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£ B EH 9 hsd11bll F1 hsd11b2 E FE K52
R EL IR B M 7 B 3 5 AR

REA B OB BRET I #7

(1. B Rk S arebe B 2013065 2. HEDKSRHEORFE B BT B ST BIER S
PG ER LR A2 SRy - i Bl s 7 266071)

WE B AS XN RIEE AT R P RS EEREIER, T hsdlIbll fn hsd11b2 B4
WHERNERERENEE S, RFR L T #0F & 4 (Cynoglossus semilaevis) hsd11b1l #n
hsd11b2 3 # cDNA 2K F 7|, 2407 T 27744, FFR T H ot 2 K 3K 50 A8 KR JE 78 b o 3R 35 AL
B, BRI, hsdllbll cDNA 4K % 1650 bp, JF#CE E B AEK & 864 bp, 4i# 287 N2 L ;
hsd11b2 cDNA 2K % 4526 bp, Fr#CME FEAEK & 1209 bp, 474 402 N2 L E , & 81 F
WRFERE TN ERAPNERE TR, hsdlIbll EF P XA ERE, ENENKXAEERE
W2, HAE6 AMm3 b amlE b ZIRGERIA; W hdlb2 TEERFETRK, £6 Alh &
WEETRAERS, MERKXELRIFK, £WE #%Aﬁfi@m%%%zﬁo 08 88 I8 E E B EY
FALERET, BEQSOAE2LANAE, SEFEEQC)M B AL, hsdlIbll F hsdl1b2 7
P ki B3 B 3 B R(P<0.05); B iR AR B 48 h, hsd11b1] ik bk f fndf & P 3N B 2 K,

hsd11b2 F kXA & F A B 3% T (P<0.05). K ZARIT T hsdl1b1l F0 hsd11b2 3 [F 1 78 & 8

ot BdmERrNE, AARERESFREREN M MK REE T &,
XA R E A, WAk E; BE; hsdllbll £ H ;5 hsdl1b2 #F
REAZES S917.4 XEHREEE A XEHS 2095-9869(2021)02-0045-10

B HE S 1 5513 PR SR DR R e, M ) —
T BRARME A Az el A8, X A v i e O SRR Ry st A% 1
4 591 2k 72 (Genetic sex determination, GSD), {BfE—Lk
eAT2 . Wi | SRR R B HESh B, 4b
RN R, HaRE . pH. % Lt W EHa

FTRESZ MRV, T A sl e s 7 2URR S 158 2 4 531
P2 (Environmental sex determination, ESD) (Francis
1984; Rubin, 1985; Francis et al, 1993; Tabata, 1995),
HHAE IS A, K R leAE ESD AUy A i Ah L EA B
JE 375 iR 21 # AR FH (Sadoul et al, 2019), fEfaS
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B EE RSN IR, SRR e
ey BIRNE Ay S S NTTRO R a o - R
£ o M 4 Ak 55 77 A 2 i (Wendelaar Bonga, 1997;
Mommsen et al, 1999), TERFGH:EE(Salmo salar)4)fh.
HA, T O R RS e PR, AR A EU G i O LB B
A K Z 2 H i (van den Hurk et al, 1985). 1E 7 fif
(Paralichthys olivaceus)t: 5P g B #, &R 51 K
JTEE ARG, 2 S B H B T 55 (Yamaguchi et al,
2010). HZ FFT, KT 5 il AL I R o ) ke
SERIBLE A ERTE R

