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Abstract

Species differences in the size or membership composition of multigene families can be attributed to lineage-specific additions of new
genes via duplication, losses of genes via deletion or inactivation, and the creation of chimeric genes via domain shuffling or gene fusion.
In principle, it should be possible to infer the recombinational pathways responsible for each of these different types of genomic change
by conducting detailed comparative analyses of genomic sequence data. Here, we report an attempt to unravel the complex evolutionary
history of the B-globin gene family in a taxonomically diverse set of rodent species. The main objectives were: 1) to characterize the ge-
nomic structure of the B-globin gene cluster of rodents; 2) to assign orthologous and paralogous relationships among duplicate copies of
B-like globin genes; and 3) to infer the specific recombinational pathways responsible for gene duplications, gene deletions, and the cre-
ation of chimeric fusion genes. Results of our comparative genomic analyses revealed that variation in gene family size among rodent spe-
cies is mainly attributable to the differential gain and loss of later expressed -globin genes via unequal crossing-over. However, two dis-
tinct recombinational mechanisms were implicated in the creation of chimeric fusion genes. In muroid rodents, a chimeric y/¢ fusion gene
was created by unequal crossing-over between the embryonic e- and y-globin genes. Interestingly, this y/¢ fusion gene was generated in
the same fashion as the “anti-Lepore” 5’-6-(3/0)-3-3" duplication mutant in humans (the reciprocal exchange product of the pathological
hemoglobin Lepore deletion mutant). By contrast, in the house mouse, Mus musculus, a chimeric /6 fusion pseudogene was created by
a -globin — 0-globin gene conversion event. Although the y/e and /6 fusion genes share a similar chimeric gene structure, they origi-
nated via completely different recombinational pathways.

Keywords: chimeric fusion genes, gene conversion, gene duplication, gene family evolution, globin genes, hemoglobin

Introduction chimeric fusion genes that contain the 5" end of one paralog
The differential gain and loss of genes from homologous and the 3" end of the other paralog.

gene families represents a potentially important source of In humans, pathological globin gene deletion mutants
functional variation among the genomes of different spe-  such as Hemoglobin (Hb) Lepore, which causes 6p-thalasse-

cies (Zhang et al. 2000; Demuth et al. 2006; Hahn, Demuth, mia, and Hb Kenya, which causes hereditary persistence of
and Han 2007; Hahn, Han, and Han 2007; Nozawa and Nei  fetal Hb, provide well-characterized examples of how gene
2007; Hoffmann et al. 2008; Opazo et al. 2008b). Species dif-  duplications, gene deletions, and gene fusions can be gen-
ferences in the size or membership composition of gene erated as reciprocal exchange products of the same recom-
families can be attributed to lineage-specific additions of = bination event (Dickerson and Geis 1983; Metzenberg et
new genes via duplication, losses of genes via deletion or  al. 1991; Holloway et al. 2006). For example, crossovers be-
inactivation, and the creation of chimeric genes via domain  tween misaligned copies of the closely linked 6- and B-glo-
shuffling or gene fusion (Long et al. 2003; Fan ef al. 2008). In bin genes result in a solitary ¢/ fusion gene on one daugh-
principle, each of these different types of genomic change ter chromosome and the reciprocal B/6 fusion gene on the
could be produced by similar mechanisms (Shaw and Lup-  other daughter chromosome (Forget 2001; Wood 2001). In
ski 2004; Lupski and Stankiewicz 2005; Feuk et al. 2006;  the former case, the §/p fusion gene on the Lepore haplo-
Lam and Jeffreys 2006, 2007). For example, unequal cross-  type is solely responsible for the synthesis of the B-chains of
ing-over (nonallelic homologous recombination) between a adult Hb. In the latter case, the /6 fusion gene on the “anti-
misaligned pair of linked loci can produce a gene duplica-  Lepore” haplotype is flanked by fully functional copies of the
tion on one daughter chromosome, yielding a recombinant  parental 6-globin gene on the 5 side and the parental -glo-
3-gene haplotype, and a corresponding gene deletion on the bin gene on the 3’ side. Individuals that are heterozygous for
other daughter chromosome, yielding a recombinant 1-gene the Hb Lepore deletion haplotype produce adult red blood
haplotype. Whether this type of cross over event ultimately ~ cells that contain normal a,8, Hb tetramers (HbA) as well

results in the gain or loss of a gene depends on the evolu-  as lesser quantities of a,(0/p), tetramers (Hb Lepore) that
tionary fates of the two alternative recombinant haplotypes.  incorporate products of the 0/p fusion gene. The HbA and
If the crossover break point occurs within one of the tan-  Hb Lepore isoforms are not present in equal concentrations
demly duplicated genes rather than in the intervening chro- in red blood cells because the 6/ fusion gene, which is un-

mosomal region, unequal crossing-over can also produce  der the control of a §-type promoter, is transcribed at a much
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lower rate than the normal f-globin gene. To compensate for
the reduced rate of synthesis of adult-type B-chains, the fetal
y-globin genes are upregulated such that heterozygotes for
the Hb Lepore deletion haplotype typically only suffer from
mild anemia. This compensatory overproduction of fetal Hb
is the only reason that the Hb Lepore deletion mutant is not
lethal in homozygous condition. In contrast to the complica-
tions associated with inheritance of the Hb Lepore deletion
haplotype, individuals that inherit the reciprocal product of
the same crossover event, the 5'-6-(6/3)-B-3" anti-Lepore hap-
lotype, suffer no pathological effects because they retain a
transcriptionally active B-globin gene in addition to the more
weakly expressed 6 and 6/ genes. The Hb Lepore deletion
haplotype is typically only found at high frequency in geo-
graphic regions where malaria was or still is prevalent (Lou-
kopoulos and Kollia 2001).

Thanks to recent advances in the use of single DNA mol-
ecule methods that make it possible to detect de novo copy
number changes in haploid gametes, we now have a more
detailed understanding of the recombinational pathways
that have produced the globin gene duplications and de-
letions that are segregating in the human gene pool (Sch-
neider et al. 2002; Holloway ef al. 2006; Lam and Jeffreys
2006, 2007). It is possible that the same recombinational
pathways have given rise to the extensive variation in size
and membership composition of the globin gene families
among different mammalian species (Hardies et al. 1984;
Hill et al. 1984; Hardison 1991, 2001; Hoffmann et al. 2008;
Opazo et al. 2008b; Storz et al. 2008). Results of sperm-typ-
ing experiments indicate that unequal crossing-over repre-
sents the primary recombinational pathway for producing
copy number changes in the o- and {-globin gene clusters
of humans (Holloway et al. 2006; Lam and Jeffreys 2006,
2007). It remains to be seen whether this same mechanism
of nonallelic homologous recombination has been responsi-
ble for generating species differences in copy number over
longer periods of evolutionary time. Gene deletions can
also be produced by nonreciprocal exchange processes such
as single-strand annealing during DNA break repair (Fish-
manlobell et al. 1992). Likewise, gene duplications can be
produced by retroposition (Long et al. 2003) or by gene con-
version when one preexisting gene is completely overwrit-
ten by a paralogous sequence that remains unaltered on the
donor chromosome (Tagle et al. 1991). In principle, the evo-
lutionary outcomes of these reciprocal and nonreciprocal re-
combinational exchanges can be distinguished by conduct-
ing detailed comparative analyses of genomic sequence data
(Hardison and Miller 1993).

The B-globin gene family of mammals is one of the most
intensively studied multigene families from the standpoint of
molecular genetics and phylogenetic history (Goodman et al.
1987; Hardison 1991, 2001). The B-globin gene family there-
fore represents an excellent model system for investigating
mechanisms of genome evolution. The B-globin gene cluster
of the house mouse, Mus musculus, has played an especially
prominent role in structural, functional, and comparative ge-
nomics (Hardies et al. 1984; Hill et al. 1984; Shehee et al. 1989;
Moon and Ley 1990; Hardison and Miller 1993). Early com-
parative studies of the B-globin gene clusters in human, goat,
rabbit, and Mus revealed variation in gene copy number

among these taxa and inspired two alternative hypotheses to
explain the apparently complex evolutionary history of this
gene family (Hardies ef al. 1984; Hill et al. 1984; Hardison and
Miller 1993). The alternative hypotheses invoked different
mechanisms to explain evolutionary changes in copy num-
ber and the origin of chimeric fusion genes. One especially
powerful approach that can be used to reconstruct pathways
of gene family evolution is to conduct a comparative analysis
of complete genomic sequence contigs from a set of related
species that span a broad range of divergence times. Here,
we report an attempt to unravel the complex evolutionary
history of the B-globin gene family in a taxonomically di-
verse set of rodent species. The main objectives were 1) to
characterize the genomic structure of the B-globin gene clus-
ter of rodents, 2) to assign orthologous and paralogous rela-
tionships among duplicate copies of B-like globin genes, and
3) to infer the specific recombinational pathways responsible
for gene duplications, gene deletions, and the creation of chi-
meric fusion genes.

Material and Methods

Nomenclature for p-like Globin Genes

Following the nomenclature of Aguileta et al. (2006), we re-
fer to the &-, y-, 1-, 0-, and [-globin genes as HBE, HBG, HBH,
HBD, and HBB, respectively. Pseudogenes are indicated by
a “ps” suffix. Because mammalian p-globin genes have un-
dergone multiple rounds of duplication that have resulted in
tandemly repeated sets of paralogous gene copies, we index
each duplicated gene with the symbol T followed by a num-
ber that corresponds to the linkage order in the 5" to 3" orien-
tation. For example, the pB-like globin genes of M. musculus
are arranged in the following linkage order on Chromosome
7: 5-HBE-T1 (=¢¥), HBE-T2 (=ph0), HBG-T1 (=ph1), HBD-T1
(=ph2), HBD-T2 (=ph3), HBB-T1 (=p1), HBB-T2 (=p2)-3" (cf.,
Hardies et al. 1984; Hill et al. 1984; Hardison and Miller 1993).

Functional Annotation of Genomic Sequences

We obtained genomic sequences that spanned the entire -
globin gene cluster in seven rodent taxa: Norway rat, Rat-
tus norvegicus (family Muridae); house mouse, M. musculus
(strains C57BL/6 and BALB/c; family Muridae); deer mouse,
Peromyscus maniculatus (family Cricetidae); white-footed
mouse, Peromyscus leucopus (family Cricetidae); guinea pig,
Cavia porcellus (family Caviidae); and thirteen-lined ground
squirrel, Spermophilus tridecemlineatus (family Sciuridae). For
comparative purposes, we also included genomic sequences
from human (Homo sapiens, order Primates) and rabbit (Oryc-
tolagus cuniculus, order Lagomorpha) as outgroups. This
sample of genomic sequences included representatives of
three suborders of rodents. The suborder Myomorpha was
represented by Mus, Rattus, and Peromyscus, the suborder
Hystricomorpha was represented by Cavia, and the subor-
der Sciuromorpha was represented by Spermophilus. We ana-
lyzed publicly available genomic sequence data in the case of
Rattus (GenBank accession number NC_005100), Mus (NC_
000067 [GenBank] for the C57BL/6 strain and NT_095534
[GenBank] for the BALB/c strain), Cavia (AC186241 [Gen-
Bank] ), Spermophilus (AC204819 [GenBank] ), human (NG_
000007 [GenBank] ), and rabbit (M18818 [GenBank] ). In the
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case of the two Peromyscus species, we isolated and charac-
terized genomic contigs spanning the entire pP-globin gene
cluster by screening a bacterial artificial chromosome (BAC)
library, as described below.

We annotated the two Peromyscus BAC sequences and the
other publicly available genomic sequences by using GEN-
SCAN (Burge and Karlin 1997) and by comparing known
exon sequences to genomic contigs using the program Blast2
sequences (version 2.2; Tatusova and Madden 1999). We also
used database records to annotate the Mus and human ge-
nome sequences. For all species, genomic sequences were
masked using RepeatMasker (http://www.repeatmasker.
org) and sequence alignments were conducted using Pip-
Maker (Schwartz et al. 2000), Multipipmaker (Schwartz et al.
2003), and Mulan (Ovcharenko et al. 2005).

BAC Isolation, Sequencing, and Assembly

To isolate and characterize the pB-globin gene clusters of P.
maniculatus and P. leucopus, we screened species-specific
BAC libraries using one labeled probe designed from the em-
bryonic HBE gene and another labeled probe designed from
the adult HBB gene. We designed probes for HBE and HBB
because these two genes are located at the 5" and 3’ ends of
the gene cluster in all mammals studied to date. Both probes
were designed using an alignment of orthologous coding se-
quences from Mus, Rattus, Cavia, rabbit, and human. After
the hybridization screening, we end sequenced probe-posi-
tive BAC clones from each of the two libraries to identify in-
serts that spanned the entire B-globin gene cluster. A 3- to 4-
kb insert high-copy shotgun library was then constructed for
each BAC clone selected for full-insert sequencing. The sub-
sequent shotgun sequencing and assembly steps were con-
ducted according to methods described in Storz et al. (2008).

Phylogeny Estimation

We explored phylogenetic relationships of p-like globin
genes at several levels. In all cases, sequences were aligned
using ClustalX (Thompson et al. 1997). To reconstruct the
history of gene duplication, gene deletion, and gene fusion in
the B-globin gene cluster of rodents, we performed separate
analyses on coding regions and flanking chromosomal re-
gions. In all cases, we used the human and rabbit -like glo-
bin genes as outgroups. Because conversion tracts are typi-
cally restricted to the coding regions of globin genes (Erhart
et al. 1985; Hardison and Gelinas 1986; Hardison and Miller
1993; Storz, Baze, et al. 2007; Storz, Sabatino, et al. 2007; Storz
et al. 2008; Hoffmann et al. 2008), it is possible to infer orthol-
ogous relationships between duplicated genes by examin-
ing flanking sequence that lies outside of conversion tracts.
Accordingly, phylogeny reconstructions of the p-like globin
genes were based on different partitions of a multispecies
sequence alignment that started 1 kb upstream of the start
codon and ended 1 kb downstream of the stop codon. In all
cases, we inferred phylogenetic relationships using Bayes-
ian and maximum likelihood approaches. Bayesian estima-
tion of phylogenies were conducted in MrBayes version 3.1.2
(Ronquist and Huelsenbeck 2003), running four simultane-
ous chains for 2 x 10° generations, sampling trees every 1,000
generations, and using default priors. We used a general
time-reversible model of nucleotide substitution (Rodriguez

et al. 1990) in which rate variation followed a discrete gamma
distribution (GTR + I'). We assessed convergence by measur-
ing the standard deviation of the split frequency among par-
allel chains. Chains were considered to have converged once
the average split frequency was lower than 0.01. We sum-
marized results with a majority-rule consensus of 1,500 trees
collected after convergence was reached; trees collected be-
fore chains reached convergence were discarded. Maximum
likelihood searches were conducted in Treefinder (version
April 2008, Jobb et al. 2004). For each data partition, we se-
lected the best fitting model of nucleotide substitution using
the Bayesian Information Criterion model selection routine
in Treefinder. We evaluated support for the nodes with 1,000
bootstrap pseudoreplicates.

Results and Discussion

Genomic Structure of the f-Globin Gene Cluster in Rodents

We isolated, subcloned, and sequenced two BAC clones that
contained the entire p-globin gene clusters of P. manicula-
tus and P. leucopus (GenBank accession numbers EU204642
[GenBank] and EU559333 [GenBank] , respectively). The P.
maniculatus contig was 181,092 bp in length and the P. leu-
copus contig was 179,761 bp in length. From the start codon
of HBE to the stop codon of HBB-T2, the f-globin gene clus-
ter spanned 34.4 kb in P. maniculatus and 40.2 kb in P. leuco-
pus, and both sequence contigs correspond to nucleotide po-
sitions 103686347-103727028 of Mus Chromosome 7.

The B-globin gene cluster of mammals contains a set of
developmentally regulated genes that are arranged in their
temporal order of expression (Collins and Weissman 1984;
Hardison 1991, 1998, 2001). The p-globin gene clusters of all
rodent taxa in our study conformed to this general arrange-
ment: in each case, the 5 end of the cluster was delimited by
a single embryonic HBE gene and the 3" end of the cluster
was delimited by one or more copies of the later expressed
HBB gene (Figure 1).

Consistent with genomic studies of other mammals
(Bulger et al. 2000), the P-globin gene cluster was flanked
by olfactory receptor genes on both sides. In all rodents, we
found an ortholog of the Mus Olr66 gene upstream of the
HBE gene at the 5" end of the cluster, and in Rattus and Pero-
myscus, we found an ortholog of the Mus Olr67 gene down-
stream of the last HBB gene at the 3" end of the cluster. In
all rodent species studied to date, the HBE and HBG genes
are expressed in embryonic erythroid cells derived from the
yolk sac and the HBB genes are expressed in fetal and adult
erythroid cells (Hardison 2001). The HBE and HBG genes of
contemporary rodents originated via duplication of a proto
e-globin gene, and the HBDps and HBB genes originated via
duplication of a proto B-globin gene. In both cases, the du-
plication events occurred in the ancestor of eutherian mam-
mals after the divergence from marsupials (Goodman et al.
1984; Koop and Goodman 1988; Cooper et al. 1996; Opazo et
al. 2008a). Following the convention of Hill et al. (1984) and
Hardies et al. (1984), we refer to the 3’ end of the gene clus-
ter (containing the embryonically expressed HBE and HBG
genes) as the “nonadult” portion and the 5" end of the clus-
ter (containing the HBDps pseudogenes and later expressed
HBB genes) as the “adult” portion.
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Figure 1. Genomic structure of the B-globin cluster in rodents and two outgroup species—human and rabbit. The depicted phylogenetic
relationships are based on a loose consensus of recent studies (Murphy et al. 2001; Steppan et al. 2004; Prasad et al. 2008). The orientation

of the clusters is from 5" (on the left) to 3" (on the right).

Comparison of the B-globin gene clusters of the seven
rodent taxa in our study revealed considerable variation in
gene copy number, especially among the adult HBB genes at
the 3’ end of the cluster. Whereas the gene cluster of Cavia
contained a single embryonic HBE gene and a single adult
HBB gene, the gene cluster of Ratfus contained seven puta-
tively functional genes, four of which were HBB paralogs
(Figure 1).

Pairwise sequence comparisons between the human (-
globin gene cluster and each of the different rodent taxa re-
vealed high levels of sequence conservation in the chromo-
somal region upstream of the HBE gene (supplementary
Figure S1). This chromosomal region contains the locus con-
trol region (LCR), a complex array of cis-acting control ele-
ments spanning ~20 kb of sequence that regulates transcrip-
tion of all B-like globin genes in the cluster (Grosveld et al.
1987; Hardison et al. 1997). In each pairwise human-rodent
comparison, the chromosomal region extending from the
LCR to the HBE gene represents the only region of extended
co-linear sequence matches. Downstream of the HBE gene,
sequence matches become shorter and are mostly restricted
to exons of the B-like globin genes.

Ancestral State of the Rodent p-Globin Gene Cluster

The human B-globin gene cluster contains six genes: 5'-HBE,
HBG-T1, HBG-T2, HBHps, HBD, and HBB-3" (Fritsch et al.
1980), whereas the rabbit (the outgroup species that is most
closely related to rodents) contains four genes: 5’-HBE, HBG,
HBDps, and HBB-3" (Margot ef al. 1989; Figure 1). Compar-
isons with the human B-globin gene cluster show that there
is no ortholog of the human HBHps pseudogene in rabbit
or in any of the rodents included in our analysis, consistent
with the findings of Goodman ef al. (1984). The most parsi-
monious explanation is that the HBH gene was deleted in the
common ancestor of rodents and lagomorphs. According to
the principle of parsimony, the ancestral rodent gene clus-
ter most likely contained four p-like globin genes in the fol-

lowing linkage order: 5-HBE, HBG, HBDps, HBB-3’, simi-
lar to the gene cluster of the rabbit (Collins and Weissman
1984; Hardison 1984, 1991). Accordingly, we used the rabbit
gene cluster as our reference for the purpose of reconstruct-
ing gene gains, losses, and fusions during the evolutionary
history of the rodent B-globin gene cluster.

Reconstructing Pathways of p-Globin Gene Family Evolution
Relative to the inferred 4-gene structure of the ancestral p-
globin gene cluster, the sample of rodent species included
in our study exhibited an evolutionary trend of increasing
gene number. With the exception of Cavia, all rodent taxa in
our study have added 1-3 HBB paralogs at the 3" end of the
cluster, and muroid rodents have added a y/¢ chimeric fu-
sion gene that is located between the parental HBE and HBG
genes at the 5" end of the cluster (Figure 1). If this chimeric
fusion gene does in fact have a single origin in the common
ancestor of muroid rodents, then it appears to have been sec-
ondarily lost in P. leucopus and in the C57BL/6 strain of M.
musculus. Because this locus should be named HBE-T2 on the
basis of positional homology, we henceforth use the name
“HBE(y/¢)-T2” to indicate that the 5" portion is y-like and the
3’ portion is e-like. In Mus, an additional chimeric /6 pseu-
dogene is located between the parental HBD and HBB genes
(Figure 1). Because this locus should be named “HBD-T2ps”
on the basis of positional homology, we henceforth use the
name “HBD(/6)-T2ps” to indicate that the 5" portion is
like and the 3’ portion is o-like.

To assess whether any of the above-mentioned gene gains
and gene fusions occurred independently as lineage-specific
events, we used phylogenetic reconstructions in combination
with pairwise analyses of sequence similarity. Phylogeny re-
constructions of the nonadult genes (HBE, HBE(y/¢)-T2, and
HBG) and the later expressed HBB genes are shown in Fig-
ures 2 and 3, respectively. Separate reconstructions of the
HBE and HBG paralogs (with rabbit as outgroup) are shown
in Supplementary Figure S2. The high divergence among the
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Figure 2. Maximum likelihood phylograms depicting relationships among embryonic 3-like globin genes of rodents. The phylogeny re-
constructions were based on 1 kb of 5'-flanking sequence (left column), coding sequence (center column), and 1 kb of 3’-flanking sequence
(right column). Note that the guinea pig HBGps pseudogene is excluded from the analyses because the 3" portion of the coding region has
been deleted. Measures of support for the relevant nodes are presented as bootstrap values (above the nodes) and as Bayesian posterior

probabilities (below the nodes).

HBD-like genes did not permit robust alignments of flank-
ing sequences, so orthologous relationships among the HBD-
like genes were resolved using pairwise dot plots and Blast
comparisons. We used the phylogeny reconstructions and
patterns of pairwise sequence similarity to infer the set of or-
thologous relationships for all B-like globin genes, as illus-

trated in Figure 4.
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Phylogeny reconstructions based on upstream sequence and
coding sequence grouped HBE(y/¢)-T2 fusion genes with the
HBG genes, whereas reconstructions based on downstream
sequence grouped the fusion genes with the HBE genes (Fig-

ure 2). The fact that the upstream flanking sequence of the
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Figure 3. Maximum likelihood phylograms depicting relationships among HBB genes of rodents. The phylogeny reconstructions were
based on 1 kb of 5'-flanking sequence (left column), coding sequence (center column), and 1 kb of 3’-flanking sequence (right column).
Measures of support for the relevant nodes are presented as bootstrap values (above the nodes) and as Bayesian posterior probabilities

(below the nodes).
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Figure 4. Orthologous relationships among p-like globin genes of rodents, rabbit, and human, as inferred from comparative analyses of
5’- and 3’-flanking sequences. Solid boxes denote putatively functional genes, open boxes denote pseudogenes, and crosses denote gene
deletions. Vertical lines are used to indicate 1:1 orthologous relationships.

HBE(y/¢)-T2 fusion gene is HBE like in character, whereas
the downstream flanking sequence is HBG like in character
indicates that the fusion gene originated via unequal cross-
ing-over and that the recombination break point interrupted
the coding region of the misaligned HBE and HBG genes.
Phylogeny reconstructions of coding sequences in addition
to upstream and downstream flanking sequences grouped
HBE and HBG genes into two reciprocally monophyletic
groups. For the most part, the true set of species relation-
ships was recovered independently in each of the two paral-
ogous clades. The few discrepancies (e.g., the phylogenetic
placement of rabbit relative to Spermophilus and Cavia in the
trees based on upstream flanking sequence and coding se-
quence) can be explained by ambiguities in the alignment of
noncoding sequence. The phylogeny reconstructions clearly
indicate that the single-copy HBE genes of rodents, rabbit,
and human are 1:1 orthologs. Likewise, phylogeny recon-
structions indicate that the 5 HBG genes of these same taxa
are also 1:1 orthologs (Figures 2 and 4). Ambiguities in the
alignment of flanking sequence from different paralogs do
not appear to have had a major effect on the phylogeny re-
constructions as the same sets of relationships among rodent
sequences were recovered in phylogeny reconstructions that
treated the HBE and HBG paralogs separately (Supplemen-
tary Figure S2).
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Because Rattus possesses an additional copy of HBG (HBG-
T2ps) relative to the rodent ancestor, it would seem reason-
able to conclude that this pseudogene represents the product
of a duplication event that was specific to the Rattus lineage.
If this were the case, the HBG-T1 and HBG-T2ps sequences of
Rattus should be more similar to one another than they are to
the single-copy HBG pro-orthologs of the other rodent spe-
cies. Contrary to this expectation, phylogeny reconstructions
based on coding sequence as well as flanking sequence show
that the Rattus HBG-T2ps pseudogene is basal to a monophy-
letic clade that contains the single-copy HBG genes of other
muroid rodents as well as the Rattus HBG-T1 paralog (Figure
2). This indicates that the Rattus HBG-T2ps pseudogene is the
product of a relatively ancient duplication event that predates
the divergence of murid and cricetid rodents. Thus, orthologs
of the Rattus HBG-T2ps pseudogene must have been second-
arily deleted in Mus and Peromyscus (Figure 4).

Adult Portion of the p-Globin Gene Cluster (HBD and HBB
Genes)

The HBD-T1ps pseudogene of Mus and the HBDps pseudo-
gene of Rattus both exhibit clear affinities to HBDps of rab-
bit (Figure 5). Surprisingly, however, a pairwise comparison
of sequence similarity between Rattus and Mus (Figure 6) re-
vealed that the HBDps pseudogene of Rattus is not a 1:1 or-

B) Oryctolagus
HBDps HBB

15kb

Rattus
HBB-T1

HBDps
i

g
1 21kb

Figure 5. Dot plots of sequence similarity between the HBD and HBB genes of rabbit, Oryctolagus (horizontal axis) and their presumptive
orthologs in Mus (A, vertical axis) and Rattus (B, vertical axis). The pairwise comparisons were based on a chromosomal region that con-
tained the HBB-T1 genes and HBD-like pseudogenes of both rodent species.
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Figure 6. Dot plot of a chromosomal fragment spanning the B-globin gene cluster on Chromosome 7 of house mouse (Mus musculus,
strain C57BL/6) and the syntenic region on Chromosome 1 of rat (Rattus norvegicus), with masked repeats. The polygon with magenta
outline encloses a locally alignable chromosomal region that provides evidence for a 1:1 orthologous relationship between HBDps of Rat-
tus and HBD(B/6)-T2ps of Mus. Specifically, the pattern of pairwise sequence matches suggests that HBDps of Rattus is a 1:1 ortholog of
the ancestral HBD-T2 gene of Mus, the 5" end of which was later overwritten by a short conversion tract derived from HBB-T1 sometime

after the divergence between Rattus and Mus.

tholog of the HBD-T1ps pseudogene that has been retained
in the gene cluster of Mus. The pattern of pairwise sequence
matches across the coding region and flanking regions shows
that the HBDps pseudogene of Rattus is orthologous to the
gene that became the HBD(B/0)-T2ps fusion gene in Mus
(Figure 6). We infer that this chimeric fusion gene was cre-
ated by conversion of an ancestral HBD-T2ps pseudogene by
the upstream HBB-T1 gene in the Mus lineage. Thus, HBDps
of Rattus reflects the ancestral state of the HBD(p/0)-T2ps fu-
sion gene of Mus before the 5" end was overwritten by the
HBB-T1 — HBD-T2ps conversion event. We conclude that
the fusion gene was created by gene conversion rather than

unequal crossing-over because the upstream flanking se-
quence of Mus HBD(B/0)-T2ps provides a much better match
to the upstream flanking sequence of Rattus HBDps than to
the upstream flanking sequence of the adjacent HBB paralog
(Figure 6). If the HBD(3/0)-T2ps fusion gene were an anti-
Lepore product of unequal crossing-over, the 5-flanking se-
quence would be HBB like in character and would therefore
match the orthologous 5'-flanking sequence of the Rattus
HBB-T1 gene.

In phylogeny reconstructions of HBB genes based on
coding sequence, paralogs from the same species often
clustered together to the exclusion of their presumptive
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orthologs in other species (Figure 3). The within-species
monophyly of tandemly duplicated genes is a hallmark of
concerted evolution and, in the case of the 5 and 3 HBB
paralogs of muroid rodents, indicates that interparalog
gene conversion has obscured the true evolutionary his-
tory of gene duplication and species divergence. In contrast
to the phylogenies based on coding sequence, phylogenies
based on flanking sequence of the 5" and 3’ HBB genes gen-
erally recovered the true species relationships within each
paralogous clade. This pattern confirms that gene conver-
sion tracts are primarily restricted to coding regions, con-
sistent with findings from previous studies of rodent globin
genes (Erhart et al. 1985; Storz, Baze, et al. 2007; Storz, Sa-
batino, et al. 2007; Storz et al. 2008). The two HBB paralogs
of Peromyscus represent the only exception to this general
pattern. In the case of the two Peromyscus species, phylog-
enies based on coding sequence show that the HBB-T1 and
HBB-T2 paralogs from the same species are more similar to
each other than they are to their presumptive orthologs in
the other congeneric species, whereas phylogenies based on
downstream flanking sequence show that the HBB-T1 genes
of P. maniculatus and P. leucopus are sister to one another
and likewise for the HBB-T2 genes (Figure 3). In the phy-
logenies based on upstream flanking sequence, however,
the HBB-T2 sequences of both species are nested within the
clade of HBB-T1 sequences from other muroid rodents. This
indicates that in both Peromyscus species a conversion tract
derived from HBB-T1 extends partway into the 5’-flanking
region of HBB-T2.

The HBB-T1 and HBB-T2 paralogs from the two different
strains of M. musculus show the same topological incongru-
ence between the phylogeny based on coding sequence and
the phylogenies based on upstream and downstream flank-
ing sequence (Figure 3). However, the HBB-T1- and HBB-
T2-coding sequences are mnot reciprocally monophyletic
within each strain. This is due to the fact that the BALB/c
and C57BL/6 strains carry two alternative haplotypes that
have different histories of gene conversion between the
closely linked HBB-T1 and HBB-T2 paralogs (Storz, Baze, et
al. 2007). The C57BL/6 (Hbb®) haplotype carries two HBB-T1
and HBB-T2 paralogs that are identical in sequence, whereas
the BALB/c (Hbb%) haplotype carries two highly divergent
HBB-T1 and HBB-T2 paralogs that are distinguished by nine
amino acid substitutions. As a result of interparalog gene
conversion on the Hbb* haplotype, the HBB-T1 sequence of
BALB/c is more similar to both paralogs of C57BL/6 than to
the HBB-T2 paralog of BALB/c (Figure 3).

Phylogeny reconstructions based on flanking sequence
clearly show that the 5° HBB genes of the rodents, rabbit,
and human are 1:1 orthologs. Likewise, phylogeny recon-
structions based on flanking sequence clearly show that the
3" HBB genes of all muroid rodents are 1:1 orthologs (Fig-
ure 3). By contrast, the HBB-T2, HBB-T3, and HBB-T4 par-
alogs of Spermophilus cluster together in phylogenies based
on coding sequence and in those based on upstream and
downstream flanking sequence (Figure 3). This suggests
that these three genes have originated via lineage-specific
duplication events. In Spermophilus, the duplication that
gave rise to the HBB-T4 gene involved a ~10-kb block that
contained the ancestral HBB-T3 gene. By contrast, the du-

plication that gave rise to the HBB-T2 gene involved a much
smaller block that did not extend much beyond the coding
region of the ancestral HBB-T1 gene (Supplementary Fig-
ure S3). The same phylogenetic pattern indicates that the
HBB-T2 and HBB-T3 paralogs of Rattus are also attribut-
able to lineage-specific duplications via unequal crossing-
over (Figure 3). High rates of recurrent unequal crossing-
over also appear to be responsible for HBB copy number
polymorphism among different lab strains of R. norvegicus,
as haplotypes with 3-5 HBB genes have been documented
(Stevanovic et al. 1989; Paunesku et al. 1990).

Pathways Involved in the Addition of New Genes to the p-Globin
Gene Family

Cases involving an increase in copy number of tandem gene
duplicates are typically attributable to unequal crossing-over
(Hoffmann et al. 2008; Storz et al. 2008). This same recombi-
national mechanism can also produce chimeric fusion genes
when the crossover break point interrupts the coding regions
of two misaligned tandem duplicates. Alternatively, chime-
ric genes can also be produced by interparalog gene conver-
sion (Jeffreys et al. 1982; Hardison and Margot 1984; Koop et
al. 1989; Tagle et al. 1991; Prychitko et al. 2005). The former
mechanism may be more likely to alter expression patterns
because it simultaneously produces a change in copy num-
ber and a change in the spacing of genes relative to distal cis-
regulatory elements. Cases in which gene number increases
in multiples of two (from two to four, three to six, etc.) are of-
ten attributable to the tandem duplication of relatively large
chromosomal blocks that contain two or more closely linked
genes. For example, the p-globin gene cluster of goats con-
sists of a triplication of a set of four genes: 5-HBE-T1, HBE-
T2, HBB-T1ps, and HBB-T2-3" (Townes et al. 1984). Similar en
bloc duplications of B-like globin genes have also been docu-
mented in sheep (Garner and Lingrel 1988, 1989) and cows
(Schimenti and Duncan 1985).

Previous studies have proposed different hypothe-
ses to explain the complex evolutionary history of gene
gains, losses, and fusions in the B-globin gene cluster of ro-
dents (Hardies et al. 1984; Hill et al. 1984; Hardison and
Miller 1993). Specifically, the model that was outlined in a
pair of companion papers by Hardies et al. (1984) and Hill
et al. (1984) — the “HH84” model —and the model outlined by
Hardison and Miller (1993) — the “HM93” model — proposed
different recombinational pathways to account for changes in
copy number and the creation of chimeric fusion genes in the
B-globin gene cluster of M. musculus. The HH84 and HM93
models are graphically depicted in Figure 7A and B, respec-
tively. Our own model, based on inferences drawn from the
comparative genomic analyses described above, is graphi-
cally depicted in Figure 7C for comparison.

With regard to the nonadult portion of the gene cluster,
the HH84 model postulates a tandem duplication of HBG
(Figure 7A, step 1), whereas the HM93 model postulates a
similar tandem duplication of HBE (Figure 7B, step 1). Al-
though both models invoke interparalog gene conversion
to explain the creation of the y/¢ fusion gene in M. muscu-
lus, they make different predictions about the directional-
ity of the conversion event and the ancestral identity of the
converted gene. The HH84 model postulates that the fusion
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Figure 7. Alternative models for the evolution of the mouse p-globin gene cluster. Three alternative pathways are illustrated for the der-
ivation of the Mus musculus (BALB/c) B-globin gene cluster from the ancestral gene arrangement in the stem lineage of rodents (see text
for details). (A) The HH84 model outlined by Hardies et al. (1984) and Hill et al. (1984); (B) The HM93 model outlined by Hardison and
Miller (1993); and (C) Our proposed model based on inferences drawn from a comparative genomic analysis of the 3-globin gene clus-
ter in multiple rodent taxa. Note that the HM93 model did not specify whether the creation of the HBD(B/6)-T2ps fusion gene was attrib-
utable to interparalog gene conversion or unequal crossing-over, although the fusion event is depicted as a result of HBB — HBDps gene

conversion (panel B, step 6).

gene was created by conversion of HBG-T1 by the 3’ end of
HBE (Figure 7A, step 5), whereas the HM93 model postu-
lates that the fusion gene was created by conversion of HBE-
T2 by the 3’ end of HBG (Figure 7B, step 5). Results of our
analyses do not support either of these proposed scenarios.
Instead, as explained above, our phylogeny reconstructions
of flanking sequence (Figure 2) indicate that the y/¢ fusion
gene was created by unequal crossing-over between the sin-
gle copy HBE and HBG paralogs that were present in the ro-
dent common ancestor (Figure 7C, step 1). This inferred re-
combination event is similar to the intragenic crossover that
is responsible for producing the 5-0-(B/0)-p-3" anti-Lepore
duplication mutant in humans (Metzenberg et al. 1991). In
addition to the fact that it can be reconciled with the phylo-
genetic results, this scenario is also more parsimonious than
those invoked by the other models as it requires a single step
to account for the discordant phylogenetic affinities of the
upstream and downstream flanking regions of the HBE(y/
¢)-T2 fusion gene.

With regard to the adult portion of the gene cluster, the
HHB84 model postulates an en bloc duplication of an HBDps-
HBB gene pair (Figure 7A, step 2), whereas the HM93 model

postulates two successive rounds of unequal crossing-over to
explain the addition of HBD-T2ps (along with HBG-T2; Fig-
ure 7B, step 2) and the addition of HBB-T2 (Figure 7B, step
3). According to the HM93 model, the en bloc duplication of
the HBG-HBDps gene pair is followed by deletion of HBG-
T2 in a subsequent round of unequal crossing-over (Figure
7B, step 4). This step in the HM93 model explains the ob-
served similarity between the upstream flanking sequence
of HBG and the intergenic sequence between HBD-T1ps and
HBD(B/6)-T2ps (Hardison and Miller 1993). Our results are
consistent with the predictions of the HM93 model and indi-
cate that each of the postulated copy number changes in the
adult portion of the gene cluster must have occurred in the
common ancestor of muroid rodents. If an en bloc duplication
of the HBG-HBDps gene pair occurred in the common ances-
tor of muroid rodents, then the only surviving descendent of
the ancestral HBD-T1 paralog would be the HBD-T1ps pseu-
dogene in Mus and the only surviving descendents of the an-
cestral HBD-T2 paralog would be the HBDps pseudogene
of Rattus and the HBD(p/0)-T2ps fusion gene of Mus (al-
though only the unconverted HBD-like portion of the fusion
gene would accurately reflect the true orthologous relation-
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ship). Likewise, the only surviving descendent of the ances-
tral HBG-T2 paralog would be HBG-T2ps of Rattus. Each of
these postulated steps can be reconciled with our inferred set
of orthologous relationships among the p-like globin genes
(Figure 4).

The HH84 model also invokes a specific recombinational
pathway to explain the creation of the HBD([3/0)-T2ps fusion
gene. This model postulates that the HBD(B/6)-T2ps fusion
gene was created by unequal crossing-over between mis-
aligned copies of the recently derived HBB-T1 and HBD-T2
paralogs (Figure 7A, step 3). The HM93 model did not spec-
ify whether the creation of the HBD((3/6)-T2ps fusion gene
was attributable to interparalog gene conversion or unequal
crossing-over (though we took the liberty of depicting the fu-
sion event as the result of an HBB — HBDps gene conver-
sion; Figure 7B, step 6). At face value, the HH84 model ap-
pears to be quite plausible because the intragenic cross over
between misaligned copies of HBB-T1 and HBD-T2 would
produce the observed 5-HBD-HBD(B/6)-T2ps-HBB-3" hap-
lotype in exactly the same manner as the 5-0-(3/6)--3" anti-
Lepore haplotype of humans. It seems reasonable to expect
that the two superficially similar anti-Lepore gene arrange-
ments would have been produced by the same recombina-
tional mechanism. However, results of our analysis indicate
that this is not the case. The anti-Lepore recombinational
pathway proposed by the HH84 model makes two key pre-
dictions: 1) The upstream flanking sequence of the HBD(B/
0)-T2ps fusion gene should match that of HBB-T1 and 2) the
HBDps pseudogene of Rattus should be orthologous to the
HBD-T1ps pseudogene of Mus. Results of our analyses are
not consistent with either of these two predictions. First of
all, pairwise analyses of sequence similarity between Mus
and Rattus (Figure 6) clearly demonstrate that the 5'-flanking
sequence of the HBD(B/6)-T2ps fusion gene is HBD like in
character (not HBB like, as predicted by the HH84 model).
Secondly, the same comparison between Mus and Rattus
(Figure 6) clearly demonstrates that Rattus HBDps is a 1:1
ortholog of Mus HBD(B/6)-T2ps (not of Mus HBD-T1ps, as
predicted by the HH84 model). At least where the adult por-
tion of the gene cluster is concerned, our analysis is consis-
tent with the evolutionary pathway proposed by the HH93
model (cf., Figure 7B and C).

