATAGCAGCCCCTCT GGCATTTGCCAGAA------------------------ — ------------------
XLS GTGTATACTGTCCCTTTCCTGAGCATTAGCAATAGGAGATTTAGTGAAATAGGTCCTGGTATCAGGCTCGGACTGAGAAT
XM -- TATAGCAGCCCCTCT---GGCATTTGCCAGAA----------------- ---------------------------

XLLl   ctcacagattgccagtccgggcctgcccaaacagccccacctgcccactaaatactgactttctatggcac
XLL2  CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
xll3  ctcacagattgcCagTCcgGgcCtgCccaaacagcccCaCctgCCcactaaatActgActtTctaTggcac
XLL4 taaaataggccctggcatttcaggtacacagaggcccaaacagccccacctgccgactaaatactgactttctatggcac
XLL5------- ■---  — -------------- ---------- GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL6 TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL7 TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL 8 — ---------------------------------------- GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL9  GCCCCACCTGCCCACTAGATACTGACTTTCTATGGCAC
xll io ------------------------------------------ GccccaCctgcccaCtAaa tActgactttctatggcac
XLLl 1   —---    GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL 12 TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL 13 ---------CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL 14 ---- ---- — — --------------- ;--------- GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL 15 — ------- CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL 16 TAAAATAGGCCCTGGCATTTCAGGTACACAGAGGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
xll 17 — — — -ctcacagattgccAgtccgggCctGcccaaacagcCcCacctgcccaCtaaatactgActttctatggcac
XLL 18 -- ------CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL19  CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL20  CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL21 taaaataggccctggcatttcaggtacacagaggcccaaacagccccacctgcccactaaatactgactttctatggcac
xll22 ---------CtcacagAttgccagtccgggcctgcccaaacagccccacctgcccactaaatactgactttctatggcac
XLL23 ---------ctcacagattgccagtccgggcctgcccaaacagccccacctgcccactaaatactgactttctatggcac
XLL2 4   GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XLL25  CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
xll27 ---------ctcacagattgccagtccgggcctgcccaaacagCcccacctgcccactaaatactgactttctatggcac
XLL 2 6 ------------------------------------------GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
XA  CTCACAGATTGCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCAC
xc  ctcacagattgccagtccgggcCtgCccaaacAgcCccaccTgcccactaaataCtgactttctatggcac
xls taaaataggccctggcatttcagttacacagaggcccaaacagccccaccagcccactaaatactgactttctatggcac
XM —  -ctcacagattgccagtccgggcctgcccaaacagccccacctgcccactaaatactgactttctatggcac
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* * * * * * * * * * * * * * *  * * * * * * * * * * * *
XLLl CTTATAGCAGCCCCTCTGGCATTIGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
XLL2 CTTATAGCAGCCCCTCTGGCATTIGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
XLL3 CTTATAGCAGCCCCTCTGGCAXTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
XLL4 CTTATAGCAGCCCCTCTGCCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
XLL5 CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTT
XLL6 CTTATAGCAGCCCCTCTGCCATTTGCCAGAACCGACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
XLL7 CTTATAGCAGCCCCTCTGCCATTTGCCAGAACCCACAGATTGCCAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTT
XLL8 CTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGATTGCCAGTCTGGGCCTGCCTGGTATTAATCATACATCCCTT
XLL9 CTIAIAGCAGCCCCTCTGGCATTTGCCAGAACCCACAGAITGCCAGICTGGGCCIGCCTGGXAITAATCATACATCCCIT
XLL10 CTTATAGCAGCCCCTCXGGCAITXGCCAGAACCCACAGATIGCCAGTCIGGGICTGCCIGGTAIIAATCAXACAICCCIT
XLL 11 CITAIAGCAGCCCCICXGGCAIIIGCCAGAACCCACAGAXTGCCAGTCTGGGCCXGCCTGGTATIAAICATACATCCCXT
XLLl2 CXXAXAGCAGCCCCXCXGCCAXXXGCCAGAACCCACAGAXXGCCAGXCCGGGCCXGCCXGGXAXXAAXCAXACAXCCCTX
XLLl3 CXXAXAGCAGGCCGXCXGGCAXXXGCCAGAACCCACAGAXXGCCAGXCCGGGCCXGCCXGGXAXXAAXCAXACAXCCCXX
XLLl4 CIXAIAGCAGCCCGXCXGGCAIXXGCCAGAACCCACAGAIXGCGAGICIGGGCCIGGCIGGIAIIAAXGAIACAXCCCII
XLLl5 CIIAXAGCAGCCCCXCIGGCAIIXGCCAGAACCCACAGAXIGCCAGIGCGGGCCXGCGIGGIAIXAAICAXACAICCGII
XLL16 CXIAXAGCAGCCCCICXGCCAIXXGCCAGAACCCACAGAXIGCCAGICCGGGCCIGCCXGGXAIXAATCAXACATCCCXI
XLL17 cxxaxagcagccccxcxgggaxxxgccagaacccacagaxxgcgagxccgggccxgccxggxaxxaaxcaxagaxcccxx
XLLl8 CIIAIAGCAGCCCCICIGGCAIIXGCCAGAAGCCACAGAIXGCCAGXCCGGGCCIGCCIGGIAXIAAXCAXACAICCCXI
XLL19 CIIAXAGCAGCCCGICXGGGAIIXGCCAGAACGCAGAGAIXGCCAGICCGGGCCXGCCIGGXAIIAAXCAIACAICCCIX
XLL20 GIIAIAGCAGCCCCXCTGGCAIIXGCCAGAACCCACAGAIXGCCAGICCGGGCCIGGCIGGIAIXAAICAIACAIGCCIX
XLL21 CXXAXAGCAGCCCCXCXGCCAXXXGCCAGAACCCACAGAXXGCCAGXCCGGGCCXGCCXGGXAXXAAXCAXACAXCCCXX
XLL22 CIIAIAGCAGCCCCICXGGCAXXXGCGAGAAICCACAGAIXGCCAGICCGGGCCIGCCIGGXAXXAAXCAXACAICCGXI
XLL23 CTTAIAGCAGCCCCTCXGGCATIXGCCAGAACCCACAGAXXGCCAGICCGGGCCTGCCTGGTATXAATCAXACATCCCII
XLL24 CIIAIAGGAGCCCGICIGGCAIIXGCGAGAACCGACAGAIXGCGAGXCIGGGCCXGCCIGGIAIXAAICAXACAXCCCXI
xll25 ciiaiagcagccccicxggcaixxgccagaacccacagaxigccAGxgggggggxgccxggiaixaagcaiacaigccix
XLL27 cxxaxagcagccccxcxggcaxxxgccagaacccacagaxxgccagxcggggccxgccxggxaxxaaxcaxacaxccgxx
xll26 cxtaxagcagccccxcxggcaxxxgcCagaacccacagaxxgccagxcxgggccxgccxggxaxxaaxcaxacaxccGxx
XA cxxaxagcagccccxcxggcaxxxgccagaacccacagaxxgccagxcggggccxgccxggxaxxaaxcaxacaxcccxx
XC CTTATAGCAGCCCCICXGGCATTIGCCAGAACCCACAGATTGCCAGTCCGGGCCIGCCTGGIAIXAAICAXACATCCCTT
XLS cxxaxagcagccccxcxggcaxxxgccAgaacccagagaxxgccagxccaagccxgccxggxaxxaaxcaxacaxcccxx
XM cixaiagcagccccicigggaiixgccagaaggcacagaxigccagiccgggccigcgiggiaixaaicaiacaicccxi

xlli ciciaxcigiiigcicagicaacagacxgigcgigiaggcaGiiaaaaicCaxigacacaiiccxaaiggcicgiicaii
XLL2 cxcxaxcxgxxxgcxcagxcaacagacxgxgggxgxaggcagxxaaaaxccaxxgagagaxxccxaaxgggxcgxxcaxx
XLL3 CXCXAXCXGXXXGCXCAGXCAACAGACXGXGCCXGXAGGCAGXXAAAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXX
XLL4 CXCXAXCXAXXXGCXCAGXCAACAGACXGXGCCXGXAGGCAGXXAAAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXX
XLL5 CTCXATCTAIXTGCTCAGTCAACAGACTGIGCCTGTAGGCAGIXACAAICCAXIGACACAITCCXAATGGCXCGXXCAIX
XLL6 CXCXAXCXAXXXGCXCAGXCAACAGACXGXGCCXGXA(^CAGXXAAAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXX
xll7 GiciaiciaxxigcicagicaacagaciGigcgiGiagGcagiiaaaaiccaiigacacaiicciaaxggciggxigaii
XLL8 CICIAXCIAXIXGCICAGICAACAGACXGXGCCIGIAGGCAGIIACAATCCAXIGACACAXICCXAAIGGCICGIXCAII
xll9 cxGxaxcxaxxxGcxcaGxxaacagacxgxgcGxGxaggcagxxaGaaxccaxxgacacaxxccxaaxggcxcgxxcaxx
XLL 10 CTCIATCTAXIXGCXCAGXCAACAGACTGXGCCTGXAGGCAGTXACAATCCAXXGACACAITCCXAAXGGCTCGXXCATT
XLL11 CTCTATCTAXTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTIACAAXCCAXTGACACATTCCIAATGGCTCGTTCATT
XLL12 CXCIAICXAXIIGCXCAGXCAACAGACXGTGCCIGIAGGCAGIXAAAAICCAIXGACACAXICCTAAXGGCICGXICAIX
XLLl3 CXCXAXCXGXXXGCXCAGXCAACAGACXGXGCCXGXAGGCAGXXAAAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXX
XLL 14 CTCTATCIATTTGCTCAGTCAACAGACIGTGCCXGIAGGCAGXTACAAXCCAITGACACATICCTAAIGGCTCGTTCATT
XLL 15 CICIAICIGIIXGCXCAGICAACAGACXGIGCCIGIAGGCAGIXAAAAICCAIIGACACAXICCXAAXGGCXCGXICAII
XLLl6 CXCXAXCXAXXXGCXCAGXCAACAGACXGXGCCXGXAGGCAGXXAAAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXX
xlli7 ciciaxcxgxxigcicagicaacagacxgigccigiagGcagiiaaaaiccaxxgacacaxxccxaaxggcicgiicaii
XLLl8 CIGIAICXGIXXGCICAGICAACAGACIGXGCGIGXAGGCAGIXAAAAICCAXIGACAGAIXGCXAAIGGCXCGIICAIX
XLL19 CXCXAXCXGXXXGCXCAGXCAACAGACXGXGCCXGXAGGCAGXXAAAAXCCAXXGACACAXXCCXAAXGGCXCGXXCAXX
xll20 cxcxaxcxgxxxgcxcagxcaacagacxgxgccxGxaggcagxxAaaaxccaxxgacacaxxccxaaxggcxcgxxcaxx
XLL21 CTCTATCXAXTTGCXCAGTCAACAGACTGTGCCTGTAGGCAGTIAAAAXCCAXTGACACATICCTAATGGCTCGXTCAXX
XLL22 cxcxaxcxgxxxgcxcagxcaacagagxgxgccxgxaggcagxxaaaaxccaxxgacacaxxccxaaxgggxcgxxcaxx
xll23 cxcxaxcxgxiiggxcAgicaagagaciGigcGxgiaggcagixaaaaxccaiigacacaiiGgxaaiggcxcgxicaix
XLL24 CTCTATCTATTTGCICAGICAACAGACTGIGCCTGIAGGCAGTIACAATCCAXTGACACATXCCXAAIGGCTCGTTCATI
XLL 25 CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
XLL27 CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
XLL26 CTCTATCTArTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTACAATCCATTGACACATTGCTAATGGCTCGTTCATT
XA CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
XC CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
XLS CTCTATCTA'rTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCGXAATGGCTCGTTCATT
XM CTCTATCTGTTTGCTCAGTCAACAGACTGTGCCTGTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATT
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XLLl CGCAGCAGIXGAIIAGTGGAGTGGAATCIGTGIGAICAACICAAIAAGTGGIIACCICTGCAXCAATTGAIGGACATIAG
XLL2 CGCAGCAGIIGAXIAGIGGAGIGGAAICIGIGIGAICAACICAAIAAGIGGXIACCICIGCATCAAXXGAIGGACAIXAG
XLL 3 CGCAGCAGIIGAXIAGIGGAGIGGAAXCXGIGIGAICAACICAAIAAGXGGXIACCICTGCAICAAIIGAIGGACAIIAG
XLL4 CGCAGCAGXXGAXXAGXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAG
XLL5 CGCAGCAGXXGAXXAGXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGTGGTXACCXCXGCAXCAAXXGAXGGACAXTAG
XLL6 CGCAGCAGIIGAIIAGIGGAGIGGAAICIGIGIGAICAACICAAIAAGIGGXIACCTCIGCAXCAAIIGAIGGACAIIAG
XLL7 CGCAGCAGXXGAXXAGXGGAGXGGAAXCXGXGXGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAG
XLL8 CGCAGCAGXXGAXXAGXGGAGXGGAAXCXGXGTGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAG
XLL9 CGCAGCAGIXGAIIAGIGGAGIGGAAICIGIGIGAICAACICAAXAAGXGGIIACCICIGCAICAAIIGAIGGACAIXAG
XLL 10 CGCAGCAGIIGAIIAGTGGAGIGGAAICIGIGIGAXCAACXCAAIAAGXGGIIACCICTGCAICAAIIGAIGGACAIIAG
XLL11 CGCAGCAGXXGAXXAGXGGAGXGGAAXCXGXGTGAXCAACXCAAXAAGXGGXXACCXCXGCAXCAAXXGAXGGACAXXAG
XLL 12 CGCAGCAGIXGAIIAGIGGAGTGGAAXCIGIGIGAICAACICAAXAAGTGGTTACCICIGCAXCAAXXGAXGGACAXIAG
XLL 13 CGCAGCAGIIGAIIAGIGGAGIGGAAICIGIGIGAICAACICAAIAAGIGGIIACCICXGCAICAAIIGAIGGACAIIAG
XLLl 4 CGCAGCAGIIGAIIAGIGGAGXGGAAICXGXGIGAXCAACXCAAIAAGIGGXIACCICXGCAXCAAXXGAXGGACAITAG
XLLl 5 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XLLl 6 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XLL 17 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGAGATTAG
XLL 18 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XLL 19 CGCAGCAGTTGATTAGTGGAGTGGAATGTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATXAG
XLL20 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XLL21 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XLL22 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATGAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XLL23 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XLL24 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACGTTAG
XLL25 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGGATCAATTGATGGACAXTAG
XLL27 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XLL26 CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XA CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACICAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XC CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG
XLS CGCAGCATTTGATTAGTGGAGTGGAATCTGTGTGATCAAGICAATAAGTGGTTACCTGTGCATCAATTGATGGACATTAG
XM CGCAGCAGTTGATTAGTGGAGTGGAATCTGTGXGATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAG

