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K| & sox9a/ bEFE W5 & 53R/E 7

kOB, AmE, FxE, AHE
R, ot H, EXEY

(1 B R RZFRNRA E ARG KA R E A=, RE E(] 361021;
2. TP TR ST SR, Wi Tk 315103;

3.H B EAE SEARE KL E, WA S ey i BRI, AR FH 266071)
WE: W HERsox9OXEAEAF AW R E 5oL R PHIER, FARACEY &% 7 & 17
2| K # #sox9afusox9b 24 W, R A 5% B 7% ot & & PCR (QRT-PCR) 4 47 H £ M 74 /A
FARFAE KT N EOREAE, RN T HA1TP-ME — 554 2 J5 0 3% 4 4 o1 70-
FEEZWFFAEEREHES AT REALT . £RET, K#E Asox9acDNAA K2442bp
(NCBI% % & : MH996431), 41,4476 bp 5'UTR. 466 bp 3'UTR. 1500 bp ORF, ;#4499
MNEHB . K Asox9b cDNAA K 42 199 bp (NCBIR F & : MH996432), 44335 bp
5'UTR. 415 bp 3'UTR. 1449 bp ORF, %4 #4824 A H 8. qRT-PCRH# & 7~ , sox9at
EEZAMER. B, . Y RE, FEFTHRLAEBERZTTIWE,; sox9EKRE &
EARFERE, EURETRAERS, MITETRARELRK. EEVHERAKT
WMH, sox9a/bth Kk EMEFARMAT; HMEFEH KK, sox9a/bth %k ik & 784 dph.
123 dph 2k 34 2| & i&, W5 46 T W, 10mph)s X & # EFt. 17B-M — B0 B b4 B %
T R 3% AR 4 P K sox9afnsoxObFE F A M IR P B R ik, 17a-F A EZWAHEN T F
i 7 MK B sox9aFnsox9bFk Hl A IR Rk AR KW, sox9a/bEH 5 K H#E &
REFAGMARETNHEX, TAZAKENATEEFREEZNAREAD, MHREAN
HEWha T EH—EREHDMN,
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1692 KopE o R 43 45

B, #E(Monopterus albus)*"sox9a"5 sox9bFE K 1E
PRt A Rk s KUV 5 (Gadus morhua)®”
sox9atE G R R RIK, sox9bIY 3R IR W To Mk
M2 B (Danio rerio)”' 1 W sox9att i H
HRIL, MisoxOb(LAEIN LRk, Mo, ¥k
(Oryzias latipes)*'soxOTE B P R k& & T
B O R [R] S ) sox 93k R Y R IR R 2UAN R
— 2, K, B sox93E KA M ISP 51 o g 153
eI ) fa B 2R B

K (Larmichthys crocea)F g T H
(Perciformes). f1# fiF}(Sciaenidae). ¥ ffi )&
(Larmichthys), I EEHRERZEMLETFTAER, K
AR AR BENENHEM, F—5RH%k
TEF, MEMEAARE AR MR, B,
F 58 B A 0 P e e LR, 4 ) R S Al
HAFEZE X, HEr, CAHWRHRGE T 50
AR L R dmrtl . gsdf. amh™; 5 ML &
BRI fox2 . cypl9aP, A KK e
sox9HE A (R iF 5 308 K DL 43

ARSI v T K fisox9a/bR [N cDNA 4

Ko, W HAE MRS R 2 BURUAS [R] % B B 0
FIRFUAE, FFRIN T AR R AL B A g AR
Tfe e RV 8 5 S O e b ) B AR Ak,
WA R B AR . KE . AR )
AE BT E LA

1 MRS T

1.1 SEHR

S i TR B 34 OR AR A T AR T e R
IR A BR A A o B AR £ g L
JEERE . AR . . WLP . Ok, SKE . EE. BR.
B AF44L, Hedph (Ffb/56d). 13, 20, 27, 34,
41, 49, 55, 69, 84, 98, 112, 123 dph. 7 mph
(TH#%). 8. 10, 12224 mphfy K B kg, %
ANEE, HERNAZH .

SIS B AR T AR, 1A
S 12 el A8 R L 52 i o
1.2 KEfsox9a/bE E cDNAL KT [#

fiz BHSMARTer RACE 5'/3' Kit (TaKaRa,

®1 B MREFT

Tab.1 Primer names and sequences

GlE/ELR S F(5'—3") Flig
primer name sequence (5' to 3") usage
sox9a F: AAGAAAGACCATCCCGACTACAA A B el partial sequence PCR
R: TGCACCTCGCCCAAACTA
s50x9b F: AAGGGCTACGACTGGACGCT
R: CTGTGTGTAAATGGGCTGTTGCT
sox9a-5' GSP1:GATTACGCCAAGCTTCCGTGTTGTCGGCTATGGGT S'RI34 5" and 3' RACE
GSP2:GATTACGCCAAGCTTCCTGAGCCGCCTCTGAGCCTCCACT
sox9a-3' GSP1:GATTACGCCAAGCTTCTCAGGCAAGATGGACCTAAAGC
GSP2:GATTACGCCAAGCTTTACCTACACGGGCACCTACAGCATC
50x9b-5' GSP:GATTACGCCAAGCTTTGGAGATGACTTCGCTGCTTA
50x9b-3" GSP:GATTACGCCAAGCTTTGAAGGGCTACGACTGGACG
p-actin F: TTATGAAGGCTATGCCCTGCC POtER  qRT-PCR
R: TGAAGGAGTAGCCACGCTCTGT
D-sox9a F: CGTGTCCCAGGTGCTCAA
R: GAAGGCATTCATCGGTCT
D-s50x9b F: AAGAAAGACCATCCCGACTACAA

