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1. PEHFHEREAYHFRT/ ERESSAYHRRKREBRET L LB T, KX 430072;
2. 9h 3k K B 5 F A WA T, 3k 515063

HE

ARV K85 R 85 ( Paramisgurnus dabryanus) W 8k 2 5 43 A HLHT . R Sox FEH HMG £ 4

SPDCHY 2 X0 i IE 519 . SoxN 5 Sox9 T LA™ 38 I % fil U Bk fry 5= P 20 DNAL I X JEAE R 41 2147 RT-PCR 2047 .
SoxN 5 # ¥ #E 3L K 4l DNA L3R pdSoxl. pdSox2 . pdSox3 . pdSoxd . pdSox1l, pdSoxl4 ., pdSox19 . pdSox21
£ 134 Sox #4518 SoxB 5 SoxC 251 ;Sox9 5P M F 4 DNA H:3K15 pdSox8. pdSox9 %5 4~ Sox 3
K, )8 T SoxE 8, 3X 54 Sox BB EH —THNETF HHNEFHRFEME —3., ET Soxr P HMG &%
Y 35 A5 FE B Mt i NT R G AL R B, BRIk 18 A~ Sox He A 7 /N B Bk B 5 £ v 3 6B 4% B AH N 19 Sox
HARRBPWHEIEAE, KA, pdSoxd ., pdSox8 . pdSox9 . pdSoxll . pdSoxld . pdSoxl9 % 6 NILHEAFAEIL A INMEH L, A
A 2B 2 AL rE I, JH Sox9 519 % K i Rl e 6614 4 B #E AT RT-PCR 4384 AN Y 43 A 45 SR R WL FEKG 82
HRIXMIE pdSox9a, FEBNH T RIKMIE pdSox8a, LI LZERFW . pdSox8 5 pdSox9 F& i il Je S5k 1) 14 51l #H

SRR, AT BEE I B R U 65 69 1 51 S04k rp R AR T

KR RBERIREK; Sox e s HMG & PEMPE 5 Y534k

FESES S917.4  XEARIRE A

1990 4E, fEN Y QAR b & B SRY M e g
B ek i L L AR LR P R 2k AR 2
SRY {4 [Fl 8 K Bl Sry. SRY/Sry ¥ — A~ % i
79 ANEIERR IR T F L B HMG £, 5 o 5 R o
5 SRY/Sry #) HMG &2 AR 75 A 60 % LA FAH
IVE R 45 85 3E A FR & Sox (SRY-related HMG-box
genes, Sox) LR B4 Mk EBHESH Y S5 R iR
LETHHES Y b s BE B Sox B 2= DA 40
F0 AR Sox HEPKI N & F 9 B BCH LR
TAAAE S 555 7 SRR E A X 28 Sox B IH T 10 4
BKBEAT LR BAAE 1~5 D RUR BB HE
P PE 50 VR IIRIE R E & RS K
B IR E T R K2R BB B T R
FEEMHY,

K| e B ( Paramisgurnus dabryanus) & —
Fofr /N R 28 5% # 38, BiA hy  MEPE SR ICRY (Z22/ZW B
PSP e R D RO AR E BAT S g R Y £
Kz—, BEICEA L6 T A0 35 il Al e 6k
Sox He[H 1Y sE BEFI R IA Y HRGES S I Sox B FK

Yo BT . 2011-11-22

NERS

1000-2421(2012)04-0490-09

A B B 55 A 5% ) 90 6K P 53 phe R i) o AR AL A 9 Ok
RHEREA TR, EH KA Sox WK HMG &
PRAF DX B 2 X T6T I 51 0, 47 38 O 5 1) 90 Bk e A 1 1A
9 HE N DNALIE T BE AT 18 4> K 8 il Je 6k Sox
P [l 7 R b 54T RT-PCR 973 5 7= 9 %
OIHT o B AE R TRA R T R 885 ) 8 SR 1) Bk RE S K
EERIN e g

1 #MRlEIZ®

i 3w

B 8 O il ) e SRk 18 BT K T A T
Yo A 35 30 P n A fr O A A TR 4 2, B R O IR
AT 950 LBEp . REERINA DNA KRS
HE 5% A 5 e R 2 R I - - S I T
T M, TR IRCfe ) PR R A A VR A R R &
—80 CUkFiH & . TEME RNA BHIBCR AT Tr-
izol i3 (Invitrogen 2\ 7)) ¥EAT .