Conclusion

Results of our comparative genomic analyses demonstrate
that several different pathways were involved in the ad-
dition of new genes to the B-globin gene family of rodents.
During the course of rodent evolution, the addition of new
p-like globin genes was mainly attributable to unequal cross-
ing-over. Similarly, the HBE(y/¢)-T2 fusion gene of muroid
rodents was the product of unequal crossing-over between
the embryonic HBE and HBG genes. Results of our compara-
tive analysis of sequence variation indicate that this HBE(y/
¢)-T2 fusion gene was generated in the same fashion as the
anti-Lepore HBD(B/0)-T2 mutant in humans (Metzenberg et
al. 1991). By contrast, the HBD((3/6)-T2ps pseudogene of Mus
derives from a HBB — HBD gene conversion event. Although
the HBE(y/¢)-T2 and HBD(B/6)-T2ps loci of Mus share a sim-
ilar chimeric gene structure, the two fusion genes originated
via completely different recombinational pathways. Hardies

et al. (1984) suggested that HBE(y/¢)-T2 encodes the p-chain
subunits of an “early” embryonic Hb that performs a special-
ized physiological function during the earliest stages of em-
bryogenesis. If there is some physiological division of labor
between the (y/¢)-chain isoforms and the other prenatally ex-
pressed B-chain Hb isoforms, it would be interesting to know
whether the specialized functions of the (y/¢)-chain Hb iso-
forms are attributable to the unique, chimeric nature of the {3-
chain polypeptide that has an y-like N-terminal portion and
an ¢-like C-terminal portion.

Supplementary Material

Supplementary Figures S1-S3 and alignments associated with
this article are included here following the References. Sequence
data from this article have been submitted to GenBank under ac-
cession nos. EU204642 [GenBank] and EU559333.
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Fig. S1: Dot plot of pairwise sequence similarity between the -globin gene clusters of 6 rodent species and the syntenic region of
human Chromosome 11. In each of the 6 panels, the B-globin gene cluster of a rodent species is aligned on the vertical axis and
the human reference sequence is aligned on the horizontal axis. Each pairwise comparison was based on a chromosomal
segment that started 30 kb upstream of the 5' HBE gene and ended 10 kb downstream of the furthest 3' HBB gene. Note the high
levels of sequence conservation in the locus control region (LCR) at the 5'end of the gene cluster.
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Supplementary Figure 2. Maximum likelihood phylograms depicting relationships among embryonic B-like globin genes of
rodents. The phylogeny reconstructions were based on 1 kb of 5’ flanking sequence (left), and 1 kb of 3’ flanking sequence (right
column). Phylogenies for the HBE gene are on top, and for the HBG gene on the bottom. Note that the guinea pig HBGps
pseudogene is excluded from the analyses because the 3' portion of the coding region has been deleted. Support for the
relevant nodes is presented as bootstrap values (above the nodes) and as Bayesian posterior probabilities (below the nodes).
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Fig. S2: Dot plot of pairwise sequence similarity betweenthe  3-globin gene clusters of the
thirteen-lined ground squirrel ( Spermophilus tridecemlineatus , vertical axis) and human
(horizontal axis). The comparison was based on a chromosomal segment that started 5 kb
upstream of the 5' HBE gene and ended 5 kb downstream of the furthest 3' HBB gene. The
ellipses delineate a ~10 kb block containing a single-copy HBB gene that was tandemly
duplicated inthe Spermophilus lineage.



The text file contains all the alignments associated used in the analyses in Nexus format.

[HBB 1kb upstream flanking sequence]
#NEXUS

begin data;

dimensions ntax=18 nchar=1144;

format missing=? gap=- datatype=dna ;

matrix

Homo_HBB AGAGGAAAAAAAT-----AATCTGAGCCAAGT--AGAAGACCTTTTCCCCTCCTACCCCT-ACTTTCTAAGTCACAGAGGCTTTT--TGTTCCCCCAGACACTCTTGCAGATTAGTCCAGGCAGAAACAGTTAGATGTCCCCAGTTAACCT-CCTATTTGAC--
-ACCACTGATTACCCCATTGATAGTCA---CACTTTGGGTTGTAAGTGACTTTTTATTTATTTGTATT--TTTGACTGCATTAAGAGGTCTCTAGTTTTTTATCTCTTGTTTCCCAAAACCTAATA-AGTAACTAATGCACAGAG----CACA-TT-GATTTGTATTTATT--CT--
ATTTTTAGACATAATTTATTAGCATGCATGAGCAAATTAAGAAAAACAACAAC-AAATGAATGCATATATATGTATATGTATGTGTGTATATATACACACATATATATATATATTTTTTCTTTTCTTACCAGAAGGTTTTAATCCAAA----TAAGGAGAAGATATGCTTAGAACCGAGGTAGAGTTTTCATCCATTCTG--
TCCTGTAAGTATTTTGCATATTCTGGAGACGCAGGAAGA--------mmmmrmememmemeeee GATCCATCTACATATCC-CAAAGCTGAATTATGG-----TAGACAAAACTCTTCCACTTTTAGT--GCATCAACTTCTTATTTGTGTAATAAGAAA-ATTGGGAAAACGATCTTCAATAT-
GCTTACCAAGCTGTGATTCCAAATATTACGTAAATACACTTGCAAAGGAGGATGTTTTTAGTAGCAATTTGTACTGATGGTATGGGGCCAAGAGATATATCTTAGAGGGAGGGCTGAGGGTTTGAAGTCCAACTCCTAAGCCAG--

TGCCAGAAGAGCCAAGGACAGGTACGGCTGTCATCACTTAGACCTCACCCTGTGGAGCCACACCCTAGGGTTGGCCAATCTACTCCCA-GGAGCAGGGAGGGCAGGAGCCAGGGC-TGGGCATAAAAGTCAGGGCAGAGCCATCTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTC---
AAACAGACACC-

Rabbit HBB = ATTCTTAGTGGTTTAGAAGGGATGAAAC--—-AGCTCAGGCT--GT-—-AAATGTCTTCCCATGCTCCTACCACC-ACCTTCAAGATC-CAGAAACATCCCCGTTTTTCCCTAGACACTTTCCCAGATCA-CCAAGGCAGAGCTAATTAGGCATCCAGTGTGGGTAT-
GGCATTGTAA---GCCATTGCTTTTCCTAGCGTTA-CAG---CACT--GGCATGTAGCTGG-TTTTGACACATGTGTAGT--TTTCACCTCATTGAGAGGTCCCT-GTTTCCATTGCTTCACCCCCCAAACCATAACAGAGTAAAAATTCCACAAAA----TAAATTT-GATTCAAATTTATT--CT--
ATTTTAAAAGTTTATTTATTTGATTATATGATAAAATTAA-ATGAGTAACAAC--AACAATAACATATA -~} ATGAATAAATTAATAAGT GT---rmmrmrmmmme- TTTTCTTACCAGGAAGATTTACTCCAAA---
GCAGAAGGAAGTCGTACTTATAACTATGGCACAGGTTTCATCCATTCTGTTTTTTGTAATTATTTTGGATATTCTGAAGACATAAAGAGATCTCTCTCTCTCTCTCTCTCTCTCTCTACCTATCTATTTATCTATTTAAGTGGATTTCAA——-CACACAAATCTTCTCCCTTTTCTGT—-GCCTTAAATCCTCATTTGTATGATAA-
ATA-ATTGCAGAGAAAATTTTTCATAG-GCTTACCAGGCTCTAATAACAAAAATTATATAAATAAATTTGGCAAGAAAGGTGTTTTCAGTAGCAATTAGTACTGCTGGTATGGGTCTGGGAGATACA--TAGAAGGAAGGCTGAGTCT-----GTCAGACTCCTAAGCCAT----TGCCATAACTGCCAAGGACAGGGGT-
GCTGTCATCACCCAGACCTCACCCTGCAGAGCCACACCCTGGTGTTGGCCAATCTACACACG-GG-GTAGGGATTACATAGTTCAGGACTTGGGCATAAAAGGCAGAGCAGGG-CAGCTGCTGCTTACACTTGCTTTTGACACAACTGTGTTTACTTGCAATCCCCCAAAACAGACAGA-

[0 T - CCACCTCCTGCTACTTATCTCTATTTTCCTACTTGTTAAATCCACTTAAGCTGAGAAGTGAG-AATAACTCTTCAAATTATTCTACCTGC-TTTCTTGAATTGTTCAATATCTTT-GGTATTGGCTTATATGTTAAAGAAAAACAATCT-
GTTACCATAGTTTAAACACCATTTGTGGCTCT-TCTTCTTAC---CATGTAGTACTTTTCATTGAGATCAG--AAACT--
GCCATTTTATCACTTTTTCAGTAATCTTCAGTAGTTTTTCAGTAGTTCAGAGTTTTGCAGTTAGAAGGATTCACAAAAGAAGGAAGAAAGTTATCACTATGGCAAAATATTTGTGTATTCTGCCTTAATTCTATTTACTCCATTTTAAAACATCATTTATTTGATTTGTTGATCAAACTAA-AGAAATAATTG---AACACAAAAAA-----
------- GTCCTGACAAATGAATGCATGAGTAT-—————TTATTTCTTACCAGGAGGATTTAATCCAAATGAAGAGAAGTAAGGCATAACTAGAACCATGAGGGAAGCTTAATCCATTTT--CCTTGTGATTAATTTGCATGTCCTGGAGACACAGGA----------m-r-rm----—-—-GATCCATCCATGCTCTC-TTATGCTGGAG-AA——
-CAGACAAATCCCTTCCAATTTTGGTGCCTCAATTCTTTTTCATTTGTATAGTAA---A-ATTGAGAAAGTAATGTCTAATCT-ACCTACTAAATAGTTACTTCAAAAAAT---TGTATAAGATTTCCAAAA----------- AGAAGCAGTTTGTACTACTGAGATGGGACCAGAAGGTACC---
TAGAGAGTGGGCAGGTCTTCTGAAGTCAGAGACCTAAACTGA----TGTCAGTACTGCCAAGCACAGGTAGAGCTGTCATCAATCAGGCCCCACCCTGCAGAGCCACACCCTGGCCTTAGCCAATCTGCTCACA-GGAGCAGAGAGGGCAGGAGCCAGGGT-
TGGGCATAAAAGGCAGAAAAAGACCGGCTGCAGCTTACACTTGCTTCTGACACAGTTGTGTTCACTGGCAACCCAG--AAACAGACACT-

Spermophilus_HBB_T2 - ACTTAAATTATCTTTTATGTGTGCAAAAATCAACTTAAAGGGGCTCCACCTTTTTG-AAACTGTCTTTCTGACTGTCTTTTGTT-CTTCACTAAT-—-TATTCGTGAC-—TTTAATTTCTTAGG-TAGCTTACACTCTCATTGGTAGGAT-—— GAATTTCTTAATGAGGT-
GCTGACTATGTCCCCTATAGCTTCTGCTAATTCAACACATAAAACTTTGTGTTGTAAATGGCTTTAAGCTAATTT-TAAC--TTTTACTGTATTAAAGGGTCTCAATGTTTCCATGTCTTGGTCAACAAAACATAATAAAGTAAGTATTGCACA-AA----CATAATTGGACTCAGATTTATT--CTG-ATTTTCAAATA----
TTATTTGATTAGATGAACAAACTAA-ACAAACACACAC--AAAAACATCAAAAAT--——-TGAATGACTGAAAGAATTAATGAATAT-——————TTATTT TCTTAGGAGGAGGATGAAATCCAAATCAGGAGAAAGAAGACATACTTAGAATCATGAGAGAGCCTTTATCCATTCTG--
TCTGTGGATTATTTTATATATTCTGGAGAAACAGGAGGA--—-—----mrmmrmmmmme | GATCACTCCATACACTC-TT--GCTAAAACACAA-——CAGGCACATTTCTTCTATAATTTGT--GCCTCCTTTCCAAATTTACATAATAAGATA-ATTAGGGAAATAATTTCCAATAG-
ACCTACCAGATAGTTATTCCAAAATTCATAGAAGTAAAGTTGCCCAGGAGGCTGATTTTAGGGCCAACTTGAACTGCTGGCATGGGACCAGTAGATATG--AAGAAGGAGGACTGAGAGCCTGAAGTTAGACTCC-AAGGCAG---
TGCCAGAGCTGCCAAGGACTGTTATGGCTGTCATCATGCAAATCTCACCCTGTAGGGCCACACCCTAGTCTTGGCCAATGAGCTCATT-AGGGCAGGGAATGCAGGAGTCAAGGC-TGGACATAAAGGACAGAGCAGGGCCAGCTGCTGCTTATACTTGCTTCTGACACACTTGTGTTTGCTAGCAACCCTCC-
AAAAAGACACA-

Spermophilus_HBB_T4
CATCCATCATTAATCT-CCCATTTGAA-—-AATGTTGCTATTGCTAATACTACACAC-AACTTCGTGTTTTAAATGGCTTTATATTAATTT-TCAT--TTATACTGTATTAGGCAGTCTCAATGTTTCCATGTCTGGGTC-ACAAAACCTAATGAATAAATTATTACACATAA—TATGGTTGGATTCAGATTTATT--
CTATTTTTTGGAACATCATTTATTTAATTAGGTGACCAAATTAATGCAAACACACAC--AGAAAAAACAG--------- CAACAAATGAATGAATTAATAAATAT --mmrmemmees TTATTTTCTTACCAGGAGGATTTAATCCAAATCAGGAGAAGGAAGACATACTTAGACCCATGATAGAGGCTGTATTCATTCTG-
TCTGTGGGTTATTTTGCATATTCTGTAGAAACAGGAAGA-------mmmmememmomemenee GATACATTCATATACTC-TTATGCTGAACTATAA----CAGGCAAATCTGTTCTATTTTTTTCTGGGCTTCCTTTCCCAATTTACAGAATAAGA-A-
ATTAGAGAAATAATCCCGAATAGAACCTACCAGGCAGTTATTTCAAAATTCATAGAAGTAAAGTTGCCCAGGAGGCTGATTTTAGGGCCAACTTGAACTGCTGGCATGGGACCAGCAGCTATG--AAGAAGGAGGACTGAGAGCCTGAAGTCAGACTCC-AAGGCAG—--
TGCCAGAGCTGACAAGGACTGTTATGGCTGTCATCATGCAAATCTCACCCTGTAGGGCCACACCCTAGTCTTGGCCAATGAGCTCATT-AGGGCAGGGAATGTAGGAGTCAAGGC-TGGGCATAAAGGACAGAGCAGGGCCAGCTGCTGCTTACACTTGCTTCTGACACACTTGTGTTTGCTAGCAACCCTCC-
AAAAAGACACA-

Spermophilus_HBB_T3
CATCTCTCATTAGTCT-CCCGTTTG-A--AATGTTGCTTCTGCTAATACTACACAT--AACTTCGTGTTTTAAATGGCTTTATATTAATTT-TCAT--TTCTACTGTATTAGGCAATATCTATGTTTCCATGTCTGGGTC-ACAAAACCTAATGAAGAAATTATTACACAAAA---TATGTTTGGATTCAGATTTATT--CTA-
TTTTTGGAACATCATTTATTTGATTAGGTGACCAAATTAATGCAAACACACAC--AGAAAAAACAG----------- CAACAAATGAATGAATGAATGTATAT----mememen- TTATTTTCTTACCAGGAGGATTTAATCTAAACCAGGAGAAGAAAGACATACTTAGAACCATAGTAGAGGCTGTATCCATTCTG--
TCTGTGGGTTATTTTGCATATTCTGCAGAAACAGGAAGA---+--r-msmsmrmmmemaee GCTACGTTCATACAATC-TTGTGCTGAACCACAA-----CAGGCAAGTATGTTCTA--TTTTGCTGGGCTTCCTTTCCCAATTTATAGAATAAGA-A-ATTAGGGAAATAATCTCTAATAG-
ACCTACCAGGCAGTTATTCCAAACATCATAGAAGTAAATTTTCCCAGGAACATGATTTTAGGGGCAACTTGAACTGATGGCATGGGACCAGTAGATATG--AAGAAGGAGGACTGAGAGCCTGAAGTCAGACTCC-AAGGCAG---




TGCCAGAGCTGCCAAGGACTGTTATGGCTGTCATCATCCAAACCTCACCTTATAGGGCCACACCCTAGTCTTGGCCAATGAGCTCATT-AGGGCAGGGAATGCAAGAGTCAAGGC-
TGGGCATAAAGGACAGAGCAGGGCCAGCTGCTGCTTACACTTGCTTCTGACACACTTGTGTTTGCTAGCAACCCCCCTAAAAAGACACA-

Rattus_HBB_T1 CACACACAGAGACACATATACACATATACATTTACACACAGACATACTCACAGATATACAGACACACAGTCAGAGACATACACACGAACACACACACACACACACACACACACACACCACACACACACATAGACACACACAGA--
GATACAAATTTACATACATGGGCGGCATATGCTGAGGCATTGGTTCAGTGAATAAAGCTCAAGGCTGCTTGCCTGCTTGTAATTCAAGAGCTTGGAAGACAGGACAAACCAAGACATCCCTGGAAAGGCAGGCTATCCAAGC-TAACTGTATTTGT G- TTTAC--
GTGAGAGATACTGACTCAACACTAAGGTATAGAGCAATCAAGGGCGATTCCCTGAAAGCAGTT-TTGAACTCCTCATACACTCCTCTCACACAC—-TTCAGAGAACTTGATAAAACACATATACTCAAGTAAGTCATACAAACATTTATA-——TGAGAGAAGGAAAAAAAGAGCAAATACA——
GTATGATGCACTTTCTTATCAGGAGGTTTTGTTGACCC-
GAAGAAATTCACTTTTAAGCTTTGC--TTCTCAGT-—-- -
TGGCCCAGCATCCAGGGAGAGATATGCTTGTCATCACCGAAGCCTGATGCTGTAGAGCCACACCCTGGTATTGGCCAATCTGCTCACACAGGACAGCGAGAGCAGGAGCCA-GGC-AGAGCATAAAAGGTGGGGCGGGATCAGTCGCTCCTCACATTTGCTTCTGACATAGTTGTGTTGACTCACAAACTCAG-
AAACAGACACC-

Mus_Balbc_HBB_T1 =~ =reeeeeecememeeemeemeeeeeceeee, ACATACACATATTCACAGATATACAGAGATACAG----—-ACACACACTCAGAGACATACACATGGACATGCATACACACA-CACAGATATACACAGATACACAC---=--m-mememnmv -ACACACATGGGCAGCATGTGCTGAGGACTTGGTTCAGTAAATAAAGGTCAAGGC----
TGCCTGCCTTTAATTCAAAAGCGTGGAAGACAGGACA-—-—-—- ATCCCTGAAAAAGCAGGTTATCCAAGC-TAACCAGATTTGTGAGCTCAGGGTTTAC--
TTGAGAGATCCTGACTCAACAATAAGGTATAGAGCAATCAAGGGCGATTCTCTGAAGGCAGTTATTGAACTCCTTGTACACTCTTCCCACACACACGTGTTCAGAGAACTTGATAAAACACATATATACAAGTAAGCCACACAAACATTCACA-----TGAGAGAAGAAAAACAAGAGCAAACTAA-----
GTAAGATGCATTTTCTTATCAGGAAGTTTAGTTGACAC---CAGAAAGAAGTCATATTTGGAATCAAAATGGAATCATCATCATGTATG--CTAAAGATGTTTTTTTCACATTCTTGAGCAATGTGGACA-------r-rmrmmnn- GAGAAGGAGA-TTCATCCATGCAC--TCAAACTGGGAAACAAAGA--
AAAGAAATCCTCTTCTAAGCTTTGC-—TTCTCAATTTCTTATTTGCATAATGAGAAAAAAAGGAAAATTAAT-TTTAAC—-ACCAATTCAGTAGTTGATTGAG-—— CAAATGCG-TTGCCAAAAAGGATG-CTTTAGAGACAGTGTTCTCTGCACAGATAAGGACAAACATTATT--CAGAGGGAGTACCCAGAGC—-
TGAGACTCCTAAGCCAGTGAGTGGCACAGCATCCAGGGAGAAATATGCTTGTCATCACCGAAGCCTGATTCCGTAGAGCCACACCCTGGTAAGGGCCAATCTGCTCACACAGGATAGAGAGGGCAGGAGCCAGGGC-
AGAGCATATAAGGTGAGGTAGGATCAGTTGCTCCTCACATTTGCTTCTGACATAGTTGTGTTGACTCACAACCCCAG-AAACAGACATC-

Mus_C57_HBB_T1 =~ -reeeeeeeemeeemememeeeee CAAATACACACACACATATTCACAGATATACAGAGATACAG-—— ACACACTCAGAGACATACACATGGACATGCATACAAACA-CACAGATACACA---—--CATAC - ACACACATGGGCAGCATGTGCTGAGGACTTGGTTCAGTAAATAAAGGTCAAGGC—
TGCCTGCCTTTAATTCAAAAGCATGGAAGACAGGACA-———— ATCCCTGAAAAAGCAGGTTATCCAAGC-TAACCAGATTTGTGAGCTCAGGGTTTAC--
TTAAGAGATCCTGACTCAACAATAAGGTATAGAGCAATCAAGGGTGATTCTCTGAAGGCAGTTATTGAACTCCTTGTACACTCCTCCCACACACATGTGTTCAGAAAACTTGATAAAACACATATATACAAGTAAACCACACAAACATTCACA------TGAGAGAAGAAAAAAAAGAGTAAATAAA-----
GTAAGATGCATTTTCTTATCAGGAAGTTTAGTTGACAC-—-CAGAAAGAAGTCATATTTGGAATCAAGATGGAGTCATCATCATGTATG--CTAAAGATGTTTTTTCCACATTCTTGAGCAATGTGGACA---—------mmm— GAGAAGGAGA-TTCATCCATGCAC—TCAAACTGAGAAACAAAGA--
AAAGAAATCCTCTTCTAAGCTTTGC-—TTCTCAATTTCTTATTTGCATAATGAGAAAAAAAGGAAAATTAAT-TTTAACA--ACCAATTCAGTAGTTGATTGAG-—— CAAATGTG-TTGCCAAAAAGGATG-CTTTAGAGACAGTGTTCTCTGCACAGATAAGGACAAACATTATT--CAGAGGGAGTACCCAGAGC——
TGAGACTCCTAAGCCAGTGAGTGGCACAGCATCCAGGGAGAAATATGCTTGTCATCACCGAAGCCTGATTCCGTAGAGCCACACCCTGGTAAGGGCCAATCTGCTCACACAGGATAGAGAGGGCAGGAGCCAGGGC-
AGAGCATATAAGGTGAGGTAGGATCAGTTGCTCCTCACATTTGCTTCTGACATAGTTGTGTTGACTCACAACCCCAG-AAACAGACATC-

Pero_maniculatus_HBB_T2 CTAGT-CACATTGATCTGCAACCG-TTGTATATTATTATGCTGAGTAATTGAGTAACCAGATAAGACT-ATTCCCTGTTTAGATTGTATTTATGC-AGTGGCCTTTTCAT--ATTTATTTTATTTTATTTTT-—TTGCTATCGAAACACACTAACTATAGG-
--—-CACATTAAATTTTGTAGTGGCAAATAA-GGCTTAGTTGTTTAAAACATTTAGTCAAAACAATCCTTA--TATATACACAGATGAAT-GCATGAATATTTTCCACAAAATGTACTGGGCATTATGATATCAGGTAATGGTTCAGATGCAAATTGAGTAGGTGAAACTCAGAGATGTTAGCTCTGAATGTGA-
TGCAGGGCTTACACTGGTGACTAGGTAGGAATAGCAGTCTACTTTAGACCAATGC---TTCCATCACTGGGCATTATAAAAACAAGT G-remrmrmrereeny -ATGATTTTAGACTACAGATTGCTATAGAC--
AGCATCAGATAGTACATTTTGGTTTTGCAGATATGCCTCAAAAATTTTATTCTGACGTCAAGAAAGTTACATTTGTTAAAAGTAGCAATTATTTT T GTCTTAATGTTGGCAA-TTTTATGAGTGCCCCAATGTTGTCTGTTGCTGCAATAGAGATTTATCTGATTTGTGTA-GTTACTGTCCTCAAATGCTA-————
ACTTGAGAATGGATTCATAATGGTGCTATTTCTTTAGGTAACTTATCAGCAAGAGAATTAAACTTCAAAGTAACAG--TCTCTGGCACACAGCCAAGTAC----ATCATAGCTGGTGGTGTT---CAGGTCTAATTGTGTGTAGCCCCAGCCAGAAT---AAGCCTG-~-
TGTCATATCCACCCTGGGTAGGTATGGCTGTGATCATTGAAGCCTCACCCTGAAGAGCCACACCCTGGCACTAGCCAATCTGCTCAAGCAA-GCAGAGGGGGCAGGAGCCAGGGC-AGGGCATATAAAGTAGAGCAGGATCAGTTGCTGCTTACATTTGCTTTTGATACTGTTGTGTTGACTTGCAACCTCAG-
AAACAGACACC-

Pero_leucopus_HBB_T2 GGTTCTAAACTAATACAAGACTACATACAAAGGAATGGTTATCA-AATATTGTCCAGCCACGTGGCAAGGTATAGAT--TTATAAAAATGGGTTAATTTAAGATAAAAGAACAGTTAGC--AAGAAGCCTGCCACGGCCAT---
ACAGTTTATAAGTGATATAAGCGTCTG-----AGTGATTATTTTATAAGTGGATTGTGG-GACTGCGGGGCTTGGGGAACCTGG--AGAGAAGCCCTCC--AGCA-—-ACAGATGAAT-
GCATGAATGTTTTCCACAAAATGTACTGAGCATTATGATATCAGGTAATGGTTCTGATGCACATTGAGTAGGTGAACCTCAGAGATGTTAGCTCTGAATGTGA-TGAAGGGCTTACACTGGTGACTAGGTAGGAATAGAGATCTACTTTAAACCAATGC-TTCCATCACTGGGCATTATAAAAACAAGT G-rmrmmrermmemn
ATGATTTTAGACTACAGATTGCTATAGAC—-AGCATCAGATAGTACATCTTGGTTTTGAAGGTATGCCTCAAAAATTATATTCTGACATCAAGAAAGTTACATTTGTTAAAAGTAGCAATTATTTT T GTCTTAATGTTGGCAA-
TTTTACGAGTGCCCCAATGTTGTCTGTTGCTGCAATATAGATTTATCTGATTTGTGCA--GTAACTGTCCTCAAACGTTC--mmmemenn ACTTGAGACTGGATTCATAAGGGTGCTATTTCTTTAGGTAACTTATCAGCAAGAGAATTAAACTTCAAAGTAACAG--TCTCTGGCACACAGCCAAGTAC----AT-----CTGGTGGTGTT---
CAGGTCCAGTTGTGTGCAGCCCCAGCCAGAAT-—-AAGCCTG-—TGTCATATCCACCCTGGGTAGGTATGGCTGTCATCACTGAAGCCTCACCCTAAAGAGCCACACCCTGGCAGTGGCCAATCTGCTCAAGCAA-GCAGAGAGGGCAGGAGCCAGGGC-
AGGGCATATAAAGTAGAGCAGGATCAGTTGCTGCTTACATTTGCTCTTGATACTGTTGTGTTGACTTGCAACCTCAG-AAACAGACACC-

Pero_maniculatus_HBB_T1 TGTTTCAAAGCATTGGGTTCTAAATGGTTTTAT-—-ATTTTTTTTTTCAAAATTGAGAATTCTTTGTTTGGTTCTTTGGATCCCTAAAATTGAATTGAGCCACTACTGCACAGAATATGCTCAATTCAAACTT---ATCATTTTTCAA-
ACATTATTTGGCTA-—TGTG-TAAAAATGAAAGAAATAGGTAA-GCTCACATACATAGGTATAGGCA--CACACACACACAGA--
TACACCCAAACATGAGCAGCATGTACTGCCTTCCTGTAATTCAAAAGCTTGGAAGATATCAGGTAATGGTCGAGATGCACGTTGAGTAGGTGAAACTCAGAGATGTTAGCTCTGAATGTGA-TGAAGGGCTTACACGGGTGACTAGGTAGGAATAGCAATCTACTTTAAACCAATGC—
TTCCATCACTGGGCATTATAAAAACAAGT G--rermsmsmsesenv ATGATTTTAGACTACAGATTGCTATAAAC---AGCATAAGATAATATATCTCGGTTTTGTGGGTATGCTTCAAAAATTTTAATCTGAGGTCAAGAAAGTTACATTTGTTAAAAGCAGCAATTATTTTT--mmmmmm-
GTCTTAATGTTGGCAAATTTTATGAGTGCCCCAATGTTGTCTGTTGCTGCAATAGAGATTTTTCTGATTTGTGTA--GTTACTGTCCTCAAATGCTA-=-=-=--- -ACTTGAGAATGGATTCATAATGGTGCTATTTCTTTAGGTAACTTATCAGCAAGAGAATTAAACTTCAAAGTAACAG--TCTCTGGCACACAGCCAAGTGT----
ATCTTAGCTGGTGGTGTT-—-CAGGTCCAATTGTGTGCAGCCCCAGCCAGAAT-—-AAGCCTG-—TGTCATATCCACCCTGGGTAGGTATGGCTGTCATCACTGAAGCCTCACCCTGAAGAGCCACACCCTGGCACTAGCCAATCTGCTCAAGCAA-GCAG-GAGGGCAGGAGCCAGGGC-
AGGGCATATAAAGTAGAGCAGGATCAGTTGCTGCTTACATTTGCTTTTGATACTGTTG-GTTGACTTGCAACCTCAG-AAACAGACACC-

Pero_leucopus_HBB_T1 TAATGTTTCAAAACATTGGGTTCTAAATAGTTTTATATTGATTTTTTTTTTCAGAATTGAGAATTCTCTGTTTGGTTCTCTGGATCCCTAAAATTGAATTGAGCCACTACTGCACAGAATATGCTCAATTCAAACTT--ATCATTTTTCAA-ACATTA-
TTGGCTA-—TGTG-TAAAAATGAAAGAAATAGGTAA-GCTCACATACATAGGTATAGGCA--CACACACACAGAGA-TAAACCCAAACATGAGCAGCATGTGCTGCCTTCCTGTGATTCAAAAGCTTGGAAGATATCAGGTAATGGTCATGATGCGCGTTGAGTAGGTGAAACTCAGAGATGTTAGCTCTGAATGTGA-
TGAAGGGCTTACACTGGTGACTAGGTAGGAATAGAGATCTACTTTAAACCAATGC---TTCCATCACTGGGCATTATAAAAACAAGT G-rmmrmsmmmeeny ATAATTTTAGACTACAGATTGCTATAGAC---
AGCATCAGATAGTACATCTTGGTTTTGAAGGTATGCCTCAAAAATTTTATTCTGAGGTCAAGAAAGTTACATTTGTTAAAAGTAACAATTATTTTT-mmrmmmee GTCTTAATGTTGGCAA--TTAAGAGTGTCCCAATGTTGTCTGTTGCTGCAATAGAGATTTATCTGATTTGTGCA--GTAACTGTCCTCAAACGTTC--mmmememn
ACTTGAGACTGGATTCATAAGGGTGCTATTTTTTTAGGTAACTTATCAGCAAGAGAATTAAACTTCAAAGTAACAG--TCTCTGGCACACAGCCAAGTAC-—AT-—-CTGGTGGTGTT--CAGGTCCAGTTGTGTGCAGCCCCAGCCAGAAT-—-AAGCCTG—
TGTCATATCCACCCTGGGTAGGTATGGCTGTCATCACTGAAGCCTCACCCTAAAGAGCCACACCCTGGCAGTGGCCAATCTGCTCAAGCAA-GCAGAGAGGGCAGGAGCCAGGGC-AGGGCATATAAAGTAGAGCAGGATCAGTTGCTGCTTACATTTGCTCTTGATACTGTTGTGTTGACTTGCAACCTCAG-
AAACAGACACC-

Mus_Balbc_HBB_T2 =~ -e-eeeeemememeoemmeoeee e ATGAGCGACTGAATTAGTGAGAGAAGTAATGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGAAGAAAACT - TCAACACAGGGAGAATATC--TTTCAAGCTCCCTTCA-CTGGGTTTACCTGTCACTAGGAAAAC-—CTTTCTCACT---
TCT-TTCCCTCCCT--CTTTCTTTATCTCTGAATATTGCCACT-AATCTTAGGGTTATAAGTAGCTTTGTATTTCTTTTTTAT--TTTTTCCAAGTTGAGAGTTCTAT--GTTTCCTTGTCTGGATC-CCAAAAACTAAAAGAGAGAGAAATGTCCAAGA-—CATGACC-AATTTACTTGTATG-CTACTTCCCATAAA——
TCATGTGACTAAATTAACAAATTAA-AGAATGAAGGA---AACATACCAAA------------ CAAGTATGAAAGAAATGAATATATAT ---memmeeees TTATTTTCCTACC-TGAAGGTTTCTTCAAAA----CATGAAGAAAAA-TAGTTAGAAAAACAATAGAAGAATGAT-TATTTTGTCTTCTTTTCTTATGTTCCATAAT-
TGGGGTGATCCTCTTGTGCACTCAAACTAAAAGAAAACGAACCAACATACCC-—AGATCAAAACAA—-AACAAAA--CAGGCAAATTTTCTTATATATAATGT-GTTTTAATTTTTTATTTGTGTAGTAAACAATATTGAAGAGATAATATTGAACAG-ACAAGCTATGTTATTGGTGCAAGAATT-
GAAAAATACAGTATTTAAAGAAGATG-TTTTAGAAACAGAATTAGCTGCGAGGATAAGAACAGACACTACT--CAGAGTGA-GACCCAGAACT——CAAATGTCTTAAGCCTG—-
TGCCATAGCCACCCTGTGTAGATATGGTTGTCATCTCTGAAGCCTCACCCTGCAAGGTAACACCCTGGCATTGGCCAATCTGCTCAGAGAGGACAGAGTGGGCAGGAGCCAGCAT-TGGGTATATAAAGCTGAGCAGGGTCAGTTGCTTCTTACGTTTGCTTCTGAGTCTGTTGTGTTGACTTGCAACTTCAG-
AAACAGACATC-




Mus_C57_HBB_T2 AGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGAAGAAAACTCTTCAACACTTAACACAGGGAGAATATC--TTTCAAGATCCCTTCA-CTGGGTTTACCTGTCACTAGGAAAAC-—-CTTTCTCACT--
TCT-TTCCCTCCCT--CTTTCTTTATCTCTGAATATTGCCACT-AATCTTAGGGTTATAAGTAGCTTTGTATTTCTTTTTTAT--TTTTTCCAAATTGAGAGTTCTGT--GTTTCCTTCTCTGGCTC-CCAAAAACTAAAAGAGAGAGCAATGTCCAAGA-—CGTGATC-AATTCACTTGTGTG--CTACTTCCCATAAA——
TCATGTGACTAAATTAACAAATTAA-AGAATGAAGGA---AACAAACCAAA------------ CAAGTATGAAAGAAATGAATATATAT ---memememes TTATTTTCCTACC-TGAAGGTTTCTTCAAAA----CATGAAGAAAAA-TAGTTAGAAAAACAATAGAAAAATGAT-TATTTTGTCTTCTTTTCTTATGTTCCATAAT-
TGGGGTGATCCTCTTGTGCACTCAAACTAAAAGAAAACGAACCAACATACCC-—AGATCAAAACAA—-AACAGAA--CAGGCAAATTTTCTTATGTATAATGT--GTTTTAATTTTTTATTTGTGTAGTAAACAATATTGAAGAGATAATATTGAACAG-ACAAGCTATGTTATTGGTGCAAGAATT-
GAAAAATACAGTATTTAAAGAAGATG-TTATAGAAACAGAATTAGCTGCAAGGATAAGAACAGACACTACT--CAGAGTGA-GACCCAGAACT-—-CAAATGTCTTAAGCCTG——
GGCCATAGCCACCCTGTGTAGATATGGTTGTCATCTCTGAAGCCTCACCCTGCAGGGTAACACCCTGGCATTGGCCAATCTGCTCAGAGAGGACAGAGTGGGCAGGAGCCAGCAT-TGGGTATATAAAGCTGAGCAGGGTCAGTTGCTTCTTACGTTTGCTTCTGATTCTGTTGTGTTGACTTGCAACCTCAG-
AAACAGACATC-

Rattus_HBB_T3 CTTTCTCTCTTTCAATTTTCCCTTCCTTTCTCTCTCTCTCCTTTTCTTCACCCTTTCTCTTTCACGAAACTTTC—-CATTTAAGTGACAGGAAGTCCT-—-TCTGATATTCCAGACATCTGCAGATGATGACAGACAGAAAAAC-AGAACTGGACCATTCAATCT-
TTCCTTTCAG---ATAATGGATTGTCTGAAAATTACTATT-AATCTTTGGGCTACAGCTAGCTTCGAATTCA-TT----T--TTTTTCTGAATTGAGAGTTCTTT--TTTTCCGTTTCTCCATC-TCAAGAACTAAAAGAGAGAGAAATATCCCAGA----CATGATA-AATTCAGCTGCATG--CTACTTCCTCCAAA-----
TTACATGACTAAATGAACAAATTAT-AGAAATAAGGA---TACACATAAAA------------CATACTTGAAATAAATGAATACATAT -------------TTATTTTCCTACC-CAAAGATTTCTTCCAAA----GACGAAGAAAAC-CAA-TAGAAGAATGAT---TATGTTGT-
CTTTTTCTTATGTTCTCTAATCTACATTAGTGGGGGGAGATCCTTTAATACACTCAAACTAAAAACAAAGAAAGAAACAACCCCCGCAAAAGCAAAACAAACAAACAAAAATTCAGGCAAATTTTCTCATGTATAAAGG-GCTTTAAATTTTCCTTTTTATATTAAACAATATCGAAGAGGTAATATCTAACAG-
ACAAATTATGTTATTAATGCAAAAATT-CTTAAATATAATATTTA---AAGATG-TTTTAGAGACAGAGTTTGCTGCAAAGGTAAGAACACACAGTATT---CAGAATGAGGACCTGGAACT-----CTTATA-CCTAAGCCGG----
TACCATAGCCACCCTGAGTAGTTATGGCTATCATCTCTGAAGCCTCACCCTGCAGAGACACACCCTCACATTGCCCAATCTGCTCACACAGGACAGAGTGATCAGGGGCCAGAAT-TTGGCATATAAAGCAGAACAGAACCAGTTGCTTCTTATATTTGCTTCTGATACTGTTGTGTTGACTCGCAACCTCAG-
GAACAGACACCA

Rattus_HBB_T2 =~ seeereeeemeoemmemeeeem e TCTTTCTCTCTTTCAATTTTCCC-TCCTTTCTCTCTCTCTCCTTTTCTTCACCCTTTCTATTTCACGAAACTTTC--CATTTAAGTGACAGGAAGTCCT---TCTGATATTCCAGACATCTGCAGATGATGACAGACAGAAAAAC-AGAACTGGACCATTCAATCT-
TTCCTTCCAG---ATAATGGGTTGTCTGAAAATTACTTTT-AATCTTTGGGCTACAGCTAGCTTCGAATTCATTT----T--TTTTTCTGAATTGAGAGTTCTTT--TTTTCTGTTTCTCCATC-TCAAGAACTAAAAGAGAGAGAAATATCCAAGA----CATGATC-AATTCAGCTGCATG--CTACTTCCTCCAAA-----
TTACATGACTAAATGAACAAATTAT-AGAAATAAGGA--AACACATAAAA—-—-—-—-— CATACTTGAAATAAATGAATACATAT - TTATTTTCCTACA-TAAAGATTTCTTCCAAA-—-GACGAAGAAAAC-CAA-TAGAAGAATGAT--TATGTTGT-

CTTTTTCTTATGTTCTCTAATCTACATTAGTGGGGGGAGATCCTCTCATGCACTCAAATTAAAAACAAAGAAAGAAACAACCCCCCCAAAAGCAAAACAAACAAACAAAAATTAAGGCAAATTTTCTCATGTATAAAGG-GCTTTAAATTTTCATTTTTAGAGTAAACAA-ATCGAAGAGGTAATATCTAACAG-
ACAAATTATGTTATTAATGCAAAAATT-CATAAATACAATAGTTA--AGGATG-TTTTAGAGACAGAGTTTGCTGCAAGGGTAAGAACACACACTACT---CAGAGTGAAGACCTGGAACT-----CTTATA-CCTAAGCCTG-—-
TACCATAGCCACCCTGAGTAGTTATGGCTATCATCTCTGAAGCCTCACCCTGCAGAGGCACACCCTCACATTG-GCAATCTGCTCACACAGGACAGAGTGATCAGGGGGCAGAAT-TTGGCATATAAAGCAGAACAGAATGAGTTGCTTCTTATATTTGCTTCTGATACTGTTGTGTTGACTCGCAACCTCAG-
GAACAGACACC-