F5 HE 25 [ B 1B B A B (Hydroxysteroid 11-beta
dehydrogenase, HSD11p)J& T & ALl B K e, %
T PR AN TC I 1 B 5 A () A B e Ak, R, 62528
[#] A 3 ) 2 B P (Krozowski, 1999)., T7EMNFLzh)
H, FR RS B LB A A AE2 A, A5
11B-Hydroxysteroid dehydrogenase type 1 (hsd11b1)F
hsd11b2 . hsd11b1 S RER K I P ) Be I i e 1k
AT B BT, hsd 11b2R S REAH S (Albiston et al,
1994; Hu et al, 2019), R AFAERsd1IbIFEA , TAF
1E H[m] YR 3 K Hydroxysteroid 11-beta dehydrogenase 1
like (hsd11b11)(Tsachaki et al, 2017), FEBE D i (Danio
rerio)fIE\ H ff.(Chanos chanos)™', hsd11b1In] LLEE N
BB K-, X 5L 3 hsd 11b 1) DI REAR L
(Baker, 2010; Hu et al, 2019) . hsd11b27] LLFEAR fa. 2 40
B T RE AT, IR I S0 57 B BB 1 3%, OF
2 5 E WG i(Alderman et al, 2012; Tokarz et al,
2013). WFFERW, mK-FBORERCER T LD R R
25 By P 5 ke 2 A4k (Miura e al, 2008; Hattori et al,
2009; Blasco et al, 2010) . F i ff (Odontesthes
bonariensis) e 75 FHEVE LIS RE b, R o A Ao 0 Y
hsd 11b275 F IR FE MEVLER A= L, DA ITTBR B ks 82 % A=
(Fernandino et al, 2012),

¥ 5 85 (Cynoglossus semilaevis) T [ 5 2 1)
P s, MR R, i SR AT e e R
Z2Z/ZW B, B AR50 o Al 52 3 1 B R Y H
Me) o 2 T S ) R R A Ak I DG ST T, e TR
Al DL S aot A% ME P 1) 3R RY BfE P 36 4% (Chen e al,
2014), [HtL, 8 R B IR L 5 e e R
AUBEARRIAS . fEARWISTH, i RACE 3eREfiiqsf
M B hsd11b11 Rl hsd11b2 [ cDNA 2K, JfXHF
VR AE HEAT AR WS B o o A, R T 2 5 O E B
PCR 4R, 73 Hr HL 2 08 AR K il 5 Wi 137 1) % 35
M, PR SR AIRICIR FE 55 731k 1 ¢ &R 42
PERERIE D .

1 MRERE
1.1 EIe

AR SZI FH 2 1 3 H A 1L 7R B K A
B BEBLIEHR 3 #4118 B £ R fr 45 3 4%,
fifin) o O L O L . R ORME L OERE L RFRE. R
k. R ZORER ., BeAh, BORER B30 Hil .
50 Hitk. 3 A, 6 AWy, 2 WA 3 %) f o o5 i A
s PEIR X IR, K 280 FE 30 H A A2 W 85 fa 7 Bl
BLEESr o 2 4, 435 R e i (28°C) M i (22°C)
AR 2 AN H L JRLE 3 A IR B AR L LR R 5 5
HU 140 2 3 Al & datary, MpLES R 2 41, 4
BT RIR(28°C) SR IR(Q2°CHALTE, 48 h J5 i H
PERRLAZURE Sl o 4 bR ol R R R 5 A R TR 7K
FEARAT o A P8 0 53 [) i B 68 20 20 1877 T 0 K5
w3 g S T A T P IR S A ARl TRk
17844 1t 591 2 5 (Jiang et al, 2017; Cui et al, 2018), X
T3 A0 iy, dE— 25 G dmrel FER AR 3
TR B P I A7 (Cui et al, 2017),

1.2 FiFEE hsdllbll #0 hsd1lb2 LK = E

i /§ RNAprep pure Tissue Kit (Tiangen, H*[E)$2
B3 Wkl SRS S A28 RNA, IR ]
PrimeScript™ II 1st Strand c¢DNA Synthesis Kit
(TaKaRa, HZ)5E cDNA 2655 . M4 18 7 Ak
K0 4 hsd11b1] (GenBank ID: XM_025065042) A
hsd11b2 (GenBank ID: XM_008310169)%: X ¢4, #]
H Primer 6.0 %1154 (hsd11b11-F/R Fl hsd11b2-F/R)
(& 1. FIJl SMART™ RACE ¢cDNA Amplification Kit
(Clontech, Z&[E)i#kfT 5'A1 3’'RACE 7% ., RACE 5|#)
MR 1 Pion, PCR =Y&aift, wfEF| pEasy-T1 2k
{A(TransGen, " [E)IF-#EATI0 7 .

