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Abstract.- The Sox genes of Rana tientaiensis were amplified and cloned using highly degenerate primers designed
from the conservative motif (HMG-box) of the human SRY gene. The SSCP technique was used to detect different
clones. Seven distinct Sox gene fragments were obtained from both male and female R. tientaiensis; no sexual differ-
ences were observed. Seven of these fragments (named RtSox3a, RtSox3b, RtSox3c, RtSox4, RtSox11, RtSox12, and
RtSox14) exhibited 95%, 95%, 95%, 97%, 98%, 97%, and 97% similarity (respectively) to the corresponding homol-
ogous human SOX genes. The eighth fragment showed 79% and 77% similarity to the human SOX2/ and SOX14
genes, as well as varying levels of similarity to other group B Sox genes. The eighth gene, provisionally named
RtSoxB14, may be a new member of the Sox gene family or a derivative of an existing Sox gene. Phylogenetic analy-
sis suggests that the RtSox genes are highly conserved members of the SoxB, SoxC and SoxD gene groups. Sequence
analysis further illustrates that the gene Sox3 found in R. fientaiensis are duplicates of those seen in the mammalian

Sox gene family. Amino acid positions 15—19 are characteristic of each group in the Sox family.
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Introduction

The Y chromosome-linked gene SRY is a dominant
inducer of testis development in mammals (Sinclair et
al., 1990) and a founding member of a gene family with
sequence homology to the High Mobility Group (HMG)
domain (Fawcett and Klymkowsky, 2004). Since dis-
covery of the SRY gene, many members of the SOX/Sox
(SRY-related HMG box) gene family have been found
throughout the vertebrates, showing at least 60% protein
similarity to the SRY HMG domain. Genes in each sub-
group show over 80% similarity. These SOX/Sox genes
have also been found to be involved in physiological
processes such as sex determination and the develop-
ment of the CNS, neural crest and endoderm (Bowles et
al., 2000). Sox1, Sox2, Sox3 and Sox11, for instance, are
expressed mainly in the developing nervous system
(Collignon et al., 1996; Pevny et al., 1998), and Sox4 is
essential for heart and lymphocyte development
(Schilham et al., 1996). The SOX/Sox genes have been
divided between ten subgroups, named A to J (Table 1),
not all of which occur in the same taxa (Bowles et al.,
2000); groups I and J (containing sox3/, sox32 and
sox33), for instance, are only found in Zebrafish (Girard
et al., 2001; Lunde et al., 2004).

Some amphibians have ZZ/ZW or XX/XY modes
of sex determination, but most species do not have het-
eromorphic chromosomes, making the study of evolu-
tion and the mechanism of sex determination in these
organisms interesting. Rana tientaiensis (2n = 26) is one
of these species without identifiable sex chromosomes
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(Guo et al., 1991). In this paper, we describe the cloning
and sequencing of the eight Sox genes in Rana tientaien-
sis with the aim of researching the diversity and evolu-
tion of this gene family. Sequence analysis indicates that
some of these genes in R. tientaiensis are duplicated.

Materials and Methods

Two male and two female Rana tientaiensis were cap-
tured from Taolin and Tingxi Anhui Provinces, China.
Genomic DNA was isolated from muscle tissues using
routine protocols. A pair of degenerate primers (snl:
ATGAAYGCNTTYATGGTNTGG; sn2: GGNCGR-
TAYTTRTARTCNGG) were designed using multiple
alignments of the HGM-box sequence of SRY, corre-
sponding to the MNAFMVW and PDYKYRP motifs
found in the HMG boxes of a wide range of Sox pro-
teins.

PCR reactions were 30 pl in volume, including
18.75 ul ddH,O and approximately 100 ng of genomic
DNA, 1.5mM Mg*, 120 uM dNTP, 0.3 uM/primer and
1.25 pl Taq polymerase. PCR cycling conditions were 1
cycle for 5 minutes at 97°C, followed by 35 cycles with
40 sec. at 94°C, 40 sec. at 53°C, 1 min. at 72°C, and
finally 72°C for 10 minutes to complete the final reac-
tion.