R: TGCACCTCGCCCAAACTA

e FRIZON IR

Notes: The vector sequence is underlined
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8 1] B, . RATfAsox9a/biE Y T 5 BT 1693

KBS, DA ME A K 2 £ i £ 79 25 i 2 21
SRNAH B A B —fE cDNA, HR4E S AW
sox9a/bFE R AT IR 75, it iE M54, ¥
HIARAScDNA R Br . A4 AR A5 19 56 5 7 B i3 -
RACEFIS'-RACEMI R S 51 ¥ (F= 1), #4731
SR I . AT 3RS Y cDNA K B 28 [l i 4l 1k
J5 5pMDI19-Ti# #% , Akl K7 A DHS a2
AAHA, I 3 BH P v B

1.3 £¥EEZESH

FHDNAStarf% 443 H i SeqManitt 17 )7 51 9f
. [R5 7R FHBLAST (https://blast.ncbi.nlm.
nih.gov/Blast.cgi). F /i {3 HE 25 $%(ORF Finder)
## https://www.ncbi.nlm.nih.gov/orffinder/i# 47, &
11 5 B AL P 5 23 #1 (ProtParam)## https://web.expasy.
org/protparam/i#E1T . {55 BRI (SignalP 4.1)F%
http://www.cbs.dtu.dk/services/SignalP/#£ 17, 5 Jii
[X 25 3k (TMHMM 2.0)#%http://www.cbs.dtu.dk/services/
TMHMM/# 4T o BRI A 55 A 4% (NetPhos 3.1)#%
http://www.cbs.dtu.dk/services/NetPhos/i#E 17 . #HFE
A AL 15 2 B (NetNGlyc 4.0)$ http://www.cbs.dtu.
dk/services/NetOGlyc/i#E1T o & FE R 45 ¥4 38 70 Ar
(InterPro)¥Z http://www.ebi.ac.uk/interpro/#i 17 . %
5 /A A8 22 R FIMUSCLEFIMEGA 5.,

14 KRBYHBHEEMEHEE

£ 4y £ 1) g5t A5 P ) R R A SR =
T & B B S F e . FI e 5 B R Bt L
PEALA 155384 bplh &y, it G HEPEAR 258 4%
M, A9k 1941384 bpP,
1.5 KAEEPCRAH

B R4 AU TE] H O/ I 00 K8 £
P B cDNAMG B 2045 VE MBI M, K ¥ fa B-actinh
WZ R, # I LightCycler 480 (Roche, USA)%¢
Y& 7EPCRIHATQRT-PCRAGIN . 5244 2 (20 uL):
2xSYBR Green | Master (Roche) 10 L., 5|4J450.5 uL,
cDNAME 4 L, ddH,O 5 pL., KRFEF: 95 °C
FASPES ming 95°C 10s, 60°C30s, 450 F
o BMEMBUNEYFER, 3N HEATER,
FH2 -85 i P A AR 23k &, FHSPSS 22,05k 4
AT I 225 i 2 8 g,
1.6 HELE

5 17p-Mff — [ (17B-estradiol, E2, Aladdin)fy

KT IKEE, #5120 mg E2/kgm b} iy 4k 33
Wk fRRE, TRAT . BT —20 °CIRAER . XTI
A ARV 45 B JC K CBEAL B, AL B S A 1A
B> B R BEAL 541 d (41 dph) A KB 1o, FR4k
AbPRZE 120 dph. [RIBE, FIH170-H FEEE I (170-
methyltestosterone, MT, Aladdin)ZjiA(1x10°°)
5251120 mg/kg) M 454 19 77 AR HE30 dphiy A
THER R T O (T AL k), i H R F L
PR fo 2208 B EORE o SEIS AL FRES IS , 43 L
Xof HECZH R A 3 2 o £ i B ([ 22 95 % ) A
PE IR FHRNALR 7 [ 7€ J5 —20 °CIRAF), HT
DNAFIRNA$ZHL,