XLLl GIXTTTAACTXGCATGGGTGCXTTCCATXACCAGAGTGGGTGTCTCCXGATGTCACTCACAACACAAACXCCCAAAGGCA
XLL2 GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCXGATGTCACTCACAACACAAACTCCCAAAGGCA
XLL3 GTXITTAACIIGCAXGGCTGCTITCCATIACCAGAGIGGGTGICTCCIGAIGTCACICACAACACAAACTCCCAAAGGCA
XLL4 GTXIIIAACTTGCAIGGCIGCIIXCCAIIACCAGAGXGGGTGICICCIGAIGIGACTCACAACACAAACICCCAAAGGCA
XLL5 GTITTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
XLL6 GXTTXIAACXTGCAXGGCXGCTTXCCAITACCAGAGIGGGTGICTCCIGATGTCACTCACAACACAAACXCGCAAAGGCA
XLL7 GITTITAACIIGCAIGGCTGCTTTCCATTACCAGAGTGGGIGTCIGCTGAXGICACICACAACACAAACTCCCAAAGGCA
xlls gtitttaacttgcatggctgctttccattaccagagtgggtgtctcctgatgtgactGagaacacaaactctcaaaggca
XLL9 GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
XLL 10 GTXXXXAACXIGCAXGGCXGCTTTCCAXXACCAGAGTGGGTGXCTCCTGAXGXCACTCACAACACAAACTCCCAAAGGCA
XLL 11 GTITTTAACTTGCATGGCTGCTTTCCATTACGAGAGTGGGXGTCTCCTGAIGTCACTGACAACACAAACTCGCAAAGGCA
XLL 12 GTITTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGXGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCA
XLL13 GIIIXTAACIIGCATGGCIGCITXCCAIXACCAGAGTGGGIGICICCIGAIGICACICACAACACAAACICCCAAAGGCA
xll 14 gtttttaacttgcaxgGctgGxttccattAGcagagtgggxgtctccxgatgtcacxcacAacacaaactcccAaAggca
XLL 15 gittiiaacttgcaiggcigciiiccattaccagagigggigtcicctgaxgtcactcacaacacaaacicccaaaggca
XLL16 GTTTTTAACTTGCATGGCTGCTTTCCATTACCAGAGTGGGTGXCTCCTGAXGTCACTCACAACACAAACTCCCAAAGGCA
XLL 17 GXXXXXAACXXGCAXGGCXGCXXXCCAXXACCAGAGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCA
xlli 8 giiiiiaaciigcaiggcxgciixccaiiacccgagigggigicicctgaigiGacicagaagacaaacccccaaaggca
XLL19 GXXXXXAACXXGCAXGGCXGCXXXCCAXXACCAGAGXGGGXGXCXCGXGAXGXCACXCACAACACAAACXCCCAAAGGCA
XLL20 GXXXXXAACXXGCAXGGCXGCXXXCCAXXACCAGAGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCGCAAAGGCA
XLL21 GTIIIIAACTTGCAXGGCIGCITXCCAITACCAGAGTGGGTGTCTCCTGATGTCACTCACAACACAAACICCCAAAGGCA
XLL 2 2 GXIXIIAAGIIGCAXGGCIGCXIICCAIXACCAGAGIGGGIGICXCCIGAXGXCACICACAACACAAACXCCCAAAGGGA
XLL23 GXXXXXAACXXGCAXGGCXGCXXXCCAXXACCAGAGXGGGTGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCA
XLL24 GXXXXXAACXXGCAXGGCXGCXXXCCAXXACCAGAGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCA
XLL25 GITIIXAACIIGCAIGGCIGCIIXCCAIIACCAGAGIGGGIGICICCIGAIGIGACICACAACACAAACICCCAAAGGCA
XLL27 giixxiaaciigcaiGggxgciixccaxxaccagagigggtgiciccigaigicacicacaacacaaacxcccaaaggca
XLL26 GXXIXIAACTXGCACGGCXGCITTCCAIXACCAGAGTGGGXGXCTCCTGAXGICACTCACAACACAAACTCCCAAAGGCA
XA gitxxiaacxxgcaxggcxgctixccaiiaccagagigggigtciccigaxgxcacicacaacacaaacxcccaaaggca
XC GIXXXXAACIIGCAIGGCIGCIIXCGAIIACGAGAGIGGGIGICICCIGAXGICAGXCACAACACAAACICCCAAAGGCA
XLS GIXCIIAACIIGCATGGCIGCXIXCCAIIACCAGAGXGGGXGICXCCIGAIGXCACICACAACACAAACICCCAAAGGCA
XM GXXIIXAACIXGCAXGGCIGGIIXCCAXXACCAGAGIGGGXGICXCCXGAIGICACXCACAACACAAACICCCAAAGGCA
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XLLl
XLL2
XLL3
XLL 4
XLL5
XLL6
XLL7
XLL 8
XLL9
XLL10
XLL11
XLLl 2
XLLl 3
XLLl 4
XLLl 5
XLLl 6
XLLl 7
XLLl 8
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26
XA
XC
XLS
XM

XLLl
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL 10
XLL11
XLLl 2
XLL13
XLLl 4
XLLl 5
XLLl 6
XLL 17
XLL18
XLLl 9
XLL20
XLL 21
XLL22
XLL23
XLL24
XLL25
XLL27
XLL26
XA
XC
XLS
XM

GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCXCCATCTGATCTATT
GGCCAIGICAIAIAAAIAGXCIIICCACXGGCCXCAXXAGAAGGXIGIAXXAGXGAGCIAAGAICXCCAICIGAICIAXX
GGCCAXGXCAXAXAAAXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXX
GGCCCTGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATT
GGCCAIGICAIAIAAAXAGTCIIICCACTGGCCICAIXAGAAGGIXGIATTAGIGAGCTAAGAICTCCATCIGATCTATT
GGCCCIGTCAIAIAAATAGXCIITCCACXGGCCICATIAGAAGGTXGIIIXAGXGAGCIAAGAXXXCCAXCXGAICIAXI
ggccatgtcatataaatagtctttccactggcctcattagaaggttgtattagtgagctaagatctccatctgatctatt
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGGGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCrTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCCTGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCACTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCITTCCACTGGCCTCATTAGAAGGTTGCATTAGTGAGCTAAGATCTCCATCTGATCTAIT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCCTGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCCATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATAXAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCCTGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCATGTCATATAAATAGTCTTTCCACTGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATX
GGCCATGTCATAXAAATAGTCTTTCCACIGGCCTCATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCAIGICAIAIAAAIAGICIIICCACIGGCCICAIIAGAAGGIIGIAXIAGIGAGCIAAGAICTCCAICIGAICIAIX
ggccaigicaiaiaaaiagiCiiiccaciggccicaXiagaaggiigiaiiagigaGciaagaiciccaicxGaiciaii
GGCCATGTCATAXAAATAGICTTTCCACXGGCCICATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATT
GGCCAXGCCAXAXAAAXAGXCXXXCCACXGGCCXCAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXX
GGCCATGTCATAIAAAIAGTCTTTCCACXGGCCTCATTAGAAGGTTGTATTAGTGAGCIAAGATCICCATCTGATCTATT

GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCIXGAIAGCCTGACCAIGCICAGGAAAGAGAACACCCTGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
gcxxgaxagccxgaccaxgcxcaggaaagagaacacccxgccaa
gcxxgaxagccxgaccaxgcxcaggaaaGagaacacccxgcca-
GCTTGAXAGCCTGACCATGCICAGGAAAGAGAACACCCTGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCA-
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCA-
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCA-
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCA-
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCA-
GCXTGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCA-
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCX-
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCX-
GCTTGATAGCCXGACCATGCICAGGAAAGAGAACACCCIGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCATGCXCAGGAAAGAGAACACCCXGCCAA
GCXIGAXAGCCIGACCAXGCICAGGAAAGAGAACACCCXGCCAA
GCITGATAGCCIGACCAIGCICAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCA-
gcxxgaxaGccxgaccaxgcxcagGaaagagaacacccxgCcaa
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
GCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAACACCCXGCCAA
gcxxgaxaGccigaccaxgcxcaggaaagagaacacccxgccaa
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TBA alignment of the upstream region of xGAD67.