Clones were genetically sequenced to detect the
positive clones with Sox DNA insertions. PCR products
were detected by 1.5% agarose gels and cloned by pMD
18-T Vector (purchased from TAKARA). Positive
clones were screened by SSCP (single-strand conforma-
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Table 1. Classification of the Sox gene family.
A B C D E F G H | J
SRY Sox1 Sox4 Sox5 Sox8 Sox7 Sox15 Sox30 Sox31 Sox32
Sox2 Sox11 Sox6 Sox9 Sox17 Sox16 Sox33
Sox3 Sox24 Sox12 Sox10 Sox18 Sox20
Sox14 Sox22 Sox13
Sox21 Sox23
Sox25

500
300
200
100

Figure 1. Amplified Sox gene fragments from 1: male
Rana tientaiensis, 2: female R. tientaiensis,3: Human; 4:
negative control; M: DL2000 marker (TaKaRa).

tion polymorphism) analysis and sequenced with the
universal sequencing primers on an ABI377 auto-
sequencer. DNA sequences were analyzed using the
BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) and
CLUSTALX programs. Molecular Evolutionary Genetic
Analysis (MEGA) software was used to construct the
phylogenetic tree.

Results and Discussion

A 203 bp fragment of Rana tientaiensis genomic DNA
was obtained using the degenerate PCR primers listed
above. The fragment was identical to that found in the
human genome (Fig. 1), indicating that these fragments
belong to homologous genes.

Of the 113 white clones (i.e., those with insertions),
64 were positive for the Sox insertion, as confirmed
through nucleotide analysis following genomic amplifi-
cation. Eight distinct positive clones were found in both
male and female Rana tientaiensis; there were no sexual
differences.

Seven of the eight distinct genes were named as fol-
lows: RtSox3a, RtSox3b, RtSox3c, RtSox4, RtSoxll,
RtSox12, and RtSox14. The amino acid sequences from
these genes had 95%, 95%, 95%, 97%, 98%, 97%, 97%
and 97% similarity (respectively) to homologous SOX
genes in Human. These seven genes belonged to the
SoxB, SoxC and SoxD subgroups, all of which lack
introns (Bowles et al., 2000). The 9" Sox gene was pro-

visionally named R#SoxB14; the amino acid sequences
from this gene had 79% similarity to the Human SOX21
gene, 77% similarity to the Human Sox14 gene, as well
as varying levels of similarity to other group B Sox
genes. Nucleotide and putative amino acid sequences for
the eight Sox genes are listed (Fig. 2)

The amino acid sequences from the eight clones
were compared to 44 published Sox gene sequences in
GenBank, including sequences from Human (HomoSRY,
SOX1, 2, 3, 4, 7,9, 11, 12, 14, 15, 21, 30), Mouse
(MusSox1, 2, 3, 4, 7, 9, 11, 12, 14, 15, 21, 30), Gallus
gallus (GallSox2, 3, 9, 11 , 14, 21), Danio rerio
(DaniSox1, 2, 4, 11), Xenopus laevis (XenopusSox2, 4,
11), Takifugu rubripes (TakifuguSox1, 14b) and Eremias
breuchleyi (EbSox2, 4, 11, 12, 14 ,21) (Table 2). All
sequences were analyzed using neighbor-joining (NJ)
methods by MEGA 2.0 (Fig. 3).

Amino acid sequences between the RtSox genes
were highly conserved. Representatives of the Sox gene
in other species were also highly conserved with much
similarity between sequences. Gene duplication has
likely caused most of the diversity seen in the HMG box
superfamily, for which the Sox genes show the highest
mutation rate (Laudet et al., 1993). The high similarity
seen between the Rana and human genes in this study
are certainly indicative of gene duplication.

In the case of Sox/2, amino acid sequences were
nearly identical, although the 10" amino acid was N
instead of H in Human and Mouse (Fig. 2). In Sox 4, the
48" amino acid was R instead of Q in Mouse, and in
Sox11, the 48™ amino acid was D instead of N in Mouse,
Human and several other species. The high degree of
similarity amongst these genes suggests that they belong
to the same gene family, and may perform similar roles
amongst taxa. For example, the three highly conserved
genes in group C display overlapping expression pat-
terns, and Sox4 and Sox/! display overlapping expres-
sion patterns in the mouse embryonic pancreas
(Lioubinski et al., 2003).