1.2 PCR# 5 RT-PCR & i

P4 R % I e Bk L R 41 DNA /Y 2 X I+5149 .

11
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SoxN 5¥15 Sox9 519 (F 1,2k A R B & (Di-
SoxN 51 ¥ H k¥ 1 Sox
FEHF RN SoxB 5 SoxC EFEP K HL , Sox9
YRR AR S 1 Soxd MAHSCIEH . PCR WK &
25 pL, A5 4y 100 ng DNA,1XPCR buffer,0. 2
mmol/L 5[ 4,0. 2 mmol/L dNTP, 2.5 U Taq F§
(BioStar), PCR [ W )7 W F : 94 ‘CAE 1 1 min,
54 CiB A 1 min, 72 ‘CIEf 1 min, 35 PMEH;72 C
FEAH 10 min,

RT-PCR ¥ 4330 LA K 655 i) 98 )k 1% 5 52 0 b 52
RNA A, R 9 il LRl L5 90 & LA — 4 cD-
NA, A ZRE K1 pg B RNA,1XRT-PCR buff-
er,1 mmol/LL ANTP,5 pmol/L BEHLSI#.100 U
M-MulLV JZ 5% 5 (MBI A #)) ,20 U RNA it 11 1
| (Promega A H]) , B AR 10 pl, PCR = % 5%
PR30 CAEYE 10 min, 42 “CHER 1 h,70 CAE
15 min, RS —4E cDNA 2 TE i 5 )5 .
Bl L /B M Sox9 51# 34T PCR §71#4 ,PCR
vy o i
1.3 PCR F=# i E ¥ 57 F

K 1.5 %6 (0 35 B W B e F VK 43 25 PCR 7=
VIR H bR B Uk 2571, 488 sl 7 GROUH AR 9 T
FEA R ") aifb J5 . F T4 DNA & £ i % # 3
pMD18-T Jii ki ( TaKaRa) b, # 1k & K 5 #F i
E. coli DH5 B2 2540 M1, 37 “C 15 35 1 0, Pk 2 va e
B 74 26 PCR 3 55 52 PHAME B BH 1k o0 5 P 1 95 3% 1
VI A B A R A RN Y

centrarchus labrazx )M,

14 FINMERGHURMEE
¥ B8 580 Clustal X (1. 83) 47 LX), AE
¥ ¥ 4 http://blast. ncbi. nlm. nih. gov/# 47
BlastX [d] 48 2R . 5 51 [8] 1) AR L) R T Bioedit $k
Pt 5, Sox FEH A % 2 5 44 38 i BlastX {## &
GenBank FIA 283 A 41 o [7] 987 51) . 3 2 #R Koop-
man S5 HE SN ) SOX 1 bR kP 5 R vk
15 BT . MKYE Sox He PRHBRAE G i 1 2 HE MR TP 91) 4 R
J MEGA3. 1 #3243 # , bootstrap=1 000,
F1 REXSEIRM Sox EEA AN
Table 1 Primers used for cloning the Sox genes of

Paramisgurnus dabryanus

518 % Bk

Primer name

514751 (5'—>3")

Primer sequence

ATGAAYGCNTTYATGGTNTGG
GGNCGRTAYTTRTARTCNGG
ATGAAYGCSTTYATGGTTTGG
GTCIGGGTGRTCYTTCTTRTGYTG

SoxN

Sox9

2 #RE5HM

2.1 k% E K 4 DNA 5 jF cDNA # i
HR

] SoxN 51 ¥4 4% 5k @] e S5k i A~ 1 %) &
K2 DNA, R B — L Ik 2547 . R/ 200 bp 2
A5 R Sox9 GIW it ATy 1, BRI RAS 5 5
HL VK S5l Ho A B B B R Y 450 78 AR 22 (8] 22 81
AN EME I 2 R JE B 2 25 (| D)3 T Sox9 5
W 1 Rl R e S50 A S5 09 8L cDNA, ¥ 3R 15
— HLYK 5% . R/ R 190 bp,