Rattus_HBB_T4 TTTCTCTCTTTCAATTTTCCCTTCCTTTCTCTCTCTCTCCTTTTCTTCACCCTTTCTCTTTCACGAAACTTTC---CATTTAAGTGACAGGAAGTCCT---TCTGATATTCCAGACATCTGCAGATGATGACAGACAGAAAAAC-AGAACTGGACCATTCAATCT-
TTCCTTCCAG--ATAATGGGTTGTCTGAAAATTACTTTT-AATCTTTGGGCTACAGCTAGCTTCGAATTCATTT-—T-TTTTTCTGAATTGAGAGTTCTTT--TTTTCTGTTTCTCCATC-TCAAGAATTAAAAGAGAGAGAAATATCCAAGA-—-CATGATC-AATTCAGCTGCATG--CTACTTCCTCCAAA-—
TTACATGACTAAATGAACAAATTAT-AGAAATAAGGA--AACACATAAAA - CATACTTGAAATAAATGAATACATAT - TTATTTTCCTACA-TAAAGATTTCTTCCAAA-—-GACGAAGAAAAC-CAA-TAGAAGAATGAT--TATGTTGT-
CTTTTTCTTATGTTCTCTAATCTACATTAGTGGGGGGAGATCCTCTCATGCACTCAAATTAAAAACAAAGAAAGAAACAACCCCCCCAAAAGCAAAACAAACAAACAAAAATTAAGGCAAATTTTCTCATGTATAAAGG--GCTTTAAATTTTCATTTTTAGAGTAAACAA-ATCGAAGAGGTAATATCTAACAG-
ACAAATTATGTTATTAATGCAAAAATT-CATAAATACAATAGTTA--AGGATG-TTTTAGAGACAGAGTTTGCTGCAAGGGTAAGAACACACACTACT---CAGAGTGAAGACCTGGAACT-----CTTATA-CCTAAGCCTG---
TACCATAGCCACCCTGAGTAGTTATGGCTATCATCTCTGAAGCCTCACTCTGCAGAGGCACACCCTCACATTGCCCAATCTGCTCACACAGGACAGAGTGATCAGGGGCCAGAAT-TTGGCATATAAAGCAGAACAGAACCAGTTGCTTCTTATATTTGCTTCTGATACTGTTGTGTTGACTCGCAACCTCAG-
GAACAGACACC-

end;

[HBB cds]

#NEXUS

begin data;

dimensions ntax=19 nchar=444;

format missing=? gap=- datatype=dna ;

matrix

Rattus_HBB_T1
ATGGTGCACCTGACTGATGCTGAGAAGGCTGCTGTTAATGGCCTGTGGGGAAAGGTGAACCCTGATGATGTTGGTGGCGAGGCCCTGGGCAGGCTGCTGGTTGTCTACCCTTGGACCCAGAGGTACTTTGATAGCTTTGGGGACCTGTCCTCTGCCTCTGCTATCATGGGTAACCCTAAGGTGAAGGCCCATGGCAA
GAAGGTGATAAACGCCTTCAATGATGGCCTGAAACACTTGGACAACCTCAAGGGCACCTTTGCTCATCTGAGTGAACTCCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACATGATTGTGATTGTGTTGGGCCACCACCTGGGCAAGGAATTCTCCCCCTGTGCACAGGCTGCCTTCCAG
AAGGTGGTGGCTGGAGTGGCCAGTGCCCTGGCTCACAAGTACCACTAA



Rattus_HBB_T2
ATGGTGCACCTAACTGATGCTGAGAAGGCTACTGTTAATGGCCTGTGGGGAAAGGTGAACCCTGTTGAAATTGGCGCTGAGTCCCTTGCCAGTCTGCTTATTGTCTACCCTTGGACCCAGAGGTACTTTTCTAAATTTGGGGACCTGTCCTCTGTCTCTGCTATCATGGGTAACCCCCAGGTGAAGGCCCATGGCAAAAA
GGTGATAAACGCCTTCGATGATGGCCTGAAACACTTGGACAACCTCAAGGGCACCTTTGGCAGCCTCAGTGAACTCCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGCAATATGATTGTGATTATGATGGGCCACCACCTGGGCAAAGAATTCACCCCGAGTGCACAGGCTGCCTTCCAGAAG
GTGGTGGCTGGAGTGGCCAGTGCCCTGGCTCACAAGTACCACTAA

Rattus_HBB_T3
ATGGTGCACCTAACTGATGCTGAGAAGGCTACTGTTAGTGGCCTGTGGGGAAAGGTGAATGCTGATAATGTTGGCGCTGAGGCCCTGGGCAGGCTGCTGGTTGTCTACCCTTGGACCCAGAGGTACTTTTCTAAATTTGGGGACCTGTCCTCTGCCTCTGCTATCATGGGTAACCCCCAGGTGAAGGCCCATGGCAAG
AAGGTGATAAATGCCTTCAATGATGGCCTGAAACACTTGGACAACCTCAAGGGCACCTTTGCTCATCTGAGTGAACTCCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGCAATATGATTGTGATTGTGTTGGGCCACCACCTGGGCAAGGAATTCACCCCCTGTGCACAGGCTGCCTTCCAGA
AGGTGGTGGCTGGAGTGGCCAGTGCCCTGGCTCACAAGTACCACTAA

Rattus_HBB_T4
ATGGTGCACCTAACTGATGCTGAGAAGGCTACTGTTAGTGGCCTGTGGGGAAAGGTGAATGCTGATAATGTTGGCGCTGAGGCCCTGGGCAGGCTGCTGGTTGTCTACCCTTGGACCCAGAGGTACTTTTCTAAATTTGGGGACCTGTCCTCTGCCTCTGCTATCATGGGTAACCCCCAGGTGAAGGCCCATGGCAAG
AAGGTGATAAATGCCTTCAATGATGGCCTGAAACACTTGGACAACCTCAAGGGCACCTTTGCTCATCTGAGTGAACTCCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGCAATATGATTGTGATTGTGTTGGGCCACCACCTGGGCAAGGAATTCACCCCGTGTGCACAGGCTGCCTTCCAGA
AGGTGGTGGCTGGAGTGGCCAGTGCCCTGGCTCACAAGTACCACTAA

Spermophilus_HBB_T1ps
ATAGTACATCTGACTTAAAATGGGAAGCCTGCCATTGATGTCCTGTGGGGCAAGATGAATGTAGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTACTGGTGGTCTACCCATGGACCCAGAGGTTCTTTGATGCCTTTGGGGACCTGTCCTCTGCATCTGCTGTTATGGGCAATGCTAAAGTGAAGGCGCATGGCAAGA
AGGTGATTGATTCCTTTAGTAATGGCCTGAAACACCTCGACAACCACAAGGGCACCTTTGCAAGTCTCAGTGAGCTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTAGGCAATGTGATTGTGGTTGTGATGGCCCATCA-
CTGGGCAAGGAATTCACCCCGCAGGTTCAGGCTGCTTTTCAGAAAGTAGTGACTGGTGTGGCCAATGCCATGACTCACAAATACCACTAA

Spermophilus_HBB_T2
ATGGTGCATCTGAGTGATGGGGAGAAGAATGCCATTAGCACTGCCTGGGGCAAGGTGAATGCAGCAGAAGTTGGTGCTGAGTCTCTGGGCAGGCTGCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGATGCCTTTGGGGACCTGTCCTCTGCATCTGCTGTTATGGGCAATGCTAAAGTGAAGGCTCATGGCAAG
AAGGTGATTGATTCCTTTAGTAATGGCCTGAAACACCTCGACAACCTCAAGGGCACCTTTGCAAGTCTCAGTGAGCTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGCAATATGATTGTGATTGTGATGGCCCATCACCTGGGCAAGGATTTCACTCCAGAGGCACAGGCTGCTTTTCAGAA
GGTGGTGGCTGGTGTGGCCAATGCCCTGTCTCACAAATACCACTAA

Spermophilus_HBB_T3
ATGGTGCATCTGAGTGATGGGGAGAAGAATGCCATTAGCACTGCCTGGGGCAAGGTGAATGCAGATGCAATTGGTGCTGAGTCTCTGGGCAGGCTGCTGATTGTCTACCCATGGACCCAGAGGTTCTTTGATTCCTTTGGGGACCTGTCCTCTGCATCTGCTGTTATGGGCAATGATAAAGTGAAGGCGCATGGCAAG
AAGGTGATTGATTCCTTTAGTAATGGCCTGAAACACCTTGACAACCTCAAGGGCACCTTTGCAAGTCTCAGTGAGCTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTTGGCAATATAATTGTGATTGTGTTGGCCCATCACCTGGGCAAGGATTTCACTCCAGAGGCACAGGCTGCTTTTCAGAA
GGTGGTGGCTGGTGTGGCCAATGCCCTGGCTCACAAATACCACTAA

Spermophilus_HBB_T4
ATGGTGCATCTGAGTGATGGGGAGAAGAATGCCATTAGTACCGTCTGGGGCAAGGTGGATGTAGATGCAGTTGGTGCTGAGGCCCTGGGCAGGCTGCTGATTGTCTACCCATGGACCCAGAGGTTCTTTGATTCCTTTGGGGACTTGTCCTCTGCATCTGCTGTTATGGGCAATGCTAAAGTGAAGGCTCATGGCAAG
AAGGTGATTGATTCCTTTAGTAATGGCCTGAAACACCTCGACAACCTCAAGGGCACCTTTGCAAGTCTCAGTGAGCTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTTGGCAATGTGATTGTGATTGTGCTGGCCCATCATCTGGGCAAGGATTTCACCCCAGAGGCACAGGCTGCTTTTCAGAA
GGTGGTGGCTGGTGTGGCCAATGCCCTGGCTCACAAATACCACTAA

Rabbit_HBB
ATGGTGCATCTGTCCAGTGAGGAGAAGTCTGCGGTCACTGCCCTGTGGGGCAAGGTGAATGTGGAAGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTTGTCTACCCATGGACCCAGAGGTTCTTCGAGTCCTTTGGGGACCTGTCCTCTGCACATGCTGTTATGAGCAATCCTAAGGTGAAGGCTCATGGCAA
GAAGGTGCTGGCTGCCTTCAGTGAGGGTCTGAATCACCTGGACAACCTCAAAGGCACCTTTGCTAAGCTGAGTGAACTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTTGTTGTGCTGTCTCATCATTTTGGCAAAGAATTCACTCCTCAGGTGCAGGCTGCCTATCAG
AAGGTGGTGGCTGGTGTGGCCAATGCCCTGGCTCACAAATACCACTGA

Pero_maniculatus_HBB_T1
ATGGTGCACCTGACTGATGCTGAGAAGGCTCTGGTCACCGGCCTGTGGGGAAAGGTGAAACCTGAGGAAATTGGTGGTGAGGCCCTGGGCAGGCTGCTGGCTGTCTACCCTTGGACCCAGAGGTTCTTTGACAGCTTTGGAGACCTGTCCTCTGCCTCTGCTATCATGGGTAATGCCAAGGTGAAGGGCCATGGCAA
GAAGGTGATTGACTCCTTTGGTGAAGGCCTGAAACACCTGGACAACCTCAAGGGCACCTTTGCCAGCCTGAGTGAGCTCCACTGTGACAAACTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGCAATATGATCGTGATTGTGATGGCCCACCACCTGGGCAAGGACTTCACCCCTGCTGCACAGGCTGCCTATCA
GAAGGTGGTGGCTGGTGTGGCCACTGCCCTGGCTCACAAGTACCACTAA

Pero_maniculatus_HBB_T2
ATGGTGCACCTGACTGATGCTGAGAAGGCTCTGGTCACCGGCCTGTGGGGAAAGGTGAAACCTGAGGAAATTGGTGGTGAGGCCTTGGGCAGGCTGCTGGCTGTCTACCCTTGGACCCAGAGGTTCTTTGACAGCTTTGGAGACCTGTCCTCTGCCTCTGCTATCATGGGTAATGCCAAGGTGAAGGGCCATGGCAA
GAAGGTGATTGACTCCTTTGGTGAAGGCCTGAAACACCTGGACAACCTCAAGGGCACCTTTGCCAGCCTGAGTGAGCTCCACTGTGACAAACTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGCAATATGATCGTGATTGTGATGGCCCACCACCTGGGCAAGGACTTCACCCCTGCTGCACAGGCTGCCTATCA
GAAGGTGGTGGCTGGTGTGGCCACTGCCCTGGCTCACAAGTACCACTAA

Mus_C57_HBB_T1
ATGGTGCACCTGACTGATGCTGAGAAGGCTGCTGTCTCTGGCCTGTGGGGAAAGGTGAACGCCGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTTGTCTACCCTTGGACCCAGCGGTACTTTGATAGCTTTGGAGACCTATCCTCTGCCTCTGCTATCATGGGTAATGCCAAAGTGAAGGCCCATGGCAA
GAAAGTGATAACTGCCTTTAACGATGGCCTGAATCACTTGGACAGCCTCAAGGGCACCTTTGCCAGCCTCAGTGAGCTCCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGCAATATGATCGTGATTGTGCTGGGCCACCACCTGGGCAAGGATTTCACCCCCGCTGCACAGGCTGCCTTCCA
GAAGGTGGTGGCTGGAGTGGCCGCTGCCCTGGCTCACAAGTACCACTAA

Mus_C57_HBB_T2
ATGGTGCACCTGACTGATGCTGAGAAGGCTGCTGTCTCTGGCCTGTGGGGAAAGGTGAACGCCGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTTGTCTACCCTTGGACCCAGCGGTACTTTGATAGCTTTGGAGACCTATCCTCTGCCTCTGCTATCATGGGTAATGCCAAAGTGAAGGCCCATGGCAA
GAAAGTGATAACTGCCTTTAACGATGGCCTGAATCACTTGGACAGCCTCAAGGGCACCTTTGCCAGCCTCAGTGAGCTCCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGCAATATGATCGTGATTGTGCTGGGCCACCACCTGGGCAAGGATTTCACCCCCGCTGCACAGGCTGCCTTCCA
GAAGGTGGTGGCTGGAGTGGCTGCTGCCCTGGCTCACAAGTACCACTAA

Mus_Balb_HBB_T1
ATGGTGCACCTGACTGATGCTGAGAAGGCTGCTGTCTCTTGCCTGTGGGGAAAGGTGAACTCCGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTTGTCTACCCTTGGACCCAGCGGTACTTTGATAGCTTTGGAGACCTATCCTCTGCCTCTGCTATCATGGGTAATGCCAAAGTGAAGGCCCATGGCAAG
AAGGTGATAACTGCCTTTAACGATGGCCTGAATCACTTGGACAGCCTCAAGGGCACCTTTGCCAGCCTCAGTGAGCTCCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGCAATATGATCGTGATTGTGCTGGGCCACCACCTGGGCAAGGATTTCACCCCCGCTGCACAGGCTGCCTTCCAG
AAGGTGGTGGCTGGAGTGGCCACTGCCCTGGCTCACAAGTACCACTAA



Mus_Balb_HBB_T2
ATGGTGCACCTGACTGATGCTGAGAAGTCTGCTGTCTCTTGCCTGTGGGCAAAGGTGAACCCCGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTTGTCTACCCTTGGACCCAGCGGTACTTTGATAGCTTTGGAGACCTATCCTCTGCCTCTGCTATCATGGGTAATCCCAAGGTGAAGGCCCATGGCAAA
AAGGTGATAACTGCCTTTAACGAGGGCCTGAAAAACCTGGACAACCTCAAGGGCACCTTTGCCAGCCTCAGTGAGCTCCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTAGGCAATGCGATCGTGATTGTGCTGGGCCACCACCTGGGCAAGGATTTCACCCCTGCTGCACAGGCTGCCTTCCAG
AAGGTGGTGGCTGGAGTGGCCACTGCCCTGGCTCACAAGTACCACTAA

Cavia_HBB
ATGGTGCACCTGACTGCTGCAGAGAAGTCTGCCATCTTAGACCTGTGGGGCAAGGTCAACGTGGGAGAAATTGGTGCCGAGGCCCTGGGCAGGCTGCTGGTTGTATACCCATGGACCCAGAGGTTCTTTGAGAAATTTGGGGACCTGTCTTCTGCTTCTGCTATCATGAGCAATGCGCATGTGAAGTCTCATGGCGCA
AAGGTGCTGGCTTCCTTCAGTGAAGGCTTGAAACATCTGGAAGACCTCAAGGGCACCTTTGCTAAGCTGAGCGAGCTGCACTGTGACAAACTCCACGTGGATCCTGAGAACTTCCGTCTCCTGGGTAACATGATTGTGATTGCTCTGGCCCATCACCATCCGTCGGAGTTCACCCCTTGCACGCAGGCTGCCTTCCAGA
AGGTGACTGCTGGTGTGGCTAATGCCCTGGCTCACAAGTACCACTGA

Homo_HBB
ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAA
GAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCA
GAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAA

Pero_leucopus_HBB_T1
ATGGTGCACCTGACTGATGCTGAGAAGGCTCTGGTCACTGGCCTGTGGGGAAAGGTGAAACCTGAGGAAATTGGTGGCGAGGCCCTGGGCAGGCTGCTGGCTGTCTACCCTTGGACCCAGAGGTTCTTTGACAGCTTTGGAGACCTTTCCTCTGCCTCTGCTATCATGGGTAATGCCAAGGTGAAGGCCCATGGCAA
GAAGGTGATTGACTCCTTTGGTGAAGGCCTGAAACACCTGGACAACCTCAAGGGCACCTTTGCCAGCCTGAGTGAGCTGCACTGTGACAAACTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGCAATATGATCGTGATTGTGATGGCCCACCACCTGGGCAAGGACTTCACCCCCGCTGCACAGTCTGCCTATCA
GAAGGTGGTGGCTGGTGTGGCCACTGCCCTGGCTCACAAGTACCACTAA

Pero_leucopus_HBB_T2
ATGGTGCACCTGACTGATGCTGAGAAGGCTCTGGTCACTGGCCTGTGGGGAAAGGTGAAACCTGAGGAAATTGGTGGCGAGGCCCTGGGCAGGCTGCTGGCTGTCTACCCTTGGACCCAGAGGTTCTTTGACAGCTTTGGAGACCTTTCCTCTGCCTCTGCTATCATGGGTAATGCCAAGGTGAAGGCCCATGGCAA
GAAGGTGATTGACTCCTTTGGTGAAGGCCTGAAACACCTGGACAACCTCAAGGGCACCTTTGCCAGCCTGAGTGAGCTGCACTGTGACAAACTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGCAATATGATCGTGATTGTGATGGCCCACCACCTGGGCAAGGACTTCACCCCCGCTGCACAGTCTGCCTATCA
GAAGGTGGTGGCTGGTGTGGCCACTGCCCTGGCTCACAAGTACCACTAA

end;

[HBB 1kb downstream flanking sequence]

#NEXUS

begin data;

dimensions ntax=12 nchar=1569;

format missing=? gap=- datatype=dna ;

matrix

Rabbit_HBE ACTCTCTTCCCAGTTTCTTTAGTG-CCCCTACTCATCCCCAGCGTC--CTCCTTCTGTACCTT--—-GGGGACTAGGC--TCAGCCTTGATGGCACAG-TTTCTGTTTAATAAAATACATTCTATTCAGTAATCAAAAAATGAT--GTCTCATCTTCTT--CGTATT-TTACTCATGTGTTTA-—---mmmmemmmemmmemeemee
AAAAAAAAAAACCACACATGTTCATGATTGAGACAGAGAGAGACATAGGAA--GAAATAAGAAT -
CTTTGAGTAGTATATTAGGATTTATCAAATAAAGGGAGGTGTTATTGGAGGGTACAGGAGAATCCAGAGAGGACACCAAGATGGGGAAGAAGTTCTCTTGGGTGGGGCAAAGGCTTCATTAAGT: AGTGTGGCAAAAACATACGGCAGAGGG-
AAGGGAATGAGGGACCAAAGTGGTATCTGCGAAATCAGATTTATGGTGAATGTTG-TTTCACT-—--- CAAAAGAAAGATTTGTAGTGAT-CAAAACTCTAGACATGGTAATACTAT-—-TTTAATG-—-—TACTTGAACAT-ACACATTGAAGAAATTAGCTTGATTT--
ATATCTTGAGAAATTGGTTTGAATATAAAGAAATGAGTTAAAGTA-TGAGTTGGAAATTTCCAGAAAAAAATGTTTTCATGAACAA--ACTGCAGTT-—TGTTCTTTCCTGAAGGGTTCTGTTGTCTCAATGGGATGCCAAGACTGAGACATATTACATCATTGTGCATTATCTTCTGATTGAATGCT G-
TAAAATAAAGCTAG--TTTCAACACAAATGAAAACTT-TCATGGG--AAAGATAAAGATTTCATGTAGAAAATAAA-ATACTAGCA----AATGTGCCTGGTCCTAAATCAGCAAGGTAAAACTTGGTGTCATAGATGGAACTGGAATTCTGGAAGTAGAGGGGAGTATTAGGAAAGATTAGATAGTGCTGAGCTTTGAC-
TATAAAAAATAAAATCTACTACTAGGC-TATTAGCGACAATGAGTTATAA-ATATTCTTAGGATGCTAAGTGACT-—-CCATGGATAAGA

Cavia_HBE GCTCGTTTCTGCAGTCTGCCAGCA-CTCCTGTGTGCCCCCGATACC-CTCCTTCTGCTCAT-——-GGGGACTGGGA--TGGGCCTTAAAAGTACAA-CTTCTTTTCAATAAAAATTATTCTCTTCAGTTATCAAACATTGAT--GTTTTGTTTTCTC--CATCTT-TTACCCTTGTATTAA- e e




CTTGTCAGTGGAAGAT C-rrmrmmemrmmmmemmmee AAAATGGGGAGGATGCTCTATC-—-CAGAGCAAGGGTTAGTTAAGCAGGCAGAGATGTGTG-GGGCAATGCGGCAAAAAC-TGCTGCAGAGAG-GAAAAAGGATGAGCC--TGGTGGAAACTGAGAAAGCAAAGATGTGATCAATGCCAAGTTTCATTAA-—
AAATAAAATGCAAAATCTTTGCAGGAT-TTGAGGTCTAAACG-AAGATTACTAA-—TATAAAT | CATTCTAATAT-ACGTTTTGAAGCAGCTACCTTGCC——ATGGCTTTTGAGATTGACTTGGAGATAAGGAGATAAGTTAAGGGAGTTTTTCTGAGTTTTGCAGAAAAA-—-GTCCACATGACTTA--ACAATAGCT-—
TGCTCTTTTCCAAAGGGTCCTTTTGTCTTTTTTTTTCTTTGACACGAAGTCTCACTTTGCAGTTCAGGATGGCCTT--GAACTCACTTTGTAGTC--rmrmrmsmrenee TAGGCTGACCTTGTGCTCACAGTG-ATCCGCGTGCCG-CAGCCTCCT-GAGGGCTGGGATTGCAGGTGTGTGTCACCATGCCCAGCT---
GGGGAGCCAAGAATAAAACACATGGAATCGCTGTGCATCATCTGGAAGAATGTAGCACGCACTAAAATAAAATTAGAGTTAATATACAAGGAATAACCTT-—TTTGGA-GGCAGTGA-TAAAAACGA-TGTAGGAGATAAAAGTCTATATGAATAGTAACAAGGCTTGTAGTTTAAGACCAATGA-
GATTGGGCATGATGACCTGCATGAAATTTCCTCC

Spermophilus_HBE ACCCGCCTCCCTATT-CACCAGTG-CTCCCGTGTGTCCCCAGTACC--CTCCTTCTGTACAT------GGGGACTGAGC--TCAGCCTTGAAAGCATAG-CTTCTGCTTAATAAAACA---TTTCTTCAGTAATTCAAAATTGAAAAGTTTTGTCTTCTC--CATTTT-TTACTCTTTTGTACT---
GAGAAG TAGGAAGAGACATAGGAA--GAAACGAGAGTTTCTTTGAGAAGTGTATAGAGACACATAAAGTCAAGC-ATATATTATTAAAAGATC:
----- AAGGACACTAAGATGGGGAAGAATTTCTATGGGTATGGGGAAATGGTGAGTTAAGTCAGCAGGGACTTGTG-GGATAGGGTGGCAAAAACTTGCTATAGAGGG-GAAAAAGGAAGTGGT-
AAATGATACCCAAGAAAGCAGATTTGTAGTACAAGCCAAATTTCATTAACATCAACAATAATAATAAAGTCTTCTGGGAT-CTGAGGTCTAGG-ATAGGATAACTAT----TTTAATT------—-TATTCTAATAT-CCACCTTGA-GCAGCTAAATTGTCAA--ATGTGATATGAAACTGTTTTAGAGGTATGGGGTTGAATTGAGTGA-
TGACTGAGCACTTTCTAGAATAA---GTTCCCATGATTCA--ACAATAGCT-----TGCTCTTTT- --TTATCCTAATGGAGCACCGTGGCTAAGACACATGAAATAATTGTACATTATATTCTGATAGAATATAGCACAC. --TAAAATGAAGTTAAAATTACTATATATGTGGGGACAT-
TGGGGGATGAGGAGATGAAAACTTTATGTAGGAGAAATCTACATGAATACTTCAAGGCTCATGGTCTAAAACCAACAAGTCAGGGATTGGTGACTTGCATGAAACTGCCTCTTTGAAA——-GGAGAGTATCAGCAAAGACCCAATAGTGCAAGAACTTGAC-TATAAAAA-
TACAAGCTATTGCTGCACCTGGTGGTGCACACCTGTAATCCCAGGAACTCTGGAAGCTGAGAGAGGAAGATCACAAGTTAAAGGCAGACCTCAGCAACTTATTG

Mus_Balbc_HBE -GCCCTCTCTCTAGCTGTCCAGCA-ATCCTGTGTGTCCGCTATGCC--TCCTCTCTGCACAT-——GAATACTG--C-—TGTTCCT--GAAGCACAT-CAT--GTT-AATAAAGCACCTCCG-—--AATCAAAA-TCG——TTTG-CTTGTC--TGCTTT-CTACTTT-ATGCT-A
AAGACACATATTTG----TGTATTTGTGGAAAAAGGGGGAATGCACAGGAAATGACTCAGGCATTTATCTGAAACCTGCA--
GGGACTCAAGAGAGAAACGTAGACGCCATGGAAGGCTTCTACA---CCCAGAGAGAGTCTAAAGCTGA-AAAGAATTCTCAGAGAGAAGAAAGAA------ATTTAGTGGAGAAGGCATTGTG-TATGGAACATATGAACATTTACTGTAGAGGGTGAAGAAAAGGGTGAC--AAGTGATACCTTGCA--GCAG-GTTGTGACAT--
CCCAT-TACCAT T--rmrmremem) AAGAAAAAGCTCTTACGAGAT-CCAAGAGCTAAG-ATAGAATTA-—-mmrmrmmmmemmmememe s ACTTTCTTTT-—-AAAAAGCATTTATTGGGTAACCAA-TTGGTGTGATCTGCCCCGGGGAAGACTCTTGATCCAGCTCTCAGCAACCCTTAGTTGACTATAATTCTTTGTGTATGGTTGAGGTC-
TCATCGGCTTTATTTACCCCACCCATATTAGCAAATGTGTATCACAGCAAGCTTCATGGTCTTTTGGCTCTTACAATCCTTTTCCCTTCTTCTGAAGTGTTCCCTGATCCTTAGGT G-
TGTAGATGTATCCACTGAGGTTAGGCTCCACAACTCTGAAGTTTGAATGGTTGTGGATTTCTGTACTGGTCTTTGTCTATTACAA---AGAGTGTTCTACATGAGAGGAGAAGACTACAACTTATACATACACACACACACACACACACACAC--ACATACATACAATTACAATGGCAAAATGACACGATTT--
TGAAAGGGAGCAAGGAGGGTATACAGAGG-GTTTGGAGGGAGAAAAGAAAAGGGTGATGTGTTTTAAC—-CATATTATAA-TTTCAAAAACAGTTTT-—-AAAAATTTATTGTTTTAAGT:

Mus_C57_HBE -GCCCTCTCTCTAGCTGTCCAGCA-ATCCTGTGTGTCCGCTATGCC--TCCTTTCTGCACAT------GAATACTGGAC--TGTTCCTTGAAAGCACAT-CAT--GTTTAATAAAGATCATCCTTCCTGGTAATCAAAAATTCAG---TTTTGTCTTGTC--TGCTTT-CTACTTTTATGCT-Axmrmrmsmsmsmmmmmmcmememenenee
AAGACACATATTTG-—-ATGTGTTTTTGGAAA—-GGGGGAAGCACAGGAA--GACTCAGGCATTTATCTGAAACCTGCA--
GGGACTCAAGAGAGAAACGTAGAAGCCATGGAAGGCTTCTACAGG-CCCAGTGAGAGTCTAAAGCTGAGAAAGAATTCTCAGAGAGAAGAAAGAA-——ATTTAGTGGAGAAGGCATTGTG-TATGGAACATATGAACATTTACTGTAGAGGGTGAAGAAAAGGGTGAC-AAGTGATACCTTGCA-GCAG-GTTGTGACAT-
CCCAT-TACCATT---msenon--- AGGAAAAAGCTTTTACAAGAT-CCAAGAGCTAAT-TTAGAATTA-----mmmememememememnees ACTTTCTTTA---AAAAAGCATTTGTTGGGTAACCAA--TTGGTGTGCTCTGCCCCGGGGAAGACTCTTGATCCAGCTCTCAGCAACCCTTAGTTGACTGTAATTCTTTGTGTATGGTTGAGGTC--
TCATGGGCTTTATTTACCCCACCCATATTAGCAAATGTGTATCACAGCAAGCTTCATGGTCTTTTGGCTCTTACAATCTTTTGCCCTTCTTCTGAAGTGTTCCCTGATCCTTAGGT Gerereremn
TGTAGATGTATCCACTGAGGTTAGGCTCCACAACTCTGAAGTTTGAATGGTTGTGGATTTCTGTACTGGTCTTTGTCTATTGCAA—-AGAGTGTTCTACATGAGAGGAGAAGACTACAACTTATACATATACACACACACACACACA-—— CATACATACAATTACAATGGCAAAATGACACGATTT--
TGAAACATGGGGAGGGGGCAACATTGGAG-ATGTAAAGTGAATTAATTAGTGGG-GAAAAAAGAAAAT---AAAAAAGTAA-AAA-AAAAATCATAAT---AAAAGTAAATT.

Mus_Balbc_HBGE —~GCCCTTTCCCTGATGTCCAGCA-TT-CTGTACACCCCTCA-GC--TCTGCCCTACCCAT--—-GGCCACTGTGC—TGGTCTCTGAAAGCAGGG-CTTCTGCTTAATAAAGTCCATTCTTTTCAGTAAACCATGAGTCAT--ATTTTGTTGTGTC--TGTTTC-TTACTTTTGTGTTTA----mrmrmmemmm e eeee
AAGAAAGAAGGCCG--ATGGGCAGATGGTAA---GGGAGCGAGACAGAAG--GACACTTGAGTTTCTTTTAGAACTTTGCTGGAATTCAGGAGAGGAA-
GTAGATGTTACAGAATTTTTCTAGAGC-CCCAGGAAAGATGAAAAGTTGG-GGATAATTCTCATGTAGGAAAGCAAAGGGTTAATGCCGTGGAGAAAAAAGTTC--TGTGGTAGTCACTAAAACTTAGTGTAGAGGGTGAAGAAATGCACGAC--AAATGATCACCTA----CAG-TCTGTGTTATGTGCCAT-T-TAATT---
AAGTTAAA-CTGTAGACAGAT-CTAATGCTCAAC-CTGAGATAAT. TCTTTTAAAAA-ATAATTTGCTTTTATTAT—GATTTTTTTTTTTTACTTTTTTGTTTTCTTTTTTCCCCACTAATTAAT-—TCACTTTACATC--TCCAATGTT-——-
GCCCCCTCCCCATCCCCCCTCACACAATTTCTTCTCACATCCTGCCTC-TTCTCCTCTGAAAGGGTTGATCCCCTCCTAGGGTACCCCCCCCCCC———- CAACCCTGGCATATCAACTCTCTTCCTGACTAGGCACATCTTTTCCCACTGATGTCAGACAAGGCCATCCACTTAGGGGAATTGATTCTGACAG--
ACAGTGAACAGCTTTAGAG---ACAGACAGGCTTATATTCTCCAGTTGTTGGGGGAACC-------- ACGAGAAGATTGAGCTACATATCTACTCCATAT-GTGCTGGGACCT-AGGTTCAGCGTGCATAAGCT--CTTTGATTGGTGGTACAGTCTCTGAGAACCCCCAACA--GTCCAGGTTAG-TTACTCT-GTTGGTCTATCTGTG-
—~GAGTTCCTATCCCC-TTAGGGTCCCTCTATCC.

Mus_C57_HBGE ~GCCCTTTCCCTGATGTCCAGCA-TT-CTGTACACCCCTCA--GC-TCTGCCATACCCAT-—-GGCCACTGTGC-TGGTCTCTGAAAGCAGGG-CTTCTGCTTAATAAAGTCCATTCTTTTCAGTAACCCATGAGTCAT-ATTTTGTTGTGTC~TGTTTC-TTACTTTTGTGTTTA—m e mn
AAGAAAGAAGGCTG--ATGGGCAGATGGTAA---GGGAGCGAGACAGAAG--
GACGCTTGAGTTTCTTTTAGAACTTTGCTGGAATTCAGGAGAGGAAAGTAGATGTTACAGAATTTTTCTAGAGC-CCCAGGAAAGATGAGAAGTTGG-GGATAATTCTCATGTAGGAAAGCAAAGGGTTAATGCCGTGGAGAAAAAAGTTC--TGTGGTAGTCACTAAAACTTAGTGTAGAGGGTGAAGAAATGCATGAC--
AAATGATCACCTA-——-CAG-TCTGTGTTATGTGCCAT-T-TAAT T AAGTTAAA-CTTTAGACAGAT-CTAATGCTCAAC-CTGAGATAAT- CAGTTTAAT. TATTTTAAAAA-ATAATTTACTTTTATTAT—GATTTTTTTT-—ACTTTTTTATTTTCTTTTTTCCCCACTAATTAAT—
TCACTTTACATC--TCCAATGTT----GCCCCCTCCCCATCCCCCCTCACACAATTTCTTCTCACATCCTGCCTC---TTCTCCTCTGAAAGGGTTGATCCCCTCCTAGGGTATCCCCGCCCACACACACA--
CAACCCTGGCATATCAACTCTCTTCCTGACTAGGCACATCTTTTCCCACTGAGGTCAGACAAGGCCATCCACTTAGGGGAATTGATTCT-ACAG--ACAGTGAACAGCTTTAGAG----ACAGACAGGCTTATATTTTCCAGTTGTTGGGGGAACC-------- -ACAAGAAGATTGAGCTACACATCTGCTACATAT-
GTGCTGGGACCT-AGGTTCAGCGTGTATAAGCT--CTTTGATTGGTGGTACAGTCTCTGAGACCCCCTAACA--GTCCAGGTTAG-TTACTCT-GTTGGTCTTTCTGTG—-GAGTTCCTATTCCC-TTAGAGTCCCTCTA

Pero_maniculatus_HBE ~ ----- GCCCTCTACCTGTCCAGCA-ATCCTGTGTGTCCCCTACTAC--ATCTTTCTGCACAT------GAGAAATGGAC--TGATCCTTGAGAACACAG-ATT--GTTTAATAAAGATCATTCATCCCAGTAATCAAAAAGTCAT---TTTTGTTTTGTC--TGTTTT-TTACTTCAGTGCT-Awmrmrmrmrmmrmmmemmmeeeee
AAGAAAAATGTTTG-—-ATGGGTTTGTGGTAG-—-AGGGGAATACAGGAA--GACACGCGAGTTTCTCTGAAAACTGGA--
AGGACTCAAGAGAGGAGAGTAGATGCCATTGAAGGCTTCTACTGG-CCCAGGGAGAGCCTATAGCTGGGAAAGAATTCTCAAAGAG--- GAGAAGGAATTGTG-TGTGGAACATATAGAAACTTACTGTAGAGGGTGAAGAAAAGGATAA--------GTATCTAATG--GCAG-GTTGTGACATATCCCAT-
TTCAATT------------AAGAAAAAGCTTT--AGAGAT-CCAAGATCTAAG-ATAGGATTATTAT---TTTAAATTACTTAATGTACTTTTTTTTTCCTAAAAGGATTTATTGGATAACCAA--TTAGTATGCTCTTCCCTGAGGAAGACTATTTCCCCAGCTCTCAGCATTCTTTAGTTGCCTGTAATTCTTTGTGTGTGGTTGAAATC--
TCATTGACT-—TTCTCCTATCGATGTTAG—
TGTGTCCCACAAGAAACTCCTTGATCCTCTGGCTCTTACAATCTTTTGTTCCTCTTCTGCAGTGTTCCCTGAGCCTTAGGTGTGGGAGTGTTTTGTAAATGTATTCACTGGAACTGGGTTCCACAACTCTGCATTTTGATTGGTGGTGGATTTCTGTAGTGCTCTCCATCTATTGCAA-—AGAGAGG-CTCCCTGAATG-
AGGGGTGAAGATTACACTTACATATACATGTATGCA- -ATA---ACAATTAAAGACAAAAGAAGACATAAATT--TGAA-GAGAGAAAGGAAAGTATATAGAAGAGTTTGGATAGAGGAAAGAAAAGTGAGATATGTTGTAAC--TATATCACAA-TTTCCAAAATGTTTTTTAAAAAGATTTATTATTTTA--

Pero_maniculatus_HBGE -GCCCCCTTTCTTGATGAGCGGCA-CTGCTGTGCACCTCTCA--GG-CTCATCTTACACAA-——-GACCACCTTGT--TGGGATTTGAAACTTGAG-CTTCTGCTTAATAAAGTCCGTTCTCTTCAGTAACCC--GAGTCAT--GCTTTGTTGTGTG-TGTTTC-TTACTATTGTGTT-A-mmememm e
AAGAAAGAAGGTTG--ATGGGTGCATGGTAG--TCAAGAGGTGCCACAG-
GACACCAGAGTTTCTTTGAAAACTGTATCGGGACTCAGAAGAGGAAGGTAGATGTTATGGGACTTTTCTAGGGT-GTCAAGGAGGATGAAGAGTTGA-GAAGAATTCTCATGTAGGAAAGCAAAGGGTTAATTAACTGGAGAATGAATTGT--GCTGACAGTTGCTAAAACTTAGTGCAGAGGGTGAAGAAAAGCATGGC--
AAGTGATGACCTG——CAG-GTTGTGATATGTGTCTT-T-TCAT T AAGATAAAGCTTTAGATAGAT-CTAATGTCTAAG-CTGAGATAAT G---rmremmem e CACTCAGAT---—-- TTTTTATTTTTAAGAA-ATGATTTACTTTATTTTT—
AATCATGTGTCTCTGTGTCTGTCACTGTTTGGTTTTGTGCATGTGAGTGCA-AGAGTCTATGGCAGCTAGAAGCT-—--CAGGTCCCACTGGAACTGGAGTTACAGGTGGTTGTGACTGCCTGCCATGAGTGCTGGGAACTGAACTCAGTTCCTCTGAGAGTGTATGTACTCTTA--------- -AACACTGAGCCATC-
ATCTCTCCAGGTTCAAGTGTACATTTTCCAGCAGATACTTTATCAGG-TGTCCTCT----GAAGCTGATTGC--AAG---AAAACGGACAAATTGATAG---AGAGCAGTGACCATTTAAGACAATGTTTCAATAAAACCAC----CATAGCAGGCTTGCGTTTTGAAGGAATTCCTTGTCTCAATGGTGAATCAAAGCTAGGAGACAC-
AGTTCACTGTAATTTTCTGTAGGGCTGTAATGAGCAATGAGATGGTGATAGAGAAA-GGACAGAAGTAGAACCTTGTCAGGTCAAGTGGGGACGATG




Pero_leucopus_HBE =~ - GCCCTCTACCTGTCCAGCA-ATCCTGTGTGTCCCCTACTAC--ATCTTTCTGCACAT-—-—-GAGAAATGGAC--TGATCCTTGAGAACACAG-ATT--GTTTAATAAAGATCATTCATCCCAGTAATCAAAAATTCAT-—-TTTTGTCTTGTC--CATTTT-TTACTTCAGT GCT-A-mmrmrmmemmmemrmmmmrmmmmemeeeee
AAGAAAAATGTTTG—ATGGGTTTGTGGGAG-—AGGGGAATACAGGAA--GACACCTGAGTTTCTCTGAAAACTGGA-

AGGACTCAAGAGAGGAGAGTAGATGCCATTGAAGGCTTCTACTGG-CCCAGGGAGAGCCTATAGCTGGGAAAGAATTCTCAAAGAG----rmrmrmrmrmrmsmesee GAGAAGGAATGGTG-TGTGGAACATATAGAATCTTACTGTAGAGGGTGAAGAAAAGGATAA-------- GTATCTAATG--GCAG-GTTGTGACATATCCCAT-
TTCGATT--——-——-AAGAAAAAGCTTT--AGAGAT-CCAAGATCTAAG-ATAGGATTATTAT-—TTTAAATTATTTAATGTACTTTTTTTT-CCTAAAAGGATTTATTGGATAATCAA--TTAGTATGCTCTTCCCTGAGGAAGACTATTTCCCCAGCTCTCAGCATTCTTTAGTTGCCTGTAATTCTTTGTGTGTGGTTGAAATC-
TCATTGACT-—TTCTCCTATCGATGTTAG—