2 4

2.1 KE&sox9a/bEE DNAZ KT EIRF
553

K ffisox9a cDNA 4K 2 442 bp (NCBI% 5%
5. MH996431), 04554 4 X (UTR) 476 bp .
3'AE 41X 466 bp . JF A 2 HE (open reading
frame, ORF)}1 500 bp, L4499 & IR .
T R 431 B (M) 54.3 ku, FRIS AR HL AR
(pD)H6.14, HA 2 103~17307 & It R #4 il SO X -
TCF_HMG-box, 22~934Sox N k453
[F B, 7E HMGZ5 48 380 N A7 78 14 FRAE P 2 7
AQAARRKL, 2/l 57 (% 4% 7 1 {7 *5 NLS (NLS1:
KRPMNAFMVWAQAARRKHINLS2: RRRK), fE
NI I AEFE A% S A5 5 (N-x-S/T) . BEER Ak s
(Posphorylation sites)73 4T i 78 A3 5341~ 22 % R (S) W
PRALDL R, 13 IR Z R (T FR AL L s 71 I 2
M2 (Y)W R AL A 2 (T 1)

K flisox9b cDNAZ K 472 199 bp (NCBIE
K5 MH996432), f1455'UTR 335 bp, 3'UTR
415 bp. ORFN1 449 bp, ZifHh482 LR, i
MM, H533ku, pIh6.23, HHEE103~17307 4
FLR ) i SOX-TCF_HMG-box, 23~93°4Sox N
FAL g MR . SOX9OBA A 7 — AN R AE M 3L 7
AQAARRKL, 247l 57 i #% & v 5 %5 NLS 1 il
NLS2, M%f 55 NGS, BB 1k 07 &5 5047 bk
N 39 22 R (S)BER AL AL, 13D IR 2R (T)
BT T 67 A R 1 10 s R (Y ) B R 1 7 25 (15112)

2.2 KEMsox9a/b5 E b4 sox9E F B EIR
MR RGH#HL T

FFHNCBIEIE FE AT b X 28, KR
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I tagtttggcgtcacgtgetgtegeccaatcagaatecgggetttecggeaacgeacttata 60
61 aagcccgegtgcagagecgtttgecagttcaaageactegegegttetggggattgtactt 120
121 ggagactagaaaggagcactttaccgtttcatcctgecagagttgaaagcaaactcttecee 180
181 atctggcttetttttttttttgeeccttecttcaagegeggatecgettgeagaaaaagte 240
241 attctcggagtctgtcacaagctcatgecgtaaagacactcgetcectccaaacteggtttta
30 cgcacaggagcaaaggagaaccagctgaattttctgtgecacttectectcagttgaaagact 360
361 ttgattaaactcatcctggcaaggtaaagtctattttaaaaggettttecctetegegaga 420
421 aagcagaaataactcccccegtttcacgegtaatttggecaccaaacagtttttegtatga 480

1 M N 2
481 atctcctcgacccttacctgaagatgacggatgaacaagacaagtgtcetetetgatgeee 540

3 L LbDPYLKMTDEZ QDI KT CTLSTDATP 22
541 cgagcccgagcecatgtceccgaggactetgegggetetecgtgeecegtecggtteggg cteeg 600
2 S P SMSEDSAGSPCPSGS G S D 4
601 acaccgagaacacccggecgtcagagaacgggetectcagageggacggagacttcaaga 660
43 T ENTRP S ENGILULIRADGDTF K K 6
661 aggacgaggacgataagttccccecgecatgeateccgtgacgeegtgteccaggtgetcaagg 720
63 D E D D K F P A CT RDAV S Q VL K G 8
721 gttacgactggaccctcecgtgeccatgeecggtgegegttaacggatecttctaagaacaage 780
$ YD WTLVPMPVRVAGDSKNEKEP 102
781 ctcacgttaagagaccgatgaatgccttcatggtgtgggecgecaggetgegeggaggaage 840
3 HV KR P MNAFMV W A4QA4A4ARREKI|
841 tggcggatcagtacccacacctgcataacgeggagetcagecaaaactectgggaaaactet 900
23z ADQ Y P HLHNAETLSKTTIL G K L W 142
901 ggagactcctcaacgaaggggagaageggeegtttgtggaggaggetgageggeteeggg 960
3 R L L NEGEI K R®PFVEZEAETRTILRV Il62
961 tgcagcacaagaaggatcacccggactacaaataccagccacggecggagaaagtetgtga 1020
63 @ H K K D HP DY K'Y Q PR IRIRIK S V K 18
1021 agaacggacagagcgagtctgaggacggecagegageagacgeacattteceegaatgeca 1080
i3 NG Q S ESEDGSEQTHI S P NA T 202
1081 tcttcaaagctctccagecaggeggacteccceggectecageatgggagaggtgeactete 1140
203 F K AL QQADSZPASSMGEVHS P 22
1141 cgggtgagcactcaggectcccaagggeccccectaccecctecccaccaccccaaagactgatg 1200
» G EHS GSQG?PPT®PPTTU®PIKTTDV 24
1201 tcagctcaggcaagatggacctaaagcgegaaggtggectecgetctetgectgatggee 1260
3 S S G K MDLKZREGGTLRSTLPDGP 26
1261 ccaacgggcgceccaactcaacatcgactttcgtgatgtggacatcggggagetgageageg 1320
%3 N G R Q L NI DFURDVDTITITGETLS S D 28
1321 atgtcatctcccacatcgagaccttegacgtcaatgagttegaccagtaccteccaccta 1380
w3 VI SHIETTFDVNETFDI QYTLZPPN 302
1381 atggccaccceggetetgetaccggecctggecaatgecacceccagttacctacacgggea 1440
33 G H PGS ATGPGNATPVTYTGT 322
1441 cctacagcatcagcagtggagcccctgtcageccgecaggeaggaggegtegeagettgga 1500
33 ¥ S T S S G AP VS P QAGGV AAWM 342

