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Multiple Facets of Sox Gene. Kyung-Won Hong and Heui-Soo Kim*. Division of Biological Sciences,
College of Natural Sciences, Pusan Nafional University, Busan 609-735, Korea — Sox protein family, a
transcription factor, has been found in whole animal kingdom, and contains a sequence-specific DNA
binding domain called high mobility group domain (HMG). The Sox protein family based on the
amino acid sequence of HMG domain was classified into 10 groups. Each group of Sox family shows
significant conservation from nematode to human. The HMG domain affect to various developmental
cell differentiation through binding to enhancer and regulating other transcription factors. Recently,
many molecular biologists focus their research on the illustration of Sox-related disease, evolution and
phylogeny. Especially, stem cell research with Sox gene family is indispensable field for understanding
of their biological functions. The understanding of Sox genes may contribute to understand their role
in human genetic disease and whole animal evolution.
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tw-SAY 1 i .5Q. .. V... . K... ..M.PDN. . 0O P .K_REEF. . -Q.
mo-SRY 1 G.V. ... . L. H. L..... S.q. S.TLA. . FR..Q. . K TL_REK. N . Q.
pi-SRY 1 t .DQ... V. LE..Q.Q. M. T AL SF...Q..% .V.ADK. . G.
or-SRY 1 i .DQ M.LE. K.R. M. T A W .FQ..0K. 8@ .M.BREK. _N.
hu-SRY 1 I .baq M.LE. R.R. M. T.A.. W .FQ..QK.Q .M.REK. _N.
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ceSoxBl™ 1 V.. ... ... a.K M.jE..K. M@ .. ...D. K. .. IEH.
&-SoxBt* 1 _HV. ... ... ...... Q. M.9D. . K. B 2 ...D. K. .. LV EH.
seSoxB1* 1 _RV....... ___... Q. LS E. . K..._. ......._AE ...._. D. N D A CEH.
ch-Soxi TRV Lo o 8. M. _E. _K. VM. A, .o.DLoLKL L. LUl EN.
m/h-Soxt 1 BV, .. .. oL Q. M. . E. . K. VM. _A. o.DoLKo L. L...EH.
xe-Sox2 1 RV . ... ... Q. M. _ E. . K... _..... .. AE ... .. A ...DL KoL L. LEH.
ch-Sox2 D Q. M. E..K... ..._._._...AE ..___. A. N ) B G B
m/s/h-Sox2 1 RV . . _ .. .. ... .. Q. M. . E..K... _.......AE ...._ . T. ...D. K. .. L. _EH.
xe-Sox3 1 RV....._ . ..., Q. M. E._.K... ....__.._AD ... .. D.D ) DU S
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dSexB21%1 6. .. ... ... __... LG. .8 . _RD..K. AL L ...D..K. . .L.Y EH._
dr-SexB2.28 1 E. ... _ . ... ..... LQ. . ...Db. K. CTLE. . ...D. . K. J. .M_.._EH.
dr-SexB23% 1 . .. ... ... ... q.. M. D. . K. .T.66G. ...D. K. }. L...EH.
se-SocB2 1 Voo q. L..E. . K... .__......AE . _.... DD. .o.bL KO0 (L. LEH.
ch-Sox14 1 .o Q. M. E. . K... ...._...AE ....._ . A. . Y .DL KoL Lo EH.
m/h-Sexl4 1 . ... 0 Lol Q.. M. . E..K.. .. _....... AE . ... _. A Y.D. . K_ .. ... EH.
2f-Sox21 1 Vo o AR . M_LD. . K... .. ......GE ..... D. ...D. K. V.. .EH.
ch-Sox21 1 VLo oo AQ. . M. E. . K... _....___AE ....._._ A .D..K. .M. . . EH.
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mo-Soxé 6. ... .Ql. . K.
ra-Sox4 1 6......_.. Q. K.