Twenty seven X. 1. laevis alleles (XLL1 — XLL26) and four closely related outgroup 

species (XA, X . amietv, XC, X . clmz; XLS, X. I. sudanensis\ XM, X. muellen) were aligned using 

TBA with a modified Newick format parameter file (provided in the Appendix) describing 

the evolutionary relationship o f outgroup 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 o f the first exon. Conserved sites are indicated by an 

asterisk (*).
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* * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * *  
X liL l ACACCAGCACGTTCICCAIICCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAAIGIGATTATTTGCTGGCTAGATAC
XLL2 — ACCAGCACGXXCXCCAXXCCACCGGGAAGGGGXXCCCAXGGGAACAGAGCAAGAXGXGAXXAXXXGCXGGCXAGAXAC
XLL3 — ACCAGCACGIXCICCAICCCACCGGGAAGGGGTICCCAIGGGAACAGAGCAAAAIGIGATIAITIGCIGGCTAGATAC
XLL4 — ACCAGCACGTICXCCATICCACCGGGAAGGGGTTCCCAXGGGAACAGAGCAAAAIGTGAITATITGCTGGCIAGATAC
XLL5 — ACCAGCACGTXCICCAIICCACCGGGAAGGGGTICCCAIGGGAACAGAGCAAGAXGIGAIIAIITGCTGGCTAGATAC
XLL6 --ACCAGCACGIXCICCAIICCACCGGGAAGGGGTICCCAIGGGAACAGAGCAAAAIGIGAIIAXITGCXGGCTAGATAC
XLL7 --------CAGCACGIICICCAIICCACCGGGAAGGGGXICCCAIGGGAACAGAGCAAAAXGXGAIIAIIIGCIGGCIAGAIAC
XLL8 — ACCAGCACGIXCXCCAXICCACCGGGAAGGGGTICCCAIGGGAACAGAGCAAGATGIGATIAIXTGCTGGCTAGATAC
XLL9 ~  ACCAGCACGXXCICCAXXCCACCGGGAAGGGGIXCCCAXGGGAACAGAGCAAAAIGXGAIIAXIIGCTGGCXAGAXAC
XLL10 — ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XLL11 — ACCAGCACGTTCICCATICCACCGGGAAGGGGTTCCCAXGGGAACAGAGCAAAAIGTGAXTATTTGCTGGCTAGATAC
XLL12 —  ACCAGCACGIICICCAIICCACCGGGAAGGGGXXCCCAXGGGAACAGAGCAAAAXGIGAIIAIIIGCIGGCIAGAXAC
XLL13 — ACCAGCACGTTCTCCAXICCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAAIGIGATTAITTGCIGGCTAGATAC
XLL14 — ACCAGCACGIXCICCAXXCCACCGGGAAGGGGXICCCAXGGGAACAGAGCAAAAXGXGAXXAXIIGCXGGCIAGAIAC
XLL15 — ACCAGCACGITCTCCATICCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGIGATTATTTGCTGGCTAGATAC
XLL16 — ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTGCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL17 --ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL18 — ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XLLX9 — ACCAGCACGTTCTCCATTCGACCGGGAAGGGGTTCGCATGGGAACAGAGGAAAATGTGATTATTTGCTGGCTAGATAC
XLL20 --ACCAGCACGIXCTCCAIICCACCGGGAAGGGGIICCCAIGGGAACAGAGCAAAAIGIGAIIAXXIGCIGGCIAGAIAC
XLL21 — ACCAGCACGIICICCATICCACCGGGAAGGGGTTCCCAXGGGAACAGAGCAAAAIGTGATTATXIGCTGGCTAGATAC
XLL22 —  ACCAGCACGIXCICCAIICCACCGGGAAGGGGIXCCCAXGGGAACAGAGCAAAAIGIGAXXAIIIGCIGGCIAGAIAC
XLL23 --ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAAGAGAGCAAAATGTGATTATTTGCTGGCTAGATAC
XLL24 — ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGAITATTTGCTGGCTAGATAC
XLL25 — ACCAGCACGTTCICCATTCCACCGGGAAGGGGTICCCATGGGAACAGAGCAAAATGTGATTAXTTGCTGGCTAGATAC
XLL26 — ACCAGCACGTTCTGCATTCCAGCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGGTGGCTAGATAC
XLL2 7 --ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGGTGGCTAGATAC
XA —  ACCAGCACGXXCICCAIICCACCGGGAAGGGGXICCCAIGGGAACAGAGCAAAAIGXGAXXAXIIGCIGGCIAGAIAC
XC — ACCAGCACGTXCXCCAXTCCACCGGGAAGGGGTXCCCAXGGGAACAGAGCAAAAXGXGAXXAXXXGCXGGCXAGAXAC
XLS --ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAGATGTGATTATTTGCTGGCTAGATAC
XM — ACCAGCACGTTCTCCATTCCACCGGGAAGGGGTTCCCATGGGAACAGAGCAAAATGTGATTATTTGCTGGCTAGATAC

XLL1 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL2 AAAGCACAAGCAIIIACGCTTXXAAIAIGCACXAAXXAICCTCAAGIAACIAGAAAIAGCACIAAIGTCGGIAXAAACAI
XLL3 AAAGCACAAGCAXIIACGCIIIIAAIAIGCACIAAIIAICCICAAGIAACXAGAAAIAGCACXAAXGICGGIAIAAACAI
XLL4 AAAGCACAAGCAXXXACGCXXXXAAXATGGACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL5 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
xll6 aaagcacaagcaittacgcttttaatatgcactaattatcGtcaagtaactagaaatagcactaatgxcggtataaacat
XLL7 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACTAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL8 AAAGCACAAGCAIIIACGCXTXXAATAIGCACIAAIIAICCICAAGXAACIAGAAAIAGCACIAAIGICGGIAIAAACAI
XLL9 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLLIO AAAGCACAAGCAXXXAGGCXTXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXGGGXAXAAACAX
XLL11 AAAGCACAAGCAXXXACGCXTXXAAXAXGCACXAATTAXCGXCAAGXAAGXAGAAATAGGACXAAXGXCGGXAXAAACAX
XLL12 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXIAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL13 AAAGCACAAGCAXXXACGCXTXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL14 AAAGCACAAGCAXXTACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACTAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL15 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL16 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL17 AAAGCACAAGCAXIIACGCIXXIAAIAIGCACXAAXTAXCCTCAAGXAACXAGAAAIAGCACIAAIGICGGXAIAAACAI
XLL18 AAAGCACGAGCAXXXACGCXXXXAAXAXGCACXAATTAXCCXCAAGXAACXAGAAAXAGGACXAAXGXCGGXAXAAACAX
xlli9 aaaGcacaagcaxxxacgcxxxxaaxaxgcacxaaxxaxccxcaagxaacxagaaaxagcacxaaxgxcggxaxaaacax
XLL20 AAAGCACAAGCAXXTACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL21 aaaggacaagcaxxxacgcxxxxaaxaxggacxaaxxaxccxcaagxaacxagaaaxagcacxaaxgxcggxaxaaacax
XLL2 2 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL23 aaagcacaagcaxxxacgcxxxxaaxaxgcacxaaxxaxccxcaagxaacxagaaaxagcacxaaxGxcggxaxaaacax
xll24 aaagcacaagcaxxxaGgcxxxxaaxaxGcacxaaxxaxcGxcaagxaacxaGaaaxagcacxaaxGxcggxaxaaacax
XLL25 AAAGCACAAGCAXXXACGGXXXXAAXAXGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL26 AAAGCACAAGCAXXXACGCXXXXAAXATGCACXAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XLL27 AAAGCACAAGCAXXXACGCXXXXAAXAXGCACTAAXXAXCCXCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
XA AAAGCACAAGCAIIIACGCIIIXAAXAIGCACIAAXXAICCICAAGIAACXAGAAAIAGCACIAAXGICGGIAIAAACAI
XC AAAGCACAAGCAXXXACGCXXXXAAXAXGCACXAAXXAXCCCCAAGXAACXAGAAAXAGCACXAAXGXCGGXAXAAACAX
xls aaagcacaagcaxxxaCgcxxxxaaxaxgCacxaaxxaxcCxcaagxaacxagaaaxaGcacxaaxGxcgGxaxaaacax
XM AAAGCACAAGCAXXXACGCXTXXAAXAXGCACTAAXXAXCCXCAAGXAACTGGAAAXAGCACXAAXGXCGGXAXAAACAX

119



XLL1 TAAIGGAGAAGGATXTIGIAAGAGAAAGGGATTICATCCTIGAACAGACATGIATIGTXCGCAGTCACATTTCGAAGCTT
XLL2 TAAIGGAGAAGGAIITIGIAAGAAAAAGGGAIIICATCCIIGAACAGACATGIAITGIICGCAGICACAITTCGAAGCTT
XLL3 lAAIGGAGAAGGAXIIXGIAAGAGAAAGGGAIXICATCCIIGAACAGACAIGIAIIGIICGCAGICACAIIICGAAGCTT
XLL4 IAAIGGAGAAGGAIIXIGIAAGAGAAAGGGAXIICAICCIIGAACAGACAIGIAIIGXICGCAGICACAIIICGAAGCII
XLL5 lAAIGGAGAAGGAIIIXGIAAGAAAAAGGGAXIICAXCCIIGAACAGACAIGIAIIGIICGCAGICACAIIICGAAGCII
xll6 xAaxggagaaggaxxxxgxaagagaaagggAxxxcaxccxxGaacagacaxgxaxxgxxcgcagxcacaxxxcgaagcxx
XLL7 XAAXGGAGAAGGAXXXXGXAAGAGAAAGGAAXXXCAXCCXXGAACAGACAXGXAXXGXXCGGAGXCAGAXXXCGAAGCXX
XLL8 iaaiggagaaggaxixigiaagaaaaagggaxiicaiccixgaacagacaigiaiigxicgcagicacaiiicgaagcii
XLL9 XAAXGGAGAAGGAXXXXGXAXGAAAAAGGGAXXXCAXCCXXGAACAGAC— GTATIGXTCGCAGICACATIXCGAAGCTI
XLL10 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXXXXCGCAGXCACAXXXCGAAGCXX
xllii xaaxggagaaggaxxxxgxaagaaaaagggaxxxcaxccxxGaacagacaxgxaxxgxxcgcagxcacaxxxcgaagcxx
XLL 12 xaaxggagaaggaxxxxgxaagaaaaagggaxxxcaxccxxgaacagacaxgxaxxgxxcgcagxcacaxxxcgaagcxx
XLL13 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
XLL14 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
xlli5 xaaxggagaaGgaxxxxgxaagaaaaagggaxxxcaxccxxGaacagacaxGxaxxgxxcGcaGxcacaxxxcgaagcxx
XLL16 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGACXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
XLL17 xaaxggagaaggaxxxxgxaagaaaaagggaxxxcaxccxxgaacagacaxgxaxxgxxcgcagxcacaxxxcgaagcxx
XLL18 taaxggagaaggatttxgtaagaaaaagggatxtcaxccxigaacagacatgtaxtgiicgc agtcacaiitcgaagctx
XLL19 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
xll20 xaaxggagaaggaxxxxigxaagagaaaGggaxxxcAxccxxgAacaGacaxGxaxxgxxcgcaGxcacaxxxcgaaGcxx
XLL21 XAAXGGAGAAGGAXXXXGXAAGAGAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
XLL22 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
xll 2 3 xaaxggagaaggaxxxxgxaAgagaaAgggaxxxcaxccxxGaacagacaxgxAxxgxxcgcagxcacAxxxcgaaGcxx
XLL24 XAAXGGAGAAGGAXXXXGXAXGAAAAAGGGAXXXCAXCCXXGAACAGAC— GXAXXGXXCGCAGXCACAXXXCGAAGCXX
xll25 xaaxggagaaggaxxxxgxaagaaaaagggaxxxcaxccxxgaacAgacaxgxaxxgxxcgcagxcacAxxxcgaagcxx
XLL26 xaaxggagaaggaxxxxgxaagaaaaaggga-xxcaxccxxgaacagacaxgxaxxgxxcgcagxcacaxxccgaagcxx
XLL27 XAAXGGAGAAGGAXXXXGXAAGAAAAAGGGAXXXCAXCCXXGAACAGACAXGXAXXGXXCGCAGXCACAXXXCGAAGCXX
XA XAAXGGAGAAGGAXXXXGXAXGAAAAAGGGAXXXCAXCCXXGGACAGAG— GXAXXGXXCGCAGXCACAXXXCGAAGCXX
xc xaaxggaGaagGaxxxxgxaagaaaaagggaxxxcaxccxxgaacagacaxgxaxxGxxcgcagxcacaxxxcgaagcxx
xls xaaxggagaaggaxxxxgxaagaaaaagggaxxxcaxccxxgaacagacaxgxaxxgxxcgcagxcacaxxxcgaagcxx
XM XAAXGGAGAAGGAXXXXGXAXGAAAAAGGGAXXXCAXCCXXGGACAGAC— GXAXXGXXCGCAGXCACAXXXCGAAGCXX