1.3 hsdlibll #1 hsd11b2 E E F IR E{E BF 00

W FELZE T H SMART (http://smart.embl-heidelberg.

de\TRIN T hsd11b11 F hsd11b2 WFE TS5 o
AliBaba2.1(http://gene-regulation.com/pub/programs/al
ibaba2/index.html) %t hsd11b11 Fl hsd11b2 FEIN 5 5T

DX 3, (B S AL 4R 07 5 L3I 500 bp AT S'UTR X 380k 17 5%
SE T4 A S T, A NCBI R #A [F 90 i) 5 14
A, SR AR 4 B MEGAX i I Neighbor-
Joining (NJ)¥: ) # 22 48 LA (Bootstrap=1000).,

1.4 ¥83FH hsd1lbll #1 hsd11b2 EF B FRIE S
JEHUASRE AR = R AU RNA 1 pg, # A PrimeScript
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Tab.1 Primers used in the experiments

5|4 Primer J¥%1 Sequence (5'~3') FHi& Utilization

hsd11bl1l1-F GCATGGTTGGGGGTCACGGT Fragment PCR
hsd11b11-R GTGCTGGCCCGTACTGTCTGG Fragment PCR
hsd11b2-F AGGCCCTGCTAACACCGCAG Fragment PCR
hsd11b2-R TTGGTCAGCGGGATCGGCAA Fragment PCR
hsd11b11-5-GSP CCGTTCAAGGTGTGTTTGGTCGAGCTG RACE
hsd11b11-5-NGSP CAACCTGCTGTAACATCGCTTCTC RACE
hsd11b11-3-GSP CCCAGCCACAGACGCAGCCTTGAACA RACE
hsd11b11-3-NGSP GACTGTAACCAAAGACTGGACCCCT RACE
hsd11b2-5-GSP GGAGAGTGATGTGTGGGCAATAAAAGGAGG RACE
hsd11b2-5-NGSP GGGCCTAACCATGACGGGGG RACE
hsd11b2-3-GSP GTCATTTCATTGGTCCTGGCTCCTGCTG RACE
hsd11b2-3-NGSP GCTCCCTCCAGAGGTGTAGGCTGT RACE
hsd11b1-1-qF AGAGTCTCTCAGAGGAGCCA qRT-PCR
hsd11b1-1-qR ACAACCTGCTGTAACATCGC qRT-PCR
hsd11b2-qF TCCATCATCCTGCCCTCATC qRT-PCR
hsd11b2-qR TGAGGTCTGGGTTAGCTTGG qRT-PCR
B-actin-qF GCTGTGCTGTCCCTGTA qRT-PCR
B-actin-qR GAGTAGCCACGCTCTGTC gRT-PCR

RT reagent Kit (Takara, HZA%)if7 &R % 74 i cDNA.
Wit hsd11b11 1 hsd11b2 fFGE B GIMIER 1),
AT ST 98 B PCR (Real-time PCR)ZE ik 7007 o fif
A QuantiNova™ SYBR Green PCR Kit (Qiagen, 7&[F)
A&, ROVAKRZR R 20 ul, 4350165 1 pl cDNA £
#HZ. 10 pl SYBR Green PCR Master Mix (2x). 2 ul QN
ROX Reference Dye 2 0.7 umol/L ¥ 1E [w] Fl 2 W] 54 .
JZ . £ ABI StepOnePlus_Real-Time PCR System
(Applied Biosystems, 3[E)if17, #JFH 95°C 2 min;
95°C 55, 60C 10s, 340 MEH; 95C 55, 60C
1 min, +1°C/min, 95C 15s. WNZH B-actin 3£ F B
(B-actin-qF/R, & 1), BMNRMIKRKE 3 MORE
5o M 27 IIRAINT hsd 11611 VL% hsd11b2 FEH
TE 7 SR ME S 20 2L AN TR & I A B A A
i 2235 K (Livak et al, 2001; Li et al, 2010), #|
H T-ke 5 A i E P, P<0.05 #onER R,