According to Laudet et al. (1993), Sox4 is consid-
ered to be an early offshoot of the SRY gene in the Sox
family phylogeny. The conservative nature of Sox4
homologues in non-mammalian amniotes is interesting
because in mammals, the SRY gene exhibits rapid evolu-
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Table 2. Sox genes sequence in different species

Sequence

Accession number

Sequence Accession number

Human sapiens

HomoSOX1 NP_005977
HomoSOX2 CAA83435
HomoSOX3 CAA50465
HomoSOX4 NP_003098
HomoSOX7 NP_113627
HomoSOX9 CAA86598
HomoSOX11 BAA88122
HomoSOX12 CAB81632
HomoSOX14 AAI06731
HomoSOX15 NP_008873
HomoSOX21 NP_009015
HomoSOX30 NP_848511
HomoSRY AAT37462
Gallus gallus

GallSox2 NP_990519
GallSox3 NP_989526
GallSox9

GallSox11 NP_990518
GallSox14 NP_990092
GallSox21 BAA77266
Eremias breuchleyi

EbSox2 DQ067423
EbSox4 DQ067426
EbSox11 DQO067427
EbSox12 DQ067428
EbSox14 DQO067430
EbSox21 DQ067433

Mouse musculus

MusSox1 BAC75667
MusSox2 NP_035573
MusSox3 AAH52024
MusSox4 NP_ 033264
MusSox7 NP_035576
MusSox9 AAHO04064
MusSox11 NP_033260
MusSox12 NP_035568
MusSox14 XP 284529
MusSox15 NP_033261
MusSox21 NP_808421
MusSox30 AAF99391
Danio rerio
DaniSox1 NP_001032751
DaniSox2 NP_001002483
DaniSox4 BC065354
DaniSox11 CAB87379
Xenopus laevis
XenopusSox2 AAB62821
XenopusSox3 P55863
XenopusSox11 Q91731
Takifugu rubripes
TakifuguSox1 AAQ18494
TakifuguSox14b AAQ18499

tion, possibly caused by Y-linked inheritance (Tucker
and Lundrigan, 1993). The limited diversity of this gene
in non-mammalian taxa may be due to the retention of
an ancient conserved function.

It is likely that Sox3 is the closest homologue to the
Sry gene based on nucleotide sequence data.
Furthermore, Sox3 is located on the mammalian X chro-
mosome, and is highly similar to SRY (Sinclair et al.,
1990), suggesting that they arose through duplication of
their common ancestral during differentiation of the sex
chromosomes (Collignon et al., 1996; Foster and
Graves, 1994; Stevanovic et al., 1993). This is signifi-
cant because the X and the Y chromosomes are thought
to have arisen from a common “autosome” ancestor in
the lineage that gave rise to mammals (Wright et al.,
1993). Further examination of Sox genes in lower verte-
brates, Prototheria (monotremes) and Metatheria (mar-

supials) will be necessary to establish the evolutionary
origins of Sry. The three conservative Sox3 genes (some-
times found within the same species or individual) can
be identified by the following variations in amino acid
sequence: R#Sox3a has an F at position 46 and an H at
position 58; RtSox3b has an F at position 46 and an M at
position 58; RtSox3c has an I on position 46 and an M
on position 58.

The RtSoxBI14 is unique among the Sox genes in
having the amino acid sequence VITEH at positions 15—
19, a K at position 44 and an S at position 50. In the phy-
logenetic tree (Fig. 3), although RtSoxBI4 was more
closely related to subgroup B than other groups, the ori-
gin and classification of this gene is ambiguous.