TGTGTCCCACAAGAAACTCCTTGATCCTCTGGCTCTTACAATCTTTTGTTCCTCTTTTGCAGTGTTCCATGAGCCTTAGGTGTGGGAGTGTTTTGTAAATGTATTCACTGGAACTGGGTTCCACAACTCTGCATTTTGATTGGTGGTGGATTTCTGTAGTGCTCTCCATCTATTGTAA-—AGAGAAG-CTCCCTGAATG—
AGGGGTGAAGATTACACTTACATATACATGTATGCA-——-—- ATA-—-ACAATTAAAGACAAAAGAAGACATAAATT--TGAAAGAGAGAAAGGAAGGTATATAGAAGAGTTTGGATAGAGGAAAGAGAAGTGAGATATGTTGTAAC—-CATATCACAA-TTTCCAAAATGGTTTTTAAAAAGATTTATTATTTTA-wmrmmmmrmmmememmememen

--CTC-TCTGTGATATGTGTCAT-T-TAATT. ACTTTTTTCTTTTCTTTTTTCCCCACTAATTAATCTATTTACTTTACATC-
-TTTACTGCT----GCCTCCTCCATA-CCTCCCTCACACAGTCCCTTCTGATATCCCCCCTCCTGTTCTCCTCTGGAAGGATTGGTCCTCTC-TAGGGTATCCCCGCnmmmrmrmmmmrmrmemmememan -AATCTCTGCCTGGCTAGGCACATCTTT-CCCACTGAGGCCAGACAAGGCTGCCCATTATGGAGAATGGATTCG-ACAT---
ACAGTCAACAGCTCTAGAG-—-ACAGACAGACCTATCCCCTCTGGTTGACCCTATACTCCATTA-TGCTTGCAGACCTAGCATCACTTGGAACCTAGCA-TCACTGTCCTCTTAGAGGCTCCACCCAGTAGCTGACTAGAAAACATGATTTATTTCTTTTAATCAAGTGTCTCTGTGTCTATCTG-TGTTTGG-
GTTTGTGCATATGAGTACAAGAGTCTATGAGCGTCAGGATCCATTTGAACTGGAGTTA

Rattus_HBE -GCCCTTTCTCTAGCTGTCCAGCA-ATCCTGTGTGTCCCCTCTGCC--CTCTTTCTTCACAT-----GAGTACTGGAC--TGGTCCTTGAAAGGACAG-CAT--GTTTAATAAAGATCATTCTTCCTGGTAATCAAAAATTCA---TTTTGTCTTGTC--TTTTTTTCTACTTTTATGCT-Arrmrmrmmmmmmmmememememe e
ACGATACCTATTTG—ATGTGTTTGTGGAAG-———— AGAGGAA-GACACAGGCATTTCTTCGAAAACTGTA--
GGAACTCAATCGAGAAACATAGATGCCATAGAAGGCTTCTATAGG-GCCAAGGAAAGTCTAAAGCTGGGAAAGAGTTCTCAAAGAGAAGAAAGAA-——-ATTTAGTGGAGAAGGAATTGTG-TATGGAACATATGAAAATTTATTATAGAGGGTGAAGAAAAGGGTGAC-AGGTAATATCTGGCA-TCAG-GTTGTGATAT--
CACAT-TACCATT--rmmrees -AAGGAAAAGCTTTCATGAGAT-CCAAGATCTAAG-ACAGAAT TA--m-mmrmrmsmsmmmemmneee ACATTCTTCT---AAAAAGCATTTATGGGATAACCAA--TTGGTGTGCTCCACCCTGGTGAAGACACTTGCTCCAGCTCTCAGCATCCTGTAGTTGCCTGTAATTCTGTGTGTATGTTTGATGTC--
TCATGGGCT---

ATCCCCCACCCATTTTAGCAAATGTGCATCACAGCAAACTTCCTGGTCTTTTGGCTCTTACAATCTTTTGTTTTTCTTCTGAAGTATTCCCTGAACTTTAAGTGGGAGAGTCTTTTGTAGATGTATCCACTGGGGTTAGGCTCCAGAACTCTGAAGTTTGAATGATTGTGGATTTCTGTAATTGTCTTCATCTATTGCAA—
AGAGTGTTCTTCATGAAAA---AAGACTATAATTTATACATATACGAATACACATAAACATATAT--GCATATACATACATGCA-TACAACAATGACAAAATGGAATGGCAAAAGAAAAGGGAGATATGCTGTAA-CTATTATAATTTCAAAAAGTTTCACAAATTTATTATTT---TAAGTGATGA-CTCTGCATGTATCTCT---
ATACTTA

end;

[HBE and HBG 1kb upstream flanking sequence]

#NEXUS

begin data;

dimensions ntax=20 nchar=1327;

format missing=? gap=- datatype=dna ;

matrix

Cavia_HBE ACCCAGAAAGTTACAACTAGT-CCAAAACACAAAGACACTAGAAGAATTAGAATCTTTTGCACTTAAAACTACAACAAATACTAAAAATGCCCCAGCTTCTCACATG--ATT-
AACGTATCGATGAACTCGTTC-TTCATTTTGATCACAAATCTTGGTACAAAATAATCTTAGCTTCTTC--CTCAGCTGTCCCACTGCTTAAAAGTATGAGTAAGACAGAAAAGCAAAAAGACATC--
TCAGAGTTATATCCCATAAGTAGCCAATTTCTTCTCTTATCACAGAGAAATGGAAAAAACATAATTCTCTGGAAGCACAGGATGTGGTGGTGTTCTATCTACCCTCTCTGAAAAATCACTCTCTGGTAGTCTACTTTGGAATCAGAGTCTTATTTCTATGGCAAATCACTTGGT-—-ACTGTGCTCCATTTCCACAAGTAACCAT-
--GGGCTGTTTTTGTTTTACTTAGAAA-ATATATG---GAA--GTTTATGTTACAAGCCA-GTCTTC-AAGACAGAATCCAAAGAGAT-----smrmsmmmsmemeneee- TCTGTGTCAACA-GCATTAAATTCTTTATTTCTTGATGT-TGTTC-TTTTCACTGTTAGCATCCTGAACTTAAATGTT----GAAGTTG---TTTGGATTGGAACT--
ATTTTTCTATCTTGAAATTAACG--CCTCTCTCCTTG------- GAAAAGGGTG-GCGGGA--TAGATGAGT--ATTAATTATAGTGG-GAGATTTCATGGGGAG------- -AGAAGAGAGTGAAA--GAGAGCATAA-TTAT-----mmm--! GTTGCAGCTGGAGAAGTTTCCAAAA---------- ---AAGTAAGGATG-GCTCAGA-----




ATTCAGCACACGT--TATCATAAACTCAGTGTGCATTCTTTGCTGCTGACCGTCCTCTGACCAGGCCACACCCATTAGGGACACTGCTCAGCT--TGACCAATGACTT---Crrmrmmmmremm AAAGTCCTGG-------
GGAAGGGAAGGGGCCAGAACCTCACCAGTAAAGAATAAAAGGCGACAGTTTCCAGGGGCAGTACATATCTGCTTCTGACACTTCTGT-—-GATCACCAGCA--—— -AGCTTCTGGACCTAACATC-

Homo_HBB AGAGGAAAAAAATAATCTGAGCCAAGTAG-
AAGACCTTTTCCCCTCCTACCCCTACTTTCTAAGTCACAGAGGCTTTTTGTTCCCCCAGACACTCTTGCAGATTAGTCCAGGCAGAAACAGTTAGATGT-CCCCAGTTAACCTCCTATT-TGACACCACTGATTACCCCA- TGATAGTCACACTTTGGGTTGTAAGTGACTTTTTATTTATTTGTATTTTTGACTGC-
ATTAAGAGGTCTCTAGTTTTTTATCTCTTGTTTCCC-AAAACCTAATA--——-- AGTAACTAATGCACAGAGCACATTGATTTGTATTTATTCTATTTTTAGACATAATT-TATTAGCATGCATGAGCAAATTAAGAAAAAC-

ATGTATGTGTGTATATATACACACATATATATATATAT----TTTTTCTTTTCTTACCAGAAGGTTTTAATCCAAATAAGGAGA-- --AGATATGCTTAGAACCGAGGTAGAGTTTTCATCCATTCTGTCCTGTAAGTATTTTGCATATTCTGGAGACGCAGG-AAGAGAT----
CCATCTACATATCCCAAAGCTGAATTATGGTAGACAAAACTCTTCCACTT--TTAGTGCATCAACTTCTTATTTGTGTAATAAGAAAATTGGGAAAACGATC--
TTCAATATGCTTACCAAGCTGTGATTCCAAATATTACGTAAATACACTTGCAAAGGAGGATGTTTTTAGTAGCAATTTGTACTGATGGTATGGGGCCAAGAGATA-—--m - TATCTTAGAGGGAGGG-CTGAGGGTTTGAAGTCCAACTCCTAAGCCAGTGCCAGAAGAGCCAAGGAC—
AGGTACGGCTGTCATCACTTAGACCTCACCCTGTGGAGCCACACCCTAGGG-TTGGCCAATCTACT-=-Cormmememmemae CCAGGAGCA--------- GGGAGGGCAGGAGCCAGGG-CTGGGCATAAAAGTCAGGGCAGAG-—--CCATCTATTGCTTACATTTGCTTCTGACACAACTGT-—-GTTCACTAGC - -AACCT-
CAAAC-AGACACC--

Mus_Balbc HBGE =~ -———rereeee ATTATATAGGAAGATCAAAGAAA-—-TAGAACTATAATTAGGAAATCAAAACTAGGGATATTTTTCCTAATGTATAATTCTGTCCCAGCTGAGACAGAGTATGTGG—-
ACTGAATGAAAATATCCCGGCCACTTCTGAGTTATTCTAAAAAACACAAACCATCAAAGACAGATCCTGGTTGAAGCAAACTGAATGATCAGTCATTCAGCATTTTTGGTACATAACTTAATATAGGCACAGAGAAGAC-TAAACCCACACCCTTCTACACTTATCCAGTGGG---TATC-----------ATAGTGCTTAGTGACAG---
ACT----ATACATTGCATTCACATGGTGGAAAA-TGCCATGGT-TACATACAGTAGATTCCTCTATATAA---TGTATATTCCAT--m-memmememeen) -AGTGGAG-ACAAACACAGAGACATGTTCTAGTATACCACAGTAA TCTATTCCT----
ACTCAGATACTGCAATGCAATGGGATCTGCTTTCCTGGGACTGTTGGGAACTAGGAAGATCATGGTCTAAACCTACAGAAA ATGCATGGCTTGTGAGTACAAGGCATATTTCCATAACTTAGGTCCTGAAACCCATAGCTAAAATG-—AGCCTCAGGCTCACTGAGGTTTTCCC-C-
ATGTTTGCCTGTGCTTCAGCT--TAAATGTA----TTCCTCTATGTCT-TAAATGAAA----AGGAAAAATTGT-GAAAGATACCCTTG-CAAATCTCCTGTTGAG ----CTGGAGCAGGAGGC-
TCTGCCTCCACGAGGCAGGGGGCCTACTGGACACTATCTTAGT-GCAATGCT--ATCTAGACCTTACCCCAC-TGGACCCCACCCCTGTCTTGCCCAGACTCTC--TTGACCAATAGCCT-=-Cremememememees AGAGTCCTGGG------GAAGGGTAAGGGGAGCAAGGTCCAG-
GGTGAAGAATAAAAGAACAGGTCTTCAGCCTCTTGAACATTCTGGCTTCTG-CACACCTGA-—-GATCATCTCCA———-- AGCTTCCAGACCTCACACC-

Mus_Balbc_HBG
CTCTTCACAGTTAGGTTACAAACACACAAAAAGTGAAAACAGAGCTGAGTTGAAGAAACCTGAAAGCTTGGTCATTCAGTGTTCTCAGTATTTAACCAGTAATGATCATAGAGAAGGC-TAAACTCTCACCCTTT-TCACCAGGCAGCTACACTTATCCTGGG-
GGAGGGGGGGGGAATGCCAATTGTATGGTGTCAACACTGTGCATTCAATGGGTGGAAAA-TGTTGTCATGTAAACAG----ACTTCTCTACTTTA---GTGTAT--mrrmrmemmrmemeemeee GATGG--
AATGTGGAGACATGTTGTACTTCTACACAGTAATACATACACACACACACACACACACACACACACACACACATATATATATATGTATATATATACATATACATACATATATATATATATATATTTTTTTTTAACTTAGAAACTGAAATGTATTAGGAATAGCTTTCCTGGGGCTG-
TGGGAAATAAGAAGATCATGTCCTAATCCTACTGAAAATGCATTCAATGGTTTT-------GCACACCACGTCTTTGTTATACGTGGCTTGTGAGTAAGATTCATATTTCTGTCACTTAGGTTCATAACCCCATTCCTAAAAAT----AGCCTCTGGCTCACTGAGGCGTTCCC---ATGTTTGCCTATGCTTCAGCT--
TAAATGTATTAATCCCTCTAAGTCTGAAGTGAAAA---AGGGAAGAATGT-GAAAGACACCCTTG-CAAATCTCCTGTTGGG--- GGAAGGAGCTAACCAGAAGGAAAGAAGGAAGGA--AAGACGGTGAACTCTGGGAAAG--+----rmrmmrmrmmememammn CTGCAGTAGACAGC-T-------
CGAGGCAGGGGGCCTACTGGACACTATCTTAGT-GCAATGCT--ATCTAGACCTTACCCCAC-TGGACCCCACCCCTGTCTTGCCCAGACTCTC-TTGACCAATAGCCT---Cr-m-r--—-—-AGAGTCCTGGG--—--GAGGGGTAAGGGGAGCAAGGTCCAG-
GGTGAAGAATAAAAGGACAGGTCTTCAGCCTCTTGAACATTCTGGCTTTTG-CACACTTGA-—-GATCATCTCCA-------- AGCTTCTAGACCTCACACC--

Mus_Balbc_HBE CAATACATAGGAGATAGCTAATAATTCCAAGAAGAGAGTAGAAATCAAGCACACTAGCCAT-—---CCTTTAGTTATAATAAAC----ACTATCCACAAATGTTTCTCAAGGATATT-
GATGAATCAACTCACTCATTC-CTCAGTTGAATCACAA-GCCTAGTTTAAAGTTATTTCAGTTCC-—-m- -ACCTCACATATGAGAAATATCTATATGGGA-TTAAGCAAGGAAAGAGA-TCAAAGCAATATTACTAATGGAG-TAAGGT T CACAAAGGTTTGGTCAGAG--
AACTCTCTAGAATGACAAAACAAGAACTTGTTATATCCATCTTCTCTACACTGTCACTCCCTGTTGTTGTATTTTGGAATTGAGTCTTCGGACCCATTGTCAATCCTTTGCT----ACTGTATTCATCCTCCAGATGCAACTAT----GTATGAGTCTTGTCTACTTGGGGCA-ATATATATCTAGGA--
AATAGAGTTATAAAGCACATATCC-CAAGAAAAGGAGAAACAGATGTAAT--ATTG----- GCATTTCTGTGTCCACA-GCA-CAAATTCCTTTTTTCATGAGTT-TGTTC-TTATTATTATAGCCATTCTTTCCCTAAACGGT----AAAGTTA---TTTTAGACTGGATTT--TTTTTCCTATAGCGGGCTAAACT--

CCTCTTTCTGTGCCTTTGTTGGAAAAAGTG-ATGAGA—-GAAATGGGC-— GTTATACTGG-GAGTTTACATGTGGAG-——-- AGTAGAAAATGAAA-—-AGAGAATAA-GCAAAACAAAGAGAGTTTTTGTTGAAGGAGGAGCCAAAA--—-----mmmrmrmmmmemms -AAAGAATG-CCTCCAT-—ATCTAATGTGCAT-—
TATCATAAACACAGTGTACAGTTTT--TGCTGACCCTCCCATGACCTGGCTCCACCCATGAGGACCACGGGTCAGGC--TGACCAATGGCTT-—-Cmrermmmme-AAAGAATAAT -
GCAGAACAAAGGGTCAGAACATTGTCTGCGAAGAATAAAAGGCCACCACTTCTAGCAGCAGTACGTACTTGCTTCTGACACTCCTGT----GATCACCAGCA---------ACCTCCCAGACTTGCCATC--

Mus_C57_HBE TACGTAGGAGATAGCTAATAATTCCAAGAAGAGATTAGAAATCAAGCACACTAGCCAT——-CCTTTAGTTATAATAAAC-—ACTATCCACAAATGTTTCTCAAGGATATT-
GATGAATCAACTCACTCATTC-CTCAGTTGAATCACAA-GCCTAGTTTAAAGTTATTTCAGTTCC-—-m- ACCTCACAGATGAGAAATATCTATATGGGA-TTAAGCAAGGAAAAAGA--TCAAAGCAATATTACTAACGGAG-TAAGGT T-———--CACAAAGGTTTGGTCAGAG--

AACTCTCTAGAATCACAAAACAAGAACTTGTTATATCCATCTTCTCTACACTGTCACTTCCTGTTGTTGTATTTTGGAATTGAGTCTTCGGACCCATTGTCAATCCTTTGCT---ACTGTATTCATCCTCCAGATGCAACTAT-----GTATAAGTCTTGTCTACTTGGGGCA-ATATATATCTAGGA--
GATAGAGTTATAAAGCACATATCC-CAAGAAAAGGAGAAACAGATGTAAT--ATTG-———-GCATTTCTGTGTCCACA-GCA-CAAATTCCTTTTTTCATGAGTT-TGTTC-TTATTATTATAGCCATTCTTTCCCTAAACGGT-—AAAGTTA-—-TTTTAGACTGGATTT--TTTTTCCTATAGTGGGCTAAACT--
CCTCTTTCTGTGCCTTTGTTGGAAAAAGTG-ATAAGA-—-GAAATGGGC-——-GTTATACTGG-GAGTTTACATGTGGAG-—— AGTAGAAAATGAAA-—-AGAGAATAA-GCAAAACAAAGAGAGTTTTTGTTGAAGGAGGAGCCAAAA-——-—m ) AAGAAAGAATA-CCTCCAT-——ATCTAATGTGCAT---
TATCATAAACACAGTGTACAGTTTT--TGCTGACCCTCCCATGACCTGGCTCCACCCATGAGGACCACGGGTCAGGC--TGACCAATAGCT T---Cormmememmmeems -AAAGAATAAT -
GCAGAACAAAGGGTCAGAACATTGTCTGTGAAGCATAAAAGGCCACCACTTCTAGCAGCAGTACATACTTGCTTCTGACACTCCTGT-—-GATCACCAGCA-——- ACCTCCCAGACTTGCCATC--

Mus_C57_HBG
TACCCTGTCTCTTCACAGTTAGGTTACAAACACACAAAAAGTGAAAACAGAGCTGAGTTGAAGAAACCTGAAAGCTTGATCATTTAGTGTTCTCAGTATTTAACCAGTAATGATCATAGAGAAGGC-TAAACCCTCACCCTTT-
TCACCAGGCAGCTACACTTATCCTGGGTGGGTGGGTGGGGGCTGCCAATTGTATGGTGTCAACACTGTGCATTCAATGGGTGGAAAA-TGCTGTCATGTACACAG----ACTTCTCTACTTTA---GTGTAT---rrmrmrmmememenmee GATGG-—--AATGTGGAGACATGTTGTACTTCTACACAGTAATACAT -

ATATATATATATATGTGTGTGTGTGTGTGTGT-TATAAATATGTGTGTGTGTGTGTGTGTGTATATATATATATTTTT-—-ACTTAGAAACTGAAATGTATTAGGAATGGCTTTCCTGGGGCTG-TGGGAAATAAGAAGATCATGTCCTAAGCCTACTGAAAATGCATTCAATGGTTT T
GCACACCACATCTTTCTTATACGTGGCTTGTGAGTAAGACTCATATTTCTATCACTTAGGTTCGTAACCCCATTCCTAAAAAT----~AGCCTCTGGCTCACTGAGGCGTTCCC--ATGTTTGCCTATGCTTCAACT--TAAATGTATTAATCCCTCTAAGTCTGAAGTGAAAA----AGGGAAGAATGT-GAAAGACACCCTTG-
CAAATCTCCTGTTGGG CTGCAGCAGGAGGC-TCTGTCTCTCCGAGGCAGGGGGCCTACTGGACACTATCTTAGT-GCATTGCT---ATCTAGAACTTACCCCAC-
TGGACCCCACCCCTGTCTTGCCCAGACTCTC-TTGACCAATAGCCT---Cormrmmrmrmmemmn AGAGTCCTGGG-—---GAGGGGTAAGGGGAGCAAGGTCCAG-GGTGAAGAATAAAAGGACAGGTCTTCAGCCTCTTGAATACACTTGCTTTTG-CACACTTGA-—-GATCATCTCCA-——-—- -AGCTTCTATACCTCACACC-

Pero_maniculatus_HBE
ATTAAACACATCCAACATATAACAGCTAACAAGCAATCCCAAGACATGAATAGAAATCAAGGGCACTAACGATCAGAACCTTTGGCTATAACAAAGAATGAATATTCCCAAATGTTTCTCAAGGCCAAT-GATGTGTCAATTAACTCATTC-CTCAGTTGGGTCACAAGGCCTACTTTAAAGTAATTTTAGTTCC--mmmmmmmmm-
ATCTTACAGATGAGAAATGTCTATATGAAA-ATAAGCAAGAAAAGAGC--CCAGAGCAGAATTCCCAAAGGAGCCAAGG T CACAGAGTGTTGGTCAGAG--GAC--TCTAGAAGCACAGAAGGTGAATTTG--CATCCCTCTTCTCTGTGGTGTTACTCCCTAGTGTA--
TTTTGGAATTGAGTCTTTGTTCCCATTGTCAGTCCTTTGCT-—-ACTGTATTCATCTGATAGATGCAACCAT-—-ATAGGATTCTTATCCACTTGGGACA-ACACGTATCTAGAA--GATGTAATTTTAATCCACATCTCC-CAAG-—-AGAAGAACTAGATGTAAA-----rmmemememes TCTGTGTTCACA-GCA-
CAAACTCCTTTTTTCTTGAGTT-TGTTC-TTATCATTGTAACCATTCTTTGTCTAAG-GTT-—-AAAGTTA--CTTTAGACTTAA-AG--TTTTTCCTATAGTGGGTTAAGCT--CCTCTCTCTGTGCATTTGTTGGAAAATGTG-ATGAGA--GAGATGAGT--——--ATTATCTTAG-AAGTTTACATGTGAAG--
AGACAATAA-AGTTAA--AAAAAAGTTTTTGTTGAAGGAGGAGCCAAAA.
AAAGAATCGT----— GCAGAACAAAGGGCTAGAACATAGTCCGTGAAGAATAAAAGGCCATCACTTTTAGCAGCAGCATGTATCTGCTTCTGGCACTCCTGT-—-GATCAGCAGCA

Pero_maniculatus_HBGE AGGCACTCTTAGGGATGAAGGTCCTAATGTGTGATTCTGTCCTAGCAGAGGCAGTACATGTGGACTGTTACTGGATGGAAATATCCC-GATACGTC--AGTTATTTTGTGAACACACAAAAAGTGAAGACAGAGCCTGGTTGAA-
CAACCTGAAAGGTCAATCACTCAGCATTCTCAGTACTCAACCTGCCACGAGCACAGAGAAGGC-TGAACACACAACCTGCATCACCAGGCAGCTACACTCTTC - AATGGGAATGCCAACTGCATGGTGACTACACAGTCCACTCACAGGGTGGAAAA-GGCTGTCATCTACACACAGCAGATTGCTCTACTTCA-—
T e — AATGGAG-GCAAATGTAGAGACATGCTCTACTACACCACAGTAA: TCTATTCTT--—-ACTCAGAAACAGAA-—--—— CTGCTTTCCCAAGGCTG-TGGGAACTAGGGAGACCATGGGCTAAACCTATAGAAAATTCATCTGATGG-
TCG------GCACAGCACTTCTTTATCATGCATAGCTTCTGAATAAGGGGCATATTTCTGCCACTCAGGTGCTGGTTCCCAGGCCTAAAGAG----ATCCTCTTACTCTCTGAGGCGTTCCC-TACTGTTTGTCCATGCTTCAGCT--TTAATCTACCGGCCCCTGTAAGGCTAGAGACAGAA----AGGACAGAGTGT-
GAAAGATACCCTTG-CAAATCTTCTGTTGGGA-----GCAGAAGGGACTGAAGAAAAGGAAAGAAGGAAAGA--AAGAGAGAAAATACTATGAAAA------mwmemememememememee CTTCACCAGGAGGG-TCTCCTCCCATGAGGGAAGGGGCCTACTTGACACTATCTTAGTGGGAATGCT---ATCTACACCTTACTCCAC-
TGGACCCCACCCCTGTCTTGCCCAGCCTCTC--TTGACCAATAGCCT--C: AGAGTCCTGGGG-—-AGGGGGGGAAGGGGTGCAAGGTCCAG-GGTGAAGAATAAAAGGACGGGCCTTCAGCCACTTGAACACACTTGCTTCTA-CACACCTGA-—GATCATCTCCA--———) AGCCTCTAGACCTGACGCCAT




Pero_maniculatus_HBG AGTCACTCCTAGGGATGAAGGTCCTAATGTGGGATTCTATCCTAGCAGAGGCAGTACATGTGGACTGTTACTGGATGGAAATATCCC-GATACATCAGAGTTATTTTGTGAACACACAAAAAGTGAAGACAGAGCCTGGTTGAA-
CAACCTGAAAGGTCAATCACTCAGCATTCTCAGTACTCAACCTGCCACGAGCACAGAGAAGGC-TGAACACACAACCTGCATCACCAGGCAGCTACACTCTTCC-—— AGTGGGAATGCCAACTGCACAGTGACTACACAGTCCACTCACAGGGTGGAACA-GGCTGTCATCTACACACAGCAGATTGCTCTACTTCA-—-
AAGTGA-mmmeremmmemereneens) AATGGAG-GCAAATGTAGAGACATGCTCTACTACACCACAGTAA TCTATTCTT-----ACTCAGAAACAGAA----------- CTGCTTTCCCAAGGCTG-TGGGAACTAGGGAGACCATGGGCTAAACCTATAGAAAATTCATCTGATGG-
TCG-—-—-GCACAGCACTTCTTTATCATGCATAGCTTCTGAATAAGGGGCATATTTCTGCCACTCAGGTGCTGGTTCCCAGGCCTAAAGAG-—AGCCTCATACTCTCTGAGGCTTTCCC—ATGTTTGTCCATGTTTCAGCT--TTAATCTACCGGCCCCTGTAAGGCTAGAGACAGAA—-AGGACAGAGTGT-
GAAAGATACCCTTG-CAAATCTTCTGTTGGGA-—-GCAGAAGGGACTGAAGAAAAGGAAAGAAGGAAAGA--AAGAGAGAAAATACTATGAAAA-—-—rmemm e CTTCACCAGGAGGG-TCTCCTCCCATGAGGGAAGGGGCCTACTTGACACTATCTTAGTGGGAATGCT--ATCTACACCTTACTCCAC-
TGGACCCCACCCCTGTCTTGCCCAGCCTCTC--TTGACCAATAGCCT---Cormrmrmrmememees AGAGTCCTGGGG---AGGGGGGGAAGGGGTGCAAGGTCCAG-GGTGAAGAATAAAAGGACGGGCCTTCAGCCACTTGAACACACTTGCTTCTA-CACACCTGA-—GATCATCTCCA——-—-- AGCCTCTAGACCTGACGCC-

Rabbit HBG ATGTTTTGT-—-CTTATAATAAA-AATTGCTGAAAATTTTCCCTGGCATTTATCAGAGATAATTTACTCAGAGCCACACTGAGTACAGAAGA--GCAACACC--AATACT-
CTGGGTCACCAGTCAGCATACACACTTATCCAGTGGGAAGCACACATTATGT-GGTGCCTACAG
AAATAAAGTAAGAGTTCAATTCTGTATTATGCTACTTAATACTAA
GTATAGGACTTCTCCCCTGG--CCATTCCTAACTGAATG--AGATTTATACTTGTCTCATCAGAAATCTTGGAT-CTGTGCC--

--CAAAATTATCTGAATACTTTTC-ATATGTTTGCTTATGCTTTAGCT--ATAATTTGCAGGCATCTATGGTGTTAGTGACTAAAATATAGGAAATGCTGGCAAAAAAAGTCCTAG-
ACTATTTAATGGTGAGGAAACAAGAAAAATAGCTAAATAGAAAAATAAATGGGAGAACTCTTTAAAAAAATGAATTGAAAAGGGACAGGA-——- CTAACAAAACTTGAGGAGCAGAG-CCCCCTT-—— GAGGGGGCCTCTCTGCCACTATCTCAATATATAGTCT-—-GTGTGAAGCTT-
CTCTGCCTAAACCTCACCCCTGCGCTGACCAGCCTTGCC-TTGACCAATAGTCGTTACACAAAAACACTGACCAATAGCCTCAGAGAACACGGCGAAACAAGGGGCCAGATGTCCAGCGAGGAAGAATAAAAGGACGAGCCTTAGAGCAGTTTCACATACTTGCTTCTGAGACATCTGA---
GACTATCAGCAAGCTCAGCGAGCTCCTAGACCAGACATC--

Rattus_HBE GCAGTTAAACACATACACGTTTAGGCTTCTAATTTCAGGTCTAATATTTAAGAGATAGCTAGTAATCCCAAGAAGAGAGTAGAAACTAAGTACACTAGCCAT-——
ACTTCACCTATAACAAACACTGACTATTTACAAATGTTTCTCAAGGTTATT-GATGCATCAACTCCCTCATTC-CTCAGTTGGATCACAAGGGCTAGTTTAAAGTTGTTACCGTTTC-mmrmrmmmemsmmeeenes ATGTGAAATATGTATATGACA-ATAAGCAAGGAAAGAGC--TCAGAGCAATGTAACCAACGGAGCCAAAATC--------

ACCTCCCAGACTTGACATC--

Rattus_HBGE TCTCTCAGACTATATTTTCTTTACTGTCATACCACTATATAGAAGGATCCAAGAAATTATTAGAGCTATTATTAGAAAATAAAACCTAGAGATAATTTTCCTAATGTTTAAGTCTGTCCCAGCTGTGACAAGGCATGTGG——-ACTGAATGGAAATATCCCTGCCACTTCmmmmmmememm e ememeeeee
CAGAGCCTGGTTGAAGCAATCTGAAAGATCAGTCCTTCAGCTATTTTGGTACTTAAC----CGTTGGCACAAAAAAGGC-TGAACCTGTA---mmrmrmsmrmmenav GGA---ATGC-------- -ACAGTGCTTAGTGACTG---ACTGCAGAAACAGTGTATACACATGGTGGAAAA-TGCCAT-GT-TACAAACAGTAGATTCCTCCATGTAA---
TATATATTTTATAGAACATATACTAGTACAGTGAAG-ATAAATGCAGAAGCATATTATACTATACCACAGTCC: TTTATTCCT-—-ACTTAGAAACTGCAAAGCAATGGGA-
CTGCCTTCCCAGGGCTGTTGGGAACTAGGAAGATCATGGCCTAAATCTACAGAAA ATACATGGCTTGTGAGTAAGAGGCATATTTCTGTCACTTAAGTCCGAAGTCACAGACCTACAAAG-—--AGCCTCAGACTCACTGGGGCTTT-CC-C-ATCTTTGTCTATGCTTGAACT--
TCAGTCTACTAGTCCCTCTAAGTCT-GAAACAAAA--—-AGGAAAGATTGG-AAAAGACACCCTTG-CAAATCTCCTGTTGGG---- -AGAAGGAACCAAACAGAAAGAAAGAAGGAAAGA--AAGAG--TAAATGCTGTGAAAA -—-mmmmemmmemeeeeeeeeee CTGCAGCAGGAGGG-CTCTTTTTCCC-
AGGCAGGGGGTCTACTTGACACTATCTTAGTAGGAATGCT--ATCTAAGTCTTACCCTCC-TGGACCCCACCCCTTTCTTTCCCAGCCTGTT--TTGACCAATAGTCT---Comemmmemememeen AGAGTCCTGGG------GGAGGGGAAGTGGGGAAAAGTTCAG-
GATGAAGAGTAAAAGGACAGGCCTTCAGTCTCTTAAACACACTTGCTTCTG-CACACCTGA—GATTATTTCCA-——— AGCTTCTAGACCTCACACC-

Rattus_HBG_T1 TTCATAATACATAGGACATAATTCTATCCTAGCTGCGATAGTGCATGTGGATGTTACTGCATGGAAATATCACCTGTCACTTCAGAGTTAGGTTACAAACACACAAAAAGTGAAAACAG-GCTG-
GTTAAATATACCTGAAAGATTGGTCACTCAGCATTATTAATATTTAACCAGTCATGAGCATAGAGAAGGC-TAAATTCACACCTTTT-TCACCAAGCGGATACACTTTTCCT-mrmmmmemee GGGGGCTGCCAATTGCAGGGTGACAGCACAGTTCATTCACGGGGTGGATCA-
TGGAAACATGTACATAGAGTAAATTGCTCTGTTTTC-—-ATGTAT---mmrmmmmememem o GAGAGAA-GTAAATGTGGAGACATGCTGTATTTCAACACAGTAA GTAT-——-TATTT-——-ACTCACAAACTGTAATGCATTAGGAATTGCTTTTCTGGGGCTG-

TGGATACTAGGAAGATCATAGCCTAAAACTACAGAAAATGCATTCAATGG-TTT-------GCACACCATTTCTTTGTCATTAGTGGCTTGTAAGTAACAGGCATATTTCTGTCACTTATGTCCTAAGTCACAGGCCTACAGAG----ATCCTCAGACTCACTGGGGCTTTCTT---ATCTTTGTCTATGCTTGAACT--
TTAATCTACTACTCCATCTAAGTCTGAAATG-AAA--—-AGGAAAGAATGG-AAAAGATACCTTTA-CAAAT---CTGTTGGG-------AGAAGGGACCAAACAGAAAGAAAGAAGAAAAGA--AAAAGGGTAAATTCCGTGAAAACTGAAAAAAAAAAGAAAAGAAAAAACCTGCAGCTGGAGGG-
TCACTTTCTCCGAGGCAGGGGCCCTACTCGACACTATCTTTGTAGGAATGCT--ATCTAAGCCTTACCCTAC-TGGACCCCACCCCTG--mmmmmmmmr TC-TTGACCAATAGTCT---C-rmrmrmm o GGAGTCCTGGG—— GATGGGGAAGGGGGGAAAGGTCCAG-
GGTGAAGAATAAAAGGACAGGCCTTCAGCCTCTTGAACACACTTGCTTCTG-CACACCTGA-—GATCATCTCCA-——- AGCTTCTAGACCTCACACC-

Rattus_HBG_T2ps
CCAATTTGCTGTTGATATTATTGTAACTGTTTTGTTTTCATTGTTTGAAGCAAGGTCCCCTATAGAACAGGTGATTTTAACTCAATCTGTAACAAAGGATACTTTTCATTGATATTCTTGTACTTCTCCTCTAAAGACATCATCTGTGCTGTTAAAATCATTTAATCTAAGTGGTTAGGTGACAAACC---
ACTCTGAAAATAAGCCTTAAACAAAGAGTATGGATAATTTCTTCACTTTCCTTATCTCATTACTGCTAATTTTGGCCATAAAGGCACAAAATCAAA---TATCCAAA--------omemememem GCTCCAGGCATTATTATCTAGACAGGTCACATTTAGAGAGAAAAGGCCGCTTCCTGTCACATTGACGTAGAAATGTGCA--------rmrmmemmev
------------------------------- AGACAGACATGAACTACAGATGATTTGTTATGTGCTG---GTGTATCACAGGTGTGGCAGTACAGATGGATCATTATTCAACAGAAATATTAGAAGCTAATTAACTAAATCA-------
CTAAAAGTAAATCACTGAAGAGGGCACTTATAGATACAGTAAACAGAATAAAGTTGGCTGTACTGAATAGTAAGATCAGTATTTGAAAGCTCTAGGCTATCCATTATGTGGCCATTCCAATTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATTAAGATT---
GACAGTTTCTAGCAAATATGCTCTTGCTGGG-------- ACAAGGGACTAAGCTCAAGAGAAAAACACGAGA--AAGAAAGACAATTTTTCAAGAG--------r-rmrmmememenaof CTTCAGCGGTAGGG-TCTCTT-------- TGAGAGGCCTAGTTGGCACTATCTTCATGGGAATGCT---ATCTAAAGTTTACCCCAC-TGTACCCCACCC-
TGGCTTGCCCAGGCTCCA--TTAACCGATTACTT---C. ACAGAACTGGG AATGGGGTAAGGGCTAGAAGGCCAGGGGTGAAGAATAAAAAGACAAATCTGGCAGCAGCTGAGCATACTTGCTTGTA-AATACCTTA----AACCTTCTT -/ AAGTTCTTGACAAGACACA-

Spermophilus_HBE AACCAAAGCAACAAAT-TTCTCCTGAGGTCATAGAGATGGAAAGACTGAGG-+-+=-=-=-=-=- -ATTCTCTAAAAGCACAGAGTATGATCTTGTTCTGTCCATCCTCTCC-
GGGAAGCCACCCAATGTACTT-TGGAACTGGGGCAGTGGCCCCACTGTGGGTTCTTTGATACTGTGT-——-TCAGCATCCAGAAGTAACCTGGTATGTTTCTTCTC-TCTGGTGAAAACTAAGA-TCCAGA-AATATCAGT. TGCAAT
AACTTCTCAACAGAGTAAGAGTTACATGTGTTTTAACTTTCTTCCCCCTTGACT---TCATTGTTGATCACTGTTAACATTCTTTTTTTTTTTITTTTTTTTITTTTTTTTTA--GAGAGAGAGAGAGAGAGAGAGAGAGAGAG-----AGAGAGAGAGAGAGAAATTTTTTTA-GTATTTATTTTTCA--
GTTTTTGGTGAACACAACATCTTTATTTTTTTTTTATGTGGTATTGAGGATCTAAA-------TCAGCGCTCCACGCATGTCAGGCAAGCACATTACCACTTGAGCCACATCC-CCAGCCCTGTCAACATTCTTAAACTAAATATT-—-AAACTTTTTTCTTTTAACTGAAACTTATTTTTTCCATCTTGGGCTTAGTT--
CCTCTCAGTGGGTCTTTCTTGGAAAAAGCAGATAAGAGATGAAAAAGAT--GGGTATTATCCTGG-AAGATTACATGTGGAG-——-- AAAAGAATCCAAGG-ATAAGAAATAAGTTAAAAACCATGCTGTGGTTGGATGAGAAGAAAAAAAAA- - AAAACCAGTAAAGATA-TCTGAGG-—ATCCAGCATGCAT--
GGTCACAAACTCACAGTGGATTCTTCAGGGCTGTCCCTCTCCTGTTCTGGCTCCGCCCATGAGGGCCACAGCTCAACC-TTGACCAATGACTT---C- -AAGGAACTGC--------AGAGAACAAGGGGCCCGTGTTTCAGCAGTGAAGAATAAAAGAC-
GTGACTCCTAGCCGCAGAACATACTTGCTTCTGACACTTCGGT----AATCACCAGCA--------- AACTCCCAGACCTGACATC--

Spermophilus_HBG CTGACTCTATAGTTGTTTTGCAAACACTTAGAGAAGG-CAAAGGAGGTGATTCCTAGTACTATGTCTTAGAATAAAACTGGCTGACACTATTTGAAAGATAAATCAT-
GCAAGGTCATAATACCTACCAGGAGACCTCCCACCACTCTTCACTGAGCATAGAAAAGCTACCCCCAGAC-CCTGGCTCAAC————- AGCCAGCACCCGCTTAT--—-CCAGTGGGAATGCATATT--—-ACCTGGTAACTACACAATGCATTGACAGGGAATCAA--AAATGTTTGCTCAAAGTA-GACATGCTTTAT-TTA——
TTTTA--eeemeemememeneeee GACTGAAGCTAGGGTTCAGTCCCATGTTGTGTTACACAACACTAA TGTATTTCT-----
GCACTAAAACTGATGCTTTACAGAAATCATTTCCCTAGAACAATTGTGAACTAGGGAGACAGTGGCCTAAACCCATAAAGAATGTATTCAAAGA-TCA-——-ATATAGCACTTTTCCCTTGGAAACCATTCCTACCTGTATG--ACATTTATATTTGCTCCATCGGAGATACTAAACATTGTGCT-—
AAAATAAGAATCTCCTAATAACTGAA-TTTTTTACATTGGTGTCTATACT--TTAACCTCTAGGCTTCTCTGAAACTAGAGACAAAAACATAAAAAAGGCTGG-AAAGGAAGACCCAG-AACATTCTCTGACAAGAGAA-GGAAAACTAGCTA——-AAGAATAAAAAGGAAAA-—-TTGAAACAATTGACTTGAAACAGCAGAAAG-—
ACCCTAAAAAAATGTTAGCAGTGAAA-TTCCTTT-------- GAGGGGGCCTCCCTAGCACTATCTTAACAT---GGTT---GTCTGAACCCTGCCCTGCTCAAACCACACCCCCTGTGTGACCAGCCTTGCCTTTGACCAATAGCCTTTGT-------
TATTGACCAATAGCCTCAGGATATGTGGTGAGTCAAGGGGCCACAGCGTGGGGGATGAAGAATAAAAGGACGTGCCTTCTAGTAGTCTT—-CAGTTGCTTCTGAAGCATCTGA-—GATTATCGATA-——- AGCTCCTAGACCAGACACC--