2 HBRE5HH

2.1 hsd11bll #2 hsd11b2 == p&FA 5 51 4> 47

i1t RACE e 3fAT 110 15 5 hsd 11011 F1 hsd11b2
FEH ) cDNA 4K ohsd11b11 1) cDNA 4K 4 1650 bp,
£35 97 bp ¥ 5'UTR H1 689 bp 1 3'UTR, JF P 3¢
HE(Open Reading Frame, ORF)} 864 bp, #ifi 287 4~

QHMR, HAKWS T =R 31.79 kDa, Tl iE%E
HLA (pD A 7.65(1 1)0 Ja 8l XS sk 145 5 7 o
T 53 BT B, hsd 11511 )3 3l F X 3847 7E NF-kappaB |
AP-1. E2. GATA-1. GR. PR, C/EBPalp. C/EBPbeta
TBP. HNF1, HNF3 555t H 74550 M. o hsdl1b2
FEN ) cDNA 42Kl 4526 bp, 434% 1209 bp 1) ORF,
5'UTR F1 3'UTR K 43512k 403 bp 12914 bp, Zfith
402 NREIER, A>Tk 44.5 kDa, PSS R
8.38(1& 2). )i Bl X a2 it IR 25 5 o7 w5 Tl 43+ AT
/N, hsdl1b2 JEB)F X342 & GR. TBP. Spl. Ahr,
PR . Sox-2. C/EBPalp. Elk-1. HNF-3, COUP . GATA-1
Ll S BE A NE J5 W hsd11b11 1 hsd 1162 mRNA L XF
FI%t N DNA 51, WoR hsdl1bl1l G5 6 AN T,
hsd11b2 G5 5 A (K 3A).

22 ZEIILMBRSEH LK OHT

FIFH SMART Flill 1> 7 i HSD11BIL F1
HSD11B2 W&E 45 . 4R ExR, X 2 NMEHEMT
TE 1 ARSFIOSE A, s i & i (adh_short), H
H1, HSDIIBIL it A {55k, HSD11B2 & 2 4
5 25 A 358 (] 3B). H3 4l ExPASy (https://www.expasy.
org/)i GOR IV T_E.7iilll HSD11B1L il HSD11B2 f H
B sk, 4550, HSDI1B2 A o-12hE
ToH B A b HSD11BIL 5, T S 1) L 5] 20
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acatggggccttaacaaattgttggtacggagttcacgtattgacacctgttacagaagca
gggagtgaacccagaacaaggtagtaacaaaacaa tg;ggagttttacaaaagccctagtggtgagtttatttgttggtttccttgct
G S F T KAILV L FV GF L A
gtcaagtggacttcaccctcttttaacgcagagtctctcagaggagccagagtgttagtgactggagccagcacagggattggtgaacag
vV KwWwWTSPSFNAESILRGARVLVTGASTSGTIGTENQ

ctggcttatcattatgctaaatccggag cacagatagttataacagccagaagagaag cgatgttacag caggttgtagagaaatgcatg
G M L Q Q K C