M:pBR322 marker; 1-4: % ;5-8: 3.
Sox9 5| ¥ 1 8 B A 8% B &k a) B E 4 DNA
PCR amplification of the genomic DNA of eight individuals of P. dabryanus with the Sox9 primer

B 1
Fig. 1
22 PCRFEHIMNERF &

FH SoxN 543" 1 3L K 40 DNA K45 20— g
TRARAT B 1 B AR PCR 7= 440 5 % 12 51
B b PRI 34 A BH A R o I TR Y BEAT I T L A5 3
B 5 Clustal X (1. 83) #E 47 Fo X}, F 4k 15 13 4~

RS B /NE R 204 bp, KBRTIH)G #Y
AT IR T 5 WL IR 28 A 4 A5 11 22 2L R )7 91 UL BT 3.,
W AE BlastX Rl R Z5 R 455 SOX & A br &
P TR AR HE A AT 4 R (D 3) M L5 (K 4)
S B axX 134 e B 43 ) A 44 R pd Sox 1, pdSox 2
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pdSox2 TCG AGG GGA CAG AGG AGG AAA ATG GCA CAG GAG AAC CCA AAA ATG CAC AAT TCG GAA ATA AGC AAA CGA CTC GGG GCC GAG
pdSoxl4a .. A .. A..C. N T LA LA O P O &
PdSox14b ..CC.A .. T. .AHA£ G.......TA oG .(1A....44.C.T..

pdSox21 .o A LCT ACA LG o T T G..G .G .. C A LGA L
pdSox3 LTCT L Cov v oG oo LA Lo r.o.T. J e T. .C
pdSox| LT C. LT CCo A LG C.... LT .o.C. G..C... . AL
pdSox19-1 .. T C.. ..T ... ... C.C..G. LA LC. LT G L A
pdSox19-2 .. T C.. ..T ... ... LG PR O 6T G L A
pdSox4b-1 ... CAA ATC G.A . S | '\| C.. TCG..6G.C. CGOALL LT C ARG CGE
pdSox4b-2 ... CAAATCG.A ... C.C... .. T ATG G. .G TCG .G G.C GAL LT L CAAG CGC
pdSoxda o CAUAT. GLA L. CLC CTATG G CoL TCG .G GLC GA.. ... ..CAA CGC
pdSox11b .. A LA ATC G.. ... L AL L. CATG G.. C.. TCT . G.T. . LCLLG C. A L G LA AAG CGA
pdSoxlla .. T .AAATC G.. C.. ..A .. CATG G.. C.. TCG . (‘(J<C ... ..CG.C..G..CTC. . ..C..G..CAAG CGC
pdSox2 TGG AAA CTT CTC TCC GAA AGC GAG AA(vL(JA CCT TTT ATC GAC (vAA GCC AAG CGT CTT CGG GCG CTC CAC ATG AAG GAA CAC
pdSox14a G T AL TG R ALCAC . LG CAGLLC L T . AA ... A
pdSox14b ... ... T.G... ... . .TTCT..A. /\3\4.4.(1./\C... oG AANA.G..CLoo VAR CGA LG LT
pdSox21 Lo G G eTeT LA oo A LG C..CL AL CG. A
pdSox3 ... ... ... T.GAT..TGCG ... ... A ... ..C..T ... .. G... ... ..GT.A..A..CAG. .G

pdSexl ... ... G.AANG ... .. GGCT . A L. ... .. C..C CGLUA VA A A LA LT VA A G LT G
pdSox19-1 ... .. G..6C..TA . ..COGCG . A A..C..C. G AAA L T..C..6... ... ... . ..GT..
pdSox19-2 LG TALL L CGCG L A.G..CL.. . e G AAA..L Ir..C..G..0 oo oo G T
pdSox4b-1 LG GAAA L C L L C...ATT..C..C. CGA ..G..AG. . ..G..CA.. CTCAAG ... ... GCA .. CT..
pdSox4b-2 ... .. G..G..GAA..C... . GC. ATT ..C..C. CGA .G .. AG. . ..G..CA.. CTCAAG ... ... GCA .. CT..
pdSoxda ... ... ... T.AAMA..CL.. . C. ATC..C..C ... CG. ..G. G.. ... .G ... CTCAAG ... ... GCA ..CT.T
pdSox11b ... ... AG ..o MG ..CL.T AL ATC ... oo L CGG ... ... GAL.GLo. L CTA AN ... L. GCC .. TT..
pdSoxlla ... ... ALGT AMG .. CLoT . AL 0 AT T C...CGG ... ... G.AAG..C. TT. AMA ... ... GCT .. TT.T