1501 tggctaaaagccaaagccaacagggacagcagcageageagecacaccctgactacettgg 1560
343 A K S Q 5 Q QG QQQQQHTLTTL G 36
(Bl1 Fig.1)

http://www.scxuebao.cn
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8 1 WA, S R0 sox9a/bFE R Y TE e 5 F Kk T 1695
1561 gcagcagtggaggctcagaggeggetcaggeccageacaggacccagatcaagacggage 1620
363 S S GG S E A A QA QHIRT QI K T E Q 38
1621 agctgagcccgagecactacagegageageagggeteceegeageacgtcecacctacagee 1680
3% L S PSHYSEQQGSPQHV TY S P 402
1681 ccttcaacctgcagcactacageccccecttectectacceggecatectecagggegeage 1740
403 F NL Q HY SPPSSYPATS ST RAAQ QA Q 422
1741 agtacgactactccgaccaccaggggggeggecaatgecagecaccgectectactacagee 1800
423 Y DY S DHQGGGNAATAS Y Y S H 44
1801 acgcgggggeggggecagggeteggggetgtactegactttecagetacatgageagtecca 1860
43 A G A G Q G S GLY STV FSYMS S P S 462
1861 gccagaggcccatgtacacacccatagecgacaacacgggggtteectecateccacaga 1920
463 Q R P MY T P I A DNTGV P S I P Q S 48
1921 gcagcccacagcecactgggagecaggetecggtttacacccagetcaccagaccectgagetg 1980
483 S P Q HWEIQAPVYTQULTR P * 499
1981 caccggcatgagactgagacaccacacacaaacacaaaatgacatgtacagccacacata 2040
2041 cacacacacacacacacacacatcgaacacacacaaaacactttaccccagggagagetg 2100
2101 ctccctgaatcagacacttgaattggaagaagaggagaacgggacttgtgattggetcac 2160
2161 gtcgtgecttgetattgtatcttgatagaaactatatatatttttagagagatgaagaga 2220
2221 cttaggaaaaatcctctgtgaggattgattgttgatatttcagtaggtactgtgtatgtt 2280
2281 tecttttttttgtttggtttttttececcttecatacgetggecagtttgtaactegtggggge 2340
2341 tgggagggagtggggagggtaattatttgtacctgtagatagaaaaacgaaaaaaaaage 2 400

2401 tttatatttggaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 2442

1 KEfsox9aEFDNAL KR EEBFT

NG RRRCDNAF A K5 7 SRR A 4R 4L T IR 6 W R SOX-TCF_HMG—boxfR % F# 5 F RIZLF 71

R Sox NZRALGE M RN 51 R R Ak 3 7 5

TrHE R P SRR R LS T

R SRR 5 TR

Fig. 1 Full-length sequence of cDNA and deduced amino acid sequences of sox9ain L. crocea

lowercase indicates cDNA sequence; uppercase indicates amino acid; “*” indicates termination codon; grey shade indicates SOX-

TCF_HMG — box; underline indicates Sox_N conserved domain; italic overstriking type indicates characteristic sequence; square frames indicate NLS1

and NLS2; circle represents glycosylation site; the same below.

sox9a/bRs H 5 48 K 2 B0 Flrsox95: B T HMG £ 2
FEPR YA B — 3, RWHMGE kit #2 rh
JEH R SF (K13)0 F I MegAlignk ¢4 147 7 51 L
XF R, K SOX9ARY & I iR 7 51 5 Hfh £a
KWAER P FEEER S, S5 &K
fifi(Seriola dumerili), JE % % ki | Bt 55 i £
(Maylandia zebra) ) SOX9 A [R] I 4 3 & 0
94%~96%, ¥ H (Salmoniformes). i H
(Pleuronectiformes) ., fili}/Z H (Scorpaeniformes)., #I
i1 H (Gasterosteiformes) 5 HiAlh £ 2 SOX9A 1 #H {2
PE80%~90%, SIFFLE . B2 @173 P
% 5 1o A5 HE BN 1 AR L R T0%~T79%(#62)
K 1 SOXIBIY A KL R 7 51 5 HoAh ) 7 ) SOX 9B
W HAARE W REN, RS K H ML
AR 257 3 80%(F3)

FKHMEGA 53, LL4F4% 1% (neighbor-join-
ing, NDMH RSB (E4), HR 5 RH2K

3, MR B AT RPN R R —
X, mERHK -, Hp, MEHSOXIAR
SOX9B# AWK —/NE ., KREMSOXIA G
fo . —filfa . BT, BB P M BEDE
RN —/N, HE5FeE YRS P AEf
BEE BN AR O R . K SOX9IB Y firi
B M &Sk W 0E 2 O0C R i, = BEE S K
Z, 5. e RS AR R L L R