LAY HY A K S A Q I VITATR E A
gatttgggggcccagaaagcactgtacataacagcagacatggggaatgtcttagacccagagagagtggtagattttgctctggaaaag
Q K ALY ITATDWM NV L DP F A E K
ctgggaggattggattacctggttgtcaatcacatcggtccgagcccctttaccatgtgggagggggatgtagagcatatcaggtggctg
Y VNHTIGPSUPTFTM \ H I
atgcaggtcaatttctatagccacgtacagatggcatggagagcatttgattccttggagcaaagtaaaggatctctgatcgttgtttcg
M Q VN F Y S H V Q FDSLEWOQSKSGSTULTIUVVS
tcgcttttaggtaaacagtccagtccctttgttgcaccatacagctcgaccaaacacaccttgaacggtttctttggatccttgtatcac
s L L GK 0SSP FVAPYSSTHKHTILNGTFF G S L Y H
gagttatccattaagaaaagtaacatttccatcaccatatgcacacttggactcattgatacagaggcagctatggaaaaagttcggaac
ELSIKIKS SNTISTITTIT CTTULSGLTIHDTTEAAMTETKV RN
atcgctatgctaccagcatacccagccacagacgcagccttgaacatcatcactgcaggagccaccagacagccagagctttactaccca
I AMLPAYPATDAALNTITITAGATA RA OQPETLYY.P
tggttcacctacattgtgactgtaaccaaagactggaccccttctataacaaactttatccttcaatatgtcttcacgcagcgctcg
W FTYTIVTVTI KHDWTW®PSTITNTFTIWLAG QYVFTA QRS
aatgcctacaaaggagctaaatgcaaaaccttttgcgcctgttctgtttctaggtgagtaattttattttttgatattgactcccctgtt
gagcttaatcaacaagttgatagatgatcatcaatgacagtcaactgcaaaagatgtttaagacattacaacagatttccgtgtgttaga
aaatcaaaaacaggagttaaaatcattgtttctcctcatgtatcatgtataatttaggtttgttttgtacataacatttttcaaagttta
taggaagcatctagaacctaaaatattatctcaacatttagaatgttcaccacgcccccccaggtgggecccgecccactatttgagaagt
actgccttacagattgaaacagagtcgcccagtcgagtcccatccaaggcagatttcctctggaaagactctgtaaagacgactgtatag
tactctgatggtaggccataaaaataaacacagggaagagaggtcacaggtttcataaaacctgttcacaatcgccccctggagctggac
tttggacgtattgggygtagataacgtgaaaggygctttatgaaatcctacagagctcctagaacggaagaattgaactaagtgcattgce

attgaccttacaaacatgggaacttttataaaaaaaaaaaaaaaaaaaaaaaaa

B L KT hsd11b11 SEDREHERFF 91 AR B S AR 51

Fig.1

LI PRI RR R

Nucleotide and deduced amino acid sequences of Cynoglossus semilaevis hsd11b1]

T HE N B 6 B 1 R R A
TRALE, T RIZER AR RN A

AT RIZLER polyA (55,

Frames indicate the start codon and stop codon, respectively. Black underline indicates the PolyA tail sequence,
red underline indicates signal peptide, and blue underline indicates conserved domain

5 HSD11B1L A1 HSD11B2 45 [ FF 51 5 H
A8y A [R] IR 43 A 7k, HSD1IBIL 53] i (Takifugu
rubripes, XP_029684148.1) . 7 #F (XP_019936361.1)
FPE L1 (NP_956617.2) HSD11BIL & A AR IME 23
BN 77.04% . 73.08%F1 66.89%., HSD11B2 & [ 57
JK(XP_029702217.1), % JE A (Oreochromis niloticus,
NP_001266686.1) Fl 5 & i (NP_997885.2) HSD11B2
A B S AE 5508 77.08% .75.33%F11 69.40% .
BEAER o Hr el 20, HSD11BIL Al HSD11B2 5%
TS, —SORMELEY . 528 MR sh ety
Y, H— (K 4A. B).

2.3 hsd1lbll #1 hsd11b2 EARBIA LA FHRIE S

hsd11b11 F hsd11h2 FENAE 3 #31W5  EAN [6] 241
UK FR AT EE T R | hsd11b11 FEAESFIE ORI
Kbk, JF B PR gk W E S TR
(P<0.05)o hsd11b2 TEXGHE . Wy . RN B HE b 32 36
ik, ARG P ILTARIK(E S),

2.4 hsd1lbll #1 hsd11b2 ZE 4R E B FHRIZER
hsd11b11 TEME RN AL R A FEARARNL IS, 3 HRRITF

WA M FRIE, FEONER, hsdlIb11TE 6 AR IR
AT, SRE1E 2 W 2R R R, 1E 3 iRk
A LA IR R TERSET, hsdl1bll FRik 5
BRELR 2L, 7F 6 H i FA 2RI, 1F 2 iR kiR
wIEA TR, 7E 3 A E T AR R, 1
6 H il I 3 I HoRs S A ek B 1 W 35 (IR IR HL(P<0.05)
(K 5A),

hsd11b2 FEHFEPEMN 53R A FEARRIK . 7RG
Hrp | hsdl11b2 76 3 AR PR RL, 6 Ak sk
H 3w T HALRHY (P<0.05), FE/GTE 2 FEET
BRI RO 3 #% 5 7EUR L, &M Bty LF
TCER I ] hsd11b2 (35K 6B).,