Previously, genes encoding proteins with more than
60% similarity to the SRY HMG domain have been
named Sox (SRY box) genes, and Sox genes with at least
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RtZoxlZ ATERATGOGT TT ATGGT ATGGTCC CAGAMCGAGOGEE GrAAGATCATGEACCAGT GGECG
EtSoxll ATGARTGCTT TT ATGT ATGETCC ARGATCGA GCGA A AR AT CATGGEAGCAGT CHCCC
REtSoxd ATGARCGDET TT ATHGT TTGETCGCAGATCGA oG GEANA TCAT R GCAGT CHCCC
EtSox3a ATGARTGOTT TT ATGT TTGET OG0 Ao G0 GE AR TEGCT CAGRAMA ACCCT
RtZ oxde ATGAATGOGT TT ATGGT TTRETOGCGGHHGCAGE GG0 GL ARG TGGECTCA GRS ACCCC
Et3 ox3b ATGERb TGOGT TT ATGET TTRGTCGC G A GE G0 GL ARG TRGECTCA G A S ACCCC
RS oxEl4 ATERACGOGT TT ATGGT CTRGTOC AGAGT ACAGAGGRGEARGT TGATT AT AGAAC ATCCT
Et50X14 ATGARTGOGT TC ATGGET T GETCC A A TAG A G hizh TEGCCCAGEAC A ATCCC
HoRHORR dOR ok dolodoR okl RSN S £ ok
RtSoxlZ GACAT GCAC A M GUTGAGATCTCC ARGCGCCT CGGCC GTCGCT GC AGCT CCTGC AGGAC
REtZoxll GACAT GCACG AT GECGAGATCTOC ARGEGCCT GEGC A WCGGT Gt b 4 T GOTGA AGAC
RtZ ond GACAT GTACA AL GOCGAGATCTOC ARGEGGCT AGGCAMMCGUT GRARGCT GUTC A AGGAC
REtSox3a AAGAT GCAC A M TCGGAGATCTCC ARGCGCCT GGG OHGACT G hGCT GLTEA GLGAC
RtSoxde AAGAT GCAC A M TCGGAGATCTCC ARGCGCCT GGG OHGACT G b CT GCTEA GLGAC
REtSoxdb AAGAT GCAC A M TCHGAGATCTCC ARGCGCCT GGG OHGACT G hCT GLTAGLGAC
EtSoxEl4 AABRT GOACA AC TCTGA AR TT AGT AA 88 QT T GEGEEFCACAGT GHARGAT CCTTG GOGAT
EtZ0X14 AT GCAC A AT TOGGAGAT CAGT A& RGACT TGGRGCTGAGT GEAbCT TCTGT CTGhA
WMok ok R ok ok ok L REE N 2 ok
BtSoxlZ TCGGEAGANATC COCT T TET A MG GAGGE TR G GHC THCGAC TCARGCACATGGCTGAC
EtSoxll AGCGERGARFATC COCT T CATCCGE GAGGUCGA G GHC THCGACT CARMGCACATGGCTGAC
REtSoxd AGCGACARFATT COGT T CATCC MG GAGGTGGEA GEGAC THCGCC TCARGCACATGGCTGAC
RtSox3a GUGAGAAGC QT CCTTT CAT CGAC GAGGEC AR GOGGE TCCGUGCCGTCCAC ACGA AGGAY
Rt3 oxde GUGAGARGC QT CCTTT TAT CGAC GAGHEC A GOGGE TCCGTUGE CETCCAC AT AGGMA
REtSoxdb GLGGERGARC GCCCTAT TATCGAC GhGEC AR GCGEC TCOGCGCCGTCCAC AT A AGah
EtSoxBl4 TCAGRGARA NFCCTTT TAT AGAC GAATC Ad b A RGEC TEAGAGCTCAGCATAT GG TT GG
Rt50X14 GTCGAGARN A CGACCCT ACATTGAC GAAGTC A ARGET TEAGGGCTCANC ACAT A AGAN
LR ok * LA 2 T A L O S
RtSoxlZ TACCCTGACT M- AMAT ATCGCCC
REtSoxll TACCCCGATT AC AMAT ACCGCCT
RtSoxd TACCCTGACT AC AMAT ACCGCCT
RtSoxda TACCCGGATT AC AR AT ACCGCCT
RBtZ oxde TACCCCGATT AC AnaTACCGCCT
Ft3 ox3b TACCCTGACT AT AnAT A COGCCT
RtSoxEl4 CATCCCGACT M- AMAT ACCGCCT
Rt50X14 CACCCTGACT M- AMAT ATCGCCT