Rabbit HBE TAAATGTGGATTTACAGTTTTGTCTCCAACATGCAAAGAATTA--GCCAGT--CATCACATCAGGGGGCTTCAAAAACAAGGGC-————-
ACTTAGAAGAATTTGAACCTCTACCCTGGTGACTACAGCACACACTAGACAAATCAATTAACTTATTC-CTCAGTTTGATTATAAATCCTGGGTTTAAATAATTTTAGTGTC-------- ATCTGCCTCATGGATTA-AAGTATAAGTAGAGCAGACAAGCCAAAAAAGAGA-GTCAGGGAAATATC-mrmrmrmrmsmsmsmmmeneeeee CCTGGAG--

CTAAGATCTCAAAAGTGTTTGCAGTTCACTCAGGGAAGCT-CAAGTGGATGATGTTCTGCCTCAACCACTTT———CATTTTTTGTGTGTGTGTGTGCTGTGTTGCTTTGTTTTC—CT-TGACC-TTCTTTTTGTCACCAACCTTGACCCAAATA-T-—GAAACTA—CTTTAGCCCTAA--C--ACTTTCCAGTCTTATGCTTAGCT--



GCTCTCTATGAATCTTTCTTGGAAAAGGGGAATGGGA---ATGATGGAT-———-GCCATCTTGGAAAGATTACATGGAAAA--——— AGAAGAGAGTGAAA--ACATCGATAATGTATGACAAATTGTGTTCTGCTTGGAGGAGGAACCAACA-----------mmmmmmm- GAGTAGGGATG-TCTCACG--—-ATCCGAAAGCCAT--
TATCACAAACTCAGTGAACCAC-——-CACTGACCATCTGGTGGCCTGGCTCCACCCATGAAGGACACATTCCAGTC-TTGACCAATGACTT--C. AAAGTATGAA
AGAGAACAAGGGGCCAGACCATCAGCAGTGGGGAATAAAAGGCCAAGCCTTGAAGCAGCAGCACAAAGCTGCTTCTGACACATTTGTGATCGATCACCAGCA--------- -AGCTCCCAGACGTGACACC--

Pero_leucopus_HBE
ATTAAACACATCCAACATATAACAGCTAACAAGCAATCCCAAGACATGAGTAGAAATCAAGGGCACTAACGATCAGAACCTTTGGCTATAACAAAGACTGAATATTCCCAAATGTTTCTCAAGGCCAAT-GATGTGTCAATTAACTCATTC-CTCAGTTGGGTCACAAGGCCTACTTTAAAGTAATTTTAGTTCC-—-mmmmmmnmm
ATCTTACAGATGAGAAATGTCTATATGAAA-ATAAGCAAGAAAAGAGC--CCAGAGCAGAATTCCCAAAGGAGCCAAGGTC---------CACAGAGTGTTGGTCAGAG---GAC--TCTTGAAGCACAGAAGGTGAATTTG---CATCCCTCTTCTCTATGGTGTTACTCCCTGGTGTA--
TTTTGGAATTGAGTCTTTGTTCCCATTGTCAGTCCTTTGCT-—-ACTGTATTCATCTGATAGATGCAACCAT-—-ATAGGATTCTTATCCACTTGGGACA-ACACGTATCTAGAA--GATGTAATTTTAATCCACATCTCC-CAAG-—-AGAAGAACTAGATGTAAA--m-mrmmememmes TCTGTGTCCACA-GCA-
CAAACTCCTTTTTTCTTGAGTT-TGTTC-TTATCATTGTAACCATTCTTTTCCTAAG-GTT-—AAAGTTA-—-CTTTAGACTTAA-AG-TTTTTCCTATAGTGGGTTAAGCT--CCTCTCTCTGTGCATTTGTTGGAAAATGTG-ATGAGA--GAGATGAGT--—-GTTATCTTAG-AAGTTTACATGTGAAG--
AGACAATAA--GTTAA--AAAAAAGTTTTTGTTGAAGGAGGAGCCAAAA------mwmmemememmms AGAAAGAATGGCC-CCAT-—---ATCTAAAATGTAT--TATCATAAACTCAGTGTACAGTTAC-—-TGCTGACCCTCCCATGACCTGGCTCCACCCATGAGGACCACAGGTCAGGC--TGACCAATAGCTT--C-
AAAGAATCGT------GCAGAACGAAGGGCTAGAACATAGTCCGTGAAGAATAAAAGGCCATCACTTTTAGCAGCAGCATGTATCTGCTTCTGGCACTCCTGT----GATCAGCAGCA---------AGCTCCTAGACCTGACATC--

Pero_leucopus_HBG TCTTAGGGATGAAGTTCCTAATGTGGGATTCTGTCCTAGCAGAGGCAGTGCATGTGGACTGTTACTAGATAGAAATATCCC-GATACGTCAGAGTTATTTTGTGAACACACAAAAAGTGAAGACAGAGCCTGGTTGAA-
CAACCTGAAAGGTCAATCACTCAGCATTCTCAGTACTCAACCTGCCATGAAAACAGAGAAGGC-TGAACCCACAACCTGCATCACCAGGCAGCTACACTCTTCC------=-=- AGTAGGAATGCCAACTGCATGGTGACTACACAGTCCACTCACAGGGTGGAAAA-GGATGTCATCTATACACAGCAGATTGCTCTACTTCA--
AAGTGA-mmereemmemeeeneeens, AATGGAG-GCAAATGTAGAGACATGCTCTACTACACCACAGTAA TTTATTCCT-----ACTCAGAAACAGAA-----=------ CTACTTTCCCAAGGCTG-TGGGAACTAGGGAGACCATGGGCTAAACCTATAGAAAATGCATCCGATGG-
TCGATGGTCTGCACACCACTTCTTTATCATGCATAGCTTCTGAATAAGGGGCATATTTCTGCCACTCAGGTGCTGGTTCCCAGGCCTAAAGAG-—-AGCCTCGTACTCTCTGAGGCTTTCCC-—-ATGTTTGCCCATGTTTTAGCT--TTAATCTACCGGCCCCTGTAAGGCTAGAGACAGAA-—-AGGACAGAGTGT-
GAAAGATACCCTTG-CAAATCTTCTGTTGGGA-----GGAGAAGGGACTGAAGAAAAGGAAAGAAGGAAAGA--AAGAGAGAAAATACTATGAAAA - --wmemmemmemememeeee CTTCCCCAGGAGGG-TCTCCTCCCATGAGGGAAGGGGCCTACTTGACACTATCTTAGTGGGAATGCT---ATCTACACCTTACTCCAC-
TGGACCCCACCCCTGTCTTGCCCAGCCTCTC--TTGACCAATAGCCT---Cormrmrmrmrmeen=s -AGAGTCCTGGGG----AGGGGGG-AAGGGGTGCAAGGTCCAG-GGTGAAGAATAAAAGGACGGACCTTCAGCCTCTTGAACACACTTGCTTCTA-CACACCTGA----GATCATCTCCA------- -AGCCTCTAGACCTGACGCC--

end;

[HBE and HBG cds]

#NEXUS

begin data;

dimensions ntax=21 nchar=444;

format missing=? gap=- datatype=dna ;

matrix

Cavia_HBE
ATGGTGCATTTTACCACTGAGGAAAAGAGCATCATCAATGCCCTGTGGGGCAAAGTCAATGTGGAAGAGACTGGAGGCGAAACCTTGGGAAGGCTCCTTGTTGTGTACCCCTGGACTCAGAGATTCTTTGACAACTTTGGCAACTTGTCTTCTCCCTCTGCCATCATGGGCAACCCCAAGGTCAAGGCCCATGGCAAGA
AGGTGCTGACCTCCTTCGGAGAAGCCATTAAGAACCTGGACAACCTCAAGGGCACCTTTGCTAAGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAATTTCAGGCTCCTGGGTAATGTGCTCCTGATTGTTCTGGCCACTCACTTTGGCAAGGAATTCACCCCTGATGTGCAGGCTGCCTGGCAGAA
ACTGGTGTCTGGAGTTGCCATTGCTCTGGCCCACAAGTACCACTGA

Homo_HBB
ATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAA
GAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCA
GAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAA

Mus_Balb_HBE
ATGGTGAACTTTACTGCTGAGGAAAAAACCCTCATCAATGGCCTGTGGAGTAAGGTCAATGTTGAAGAGGTTGGTGGTGAAGCCTTGGGAAGGCTTCTTGTTGTGTACCCATGGACCCAGAGATTCTTTGACAGCTTTGGGAACTTGTCCTCTGCCTCTGCCATAATGGGCAACCCAAGGGTCAAAGCCCATGGCAAGA
AGGTGCTGACTGCTTTTGGAGAGTCCATTAAGAACCTAGACAACCTCAAGTCTGCCTTGGCCAAGCTCAGTGAACTGCACTGTGACAAGCTACATGTGGATCCTGAGAACTTCAAACTCTTGGGTAATGTGCTGGTGATTGTTTTGGCTAGTCACTTCGGCAATGAATTCACAGCTGAGATGCAGGCTGCCTGGCAGAAG
CTGGTGGCTGGGGTGGCCACTGCGCTGTCCCACAAGTACCACTGA



Mus_Balb_HBG
ATGGTTCACTTCACAGCTGAGGAGAAGGCAGCTATCACAAGCATCTGGGATAAAGTGGACTTGGAAAAAGTTGGAGGAGAAACTCTGGGAAGGCTCCTGATTGTTTACCCATGGACTCAGAGATTCTTTGACAAGTTTGGAAACCTCTCTTCTGCCCTGGCCATCATGGGAAACCCCCGGATTAGAGCCCATGGCAAGA
AAGTGCTGACATCCTTGGGCTTGGGGGTTAAGAACATGGACAACCTCAAGGAGACCTTTGCTCATCTCAGTGAGCTGCACTGTGACAAGCTTCATGTGGATCCTGAGAACTTCAAGCTCCTGGGCAACATGTTGGTGATTGTCCTTTCTACTCATTTTGCCAAGGAATTCACCCCAGAGGTGCAGGCTGCCTGGCAGAAG
CTGGTGATTGGAGTGGCCAATGCTCTGTCCCACAAGTACCATTAA

Mus_Balb_HBGE
ATGGTTCATTTCACAGCTGAGGAGAAGGCAGCTATCACAAGCATCTGGGATAAAGTGGACTTGGAAAAAGTTGGAGGAGAAACTCTGGGAAGGCTCCTGATTGTTTACCCATGGACTCAGAGGTTCTTTGACAAATTTGGAAACCTCTCTTCTGCCCAAGCCATCATGGGTAATCCCAGAATCAAAGCCCATGGCAAGAA
AGTGCTGACATCCCTGGGCTTGGCAGTTAAGAACATGGACAACCTCAAGGAGACCTTTGCTCATCTCAGTGAACTGCACTGTGACAAGCTTCATGTGGATCCTGAGAACTTCAAGCTCCTGGGTAACATGCTGGTGATTGTTCTTTCTTCTTACTTTGGCAAGGAATTCACAGCTGAGGCGCAGGCTGCCTGGCAGAAGT
TGGTGGTTGGGGTGGCCACTGCTCTGTCCCACAAGTACCACTGA

Mus_C57_HBE
ATGGTGAACTTTACTGCTGAGGAAAAGACCCTCATCAATGGCCTGTGGAGTAAGGTCAATGTTGAAGAGGTTGGTGGTGAAGCCTTGGGAAGGCTTCTTGTTGTGTACCCATGGACCCATAGATTTTTTGACAGCTTTGGGAACTTGTCCTCTGCTTCTGCCATAATGGGCAACCCAAGGGTCAAAGCCCATGGCAAGAA
GGTGCTGACTGCTTTTGGAGAGTCCATTAAGAATCTAGACAACCTCAAGTCTGCCTTGGCCAAGCTCAGTGAACTGCACTGTGACAAGCTACATGTGGATCCTGAGAACTTCAAACTCTTGGGTAATGTGCTGGTGATTGTTTTGGCTAGTCACTTCGGCAATGAATTCACAGCTGAGATGCAGGCTGCCTGGCAGAAGC
TGGTGGCTGGGGTGGCCACTGCGCTGTCCCACAAGTACCACTGA

Mus_C57_HBG
ATGGTTCACTTCACAGCTGAGGAGAAGGCAGCTATCACAAGCATCTGGGATAAAGTGGACTTGGAAAAAGTTGGAGGAGAAACTCTGGGAAGGCTCCTGATTGTTTACCCATGGACTCAGAGATTCTTTGACAAGTTTGGAAACCTCTCTTCTGCCCTGGCCATCATGGGAAACCCCCGGATTAGAGCCCATGGCAAGA
AAGTGCTGACATCCTTGGGCTTGGGGGTTAAGAACATGGACAACCTCAAGGAGACCTTTGCTCATCTCAGTGAGCTGCACTGTGACAAGCTTCATGTGGATCCTGAGAACTTCAAGCTCCTGGGCAACATGTTGGTGATTGTCCTTTCTACTCATTTTGCCAAGGAATTCACCCCAGAGGTGCAGGCTGCCTGGCAGAAG
CTGGTGATTGGAGTGGCCAATGCTCTGTCCCACAAGTACCATTAA

Mus_C57_HBGE
CTCCTGGGTAACATGCTGGTGATTGTTCTTTCTTCTTACTTTGGCAAGGAATTCACAGCTGAGGTGCAGGCTGCCTGGCAGAAGTTGGTGGTTGGGGTGGCCACTGCTCTGTCCCACAAGTACCACTGA

Pero_leucopus_HBE
ATGGTGAACTTCACTGCTGAGGAAAAGGGTCTCGTCAATGGCCTGTGGAGTAAGGTGAATGTGGAAGATATTGGTGGTGAAGCCTTGGGAAGGCTTCTCGTTGTGTACCCATGGACCCAGAGATTCTTTGACAGCTTCGGAAACTTGTCCTCTGCCTCTGCCATAATGGGCAACCCAAGGGTCAAAGCCCATGGCAAGA
AGGTACTGACTTCTCTTGGAGATGCCATTAAGAACCTAGACAACCTCAAGTCTGCCTTGGCTAAGCTCAGTGAGCTGCACTGTGACAAGCTACATGTGGATCCTGAGAACTTCAAGCTCTTGGGCAATGTGTTGGTGATTGTTTTGGCTGGTCACTTCGGCAAGGAATTCACGCCTGAGATGCAGGCTGCCTGGCAGAAG
GTGGTGGCTGGGGTGGCCAACGCTCTGTCCCACAAGTACCACTGA

Pero_leucopus_HBG
ATGGTTCACTTCACAGCTGAGGAGAAGGCAGCTATCACAAGCATATGGGATAAAGTGGACGTGGAAAAAATTGGAGGAGAAACCCTGGGAAGGCTCTTGATTGTCTACCCATGGACTCAGAGATTCTTTGACAAATTTGGAAACCTCTCTTCTGCCCCGGCCATCATGGGTAACCCCAGAATCAGAGCCCATGGCAAGA
AAGTGCTGACATCCCTAGGCTTAGCGGTTAAGAACATGGACAACCTCAAGGAGGTTTTTGCTCATCTGAGTGAGCTGCACTGTGACAAACTTCATGTGGATCCTGAGAACTTCAAGCTCCTGGGAAACATGCTGGTGATCGTCCTTTCCACTCATTTTGTCAAGGAATTCACTCCTGAGGTGCAAGCTGCCTGGCAGAAG
CTGGTGATGGGTGTGGCCAATGCTCTGTCCCACAAGTACCATTAA

Pero_maniculatus_HBE
ATGGTGAACTTCACTGCTGAGGAAAAGGGTCTCGTCAATGGCCTGTGGAGTAAGGTGAATGTGGAAGATATTGGTGGTGAAGCCTTGGGAAGGCTTCTCGTTGTGTACCCATGGACCCAGAGATTCTTTGACAGCTTCGGGAACTTGTCCTCTGCCTCTGCCATAATGGGCAACCCAAGGGTCAAAGCCCATGGCAAGA
AGGTACTGACTTCTCTTGGAGAAGCCATTAAGAACCTAGACAACCTCAAGTCTGCCTTGGCTAAGCTCAGTGAGCTGCACTGTGACAAGCTACATGTGGATCCTGAGAACTTCAAGCTCTTGGGCAATGTGTTGGTGATTGTTTTGGCTGGTCACTTCGGCAAGGAATTCACACCTGAGATGCAGGCTGCCTGGCAGAAG
GTGGTGGCTGGGGTGGCCAACGCTCTGTCCCACAAGTACCACTGA

Pero_maniculatus_HBG
ATGGTTCACTTCACAGCTGAGGAGAAGGCAGCTATCACAAGCATATGGGATAAAGTGGACGTGGAAAAAATTGGAGGAGAAACCCTGGGAAGGCTCTTGATTGTCTACCCATGGACTCAGAGATTCTTTGACAAATTTGGAAACCTCTCTTCTGCCCCGGCCGTCATGGGTAACCCCAGAATCAGAGCCCATGGCAAGA
AAGTGTTGACATCCCTAGGCTTGGCAGTTAAGAACATGGACAACCTCAAGGAGGTTTTTGCTCATCTGAGTGAGCTGCACTGTGACAAGCTTCATGTGGATCCTGAGAACTTCAAGCTCCTGGGAAACATGCTGGTGATCGTCCTTTCCACTCATTTTGTCAAGGAATTCACTCCTGAGGTGCAAGCTGCCTGGCAGAAG
CTGGTGATGGGTGTGGCCAATGCTCTGTCCCACAAGTACCATTAA

Pero_maniculatus_HBGE
ATGGTTCACTTCACAGCTGAGGAGAAGGCAGCTATCACAAGCATATGGGATAAAGTGGACGTGGAAAAAATTGGAGGAGAAACCCTGGGAAGGCTCTTGATTGTCTACCCATGGACTCAGAGATTCTTTGACAAATTTGGAAACCTCTCTTCTGCCCCGGCCATCATGGGTAACCCCAGAATCAGAGCCCATGGCAAGA
AAGTGTTGGCATCTCTAGGCTTGGCGGTTAAGAACATGGACAACCTCAAGGAGGTTTTTGCTCAACTGAGTGAGCTGCACTGTGACAAACTTCATGTGGATCCTGAGAACTTCAAGCTCCTGGGTAACATGCTGGTGATTGTTCTTTCTTCTCACTTTGGCAAGGAATTCACCGCAGAGGTGCAGGCTGCCTGGCAGAAG
TTGGTGGCTGGTGTGGCCAATGCTCTGTCCCACAAGTACCACTGA

Rabbit_HBE
ATGGTGCACTTTACTCCTGAGGAAAAGTGCATTATCAGTAAGCAGTGGGGCCAGGTGAACATCGATGAGACTGGAGGTGAAGCTTTGGGCAGGCTCCTTGTTGTCTACCCCTGGACCCAAAGATTCTTTGACAACTTTGGCAACTTGTCCTCTTCCTCTGCCATCATGGGAAACCCCAAGGTCAAGGCACATGGCAAGA
AGGTGCTGACCTCCTTTGGAGATGCCATCAAGAACATGGACAACCTTAAGGGTGCCTTTGCTAAGCTGAGTGAGCTGCACTGTGACAAACTGCATGTGGATCCTGAGAACTTCAAACTCCTGGGAAACGTGCTGCTGATCGTTCTGGCCACTCATTTTGGCAAAGAATTCACTCCGGAGGTGCAGGCTGCTTGGCAGAA
GCTCGTGTCTGGTGTTGCCATTGCTCTGGCCCACAAGTATCACTGA

Rabbit_ HBG
ATGGTTCATTTCACGGCTGAGGAAAAGGCTGCTATCACAAGCACATGGAAGCTGGTGGACGTAGAAGATGCCGGAGCAGAAGCCCTCGGAAGGCTCCTGGTCGTCTATCCTTGGACCCAGAGATTCTTCGATAGCTTTGGAAACCTGTCCTCTTCCTCTGCCATCATGGGAAACCCCAAAGTGAAGGCCCATGGCAAG
AAGGTGTTGACTGCCTTTGGAGATGCTGTAAAGAATGTGGATGATCTCAAAAACACATTCGCCCACCTGAGTGAGCTGCACTGTGACAGGCTGCATGTGGATCCCGAGAACTTCAAACTCTTAGGAAATGTGCTAGTAATTGTCTTGGCGAAGTATTTTGGCAAGGAATTCACTCCCCAGGTCCAGAGTGCCTGGCAGAA
ATTGGTGGCTGGAGTGGCCACTGCCCTGGCCCACAAGTATCACTGA

Rattus_HBE
ATGGTGAACTTTACTGCTGAGGAAAAGAGCCTCATCAATGGCCTATGGAGTAAAGTGAATGTTGAGGAGGTTGGTGGTGAAGCCTTGGGAAGACTTCTCGTTGTGTACCCATGGACCCAGAGATTCTTTGACAGCTTTGGGAACTTGTCCTCTGCCTCTGCCATAATGGGTAACCCAAGAGTCAAAGCCCATGGCAAGAA
GGTGCTGACTGCTTTTGGAGAAACCATTAAGAACCTAGACAACCTCAAGTCTGCCTTGGCCAAGCTCAGTGAACTGCACTGTGACAAGCTACATGTTGATCCTGAGAACTTCAAACTCTTGGGTAATGTGCTGGTGATTGTTCTGGCTAGTCACTTCGGCAATGAATTCACGGCTGAGGTACAGGCTGCCTGGCAGAAGT
TGGTGGCTGGGGTGGCCACTGCTCTGTCCCATAAGTACCACTGA



Rattus_HBGE
ATGGTTCACTTCACAGCTGAGGAGAAGGCTGCTATCATAAGCATATGGGAAAAAGTGGACTTGGAAAAACTTGGAGGAGAAACCCTGGGAAGGCTCCTCATTGTATATCCATGGACTCAGAGATTCTTTGACAAGTTTGGAAACCTCTCTTCTGCTCCGGCCATCATGGGTAATCCCCAGATCAGAGCCCATGGCAAGAA
AGTGCTGGTGTCCCTAGGCTTGGCAGTTGAGAACATGGACAACCTCAAGGAGACCTTTGCTCATCTGAGTGAGCTGCACTGTGACAAGCTTCACGTGGATCCCGAGAACTTTAAGCTCCTGGGTAACGTGCTGGTGATTGTTCTTTCTTCTTACTTCGGCAAAGAATTCACAGCTGAGGTGCAGGCTGCCTGGCAGAAG
CTGGTGGCTGGGGTGGCCACTGCTCTGTCCCACAAGTACCACTGA

Rattus_HBG_T1
ATGGTTCACTTCACAGCTGAGGAGAAGGCTGCTATCATAAGCATATGGGAAAAAGTGGACTTGGAAAAAATTGGAGGAGAAACCCTGGGAAGGCTCCTGATTGTTTACCCATGGACTCAGAGATTCTTTGACAAATTTGGAAACCTCTCTTCTGCTCTGGCCATCATGGGTAACCCCCGGATCAGAGCCCATGGCAAGAA
AGTGCTGACGTCTCTAGGTTCGGCAGTTGAGAACATGGACAACCTCAAGGAGACCTTTGCTCATCTGAGTGAGCTACACTGTGACAAGCTTCATGTGGATCCTCAGAACTTCAAGCTCCTGGGCAACATGTTGGTGATTGTCCTTTCTACTCATTTTGCCAAGGAATTCACCCCAGAGGTGCAGGCTGCCTGGCAGAAGC
TGGTGATGGGTGTGGCCAATGCTCTGTCCCACAAGTACCATTAA

Rattus_HBG_T2 ATGAATCATTTCACCTGTGAAGAGAAGGCAGCCATCAAGAGCATCTGGGAAAAGGTAAATGTGGCAGACGATGGAGCAGAAGCCCTGACAAG-
CTCTTGGTTGTCTACCCATGGACTCAGAGGTTCTTTGAAAGCTTTGGAGACCTCTCTTGTCCCTCAGCCACTATGAACAACCCCAAAGTCAAAGCTCATGGCAAGAAAGTGCT -mmmemrmememememees
ATTAAGAGTATGGACAACCTCAAGAAGGTCTTTGCTCATCTGAGTGAGCTACACTGTGACAAGCTTCACGTGGACCCTGAAAATTTCAAGCTCCTGGGTAACATGATCGTTATTGTTCTGTCTAGTTGCTTTGGGGATGCATTCACCCCCATGGTGCAAGCTTCCTGGCAGAAGATGGTGAATAATGTGGCCAGTGCTCTG
GCCCCCAAGTATCACTGA

Spermophilus_HBE
ATGGTGCATCTAACTGCTGAGGAGAAGAACCTTATCTCTAGCCTGTGGGGCAAATTGAATGTGGAAGAGACCGGAGGTGAAGCCTTGGGCAGGGTCCTTGTTGTCTACCCTTGGACCCAGAGATTCTTTGACAGCTTTGGCAACATGTCCTCTCCCTCTGCCATCATGGGTAACCCCAGGGTCAAGGCCCATGGCAAGA
AGGTGCTGACTTCCTTTGGAGAGGCCATTAAGAACCTAGACAACCTCAAGGGTACCTTTGCTAAGCTGAGTGAGCTGCACTGTGACAAGCTGCATGTTGATCCTGAGAACTTTAAGCTCCTGGGTAACGTGCTGGTGATTGTTCTGTCTGCTCACTTTGGCAAGGAGTTCACCCCTGAAATGCAGGCTGCCTGGCAGAA
GCTGGTGTCTGGTGTTGCCAATGCTCTGGGCCACAAGTACCACTAA

Spermophilus_HBG
ATGGTTCATTTCACAGCTGAGGATAAGGCTGCTATCACAAGCATGTGGAGAAAAGTGAATGTGGAAGAAGCTGGAGGAGAAACTTTGGGAAGGCTCCTAGTTGTCTATCCCTGGACCCAGAGGTTCTTTGACAGCTTTGGAAACCTGTCCTCTGCCTCTGCCATCATGGGTAACCCCAAGGTCAAGGCCCATGGCAAGA
AGGTTCTGACTTCTTTGGGAAATGCTTTAAGGGACATGGATGACCTCAAGGGTGCCTTTTCCCAGCTGAGTGAGCTGCACTGCGAAAGGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGAAACATGCTTGTGATTATTATGGCAAAACATTTTGGCAAGGAATTCACCCCCGAGATGCAGGCTTCCTGGCAGAAA
ATGGTGGCTGGAGTGGCCAGCGCTCTGGCCCACAAGTATCACTGA

end;

[HBE and HBG 1kb downstream flanking sequence]

#NEXUS

begin data;

dimensions ntax=21 nchar=1569;

format missing=? gap=- datatype=dna ;

matrix

Cavia_HBE GCTCGTTTCTGCAGTCTGCCAGCA-CTCCTGTGTGCCCCCGATACC-CTCCTTCTGCTCAT-——-GGGGACTGGGA-TGGGCCTTAAAAGTACAA-CTTCTTTTCAATAAAAATTATTCTCTTCAGTTATCAAACATTGAT--GTTTTGTTTTCTC--CATCTT-TTACCCTTGTATTAA--—-—--mm e e
AGGGAAAGCATTCATG------- GGCTGAAGGGTGTTGCAGTGTAGGAA--GAAATGAAAGAACCTTTCAGAAGCATGCAGGAACTCATCAACATA-----
CTTGTCAGTGGAAGAT C-rrmrmmemmmmmeemmee AAAATGGGGAGGATGCTCTATC-—-CAGAGCAAGGGTTAGTTAAGCAGGCAGAGATGTGTG-GGGCAATGCGGCAAAAAC-TGCTGCAGAGAG-GAAAAAGGATGAGCC--TGGTGGAAACTGAGAAAGCAAAGATGTGATCAATGCCAAGTTTCATTAA-—
AAATAAAATGCAAAATCTTTGCAGGAT-TTGAGGTCTAAACG-AAGATTACTAA-—TATAAAT | CATTCTAATAT-ACGTTTTGAAGCAGCTACCTTGCC——ATGGCTTTTGAGATTGACTTGGAGATAAGGAGATAAGTTAAGGGAGTTTTTCTGAGTTTTGCAGAAAAA-—-GTCCACATGACTTA--ACAATAGCT-—-
TGCTCTTTTCCAAAGGGTCCTTTTGTCTTTTTTTTTCTTTGACACGAAGTCTCACTTTGCAGTTCAGGATGGCCTT--GAACTCACTTTGTAGT Crmmrmememeeeev TAGGCTGACCTTGTGCTCACAGTG-ATCCGCGTGCCG-CAGCCTCCT-GAGGGCTGGGATTGCAGGTGTGTGTCACCATGCCCAGCT-—
GGGGAGCCAAGAATAAAACACATGGAATCGCTGTGCATCATCTGGAAGAATGTAGCACGCACTAAAATAAAATTAGAGTTAATATACAAGGAATAACCTT-—TTTGGA-GGCAGTGA-TAAAAACGA-TGTAGGAGATAAAAGTCTATATGAATAGTAACAAGGCTTGTAGTTTAAGACCAATGA-
GATTGGGCATGATGACCTGCATGAAATTTCCTCC




Spermophilus_HBE ACCCGCCTCCCTATT-CACCAGTG-CTCCCGTGTGTCCCCAGTACC--CTCCTTCTGTACAT-

GAGAAG TAGGAAGAGACATAGGAA--GAAACGAGAGTTTCTTTGAGAAGTGTATAGAGACACATAAAGTCAAGC-ATATATTATTAAAAGATC:
----- -AAGGACACTAAGATGGGGAAGAATTTCTATGGGTATGGGGAAATGGTGAGTTAAGTCAGCAGGGACTTGTG-GGATAGGGTGGCAAAAACTTGCTATAGAGGG-GAAAAAGGAAGTGGT--
AAATGATACCCAAGAAAGCAGATTTGTAGTACAAGCCAAATTTCATTAACATCAACAATAATAATAAAGTCTTCTGGGAT-CTGAGGTCTAGG-ATAGGATAACTAT-—TTTAATT-———-TATTCTAATAT-CCACCTTGA-GCAGCTAAATTGTCAA--ATGTGATATGAAACTGTTTTAGAGGTATGGGGTTGAATTGAGTGA-
TGACTGAGCACTTTCTAGAATAA--GTTCCCATGATTCA--ACAATAGCT-—TGCTCTTTT--mmmer TTATCCTAATGGAGCACCGTGGCTAAGACACATGAAATAATTGTACATTATATTCTGATAGAATATAGCACAC———-—-- TAAAATGAAGTTAAAATTACTATATATGTGGGGACAT-
TGGGGGATGAGGAGATGAAAACTTTATGTAGGAGAAATCTACATGAATACTTCAAGGCTCATGGTCTAAAACCAACAAGTCAGGGATTGGTGACTTGCATGAAACTGCCTCTTTGAAA-----GGAGAGTATCAGCAAAGACCCAATAGTGCAAGAACTTGAC-TATAAAAA-
TACAAGCTATTGCTGCACCTGGTGGTGCACACCTGTAATCCCAGGAACTCTGGAAGCTGAGAGAGGAAGATCACAAGTTAAAGGCAGACCTCAGCAACTTATTG

Homo_HBB -GCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCC-CTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGG-ATTCTGCCTAATAAAAAACATTTATTTTCATTG-----CAATGATGTATTTAAATT-------ATTTC-TGAATATTTTACTAA----emmemmememmemeceeae
AAAGGGAATGTGGG-----AGGTCAGTGCATT---TAAAACATAAAGAAA-----TGAAGAGCTAGTTCAAACCTTGGGAAAATAC----
ACTATATCTTAAACTCCATGAAAGAAGGTGAGGCT-GCAAACAGCTAATGCACATTGGCAACAGCCCCTGATG——— CATATGCCTTATTCATCCCTCAGAAAAGG-——— ATTCAAGTAGAGGCTTGATTTGGAGGTTAAAGTTTTGCTATGC-—TGTATTTTACATTACTTATTGTTTTAGCTGTCCTCATGAATGTCTTT-——
TCACTACCCATTTGCTTATCCTGCATCTCTCAGCCTTGACTCCACTCAGTTCTC-mmememememomenas TTGCTTAGAGATACCACCTTTCCCCTGAAGTGTTCCTTCC-ATGTTTTACGGCGAGATGGT--
TTCTCCTCGCCTGGCCACTCAGCCTTAGTTGTCTCTGTTGTCTTATAGAGGTCTACTTGAAGAAGGAAAAACAGGGGTCATGGTTTGACTGTCCTGTGAGCCCTTCTTCCCTGCCTCCCCCACTCACAGTGACCCGGAATCTGCAGTGCTAGTCTCCCGGAACTATCACTCTTTCACAGTCTG-------
CTTTGGAAGGACTGGGCTTAGTATGAAAAGTTAGGACTGAGAAGAATTTGAAAGGCGGCTTTTTGTAGCTTGATATTCACTACTGTCTTATTACCCTGTCATAGGCCCACCC--CAAATGGAAGTCCCATTCTTCCTCAGGATGTTTAAGATTAGCATTCAGGAAGAGATCAGAGGTCTGCTGGCTCCCTTATCATG-
TCCCTTATGGTGCTTCTGGCTCTGCAGTTATTAGCATAGTGTTA-CCATCAACCACCTTAACTTCATTTTTCTTAT:

Mus_Balbc_HBE -GCCCTCTCTCTAGCTGTCCAGCA-ATCCTGTGTGTCCGCTATGCC--TCCTCTCTGCACAT-----GAATACTG--C---TGTTCCT--GAAGCACAT-CAT--GTT-AATAAAGCACCTCCG-------AATCAAAA--TCG----TTTG-CTTGTC--TGCTTT-CTACTTT-ATGCT-A
AAGACACATATTTG—TGTATTTGTGGAAAAAGGGGGAATGCACAGGAAATGACTCAGGCATTTATCTGAAACCTGCA--
GGGACTCAAGAGAGAAACGTAGACGCCATGGAAGGCTTCTACA--CCCAGAGAGAGTCTAAAGCTGA-AAAGAATTCTCAGAGAGAAGAAAGAA-——ATTTAGTGGAGAAGGCATTGTG-TATGGAACATATGAACATTTACTGTAGAGGGTGAAGAAAAGGGTGAC--AAGTGATACCTTGCA--GCAG-GTTGTGACAT--
CCCAT-TACCAT T-=rmrmrenen) -AAGAAAAAGCTCTTACGAGAT-CCAAGAGCTAAG-ATAGAATTA--rmsmrmmmmmemmemememee, ACTTTCTTTT---AAAAAGCATTTATTGGGTAACCAA--TTGGTGTGATCTGCCCCGGGGAAGACTCTTGATCCAGCTCTCAGCAACCCTTAGTTGACTATAATTCTTTGTGTATGGTTGAGGTC--
TCATCGGCTTTATTTACCCCACCCATATTAGCAAATGTGTATCACAGCAAGCTTCATGGTCTTTTGGCTCTTACAATCCTTTTCCCTTCTTCTGAAGTGTTCCCTGATCCTTAGGT G-
TGTAGATGTATCCACTGAGGTTAGGCTCCACAACTCTGAAGTTTGAATGGTTGTGGATTTCTGTACTGGTCTTTGTCTATTACAA-—-AGAGTGTTCTACATGAGAGGAGAAGACTACAACTTATACATACACACACACACACACACACACAC--ACATACATACAATTACAATGGCAAAATGACACGATTT--
TGAAAGGGAGCAAGGAGGGTATACAGAGG-GTTTGGAGGGAGAAAAGAAAAGGGTGATGTGTTTTAAC--CATATTATAA-TTTCAAAAACAGTTTT---AAAAATTTATTGTTTTAAGT:

Mus_C57_HBE -GCCCTCTCTCTAGCTGTCCAGCA-ATCCTGTGTGTCCGCTATGCC-TCCTTTCTGCACAT——-GAATACTGGAC-—TGTTCCTTGAAAGCACAT-CAT--GTTTAATAAAGATCATCCTTCCTGGTAATCAAAAATTCAG—TTTTGTCTTGTC-TGCTTT-CTACTTTTATGCT-A- e mm e emn
AAGACACATATTTG---ATGTGTTTTTGGAAA---GGGGGAAGCACAGGAA--GACTCAGGCATTTATCTGAAACCTGCA--
GGGACTCAAGAGAGAAACGTAGAAGCCATGGAAGGCTTCTACAGG-CCCAGTGAGAGTCTAAAGCTGAGAAAGAATTCTCAGAGAGAAGAAAGAA------ATTTAGTGGAGAAGGCATTGTG-TATGGAACATATGAACATTTACTGTAGAGGGTGAAGAAAAGGGTGAC--AAGTGATACCTTGCA--GCAG-GTTGTGACAT--
CCCAT-TACCATT-—-—— AGGAAAAAGCTTTTACAAGAT-CCAAGAGCTAAT-TTAGAATTA-—-mememm e ACTTTCTTTA--AAAAAGCATTTGTTGGGTAACCAA-TTGGTGTGCTCTGCCCCGGGGAAGACTCTTGATCCAGCTCTCAGCAACCCTTAGTTGACTGTAATTCTTTGTGTATGGTTGAGGTC--
TCATGGGCTTTATTTACCCCACCCATATTAGCAAATGTGTATCACAGCAAGCTTCATGGTCTTTTGGCTCTTACAATCTTTTGCCCTTCTTCTGAAGTGTTCCCTGATCCTTAGGTG-rmrmrmm-
TGTAGATGTATCCACTGAGGTTAGGCTCCACAACTCTGAAGTTTGAATGGTTGTGGATTTCTGTACTGGTCTTTGTCTATTGCAA--AGAGTGTTCTACATGAGAGGAGAAGACTACAACTTATACATATACACACACACACACACA---
TGAAACATGGGGAGGGGGCAACATTGGAG-ATGTAAAGTGAATTAATTAGTGGG-GAAAAAAGAAAAT-—-AAAAAAGTAA-AAA-AAAAATCATAAT-—-AAAAGTAAATT.

--CATACATACAATTACAATGGCAAAATGACACGATTT--

Mus_Balbc_HBGE ~-GCCCTTTCCCTGATGTCCAGCA-TT-CTGTACACCCCTCA--GC--TCTGCCCTACCCAT------GGCCACTGTGC--TGGTCTCTGAAAGCAGGG-CTTCTGCTTAATAAAGTCCATTCTTTTCAGTAAACCATGAGTCAT--ATTTTGTTGTGTC--TGTTTC-TTACTTTTGTGTTTA--
AAGAAAGAAGGCCG—ATGGGCAGATGGTAA--GGGAGCGAGACAGAAG--GACACTTGAGTTTCTTTTAGAACTTTGCTGGAATTCAGGAGAGGAA-
GTAGATGTTACAGAATTTTTCTAGAGC-CCCAGGAAAGATGAAAAGTTGG-GGATAATTCTCATGTAGGAAAGCAAAGGGTTAATGCCGTGGAGAAAAAAGTTC--TGTGGTAGTCACTAAAACTTAGTGTAGAGGGTGAAGAAATGCACGAC--AAATGATCACCTA-—-CAG-TCTGTGTTATGTGCCAT-T-TAAT T
AAGTTAAA-CTGTAGACAGAT-CTAATGCTCAAC-CTGAGATAAT: CAGTTAAAT--reeememeeeeeees TCTTTTAAAAA--ATAATTTGCTTTTATTAT-—-GATTTTTTTTTTTTACTTTTTTGTTTTCTTTTTTCCCCACTAATTAAT----TCACTTTACATC--TCCAATGTT----
GCCCCCTCCCCATCCCCCCTCACACAATTTCTTCTCACATCCTGCCTC-TTCTCCTCTGAAAGGGTTGATCCCCTCCTAGGGTACCCCCCCCCCC——- CAACCCTGGCATATCAACTCTCTTCCTGACTAGGCACATCTTTTCCCACTGATGTCAGACAAGGCCATCCACTTAGGGGAATTGATTCTGACAG--
ACAGTGAACAGCTTTAGAG---ACAGACAGGCTTATATTCTCCAGTTGTTGGGGGAACC-——— ACGAGAAGATTGAGCTACATATCTACTCCATAT-GTGCTGGGACCT-AGGTTCAGCGTGCATAAGCT--CTTTGATTGGTGGTACAGTCTCTGAGAACCCCCAACA--GTCCAGGTTAG-TTACTCT-GTTGGTCTATCTGTG-
-GAGTTCCTATCCCC-TTAGGGTCCCTCTATCC.