2.5 hsd1lbll #1 hsd11b2 FE =R A B TR X
TE 30 Hir 3] 3 H iP5 ad B x) 2 4 75 St

e R (28 CHRCEE , hsdl1b1l F hsd11b2 FEHTEME
rh g 2R Y IR T IR R AR KR 41(P<0.05), TE
£ ) R A o 2 22 R (] TAL B). X3 H kY
k1T 48 h B9 SRR | hsd11b11 33k B 7EME
F0RIRE e A 2, AR IR SR T Y 37.80%,

T 47.18% ;s hsd11b2 FE R AE It P i % 35k
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catggggagctctgcacaaagaggagaggagagatagtgtgtgtttgtgtttgtgtgtgtgtgtgtgtgtgtgtgtgagcagcagagagt
ataaacctgggacacagaaacagaggacatacatgaagacagaatcagacagggacagtgtcaggagaaaaagacagaaaaggacagaag
ggtgaaaagacggtgtcaatagagaaggacagaaaagacaaagagtccaacagacggtgagagacaacatagacagacaaaaataagagt
ttgacgaaaagttaggaccggctgagaaagagataggacgaagagagactgacagaaagcaggaggtcagactggacacagatgtaaagg
cagaagcagacaggtaacagacttaacacagtgtctccaacaagactacacttttccatcatggatttacctcgcagtcctaact
EDYTFPSWTIYLAVLT
gtctttgtgggcggagccacaaagaagatcttggcttctcacctgagtcccacccccgtcatggttaggcccggggtcacggtgctggtg
F G G T K I L ASHLSUPTUWPVM P G
gagaggctctgggctatctgtataccggctctgctggtcctggtcctgctgggttttgtctgctgtctttacgctgccgtcaggactcgt
L A I C I P A V F v C C LY AA AV T R
ccatcttccaggttgccagcagagggcaaagttctaggctttgaggtgtttgccacagtgttggacctgtcaggagagggggccagagcg
PSSRLPAEGKVLGFEVFATVLD S G G A R A
ctgcaaaagaactgttccaatcgcctgaccctcctgcaggtggatatcactgagccacagcaggtgaaccaggctttgatggagaccaag
L Q KNCSNR RILT I Q N Q T
gccaagctgggcctcaagggtctctgggcactggttaacaacgctggagtgtgtgtgaactttggagacacagagctttcgctgatgtca
A K L G L K G L WAL VNNAGVCVNZFSGODTEL S LMS
aacttccgcggctgcatggaggtcaacttctttggtacgctgagtatcaccaagaccttcctgectctgectgcgacactccaaaggacgce
NFRGCMEVNTFTFGTULSTITI KTT FTULUZPLILRHSIKGTR
atcatcacaatatccagccctgcaggtgaccagtcatttccatgtctgtcagcatatggagcgtctaaagcagcactcaacctcctcttce
I T TISSPAGDI QST FZPTCLSAYGASIKAALNILILF
aacactctgagacacgagctagcaccatggggcgttcaagtgtccatcatcctgccctcatcctataagacaggtcattccagtaatcaa
N T L RHE L AP W vV Q v S I I L P S S Y KT G H S S N Q
gcctactgggaggagcagcacagaacactcctgcagacccttcctaagtcactgctggaggactatggggaggactacctgagtgagacc
A Y WEEW QHRTILLQTLPKSILIL DY GEDYLSET
atggagttgttccacagctatgcccgccaagctaacccagacctcagccctgtggtcaacaccatagtggaggccctgctaacaccgcag
S YARQANUPDLSPVVNTTIUVEALILTTUPNAQQ
ccacagccccattactttgcaggaactggtgttgggctgatgtacttcatccacagctacctgccgttcagcctcagtcaacgtttcctc
P Q PHY FAGTG G Y FIHSYULPFSLSQRTFL
cagaaactgttcctgaagaaaaagttgccacctcgtgctctaagggagaagtccagtttggagctcaacctgtacaacaacaataacaac
Q KL FLKKIKTLWPPRALREIKSSTLETLNILYNNNNN
aacgaagagaagccgatggtggccaagtctgtatctgaataacagctgtctgtcaaatatatgtctgtgtctgtgatgcctaacta
N E E K P M