2.3 K #E & sox9a/bE [E 7E 7 F) 4H L2 M A F Bt
HA M BR O RAA 5 4

PhB-actinj 3%, F|F qQRT-PCRAG I K 5 fa
sox9a/bFERFE R A PEAR . AR . M. HFAE. LAY .
KB ENE. MAE. H . oMLK A
LS. K6)o ZiREn, sox9aTEAEMNM .
MR i, AR SRS, Hd, HMEMRLRED
F T (P<0.05), HR . Fi . HFAEAPIPER R
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1696

N

43 %

61
121
181
241
301

361
10
421
30
481
50
541
70
601
90
661
110
721
130

781
150

841
170
901
190
961
210
1021
230
1081
250
1141
270
1201
290
1261
310
1321
330
1381
350
1 441

atggggactcttcagecaaatcctccaagagtagatctctcactcacatttectetttaaag 60
ccacagttttaaagtgaagcattagaaagcgaageccacttgecaactegetttettgtttg 120
cgaaattgtgaaaagtcgaaaggagcgtcaaaaacttttatttttggettectttattttt 180
atttttattttttttactttaaaggattcacgtttgeccagtcaaactgtgegeectcaca 240
ggctgtcactgcagtecctecgggecacagecacttggatttagaaagaaggattttettettt 300
ttttactgcgagaagetgttectttaattttttecgecatgaatctectegacecttacctaa 360

M NL L DUPY L K?9
agatgacagaagaacaggagaagtgtcactctgacgectcccagecccageatgteggagg 420
M TEEQEI K CHSDAPSPS MS ED 2
actccgcaggatcgecgtgteectetgggtecggttecggacactgagaacacceggeegt 480
S AAGS P CPSGS GSDTENTRP S 4
ccgacaaccacctecctettgggtccagactacaagaaagagggcgaagaagagaagttee 540
D NHLLLGPDYIKI KESGETETEIKTFP ¢
ccgtgtgtattagagatgeggtgteccaggtgttgaagggetacgactggacgetggtge 600
V CI RDAVSQVLKSGYDWTIL V P g

ccatgccggtgegegtcaacggetcaagtaaaaataagectcacgtcaaaagacccatga 660

M P VRVEG DS KN K P EVERP NN w0

acgcattcatggtctgggctcaagetgecacggaggaagetggecgatcaataccegeate 720

A F MV WA4QA4AARRKIAD QYPHTLI
tgcacaacgcggaactcagcaaaaccctgggcaaactttggagattgectcaacgaagtag 780

HNAETLSI KTTULGI KT LWRTILTILNE V E 14
agaagcgeccgtttgtggaagaagetgagegtectgagagtgcagecataagaaagaccate 840
K R PF VEEAEIRTELIRV Q HK KD H P 16
ccgactacaaatatcagcctaggecggagaaaatctgtcaagaacggacaaaacgatcecg 900
DY K Y Q PRRIRIEKSV KNG QNDP E 18

aggacggcgagcaaacccacatctctccaaatgegatcttcaaggecactgecageaggeeg 960

DGEQTHTISPNATTFI KA ATLZG QQATD 20
attctccagegtctagtttgggegaggtgcattctectggagageactecaggtecagteee 1020
S PASSLGEVHS?PGEHSG GA QS Q 229
aaggcccaccaacacctccaaccacccccaagacagaccteecctecageaaagetgace 1080
G p P TPPTT®PIKTDILU®PSS KADL 24
tgaagcgtgaggggcgeccaatgecaggagggeaccagtegacagetcaatatecgactttg 1140
K REGRPMQEGTSZRQLNTDF G 26
gaactgtggacattggtgagctaagcagegaagtcatctccaacatggggagetttgatg 1200
T vbDIGETLSSEVISNMGSF DV 28
tcgatgagtttgatcagtacctgccacctcacagecatgetggagtgaccggageageee 1260
DEFDQYLPPHSHAGYVY T GAAQ 30
aggctggetacaccggecagetacggeatcagecagetcagttaaccaggecagecaatgteg 1320
AGY TGS Y GTI SSSVNAQAANUVG 32
gggcccacgectggatgtcaaagecagecagecageageageageageageageactetetga 1380
AAH A WMS KQQQQ Q QQ Q QHS L T 34
ccaccctgggtggaggaggagagcaaggecageagggtcaacagagaaccacccagateca 1440
T L 6GG6GGGEQGQQGQ QRTTQQI K 36
agacagagcagctgagcccaagccactacagtgagcagecagggetctecgeageacgteca 1500