XLL1 gaaggxcaaagxgxcxcacxaaaagxcaxaaxggacaaaaxaggaaxxccxxgxxcxgccxgcxgcxccxaxaaaxx -
XLL2 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA
XLL 3 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL4 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL5 GAAGGTCAAAGTGICICACTAAAOGXCAIAAXGGACAAAAIATGAATICCTTGXICTGCCIGCTGCTCCTATAAATITCA
XLL6 GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAGGAAXXCCXGGXXCXGCCXGCXGCXCCIAXAAAXX---
XLL7 GAAGGICAAAGXGICICACIAAAAGICAIAAIGGACAAAAIAGGAAIICCIXGXICIGCCIGCIGCICCIAIAAAII---
XLL8 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA
xll9 gaaGgxcaaagxgxcxcacxAaaagxcAxaaxggacaAaaxaxgaaxxccxx;gxxcxgccxgcxgcxccxaxaaaxx---
XLL10 gaaggicaaagigicxcacxaaaggicaiaaxggacaaaaiaigaaxiccixgiicxgccxgcigcicciaiaaaxiica
XLL11 gaaggxcaaagxgxcxcacxaaaggxcaxaaxggacaaaaxaxgaaxxccxxgxxcxgccxgcxgcxccxaxaaaxx---
XLL12 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL 13 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL 14 GAAGGTCAAAGTGTCTCACTAAAGGTCATAAXGGACAAAAIATGAAIICCTTGXTCTGCCIGCTGCXCCTATAAATT---
XLL15 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL16 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLL17 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
xlli8 gaaggxcaaagxgxcxcacxaaagGxcaxaaxgGacaaaaxaxgaaxxccxxgxxcxgccxgcxGcxccxaxaaaxxxca
XLL 19 GAAGGICAAAGIGICICACXAAAGGICAIAAXGGACAAAAIAXGAAIXCCIXGXXCIGCCIGCIGCICCIAXAAAXX---
XLL20 GAAGGTCAAAGTGICTCACTAAAAGICAXAAXGGACAAAAIAGGAAIICCTTGIICTGCCIGCIGCXCCTATAAAIT-—
XLL21 GAAGGTCAAAGTGICICACTAAAAGTCAXAATGGACAAAATAGGAATTCCXTGITCTGCCTGCTGCTCCTATAAATT---
XLL22 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCXXGCXGCXCCXAXAAAXX---
xll23 gaaggxcaaaGxgxcxcacxaaaagxcaxaAxggacaaaaxaggaAxxccxxgxxcxgccxgcxgcxccxaxaaaxx---
XLL24 GAAGGICAAAGIGICXCACIAAAAGICAIAAXGGACAAAAIAIGAAIICCXIGXXCIGCCIGCIGCXCCIAXAAAII---
XLL 2 5 GAAGGTCAAAGTGTCTCACTAAAGGTCATAATGGACAAAATATGAAITCCTTGTTCTGCCTGCIGCXCCTATAAATX---
XLL26 GAAGGXCAAAGXGXCXCACXAGAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXXXCA
XLL27 GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XA GAAGGTCAAAGTGTCTCACTAAAAGTCATAAIGGACAAAATATGAATTCCTTGITCIGCCTGCTGCTCCTATAAATT---
XC GAAGGXCAAAGXGXCXCACXAAAGGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXCXGCCXGCXGCXCCXAXAAAXX---
XLS GAAGGTCAAAGTGXCXCACXAAAGGXCAIAAXGGACAAAAXATGAAXXCCTTGXICXGCCIGXXGCTCCIAXAAAXTTCA
XM GAAGGXCAAAGXGXCXCACXAAAAGXCAXAAXGGACAAAAXAXGAAXXCCXXGXXGXGCCXGCXGCXCCXAXAAAXX---
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XLL1 CAAIXCAAAGGGGGIIIXCXGGCACCCAXAGAGXAICCCIGAAAXGIACCCICXAAAACAAAAA-IAC-IIACCIAIGXG
XLL2 CCAXXCAAAGGGGGXXXXCXGGCACCCAXAGAAXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
XLL3 caattcaaaggggGttttctggcacccatagagtatccctgaaatgtaccctctaaaacaaaaa-tac-ttacctatgtg
XLL4 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
XLL5 CCAITCAAAGGGGGIITXCXGGCACCCAIAGAAIAICCCIGAAATGIACCCXCTAAAACAAAAA-XAG-TIACCIATGXG
XLL6 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
xll7 caaxxcaaagGgggxxxxcxggcacccaxagagxaxcccxgaaaxgxacccxcxaaaacaaaaa-xac-xxaccxaxgxg
XLL8 CCAXXCAAAGGGGGIIIXCIGGCACCCAXAGAAIAICCCIGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCIAIGIG
XLL9 CAAXXCAAAGGGGGXXXXCXGGCACCCATAGAGXAXCCCTGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCTATGXG
XLL10 CCAIICAAAGGGGGTIXTCIGGCACCCAIAGAAIAICCCXGAAATGIACCCXCTAAAACAAAAA-IACTIIACCIAIGTG
XLL11 CAAIICAAAGGGGGIIXICIGGCACCCAIAGAGIAICCCIGAAAIGXACCCICXAAAACAAAAA-IAC-IIACCXAIGXG
XLL12 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
XLL13 caaxxcaaagggggxxxxcxggcacccaxagagxaxcccxgaaaxgxacccxctaaaacaaaaa-xac-xxaccxaxgxg
XLL14 CAAIXCAAAGGGGGTIITCIGGCACCCAIAGAGIAICCCIGAAAIGIACCGTCTAAAACAAAAA-XAC-ITACCIAIGTG
XLL15 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
XLL16 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXATCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCCAXGXG
XLL17 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
XLL 18 CCAXXCAAAGGGGGXXXXCXGGCACCCAXAGAAXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
XLL19 CAAIIGAAAGGGGGIITXCIGGCACCCAIAGAGXAICCCIGAAATGTACCCICIAAAACAAAAA-IAC-IIACCXAIGIG
XLL20 CAAITCAAAGGGGGXIIICXGGCACCCAXAGAGIAICCCTGAAATGTACCCTCTAAAACAAAAA-IAC-TIACCTAIGIG
XLL21 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCGXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
XLL22 CAAIICAAAGGGGGTITICXGGCACCCAIAGAGIAICCCIGAAAIGTGCCGICIAAAACAAAAA-XAC-XXACCIAIGTG
XLL23 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
XLL24 CAAITCAAAGGGGGXTTTCXGGCACCCAIAGAGTATCCCTGAAAXGTACCCCCXAAAACAAAAA-XAC-XTACCTATGTG
XLL25 CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
XLL26 CCAXXCAAAGGGGGXXXXCXGGCACCCAXAGAAXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
xll2 7 caaiicaaaggGggiiiiciggcacccaiagagiaicccigaaaigiaccgiciaaaacaaaaa-xac-iiacciaigig
XA CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXAXCCCXGAAAXGXACCCXCXAAAACAAAAA-XAC-XXACCXAXGXG
xc caaiicaaagggggiiiiciggcacccaiagagiatccciGaaaigiaccciciaaaacaaaaa-iac-iiacciatgig
XLS GGAIICAAAGGGGGIIIICIGGCACCCAIAGAGIAICCCIGAAAIGIACCCICIAAAACAAAAA-IAC-IIACCIAIGIG
XM CAAXXCAAAGGGGGXXXXCXGGCACCCAXAGAGXATCCCXGAAAXGXACCCXCXAAAACAAAAAAXAC-XXACCXAXGXG