[il 5 47 A R A% R . "% R A base identical to the first line in each position is indicated by a dash.
B 2 SoxN 3|#1¥ 1K 85 e 6 H FH A DNA KB H Sox EEH HMG E#%EHEF 51
Fig.2 Alignment of the nucleotide sequences encoding the HMG domains of Sox genes of

P . dabryanus which were cloned from the genomic DNA with the SoxN primer

10 20 30 50
| | I I |

pdSOX4b—1 SQIERRKIME QSPDMHNAEI SKRLGKRWKEL LEDSGKIPFI REAERLRLKH MADY
pdSOX4b-

Group C

. 0 1
pdSOX1la K .c.ccen sucuvences sncscnsnall ceeaBiaSi. cavanccece nean
pdSOX1IIb .K...vciee wensncncee sassucsselMocncBicces cnncenaa@e cuee

Group B, M N.KB...S5.. .....
0AQ BN K. .S ..... f.. .7 . .KEB
naQ EN.K...S.. ..... 2l M. .KEH

Group B, .RGL...MAQ EN.E...S.. ..... AE... .SE.E.R. D..K...4Q. .KEH
.RGQ. . QMAN EN.E...S.. ..... VE... .S..E.R. D..K...4Q. .REH
.RAQ...MAL DN.K...S.. .....GE... .S..E.R... D..K...AV. .KEH
Group E A.AA...LAD .Y.HL. ..L.R. .NEGE.R..VE...... vQ.
A AA...LAD .Y.HL. .T...L.R. .NEGE.R..VE......VQ.

A AR, ..LAD T...L.R. .SERE.R... E......VQ.

L

L
L ..
L

L

A.AA...LAD .Y.HL. ..L.R. .SENE.R... E...... Q.
A.AA...LAD .Y.HL.. N.T...L.R. .TENE.R..V E. Q.

ZEBE AR R M LR R SR LB RE  ROR B E Sox 3P 15 2R R U 19 A o M S SE TR 5% JL U AE £F Residues acting as signatures for dif-

ferent Sox groups are shaded and those used for assigning gene orthology are boxed.
B3 KEEIRH SOXEAW HVG ERERF T

Fig.3 Alignment of the inferred amino acid sequences of SOX HMG domain of P. dabryanus
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pdSox3., pdSoxda, pdSoxdb-1. pdSoxdb-2, pd-
Soxlla, pdSox11b. pdSoxlda, pdSoxldb, pd-
Sox19-1, pdSox19-2, pdSox21(F 2), HH, K
pdSox1la & pdSox14b % RA 1 ATEpesh  Hofth 3
NE 2 4 E T, H pdSoxlla 5B B# N
pdSox11b., pdSox14b 5 E W I pdSox1ia W
FERR 7 51 A 22 M 0t 20 AN BT R . A T BE S I Y 4
W, 13 N F, pdSoxll, pdSoxls K pdSox19
#BH 2 AU, pdSoxd A 3 AL, Hf, pd-
Soxdb-15 pdSoxdb-2 RAHZE 1 A5 07 B AT
%, pdSox19-1 5 pdSox19-2 HAHE 2 M =i &
AR (K 2), KX 13 35 GenBank 18
B B9 K %R e B Sox F AT XS, & B pd-
Sox11lb 5 GenBank ™ K 8% ® J8 # 9 Soxlla
(AY685137 ). Soxllb ( AY685136) & Soxllc
(AY685140) ZER5IW 5 B AT IR 1T 91 58 4 — B, hf
Rl —3 K 5 pdSoxr21 5 GenBank H K i Bl Y fifk 715
Sox21a(AY685135) ,Sox216(AY685139) A% 1 R
JP O AH 22 88 5 10 A AZ AT IR . J& AN TR 1 #5015 pd-
Sox19-1.pdSox19-2 5 GenBank " K % & I8 6 19
Sox19(AY685138) A% 1F iR )7 41 A 25 i 4L 20 4%
TR, & AR UL, M pdSoxl. pdSox2. pd-
Sox3. pdSoxd M pdSox14 JEARWFF & # & YK
figf @) e Bk Sox H& P KK M B . K H% Koopman
LT Ay SRR UE B pdSoxl . pdSox2 . pdSox3 5
pdSox19 % 5 NIEPFIET B 2KBE, pdSoxld 5 pd-
Sox21 & 3 ANFERNIFTF B, 2k, pdSoxd 5 pd-
Sox11 % 5 ANIEHIAF C KA 3,