(B2 Fig.2)
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8 1 WA, S R0 sox9a/bFE R Y TE e 5 F Kk T 1697
370 T EQL S P S HYSEQQGS P QHV T 38
1501  cctatgggtccttcaacctgecagecactacagecacctectettatecctecatcacaagag 1560
390 Y G S F NLQHY STSSY©PS I TR A 40
1561 cacagtatgactattcagaccaccaaagtggtgccaactcctactacagecatgeagetg 1620
410 Q Y DY SDH QS GANSYY S HAAG 42
1621  gccaaggctctggectgtactccaccttcagetacatgagecccagecagaggecgatgt 1680
430 Q G S ¢GLY STV FSYMSU®PS QRPMY 449
1681  acacaccgatcgeccgacaacaccggggtgeecctetgtgecgeagacccacagtecacage 1740
450 T p I ADNTGV P S VP QTH S P Q H 46
1741  actgggagcaacagcccatttacacacagetgtccaggecttgaggaggeagectcagea 1800
470 W EQQ P I YTQUL S R P % 432
1801 ctgactgtacaacacccattccatgcatagacttctttttgecagggggectttgegeta 1860
1861 ccatgccacacaccgttcattgeccaacagaaaaacatgacaaggacttttttatagtact 1920
1921 gaaaatatatctttggattggctcacgacagtgecttttgtattgtteggaatcgtgatt 1980
1981 atatttttttagatataatgttttttaaaaaatcctctgtgaggacatacttgttataaa 2040
2 041 tattttagtatgtactgtgtatgtgttttgetcttgtcatcatcgtcatcataatcagtg 2100
2101 tcatcagcatcctcatcatcctgatttgaaggtttaacacgtttaaaggagegggaatge 2160

2161 cgggtaaaaaaacaaaaaaaaaaaaaaaaaaaaaaaaaa 2199
B2 KE&sox9bEEcDNAZ K K EEEFF
Fig.2 Full-length sequence of cDNA and deduced amino acid sequences of sox9b in L. crocea
R 2 SOXIAREERFFHIRELRME &3 SOX9IBEEE 75 [E R4
Tab.2 GenBank accession numbers and Tab.3 GenBank accession numbers and
the identity of SOX9A the identity of SOX9B
WRh(CERS) [R5 /% WH(CETS) 15/ %
species (accession no.) identity species (accession no.) identity
N Homo sapiens (CAA86598.1) 79.4 N Homo sapiens (CAA86598.1) 75.0
AR Pan troglodytes(AAK01653.1) 79.1 HERE P troglodytes(AAK01653.1) 74.8
KRR Mus musculus(AF421878 1) 79.6 INFRR M. musculus(AF421878 1) 75.2
JR3S  Gallus gallus(BAA25296.1) 77.8 JR3S G gallus(BAA25296.1) 74.4
EFEWEE  Alligator mississippiensis(AAD17974.1) 78.0 LEEWIES A mississippiensis(AAD17974.1) 74.5
JEPITEE  Xenopus laevis(NP_001084276.1) 784 FEPNTEE X laevis(NP_001087942.1) 75.5
Al S, dumerili(XP_022598265.1) 96.3 @3k Sparus aurata(AFV74659.1) 97.2
VS Cynoglossus semilaevis(XP_008313399.1) 90.1 P Halichoeres trimaculatus(BAV92755.1) 95.1
REZ At O. niloticus(XP_005448042.1) 94.9 KRG Oncorhynchus tshawytscha(XP_024242336.1)  82.9
KBt M. zebra(XP_004557561.1) 94.3 HKFEIE . Oncorhynchus kisutch(XP_020309628.1) 82.6
BRE  Anoplopoma fimbria(AGH69791.1) 92.7 UTE% 0. mykiss(XP_021414510.1) 86.2
=4 Gasterosteus aculeatus(AAQ62978.1) 94.3 Hif 0. latipes(AAX62151.1) 91.8
WEM Oryzias melastigma(XP_024113797.1) 87.8
WA R A —E fREE, BRIFIEFE &
kAL, RARBRIREW2L24, HHEHE FsE HHEAAESN, HAHHA PRI

AR BA IR 225 MR, SKE L EE

JRME . B b AR E R . soxObTEREYE  E S N LA R B R A
R B A CLE BRSNSz 3Rk, HLOR R ANl B8 (O #) R B fa 1E IR  sox9a Ml sox9b

TR IR R, TOMEME R BN . . AR,

T HEf, 7Ebpdh AARERE, kT, W

SN R R HEEAR — 5, BT R R
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K# i L.crocea (a)

Pt O.niloticus (a)

WY EEif Mzebra (a)
MRt Afimbria (a)

—§lft  G.aculeatus (a)
BRiil  O.melastigma (a)
j(ﬁfﬂ L.croaker (b)

i S.aurata (b)

EAE . H.trimaculatus (b)
il O.latipes (b)
)\ﬁfi}\ﬂ\“u L O.tshawytscha (b)
HKBRIG L O.kisutch (b)
UTH%  O.mykiss (b)

Clustal Consensus

Kt L.crocea (a)

P O.niloticus (a)

PELE AN M.zebra (a)
Mt Afimbria (a)

=t G.aculeatus (a)
TS O.melastigma (a)
K3l L.croaker (b)

43k S.aurata (b)
=BG H.trimaculatus (b)
#Hi#  O.latipes (b)
KEERIRIG . O.tshawytscha (b)
HKRRWE . O.kisutch (b)
UL O.mykiss (b)

Clustal Consensus

K&l L.crocea (a)

P O.niloticus (a)

PEL BNt M.zebra (a)
it Afimbria (a)

=Rt G.aculeatus (a)
WSS O.melastigma (a)
Kt L.croaker (b)