Mus_C57_HBGE —~GCCCTTTCCCTGATGTCCAGCA-TT-CTGTACACCCCTCA--GC~TCTGCCATACCCAT----GGCCACTGTGC--TGGTCTCTGAAAGCAGGG-CTTCTGCTTAATAAAGTCCATTCTTTTCAGTAACCCATGAGTCAT-ATTTTGTTGTGTC~TGTTTC-TTACTTTTGTGTTTA-—mmrmrmmememmemememe e
AAGAAAGAAGGCTG--ATGGGCAGATGGTAA-—-GGGAGCGAGACAGAAG--
GACGCTTGAGTTTCTTTTAGAACTTTGCTGGAATTCAGGAGAGGAAAGTAGATGTTACAGAATTTTTCTAGAGC-CCCAGGAAAGATGAGAAGTTGG-GGATAATTCTCATGTAGGAAAGCAAAGGGTTAATGCCGTGGAGAAAAAAGTTC--TGTGGTAGTCACTAAAACTTAGTGTAGAGGGTGAAGAAATGCATGAC--
AAATGATCACCTA----CAG-TCTGTGTTATGTGCCAT-T-TAAT T--r-reronnm- AAGTTAAA-CTTTAGACAGAT-CTAATGCTCAAC-CTGAGATAAT. CAGTTTAAT- TATTTTAAAAA--ATAATTTACTTTTATTAT-—-GATTTTTTTT-—-ACTTTTTTATTTTCTTTTTTCCCCACTAATTAAT----
TCACTTTACATC--TCCAATGTT---GCCCCCTCCCCATCCCCCCTCACACAATTTCTTCTCACATCCTGCCTC—TTCTCCTCTGAAAGGGTTGATCCCCTCCTAGGGTATCCCCGCCCACACACACA--
CAACCCTGGCATATCAACTCTCTTCCTGACTAGGCACATCTTTTCCCACTGAGGTCAGACAAGGCCATCCACTTAGGGGAATTGATTCT-ACAG--ACAGTGAACAGCTTTAGAG----ACAGACAGGCTTATATTTTCCAGTTGTTGGGGGAACC-------- ACAAGAAGATTGAGCTACACATCTGCTACATAT-
GTGCTGGGACCT-AGGTTCAGCGTGTATAAGCT--CTTTGATTGGTGGTACAGTCTCTGAGACCCCCTAACA--GTCCAGGTTAG-TTACTCT-GTTGGTCTTTCTGTG--GAGTTCCTATTCCC-TTAGAGTCCCTCTA

Pero_maniculatus_HBE ~ ----- GCCCTCTACCTGTCCAGCA-ATCCTGTGTGTCCCCTACTAC--ATCTTTCTGCACAT------GAGAAATGGAC--TGATCCTTGAGAACACAG-ATT--GTTTAATAAAGATCATTCATCCCAGTAATCAAAAAGTCAT---TTTTGTTTTGTC--TGTTTT-TTACTTCAGTGCT-A--
AAGAAAAATGTTTG--ATGGGTTTGTGGTAG---AGGGGAATACAGGAA--GACACGCGAGTTTCTCTGAAAACTGGA--
AGGACTCAAGAGAGGAGAGTAGATGCCATTGAAGGCTTCTACTGG-CCCAGGGAGAGCCTATAGCTGGGAAAGAATTCTCAAAGAG--—----mmrmmememmmeo GAGAAGGAATTGTG-TGTGGAACATATAGAAACTTACTGTAGAGGGTGAAGAAAAGGATAA GTATCTAATG--GCAG-GTTGTGACATATCCCAT-
TTCAATT-————AAGAAAAAGCTTT--AGAGAT-CCAAGATCTAAG-ATAGGATTATTAT-—TTTAAATTACTTAATGTACTTTTTTTTTCCTAAAAGGATTTATTGGATAACCAA--TTAGTATGCTCTTCCCTGAGGAAGACTATTTCCCCAGCTCTCAGCATTCTTTAGTTGCCTGTAATTCTTTGTGTGTGGTTGAAATC-
TCATTGACT----TTCTCCTATCGATGTTAG---
TGTGTCCCACAAGAAACTCCTTGATCCTCTGGCTCTTACAATCTTTTGTTCCTCTTCTGCAGTGTTCCCTGAGCCTTAGGTGTGGGAGTGTTTTGTAAATGTATTCACTGGAACTGGGTTCCACAACTCTGCATTTTGATTGGTGGTGGATTTCTGTAGTGCTCTCCATCTATTGCAA-—AGAGAGG-CTCCCTGAATG-
AGGGGTGAAGATTACACTTACATATACATGTATGCA-———-— -ATA-—-ACAATTAAAGACAAAAGAAGACATAAATT--TGAA-GAGAGAAAGGAAAGTATATAGAAGAGTTTGGATAGAGGAAAGAAAAGTGAGATATGTTGTAAC--TATATCACAA-TTTCCAAAATGTTTTTTAAAAAGATTTATTATTTTA.

Pero_maniculatus_HBGE -GCCCCCTTTCTTGATGAGCGGCA-CTGCTGTGCACCTCTCA--GG--CTCATCTTACACAA-——-GACCACCTTGT--TGGGATTTGAAACTTGAG-CTTCTGCTTAATAAAGTCCGTTCTCTTCAGTAACCC--GAGTCAT--GCTTTGTTGTGTG-TGTTTC-TTACTATTGTGTT-A--mmrmmmememmememe e
AAGAAAGAAGGTTG—ATGGGTGCATGGTAG—TCAAGAGGTGCCACAG-
GACACCAGAGTTTCTTTGAAAACTGTATCGGGACTCAGAAGAGGAAGGTAGATGTTATGGGACTTTTCTAGGGT-GTCAAGGAGGATGAAGAGTTGA-GAAGAATTCTCATGTAGGAAAGCAAAGGGTTAATTAACTGGAGAATGAATTGT--GCTGACAGTTGCTAAAACTTAGTGCAGAGGGTGAAGAAAAGCATGGC--
AAGTGATGACCTG----CAG-GTTGTGATATGTGTCTT-T-TCATT--=-=-e-=-- -AAGATAAAGCTTTAGATAGAT-CTAATGTCTAAG-CTGAGATAAT G-mrmrmmmemememeeeee CACTCAGAT----=mememe- TTTTTATTTTTAAGAA--ATGATTTACTTTATTTTT-—-
AATCATGTGTCTCTGTGTCTGTCACTGTTTGGTTTTGTGCATGTGAGTGCA-AGAGTCTATGGCAGCTAGAAGCT-—-CAGGTCCCACTGGAACTGGAGTTACAGGTGGTTGTGACTGCCTGCCATGAGTGCTGGGAACTGAACTCAGTTCCTCTGAGAGTGTATGTACTCTTA--—-—— -AACACTGAGCCATC-
ATCTCTCCAGGTTCAAGTGTACATTTTCCAGCAGATACTTTATCAGG-TGTCCTCT----GAAGCTGATTGC--AAG---AAAACGGACAAATTGATAG----AGAGCAGTGACCATTTAAGACAATGTTTCAATAAAACCAC----CATAGCAGGCTTGCGTTTTGAAGGAATTCCTTGTCTCAATGGTGAATCAAAGCTAGGAGACAC-
AGTTCACTGTAATTTTCTGTAGGGCTGTAATGAGCAATGAGATGGTGATAGAGAAA-GGACAGAAGTAGAACCTTGTCAGGTCAAGTGGGGACGATG




Pero_leucopus_HBE =~ - GCCCTCTACCTGTCCAGCA-ATCCTGTGTGTCCCCTACTAC--ATCTTTCTGCACAT-—-—-GAGAAATGGAC--TGATCCTTGAGAACACAG-ATT--GTTTAATAAAGATCATTCATCCCAGTAATCAAAAATTCAT-—-TTTTGTCTTGTC--CATTTT-TTACTTCAGT GCT-A-mmrmmmemrmmmmrmmmmrmeemememeee
AAGAAAAATGTTTG—ATGGGTTTGTGGGAG-—AGGGGAATACAGGAA--GACACCTGAGTTTCTCTGAAAACTGGA-
AGGACTCAAGAGAGGAGAGTAGATGCCATTGAAGGCTTCTACTGG-CCCAGGGAGAGCCTATAGCTGGGAAAGAATTCTCAAAGAG----rmrmrmrmrmrmsmesee GAGAAGGAATGGTG-TGTGGAACATATAGAATCTTACTGTAGAGGGTGAAGAAAAGGATAA-------- GTATCTAATG--GCAG-GTTGTGACATATCCCAT-
TTCGATT--——-—-AAGAAAAAGCTTT--AGAGAT-CCAAGATCTAAG-ATAGGATTATTAT-—TTTAAATTATTTAATGTACTTTTTTTT-CCTAAAAGGATTTATTGGATAATCAA-TTAGTATGCTCTTCCCTGAGGAAGACTATTTCCCCAGCTCTCAGCATTCTTTAGTTGCCTGTAATTCTTTGTGTGTGGTTGAAATC-
TCATTGACT-—-TTCTCCTATCGATGTTAG—
TGTGTCCCACAAGAAACTCCTTGATCCTCTGGCTCTTACAATCTTTTGTTCCTCTTTTGCAGTGTTCCATGAGCCTTAGGTGTGGGAGTGTTTTGTAAATGTATTCACTGGAACTGGGTTCCACAACTCTGCATTTTGATTGGTGGTGGATTTCTGTAGTGCTCTCCATCTATTGTAA---AGAGAAG-CTCCCTGAATG---
AGGGGTGAAGATTACACTTACATATACATGTATGCA-——-—- ATA-—-ACAATTAAAGACAAAAGAAGACATAAATT--TGAAAGAGAGAAAGGAAGGTATATAGAAGAGTTTGGATAGAGGAAAGAGAAGTGAGATATGTTGTAAC-—-CATATCACAA-TTTCCAAAATGGTTTTTAAAAAGATTTATTATTTTA-—mrmmmmrmmemememmememmn

Rabbit HBE ACTCTCTTCCCAGTTTCTTTAGTG-CCCCTACTCATCCCCAGCGTC--CTCCTTCTGTACCTT-----GGGGACTAGGC--TCAGCCTTGATGGCACAG-TTTCTGTTTAATAAAATACATTCTATTCAGTAATCAAAAAATGAT--GTCTCATCTTCTT--CGTATT-TTACTCATGTGTTTA--wmrmmmemmememmmmeene
AAAAAAAAAAACCACACATGTTCATGATTGAGACAGAGAGAGACATAGGAA--GAAATAAGAAT--
CTTTGAGTAGTATATTAGGATTTATCAAATAAAGGGAGGTGTTATTGGAGGGTACAGGAGAATCCAGAGAGGACACCAAGATGGGGAAGAAGTTCTCTTGGGTGGGGCAAAGGCTTCATTAAGT-——-GGACT G-~ AGTGTGGCAAAAACATACGGCAGAGGG-
AAGGGAATGAGGGACCAAAGTGGTATCTGCGAAATCAGATTTATGGTGAATGTTG--TTTCACT------- CAAAAGAAAGATTTGTAGTGAT-CAAAACTCTAGACATGGTAATACTAT----TTTAATG---------TACTTGAACAT-ACACATTGAAGAAATTAGCTTGATTT--
ATATCTTGAGAAATTGGTTTGAATATAAAGAAATGAGTTAAAGTA-TGAGTTGGAAATTTCCAGAAAAAAATGTTTTCATGAACAA--ACTGCAGTT---TGTTCTTTCCTGAAGGGTTCTGTTGTCTCAATGGGATGCCAAGACTGAGACATATTACATCATTGTGCATTATCTTCTGATTGAATGCT Grrmemememememememees
TAAAATAAAGCTAG--TTTCAACACAAATGAAAACTT-TCATGGG--AAAGATAAAGATTTCATGTAGAAAATAAA-ATACTAGCA-—-AATGTGCCTGGTCCTAAATCAGCAAGGTAAAACTTGGTGTCATAGATGGAACTGGAATTCTGGAAGTAGAGGGGAGTATTAGGAAAGATTAGATAGTGCTGAGCTTTGAC-
TATAAAAAATAAAATCTACTACTAGGC-TATTAGCGACAATGAGTTATAA-ATATTCTTAGGATGCTAAGTGACT----CCATGGATAAGA

Rattus_HBE -GCCCTTTCTCTAGCTGTCCAGCA-ATCCTGTGTGTCCCCTCTGCC--CTCTTTCTTCACAT-----GAGTACTGGAC--TGGTCCTTGAAAGGACAG-CAT--GTTTAATAAAGATCATTCTTCCTGGTAATCAAAAATTCA---TTTTGTCTTGTC--TTTTTTTCTACTTTTATGCT-Arrmrmrmmmmmmmmememememe e
ACGATACCTATTTG-—ATGTGTTTGTGGAAG-——-—- AGAGGAA--GACACAGGCATTTCTTCGAAAACTGTA-
GGAACTCAATCGAGAAACATAGATGCCATAGAAGGCTTCTATAGG-GCCAAGGAAAGTCTAAAGCTGGGAAAGAGTTCTCAAAGAGAAGAAAGAA-——-ATTTAGTGGAGAAGGAATTGTG-TATGGAACATATGAAAATTTATTATAGAGGGTGAAGAAAAGGGTGAC-AGGTAATATCTGGCA-TCAG-GTTGTGATAT--
CACAT-TACCATT--rmmrees -AAGGAAAAGCTTTCATGAGAT-CCAAGATCTAAG-ACAGAAT TA--m-mmrmmsmsmmmemmemee ACATTCTTCT---AAAAAGCATTTATGGGATAACCAA--TTGGTGTGCTCCACCCTGGTGAAGACACTTGCTCCAGCTCTCAGCATCCTGTAGTTGCCTGTAATTCTGTGTGTATGTTTGATGTC--
TCATGGGCT---

ATCCCCCACCCATTTTAGCAAATGTGCATCACAGCAAACTTCCTGGTCTTTTGGCTCTTACAATCTTTTGTTTTTCTTCTGAAGTATTCCCTGAACTTTAAGTGGGAGAGTCTTTTGTAGATGTATCCACTGGGGTTAGGCTCCAGAACTCTGAAGTTTGAATGATTGTGGATTTCTGTAATTGTCTTCATCTATTGCAA—
AGAGTGTTCTTCATGAAAA---AAGACTATAATTTATACATATACGAATACACATAAACATATAT--GCATATACATACATGCA-TACAACAATGACAAAATGGAATGGCAAAAGAAAAGGGAGATATGCTGTAA-CTATTATAATTTCAAAAAGTTTCACAAATTTATTATTT---TAAGTGATGA-CTCTGCATGTATCTCT---
ATACTTA

Rattus_HBGE —-GCCCCTTCCCTGACTTCCAGCA-TT-CTGCATATCCC-CA--GC--TCTGTCCTACACAT-——-GACCACTCTGC—-TGGTCTCTGCAAGCAAGA-CTTCTACTTAATAAAGTCCATTCTCCTCAGTAATCCATGAGTCAT--ATTTTGTCCTATC--TGTTCC-TT-—TTGTGTT A emememmememeeeme
AAGAAAAAAGACTG---ATGGACAGAAAGGAA---GGGAGAGACACAGAAG------------
TTTCTTTGAAAACTGTGTTGGCAGTTAGGAAAGGAGAGTAGATGTTATAGAATTTTTCTGGGGC-CCCAGAAAAGATGAAAAGTTGG-GGA-AATTCTCATGTACAAATGCAAAGTGTTAATTCCCTGAAGAATAAA-TTG--TGTGGCAGCCACGAAAAGCTAGTATATCGGGTGAAGAAAAGCATGGC--AACTGATTGCCTG--
—-CTC-TCTGTGATATGTGTCAT-T-TAATT-—————AAGACAAAGCTTTAGAGAGAT-CTGATGCCCAGC-CTGAGAT GAT ---rmmmmm e CACATTAATGT-—ATTGGGGTTTTTTATTTTTAAAA--GTAATTTACTTTTATTAT—AATTTTTTT-—ACTTTTTTCTTTTCTTTTTTCCCCACTAATTAATCTATTTACTTTACATC-
-TTTACTGCT-—--GCCTCCTCCATA-CCTCCCTCACACAGTCCCTTCTGATATCCCCCCTCCTGTTCTCCTCTGGAAGGATTGGTCCTCTC-TAGGGTATCCCCGC-mmmmmmmmmmememmememeeenees AATCTCTGCCTGGCTAGGCACATCTTT-CCCACTGAGGCCAGACAAGGCTGCCCATTATGGAGAATGGATTCG-ACAT---
ACAGTCAACAGCTCTAGAG----ACAGACAGACCTATCCCCTCTGGTTGACCCTATACTCCATTA--TGCTTGCAGACCTAGCATCACTTGGAACCTAGCA-TCACTGTCCTCTTAGAGGCTCCACCCAGTAGCTGACTAGAAAACATGATTTATTTCTTTTAATCAAGTGTCTCTGTGTCTATCTG-TGTTTGG-
GTTTGTGCATATGAGTACAAGAGTCTATGAGCGTCAGGATCCATTTGAACTGGAGTTA

Rabbit HBG --ACCCCTTCACTGTAGGACAGAG-CTTCTAGGAAGAAGCTTTATCC-CTCA-AATAATAAT-------GAAAATAATA------AAACTACTCTAAGAA-ATTATTTGTGATGGTATTGAGTTTA-TTTTCCTTGTACTTTTAAATATATGATCCTCAAGGGATTTATTTTTTTTATTGT TGA----emmememmemmmmemmneaeeee
GGGATGTGTGTGTG----TGTGTGTGTGTGCCTGTGTACTATGTGTGTATA--- CTCTTCATTTACTTTT--
GCTTGAGCGGTGGATTTCTGATGAGAAAACAGAAGAAC-AAGGCAACAAAAGGGCATGCATGTGAGAATTCTGCACGGGAAACAAGGAGTG--GGGATTTCGGGTGAGGAGGAAGTGCTTTATGGGACAAGAA--TTCAGAACAGGACAGTGTAGAGGAGGGG—
ATGAAGTCTTCAGGGAAGTCCTCAGGGGCTGACTTGAGGCAGAGTAGT-——— GATG--GGGCTCAATGGAAAGAAGAAATTACAGACCTTAGTAGGTCTAA-GTCTGGGCAAGAGTTCTAATTTCAGTCT-—ATTTGGTGCAACACAATTCCCACATGCACCATACTTTCCACAAC—
ATTTGTGGGGCTAGATAGGAGGTTGGAGATCTTGAAGAACACAGCAGGGGGTAGTTCTTTTCCAAGTTAACCACAA--ATAGCTGATCC-
TGAAGAGATTTATGCTTTAAGTGTTGAGGCTTGCTAGGATAGTTAATTTGATCCCATGCTTCCTGGGCAGACAATGTCCAAGGGTACACATAGAATACAGTACTTCAAGGAAAAAGT-—-ATCATTGTGAGTAGCTAGAAGGGATGAGTAT-——— CTTTGTGGGGG--AAATAAATCATCAG-—-AA--GGTTAGAAATAAGAA—
TGCATGTGATATGTGA-—TCAATGGAGCAGCACTGG-GCGGTCAG-AGGGAAACAGGAGGGATTTGTATTGATTAGTTTGCAGTGAAGGTGT-TGTATGACTAAAAG-TTAAT-CCATGTTTATAGGCAGGTGTACAATACAATGACCATGGAAT--TAGGAAGATTAGCCTGGCTGTGG

Mus_C57_HBG AAACTCCATTCCAGTACACTGGCA-ATCCCATGTGTCTATGATGCC--CTCTTTGAGTCCATG-—-GGGACT G- CATTGAGAGCACAA-ATTTTGTTTAATAAAATTGATTCT--TAATAA-——CATTGACTTTTTGTTTTTTTTITGTTTGTTTTTACTTTTATGTT-Grromemrermmemmmemem e

AAAGATGAGAAAGTTTTCTCCAGGAAGAGATGAAAGGGTCTGTTCAGTATAAGATAGGGTACAAAATATTTACTGTGCAAGG-TAAAAAGTAGGGTTGCAGGTGCCAGGAG-GTAAAGAAGACTGGTGAGATGTGCTATTTCT--TTTTTAAGTTTCACTTT--
TTGCATATGAGTGAGTGTTTTTCCTGCATAAACATGTGTGTGTCCTACCTGTGTGTGGTGCTCCTGCAAGCCACAATATAGAATTACATCCTCTGGAACTTGAGTTACAGCCAATTGTGAACTGTCAAGTAGGTACTGGGAGCTGAAGTCTGGTCTTTTGAAAGAGCTA--------TTTACCACTGAGCT-CCCTCTCTAGCCC-
AAGATCTGCTAGAGATTTTTAAGAGAATACTTTAA-——-— AATATGAACAAAAAGTATTGTTTTTGATTAGT-TATAT-TTCTGAAAGAGCTATCTTACATCTTGTGAGACTGAGACATTAAAGAAAAGGGGGGAATTGAGTGAAAGTTGGGAACATTCCTGAAAAAAAATTACAGGAGCTACTGTACCTATACT-
TTCTTTAGGTATT-TGTAAAGGTTATTCCACTG----GCACAGTGAGAAATAAAGGCTATAGCATCTAGTGGTCCAGATCTTGTAATGGGGTGTAACATGGGCTTACATGAAATTAGCTTACATCTAGCTACTTCAGAAGATA---
CACATTTCTAGAGACAAAGAGGAACTAGAGTCAACTTGATAAGAATTTCATCCCACATTCCACTCCATCAAACTGAATCA

Rattus_HBG_T1 -ATTTCCATTCCAGTAGACCAGCA-ATCCATTCTGTCTCTTATACT--CCCTTTGAGCCCATG-——-GGGACTGGAT—-TGGGCATTGAGAGCACAA-ATTTTGTTTAATAAAATTAATTTT--AAATAATTTAACATTGACTTTTTGGGCTTT-—GTTTGTATTTACCTTTCTGTT-Grrrmrmmrmmmememmememe e
AAGAAAGATTATGA----TGGGCTTATTGGTG---GAAAAAGAAGAAGGAA-----------AAAACTAGATAGACTAGATAAACACTAGAGGCAAGGA----
TATATTATGGAAAGGGGTAAGTTT---CAAGAAGGATGAAAAGATGAGGAAGTTTTCTCCAGGAA----TGAAAGGGTCTGTTCAGTATAA-ATAGGGTACAAAATATTTACTGTATAAGGGTAAAAACTAGGGTACCAGGTGCCTGG-G-GTAGGGAAGACTAGTGATACATGCTATCTTTGATTTTTAAGTTTCACTTT--
ATGGGTATGAG-—TGTTTTGCCTGCAT--GTTTGTGTGGGTGCTACATGTGTGTGGGGGTCATGCAGGCCATAACCGATACTCACATGCTCTGGAACTTTAGATACAACCAATTGTGAACTGCCATGTGAATA--——--— ATCTGGTCCTTTGAAAGATCTA-—-—- TTAACCACTGAGCGACCCTCTCTAGCCT-
AAGACCTGCTGGAGAGTTTAAGGAGAGTGCTTTAGGTATCTAGAATATGAACTAAAAGT—-GCTTTTAATTAGT-TGCAT-TTTTGAAAGACCTATCTTACATCTTGTGAGACTAAGACATTAAAGTAAAGGGGT-AATTAAATAAAAGTTGGAAACATTCTTGAGAGAG-TTACAGGCCTTACTGTAGCTACATT-
TTCTTTAGGTACA-CATGAAGGTTATTTCCCTG---GCATAGTGAGGAATAAAGGCTATGACATTCAGTGTTCCAGATTTTGTAATGGGGTGTAACATGAGCTTACATGAAATGAGCTTTCACTTAGGAGACTAGTAAGAAATGTCAGGATCCTTTGTGAAAAGGGAATATTTCGTGTAAGTGAAGATTATATGATTATA--

Rattus_HBG_T2 -ACATTCTTTCCAGTACATTGGCA-CTTCTATGTACCCAAT--CCC-CCCTTTGCCCATGT-——-GAGGTCTTCAC—TGAAACTTTAGAGTATGATCTTCTCTTTAATAAATTTCATTCTCTTGAGCAACC-AACCCTGGTTTGTTTTGTCCGGTT-—TTTAATTAATGTTAAAGCAA-—----mmmmm e

GCGGGAATAATGTATAGGTTTGAAAAAAATAGTTG--mrmmmmemememm AACACTTGGGGTTAATTCTCATGAGGAAGTGGGCTAGTGGAGAGGAGTTTGACAAGATGTTAA-——
AAACTTAAGAACACGTAGTGATAGGGTTAAAAATGAATGTGAAGAAAGAATTATGACACATAATATTGTAGTGGCAGGATTGAGAACTATCCT G- CCTCACAAAATGCACCGAGACATCTGCTGCTAGTATTGAGCTGTAAGA--—-—-——-——) AAGAAGTTTTGTTAT-—
TAAAATAATACTGGGAATAAAAACATGATTCTACTAAGGAATCCATGTGTGACTACTGTTAGTCTTTTTATGCTGTTTTAAATACATTTCACCTATGGATTTTTTTCTAATGTTTAAAGAATTCTTTGACAATTTTGATACCCTTCCCTCCACTTCTCCCATATCCATTCCCACTTTCCTACTCTCCCAACCATGTTTCTTCATTAG
AAACAAAACAAGACAT----mememememee CAGCAACAGCAGCAGC--AGCAGCAACAGCAGCACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGC-AGCAGCAGCAGC--AACAACAACAACAACAAAT----ACCATCAAGTTCATAAACTCTTGGATATGTGACCTTTGACTGGTTGTGGT--
CAACCTACCAGGAGTCAGTCACATCC--TTAAAGAAAACTGACTCTAAGATATATCAGTTGTTGATAGCTACTTAACTAGCAATGGGACTTTGTGCCTAAGTCTTCTCTCCATGGCTCTTCATGAGGCAAA




Spermophilus HBG ~ ~ACCTCCCACCCATAGTGCAGAA-GATTCAGAGAGAAGCTTTCTTT-TTAATAATAATAAA—————AATAATAAAA-———GAATTATTTTAAGAA-ACCTTTTCTGATTACCTTCAGTTCTACTTTTACATGTACTTTTAAATATATAAGCACAAAGGAATTTTATGTT. A
AGGTTGTGTGTGTG---TATGTGTGTGTGrrnrrrnrrre TGTGTATGTGrrrrrrreer TTCTCCATTTATTTT T GCAAGAGATGTAGATTT-TACTGAGAAAATAAAAGAA --rrrrrrrrre

AAGAATGGGCTCAATGGAAGAAAATTATTCCAGGC-TTAGGAGGTCAAG-GTTCATGCAGGGGTTGTGATTACATTCT-—-ATTGGCT-—TTTGTTTTTCATA-GCACTA-—-TTAAAAAAAT-—-ATTTTTGTAGTTG-TAGTTGGTACAATATCTTTATTTATTTATTTTTATGTGGTGC-—CGAGGATCAAACCCA--
ATACCTCACACGTGCAAGGAAGTGCTCTACCACTAAGCTACAGCCCTAGCCCCTTTTCATAGCACTTTTTTGGCTAGAGTAGGGGTTGGAAGGGAAAGCTCTTGCCCAAGTCAACTCCAGAGAACTGGCCCTCATTTTTCTGAGGAAATGTATACATTAAGTGTTGGTGTGTGCCTCATGGAGGTTAAATTAGTCCTTAT-—-
GATAGACAATGCCAAAGTG---TGCAAATTATTTGTAGCATGTCAAGGAAAAGAAATTATTATAACCTGCTAGGAGAGGTGGGGATACTTGTGAGGAAAATAAACCAGCAGATCAGTGTGTCTGAGCAAAAGACCAACACTGTGAGAGCAAAAGGAAGTGAGA-
AGAATTTATATGGATTAGTTGGGAAGGCAGATTAACAGGAGTTCTCCATATA

Mus_Balbc_HBG —-ACTCCATTCCAGTACACTGGCA-ATCCCATGTGTCTATGATGCC--CTCTTTGAGTCCATG——-GGGACTGGAT--TAGGCATTGAGAGCACAA-ATTTTGTTTAATAAAATTGATTCT-—TAATAA-—-CATTGACTTTTTGGGGTTTTTT-GTTCGTTTTTACTTTTATGTT-G-mrmm -
AAGAACGATCTCAA----TGGGCTTGTTGGTG---GGAAAAGACAGAAGAA-----------GAAACCAGATAGAGTGAA-------=nomemememememeee GTATTAGGGAAAGGGCTAAGT
--AAAGATGAGAAAGTTTTCTCCAGGAAGAGATGAAAGGGTCTGTTCAGTATAAGATAGGGTACAACATATTTACTGTGCAAGG-TAAAAAGTAGGGTTGCAGGTGCCAGGAG-GTAAAGAAGACTGGTGAGATGTGCTATTTCT--TTTTTAAGTTTCACTTT--
ATGCATATGAGTGAGTGTTTTTCCTGCATAAACATGTGTGTGTCCTACCTGTGTGTGGTGCTCATGCAAGCCACAATATAGAATTACATCCCCTGAAACTTGAGTTACAGCCAATTGTGAACTGTCAAGTAGGTACTGGGAGCTGAAGTCTGGTCTTTTGAAAGAGCTA-———TTTACCACTGAGCT-CCCTCTCTAGCCC-
AAGATCTGCTAGAGATTTTTAAGAGAATACTTTAA-------- AATATGAACGAAAAGTATTGTTTTTGATTGGT-TATAT-TTCTGAAAGAGCTATCTTACATCTTGTGAGACTGAGACATTAAAGAAAAGGGGGGAATTGAGTGAAAGTTGGGAACATTCCTGAAAAAAAATTACAGGAGCTACTGTACCTATACT-
TTCTTTAGGTATT-TGGAAAGGTTATTCCACTG---GCACAGTGAGAAATAAAGACTATAGCATCCAGTGGTCCAGATCTTGTAATGGGGTGTAACATGGGCTTACATGAAATTAGCTTACATCTAGCTACTTCAGAAGATA---
CACATTTCTAGAGACAAAGAGGAACTAGAGTCAACTTGATAAGAATTTCATTCCACATTCCACTCCATCAAACTGA

Pero_leucopus_HBG =~ -----reremeeee GCTCCCAT-TCCTAC--AGACCAGCAGTCC-TCTTTTTGAGCACATG------AGGATTGGAC---CAGGCCTTGACAGTACAG-ATTTTGTTTAATAAAGTTGACTTT---CAATAATCTAACATTGG----rmrmrmsmrmeeaf CTTCTTTAAAACTTTATGTT-T
AAGGAAGAT--TGG---TGGGCTTATGGGTG--AGGAGAGAAG GACATATTGAA GGAGTGTGGTAAGCCTTGAGGAT--+=r=rmmx=-
GAAAAGATGATGAAGAATTCTCAGGGAAGAGAAGAAAGGGTTCATTCAGTATATGGAAGGATATAAAATATTTGCTGTACAAGG-TAAAATCTGGGGTAGTGAGTATTTAGGA-GGAAAGAAGACTAGTGAGACATGCTAAAAA—-TTTTTAAGTTTTGCTTT--ATGTGTATGAG—
TGTTTTGTGTGCATGTTTGTGTGTGTGTACTACATGTATA--——— CAGACCA-AGAATGGATCACATCCCCTGGAACTGGAGGTACAGCCAGTTGTGAGCTGCCATATGTGTGCTAGGAATTGAAGTCTGGTTCTTTGGATGAGTAACAAATGCCCTTAAACACTGAGCC-
CTCTCTCTAGCCCCAAAACATGCTGGAGACTTTAAATAGAAAACCTTATGTATCTAAAAGACAAGCTAGAAGTATTATTTTTAATGAGC-TGTGCATTTTGAAAGAGCTAGCTTATACCTCATGAGACTGATACATTAAAGTAAATGGGG-AACTGAGTGATATGTGGGAACTTTCCTGAAAGAG--
TTACAGCAATTACTGTAGCTATACTATCCTTTAGTCATG-TGTGAGTATTACTTCACTG-—GCACAGTGAAGAATAATGGCTAAGGCATTCAGTGTTCTGTACCATGTAATGGGATGTAACAAGCCCT-—-
GAAGTGAGGTTACATTTAGGAGAGGAGTAGTAAATTTGGGGATCATTTGAGAGCAAGGAAGATTTCGTATAAGTGAAGACTGCATGATTATAAGAAGGTCCACACTCTCTAACTACTAAGCATACCTTGGTATCTCGAATAAAGACTACTCAATA

Pero_maniculatus_HBG -~ GCTCCCAT-TCCTAC-AGACCAGCAGTCCCTCTCTTTGAGCACATG-——-AGGACTGGAC—-CAGGCCTTGACAGTACAG-ATTTTGTTTAATAAAGTTGACTTT-—-CAATAATCTAACATTGG-—mmmrmmmmrmmmm CTTCTTTAAAACTTTATGTT-
TGGCTGGGCGGTGGTGGCGCACGCCTTTAATCCCAGCACTCGGGAGGCAGAGCCAGGCCGATCTCTGTGAGTTCGAGGCCAGCCTGGGCTACCAAGTGAGTTCCAGGAAAGGCGCAAAGCTACACAGAGAAACCCTGTCTCGAAAAAACCAAAAAAAAAAAAAAAAAAAACAAAAACAAAAAACAAAAAAAAAAAACC
CAACAAAAAACCTTTATGTTTAAGGAAGAT--TGG---TGGGCTTATGGGTG--GGGAGAGAAG GACATATTGAA GGAGTGTGGTAAGCCTTGAGGAT ===~

GAAAAGATGATGAAGAATTCTCAGGGAAGAGAAGAAAGCGTTCATTCAGTATATGGTAGGATATAAAATATTTGCTGTACAAGG-TAAAATCTGGGGTAGTGAGTATTTAGGA-GGAAAGAAGACTAGTGAGACATGCTAAAAAA--TTTTTAAGTTTTGCTTT--ATGTGTATGAA----TGTTTTGTGTGCATGTTTGTGTGTGT--
ACTACATGTGTA-———- CAGACCA--AGAATGGATCACACCCCCTGGAACTGGAGGTACAGACAGTTGTGAGCTGCCATATGTGTGCTAGGAATTGAAGTCTGGTTCTTTGGATGAGTAACAAATACCCTTAAACACTGAGCC-
CTCTCTCTAGCCCCAAAACATGCTGGAGACTTTAAATAGAAAACCTTATGTATCTAAAAGACAAGCTAGAAGTATTATTTTTAATGAAC-TGTGCATTTTGAAAGAGCTAGCTTATACCTCATGAGACTGATACATTAAAGTAAATGGGG-AACTGAGTGATATGTGGGAACTTTTCTGAAAGAG--
TTACAGCAATTACTGTAGCTATACTATCCTTTAGTCATG-TGTGAGTATTACTTCACTG---GCAC

end;

[HBE 1kb upstream flanking sequence]

#NEXUS

begin data;

dimensions ntax=8 nchar=1327,

format missing=? gap=- datatype=dna ;

matrix

Cavia_HBE ACCCAGAAAGTTACAACTAGT-CCAAAACACAAAGACACTAGAAGAATTAGAATCTTTTGCACTTAAAACTACAACAAATACTAAAAATGCCCCAGCTTCTCACATG—ATT-
AACGTATCGATGAACTCGTTC-TTCATTTTGATCACAAATCTTGGTACAAAATAATCTTAGCTTCTTC---CTCAGCTGTCCCACTGCTTAAAAGTATGAGTAAGACAGAAAAGCAAAAAGACATC--
TCAGAGTTATATCCCATAAGTAGCCAATTTCTTCTCTTATCACAGAGAAATGGAAAAAACATAATTCTCTGGAAGCACAGGATGTGGTGGTGTTCTATCTACCCTCTCTGAAAAATCACTCTCTGGTAGTCTACTTTGGAATCAGAGTCTTATTTCTATGGCAAATCACTTGGT---ACTGTGCTCCATTTCCACAAGTAACCAT-



——-GGGCTGTTTTTGTTTTACTTAGAAA-ATATATG-—-GAA-GTTTATGTTACAAGCCA-GTCTTC-AAGACAGAATCCAAAGAGAT ---rmmmmrmmemmememen TCTGTGTCAACA-GCATTAAATTCTTTATTTCTTGATGT-TGTTC-TTTTCACTGTTAGCATCCTGAACTTAAATGTT-—-GAAGTTG-—TTTGGATTGGAACT--

ATTTTTCTATCTTGAAATTAACG--CCTCTCTCCTTG —-AAGTAAGGATG-GCTCAGA-—
ATTCAGCACACGT---TATCATAAACTCAGTGTGCATTCTTTGCTGCTGACCGTCCTCTGACCAGGCCACACCCATTAGGGACACTGCTCAGCT--TGACCAATGACTT---Crmremememememeas AAAGTCCTGG-------
GGAAGGGAAGGGGCCAGAACCTCACCAGTAAAGAATAAAAGGCGACAGTTTCCAGGGGCAGTACATATCTGCTTCTGACACTTCTGT-—-GATCACCAGCA-—-—- AGCTTCTGGACCTAACATC-

Mus_Balbc_HBE CAATACATAGGAGATAGCTAATAATTCCAAGAAGAGAGTAGAAATCAAGCACACTAGCCAT——-CCTTTAGTTATAATAAAC-—-ACTATCCACAAATGTTTCTCAAGGATATT-

GATGAATCAACTCACTCATTC-CTCAGTTGAATCACAA-GCCTAGTTTAAAGTTATTTCAGTTCC--- -ACCTCACATATGAGAAATATCTATATGGGA-TTAAGCAAGGAAAGAGA--TCAAAGCAATATTACTAATGGAG-TAAGGT T-------~ CACAAAGGTTTGGTCAGAG---
AACTCTCTAGAATGACAAAACAAGAACTTGTTATATCCATCTTCTCTACACTGTCACTCCCTGTTGTTGTATTTTGGAATTGAGTCTTCGGACCCATTGTCAATCCTTTGCT-—-ACTGTATTCATCCTCCAGATGCAACTAT-—-GTATGAGTCTTGTCTACTTGGGGCA-ATATATATCTAGGA--
AATAGAGTTATAAAGCACATATCC-CAAGAAAAGGAGAAACAGATGTAAT--ATTG—— GCATTTCTGTGTCCACA-GCA-CAAATTCCTTTTTTCATGAGTT-TGTTC-TTATTATTATAGCCATTCTTTCCCTAAACGGT—-AAAGTTA--TTTTAGACTGGATTT--TTTTTCCTATAGCGGGCTAAACT--
CCTCTTTCTGTGCCTTTGTTGGAAAAAGTG-ATGAGA--GAAATGGGC-— GTTATACTGG-GAGTTTACATGTGGAG------- AGTAGAAAATGAAA---AGAGAATAA-GCAAAACAAAGAGAGTTTTTGTTGAAGGAGGAGCCAAAA----mrmmmemememneas -AAAGAATG-CCTCCAT-----ATCTAATGTGCAT---
TATCATAAACACAGTGTACAGTTTT---TGCTGACCCTCCCATGACCTGGCTCCACCCATGAGGACCACGGGTCAGGC--TGACCAATGGCTT--C. AAAGAATAAT--------
GCAGAACAAAGGGTCAGAACATTGTCTGCGAAGAATAAAAGGCCACCACTTCTAGCAGCAGTACGTACTTGCTTCTGACACTCCTGT--—-GATCACCAGCA———- ACCTCCCAGACTTGCCATC--