N R ok sk ok kool

Figure 2. (A) Alignment of nucleotide sequences (above), (B) Alignment of amino acid sequences (Opposite page, top),
(C) Percentage amino acid similarity between Rana tientaiensis Sox clones as determined by the sequence identity
matrix function in Bioedit (Opposite page, bottom).
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EtSox3a MNAFMYWS RGORREMAQENPEMHNSE ISKRLGADWELLSDAERKRFF IDEAKELEAVHTEEYFDYEYR
RtSox3c skt kool koo kot kol st kol stk skokskok st kool sk kot skokskok st kol stok stk Dokskok sk ok
EtSox3b skttt skoksok koo stttk ot ko stk sokskok skt kool skttt skokok T otttk stk Dokokok seokookox
RtSoxld sttt kol stk stk ok akok ok kol ok stk stk ok P akok etk Vokateok ¥ stttk etk ()i ook ok etk ok
EtSoxBl4 stk oK otk T Tk skt stk okoksk | skok ok (otokodok ok Skl ok ok ok S kot sk koK Hotokokokokok
RtSoxll stttk [ T Eototok TMEQS Dok fokototeskeskeok KR ok Rt S ook T sbok sk ok Btk LR MA D otttk
RtSoxd sorkoskokokok () T Fatotok TMBIS % Dok Yok fokokokkokkok KR tokook Kok S Dok T sbok sk (oo ook L KMA D kokokokokokiok
B eenon QBTG D RS TR B L EAD

Homo SRY RiSox3a Ri5ox3h RiSox3c RiSoxl4 RiSoxBl4 Rilox11 RiSox4 RiSox12
HomoSRY 100 676 661 67 6 632 &0.2 24 .4 24 .4 52.9
RiSox3a - 100 87.0 98.5 838.2 764 6477 647 6.7
RiSox3h - --- 100 98.5 857 764 &4.7 &4 7 6.7
RiSox3c - --- - 100 287 T8 661 661 661
RiSox14 - --- --- - 100 764 61.7 617 617
RiSxB14 --- --- --- --- - 100 632 617 617
RiSoxl1 100 91.1 83.8
RiSoxd 100 85.2
RiSox12 o - - - o= - - - 100

Figure 2 (continued).

80% similarity have been placed in the same subgroup.
However, as more and more Sox genes are identified, the
ability to accurately classify these genes decreases. For
example, the genes sox30 and Ce-soxj have only 46%
and 48% similarity to Human SRY HMG. Bowles (2000)
attempted to alternatively diagnose the gene family by
possession of the amino acid sequence “RPMNAF”,
which is highly conserved across genes, however, this
sequence was also found in the taxonomically ubiqui-
tous gene cic, so the sequence “RPMNAFMVW” was
provided as a replacement (Bowles et al., 2000).

Now that a sequence identifying the Sox gene fam-
ily has been identified, can sequences be found to char-
acterize the Sox subgroups? Following analysis of the
available sequences (Figure 4), it appears that positions
15-19 may have be useful for this purpose. The
sequence “MAQE(D)N” may work for group B (except
for HomoSOX3 and MusSox3), “IMEQS” for group C,
“IMEQW?” (for Sox12) or “ILQAF” (for Sox5, Sox6 and
Sox13) for group D, “LADQY” for group E, “LAVQN”
(for Sox7) or “LAQQN” (for SoxI/7 and SoxI8) for
group F, “MAQQN” for group G and “LAKAN” for
group H. RtSoxB14 can be separated from the remaining
Sox genes by the unique sequence VITEH, although in
mammals (HomoSOX3 and MusSox3) it is changed to
“MALEN?”, like the sequence for SRY. This further sup-
ports a close relationship between the SOX3 and SRY
genes.