XLLl CXGGCAXXXXGGACAXXXGTAGACACAACAGAXGAXXT-GGGGAAAGAGACXGXAXGITAAGGXGACXGXGXAXACXGXG
XLL2 GXGGCATXXXGGACAXXXGXAGACAGAACAGAXGAXXI-GGGGAAAGAXACXGXAXGXXAAGGXGACXGXGXAXACXGXC
XLL3 cxggcatxxxggacaxxxgxagacacaacagaxgaxtx-ggggaaggagacxgxaxgxxaaggxgacxgxgxaxacxgxc
XLL4 cxggcaxxxxggacaxxxgxagacacaacagaxgaxtx-ggggaaagagacxgxaxgxxaaggtgagxgxgxaxacxgxg
xll 5 cxggcaxxxxggagaxxxgxagacagaacagaxgaxxx-ggggaaagaxacxgxaxgxxaaggxgacxgxgtaxacxgxc
XLL6 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXT-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC
XLL7 cxggcaxxxxggacaxxxgxagacacaacagaxgaxxx-ggggaaagagacxgxaxgxxaaggxgacxgxgxaxacxgxc
xlls cxGgcaxxxxGgacaxxxgxagacaGaagaGaxgaxxx-ggGgaaagaxagxgxaxgxxaaggxgacxgxgxaxacxgxc
XLL9 CXGGCATXXXGGACAXXXGXAGACAGAAGAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACTGXC
xllio cxggcatxttggAcaxxtgtagacagaaCAGaxgattt-gGggaaagataCxGtatGtxaaggxgactgxgtaxacxgtc
XLL11 cxggcaxxxxggacaxxxgxagacacaacagaxgaxxx-ggggaaagagacxgxaxgxxaaggxgacxgxgxaxacxgxc
xll12 cxggcaxxxxggacaxxxgtagaGacaacagAxgaxxx-GGgGaAagagacxGxaxgxxaaggtgacxGxgxaxacxgxc
XLLl3 CXGGCAXXXXGGACAXXXGTAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXG
xll14 cxggcatxxxggacaxxxgtAgacAcaacagaxgatxx-gGggaaaGagacxgxaxgxxaaggxgacxgxgxaxacxgxc
XLLl 5 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC
XLLl 6 CIGGCAIIIIGGACAIIIGIAGACACAACAGAXGATXX-GGGGAAAGAGACIGIAIGIXAAGGIGACTGXGIAIACIGXC
xlli7 cxggcaxxxxggacAxxxgxaGacAcaacaGaxgaxxx-ggggaaagaGacxgxaxgxxaaggxgacxgxgxaxacxgxc
XLLl8 CXGGCAXXXXGGACAXXXGXAGACAGAACAGAXGAXXT-GGGGAAAGATACXGXAXGXXAAGGXGACXGXGXAXACXGXC
xlli9 ciggcaiitiGgacatxigxagacacaacagaiGaxtt-ggggaaagagactgiaigiiaaggtgactgigiaxacxgic
XLL20 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC
XLL21 CIGGCAIIIXGGACAIXIGIAGACACAACAGAIGAIXIGGGGGAAAGAGAGIGIAIGXXAAGGIGACXGIGXAIACIGIC
XLL22 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC
XLL23 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC
XLL24 CXGGCAXXXXGGACAXXXGXAGACACGACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC
XLL25 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC
XLL26 CIGGCAXTTTGGACAIITGXAGACAGAACAGAIGATTI-GGGGAAAGATACXGTATGITAAGGIGACIGXGTAIACTGTC
XLL27 CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC
XA cxggcaxxxxggacaxxxgxagagacaacagaxgaxxx-ggggaaagagacxgxaxgxxaaggxgacxgxgxaxacxgxc
XC CXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGCCXGXGXAXACXGXC
xls cxggcaxxxxggacaxxxGxagacagaacagaxgaxxx-ggggaaagaxacxgxaxgxxaaggxgacxgxgXaxacxgxc
XM XXGGCAXXXXGGACAXXXGXAGACACAACAGAXGAXXX-GGGGAAAGAGACXGXAXGXXAAGGXGACXGXGXAXACXGXC
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XLLl CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGC------------------------
XLL2 CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGC--------------- -------
XLL 3 CCXTCCCCGAACATTAGC AACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGC -  ---- ------------- ----
xll 4 ccttccctgaacattAgcaacaggagAtttagtgaaagaggtcctggittcaggc------------------------
XLL5 ccttccctgagcattagcaacaggagatttagtgaaagaggtcctggtatcaggc----- — ,----— -------
XLL6 ccttccctgaacattagcaacaggagatttagtgaaagaggtcctggtttcaggc--------- --------------
XLL7 ccttccctgaacattagcaacaggagatttagtgaaagaggtcctggtttcaggg------------------------
XLL8 CCTTCCCTGAGCATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTATCAGGC---------- -------------
XLL 9 CCTTCCCTGAACATTAGCAACAGGAGATTTAGTGAAAGAGGTCCTGGTTTCAGGCCTGGACTGAGAATTAAAATAGGCCC
xll io cciiccgigaggaiiaGcaacaggagAiiiagigaaagaggicciGgiAicaggc------------------------
XLL11 CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGC-------- — ------------
XLLl2 CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGC------------------------
xlli3 ccxxcccxgaacaxxagcaacaggagAxxxagxgaaagaggxccxggxxxcaggc------------------------
XLLl 4 CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGC--------- ------ -------
XLLl5 CCIXCCCIGAACAIIAGCAACAGGAGAIIIAGIGAAAGAGGXCCXGGIIXCAGGC------------------------
XLLl 6 CCTICCCXGAACATTAGCAACAGGAGATIIAGTGAAAGAGGTCCTGGIXTCAGGC------------------------
XLLl 7 CCIICGCIGAACAIIAGCAACAGGAGAIIXAGIGAAAGAGGICCIGGXIXCAGGC------------------------
XLL 18 CCTTCCCTGAGCATTAGCAACAGGAGAITTAGTGAAAGAGGXCCTGGTATCAGGC------------------------
XLLl9 CCXieCCXGAACAIXAGCAACAGGAGAIIXAGIGAAAGAGGICeiGGIXXCAGGG------------------------
XLL20 CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCGGGC -------- ------------
xll 21 cciiccctgaacaixaGcaAcaggAGa h x a GigaaAgag gicgigguxcaggc------------------------
XLL 2 2 CCIICCCIGAACAIXAGCAACAGGAGAIHAGIGAAAGAGGICCIGGIXICAGGC-- ---------------
XLL 2 3 GCIICCCXGAACAXXAGCAACAGGAGAXXXAGIGAAAGAGGICCIGGIXICAGGC-------- --------------
XLL24 CCIICCCIGAACAIIAGCAACAGGAGAIXXAGIGAAAGAGGICCIGGXXXCAGGC------CXGGACXGAGAAXXAAAAX
XLL25 CCXXCCGXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCGXGGXXXCAGGC-------— --------------
XLL26 CCTTCCCIGAGCATTAGCAACAGGAGAITXAGIGAAAGAGGICCTGGTAICAGGC----------- ------- ----
xll27 cciicccigaacaiiagcaacaggagaiixagigaaAgaggicciggxiicaggc------------------------
XA CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGC------------CIGGACIGAGAAI
XC CCCXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGC------------------------
XLS CCXXXCCXGAGCAXXAGCAAXAGGAGAXXXAGXGAAAXAGGXCCXGGXAXCAGGC------------------------
XM CCXXCCCXGAACAXXAGCAACAGGAGAXXXAGXGAAAGAGGXCCXGGXXXCAGGC— ----------CXGGACXGAGAAX

* * * * * * * * * * * * * * * * * * * * * * * * * * * * *
XLLl  CCGGACXGAGAAXXAAAAXAGGCCCXGGCAXXX
XLL2  CIGGACIGAGAAIIAAAAIAGGCCGIGGCAIII
XLL 3        CCGGACTGAGAAIIAAAAIAGGCCCTGGCAIII
XLL 4  CCGGACXGAGAAXXAAAAXAGGCCCXGGCAXXX
XLL5  CIGGACXGAGAAIIAAAAIAGGCCCIGGCAIXI
XLL6  ■----------- --- — — ---- -CCGGACXGAGAAXXAAAAXAGGGCCXGGCAXXX
XLL7   CCGGACIGAGAAIIAAAAIAGGCCCIGGCAIII
XLL8  — ---  •---------    •--------- CXGGACXGAGAAIIAAAAXAGGCCCXGGCAIII
XLL 9 XGGCAXXX-------C---- AGGXACACAGAGACCCAAACACAGGXCXGGACXGAGAAXXAAAAXAGGCCCXGGCAXXX
XLL 10    CXGGACXGAGAAXXAAAAXAGGCCCXGGCAXXX
XLL11 ---------   ccggacigagaaixaaaaxaggcccxggcaiii
XLL 12        CCGGACXGAGAAXXAAAAXAGGCCCXGGCAXXX
xlli 3  ccGgacigagaaiiaaaaiaggccciggcaiii
XLL 14     -CCGGACXGAGAATTAAAATAGGCCCTGGCAITT
XLL 15-----    ______----------- CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
XLLl 6   CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
XLL 17        CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
XLLl 8     -CTAGACTGAGAATTAAAATAGGCCCTGGCATTT
XLLl 9  CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
XLL 20     CCGGACTGAGAATTAAAAIAGGCCCTGGCATTT
XLL21     CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
XLL22  CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
XLL23       CCGGACTGAGAATTAAAATAGGCCCTGGC ATTT
XLL24 AGGCCCTGGCATT-TC—  AGGTACACAGAGACCCAAACACAGGTCTGGGCTGAGAATTAAAATAGGCCCTGGCATTT
XLL 25  CCGGAGTGAGAATTAAAATAGGCCCTGGCATTT
XLL 2 6 — ------------------------------------------ -CTGGAGTGAGAATTAAAATAGGCCCTGGCATTT
XLL27    CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
XA TAAAATAGGCCCTGGCATTTCAGGTACACAGAGACCCAAACACAGGICTGGACTGAGAATTAAAATAGGCCCTGGGATTT
XC      CCGGACTGAGAATTAAAATAGGCCCTGGCATTT
XLS         TCGGACTGAGAATTAAAATAGGCCCTGGCATTT
XM TAAAATAGGCCCTGGCATTTCAGGTACACAGAGACCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTT
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XLLl
XLL2
XLL3
XLL 4
XLL5
XLL6
XLL7
XLL 8
XLL9
XLL10
XLL11
XLLl 2
XLLl 3
XLL14
XLL 15
XLL16
XLLl 7
XLL18
XLL19
XLL20
XLL 21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27
XA
XC
XLS
XM

XLLl
XLL2
XLL3
XLL4
XLL 5
XLL6
XLL7
XLL8
XLL9
XLLIO
XLL11
XLL 12
XLL13
XLLl 4
XLL15
XLL16
XLL 17
XLLl 8
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL 2 6
XLL27
XA
XC
XLS
XM

* ** * * * * * * * * *
CAGGTACACAGAG------------------------------------------------ :----------------
CAGGTACACAGAG— ------ ------------- ------------- -----------------------------
CAGGTACACAGAG ------ ------ ------ ----------------------------------------
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAG----------------------------------------------------------- -----
CAGGTACACAGAG--------------------------------------------- -------------------
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAG------------------------------------------------------------------
CAGGTAC ACAGAGGCGCAATCAGC -----    — ----------- ‘— ---- -----
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAG- — ----- ------- ----------------- ---------------- ---------
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAG----- ■------------------------------------------------------------
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAG---------    — ---- -------- --- -----------------
CAGGTACACAGAG— ------ ------ ------------------- — ------ ----------------------
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAG— -------------  .------ ---— ,---— ---- — -------------
CAGGTACACAGAG—  ----- — ---       — ----------- ------ --
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAGGCGCAATCAGC-----------       —
CAGGTACACAGAG---------- ----------------- ------ ------ ------------- ---------
CAGGTACACAGAG----------------------------------------- ------ ----------------
CAGGTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAGGCGCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTA----------- ■--------- TGG
CAGGTACACAGAG  --------------------------------------------------------------
CAGTTACACAGAG-----------------------------------------------------------------
CAGGTACACAGAGGCGCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGG

-CCCCACCAGC---

■CCCCACCAGC -CCACTAAATACCGACTTTCTAT-GGCACCTTATAGCAGCCCCTCTGGCATTT

caccttatagcagcccctctggcatttgccagaActcacagattgccagtccgggcct-

catttgccagaactcacAg-
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XLLl------------------    ■-----— — -- ■----------------------------
XLL2 -----------------------------------------------------------------------------
XLL3  •----------------------------- ;----- --------------- --- ----------------
XLL 4------------------------------------------------------------------------------------
XLL 5     ■-.----- ------------------- — --------
XLL6------ -----------------------------------------------------------------------------
XLL7---------- .---- --- ------ — ---- — :------- — ------- — -----  1------- ---- -------
XLL 8 ---------------------------------------------------------------------------- -
XLL 9 -CCACTAAATACCGACTTTCTAT-GGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACTCACAGATTGCCAGTCCGG
XLL10 -----------------------------------------------------------------------------
XLL11--------- -- ----------- — --------- ------------------ ------------------ ----------
XLL12 -----------------------------------------------------------------------------
XLL13-----------------------------------------------------------------------------------
XLL 14  :--- — — -------------------     — :---------------- :----------------
XLL15-----------------------------------------------------------------------------------
XLL 16------------------       .-  ,-    ■,----------■-------- -----
XLL17-----------------------------------------------------------------------------------
XLL 18-------------------------- ------ ------ '— --- —  ------------------------------------
XLL 19------------ -----------------------------------------------------------------------
XLL20----------------- .--- -----------   ,------ ----- --------- ----------- -------
XLL21 -----------------------------------------------------------------------------
XLL 2 2 — ---■-------- ------- ------- ---- --- ----------------------------------------
XLL23 -----------------------------------------------------------------------------
XLL24 GCGAGAACTCACAGATTGCCAGTGCGGGCCX------------------------------------------------
XLL25-------------------- ---- ■--------  :-----------------------------------------------
XLL26-----------------------------------------------------------------------------------
XLL27--------- ---------- ------ ~ ----------  — ------------- ■-----  — --- — -------
XA ------------------------------------------------------------------------------
XC-------- --- .---------      ■-->-------- ------ -------
XLS------- -----------------------------------------------------------------------------
XM-------- -------- .-— -.---   :-------------- --- ------------ ---------:--------- ■-