Mus_C57_HBE TACGTAGGAGATAGCTAATAATTCCAAGAAGAGATTAGAAATCAAGCACACTAGCCAT-----CCTTTAGTTATAATAAAC----ACTATCCACAAATGTTTCTCAAGGATATT-
GATGAATCAACTCACTCATTC-CTCAGTTGAATCACAA-GCCTAGTTTAAAGTTATTTCAGTTCC--mememememm -ACCTCACAGATGAGAAATATCTATATGGGA-TTAAGCAAGGAAAAAGA--TCAAAGCAATATTACTAACGGAG-TAAGGT T-=------- CACAAAGGTTTGGTCAGAG--
AACTCTCTAGAATCACAAAACAAGAACTTGTTATATCCATCTTCTCTACACTGTCACTTCCTGTTGTTGTATTTTGGAATTGAGTCTTCGGACCCATTGTCAATCCTTTGCT-—ACTGTATTCATCCTCCAGATGCAACTAT-—-GTATAAGTCTTGTCTACTTGGGGCA-ATATATATCTAGGA--
GATAGAGTTATAAAGCACATATCC-CAAGAAAAGGAGAAACAGATGTAAT--ATTG-------GCATTTCTGTGTCCACA-GCA-CAAATTCCTTTTTTCATGAGTT-TGTTC-TTATTATTATAGCCATTCTTTCCCTAAACGGT----AAAGTTA--TTTTAGACTGGATTT--TTTTTCCTATAGTGGGCTAAACT--
CCTCTTTCTGTGCCTTTGTTGGAAAAAGTG-ATAAGA---GAAATGGGC------GTTATACTGG-GAGTTTACATGTGGAG------ AGTAGAAAATGAAA---AGAGAATAA-GCAAAACAAAGAGAGTTTTTGTTGAAGGAGGAGCCAAAA-----mwmrmmrmmnens) -AAGAAAGAATA-CCTCCAT--—--ATCTAATGTGCAT---
TATCATAAACACAGTGTACAGTTTT--TGCTGACCCTCCCATGACCTGGCTCCACCCATGAGGACCACGGGTCAGGC--TGACCAATAGCTT—-Cormmmmrmrmm e AAAGAATAAT -
GCAGAACAAAGGGTCAGAACATTGTCTGTGAAGCATAAAAGGCCACCACTTCTAGCAGCAGTACATACTTGCTTCTGACACTCCTGT-—-GATCACCAGCA-———— ACCTCCCAGACTTGCCATC--

Pero_maniculatus_HBE
ATTAAACACATCCAACATATAACAGCTAACAAGCAATCCCAAGACATGAATAGAAATCAAGGGCACTAACGATCAGAACCTTTGGCTATAACAAAGAATGAATATTCCCAAATGTTTCTCAAGGCCAAT-GATGTGTCAATTAACTCATTC-CTCAGTTGGGTCACAAGGCCTACTTTAAAGTAATTTTAGTTCC---rmmmmemea-
ATCTTACAGATGAGAAATGTCTATATGAAA-ATAAGCAAGAAAAGAGC--CCAGAGCAGAATTCCCAAAGGAGCCAAGGTC-------- CACAGAGTGTTGGTCAGAG--GAC--TCTAGAAGCACAGAAGGTGAATTTG--CATCCCTCTTCTCTGTGGTGTTACTCCCTAGTGTA-
TTTTGGAATTGAGTCTTTGTTCCCATTGTCAGTCCTTTGCT----ACTGTATTCATCTGATAGATGCAACCAT----ATAGGATTCTTATCCACTTGGGACA-ACACGTATCTAGAA--GATGTAATTTTAATCCACATCTCC-CAAG---AGAAGAACTAGATGTAAA-----memememene TCTGTGTTCACA-GCA-
CAAACTCCTTTTTTCTTGAGTT-TGTTC-TTATCATTGTAACCATTCTTTGTCTAAG-GTT----AAAGTTA--CTTTAGACTTAA-AG--TTTTTCCTATAGTGGGTTAAGCT--CCTCTCTCTGTGCATTTGTTGGAAAATGTG-ATGAGA---GAGATGAGT-------ATTATCTTAG-AAGTTTACATGTGAAG--
AGACAATAA-AGTTAA--AAAAAAGTTTTTGTTGAAGGAGGAGCCAAAA-------memreemememees AGAAAGAATG-CC-CCAT----ATCTAAAATGTAT--TATCATAAACTCAGTGTACAGTTAT--TGCTGACCCTCCCATGACCTGGCTCCACCCATGAGGACCACAGGTCAGGC--TGACCAATAGCTT---C-
AAAGAATCGT----- GCAGAACAAAGGGCTAGAACATAGTCCGTGAAGAATAAAAGGCCATCACTTTTAGCAGCAGCATGTATCTGCTTCTGGCACTCCTGT----GATCAGCAGCA-------- AGCTCCTAGACCTGACATC--

Rattus_HBE GCAGTTAAACACATACACGTTTAGGCTTCTAATTTCAGGTCTAATATTTAAGAGATAGCTAGTAATCCCAAGAAGAGAGTAGAAACTAAGTACACTAGCCAT-—--
ACTTCACCTATAACAAACACTGACTATTTACAAATGTTTCTCAAGGTTATT-GATGCATCAACTCCCTCATTC-CTCAGTTGGATCACAAGGGCTAGTTTAAAGTTGTTACCGTTTCr-rmmmmrmmmmememmememr ATGTGAAATATGTATATGACA-ATAAGCAAGGAAAGAGC-TCAGAGCAATGTAACCAACGGAGCCAAAAT Coremrmren

ACCTCCCAGACTTGACATC--
Spermophilus_HBE AACCAAAGCAACAAAT-TTCTCCTGAGGTCATAGAGATGGAAAGACTGAGG - ATTCTCTAAAAGCACAGAGTATGATCTTGTTCTGTCCATCCTCTCC-
GGGAAGCCACCCAATGTACTT-TGGAACTGGGGCAGTGGCCCCACTGTGGGTTCTTTGATACTGTGT-—-TCAGCATCCAGAAGTAACCTGGTATGTTTCTTCTC-TCTGGTGAAAACTAAGA-TCCAGA-AATATCAGT: TGCAAT.
AACTTCTCAACAGAGTAAGAGTTACATGTGTTTTAACTTTCTTCCCCCTTGACT---TCATTGTTGATCACTGTTAACATTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTA--GAGAGAGAGAGAGAGAGAGAGAGAGAGAG-—-AGAGAGAGAGAGAGAAATTTTTTTA-GTATTTATTTTTCA--
GTTTTTGGTGAACACAACATCTTTATTTTTTTTTTATGTGGTATTGAGGATCTAAA-—TCAGCGCTCCACGCATGTCAGGCAAGCACATTACCACTTGAGCCACATCC-CCAGCCCTGTCAACATTCTTAAACTAAATATT-AAACTTTTTTCTTTTAACTGAAACTTATTTTTTCCATCTTGGGCTTAGTT--
CCTCTCAGTGGGTCTTTCTTGGAAAAAGCAGATAAGAGATGAAAAAGAT—GGGTATTATCCTGG-AAGATTACATGTGGAG———AAAAGAATCCAAGG-ATAAGAAATAAGTTAAAAACCATGCTGTGGTTGGATGAGAAGAAAAAAAAA ———r-rrrcrr- AAAACCAGTAAAGATA-TCTGAGG—-ATCCAGCATGCAT—
GGTCACAAACTCACAGTGGATTCTTCAGGGCTGTCCCTCTCCTGTTCTGGCTCCGCCCATGAGGGCCACAGCTCAACC-TTGACCAATGACTT---Cerrrenerrrener--AAGGAACTGC-—————AGAGAACAAGGGGCCCGTGTTTCAGCAGTGAAGAATAAAAGAC-

GTGACTCCTAGCCGCAGAACATACTTGCTTCTGACACTTCGGT--—-AATCACCAGCA-——-— AACTCCCAGACCTGACATC-

Rabbit_HBE TAAATGTGGATTTACAGTTTTGTCTCCAACATGCAAAGAATTA--GCCAGT--CATCACATCAGGGGGCTTCAAAAACAAGGGC-—-—-
ACTTAGAAGAATTTGAACCTCTACCCTGGTGACTACAGCACACACTAGACAAATCAATTAACTTATTC-CTCAGTTTGATTATAAATCCTGGGTTTAAATAATTTTAGTGTC-------- ATCTGCCTCATGGATTA-AAGTATAAGTAGAGCAGACAAGCCAAAAAAGAGA-GTCAGGGAAATATC mrmrmrmrmsmsmsmmmeneeeee CCTGGAG--
------------ TGCTCTCTGTAAGCACAGGAGATAACCTTGC--TGTCTGTCCTGTCTAGGAAATCACTCCTAG--ACTGTACTTTGGAATTGAGTCTT-AGTCCTACTGCAGATCCCTTGTC----ACTCTCTTCAGCTTCCAGGAGTAACCAT-----GCATGGCCCCTGTCTCATGGAAAAA-
CTAAGATCTCAAAAGTGTTTGCAGTTCACTCAGGGAAGCT-CAAGTGGATGATGTTCTGCCTCAACCACTTT———CATTTTTTGTGTGTGTGTGTGCTGTGTTGCTTTGTTTTC—CT-TGACC-TTCTTTTTGTCACCAACCTTGACCCAAATA-T-—GAAACTA—CTTTAGCCCTAA-C--ACTTTCCAGTCTTATGCTTAGCT--
GCTCTCTATGAATCTTTCTTGGAAAAGGGGAATGGGA---ATGATGGAT-------GCCATCTTGGAAAGATTACATGGAAAA-------- AGAAGAGAGTGAAA--ACATCGATAATGTATGACAAATTGTGTTCTGCTTGGAGGAGGAACCAACA---------- ---GAGTAGGGATG-TCTCACG-----ATCCGAAAGCCAT---
TATCACAAACTCAGTGAACCAC-----CACTGACCATCTGGTGGCCTGGCTCCACCCATGAAGGACACATTCCAGTC-TTGACCAATGACTT---C. AAAGTATGAA
AGAGAACAAGGGGCCAGACCATCAGCAGTGGGGAATAAAAGGCCAAGCCTTGAAGCAGCAGCACAAAGCTGCTTCTGACACATTTGTGATCGATCACCAGCA--—-—) AGCTCCCAGACGTGACACC--

Pero_leucopus_HBE
ATTAAACACATCCAACATATAACAGCTAACAAGCAATCCCAAGACATGAGTAGAAATCAAGGGCACTAACGATCAGAACCTTTGGCTATAACAAAGACTGAATATTCCCAAATGTTTCTCAAGGCCAAT-GATGTGTCAATTAACTCATTC-CTCAGTTGGGTCACAAGGCCTACTTTAAAGTAATTTTAGTTCC--rmmmmmmnmn
ATCTTACAGATGAGAAATGTCTATATGAAA-ATAAGCAAGAAAAGAGC--CCAGAGCAGAATTCCCAAAGGAGCCAAGG T CACAGAGTGTTGGTCAGAG--GAC--TCTTGAAGCACAGAAGGTGAATTTG--CATCCCTCTTCTCTATGGTGTTACTCCCTGGTGTA---
TTTTGGAATTGAGTCTTTGTTCCCATTGTCAGTCCTTTGCT-—-ACTGTATTCATCTGATAGATGCAACCAT-—-ATAGGATTCTTATCCACTTGGGACA-ACACGTATCTAGAA--GATGTAATTTTAATCCACATCTCC-CAAG-—-AGAAGAACTAGATGTAAA--m--emmemememns TCTGTGTCCACA-GCA-
CAAACTCCTTTTTTCTTGAGTT-TGTTC-TTATCATTGTAACCATTCTTTTCCTAAG-GTT---AAAGTTA-—-CTTTAGACTTAA-AG--TTTTTCCTATAGTGGGTTAAGCT--CCTCTCTCTGTGCATTTGTTGGAAAATGTG-ATGAGA--GAGATGAGT--—--GTTATCTTAG-AAGTTTACATGTGAAG--
AGACAATAA--GTTAA--AAAAAAGTTTTTGTTGAAGGAGGAGCCAAAA---m-mrmmrmrmemmems AGAAAGAATGGCC-CCAT-—---ATCTAAAATGTAT--TATCATAAACTCAGTGTACAGTTAC—TGCTGACCCTCCCATGACCTGGCTCCACCCATGAGGACCACAGGTCAGGC--TGACCAATAGCTT---C-
AAAGAATCGT----— GCAGAACGAAGGGCTAGAACATAGTCCGTGAAGAATAAAAGGCCATCACTTTTAGCAGCAGCATGTATCTGCTTCTGGCACTCCTGT----GATCAGCAGCA--——- AGCTCCTAGACCTGACATC-




end;

[HBE 1kb downstream flanking sequence]

#NEXUS

begin data;

dimensions ntax=12 nchar=1569;

format missing=? gap=- datatype=dna ;

matrix

Rabbit_HBE ACTCTCTTCCCAGTTTCTTTAGTG-CCCCTACTCATCCCCAGCGTC--CTCCTTCTGTACCTT-—--GGGGACTAGGC--TCAGCCTTGATGGCACAG-TTTCTGTTTAATAAAATACATTCTATTCAGTAATCAAAAAATGAT--GTCTCATCTTCTT--CGTATT-TTACTCATGTGTTTA-—-rmm e emv
AAAAAAAAAAACCACACATGTTCATGATTGAGACAGAGAGAGACATAGGAA--GAAATAAGAAT--
CTTTGAGTAGTATATTAGGATTTATCAAATAAAGGGAGGTGTTATTGGAGGGTACAGGAGAATCCAGAGAGGACACCAAGATGGGGAAGAAGTTCTCTTGGGTGGGGCAAAGGCTTCATTAAGT------GGACT G- AGTGTGGCAAAAACATACGGCAGAGGG-
AAGGGAATGAGGGACCAAAGTGGTATCTGCGAAATCAGATTTATGGTGAATGTTG--TTTCACT-—---- CAAAAGAAAGATTTGTAGTGAT-CAAAACTCTAGACATGGTAATACTAT-—-TTTAATG-—--—TACTTGAACAT-ACACATTGAAGAAATTAGCTTGATTT--
ATATCTTGAGAAATTGGTTTGAATATAAAGAAATGAGTTAAAGTA-TGAGTTGGAAATTTCCAGAAAAAAATGTTTTCATGAACAA--ACTGCAGTT-----TGTTCTTTCCTGAAGGGTTCTGTTGTCTCAATGGGATGCCAAGACTGAGACATATTACATCATTGTGCATTATCTTCTGATTGAATGCT Gomrmememememememeeae
TAAAATAAAGCTAG--TTTCAACACAAATGAAAACTT-TCATGGG--AAAGATAAAGATTTCATGTAGAAAATAAA-ATACTAGCA----AATGTGCCTGGTCCTAAATCAGCAAGGTAAAACTTGGTGTCATAGATGGAACTGGAATTCTGGAAGTAGAGGGGAGTATTAGGAAAGATTAGATAGTGCTGAGCTTTGAC-
TATAAAAAATAAAATCTACTACTAGGC-TATTAGCGACAATGAGTTATAA-ATATTCTTAGGATGCTAAGTGACT-—-CCATGGATAAGA

Cavia_HBE GCTCGTTTCTGCAGTCTGCCAGCA-CTCCTGTGTGCCCCCGATACC--CTCCTTCTGCTCAT-——-GGGGACTGGGA—-TGGGCCTTAAAAGTACAA-CTTCTTTTCAATAAAAATTATTCTCTTCAGTTATCAAACATTGAT--GTTTTGTTTTCTC--CATCTT-TTACCCTTGTATTAA
AGGGAAAGCATTCATG--------
CTTGTCAGTGGAAGAT C-rrmrmmemrmmmmemmmen AAAATGGGGAGGATGCTCTATC-—-CAGAGCAAGGGTTAGTTAAGCAGGCAGAGATGTGTG-GGGCAATGCGGCAAAAAC-TGCTGCAGAGAG-GAAAAAGGATGAGCC--TGGTGGAAACTGAGAAAGCAAAGATGTGATCAATGCCAAGTTTCATTAA-—
AAATAAAATGCAAAATCTTTGCAGGAT-TTGAGGTCTAAACG-AAGATTACTAA-—TATAAAT | CATTCTAATAT-ACGTTTTGAAGCAGCTACCTTGCC——ATGGCTTTTGAGATTGACTTGGAGATAAGGAGATAAGTTAAGGGAGTTTTTCTGAGTTTTGCAGAAAAA-—-GTCCACATGACTTA--ACAATAGCT-—-
TGCTCTTTTCCAAAGGGTCCTTTTGTCTTTTTTTTTCTTTGACACGAAGTCTCACTTTGCAGTTCAGGATGGCCTT--GAACTCACTTTGTAGTC: TAGGCTGACCTTGTGCTCACAGTG-ATCCGCGTGCCG-CAGCCTCCT-GAGGGCTGGGATTGCAGGTGTGTGTCACCATGCCCAGCT---
GGGGAGCCAAGAATAAAACACATGGAATCGCTGTGCATCATCTGGAAGAATGTAGCACGCACTAAAATAAAATTAGAGTTAATATACAAGGAATAACCTT-—TTTGGA-GGCAGTGA-TAAAAACGA-TGTAGGAGATAAAAGTCTATATGAATAGTAACAAGGCTTGTAGTTTAAGACCAATGA-
GATTGGGCATGATGACCTGCATGAAATTTCCTCC

Spermophilus_HBE ACCCGCCTCCCTATT-CACCAGTG-CTCCCGTGTGTCCCCAGTACC--CTCCTTCTGTACAT.

GAGAAG TAGGAAGAGACATAGGAA--GAAACGAGAGTTTCTTTGAGAAGTGTATAGAGACACATAAAGTCAAGC-ATATATTATTAAAAGATC
----- AAGGACACTAAGATGGGGAAGAATTTCTATGGGTATGGGGAAATGGTGAGTTAAGTCAGCAGGGACTTGTG-GGATAGGGTGGCAAAAACTTGCTATAGAGGG-GAAAAAGGAAGTGGT-
AAATGATACCCAAGAAAGCAGATTTGTAGTACAAGCCAAATTTCATTAACATCAACAATAATAATAAAGTCTTCTGGGAT-CTGAGGTCTAGG-ATAGGATAACTAT----TTTAATT------—--TATTCTAATAT-CCACCTTGA-GCAGCTAAATTGTCAA--ATGTGATATGAAACTGTTTTAGAGGTATGGGGTTGAATTGAGTGA-
TGACTGAGCACTTTCTAGAATAA---GTTCCCATGATTCA--ACAATAGCT----TGCTCTTTT--rmrmmmmeeer TTATCCTAATGGAGCACCGTGGCTAAGACACATGAAATAATTGTACATTATATTCTGATAGAATATAGCACAC ----mrmrmremnav TAAAATGAAGTTAAAATTACTATATATGTGGGGACAT-

Mus_Balbc_HBE -GCCCTCTCTCTAGCTGTCCAGCA-ATCCTGTGTGTCCGCTATGCC--TCCTCTCTGCACAT-——GAATACTG--C-—TGTTCCT--GAAGCACAT-CAT--GTT-AATAAAGCACCTCCG-——-AATCAAAA-TCG——TTTG-CTTGTC--TGCTTT-CTACTTT-ATGCT-A
AAGACACATATTTG—TGTATTTGTGGAAAAAGGGGGAATGCACAGGAAATGACTCAGGCATTTATCTGAAACCTGCA-
GGGACTCAAGAGAGAAACGTAGACGCCATGGAAGGCTTCTACA---CCCAGAGAGAGTCTAAAGCTGA-AAAGAATTCTCAGAGAGAAGAAAGAA-----ATTTAGTGGAGAAGGCATTGTG-TATGGAACATATGAACATTTACTGTAGAGGGTGAAGAAAAGGGTGAC--AAGTGATACCTTGCA--GCAG-GTTGTGACAT--
CCCAT-TACCAT T--rmrmremem) -AAGAAAAAGCTCTTACGAGAT-CCAAGAGCTAAG-ATAGAAT TA------rmmomemmem e ACTTTCTTTT-—-AAAAAGCATTTATTGGGTAACCAA-TTGGTGTGATCTGCCCCGGGGAAGACTCTTGATCCAGCTCTCAGCAACCCTTAGTTGACTATAATTCTTTGTGTATGGTTGAGGTC-
TCATCGGCTTTATTTACCCCACCCATATTAGCAAATGTGTATCACAGCAAGCTTCATGGTCTTTTGGCTCTTACAATCCTTTTCCCTTCTTCTGAAGTGTTCCCTGATCCTTAGGT G-
TGTAGATGTATCCACTGAGGTTAGGCTCCACAACTCTGAAGTTTGAATGGTTGTGGATTTCTGTACTGGTCTTTGTCTATTACAA---AGAGTGTTCTACATGAGAGGAGAAGACTACAACTTATACATACACACACACACACACACACACAC--ACATACATACAATTACAATGGCAAAATGACACGATTT--
TGAAAGGGAGCAAGGAGGGTATACAGAGG-GTTTGGAGGGAGAAAAGAAAAGGGTGATGTGTTTTAAC—-CATATTATAA-TTTCAAAAACAGTTTT-—-AAAAATTTATTGTTTTAAGT:

Mus_C57_HBE -GCCCTCTCTCTAGCTGTCCAGCA-ATCCTGTGTGTCCGCTATGCC--TCCTTTCTGCACAT------GAATACTGGAC--TGTTCCTTGAAAGCACAT-CAT--GTTTAATAAAGATCATCCTTCCTGGTAATCAAAAATTCAG---TTTTGTCTTGTC--TGCTTT-CTACTTTTATGCT-Axmrmsmsmsmsmmmmmmcmememenenee
AAGACACATATTTG--ATGTGTTTTTGGAAA--GGGGGAAGCACAGGAA--GACTCAGGCATTTATCTGAAACCTGCA--
GGGACTCAAGAGAGAAACGTAGAAGCCATGGAAGGCTTCTACAGG-CCCAGTGAGAGTCTAAAGCTGAGAAAGAATTCTCAGAGAGAAGAAAGAA-——ATTTAGTGGAGAAGGCATTGTG-TATGGAACATATGAACATTTACTGTAGAGGGTGAAGAAAAGGGTGAC-AAGTGATACCTTGCA-GCAG-GTTGTGACAT-
CCCAT-TACCATT----senmn-- AGGAAAAAGCTTTTACAAGAT-CCAAGAGCTAAT-TTAGAATTA----mmemememememememenees ACTTTCTTTA---AAAAAGCATTTGTTGGGTAACCAA--TTGGTGTGCTCTGCCCCGGGGAAGACTCTTGATCCAGCTCTCAGCAACCCTTAGTTGACTGTAATTCTTTGTGTATGGTTGAGGTC--
TCATGGGCTTTATTTACCCCACCCATATTAGCAAATGTGTATCACAGCAAGCTTCATGGTCTTTTGGCTCTTACAATCTTTTGCCCTTCTTCTGAAGTGTTCCCTGATCCTTAGGT Gerereremn
TGTAGATGTATCCACTGAGGTTAGGCTCCACAACTCTGAAGTTTGAATGGTTGTGGATTTCTGTACTGGTCTTTGTCTATTGCAA---AGAGTGTTCTACATGAGAGGAGAAGACTACAACTTATACATATACACACACACACACACA-——-— CATACATACAATTACAATGGCAAAATGACACGATTT--
TGAAACATGGGGAGGGGGCAACATTGGAG-ATGTAAAGTGAATTAATTAGTGGG-GAAAAAAGAAAAT---AAAAAAGTAA-AAA-AAAAATCATAAT---AAAAGTAAATT.




Mus_Balbc_HBGE —~GCCCTTTCCCTGATGTCCAGCA-TT-CTGTACACCCCTCA-GC--TCTGCCCTACCCAT--—-GGCCACTGTGC-—-TGGTCTCTGAAAGCAGGG-CTTCTGCTTAATAAAGTCCATTCTTTTCAGTAAACCATGAGTCAT--ATTTTGTTGTGTC--TGTTTC-TTACTTTTGTGTTTA--m-mmrmm e e eeee
AAGAAAGAAGGCCG--ATGGGCAGATGGTAA-—-GGGAGCGAGACAGAAG--GACACTTGAGTTTCTTTTAGAACTTTGCTGGAATTCAGGAGAGGAA-
GTAGATGTTACAGAATTTTTCTAGAGC-CCCAGGAAAGATGAAAAGTTGG-GGATAATTCTCATGTAGGAAAGCAAAGGGTTAATGCCGTGGAGAAAAAAGTTC--TGTGGTAGTCACTAAAACTTAGTGTAGAGGGTGAAGAAATGCACGAC--AAATGATCACCTA-----CAG-TCTGTGTTATGTGCCAT-T-TAAT T---rerememen
AAGTTAAA-CTGTAGACAGAT-CTAATGCTCAAC-CTGAGATAAT. TCTTTTAAAAA-ATAATTTGCTTTTATTAT-—GATTTTTTTTTTTTACTTTTTTGTTTTCTTTTTTCCCCACTAATTAAT-—TCACTTTACATC--TCCAATGTT-——-
GCCCCCTCCCCATCCCCCCTCACACAATTTCTTCTCACATCCTGCCTC-TTCTCCTCTGAAAGGGTTGATCCCCTCCTAGGGTACCCCCCCCCCC———- CAACCCTGGCATATCAACTCTCTTCCTGACTAGGCACATCTTTTCCCACTGATGTCAGACAAGGCCATCCACTTAGGGGAATTGATTCTGACAG--
ACAGTGAACAGCTTTAGAG---ACAGACAGGCTTATATTCTCCAGTTGTTGGGGGAACC-------- ACGAGAAGATTGAGCTACATATCTACTCCATAT-GTGCTGGGACCT-AGGTTCAGCGTGCATAAGCT--CTTTGATTGGTGGTACAGTCTCTGAGAACCCCCAACA--GTCCAGGTTAG-TTACTCT-GTTGGTCTATCTGTG-
—~GAGTTCCTATCCCC-TTAGGGTCCCTCTATCC.

Mus_C57_HBGE ~GCCCTTTCCCTGATGTCCAGCA-TT-CTGTACACCCCTCA--GC~TCTGCCATACCCAT-—-GGCCACTGTGC-TGGTCTCTGAAAGCAGGG-CTTCTGCTTAATAAAGTCCATTCTTTTCAGTAACCCATGAGTCAT-ATTTTGTTGTGTC~TGTTTC-TTACTTTTGTGTTTA—m e mn
AAGAAAGAAGGCTG--ATGGGCAGATGGTAA---GGGAGCGAGACAGAAG--
GACGCTTGAGTTTCTTTTAGAACTTTGCTGGAATTCAGGAGAGGAAAGTAGATGTTACAGAATTTTTCTAGAGC-CCCAGGAAAGATGAGAAGTTGG-GGATAATTCTCATGTAGGAAAGCAAAGGGTTAATGCCGTGGAGAAAAAAGTTC--TGTGGTAGTCACTAAAACTTAGTGTAGAGGGTGAAGAAATGCATGAC--
AAATGATCACCTA-——-CAG-TCTGTGTTATGTGCCAT-T-TAAT T AAGTTAAA-CTTTAGACAGAT-CTAATGCTCAAC-CTGAGATAAT- CAGTTTAAT. TATTTTAAAAA-ATAATTTACTTTTATTAT——GATTTTTTTT-—ACTTTTTTATTTTCTTTTTTCCCCACTAATTAAT—
TCACTTTACATC--TCCAATGTT----GCCCCCTCCCCATCCCCCCTCACACAATTTCTTCTCACATCCTGCCTC--TTCTCCTCTGAAAGGGTTGATCCCCTCCTAGGGTATCCCCGCCCACACACACA--
CAACCCTGGCATATCAACTCTCTTCCTGACTAGGCACATCTTTTCCCACTGAGGTCAGACAAGGCCATCCACTTAGGGGAATTGATTCT-ACAG--ACAGTGAACAGCTTTAGAG----ACAGACAGGCTTATATTTTCCAGTTGTTGGGGGAACC-------- -ACAAGAAGATTGAGCTACACATCTGCTACATAT-
GTGCTGGGACCT-AGGTTCAGCGTGTATAAGCT--CTTTGATTGGTGGTACAGTCTCTGAGACCCCCTAACA--GTCCAGGTTAG-TTACTCT-GTTGGTCTTTCTGTG-—-GAGTTCCTATTCCC-TTAGAGTCCCTCTA

Pero_maniculatus_HBE ~ ----- GCCCTCTACCTGTCCAGCA-ATCCTGTGTGTCCCCTACTAC--ATCTTTCTGCACAT------GAGAAATGGAC--TGATCCTTGAGAACACAG-ATT--GTTTAATAAAGATCATTCATCCCAGTAATCAAAAAGTCAT---TTTTGTTTTGTC--TGTTTT-TTACTTCAGTGCT-Awmrmrmrmrmmrmmmemmeeeeee
AAGAAAAATGTTTG--ATGGGTTTGTGGTAG-—-AGGGGAATACAGGAA--GACACGCGAGTTTCTCTGAAAACTGGA--
AGGACTCAAGAGAGGAGAGTAGATGCCATTGAAGGCTTCTACTGG-CCCAGGGAGAGCCTATAGCTGGGAAAGAATTCTCAAAGAG-—----m-mmm e GAGAAGGAATTGTG-TGTGGAACATATAGAAACTTACTGTAGAGGGTGAAGAAAAGGATAA - GTATCTAATG--GCAG-GTTGTGACATATCCCAT-
TTCAATT------------AAGAAAAAGCTTT--AGAGAT-CCAAGATCTAAG-ATAGGATTATTAT---TTTAAATTACTTAATGTACTTTTTTTTTCCTAAAAGGATTTATTGGATAACCAA--TTAGTATGCTCTTCCCTGAGGAAGACTATTTCCCCAGCTCTCAGCATTCTTTAGTTGCCTGTAATTCTTTGTGTGTGGTTGAAATC--
TCATTGACT-—TTCTCCTATCGATGTTAG—
TGTGTCCCACAAGAAACTCCTTGATCCTCTGGCTCTTACAATCTTTTGTTCCTCTTCTGCAGTGTTCCCTGAGCCTTAGGTGTGGGAGTGTTTTGTAAATGTATTCACTGGAACTGGGTTCCACAACTCTGCATTTTGATTGGTGGTGGATTTCTGTAGTGCTCTCCATCTATTGCAA-—-AGAGAGG-CTCCCTGAATG-—-
AGGGGTGAAGATTACACTTACATATACATGTATGCA----------- ATA---ACAATTAAAGACAAAAGAAGACATAAATT--TGAA-GAGAGAAAGGAAAGTATATAGAAGAGTTTGGATAGAGGAAAGAAAAGTGAGATATGTTGTAAC---TATATCACAA-TTTCCAAAATGTTTTTTAAAAAGAT TTATTATTTTA--mmmmmmmememememnmcnee

Pero_maniculatus_HBGE -GCCCCCTTTCTTGATGAGCGGCA-CTGCTGTGCACCTCTCA--GG-CTCATCTTACACAA-——-GACCACCTTGT--TGGGATTTGAAACTTGAG-CTTCTGCTTAATAAAGTCCGTTCTCTTCAGTAACCC--GAGTCAT--GCTTTGTTGTGTG-TGTTTC-TTACTATTGTGTT-A-mmemem e
AAGAAAGAAGGTTG---ATGGGTGCATGGTAG--TCAAGAGGTGCCACAG-
GACACCAGAGTTTCTTTGAAAACTGTATCGGGACTCAGAAGAGGAAGGTAGATGTTATGGGACTTTTCTAGGGT-GTCAAGGAGGATGAAGAGTTGA-GAAGAATTCTCATGTAGGAAAGCAAAGGGTTAATTAACTGGAGAATGAATTGT--GCTGACAGTTGCTAAAACTTAGTGCAGAGGGTGAAGAAAAGCATGGC--
AAGTGATGACCTG——CAG-GTTGTGATATGTGTCTT-T-TCAT T AAGATAAAGCTTTAGATAGAT-CTAATGTCTAAG-CTGAGATAAT G-—mrmremmememmemm - CACTCAGAT---—- TTTTTATTTTTAAGAA-ATGATTTACTTTATTTTT—
AATCATGTGTCTCTGTGTCTGTCACTGTTTGGTTTTGTGCATGTGAGTGCA-AGAGTCTATGGCAGCTAGAAGCT-—--CAGGTCCCACTGGAACTGGAGTTACAGGTGGTTGTGACTGCCTGCCATGAGTGCTGGGAACTGAACTCAGTTCCTCTGAGAGTGTATGTACTCTTA--------- -AACACTGAGCCATC-
ATCTCTCCAGGTTCAAGTGTACATTTTCCAGCAGATACTTTATCAGG-TGTCCTCT----GAAGCTGATTGC--AAG---AAAACGGACAAATTGATAG---AGAGCAGTGACCATTTAAGACAATGTTTCAATAAAACCAC----CATAGCAGGCTTGCGTTTTGAAGGAATTCCTTGTCTCAATGGTGAATCAAAGCTAGGAGACAC-
AGTTCACTGTAATTTTCTGTAGGGCTGTAATGAGCAATGAGATGGTGATAGAGAAA-GGACAGAAGTAGAACCTTGTCAGGTCAAGTGGGGACGATG

Pero_leucopus_HBE - GCCCTCTACCTGTCCAGCA-ATCCTGTGTGTCCCCTACTAC--ATCTTTCTGCACAT------GAGAAATGGAC---TGATCCTTGAGAACACAG-ATT--GTTTAATAAAGATCATTCATCCCAGTAATCAAAAATTCAT---TTTTGTCTTGTC--CATTTT-TTACTTCAGTGCT-A-mmmemmemmmmmmmnmcmemeneae
AAGAAAAATGTTTG--ATGGGTTTGTGGGAG---AGGGGAATACAGGAA--GACACCTGAGTTTCTCTGAAAACTGGA--
AGGACTCAAGAGAGGAGAGTAGATGCCATTGAAGGCTTCTACTGG-CCCAGGGAGAGCCTATAGCTGGGAAAGAATTCTCAAAGAG--—----mrmrmmmmemmmeo GAGAAGGAATGGTG-TGTGGAACATATAGAATCTTACTGTAGAGGGTGAAGAAAAGGATAA-——— GTATCTAATG--GCAG-GTTGTGACATATCCCAT-
TTCGATT-—-——-——-AAGAAAAAGCTTT--AGAGAT-CCAAGATCTAAG-ATAGGATTATTAT-—TTTAAATTATTTAATGTACTTTTTTTT-CCTAAAAGGATTTATTGGATAATCAA-TTAGTATGCTCTTCCCTGAGGAAGACTATTTCCCCAGCTCTCAGCATTCTTTAGTTGCCTGTAATTCTTTGTGTGTGGTTGAAATC-
TCATTGACT----TTCTCCTATCGATGTTAG---
TGTGTCCCACAAGAAACTCCTTGATCCTCTGGCTCTTACAATCTTTTGTTCCTCTTTTGCAGTGTTCCATGAGCCTTAGGTGTGGGAGTGTTTTGTAAATGTATTCACTGGAACTGGGTTCCACAACTCTGCATTTTGATTGGTGGTGGATTTCTGTAGTGCTCTCCATCTATTGTAA—-AGAGAAG-CTCCCTGAATG—
AGGGGTGAAGATTACACTTACATATACATGTATGCA-———-— ATA-—-ACAATTAAAGACAAAAGAAGACATAAATT--TGAAAGAGAGAAAGGAAGGTATATAGAAGAGTTTGGATAGAGGAAAGAGAAGTGAGATATGTTGTAAC—-CATATCACAA-TTTCCAAAATGGTTTTTAAAAAGATTTATTATTTTA--—m e mn

Rattus_HBGE -GCCCCTTCCCTGACTTCCAGCA-TT-CTGCATATCCC-CA--GC--TCTGTCCTACACAT-——-GACCACTCTGC--TGGTCTCTGCAAGCAAGA-CTTCTACTTAATAAAGTCCATTCTCCTCAGTAATCCATGAGTCAT--ATTTTGTCCTATC--TGTTCC-TT-—-TTGTGTTTA-mmrmrmmememmememmmememmememeeeme
AAGAAAAAAGACTG-—ATGGACAGAAAGGAA--GGGAGAGACACAGAAG————-
TTTCTTTGAAAACTGTGTTGGCAGTTAGGAAAGGAGAGTAGATGTTATAGAATTTTTCTGGGGC-CCCAGAAAAGATGAAAAGTTGG-GGA-AATTCTCATGTACAAATGCAAAGTGTTAATTCCCTGAAGAATAAA-TTG--TGTGGCAGCCACGAAAAGCTAGTATATCGGGTGAAGAAAAGCATGGC--AACTGATTGCCTG--
--CTC-TCTGTGATATGTGTCAT-T-TAATT------------AAGACAAAGCTTTAGAGAGAT-CTGATGCCCAGC-CTGAGAT GAT ---mrmrmrmrmmmmeeee CACATTAATGT--—-ATTGGGGTTTTTTATTTTTAAAA--GTAATTTACTTTTATTAT-——-AATTTTTTT-—--ACTTTTTTCTTTTCTTTTTTCCCCACTAATTAATCTATTTACTTTACATC-
-TTTACTGCT-—-GCCTCCTCCATA-CCTCCCTCACACAGTCCCTTCTGATATCCCCCCTCCTGTTCTCCTCTGGAAGGATTGGTCCTCTC-TAGGGTATCCCCGC—mmmmmmmmmmrmmm oo AATCTCTGCCTGGCTAGGCACATCTTT-CCCACTGAGGCCAGACAAGGCTGCCCATTATGGAGAATGGATTCG-ACAT---
ACAGTCAACAGCTCTAGAG----ACAGACAGACCTATCCCCTCTGGTTGACCCTATACTCCATTA--TGCTTGCAGACCTAGCATCACTTGGAACCTAGCA-TCACTGTCCTCTTAGAGGCTCCACCCAGTAGCTGACTAGAAAACATGATTTATTTCTTTTAATCAAGTGTCTCTGTGTCTATCTG-TGTTTGG-
GTTTGTGCATATGAGTACAAGAGTCTATGAGCGTCAGGATCCATTTGAACTGGAGTTA

Rattus_HBE -GCCCTTTCTCTAGCTGTCCAGCA-ATCCTGTGTGTCCCCTCTGCC--CTCTTTCTTCACAT-——-GAGTACTGGAC-—-TGGTCCTTGAAAGGACAG-CAT--GTTTAATAAAGATCATTCTTCCTGGTAATCAAAAATTCA——TTTTGTCTTGTC-TTTTTTTCTACTTTTATGCT-Ammrmmmmrmmem e
ACGATACCTATTTG---ATGTGTTTGTGGAAG- -AGAGGAA--GACACAGGCATTTCTTCGAAAACTGTA--
GGAACTCAATCGAGAAACATAGATGCCATAGAAGGCTTCTATAGG-GCCAAGGAAAGTCTAAAGCTGGGAAAGAGTTCTCAAAGAGAAGAAAGAA------ATTTAGTGGAGAAGGAATTGTG-TATGGAACATATGAAAATTTATTATAGAGGGTGAAGAAAAGGGTGAC--AGGTAATATCTGGCA--TCAG-GTTGTGATAT--
CACAT-TACCATT------- AAGGAAAAGCTTTCATGAGAT-CCAAGATCTAAG-ACAGAATTA-—-mremrmrmmrmmmememesy ACATTCTTCT--AAAAAGCATTTATGGGATAACCAA-TTGGTGTGCTCCACCCTGGTGAAGACACTTGCTCCAGCTCTCAGCATCCTGTAGTTGCCTGTAATTCTGTGTGTATGTTTGATGTC--
TCATGGGCT—-
ATCCCCCACCCATTTTAGCAAATGTGCATCACAGCAAACTTCCTGGTCTTTTGGCTCTTACAATCTTTTGTTTTTCTTCTGAAGTATTCCCTGAACTTTAAGTGGGAGAGTCTTTTGTAGATGTATCCACTGGGGTTAGGCTCCAGAACTCTGAAGTTTGAATGATTGTGGATTTCTGTAATTGTCTTCATCTATTGCAA---
AGAGTGTTCTTCATGAAAA-—-AAGACTATAATTTATACATATACGAATACACATAAACATATAT--GCATATACATACATGCA-TACAACAATGACAAAATGGAATGGCAAAAGAAAAGGGAGATATGCTGTAA-CTATTATAATTTCAAAAAGTTTCACAAATTTATTATTT--TAAGTGATGA-CTCTGCATGTATCTCT-—-
ATACTTA

end;



[HBG 1kb upstream flanking sequence]

#NEXUS

begin data;

dimensions ntax=11 nchar=1327;

format missing=? gap=- datatype=dna ;

matrix

Mus_Balbc_HBGE o ATTATATAGGAAGATCAAAGAAA----TAGAACTATAATTAGGAAATCAAAACTAGGGATATTTTTCCTAATGTATAATTCTGTCCCAGCTGAGACAGAGTATGTGG----
ACTGAATGAAAATATCCCGGCCACTTCTGAGTTATTCTAAAAAACACAAACCATCAAAGACAGATCCTGGTTGAAGCAAACTGAATGATCAGTCATTCAGCATTTTTGGTACATAACTTAATATAGGCACAGAGAAGAC-TAAACCCACACCCTTCTACACTTATCCAGTGGG---TATC----------ATAGTGCTTAGTGACAG---
ACT----ATACATTGCATTCACATGGTGGAAAA-TGCCATGGT-TACATACAGTAGATTCCTCTATATAA---TGTATATTCCAT- --AGTGGAG-ACAAACACAGAGACATGTTCTAGTATACCACAGTAA TCTATTCCT--
ACTCAGATACTGCAATGCAATGGGATCTGCTTTCCTGGGACTGTTGGGAACTAGGAAGATCATGGTCTAAACCTACAGAAA: ATGCATGGCTTGTGAGTACAAGGCATATTTCCATAACTTAGGTCCTGAAACCCATAGCTAAAATG----AGCCTCAGGCTCACTGAGGTTTTCCC-C-
ATGTTTGCCTGTGCTTCAGCT--TAAATGTA----TTCCTCTATGTCT-TAAATGAAA----AGGAAAAATTGT-GAAAGATACCCTTG-CAAATCTCCTGTTGAG-------- GGAAGGGTCTAAACAGAAGGGAGGAAGGAATAA--AAGAGGATGAACACTGGGAAAG-------mrmrmmemrmsmeeee CTGGAGCAGGAGGC-
TCTGCCTCCACGAGGCAGGGGGCCTACTGGACACTATCTTAGT-GCAATGCT---ATCTAGACCTTACCCCAC-TGGACCCCACCCCTGTCTTGCCCAGACTCTC--TTGACCAATAGCCT-=+Cremrmrmememsmes AGAGTCCTGGG------GAAGGGTAAGGGGAGCAAGGTCCAG-