ccaccggtggacatgtccacaggtcatatcaggtcagtacctgtggtagatcagtacatgagactgttagcagtcacacagttgaactgc
tgtcacactccggtgactcaaatagaccttcacctttgatcttttttgaatacgcacacacacacacacacaaacaaacacttacacaca
aagtccattatactttggtctcacctccttttattgcccacacatcactctccgtgagaccatatgtctggggttcataaaaaataacca
ctacatattttctggcaccagcctttaattagcttatggtgttattaaggaaatcttcattaaattgagtagccagacagtacgggccag
cacctactggccagcagctgtattgtactctacacttttcagcttaataaatttggtccactctattcatcatttcaataagatctctat
atggaacagctcagctgtgttgggctacaactgcttaaatttatggagacttacatttccaaaagttcaatatcacctgtcattaaatga
cttccctcaatgacagacatttaagtcatttaagttgaagcccattttccaaacgtccagtggactagaacaacctctatggcactgttg
tgacttcctcttggctgcagcccactctctttagactgagtgaactgcagtccgctaactgaaactcaggtcacttatttacaaacaaag
cacaggcagcctataataatcacttcctgtctgcctttccaaataagagcacactattttcaagtaacatatcacctgttgccgggcaac
atgacatgtttcctttgtggtttattatggtcaacgtacatacgtttttagattttagtctgattgtgataaacgtttgtgttgattttc
tgaagttcatttgaatgtgaattgaatgtggaaacaaagttaaactctttgaacatgtgagccagagcacaaacaaactgcacgttctac
accaatcacagggggctgagagggtacgtctagtcacatctaacagacacaactgtgacaaaacctcatcactgactgtccaaatcattc
aactgcctccatttgacattggttagcattaagaacagaaagcctcatcattcctgactgcaggtttgggaacaccagtaaacgacagaa
gcagtggagaaatgaagctgaataaagcacagaaaacatattgtagcctgtttgttcccaacgtttttcccaagtacactggaacctcgg
ttttgaaaattaagtaggaaaggtcatttcattggtcctggctcctgctgaggagtcctgataggacaatgttcacttcactttctcact
aatgattgtctctgaaatactgtggccggccaactgtttctggttgatccaaatcagtgtcaacttttccaacttcttctactgtctgag
atctgttcttggtgatcacagtcactgctttgacaactttagcttctgttactgcttccttcttcttcatgatgctacaaatccaccact
ttgttaaaccatactgtaaagacacatctgaaacaccagctccattctcatgctttcctacaatctttcttcacttctgttgttgttcta
tttttctttctcactgtgatttatggaataaaaaaaatataagaaatagaacaacacaagaaatactatactaatatagttttatactcg
gcaaaattttgcattatgctagcagcaacacgtgttgcagcttctatttactaggtatttactctttatatgataaaaatgtaattctta
tttttttaccaacataaaataaatactaaaatatacaaaggatgataattcaatctgttatttaaggtgttttacttacttcctgttatt
gcagtgtaaggcagacagctccctccagaggtgtaggctgtaaattcacaggcctggtcatgtgaccattcacagtgtcatgaagacaag
ctatacttccattagaaccagggatttgctagaaaagccaaaaaggacaattccagatgtttccggaagttgaaaagaaatatactggaa
ttaaacgggttaaatcgaaattgccgatcccgctggccaacttcaaacaacctaaggtgtgttattggtatggtaccagagaaacacaat
gtgcaaaagcagtgcatactccagcagggcagggtgaggatggaagtatcatattacttggcacacgtgccagtaactaggaaactagtt
actggcacccgtgccagtaactacgaaactagttactagaaactatcttcggttgttcacacatggtaatcatagcctcgccttgtatct
cttggcccacttttacttttcacacaatgggtcgcatttctgctaatcttgtactacagatgagcagggtgggcaacgactgtcagaaca
cacacacacacacagaatgactttgatgtcttcatattaaattttcaatacaaccaatcattttaacagcatattttatcacattaaaca
ttcagttttattttcactccagcacattaaactaaatcattttctcccattttgatatctgtcttaccgtttttaaaaatgcagcttttt
tgtgcttggtatcagcagtctgtaattgatcgttagagataaacactcctaacaatgtctgcccctgtttgtcattgtaatttgecttggt
tgtttgtttgttgaattctgtctgtttccaaattgaaaatttttactgaatggtgtctttttataatcattattaaaaaaactgtgaatt
ttacatggaaatataaaaattcatataaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