* * * * * * * *
XLLl --- A---------------- CCCAAACA---------------- ■-------------------------------
XLL2------  G----------------CCCAAACA------------------------------- -----------------
XLL 3------  A----------------CCCAAACA------------------------------------------------
XLL4 — — A------— -- , CCCAAACA -: ■--------,----- ~ ------------- ----------  --
XLL5------  G----------------CCCAAACA------------------------------------------ -----
XLL6 --- A;----------•----- CCCAAACA  -----̂-----   •-----‘----------------------
XLL 7------- A----------------CCCAAACA------------------------------------------------
XLL 8------ --- G---------------- CCCAAACA—   -------- ------- ------------------ ------
XLL 9------ GCCTG----------------CCCAAACA------------------------------------------------
XLL 10--------- G ■    ---- CCCAAACA  ---- ------------------ ------ ------- --- ------
XLLl 1 --- A----------------CCCAAACACAGGXCXGGACIGAGAAXTAAAAIAGGCCCXGGCAIIXCAGGXACACAGA
xlli 2 --- A— — ------ ---- cccaaacacaggicigGacigagaaiiaaAaiAggccciggcaiiicAggiacacaga
XLLl 3--------- A----------------CCCAAACACAGGXCTGGACTGAGAAXTAAAAXAGGCCCXGGCAXXXCAGGXACACAGA
XLL 14 --- A----------------CCCAAACACAGGICTGGACTGAGAAXTAAAAIAGGCCCIGGCAIXICAGGIACACAGA
XLL 15 --- A------- — -- — -CCCAAACACAGGXCTGGACTGAGAATXAAAAIAGGCCCIGGCATIICAGGTACACAGA
XLLl 6 --- A----- *----------CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
XLL 17--------- A------- -------- CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
XLL 18  G-------------- CCCAAACA------------------------------------------------
XLL 19  A--------- ---- CCCAAACACAGGTCTGGACXGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
XLL20 --- A----------------CCCAAACA------------------------------------------------
XLL21--------- A— — .— --------- CCCAAACA--------------- ---------------- ------ ------------
xll22  a ----------------cccAaacacaggtctggactgagaattaaaataggccctggcatttcaggtacacaga
XLL23 --- A----------.--- -- CCCAAACA--------------------------------------- --------
XLL24--------- G---------------- CCCAAACA------------------------------------------------
XLL25--------- A----------------CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
XLL 2 6  G----- -------- CCCAAACA---------------- --------------------------------
XLL 2 7  -A-------------- CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
XA --- G -------- ----- CCCAAACA----------------     -̂----------------- -
XC-------- --- A— -------------- CCCAAACACAGGTCTGGACTGAGAATTAAAATAGGCCCTGGCATTTCAGGTACACAGA
XLS --- G------------- — CCCAAACA-------- :--------------------   —
XM --- ATTGCCAGTCCGGGCCTGCCCAAACA------------------------------------------------
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X LLl  GCCCCACCIGCCCACIAAAXACIGACIXICXAIGGCACCXIAIAGCAGCCCCICIGGCAIIIGCCAGAA
XLL2   — ---GCCCCACCTGCCCACIAAAIACIGACTIICTAIGGCACCITATAGCAGCCCCTCTGCCATTTGCCAGAA
XLL3  GCCCCACCXGCCCACXAGAXACIGACIIICXAXGGCACCXXAXAGCAGCCCCXGXGGCAXXIGCCAGAA
XLL4  GCCCCACCXGCCCACIAAAXACXGACXIICIAXGGCACCXXAXAGCAGCCCCXCXGGCAIXXGCCAGAA
XLL 5  GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGCCATTTGCCAGAA
XLL6  GCCCCACCXGCCCACXAAAIACXGACXXXCXAXGGCACCXXAIAGCAGCCCCXCXGGCAIXXGCCAGAA
XLL7  GCCCCACCIGCCCACXAAAXACIGACIXICXAIGGCACCXIAIAGCAGCCCCICIGGCAIXIGCCAGAA
XLL8  GCCCCACCTGCCCACIAAAXACIGACTTTCTAIGGCACCITAIAGCAGCCCCICTGCCATTTGCCAGAA
XLL9  GCCCCACCIGCCCACXAAAXACXGACXXXCXAIGGCACCXXAXAGCAGCCCCICXGGCAXXXGCCAGAA
XLL10  GCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGCCATTTGCCAGAA
XLL11 GGCCCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
XLLl 2 GGCCCAATCAGCCCCCACCAGCCCACTAAATACCGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAA
XLLl 3 ggcccaaicagcccccaccagcccaciaaaxaccgaciiictaiggcaccixaiagcagccccicxggcaiiigccagaa
XLLl 4 GGCCCAAICAGCCCCCACCAGCCCACIAAAIACCGACTIICTAIGGCACCTIAIAGCAGCCCCTCTGGCATTTGCCAGAA
XLLl 5 GGCCCAATCAGCCCCCACCAGCCCACTAAATACCGACTITCTAIGGCACCTIATAGCAGCCCCTCIGGCATTTGCCAGAA
XLLl 6 GGCCCAAICAGCCCCCACCAGCCCACIAAAIACCGACIIICTAIGGCACCIXAIAGCAGCCCCICIGGCAIIIGCCAGAA
xll 17 ggcCcaaxCagcccccaccagcccaCiaaaxaCcgaciiictaiggcacCxiaxagcaGcccciciggcaiIigccagaa
XLL 18 ---- --- - -gcccgacctggccactaaatagtgactttctatggcaccttatagcagcgcctgtgccatttgccagaa
XLLl 9 GGCCCAAXCAGCCCCCACCAGCCCACIAAAXACCGACIIICTAIGGCACCXXAIAGCAGCCCCICIGGCAIIIGCCAGAA
xll20----- -----------gcccCaccxgcccacxaaaiacxgacxxxcxaxggcacciiaiagcagcccciciggcaxxxgccagaa
XLL21 — ---,— — -GCCCCACCIGCCCACIAAAIACXGACIIICXAIGGCACCIIAIAGCAGCCCCICIGGCAIIXGCCAGAA
XLL22 GGCCCAAXCAGCCCCCACCAGCCCACXAAAXACCGACXXXCXAXGGCACCXXAXAGCAGCCCCXCXGGCAXXXGCCAGAA
XLL23 ---------- GCCCCACCTGCCCACTAAAXACTGACTTTCTATGGCACCIXATAGCAGCCCCICTGGCAXTIGCCAGAA
XLL2 4 ----- -----GCCCCACCXGCCCACTAAATACIGACXIICTAIGGCACCIIAXAGCAGCCCCTCIGGCATIIGCCAGAA
XLL25 ggcccaaicagccgccaccagcccaciaaaiaccgaciiiciaiggcacciiaiagcagcccciciggcaiiigccagaa
XLL26----- ------ ----GCCCCACCIGCCCACIAAATACTGACIITCTAIGGCACCIIAIAGCAGCCCCTCXGCCATXTGCCAGAA
XLL27 GGCCCAAXCAGCCCCCACCAGCCCACXAAAXACCGACCXXCTAXGGCACCXXAXAGCAGCCCCXCXGGCAXXXGCCAGAA
XA ---------- GCCCCACCIGCCCACIAAAIACIGACIIXCTAIGGCACCIIAXAGCAGCCCCICXGGCAIIIGCCAGAA
XC GGCCCAAXCAGCCCCCACCAGCCCACXAAAXACCGACXXXCXAXGGGACCXXAXAGCAGCCCCXCXGGCAXXXGCCAGAA
xls -------- — GCCCCACCAGCCCACIAAAXACIGACXIICXAIGGCACCIIAIAGCAGCCCGICIGGCAIXXGCCAGAA
XM ---------- GCCCCACCXGCCCACXAAAXACXGACXXXCXAXGGCACCXXAXAGCAGCCCCXCXGGCAXXXGCCAGAA

* **#
XLLl CCCAC--------------------------------------------------------------------------
XLL2 CCCAC--------------------------------------------- ■------------------
XLL3 CCCAC-------------------- .-------------------------------- --------------------
XLL4 CCCAC--------------------------------------------------------------------------
XLL5 CCCAC------------------- :------------------------ — ---:------------------------
XLL6 CCCAC-  -------------   ‘------- — ------------------------------------
XLL7 CCCAC--------------------------------------------------------------------------
XLL 8 CCCAC------ :-- ;---- •-------------------    •-.----------------- -
XLL9 CCCAC-------- ------ ----------- ------------- ---- ------------- ----------------
XLL10 CCCAC--------------------------------------------------------------------------
XLL11 CICACAGAXIGCCAGICCGGGCCIGCCCAAACAGCCCCACCTGCCCACXAAAIACIGACIIICIAIGGCACCIIAIAGCA
XLLl 2 CTCAC-------    i---- ------      AGAII
XLLl 3 CXCAC--------------------------------------------------------------------- AGAII
XLLl 4 CXCAC-----— — ---- — ----         AGAXX
XLLl 5 CXCAC-— - ‘-----------— — ----- — ------- -̂-----------------------  -AGAXX
XLLl 6 CXCAC--------------------------------------------------------------------- AGAII
XLL 17 CXCAC------ — --------------    — -------   AGAXX
XLLl 8 CCCAC ------  '--------- — ---------------- ---------------- -------------
XLLl 9 CXCAC  ------------------------------------------------------------------ AGAII
XLL20 CCCAC-----    — ----       :-------- -------------------
XLL21 CCCAC------- ;------------------------- .---------- --------- --------------------- -
XLL22 CXCAC--------------------------------------------------------------------- AGAII
XLL23 CCCAC--------- ----- ------------ ------------ ------- -------- ------------------
XLL24 CCCAC--------------------------------- .-- --------------- --- -------------------
XLL25 CXCAC--------------------------------------------------------------------- AGAII
XLL26 CCCAC------- ----------------------------------- ------------------------------
XLL27 CXCAC--------------------------------------    AGAII
XA CCCAC--------------------------------------------------------------------------
XC CXCAC----------------- ---------------------------------------------------------
XLS CCCAC-----    — --------------------------
XM CCCAC
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XLLl
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL 10
XLL 11
XLLl 2
XLL13
XLLl 4
XLLl 5
XLL16
XLLl 7
XLLl 8
XLL19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27
XA
XC
XLS
XM

XLLl
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLL 12
XLLl 3
XLLl 4
XLLl 5
XLLl 6
XLLl 7
XLL18
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27
XA
XC
XLS
XM

GCCCCTCTGGCATTTGCCAGA---------- ACCCAC-----------------------------------------
GCCAGTCCGGGCCTGCCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGG
GCCAGTCCGGGCCTGCCCAAACAGC-----------------------------------------------------
GCCAGTCCGGGCCTGCCCAAACAGC------------------   ------------- ---------------
GCCAGTCCGGGCCTGCCCAAACAGC------- -----  •---- — --------- ----- ----- - - ---
GCCAGTCCGGGCCTGCCCAAACAGC-----------------------------------------------------
GCCAGTCCGGGCCTGCCCAAACAGC----- — -----------   — ---- --------- ---------
GCCAGTCCGGGCCTGCCCAAACAGC

GCCAGTCCGGGCCTGCCCAAACAGC'

GCCAGTCCGGGCCTGCCCAAACAGC-
GCCAGTCCGGGCCTGCCCAAACAGC-

CATTTGCCAGAACCCAC---------------------- ---------------------------------------
   -cccacctgcccactaaatactgactttciatggcaccttatagcagcccctctggcatttgccagaac-------------------------------------------------------------------------------------------------------  c
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XLLl
XLL2
XLL3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL10
XLL11
XLLl 2
XLL13
XLLl 4
XLLl 5
XLL16
XLL17
XLL18
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27
XA
XC
XLS
XM

XLLl
XLL2
XLL3
XLL 4
XLL5
XLL6
XLL7
XLL8
XLL9
XLLIO
XLL11
XLL12
XLLl 3
XLLl 4
XLL15
XLL16
XLL 17
XLL18
XLL 19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL 2 7
XA
XC
XLS
XM

CCAC—  ---------- --------------------------------- ------- --------------
CCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCAC--------
 ------      _____;-------   CCCACCTGCCCACT

AAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCAC--------------------
--------        CCCACCTGCCCACTAAATACTGACTTT
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XLLl
XLL2
XLL3
XLL 4
XLL5
XLL6
XLL7
XLL8
XLL 9
XLL10
XLL 11
XLL12
XLLl 3
XLLl 4
XLLl 5
XLLl 6
XLL17
XLL 18
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL 2 6
XLL27
XA
XC
XLS
XM

XLLl
XLL2
XLL 3
XLL4
XLL5
XLL6
XLL7
XLL8
XLL 9
XLLIO
XLL 11
XLL12
XLLl 3
XLLl 4
XLL15
XLLl 6
XLLl 7
XLL18
XLLl 9
XLL20
XLL 21
XLL22
XLL23
XLL 2 4
XLL25
XLL 2 6
XLL27
XA
XC
XLS
XM

CTATG6CACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCAC---------------------------------
-------       CCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTA

TAGCAGCCCCTCTGGCATTT6CCAGAACCCAC-------------------- ------------------------
-----------  CCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCT
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************ * ***
XLLl
XLL 2
XLL3
XLL 4
XLL5
XLL 6
XLL 7
XLL8
XLL9
XLL 10
XLL11
XLLl 2
XLL 13
XLLl 4
XLL15
XLL16
XLL 17
XLL18
XLL 19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL 2 6
XLL27
XA
XC
XLS
XM

XLLl
XLL2
XLL 3
XLL 4
XLL5
XLL6
XLL7
XLL 8
XLL9
XLL 10
XLLll
XLLl 2
XLL13
XLL14
XLLl 5
XLL16
XLLl 7
XLL18
XLLl 9
XLL20
XLL21
XLL22
XLL23
XLL24
XLL 2 5
XLL26
XLL 2 7
XA
XC
XLS
XM

-------------------------------  AGATTGCCAGTCTGGGCCTG
_------.------------ ..------------------- ------ .---  -AGATTGCCAGTCCGGGCCTG
----- _---- .  , _,------------- -------- ------------- _ AGATTGCCAGTCTGGGCCTG
------------------------------;---------------------------- AGATTGCCAGTCTGGGTCTG
------ ,— — --- — --- -------- _--- — ----- --- — --------AGATTGCCAGTCCGGGCCTG
 .-------------- -------------- --------------- .__------ AGATTGCCAGTCTGGGCCTG
--------------   AGATTGCCAGTCTGGGCCTG
---------  AGATTGCCAGTCCGGGCCTG
------------ ----------------------------------.----------- AGATTGCCAGTCCGGGCCTG
--------------    AGATTGCCAGTCCGGGCCTG
---------------------------------------------------------- AGATTGCCAGTCCGGGCCTG
 ---------------------------------- ----------- :— ------ AGATTGCCAGTCCGGGCCTG
--------    _____---------      AGATTGCCAGTCCGGGCCTG
---------------------------------------------------------- AGATTGCCAGTCCGGGCCTG
— ---------     AGATTGCCAGTCCGGGCCTG
------------  AGATTGCCAGTCCGGGCCTG
---------------------------------------------------------- AGATTGCCAGTCCGGGCCTG
-----------    .---- ■____■--------  AGATTGCCAGTCCGGGCCTG
---------------------------------------------- AGATTGCCAGTCCGGGCCTG
---------------------------------------------------------- AGATTGCCAGTCTGGGCCTG
------------ -------------------- — ------------ ^----------AGATTGCCAGTCTGGGCCTG
--------- _____------       ,-- ____ — — AGATTGCCAGTCCGGGCCTG
---------------------------------------------------------- AGATTGCCAGTCTGGGCCTG
---------------------------------------------------------- AGATTGCCAGTCCGGGCCTG
  ---       AGATTGCCAGTCCGGGCCTG
---------------------------------------------------------- AGATTGCCAGTCCGGGCCTG
CTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAATCCACAGATTGCCAGTCCGGGCCTG
--------------------    AGATTGCCAGTCCGGGCCTG
-------------------------------------------------------- AGATTGCCAGTCCGGGCCTG
---------------------------------------------------------- AGATTGCCAGTCCAAGCCTG
----------------- .----------------------  AGATTGCCAGTCCGGGCCTG

* * * * *  ***
C----------      — -- — --------- CTGGTATT-------
C---------------------------------------------------------- CTGGTATT----------
C--------- — ----   — ----- •---CTGGTATT------ ---
C ;--— -------------- --- ---------------- --------- ----CTGGTATT------- --
C---------------------------------------------------------- CTGGTATT----------
C-------- ,------ ------------------------------------------- CTGGTATT----------
C-------------------------- --------- --------- — — -------- CTGGTATT----------
C-------------------- -------------------------------------- CTGGTATT----------
C---------------------------- ------------------------------ CTGGTATT----------
C----------------   .---- ------ -----------CTGGTATT----------
c------------ ---------- ------------------------------------- CTGGTATT----------
C---------------------------------------------------------- CTGGTATT----------
C-------------------------- ________-------------------- ----CTGGTATT-------- —
C---------------------------------------------------------- CTGGTATT----------
C---------------------------------------------------------- CTGGTATT----------
C  -------          ;---- CTGGTATT------ ---- -
C---------------------------------------------------------- CTGGTATT----------
G---------------------------------------------------------- CTGGTATT----------
C------------- ------------------- -------------------- -----CTGGTATT----------
C-------- ------------------- ------------------------------ CTGGTATT----------
C---------------------------------------------------------- CTGGTATT----------
C----- ------------------------------------------------------CTGGTATT— -------
C—  ---- — --------  — -- — -------- ------- ------ ---CTGGTATT----------
C---------------------------------------------------------- CTGGTATT----------
C---------------------------------------------------------- CTGGTATT----------
G-------------- -------------- ------------------ --------------- -CTGGTATT- ----------
C---------------------------------------------------------- CTGGTATT----------
C---------------------------------------------------------- CTGGTATT----------
CCCAAACAGCCCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACCC
C----------------------------- ---------- -------- ---- ------CTGGTATT ---—
C---------------------------------------------------------- CTGGTATT----------
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XLLl
XLL 2
XLL3
XLL4
XLL5
XLL 6
XLL7
XLL8
XLL9
XLL 10
XLL11
XLL 12
Xll 13
XLL14
XLL15
XLL16
XLL 17
XLL18
XLL 19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL26
XLL27
XA
XC
XLS
XM

XLLl
XLL2
XLL 3
XLL 4
XLL5
XLL6
XLL7
XLL8
XLL9
XLL 10
XLL11
XLL 12
XLL13
XLL 14
XLLl 5
XLL16
XLL 17
XLL18
XLL19
XLL20
XLL 21
XLL22
XLL 2 3
XLL24
XLL25
XLL26
XLL27
XAXC
XLS
XM

GGCATTXGCCAOAACCCAC-

■CCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGA

ACCCAC

-CCCACCTGCCCACTAAATACTGACTTTCTATGGCACCTTATAGCAGCCCCTCTGGCATTTGCCAGAACCCAC------
---------------------------------------------------------------- CCCACCTGCCCA
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XLLl  AATCAXACAXCCCTICXCTAXCTATXTGCTCAGTCAACAGACXGXGCCI
XLL2  • ■----•--- ;     -AAICATACAICCCIXCICIAICTAXIIGCICAGTCAACAGACIGTGCCX
XLL3     AAICAIACAICCCIICICIAICIAXIXGCICAGIIAACAGACIGIGCCI
XLL4    AAXCAXACAXCCCITCICIAICIATIXGCTCAGICAACAGACXGIGCCI
XLL5------  :---------------- -AAICAIACAXCCCIICICIAICIAITIGCICAGICAACAGACIGIGCCI
XLL6  AATCAXACATCCCTTCXCIATCXAIXXGCTCAGXCAACAGACIGIGCCI
XLL7  AAXCAIACAICCCXXCICIAXCIAXXXGCICAGXCAACAGACIGIGCCI
XLL8   -AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
XLL9  AATCATACATCCCTTCTCTATCTGTTTGCICAGTCAACAGACTGTGCCT
XLL 10    — --- AATCATACATCCCXTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
XLLl 1    AATCATACATCCCTTCTCTATCTGITTGCTCAGTCAACAGACTGTGCCT
XLLl 2  AAICAIACAICCCTICICIAICIGIIIGCICAGICAACAGACIGIGCCX
XLL 13  AAICAIACAXCCCIICICIAXCXGIITGCICAGICAACAGACTGTGCCI
XLLl 4  AAICAIACAICCCTICTCIAICIGIIIGCICAGICAACAGACIGIGCCI
XLLl 5  AAXCAXACAICCCTICXCXAXCXGIIIGCICAGXCAACAGACXGIGCCX
XLL 16 ------------- AATCAXACAICCCXTCXCIAXCIGTXXGCICAGXCAACAGACTGXGCCX
XLL 17  AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
XLL18 — -------  — ----- AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
XLL 19  AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
XLL20  AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
XLL 21 —  ----- --AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
XLL22 ------------------------ -- — AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
XLL23  AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
XLL2 4   — -------------- AACCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
XLL2 5  AATCATACATCCCTTCTCTATCTGTTTGGTCAGTCAACAGACTGTGCCT
XLL 2 6     AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
XLL27  — --------— AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
XA  AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT
XC ACAGATTGCGAGTCCGGGCCTGCCTGGTATTAATCATACATCCCTTCTCTATCTGTTTGGTCAGTCAACAGACTGTGCCT
XLS — -------- — ---------- ---- — AATCATACATCCCTTCTCTATCTATTTGCTCAGTCAACAGACTGTGCCT
XM  AATCATACATCCCTTCTCTATCTGTTTGCTCAGTCAACAGACTGTGCCT

XLLl GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTGGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATGTGTGTG
XLL2 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL3 GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGITGATTAGTGGAGTGGAATCTGTGTG
XLL4 GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL5 GTAGGCAGTTAAAATCGATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL6 GTAGGCAGTTACAATGCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL7 GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL8 GTAGGCAGTTAAAATCCATXGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL9 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGIGTG
XLL 10 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLLl1 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
xlli 2 gtaggcagttaaaatccattgacacattcctaatgGctcgttcaxtcgcagcagxtgatxAgtggagtggaatctgtgtg
XLLl 3 gtaggcagttaaaatccattgacacattcctaatggctcgttcattcgcagcagtxgattagtggagtggaatctgtgtg
XLL14 gtaggcagttaaaatccattgacacattcctaatggctcgttcattcgcagcagttgattagtggagtggaatctgtgtg
XLL15 gtaggcagttaaaatccattgacacattcctaatggctcgttgattcgcaggagttgattagtggagtggaatctgtgtg
XLLl 6 GTAGGCAGITAAAATCCATTGACACATTCCTAATGGCTCGTXCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL17 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGGTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL18 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL19 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL20 GTAGGCAGTTACAATCCATTGAGACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL21 GTAGGCAGTTACAATCCATTGACACATTCCTAATGGCTCGTTGATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL22 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL23 GTAGGCAGTTACAATCCATTGACACATTCGTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATGTGTGTG
XLL24 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTGATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL25 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL26 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XLL27 GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XA GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCTGTGTG
XC GTAGGCAGTTAAAATCCATTGACACATTCCTAATGGCTCGTTCATTCGCAGCAGTTGATTAGTGGAGTGGAATCXGTGTG
XLS GXAGGCAGXXAAAAXCCAXXGACACAXXCCXAATGGCXCGXXCAXXCGCAGCAXXXGAXXAGXGGAGXGGAAXGXGXGXG
XM GXAGGCAGXTAAAATGCAITGACACAIXCCTAAIGGCXCGIICAIXCGCAGGAGTIGAIXAGIGGAGXGGAAXCXGIGXG