GGTGAAGAATAAAAGAACAGGTCTTCAGCCTCTTGAACATTCTGGCTTCTG-CACACCTGA-—-GATCATCTCCA———-- AGCTTCCAGACCTCACACC-

Mus_Balbc_HBG
CTCTTCACAGTTAGGTTACAAACACACAAAAAGTGAAAACAGAGCTGAGTTGAAGAAACCTGAAAGCTTGGTCATTCAGTGTTCTCAGTATTTAACCAGTAATGATCATAGAGAAGGC-TAAACTCTCACCCTTT-TCACCAGGCAGCTACACTTATCCTGGG-
GGAGGGGGGGGGAATGCCAATTGTATGGTGTCAACACTGTGCATTCAATGGGTGGAAAA-TGTTGTCATGTAAACAG---ACTTCTCTACTTTA---GTGTAT-mrrmrmrmmrmemeemeee GATGG--
AATGTGGAGACATGTTGTACTTCTACACAGTAATACATACACACACACACACACACACACACACACACACACATATATATATATGTATATATATACATATACATACATATATATATATATATATTTTTTTTTAACTTAGAAACTGAAATGTATTAGGAATAGCTTTCCTGGGGCTG-
TGGGAAATAAGAAGATCATGTCCTAATCCTACTGAAAATGCATTCAATGGTTTT-------GCACACCACGTCTTTGTTATACGTGGCTTGTGAGTAAGATTCATATTTCTGTCACTTAGGTTCATAACCCCATTCCTAAAAAT----AGCCTCTGGCTCACTGAGGCGTTCCC---ATGTTTGCCTATGCTTCAGCT--
TAAATGTATTAATCCCTCTAAGTCTGAAGTGAAAA---AGGGAAGAATGT-GAAAGACACCCTTG-CAAATCTCCTGTTGGG GGAAGGAGCTAACCAGAAGGAAAGAAGGAAGGA--AAGACGGTGAACTCTGGGAAAG-- ---CTGCAGTAGACAGC- T~~~
CGAGGCAGGGGGCCTACTGGACACTATCTTAGT-GCAATGCT--ATCTAGACCTTACCCCAC-TGGACCCCACCCCTGTCTTGCCCAGACTCTC--TTGACCAATAGCCT---Comrmmmemneeen AGAGTCCTGGG-—-—--GAGGGGTAAGGGGAGCAAGGTCCAG-
GGTGAAGAATAAAAGGACAGGTCTTCAGCCTCTTGAACATTCTGGCTTTTG-CACACTTGA--—-GATCATCTCCA-------- AGCTTCTAGACCTCACACC-

Mus_C57_HBG
TACCCTGTCTCTTCACAGTTAGGTTACAAACACACAAAAAGTGAAAACAGAGCTGAGTTGAAGAAACCTGAAAGCTTGATCATTTAGTGTTCTCAGTATTTAACCAGTAATGATCATAGAGAAGGC-TAAACCCTCACCCTTT-
TCACCAGGCAGCTACACTTATCCTGGGTGGGTGGGTGGGGGCTGCCAATTGTATGGTGTCAACACTGTGCATTCAATGGGTGGAAAA-TGCTGTCATGTACACAG-----ACTTCTCTACTTTA----GTGTAT--mrmromomememomeeae GATGG----AATGTGGAGACATGTTGTACTTCTACACAGTAATACAT-----mm-

GCACACCACATCTTTCTTATACGTGGCTTGTGAGTAAGACTCATATTTCTATCACTTAGGTTCGTAACCCCATTCCTAAAAAT-—-AGCCTCTGGCTCACTGAGGCGTTCCC—-ATGTTTGCCTATGCTTCAACT--TAAATGTATTAATCCCTCTAAGTCTGAAGTGAAAA-—-AGGGAAGAATGT-GAAAGACACCCTTG-
CAAATCTCCTGTTGGG-—-—- GGAAGGAGCTAAAGAGAAGGAAAGAAGGAAAGA--AAGACGGTGAACTCTGGGAAAG------mmrmmememmemeeeee CTGCAGCAGGAGGC-TCTGTCTCTCCGAGGCAGGGGGCCTACTGGACACTATCTTAGT-GCATTGCT---ATCTAGAACTTACCCCAC-
TGGACCCCACCCCTGTCTTGCCCAGACTCTC--TTGACCAATAGCCT---Crmrmrmrmrmemnen) -AGAGTCCTGGG------GAGGGGTAAGGGGAGCAAGGTCCAG-GGTGAAGAATAAAAGGACAGGTCTTCAGCCTCTTGAATACACTTGCTTTTG-CACACTTGA----GATCATCTCCA--------- -AGCTTCTATACCTCACACC--

Pero_maniculatus_HBGE AGGCACTCTTAGGGATGAAGGTCCTAATGTGTGATTCTGTCCTAGCAGAGGCAGTACATGTGGACTGTTACTGGATGGAAATATCCC-GATACGTC--AGTTATTTTGTGAACACACAAAAAGTGAAGACAGAGCCTGGTTGAA-
CAACCTGAAAGGTCAATCACTCAGCATTCTCAGTACTCAACCTGCCACGAGCACAGAGAAGGC-TGAACACACAACCTGCATCACCAGGCAGCTACACTCTTCC-—— AATGGGAATGCCAACTGCATGGTGACTACACAGTCCACTCACAGGGTGGAAAA-GGCTGTCATCTACACACAGCAGATTGCTCTACTTCA-—-
AAGTGA--mmememmmemesereeens, AATGGAG-GCAAATGTAGAGACATGCTCTACTACACCACAGTAA TCTATTCTT-----ACTCAGAAACAGAA----------- CTGCTTTCCCAAGGCTG-TGGGAACTAGGGAGACCATGGGCTAAACCTATAGAAAATTCATCTGATGG-
TCG-—-—-GCACAGCACTTCTTTATCATGCATAGCTTCTGAATAAGGGGCATATTTCTGCCACTCAGGTGCTGGTTCCCAGGCCTAAAGAG—-ATCCTCTTACTCTCTGAGGCGTTCCC-TACTGTTTGTCCATGCTTCAGCT--TTAATCTACCGGCCCCTGTAAGGCTAGAGACAGAA-—-AGGACAGAGTGT-
GAAAGATACCCTTG-CAAATCTTCTGTTGGGA-—-GCAGAAGGGACTGAAGAAAAGGAAAGAAGGAAAGA--AAGAGAGAAAATACTATGAAAA-—-—rmmm e CTTCACCAGGAGGG-TCTCCTCCCATGAGGGAAGGGGCCTACTTGACACTATCTTAGTGGGAATGCT--ATCTACACCTTACTCCAC-
TGGACCCCACCCCTGTCTTGCCCAGCCTCTC--TTGACCAATAGCCT---Cormrmrmrmsmenees AGAGTCCTGGGG---AGGGGGGGAAGGGGTGCAAGGTCCAG-GGTGAAGAATAAAAGGACGGGCCTTCAGCCACTTGAACACACTTGCTTCTA-CACACCTGA-—GATCATCTCCA—---—-- AGCCTCTAGACCTGACGCCAT

Pero_maniculatus_HBG AGTCACTCCTAGGGATGAAGGTCCTAATGTGGGATTCTATCCTAGCAGAGGCAGTACATGTGGACTGTTACTGGATGGAAATATCCC-GATACATCAGAGTTATTTTGTGAACACACAAAAAGTGAAGACAGAGCCTGGTTGAA-
CAACCTGAAAGGTCAATCACTCAGCATTCTCAGTACTCAACCTGCCACGAGCACAGAGAAGGC-TGAACACACAACCTGCATCACCAGGCAGCTACACTCTTC - AGTGGGAATGCCAACTGCACAGTGACTACACAGTCCACTCACAGGGTGGAACA-GGCTGTCATCTACACACAGCAGATTGCTCTACTTCA-—
AAGTGA---ememmemememeees AATGGAG-GCAAATGTAGAGACATGCTCTACTACACCACAGTAA TCTATTCTT-----ACTCAGAAACAGAA----------- CTGCTTTCCCAAGGCTG-TGGGAACTAGGGAGACCATGGGCTAAACCTATAGAAAATTCATCTGATGG-
TCG-------GCACAGCACTTCTTTATCATGCATAGCTTCTGAATAAGGGGCATATTTCTGCCACTCAGGTGCTGGTTCCCAGGCCTAAAGAG----AGCCTCATACTCTCTGAGGCTTTCCC--ATGTTTGTCCATGTTTCAGCT--TTAATCTACCGGCCCCTGTAAGGCTAGAGACAGAA----AGGACAGAGTGT-
GAAAGATACCCTTG-CAAATCTTCTGTTGGGA-—-GCAGAAGGGACTGAAGAAAAGGAAAGAAGGAAAGA--AAGAGAGAAAATACTATGAAAA-—-—rmmmm e CTTCACCAGGAGGG-TCTCCTCCCATGAGGGAAGGGGCCTACTTGACACTATCTTAGTGGGAATGCT--ATCTACACCTTACTCCAC-
TGGACCCCACCCCTGTCTTGCCCAGCCTCTC--TTGACCAATAGCCT---Cormrmrmrmsmemes AGAGTCCTGGGG---AGGGGGGGAAGGGGTGCAAGGTCCAG-GGTGAAGAATAAAAGGACGGGCCTTCAGCCACTTGAACACACTTGCTTCTA-CACACCTGA-—-GATCATCTCCA—---—-- AGCCTCTAGACCTGACGCC-

Rabbit HBG
CTGGGTCACCAGTCAGCATACACACTTATCCAGTGGGAAGCACACATTATGT-GGTGCCTACAG
AAATAAAGTAAGAGTTCAATTCTGTATTATGCTACTTAATACTAA




GTATAGGACTTCTCCCCTGG-—-CCATTCCTAACTGAATG--AGATTTATACTTGTCTCATCAGAAATCTTGGAT-CTGTGCC———- CAAAATTATCTGAATACTTTTC-ATATGTTTGCTTATGCTTTAGCT--ATAATTTGCAGGCATCTATGGTGTTAGTGACTAAAATATAGGAAATGCTGGCAAAAAAAGTCCTAG-
ACTATTTAATGGTGAGGAAACAAGAAAAATAGCTAAATAGAAAAATAAATGGGAGAACTCTTTAAAAAAATGAATTGAAAAGGGACAGGA-——- CTAACAAAACTTGAGGAGCAGAG-CCCCCTT-—— GAGGGGGCCTCTCTGCCACTATCTCAATATATAGTCT-—-GTGTGAAGCTT-
CTCTGCCTAAACCTCACCCCTGCGCTGACCAGCCTTGCC-TTGACCAATAGTCGTTACACAAAAACACTGACCAATAGCCTCAGAGAACACGGCGAAACAAGGGGCCAGATGTCCAGCGAGGAAGAATAAAAGGACGAGCCTTAGAGCAGTTTCACATACTTGCTTCTGAGACATCTGA---
GACTATCAGCAAGCTCAGCGAGCTCCTAGACCAGACATC--

Rattus_HBGE TCTCTCAGACTATATTTTCTTTACTGTCATACCACTATATAGAAGGATCCAAGAAATTATTAGAGCTATTATTAGAAAATAAAACCTAGAGATAATTTTCCTAATGTTTAAGTCTGTCCCAGCTGTGACAAGGCATGTGG——-ACTGAATGGAAATATCCCTGCCACTTC-mmmmmmememm e ememeeee
CAGAGCCTGGTTGAAGCAATCTGAAAGATCAGTCCTTCAGCTATTTTGGTACTTAAC----CGTTGGCACAAAAAAGGC-TGAACCTGTA GGA---ATGC: ACAGTGCTTAGTGACTG--ACTGCAGAAACAGTGTATACACATGGTGGAAAA-TGCCAT-GT-TACAAACAGTAGATTCCTCCATGTAA---
TATATATTTTATAGAACATATACTAGTACAGTGAAG-ATAAATGCAGAAGCATATTATACTATACCACAGTCC: TTTATTCCT-—-ACTTAGAAACTGCAAAGCAATGGGA-
CTGCCTTCCCAGGGCTGTTGGGAACTAGGAAGATCATGGCCTAAATCTACAGAAA ATACATGGCTTGTGAGTAAGAGGCATATTTCTGTCACTTAAGTCCGAAGTCACAGACCTACAAAG-—--AGCCTCAGACTCACTGGGGCTTT-CC-C-ATCTTTGTCTATGCTTGAACT-
TCAGTCTACTAGTCCCTCTAAGTCT-GAAACAAAA----AGGAAAGATTGG-AAAAGACACCCTTG-CAAATCTCCTGTTGGG-------- -AGAAGGAACCAAACAGAAAGAAAGAAGGAAAGA--AAGAG--TAAATGCTGTGAAAA---- CTGCAGCAGGAGGG-CTCTTTTTCCC-

AGGCAGGGGGTCTACTTGACACTATCTTAGTAGGAATGCT--ATCTAAGTCTTACCCTCC-TGGACCCCACCCCTTTCTTTCCCAGCCTGTT--TTGACCAATAGTCT---C: ---AGAGTCCTGGG------GGAGGGGAAGTGGGGAAAAGTTCAG-
GATGAAGAGTAAAAGGACAGGCCTTCAGTCTCTTAAACACACTTGCTTCTG-CACACCTGA—GATTATTTCCA-—— AGCTTCTAGACCTCACACC--

Rattus_HBG_T1 TTCATAATACATAGGACATAATTCTATCCTAGCTGCGATAGTGCATGTGGATGTTACTGCATGGAAATATCACCTGTCACTTCAGAGTTAGGTTACAAACACACAAAAAGTGAAAACAG-GCTG-
GTTAAATATACCTGAAAGATTGGTCACTCAGCATTATTAATATTTAACCAGTCATGAGCATAGAGAAGGC-TAAATTCACACCTTTT-TCACCAAGCGGATACACTTTTCCT-mrmmmmemee GGGGGCTGCCAATTGCAGGGTGACAGCACAGTTCATTCACGGGGTGGATCA-
TGGAAACATGTACATAGAGTAAATTGCTCTGTTTTC—-ATGTAT---mmrmmmememem o GAGAGAA-GTAAATGTGGAGACATGCTGTATTTCAACACAGTAA GTAT-——-TATTT-———-ACTCACAAACTGTAATGCATTAGGAATTGCTTTTCTGGGGCTG-

TGGATACTAGGAAGATCATAGCCTAAAACTACAGAAAATGCATTCAATGG-TTT-------GCACACCATTTCTTTGTCATTAGTGGCTTGTAAGTAACAGGCATATTTCTGTCACTTATGTCCTAAGTCACAGGCCTACAGAG----ATCCTCAGACTCACTGGGGCTTTCTT---ATCTTTGTCTATGCTTGAACT--
TTAATCTACTACTCCATCTAAGTCTGAAATG-AAA---AGGAAAGAATGG-AAAAGATACCTTTA-CAAAT---CTGTTGGG-------- -AGAAGGGACCAAACAGAAAGAAAGAAGAAAAGA--AAAAGGGTAAATTCCGTGAAAACTGAAAAAAAAAAGAAAAGAAAAAACCTGCAGCTGGAGGG-
TCACTTTCTCCGAGGCAGGGGCCCTACTCGACACTATCTTTGTAGGAATGCT--ATCTAAGCCTTACCCTAC-TGGACCCCACCCCTG-mmmmmmmmr TC-TTGACCAATAGTCT---C-rmrmrmm o GGAGTCCTGGG—— GATGGGGAAGGGGGGAAAGGTCCAG-
GGTGAAGAATAAAAGGACAGGCCTTCAGCCTCTTGAACACACTTGCTTCTG-CACACCTGA-—GATCATCTCCA-———- AGCTTCTAGACCTCACACC-

Rattus_HBG_T2ps
CCAATTTGCTGTTGATATTATTGTAACTGTTTTGTTTTCATTGTTTGAAGCAAGGTCCCCTATAGAACAGGTGATTTTAACTCAATCTGTAACAAAGGATACTTTTCATTGATATTCTTGTACTTCTCCTCTAAAGACATCATCTGTGCTGTTAAAATCATTTAATCTAAGTGGTTAGGTGACAAACC---
ACTCTGAAAATAAGCCTTAAACAAAGAGTATGGATAATTTCTTCACTTTCCTTATCTCATTACTGCTAATTTTGGCCATAAAGGCACAAAATCAAA---TATCCAAA--------omemememem GCTCCAGGCATTATTATCTAGACAGGTCACATTTAGAGAGAAAAGGCCGCTTCCTGTCACATTGACGTAGAAATGTGCA--------rmrmmemmev
------------------------------- AGACAGACATGAACTACAGATGATTTGTTATGTGCTG---GTGTATCACAGGTGTGGCAGTACAGATGGATCATTATTCAACAGAAATATTAGAAGCTAATTAACTAAATCA-------
CTAAAAGTAAATCACTGAAGAGGGCACTTATAGATACAGTAAACAGAATAAAGTTGGCTGTACTGAATAGTAAGATCAGTATTTGAAAGCTCTAGGCTATCCATTATGTGGCCATTCCAATTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAATTAAGATT---
GACAGTTTCTAGCAAATATGCTCTTGCTGGG-------- ACAAGGGACTAAGCTCAAGAGAAAAACACGAGA--AAGAAAGACAATTTTTCAAGAG-------mr-rmrmrmememneof CTTCAGCGGTAGGG-TCTCTT-------- TGAGAGGCCTAGTTGGCACTATCTTCATGGGAATGCT---ATCTAAAGTTTACCCCAC-TGTACCCCACCC-
TGGCTTGCCCAGGCTCCA--TTAACCGATTACTT---C. ACAGAACTGGG AATGGGGTAAGGGCTAGAAGGCCAGGGGTGAAGAATAAAAAGACAAATCTGGCAGCAGCTGAGCATACTTGCTTGTA-AATACCTTA----AACCTTCTT -/ AAGTTCTTGACAAGACACA--

Spermophilus_HBG CTGACTCTATAGTTGTTTTGCAAACACTTAGAGAAGG-CAAAGGAGGTGATTCCTAGTACTATGTCTTAGAATAAAACTGGCTGACACTATTTGAAAGATAAATCAT-
GCAAGGTCATAATACCTACCAGGAGACCTCCCACCACTCTTCACTGAGCATAGAAAAGCTACCCCCAGAC-CCTGGCTCAAC-————- AGCCAGCACCCGCTTAT--—-CCAGTGGGAATGCATATT--—-ACCTGGTAACTACACAATGCATTGACAGGGAATCAA--AAATGTTTGCTCAAAGTA-GACATGCTTTAT-TTA——
TTTTA-- GACTGAAGCTAGGGTTCAGTCCCATGTTGTGTTACACAACACTAA TGTATTTCT----
GCACTAAAACTGATGCTTTACAGAAATCATTTCCCTAGAACAATTGTGAACTAGGGAGACAGTGGCCTAAACCCATAAAGAATGTATTCAAAGA-TCA-------ATATAGCACTTTTCCCTTGGAAACCATTCCTACCTGTATG--ACATTTATATTTGCTCCATCGGAGATACTAAACATTGTGCT----
AAAATAAGAATCTCCTAATAACTGAA-TTTTTTACATTGGTGTCTATACT--TTAACCTCTAGGCTTCTCTGAAACTAGAGACAAAAACATAAAAAAGGCTGG-AAAGGAAGACCCAG-AACATTCTCTGACAAGAGAA-GGAAAACTAGCTA-——-AAGAATAAAAAGGAAAA-—-TTGAAACAATTGACTTGAAACAGCAGAAAG-——
ACCCTAAAAAAATGTTAGCAGTGAAA-TTCCTTT-------- GAGGGGGCCTCCCTAGCACTATCTTAACAT---GGTT---GTCTGAACCCTGCCCTGCTCAAACCACACCCCCTGTGTGACCAGCCTTGCCTTTGACCAATAGCCTTTGT-------
TATTGACCAATAGCCTCAGGATATGTGGTGAGTCAAGGGGCCACAGCGTGGGGGATGAAGAATAAAAGGACGTGCCTTCTAGTAGTCTT---CAGTTGCTTCTGAAGCATCTGA---GATTATCGATA---------~AGCTCCTAGACCAGACACC--

Pero_leucopus_HBG TCTTAGGGATGAAGTTCCTAATGTGGGATTCTGTCCTAGCAGAGGCAGTGCATGTGGACTGTTACTAGATAGAAATATCCC-GATACGTCAGAGTTATTTTGTGAACACACAAAAAGTGAAGACAGAGCCTGGTTGAA-
CAACCTGAAAGGTCAATCACTCAGCATTCTCAGTACTCAACCTGCCATGAAAACAGAGAAGGC-TGAACCCACAACCTGCATCACCAGGCAGCTACACTCTTC - AGTAGGAATGCCAACTGCATGGTGACTACACAGTCCACTCACAGGGTGGAAAA-GGATGTCATCTATACACAGCAGATTGCTCTACTTCA--
AAGTGA--mmememmmemeeeneeens, AATGGAG-GCAAATGTAGAGACATGCTCTACTACACCACAGTAA TTTATTCCT-----ACTCAGAAACAGAA-----=------ CTACTTTCCCAAGGCTG-TGGGAACTAGGGAGACCATGGGCTAAACCTATAGAAAATGCATCCGATGG-
TCGATGGTCTGCACACCACTTCTTTATCATGCATAGCTTCTGAATAAGGGGCATATTTCTGCCACTCAGGTGCTGGTTCCCAGGCCTAAAGAG-—-AGCCTCGTACTCTCTGAGGCTTTCCC-—-ATGTTTGCCCATGTTTTAGCT--TTAATCTACCGGCCCCTGTAAGGCTAGAGACAGAA-—-AGGACAGAGTGT-
GAAAGATACCCTTG-CAAATCTTCTGTTGGGA-—-GGAGAAGGGACTGAAGAAAAGGAAAGAAGGAAAGA--AAGAGAGAAAATACTATGAAAA oo CTTCCCCAGGAGGG-TCTCCTCCCATGAGGGAAGGGGCCTACTTGACACTATCTTAGTGGGAATGCT--ATCTACACCTTACTCCAC-

end;

[HBG 1kb downstream flanking sequence]

#NEXUS

begin data;



dimensions ntax=8 nchar=1569;
format missing=? gap=- datatype=dna ;

matrix

Rabbit_ HBG -ACCCCTTCACTGTAGGACAGAG-CTTCTAGGAAGAAGCTTTATCC-CTCA-AATAATAAT-———GAAAATAATA--—-AAACTACTCTAAGAA-ATTATTTGTGATGGTATTGAGTTTA-TTTTCCTTGTACTTTTAAATATATGATCCTCAAGGGATTTATTTTTTTTATTGTTGA-——--mrmmmmm e emv
GGGATGTGTGTGTG---TGTGTGTGTGTGCCTGTGTACTATGTGTGTATA-----m---! CTCTTCATTTACTTTT-------- GCTTGAGCGGTGGATTTCTGATGAGAAAACAGAAGAAC-
AAGGCAACAAAAGGGCATGCATGTGAGAATTCTGCACGGGAAACAAGGAGTG—-GGGATTTCGGGTGAGGAGGAAGTGCTTTATGGGACAAGAA--TTCAGAACAGGACAGTGTAGAGGAGGGG--ATGAAGTCTTCAGGGAAGTCCTCAGGGGCTGACTTGAGGCAGAGTAGT - GATG-
GGGCTCAATGGAAAGAAGAAATTACAGACCTTAGTAGGTCTAA-GTCTGGGCAAGAGTTCTAATTTCAGTCT-—ATTTGGTGCAACACAATTCCCACATGCACCATACTTTCCACAAC—ATTTGTGGGGCTAGATAGGAGGTTGGAGATCTTGAAGAACACAGCAGGGGGTAGTTCTTTTCCAAGTTAACCACAA--
ATAGCTGATCC-TGAAGAGATTTATGCTTTAAGTGTTGAGGCTTGCTAGGATAGTTAATTTGATCCCATGCTTCCTGGGCAGACAATGTCCAAGGGTACACATAGAATACAGTACTTCAAGGAAAAAGT----ATCATTGTGAGTAGCTAGAAGGGATGAGTAT------ CTTTGTGGGGG--AAATAAATCATCAG--AA--
GGTTAGAAATAAGAA--TGCATGTGATATGTGA---TCAATGGAGCAGCACTGG-GCGGTCAG--AGGGAAACAGGAGGGATTTGTATTGATTAGTTTGCAGTGAAGGTGT-TGTATGACTAAAAG-TTAAT-CCATGTTTATAGGCAGGTGTACAATACAATGACCATGGAAT--TAGGAAGATTAGCCTGGCTGTGG--mrmrmrmrmmnmn

Mus_C57_HBG AAACTCCATTCCAGTACACTGGCA-ATCCCATGTGTCTATGATGCC--CTCTTTGAGTCCATG------GGGACTG--------~ CATTGAGAGCACAA-ATTTTGTTTAATAAAATTGATTCT---TAATAA----CATTGACTTTTTGTTTTTTTTTTGTTTGTTTTTACTTTTATGTT-Gormrmememeee-
AAGAAAGATCTCAA---TGGGCTTGTTGGTG---GGAAAAGACAGAAGAA-----------GAAACCAGATAGAGTGAA-------m-memememememeee| GTATTAGGGAAAGAGCTAAGTT-
AAAGATGAGAAAGTTTTCTCCAGGAAGAGATGAAAGGGTCTGTTCAGTATAAGATAGGGTACAAAATATTTACTGTGCAAGG-TAAAAAGTAGGGTTGCAGGTGCCAGGAG-GTAAAGAAGACTGGTGAGATGTGCTATTTCT--TTTTTAAGTTTCACTTT--
TTGCATATGAGTGAGTGTTTTTCCTGCATAAACATGTGTGTGTCCTACCTGTGTGTGGTGCTCCTGCAAGCCACAATATAGAATTACATCCTCTGGAACTTGAGTTACAGCCAATTGTGAACTGTCAAGTAGGTACTGGGAGCTGAAGTCTGGTCTTTTGAAAGAGCTA---------TTTACCACTGAGCT-CCCTCTCTAGCCC-
AAGATCTGCTAGAGATTTTTAAGAGAATACTTTAA-------- AATATGAACAAAAAGTATTGTTTTTGATTAGT-TATAT-TTCTGAAAGAGCTATCTTACATCTTGTGAGACTGAGACATTAAAGAAAAGGGGGGAATTGAGTGAAAGTTGGGAACATTCCTGAAAAAAAATTACAGGAGCTACTGTACCTATACT-
TTCTTTAGGTATT-TGTAAAGGTTATTCCACTG-—-GCACAGTGAGAAATAAAGGCTATAGCATCTAGTGGTCCAGATCTTGTAATGGGGTGTAACATGGGCTTACATGAAATTAGCTTACATCTAGCTACTTCAGAAGATA--
CACATTTCTAGAGACAAAGAGGAACTAGAGTCAACTTGATAAGAATTTCATCCCACATTCCACTCCATCAAACTGAATCA

Rattus_HBG_T1 -ATTTCCATTCCAGTAGACCAGCA-ATCCATTCTGTCTCTTATACT--CCCTTTGAGCCCATG-----GGGACTGGAT--TGGGCATTGAGAGCACAA-ATTTTGTTTAATAAAATTAATTTT--AAATAATTTAACATTGACTTTTTGGGCTTT----GTTTGTATTTACCTTTCTGT T-Grerermmememememememememememeeenee
AAGAAAGATTATGA-—TGGGCTTATTGGTG-—GAAAAAGAAGAAGGAA———- AAAACTAGATAGACTAGATAAACACTAGAGGCAAGGA-—
TATATTATGGAAAGGGGTAAGTTT-—-CAAGAAGGATGAAAAGATGAGGAAGTTTTCTCCAGGAA-—TGAAAGGGTCTGTTCAGTATAA-ATAGGGTACAAAATATTTACTGTATAAGGGTAAAAACTAGGGTACCAGGTGCCTGG-G-GTAGGGAAGACTAGTGATACATGCTATCTTTGATTTTTAAGTTTCACTTT--
ATGGGTATGAG----TGTTTTGCCTGCAT--GTTTGTGTGGGTGCTACATGTGTGTGGGGGTCATGCAGGCCATAACCGATACTCACATGCTCTGGAACTTTAGATACAACCAATTGTGAACTGCCATGTGAATA -------- ATCTGGTCCTTTGAAAGATCTA--------- TTAACCACTGAGCGACCCTCTCTAGCCT-
AAGACCTGCTGGAGAGTTTAAGGAGAGTGCTTTAGGTATCTAGAATATGAACTAAAAGT—-GCTTTTAATTAGT-TGCAT-TTTTGAAAGACCTATCTTACATCTTGTGAGACTAAGACATTAAAGTAAAGGGGT-AATTAAATAAAAGTTGGAAACATTCTTGAGAGAG-TTACAGGCCTTACTGTAGCTACATT-
TTCTTTAGGTACA-CATGAAGGTTATTTCCCTG-—GCATAGTGAGGAATAAAGGCTATGACATTCAGTGTTCCAGATTTTGTAATGGGGTGTAACATGAGCTTACATGAAATGAGCTTTCACTTAGGAGACTAGTAAGAAATGTCAGGATCCTTTGTGAAAAGGGAATATTTCGTGTAAGTGAAGATTATATGATTATA-————

Rattus_HBG_T2

GCGGGAATAATGTATAGGTTTGAAAAAAATAGT TG-mrerememmemeeeem AACACTTGGGGTTAATTCTCATGAGGAAGTGGGCTAGTGGAGAGGAGTTTGACAAGATGTTAA-----
AAACTTAAGAACACGTAGTGATAGGGTTAAAAATGAATGTGAAGAAAGAATTATGACACATAATATTGTAGTGGCAGGATTGAGAACTATCCT Gr-rmrmmrmm-! CCTCACAAAATGCACCGAGACATCTGCTGCTAGTATTGAGCTGTAAGA---+-=r=n-n=-=- AAGAAGTTTTGTTAT----
TAAAATAATACTGGGAATAAAAACATGATTCTACTAAGGAATCCATGTGTGACTACTGTTAGTCTTTTTATGCTGTTTTAAATACATTTCACCTATGGATTTTTTTCTAATGTTTAAAGAATTCTTTGACAATTTTGATACCCTTCCCTCCACTTCTCCCATATCCATTCCCACTTTCCTACTCTCCCAACCATGTTTCTTCATTAG
AAACAAAACAAGACAT---mrmmememmeeeee CAGCAACAGCAGCAGC--AGCAGCAACAGCAGCACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGC-AGCAGCAGCAGC--AACAACAACAACAACAAAT---ACCATCAAGTTCATAAACTCTTGGATATGTGACCTTTGACTGGTTGTGGT--
CAACCTACCAGGAGTCAGTCACATCC--TTAAAGAAAACTGACTCTAAGATATATCAGTTGTTGATAGCTACTTAACTAGCAATGGGACTTTGTGCCTAAGTCTTCTCTCCATGGCTCTTCATGAGGCAAA

Spermophilus_HBG ~ --ACCTCCCACCCATAGTGCAGAA-GATTCAGAGAGAAGCTTTCTTT-TTAATAATAATAAA-——AATAATAAAA-——GAATTATTTTAAGAA-ACCTTTTCTGATTACCTTCAGTTCTACTTTTACATGTACTTTTAAATATATAAGCACAAAGGAATTTTATGTT. A
AGGTTGTGTGTGTG---TATGTGTGTGTG-----=-=-=- TGTGTATGTG--rerememeev TTCTCCATTTATTTTT-wmememee GCAAGAGATGTAGATTT-TACTGAGAAAATAAAAGAA-----------=-
GGACATGCACATGTGAGTTCCCCAAGGGAAAGCACAGGTGCAGGAGAGCTCTGGTGGGAAGGAAGAGCTCTATGATACAAGGTGTCTCAGAACCAGACAATTTAGAGTAGAGG--AGGAACAATTCAGGGAGGACCCTCAGGGCTAATCTGAGGCACTGTAGC -
AAGAATGGGCTCAATGGAAGAAAATTATTCCAGGC-TTAGGAGGTCAAG-GTTCATGCAGGGGTTGTGATTACATTCT-—-ATTGGCT—TTTGTTTTTCATA-GCACTA-—-TTAAAAAAAT-—-ATTTTTGTAGTTG--TAGTTGGTACAATATCTTTATTTATTTATTTTTATGTGGTGC—CGAGGATCAAACCCA-—
ATACCTCACACGTGCAAGGAAGTGCTCTACCACTAAGCTACAGCCCTAGCCCCTTTTCATAGCACTTTTTTGGCTAGAGTAGGGGTTGGAAGGGAAAGCTCTTGCCCAAGTCAACTCCAGAGAACTGGCCCTCATTTTTCTGAGGAAATGTATACATTAAGTGTTGGTGTGTGCCTCATGGAGGTTAAATTAGTCCTTAT---
GATAGACAATGCCAAAGTG—-TGCAAATTATTTGTAGCATGTCAAGGAAAAGAAATTATTATAACCTGCTAGGAGAGGTGGGGATACTTGTGAGGAAAATAAACCAGCAGATCAGTGTGTCTGAGCAAAAGACCAACACTGTGAGAGCAAAAGGAAGTGAGA-
AGAATTTATATGGATTAGTTGGGAAGGCAGATTAACAGGAGTTCTCCATATA

Mus_Balbc_HBG --ACTCCATTCCAGTACACTGGCA-ATCCCATGTGTCTATGATGCC--CTCTTTGAGTCCATG------GGGACTGGAT---TAGGCATTGAGAGCACAA-ATTTTGTTTAATAAAATTGATTCT---TAATAA-----CATTGACTTTTTGGGGTTTTTT-GTTCGTTTTTACTTTTATGTT-Gormromemmeememoeeae
AAGAACGATCTCAA----TGGGCTTGTTGGTG--GGAAAAGACAGAAGAA---- GAAACCAGATAGAGTGAA-----r=rmrmmmsmmmmemeeee GTATTAGGGAAAGGGCTAAGTT:
-AAAGATGAGAAAGTTTTCTCCAGGAAGAGATGAAAGGGTCTGTTCAGTATAAGATAGGGTACAACATATTTACTGTGCAAGG-TAAAAAGTAGGGTTGCAGGTGCCAGGAG-GTAAAGAAGACTGGTGAGATGTGCTATTTCT-TTTTTAAGTTTCACTTT--
ATGCATATGAGTGAGTGTTTTTCCTGCATAAACATGTGTGTGTCCTACCTGTGTGTGGTGCTCATGCAAGCCACAATATAGAATTACATCCCCTGAAACTTGAGTTACAGCCAATTGTGAACTGTCAAGTAGGTACTGGGAGCTGAAGTCTGGTCTTTTGAAAGAGCTA---------TTTACCACTGAGCT-CCCTCTCTAGCCC-
AAGATCTGCTAGAGATTTTTAAGAGAATACTTTAA--------AATATGAACGAAAAGTATTGTTTTTGATTGGT-TATAT-TTCTGAAAGAGCTATCTTACATCTTGTGAGACTGAGACATTAAAGAAAAGGGGGGAATTGAGTGAAAGTTGGGAACATTCCTGAAAAAAAATTACAGGAGCTACTGTACCTATACT-
TTCTTTAGGTATT-TGGAAAGGTTATTCCACTG-—-GCACAGTGAGAAATAAAGACTATAGCATCCAGTGGTCCAGATCTTGTAATGGGGTGTAACATGGGCTTACATGAAATTAGCTTACATCTAGCTACTTCAGAAGATA--
CACATTTCTAGAGACAAAGAGGAACTAGAGTCAACTTGATAAGAATTTCATTCCACATTCCACTCCATCAAACTGA

--CTTCTTTAAAACTTTATGTT-T

Pero_leucopus_HBG ~ -- GCTCCCAT-TCCTAC--AGACCAGCAGTCC-TCTTTTTGAGCACATG------AGGATTGGAC--CAGGCCTTGACAGTACAG-ATTTTGTTTAATAAAGTTGACTTT---CAATAATCTAACATTGG---

AAGGAAGAT--TGG--TGGGCTTATGGGTG--AGGAGAGAAG GACATATTGAA: GGAGTGTGGTAAGCCTTGAGGAT--—-—-——
GAAAAGATGATGAAGAATTCTCAGGGAAGAGAAGAAAGGGTTCATTCAGTATATGGAAGGATATAAAATATTTGCTGTACAAGG-TAAAATCTGGGGTAGTGAGTATTTAGGA-GGAAAGAAGACTAGTGAGACATGCTAAAAA—-TTTTTAAGTTTTGCTTT--ATGTGTATGAG—
TGTTTTGTGTGCATGTTTGTGTGTGTGTACTACATGTATA--------- CAGACCA--AGAATGGATCACATCCCCTGGAACTGGAGGTACAGCCAGTTGTGAGCTGCCATATGTGTGCTAGGAATTGAAGTCTGGTTCTTTGGATGAGTAACAAATGCCCTTAAACACTGAGCC-

CTCTCTCTAGCCCCAAAACATGCTGGAGACTTTAAATAGAAAACCTTATGTATCTAAAAGACAAGCTAGAAGTATTATTTTTAATGAGC-TGTGCATTTTGAAAGAGCTAGCTTATACCTCATGAGACTGATACATTAAAGTAAATGGGG-AACTGAGTGATATGTGGGAACTTTCCTGAAAGAG--
TTACAGCAATTACTGTAGCTATACTATCCTTTAGTCATG-TGTGAGTATTACTTCACTG-—GCACAGTGAAGAATAATGGCTAAGGCATTCAGTGTTCTGTACCATGTAATGGGATGTAACAAGCCCT-—
GAAGTGAGGTTACATTTAGGAGAGGAGTAGTAAATTTGGGGATCATTTGAGAGCAAGGAAGATTTCGTATAAGTGAAGACTGCATGATTATAAGAAGGTCCACACTCTCTAACTACTAAGCATACCTTGGTATCTCGAATAAAGACTACTCAATA




Pero_maniculatus_HBG ~ ------r----=- GCTCCCAT-TCCTAC--AGACCAGCAGTCCCTCTCTTTGAGCACATG-——-AGGACTGGAC--CAGGCCTTGACAGTACAG-ATTTTGTTTAATAAAGTTGACTTT-—-CAATAATCTAACATTGG-—------—-—CTTCTTTAAAACTTTATGTT-
TGGCTGGGCGGTGGTGGCGCACGCCTTTAATCCCAGCACTCGGGAGGCAGAGCCAGGCCGATCTCTGTGAGTTCGAGGCCAGCCTGGGCTACCAAGTGAGTTCCAGGAAAGGCGCAAAGCTACACAGAGAAACCCTGTCTCGAAAAAACCAAAAAAAAAAAAAAAAAAAACAAAAACAAAAAACAAAAAAAAAAAACC
CAACAAAAAACCTTTATGTTTAAGGAAGAT--TGG---TGGGCTTATGGGTG--GGGAGAGAAG GACATATTGAA GGAGTGTGGTAAGCCTTGAGGAT----m--=--
GAAAAGATGATGAAGAATTCTCAGGGAAGAGAAGAAAGCGTTCATTCAGTATATGGTAGGATATAAAATATTTGCTGTACAAGG-TAAAATCTGGGGTAGTGAGTATTTAGGA-GGAAAGAAGACTAGTGAGACATGCTAAAAAA-TTTTTAAGTTTTGCTTT--ATGTGTATGAA—TGTTTTGTGTGCATGTTTGTGTGTGT--
ACTACATGTGTA-———- CAGACCA--AGAATGGATCACACCCCCTGGAACTGGAGGTACAGACAGTTGTGAGCTGCCATATGTGTGCTAGGAATTGAAGTCTGGTTCTTTGGATGAGTAACAAATACCCTTAAACACTGAGCC-
CTCTCTCTAGCCCCAAAACATGCTGGAGACTTTAAATAGAAAACCTTATGTATCTAAAAGACAAGCTAGAAGTATTATTTTTAATGAAC-TGTGCATTTTGAAAGAGCTAGCTTATACCTCATGAGACTGATACATTAAAGTAAATGGGG-AACTGAGTGATATGTGGGAACTTTTCTGAAAGAG--
TTACAGCAATTACTGTAGCTATACTATCCTTTAGTCATG-TGTGAGTATTACTTCACTG-—-GCAC:

end;
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