B2 O ) hsdl1b2 SEIR R R 5 KA I ) SRR )

Fig.2 Nucleotide and deduced amino acid sequences of C. semilaevis hsd11b2

TIHEN R GG ST &R ST, BETRIZLERR polyA 55,
AT L FOREEELE B, B8 6T RIL RN IR A5 T 5
Frames indicate the start codon and stop codon, respectively. Black underline indicates the PolyA tail sequence,
violet underline indicates transmembrane region, blue underline indicates conserved domain
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Fig.3 The gene structure analysis and protein domain prediction of C. semilaevis hsd11bl! and hsd11b2
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A: Schematic representation of genomic structure. The exons were represented by red boxes, DNA sequences were
indicated by lines, and UTRs were shown as blues boxes; B: The predicted conserved domain of HSD11B1L and HSD11B2
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Fig.5 Tissue expression analysis of hsd11b1! and hsd11b2 in C. semilaevis
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Fig.6 The hsdl1bll and hsd11b2 expression in gonad development stage
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Fig.7 Analysis of hsd11b1l and hsd11b2 expression after high temperature treatment (28°C)
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Molecular Characterization and Expression Patterns of hsd11bll and
hsd11b2 and Their Response to High Temperature Stressin Chinese
Tongue Sole Cynoglossus semilaevis

HAO Xiancai'’, FENG Bo'?, SHAO Changwei'?, WANG Qian®"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306; 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Pilot National Laboratory for Marine Science and Technology (Qingdao),
Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao 266071)

Abstract Sex determination and differentiation in fish are not only influenced by genetic factors, but
also controlled by environmental factors. Previous studies have shown that cortisol plays an important
role in the feedback of environmental stress in fish. Fish hsdi1bi1] and hsdlib2 can regulate the
concentration of cortisol. In this study, we cloned full-length ¢cDNA of hsdllbll and hsdllb2, and
analyzed their sequence characteristics in Chinese tongue sole (Cynoglossus semilaevis). We then detected
their spatiotemporal expression characteristics and expression patterns after temperature stress. The
full-length ¢cDNA of hsd11b1] was 1650 bp with 864 bp open reading frame encoding a predicted 287
amino acid protein. While the full-length of hsdl1b2 was 4526 bp with 1209 bp open reading frame
encoding 402 amino acid protein. The gPCR showed that the highest expression of hsd11b1] was within
the liver and the expression level in the ovary was two-fold higher than that in testis. In particular, the
expression level of isd11b1! in the ovary was higher than in testis at the stages of 6 mpf and 3 ypf. The
hsd11b2 was expressed mainly in the testis and expression level peaked in testis at 6 mpf. Conversely,
expression of hsd11b2 was hardly detected in any stages of ovary development. In addition, we analyzed
the expression patterns of Asd11b11 and hsd11b2 after high-temperature (28°C) treatment. The expression
levels of Asdi1bll and hsdl1b2 was significantly reduced in the gonads of males (P<0.05) after the
high-temperature treatment for 2 months. For the acute high-temperature treatment (48 h), the expression
of hsd11b1] significantly decreased in the gonads of both females and males (P<0.05), and the expression
of hsd11b2 was only significantly down-regulated in the male testis (P<0.05). In this study, the expression
patterns of hsdlibil and hsdllb2 genes in the developmental stages of gonads affected by high
temperature stress lays a foundation for understanding the relationship between temperature and sexual
differentiation in Chinese tongue sole.

Key words Cynoglossus semilaevis; Sex determination; Temperature; hsd11b1l; hsd11b2
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