%3k S.aurata (b)
ZPEESE S H.trimaculatus (b)
Hhl  O.latipes (b)
KIERIKIE 0 O.tshawytscha (b)
HRBRIG L O.kisutch (b)
UL O.mykiss (b)

Clustal Consensus

K# L. crocea (a) 202
Pk O. niloticus (a) 295
BELE N M. zebra (a) 295

Gt A fimbria (a)
=il G. aculeatus (a)

292
292

HEM 0. melastigma (a) 293
K¥Eft L. croaker (b) 289
&3k S. aurata (b) 289
PR H. trimaculatus (b) 288
Wi O. latipes (b) 289
KIFRIKIE 0 O. tshawytscha (b) 296
KRG O. kisutch (b) 296
WA O. mykiss (b) 294
Clustal Consensus 242
K#f L. crocea (a) 386
ZHefn 0. niloticus (a) 384
By e Nt M. zebra (a) 384
Wit A fimbria (a) 382
=#f G aculeatus (a) 351

{5 O. melastigma (a)
7‘%@{ L. croaker (b)

=R H. trimaculatus (b)
%,‘,fb;{% O. latipes (b)
KEERIRIG . O. tshawytscha (b)
HRORHRRA i

O. kisutch (b)
iss (b)
us

379
376
376
370
370
382
380
381

KRPFVEEAERLRVQHKKDHPDYKY Ql’l\l\
JHKKDHPDYKYQPRR!

‘RLRVQHKKDHPDYKYQPRRR
FRLRVQHKKDHPDYKYQPRRR!

RQLNIDFRDVDI
RQLNIDFRDVDI

I
[\'*I)LJ\RL'
{WDLKREG

TRRQLNT
RQLNI
RQLNIDFRDVDI

L oklok ek slololdok Dok ook flok lollololiolotolk ok ok k dollelek k1 ok

270 kik ok L I Lkek oL kok kk o skeekek sk skekeloksoloksekk 317
K#t L. crocea (a) 474 499
PEt O, niloticus (a) 475 500
BELY BNt M. zebra (a) 475 500
Bt A fimbria (a) 479 504
=Hfs  G. aculeatus (a) 439 464
25 O. melastigma (a) 462 487
K## L croaker (b) 456 482
430 S. aurata (b) 456 482
=PI H. trimaculatus (b) 450 476
il O. latipes (b) 450 476
KRRt O. tshawytscha (b) 465 492
KRR O. kisutch (b) 463 490
U4 O. mykiss (b) 462 489
Clustal Consensus 318 ek ik ko ko ckokwiek Rk 335
3 KE&ESOX9A/BS H i #17HSOX9A/BE E B 5 51/ Lk xt

(a)F7Rsox9a; (b)# 7R sox9b;

N [

Fig.3 Alignment of SOX9A/B amino acid sequences in L. crocea with those of other vertebrates

(a) indicates sox9a gene; (b) indicates sox9b gene; the same below
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100

71

K3 L. crocea (b)

A
97
80 _|: &3k S. aurata (b)

=B S H. trimaculatus (b)
HW 0. latipes (b)

8% O. mykiss (b)

84

rj(@%j(fﬁué\ f O. tshawytscha (b)
100 L g0 pems . O, kisutch (b)
B35t A fimbria (a)

i‘—
=l G. aculeatus (a)

WEFEMW 0. melastigma (a)

100
59

100

A Kt L. crocea (a)

69 [ Je B F e/ O. niloticus (a)

100 =P EW M. zebra (a)

AEMITEE X laevis (b)

95

——4EMTE X laevis (a)

95 J7XY  G. gallus
KERVIEE  A. mississippiensis

INFER M. musculus

0.02

100 N H. sapiens
100 Lm0 P. sroglodytes

4 SOX9A/BERRFIIAR G K
Fig. 4 Phylogenetic analysis of amino acid sequences of SOX9A/B

gg [ offf female
YT w ff  male

fold change

ZE 5

1 2 3 45 6 7 8 910
A AL S

different tissues and organs

B S5 sox9afE KEGBARELRFHNRIEST
LR, 200K, 3.0, 4 00F0E, SCOLAL, 6. Sk'E, 7.ENE, 8. M
W, 9.8, 10.; “* Rn%E7FEEP<0.05); TFH

Fig. 5 Tissue distribution of L. crocea sox9a

1. gonad, 2. eye, 3. brain, 4. liver, 5. muscle, 6. headkindey, 7.
kindey, 8. spleen, 9. stomach, 10. intestines; “*” represents

significant difference (P<0.05); the same below

Fh e PG 0y #1817, [818). M6 dphite
#1169 dph, sox9a/bit) ik i AR 4 K5 AE BAR KT,

3.0 ¢
™ o iff  female
25 ¢ n i male

fold change

et

1 2 3 45 6 7 8 910
AR ARG T

different tissues and organs

Bl 6 sox9bfE AEBLRHATHRIEDH
R RN E 3 (P<0.01)
Fig. 6 Tissue distribution of L. crocea sox9b

"**" represents highly significant difference (P<0.01)