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ze-SoxD1 1 P ... -AKE . N } SK .. TM.NA. . Q@ .YY..QA..D KA.LEK. ... ..K.
m/hSoxd 1 P . ... ... -AKD. SN | S. __AMTNL. .8 .¥YY..QA_..S K..LEK.. . . K.
u-Sox6¥ TP .AKD. N 1.8, . .SMTNQ. . Q@ ..Y..QA_ .S KI.LEK. N. K.
mo-Sox6 TP .AKD . _N. ) S. ..5M_NO..Q .YY._QA..S KI_LEK..N. K.
moSox13 1 S. .. ... __. .AKD . - I S. ..SMTNQ. -8 .¥Y._ BA..S R..LEK.... KL
xeSox238 1 N. ... .. __. AKD I T B ..SM_NG. . Q- .¥YY. _ BA..S5 R..LER.. K.
t-Sox23 1T Voo AKD [N TP R | ..SM.NQ. . Q .¥YY..QA..5 R._LER. K.
E
dr-SoxE*® 1 E. ... AQAA MSK . Y. HL ..L..S...L .JIN.KD.D.K M_F._K MT . KQEH. -KQ
tr-SoxB¥ 1 PV AQAA L.D.Y.HL. AL..T...L .RB.... .. VLo V..K..H. -aq.
m/h-S50x8 1 PV AQAA L.D.Y.HL. A L..T._.L .®........ YL ¥V..K. _H. . Q.
u-Sox9 TPV AQAA L.D.Y.HL. A.L..T... L .R..N.G VL. V..K..H. .a.
al-Sox9 t P. V... AQAA L.D.Y.HL. A L..T.._.L .B..N..._._. Y ¥. . K..H. .Q.
ch-Sox9 TPV AQAA L.D.Y.HL. A L..T... L _B..N...._. P V.. K. _H. .a.
m/p/h-Sox9 1 P V. ... AQAA L.D.Y_HL. A L..T...L .§..N..... Lo V..K._H. ..
m/t/hSoxiD1 PV ... AQAA L.D.Y.HL. A.L..T... L .8 _N..D.. ... ... .. M. K. _H. .q.
F
de-Saxf* 1 SR. AK1A K. L_BE i . ADL..M.'_K .RS . TPQDR. Vi. TEH.N.
xe-Sox7 1 TR. AKD. KR L.V__..L. A L. .M. .S . A _PAQ.. vV...Q...N.
mo-Sox7 1 SH. AKD. KR L.V. L. A.L. M...S . A TL.Q.. L...Q.. _N.
xe-Soxl17A 1 AR. AKD. KR L.. .. .. L. A L..M...§ . . S.TLA.. . V...Q@_H_N.
xeSox17B 1 AR. AKD. KR L___ ... L. A L..M_,. 8§ .S . TLA V...QG.H.N.
moSexd7 1 SR.B..._ _. AKD. . KR L. ... .. L. A L..M_]J.S CALTLA. V...Q.H_N.
moSoxi8 1 LR.R. .. __. AKD. . KR L. ... .. L. AVL. M. J.A _E_NTA. V... ... V.. LR.H_N.
G
mo-Soxld 1 EKV. .. __ .. SvQR. .Q M. .. .. K... ........ AQ .GDE . VoK. _R.LB. .. _.
mo-Soxl6 1 - - - - SAQ. .Q M. .. .. K... ... ... AR .DDE . . VoL KL B.LH. .- -
huSox208# 1 EKV. .. ... . SAQ. .Q M. _. K... ... ... AQ .D.D N S N _R.LBR. .. _.
H
hu-Sox30 1 6.V.. ... .. A.IH.PA L.KA.  _AAN. A...VQ. . LE .HK.. EQ.K YYD. .QKIK EK.REEFIGW v.Q.
xeSox31% 1 GLV. ... ... .S...KR MSALH.K... .. ._.R.._.El .RG.G.EDR. .B.. K. Al LF.G. . AL
J
Ee-Sow-l' 1 PR. ... ... l INVATWKI RKSNDYIKVYW _QORROQGIAA TGRKFHNSDI SKMLG. . WRK MEEHEKV.FV ERAK
utgroup
fu-MATA1 1 AK.P. . P..Y ILYRKDHH.E _RE. GL.. N...VIV NM _.RDEQPHIBRE KYFNMSNEIK TRLLLEN... RBR_.N.
mo-LEF1 1 P...K.L... .LYMKEM_.AN VVAECTLKES AA ._NQI..R. .HA. _ RE.QA KYY_L.RKE. ..8L. . GW SA.D
mo-TCF1 1 PV..K.L .LYMKEM.A. VIAECTLKES AA.NQ!. R. .HA. RE.GQGA KYY_.L.RKE. L..QL. _ GW SA . O

Fig. 1. Alignment of Sox protein HMG domains. Two incomplete HMG domain sequences have been included-these are mo-Sox12
(group C) and mo-Sox16 (group G). Outgroup sequences are included. Dots represent identity to consensus sequence (top).