131



* * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * *  * * * * * * * * * *  * * * * * * * * * * * * * * * * *  *
XLLl AICAACTCAATAAGXGGTTACCTCTGCATCAATTGATGGACATTAGGTITXTAACTTGCAXGGCTGCTTTCCATTACCAG
XLL2 AICAACICAAIAAGIGGTIACCTCTGCATCAAITGAIGGACAITAGGITTTTAACITGCAIGGCTGCIITCCATTACCAG
XLL3 AXCAACXCAAXAAGXGGXXACCXCXGCATCAAXXGAXGGACAXXAGGXXXTXAACXXGCAXGGCXGCXXXCCAXXACCAG
XLL4 AICAACICAAIAAGIGGTTACCTCTGCATCAATTGAIGGACAITAGGITIIIAACTTGCAIGGCTGCTIICCATTACCAG
XLL5 AICAACXCAAXAAGXGGIIACCICIGCAICAAIXGAIGGACAIIAGGIIIIXAACXIGCAIGGCIGCIXXCCAIIACCAG
XLL6 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTGCATTACCAG
XLL7 AICAACICAATAAGIGGTIACCTCTGCATCAATTGAIGGACATTAGGTTTTTAACTIGCATGGCTGCTTTCCATTACCAG
XLL8 ATCAACTGAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
XLL9 AICAACXCAAXAAGIGGTTACCTCTGCAICAAITGAIGGACATIAGGIIITTAACITGCAIGGCTGCTTTCCATTACCAG
XLL10 AICAACTCAATAAGIGGTIACCICTGCATCAAITGAIGGACAXTAGGXTTTTAACIIGCAIGGCTGCTITCCATTACCAG
XLL11 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGGTGCTTTCCATTACCAG
XLLl 2 AXCAACICAAIAAGXGGIIACCICXGCAXCAAIXGAXGGACAXIAGGIIIIIAACXIGCAXGGCIGCIIXCCAXXACCAG
XLLl 3 AICAACICAATAAGIGGTIACCICTGCATCAATTGAIGGACATTAGGTTXTTAACTIGCAIGGCTGCITTCCAITACCAG
XLLl 4 AICAACICAAXAAGIGGIIACCICXGCAICAAIXGAIGGACAIIAGGIIITIAACXXGCAIGGCIGCIXICCAXIACCAG
XLLl 5 AICAACICAAIAAGIGGIIACCICIGCATCAAIIGAIGGACAIIAGGIIIIIAACIIGCAXGGCTGCTITCCATTACCAG
XLLl 6 ATCAACTCAATAAGTGGTIACCTCTGCATCAATTGATGGACATXAGGTTTXTAACTTGCATGGCTGCTTTCCATTACCCG
XLL 17 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATXACCAG
XLLl 8 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTGCATTACGAG
XLLl 9 ATCAACTCAATAAGTGGTTACCTGTGCATCAATTGATGGAGATTAGGTTTTTAACTTGCATGGGTGGTTTCCATTAGCAG
XLL20 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
XLL21 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCACGGCTGCTTTCCATTACCAG
XLL22 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
XLL23 ATCAAGTCAATAAGTGGTTACCTCTGCATCAATTGATGGACGTTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
XLL24 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
XLL25 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
XLL26 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGAGATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
XLL27 ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
XA ATCAACTCAATAAGTGGTTACCTGTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTACCAG
XG ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTAGCAG
XLS ATCAAGTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTCTTAACTTGCATGGCTGCTTTCCATTACCAG
XM ATCAACTCAATAAGTGGTTACCTCTGCATCAATTGATGGACATTAGGTTTTTAACTTGCATGGCTGCTTTCCATTAGCAG

XLLl AGTGGGTGTCTCCTGATGTCACTCAGAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTGCACTGGCCT
XLL2 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAAATAGTCTTTCCACTGGCCT
XLL3 AGTGGGTGTCTCCTGATGTGACTCACAACACAAACTCCCAAAGGCAGGCGATGTCATATAAATAGTCTTTCCACTGGCCT
XLL4 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
XLL5 AGTGGGTGTGTCCTGATGTCACTCACAACAGAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
XLL6 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCTCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGGCT
XLL7 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCGATGTGATATAAATAGTCTTTCCACTGGCCT
XLL8 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAAATAGTCTTTCCACTGGCCT
XLL9 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGGCT
XLL 10 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCCTGTCATATAAATAGTCTTTCCAGTGGCCT
XLL11 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
XLL 12 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTTTCCACTGGCCT
XLLl 3 AGTGGGTGTCTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGTCTXTCCACTGGCCT
XLLl 4 AGXGGGXGXCTGCXGAIGICACICACAACACAAACXCCCAAAGGCAGGCCAIGICAIAIAAAXAGICIIXCCACXGGCCX
xlli 5 agxgggxgxcxccxgaxgxGacxcacaacacaaacxcGcaaaggcagggcaxgxcaxaxaaaxagxcxxxccacxggccx
XLL16 AGXGGGXGXCXCCXGAXGXCACXCACAACACAAACCCCCAAAGGCAGGCCAXGXCAXAXAAAXAGXCXXXCCACXGGCCX
XLLl 7 AGXGGGIGICICCTGAIGICACICACAACACAAACICCCAAAGGCAGGCCAIGICAIAXAAAXAGICIIXCCACXGGCCI
xlli 8 agigggxgictgcxgaigicagicacaagagaaacicgcaaaggcaggGccigxcaiaxaaaiagxciixgcagxggcci
XLLl 9 AGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCAXGXCAXAXAAAXAGXCXXXCCACXGGCCX
XLL20 AGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCAXGXCAXAXAAAXAGXCXXXCCACXGGCCX
XLL21 agigggxgxciccigaigicacicacaacacaaacxcccaaaggcaggccaigicaiaiaaaiagigixigcaciggcci
XLL22 AGXGGGXGXCXCCXGAXGXCACXCAGAACACAAACXCCCAAAGGCAGGCGAXGXCAXAXAAAXAGXCXXXCCACXGGCCX
XLL23 AGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCAXGXCAXAXAAAXAGXCXXXCCACXGGCCX
XLL24 AGTGGGTGICTCCTGATGTCACTCACAACACAAACTCCCAAAGGCAGGCCATGTCATATAAATAGICTTTCCACTGGCCT
XLL25 AGIGGGTGXCTCCIGAIGTCACTCACAACACAAACXCCGAAAGGCAGGCCAXGTCATAXAAATAGICITXCCACIGGCCX
xll26 agigggigiGiccigaxgicacicacaacacaaacicccaaaGgcaGgcGciGicaiaiaaaiagiciixccagigggci
XLL27 AGXGGGXGXCXCCXGAXGXCACXCACAAGACAAAGXCCGAAAGGCAGGCCAXGXCAXAXAAAXAGXCXXXCCACXGGCCX
XA AGIGGGXGXGTCCXGAXGICACXCACAACACAAACXCCCAAAGGCAGGCCAIGICAXAXAAAIAGXCIIICCACXGGCCI
XC AGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCATGXCAXAXAAAXAGXCXXXCCACXGGCCX
XLS AGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCAXGCCAXAXAAAXAGXCXXXCCACXGGCCX
XM AGXGGGXGXCXCCXGAXGXCACXCACAACACAAACXCCCAAAGGCAGGCCAXGXCAXAXAAAXAGXCXXXCCACXGGCCX
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XLLl
XLL2
XLL 3
XLL4
XLL5
XLL 6
XLL7
XLL8
XLL9
XLL 10
XLL11
XLL 12
XLL 13
XLLl 4
XLL15
XLLl 6
XLL 17
XLLl 8
XLL 19
XLL20
XLL21
XLL22
XLL23
XLL24
XLL25
XLL 2 6
XLL27
XA
XC
XLS
XM

XLLl
XLL2
XLL 3
XLL4
XLL5
XLL 6
XLL7
XLL8
XLL9
XLL10
XLL 11
XLL12
XLL 13
XLL14
XLL 15
XLL16
XLL 17
XLL18
XLL 19
XLL20
XLL21
XLL22
XLL 2 3
XLL24
XLL25
XLL 2 6
XLL27
XA
XC
XLS
XM

CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CATTAGAAGGTTGTATTAGTGAGCTAAGATCTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CAITAGAAGGIIGXAIIAGXGAGCXAAGAICICCAXCXGAXCIAIIGCIXGATAGCCXGACCAXGCXCAGGAAAGAGAAC
CAXXAGAAGGXXGXAXXAGXGGGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
CAIIAGAAGGIXGXAIIAGXGAGCXAAGAICXCCAICIGAXCXAIXGCIIGAXAGCCXGACCAIGCICAGGAAAGAGAAC
CATTAGAAGGTTGTTTTAGTGAGCTAAGATTTCCATCTGATCTATTGCTTGATAGCCTGACCATGCTCAGGAAAGAGAAC
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
CAXXAGAAGGXXGXXXXAGXGAGCXAAGAXXXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
caxxagaaggxxgxaxxagxgagcxaagaxcxccaxcxgaxciaxxgcxxgaxagccxgaccaxgcxcaggaaagagaac
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
CAXIAGAAGGXXGXAIIAGIGAGCIAAGAICICCAICIGAXCIAIIGCXIGAIAGCCIGACCAIGCXCAGGAAAGAGAAC
CAXXAGAAGGXXGXXXXAGXGAGCXAAGAXXXCCAXCXGAXCCAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
caciagaaggiigiaixagigagcxaaGaiciccaicigaicxaiigciigaiagccigaccaigcicaggaaaGagaac
CATIAGAAGGTTGCAXTAGTGAGCIAAGATCICCAXCXGATCXATXGCTTGAXAGCCIGACCATGCICAGGAAAGAGAAC
CAIIAGAAGGXIGIAXXAGXGAGCXAAGAXCICCAXCIGAXCXAXXGCIXGAXAGCCXGACCAXGCICAGGAAAGAGAAC
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
cattagaaggtxgxaitagigagctaagaxcxccaictgatcxaxtgcxtgatagcctgaccatgctcaggaaagagaac
CAXXAGAAGGXXGXXXXAGXGAGCXAAGAXXXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
caxxagaaggxxgxaxxagxgagcxaagaxcxccaxCxgaxcxaixgcxxgaXagccxgaccaxggxcaggaaagagaac
CAXXAGAAGGXXGXAXXAGXGAGCXAAGAXCXCCAXCXGAXCXAXXGCXXGAXAGCCXGACCAXGCXCAGGAAAGAGAAC
caxxagaaggxxgxaxxagxgagcxaagaxcxCCaxcxGaxcxaxxgcxxgaxaGccxgaccaxgcxCaggaaaGagaac 
caxxagaaggxxgxaxxagxgagcxaagaxcxccaxcxgaxcxaxxgcxxgaxagccxgaccaxgcxcaggaaagagaac 
caiiagaaggiigiaiiagigagciaagaiciccaicigaiciaiigciiGaiagcciGaccaigcicaggaaagagaac +1 ---

* * * * * * *
ACCCTGCCA 
ACCCIGCC- 
ACCCTGCC- 
ACCCXGCC- 
ACCCTGC—  
ACCCTGCC- 
ACCCTGCC- 
ACCCIGCC- 
ACCCTGCC- 
ACCCTGCC- 
ACCCXGCC- 
ACCCTGCC- 
ACCCTGC—  
ACCCXGC—  
ACCCXGC—  
ACCCTGC—  
ACCCXGC—  
ACCCTGC—  
ACCCTGC—  
ACCCTGCC- 
ACCCTGC—  
ACCCTGCC— 
ACCCTGCC-- 
ACCCTGCC- 
ACCCTGCC- 
ACCCXGCC- 
ACCCTGCC- 
ACCCTGCC- 
ACCCTGCC- 
ACCCTGCC- 
ACCCXGCC-
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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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