£ 84 dphist #f 2 - FHik B 56, sox9afl) ik i
B 5 2 R B, T sox9b ) 2k T FE IR EE Y
/No 7123 dph sox9aflsox9b iy £ ik 15— IR 26
ETHE RS — AN RiA R, 2 8F17 mphitf 3 P 2

http://www.scxuebao.cn


http://www.scxuebao.cn

1700 KopE o R 43 45

L offf  female
o wiff  male
B ® 10
5
I g
e

1234567 89101112131415161718
I 18]

time

7 TERAR)KXHE MR T s0x9a
HERERREHER
1.6 dph, 2.13dph, 3.20dph, 4.27 dph, 5.34dph, 6.41dph, 7.
49 dph, 8.55dph, 9.69 dph, 10.84 dph, 11.98 dph, 12.112
dph, 13.123 dph, 14. 7 mph, 15. 8 mph, 16. 10 mph, 17.12
mph, 18.24 mph; dphRRIFM G KE: mphR/RFNE A 4
T
Fig. 7 Expression of sox9ain L. crocea gonad during
different day/month post hatch

1. 6 dph, 2. 13 dph, 3. 20 dph, 4. 27 dph, 5. 34 dph, 6. 41 dph, 7. 49 dph,
8. 55 dph, 9. 69 dph, 10. 84 dph, 11. 98 dph, 12. 112 dph, 13. 123 dph,
14. 7 mph, 15. 8 mph, 16. 10 mph, 17. 12 mph, 18. 24 mph; dph
represents day post hatch; mph represents month post hatch; the same

below.
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1234567 89101112131415161718
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Fig. 8 Expression of sox9b in L. crocea gonad during

different day/month post hatch
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i sox9a/bit Fe ik e W] R R, ME@E TN REJT
H B, sox9alt F ik w2y HA XL 1/7(P<
0.05), sox9bM ik 2 LA XA i 1/24(P<
0.01)(19)

sox9a/bF PR AE KB i O e f0 P iR A 26 58
¥ 853 W T % M £0(P<0.05), T 23T T OE 4 I
f1([10),

o XFHRZH-ME  control group-female

o X4 control group-male
B B241-ME2  group-female
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o 1.2
3 an
féé 1o ¢
iﬁﬁ 2 0.8
€06 & .
0.4 a a
Hil T
0 .

sox9a s0x9b

9 E2EBRREE MR P sox9a/b
EERFRIKER
R LARN NG 7B R OR 22 R i E (P<0.05): AR /NG F Bk
FoRZ#F A EEP>0.05); TH
Fig. 9 Expression level of sox9a/b in L. crocea gonad
after E2 treatment

The different lowercase letters above error bars indicate significant
difference (P<0.05) and the same letters indicate no significant

differences (P>0.05), the same below
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Fig. 10 Expressions of sox9a/b gene in
different L. crocea gonads from

females, males and pseudo-males
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Cloning and expression of sox9a/b gene in the large yellow croaker
(Larimichthys crocea)

ZHANG Meng ', ZHU Yangyang', LIWanbo', SHEN Weiliang >,
WU Xiongfei’, YEKun', WANG Zhiyong """

(1. Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture and Rural Affairs,
Jimei University, Xiamen 361021, China,
2. Ningbo Ocean and Fisheries Institution, Ningbo 315103, China;
3. Function Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266071, China)

Abstract: To elucidate the role of sox9 in sex determination and differentiation of the large yellow croaker
(Larimichthys crocea), the full length of sox9a and sox9b were cloned using reverse transcription-polymerase
chain reaction (QRT-PCR) and rapid amplification of cDNA ends (RACE). The difference of the gene expression
in various tissues and development stages was analyzed through quantitative real-time PCR. Expression profiles of
sox9alb after 17B-estradiol or 17a-methyl testosterone treatments were also examined. The full-length cDNA of
sox9a gene is 2 442 bp (NCBI: MH996431), including a 476 bp 5’ UTR, a 466 bp 3’ UTR and a 1 500 bp ORF
coding a polypeptide of 499 amino acids. The full-length cDNA of sox9b gene is 2 199 bp (NCBI: MH996432),
including a 335 bp 5' UTR, a 415 bp 3’ UTR and a 1 449 bp ORF coding a polypeptide of 482 amino acids.
Quantitative Real-time PCR results showed that sox9a was primarily expressed in gonad, eye, brain, liver, and the
expression level in testis was significantly higher than that in ovaries. sox9b was widely expressed in multiple
tissues in large yellow croaker; the expression level was the highest in testes, but can be barely detected in ovaries.
At early developmental stages of fry, sox9a/b was expressed at a lower level. Sox9a/b peaked at 84 dph (day post
hatch) and 123 dph, then their expression declined and gradually rose again at 10 mph. In addition, 17p-estradiol
can significantly down-regulate the expression of sox9a and sox9b in testes. 17a-methyl testosterone can
significantly elevate the expression of sox9a and sox9b in gonads. The study demonstrated that sox9a/b may play
important roles in sex determination and differentiation in the large yellow croaker. However, the functions of the
two genes may be different.
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