Several Sox genes appear to have been duplicated
in Rana tientaiensis: RTSox3a, RTSox3b and RTSox3c.
Similar duplications in amphibians are uncommon, but
they are more frequently encountered in teleosts: Sox1,
4, 9 and 14 has been duplicated in the sea bass (Malyka
et al.,, 2003) and Sox21 has been duplicated in the
Zebrafish (Argenton et al., 2004). The “duplication-
degeneration-complementation” model developed by
Force et al. (1999) suggests that the partition of ancestral
subfunctions is an important mechanism leading to the
preservation of multiple gene copies; this model predicts
that the probability of gene conservation will be higher
in more complex genes with a larger number of subfunc-
tions (Force et al. 1999). Most duplicate genes in Rana
tientaiensis have silent mutations (except RtSox3a,
which has an encoded amino acid mutation), but it
would appear that the sequences are under selective
pressure and may indeed perform separate subfunctions.
Future studies investigating Sox genes in Rana tientaien-
sis will likely provide much insight into duplicate genes.
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mus 5ox30 MHAFMV WA RTHRF ATARANF AARNAETS VOLGLEWNELS EEQREF Y YDEAQ RTEEEHREE FPGHVTQF
homoson30 WHAFMYHAFTHRF ALAKANE AANNAETS VQLGLEWHELS EEQRFE T YDEAQFTREEHREE FPGHVIQF
MusSoxd MHAFMVWSQLERRHIMEQSE DMHFAE LS KRUGERWELLEDSDEIPF IQEAE RLELEHMAD ¥ PDYKYRF

RTSoxd MHAFWY#SOLERRHIMEQSE DMY WAETS KRLGERWFLLEDSDEIPF IQEAE RI R1EHMAD Y FDYEYRF
HomaSoxd MHAFMVHSATERRHTMEQSE DMHNAETS KRUGERWELLEDSDETFF IREAE RLELEHMAD Y FDYEYRF
DanioSoxd WHAFMY#SQTERRHIMEQSE DMHNAETS KRLGERWELLEDSDET FF IREAERLRLEHMAD ¥ PDYEYRF
EbZ oxd WHAFIVHS RIERRHIMEQSE INHIFAELS KRLGERYELLEDSIFIPF IQEAERLRLEHMAD Y FRYKYRF

HomoSoxll WHAFMYHS ETERRHIMEQSE DMHNAE TS KRLGERWEMLEDSERTPF IREAERLRLEHMAD ¥ PDYKYRF
MusSoxll MHAFMV WS ETERRHIMEQSE DMHIAE TS KRUGKRWEMLEDSEKTPF IREAE RLELEHMAD Y PDYEYRF
GallusSoxll MHAFWY WS ETEREHIMEQSE DMHEAE TS KRLGERWEMLEDSEKIPF IREAE RI RLEHMAD Y FDYEYRF
KenopusSoxll MHAFMVHS ETERRHTMEQSE DMHNAETS KRUGERWEMLEDSERKTFF IREAE RLELEHMAD Y FDYEYRF
RT3 oxll WHAFMY#S ETEREHIMEQSE DMHDAETS KRLGERNEMLEDSERTPF IREAERLRLEHMAD ¥ PDYEYRF
EbSexll MHAFIVHS ETERRHIMEQSE DMHFAE LS KRUGERWEMLEDSEKIPF IREAE RLELEHMAD ¥ PDYEYRF