Known intron position are marked (|). The prefixs represent an abbreviation of species name: al, Alligator mississippiensis;
ce, Caenorhabditis elegans; ch, Gallus gallus (chicken); dr, Drosophila melanogaster; du, Sminthopsis macroura (dunnart); fu,
Saccharomyces cerevisiae; hu or h, Homo sapiens; mo or m, Mus musculus (mouse); or, Pongo pygmaeus (orangutan); pi or p,
Sus scrofa (pig); ra or r, Rattus novegicus; tw, Macropus eugenii (wallaby); sh or s, Ovis aries (sheep); tr, Oncorhynchus mykiss
(trout); se, Stronglocentrotus purpuratus (sea urchin); xe, Xenopus laevis (frog); zf, Danio rerio (zebrafish). Sequences were
referred from Boweles et al. (2000) and obtained from GenBank database.
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Fig. 2. Neighbor-Joining tree for the Sox HMG domain sequences. The tree was originated from Bowles et al. (2000). fu-MATA,
mo-LEF1 and moTCF1 were used as the outgroup. Previously defined SOX family groups A-G are supported. hu-50X30,
xe-50X31 and ce-SOX] do not fall into any of the previously defined groups and so each designed the sole member of
group H, I and ], respectively. Invertebrate sequences are underlined.
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domain may stabilize protein-protein interaction.
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Table 1. Pairing of Mouse and Human Genes

Gene 50 Major known (or Deduced) Functions Species  Accession no. No. of Chromo?omal
Group exon Location
Sty A Testis determination Mouse  NM_011564 1 Y(cM)
Human NM_003140 Ypll.3
Soxl Bl  Lens development, (neural determination) Mouse = NM_009233 1 8(4cM)
Human NM_005986 13q34
Sox2 Bl  Neural induction, (lens induction, pluripotency) Mouse = NM_011443 1 3(15cM)
Human BC13923 3q26.3
Sox3 Bl  (neural determination, lens induction Mouse =~ NM_009237 1 X(24.3cM)
Human NM_005634 Xq27
Soxd C  Heart, lymphocyte, thymocyte development Mouse =~ NM_009238 1 13(20cM)
Human NM_003107 6q22.3
Sox5 D  Chondrogenesis Mouse ~ NM_011444 15 6(69.5cM)
Human NM_006940 12p11.1
Soxt D  Chondrogenesis (Cardiac myogenesis) Mouse = NM_011445 17 7(55cM)
Human NM_033326 16 11p15.3
Sox 7 F (Development of vascular and many other tissues Mouse  NM_011446 ) 14(28cM)
Human NM_031439 8p22
SoxB E (Development of many tissues) Mouse  AF191325 3 17(8cM)
Human NM_014587 16p13.3
Sox9 E Chondrogenesis, sex determination Mouse  BC024958 3 11(69.5cM)
Human NM_000346 17925
Sox10 E Neural crest specification Mouse  AF047043 3 15(46.5cM)
Human NM_006941 22q13
Soxli C  (Neuronal, glial maturation) Mouse ~ NM_009234 1 12(11cM)
Human NM_003108 2p25
Soxl2 C  (Development of many tissues) Mouse  BF714412 1 2(86cM)
Human NM_006943 20p13
Sox13 D  (Development of arterial walls, pancreatic islets) Mouse  AB006329 13 1{70cM)
Human NM_005686 14 131
Soxid B2  (Interneuron specification, limb development) Mouse  AF193437 1 9(53cM)
Human NM_004189 3q22
Soxd5 G  (Myogenesis) Mouse  AB014474 5 11(39cM)
Human NM_006942 17p13
Sox17 F Endoderm specification Mouse  NM_011441 5 1(7cM)
Human NM_022454 8ql1.2
Sox18 F Vascular and hair follicle development Mouse =~ NM_009236 5 2(96cM)
Human NM_018419 20p13.3
Sox21 B2  (CNS patterning) Mouse  BE647677 1 14(50cM)
Human NM_007084 13q32
Sox30 H  (Male germ cell maturation) Mouse  AV255326 5 11(20cM)
Human NM_007017 5q35
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