¥ Sox9 B9 #8 K Wk B U B 3L P 41 DNA 3K
P 5 2% HLUKAT 32 — 5, 75 3 14 B /I 1 HL K AR
4190 bp. 55 SoxN 5| #1§ ¥ 4519 pdSoxlda
AR A% AT R ) 56 4 — B0, SR W] — BRI oAt 4 A
B Iy BE K/AMRIR 8 44 8 pd Sox8a-1/ pd Sox8a-
2(531 bp/589 bp), pdSox9a (487 bp). pdSox8b
(431 bp) 5 pdSox96 (381 bp) (E 1), H v, pd-
Sox8a-1 Y5 pdSox8a-2 Wi4h i F ¥ 5 JLF 5% 4 —
O AA 22 1A = A E R TR 3 G S A )
M)z HE IR (K 3) , T4 & 339.397 bp B
T F ¥ 5. pdSox8a-1 W & F b pdSox8a-2 /)
58 bp, JFH . ZH N & FIF B M2 19 M
iz o

pdSox9 M pdSox8 % 5 NHHJE T SoxE 2

BEBEA1YS GenBank " 8 & A K 8% 5 8 8k SoxE
KBEIL N BEAT HE X, BB pdSox8a-1(531 bp) 5 Xia
ESTERER pd Sox8b AN TP B 58 4 — B E N
TR EANAHZE 7T AR (R 4 DT IR B
e 3 AMEAT IR B B AT S [ — FE B 5 pd Sox86
5 Xia 5 SR pdSox8a 251 WIS WK IR
RSN BT AL A 22 1 A% B HR. &
s AR T FIM 25 1 4, i REJE PCR 473 .
DA R T 80 78 9 3 F I 22 1 MR . B
IR R — 6 . Xia % 58BN pd Sox8b 5 1]
YERE T Sox8 (AF116250, 500 bp)ttd i & [d] — &
s EANED TR Sox9 (AF116249) 5 AHF 5
K, HH G (& AR a1 ARAA 58355 SoxE 258t
(A T R AR 3 AQAA (L 3) RAF, Ik ok
FH

Sox9 5 ¥y ¥ 1 K g e BHORS S cDNA 5311y
P95 pdSox9a AT AT IR T 51 56 4 — 3, KW
R IR pdSox9a, pdSox9a T4 295 bp N &
TP O E cDNA H BT IS pdSox8a-2 A7
MR IRIT S 5E 2 —3, 5 pdSox8a-1 {UAHZE 1 4>
B E AT IR, RO R R pdSox8a.
454 BlastX [A U548 % & IR EE B Ve Bk pd SoxE 2
B S MEERBEHEH LN T NS T
IR B — 3 ON G A% 1955 29 Wi &R R TFR)
pdSox9b. pdSox8b %5 H %4 189 bp.239 bp WM
T,

B LA AT 18 A KB FI e 8K Sox L,
11, pdSoxdb-1 5 pdSoxdb-2. pdSox19-1 5 pd-
Sox19-2. pdSox8a-1 5 pdSox8a-2. pdSox9a 5
pdSox 96,45 H g AH ) Y ZFEBR . 18 > Sox FEA
Z A1 SE R 7 90 (4 AR AR L3 3.
23 RERESW