WHAFMY #S ETEREHIMEQSE DMHNAE TS KRLGERWEMLEDSEKIPF IREAERLRLOHMAD ¥ PDYEYRF

DanioSoxll

HomaSoxlZ2 WHAFNY RS QHERRKIMDQHF INHWAETS KRLGER#QLLA DSERTPF VEEAERLRLEHMAD Y FIYEYRF
MusSoxlZ WHAFMY#S QHERR HIMDOWE DMHFAETS KRLGRRYQLLA DSERTPF VREAE RLRLEHMAD Y PIYEYRF
HomosoxZ2 WHAFWY #S QHERE HIMDOHE IMHEAELS ERLGER#QLLA DSERTEF VREAERLRLEHM AD ¥ PIVKTRP
RIS ox12 WHAFMVHS QHERRKIMDOWP DMHEAETS KRLGRRWOLLO DSERTPF VEEAE RLELETMAD ¥ PIVEYRF
EbSexl2 WHAFIVHSQHERRKIMDQWP DMHEAETS KRLGRRWQLLO DSERTPF VEEAERIRTEHMAD Y EDYEYRD
MusSoxT MHAFMY A EDERKRLAVANF DLHNAELS KMUGESWEALT LSOKRPY VDEAE RLELAKMAD ¥ EHYEYRP
HomaSoxT WHAFMY WA KDERKKLAVOHE DLHRAELS EMLGESWEALT LSAKRPT VIEAERLRTAHMAD ¥ FNYEYR
HomosoxT WHAFMYHAKDERKKLAVOHE DLHRAELS EMLGESWEALT LSAKRPT VIEAERLRTAHMAD Y ENYEYRE
HomosonlT WHAFMY WARDERKRLAGQHE DLHFAELS EMLGESWEALT LAEKRPF VEEAERLRYQHMAD HENYEYRE

MHAFNY A KIERKRLAQQNP DLHNAVLS KMLGE AWKELN AAEKREF VEEAE RLRVQHLED HEHYREYRF

Homosoxld

HomoSox3 MHAFHY WAQAARR HLANQYP HLHWAELS KTLGELWRLILNESEKRPF VEEAE RLEVOHEED HEDYKYQP
MusSoxd MHAFMV KAR ARRRHLATAYF HLHWARLS KTLGELWRLLHESERRFF VEEAE RLEVOHEED HEDVEYQF
GallusSend W HAFNY WA QAMRRKLATIOYF HLHWARLS KTLGELYRELLHE SERRPF VEEAE ELEVOHEED HEDYEYQF
Homesoxnlld WHAFNY #AQAMRRKLATOYF HLHWARLS KTLGELYRLLNESDERFF IEEAE RLEMOHEED HEDYRYQF
MusSox3 MHAFMYWS RGORREMALENE EMHNSELS ERUGADWELLT DAEKRPF IDEAKRLEAVHMEE ¥ EDYEYRP
HomaSox3 MHAFMV S RGOREIMALENF ENHNSETS KRUGATHWELLTD AEKRFF IDEAKRLEAVHMEE Y FDYEYRF
GallusSax3 MHAFMVHE RGORREMALENF EMHNSETS KRUGATHWELLS DAEKRFF IDEAKRLEAVHMEE Y FDYEYRF
RIS ex3c WHAFNY HE RGORREMAQENE EMHNEETS KRLGAINWELLS DAERRFF IDEAKELRAVHMEE Y FDYEYRF
RTSox3a WHAFMV S RGORRHMAQENE ENHNSETS KRLGATWELLS DAEKRPF IDEAKRLEAVHT EE ¥ POYEYRF
RIS ox3b WHAFNY HE RGORREMAQENE ENHWEETS KRLGAINWELLS DAERRPT IDEAKEIRAVHMEE Y FDYEYRF
KenopusSoxd MHAFMVWS RGORREMAQENE EMHNSELS ERLGADWELLS DSDERPF IDEAKRLEAVHMED ¥ PDYKYRP
HomaSoxl WHAFMY HS RGARE MMADENE EMHFSETS KRLGAEWEVNMS EAEKRFF IIEAKRLEALHMEE HFITEYEF
MusSoxl WHAFMY HS RGARE MMADENE EMHFSETS KRLGAENEVNMS EAEKRFF IIEAKRLEALHMEE HFITEYEF
DanioSoxl WHAFMV S RGAQREHMAQENE ENHFSETS ERLGAEWEVNE EAEKRPF IDEAKELEAMHMEEHFITEYRE
Taki fugnSoxl WHAFNY HS RGQRRIMAQEHE EMHFSELS KELGAEWEVMT EAEKEPF IDEAK RLEAMHMEE HPDYEYRE
GallusSoxE MHAFMVYWS RGORREMAQENE EMHRSELS ERUGAEWELLS EAEKRPF IDEAKRLEALHMEE HPITEYRE
KenopusSox2 MHAFMY #S RGOREIMAQENF EMHESEIS KRLGAEWKLLS EAEKRPF IDEAKRI RAL HNFEHFDTEYRE

EbSax2 MHAFTVHE RGAREIMALENF EMHNSETS KRUGAEWELLS EAEFRFF IDEAKRLEALHMEEHFNTEYRF

Hom oS oxZ MHAFHVHE RGARRMAQENF EMHNSELS KRLGAEWELLS ETEKRFF IDEAKRLEALMMEEHFDTEYRE
MusSoxz MHAFMYHE RGARRMAQENF EMHNSETS KRLGAEWELLS ETEKRFF IDEAKRLEALHMEEHFDTEYRE
DanioSox2 WHAFMV S RGOREHMAQENE EMHRSETS KRLGAENELLS ESERRPF IDEAKRLRALHMEE HFITEYRE
MusSoxZl MHAFMYWS RAQRREMAQENE EMHRSELS ERUGAEWELLT ESEKRPF IDEAKRLEAMHMEE HPIYEYRE
HomaSoxZ 1 W HAFNY RS RAQRE KMAQENE ENHNSETS KRLGAEWKLLT ESEKRPF IDEAKELEAMHMEE HFDYEYRE
EbSoxll WHAFTVHS RAQRE KMAQENE ENHFSETS KRLGAEWKLLT ESEKRPF IDEAKRLEAMHMEE HFRYEYRE
GallusSenZl MHAFHVHE RAQRRHMAQEHF ENHFRSETS KRLGAEWELLS EAEFRFF IDEAKRLEAMHMEE HEDYEYRF
HomoSoxl4 MHAFMVWS RGORREMAQENE EMHNSELS ERLGAEWELLS EAEKRP T IDEAKRLEAQHMEE HPDYKYRP
MusSoxld MHAFMVWS RGORREMAQENE EMHNSELS ERLGAEWELLS EAEKRP T IDEAKRLREAQHMEE HPDYKYRP
GallusSaxl4 MHAFMV S RGORR AL ENF EMHNSETS KRUGAEWELLS EAEFRFY TDEAKRLEAQHMEE HEDYEYRF
EbSoxld MHAFMVHE RGAREHMALENF ENHFRSEIS KRLGAEWELLS EAEFRF Y IDEAKRLEAQHMEE HEFYEYRF
RIS exld MHAFMYHE RGAREHMALDHE ENHFSEIS KRLGAEWELLS EVEFRF Y IDEAKRLEAQHMEE HEDYEYRF
TakifugnSoxidB MHAFMVHS RGOREIMAQENE FNHFSETS ERLGAEWELLS DSEFRPY IDEAKRLEAQHMEE HEDYEYRP
RTS axB14 MHAFMVHE RVOREEYI TEHF ENHNSETS KELGARWET LG DSEKEFF IDESKRLEAAHM VE HEDYEYRF
HomaSox15 MHAFMVHES AQREEMALCHE ENHNSETS KRUGAQWELLD ENEXKRFF VEEAKRLEARHLED Y FDYEYRF
MusSoxlS WHAFNY RS SVORRAMAQONE ENHNSELS KRLGAQWELLG DEERREF VEEAKRLRARHLED Y FOYEYRF
Homo3ry WHAFIVHE EDQRREMALENF ENENSETS KQLGY QWEMLT EAERNTF FQEAQ ELQAMHEEE Y PHYETRF
HomosoxS WHAFNY WA KDERRKTLAAFF INHHEHIS KILGS R¥EANT NLERQP T YEEQARLEKOHLEE Y FIYEYEF

MHAFMY WA FDERR HILHAF P DMHFSS IS KILGS RWESMT HQEKQPY YEEQARLSROHLEK Y PDYEYEF
MHAFMY WA EDERRHTLAAFF DMHNSHTS KTLGS RWESNMS HUERRPY YEEQARLSETHLER YRRV EYEF-
MYEETVYS AFH-—LIMHYFF PSGAGHHF QFQFF LHEANG FFHGVEA LSLYEHFHSFHE TF AFATTSQEQY

Homosoxl3
Homasoxf

HomaTef-1

Figure 4. Characteristic Sox amino acid sequences.
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