W KB EI 8 B Sox F& B 5/ BUHI N 9 Sox 3
R LA K BE B f8.1Y Sox 19, Sox21 FEH K I HMG £
ARG I B R, 3 PRIk
(R 29k MP e /hitE bk ME 548#:3% ND#
Y HEEA LT 58 4 — 3, 18 A~ KB R B Sox
FEFAHEF BLCLE 3 MR HPLE KBS C
KPR, 5 B RBEIE B RGE . M B 258 Lo
2 ANEREH A, pdSox2] IR pdSoxld RAE
— i, T2 R — /N D,
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fep Al R 2 2R R

o531 %

100 9112fS0X 19

mSOX2
pdSOX1

65L mSOXI1
pdSOX14b)
3 pdSOX14a
48L_mSoX14

45— pdSOX3

26 mSO0X-3

58 PASOX19-1-2

Group B

#80X21b
pdSOX21

9912fSOX21a

57 pdSOX4a

76/L-mSOX4
100 pdSOX4h-12

pdSOX11b Group C
54 pdSOX1la
60LmSOX11

mSOX10

pdSOX8a-12

100
6 mSOX8

53 pdSOX8h
35| —pdSOX9ab
59LmSOX9

Group E

—_
0.1

chTCF1

pd: KR PR m s /N Bl 20 BE D £A s ch 39 £ 5 I 7E GenBank %1% 5% 5 mSOX1, P53783; mSOX2,P48432; mSOX3,P53784;

mSOX4,Q06831;

mSOX8, Q04886; mSOX9, Q04887; mSOX10, AAH23356; mSOX11,Q7M6Y2; mSOX14,Q04892;

2{SOX19,

P47792; zfSOX21a, AAH56274; zfSOX21b, AAH95366; chTCF-1, AF454504. pd indicated P. dabryanus; m indicated the mouse;

zf indicated the zebrafish;

P48432; mSOX3, P53784; mSOX4, Q06831;

ch indicated the chicken. The GenBank accessions of those sequences are: mSOXI1, P53783; mSOX2,
mSOX8, Q04886

mSOX9, Q04887; mSOX10, AAH23356; mSOX11, Q7TM6Y2;

mSOX14,Q04892; zfSOX19,P47792; 21SOX21a, AAH56274; 2fSOX21b, AAH95366; chTCF-1, AF454504.
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Fig. 4

Phylogenetic tree based on the genetic distance of SOX HMG box proteins of

P . dabryanus and Mus musculus by using the neighbor algorithm
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Cloning and characterization of conservative region sequences
of Sox genes in Paramisgurnus dabryanus
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Abstract In order to further investigate the sex determination and sex differentiation mechanism of
large scale loach Paramisgurnus dabryanus ,two degenerate primers,SoxN and Sox9, were used to carry
out PCR amplification of the genomic DNA and RT-PCR analysis of the gonad tissues. Thirteen genes of
the Sox family including pdSox1, pdSox2, pdSox3, pdSox4d, pdSox1l, pdSoxl4, pdSox19 and pdSox21
were cloned from the genomic DNA of P. dabryanus with the SoxN primer and classified as the SoxB
and SoxC groups. Another five Sox genes including pdSox8 and pdSox9, with one intron starting at the
same position, were obtained by using the Sox9 primer and classified as the SoxE group. Based on the
genetic distance of the HMG-box amino acid,all the eighteen pdSox were orthologous to the Sox genes
of mouse or zebrafish on the NJ phylogenetic tree. Six of the 13 Sox genes including pdSox4, pdSox8,
pdSox9, pdSox1l, pdSox14 and pdSox19 had two or more copies. Moreover, the results of RT-PCR and
sequence analyses with the Sox9 primer showed that pdSox9a was expressed in the testis whereas pd-
sox8a was expressed in the ovary. The present results suggested that pdSox8 and pdSox9 were sex-re-
lated genes and they might play a role in the sex differentiation of P. dabryanus.

Key words Paramisgurnus dabryanus ; Sox gene; HMG box; sex determination; sex differentiation
(TR AHT)



