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Abstract: The goal of the present study was to investigate the effect of 178 — estradiol( E2) treatment on
the expression of genes related to sex determination and gonadal development in the large yellow croaker. When
the fry were grown to 41dph( days post-hatch), they were fed with compound feed containing 0, 80 and 120
mg/kg 178 — estradiol, and sampled before starting feeding (41 dph) and 30th d (70 dph), 50th d (90 dph),
80th d (120 dph) after starting feeding. After genetic sex identification with sex — specific molecular markers of
the large yellow croaker genetic male ( XY) individuals were selected, quantitative real — time PCR( qRT -
PCR) was used to analyze the expression levels of genes involved in sexual development and differentiation in-
cluding amh, gsdf, cyp19a and foxI2 in gonads. The results indicated that E2 could down — regulate the expres-
sion of amh, gsdf and foxl2, and has different effects on the sex hormone conversion pathway (cypl9a) in the
large yellow croakers at different developmental stages.
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K (Larimichthys crocea) KE T HAGEARE AR, 23R EFEHEE R KRR A,
R AT R R, BB AXMER SN, R Rt , gk iomtfm, HorgRsiil
A B E MR AR s A, ARSI S AT S R W O MEE R C . AEPE SR O R XX @ - XY S
PERIPE R RIS A R T B e YY B et s A S XY dE
REMIBErE S (XY), HSIEEES (XY) SRR YY BUME S A BuRiE, o, AR5
Extip GO AR L N R e R 3 TR =V Al N e € £ 7 [ B S R A 7 A =7
AU FRIE T dmrtl | gsdf. amh ., foxI2 K cypl9a S5 HEYE S MEMEVE B P E 5 Kk E A FE N A I 23
FERFRE T RIE SR B ML BT A MR I AGE . CA M RoR, 178 - MR (E2) fE
A TR SR R Ayl D = 5 B VA s A7 o R 7/ o F RN 1
( Torputitora) TEWFLIE 5 30 K (30dph (days post-hatch) ) FFURH 178 - M BTG, AL RN
24.2% FFH5169.5% ", It (Odontesthes bonariensis) TERHLIG 6 R A 178 — W A, M
o LU 27 % $2 5 3 42% ~46% 05 11178 - ME —BEE S # it ( Pseudobagrus fulvidraco) MEfaMES
W, FLaoi A 5 5 b B R R 24 i R T R 56 178 — M R A MM T Y S T IR R L
PROFFEIE AR ILARIE

AWFFE LSRR S 21 178 - ME B (B —estradiol, F2) MRS AR IR K g, FIFSL
A 2¢ 6 i PCR (quantitative real-time polymerase chain reaction, qRT — PCR) Al E2 75 St A5 MM
PRMERR TP PRSI E 5 R B A IR R A FRA ARG I, DI R B2 15 it A b 1 R £ & e £ 7
B, SRR K B A O R SR AR R B A B2 5 R MEVEAL A ] AT MR LR POk,

1 #MHRERE
1.1 EEERFKIE

TR R TR SR A RFHEA IR AR E W7, W 785 & 5 B MEPE R e 3
fo, HIEEE WA R, B, MEEE 41 B (41 dph) BHFRHRMESE 178 -
TR (E2) MYECA R T MEMEALIA S, DIRESIN E2 AYHC A IRDRHE SR AR X IR
1.2 SEIEERMHE

178 - M A A aladdin /A7) (CAS50 -28 -2), #f E2 ByKH 95% (IAFLLL) BB f#, i
A 4 meg/mL FREAS . FRE— & KRB falc & e (WIF R 02— VLR A A 0 S kL kL
80 dph LAS i FHIZAF) 1 SRR, AREH] 10 d 24 B HE) CE T HEn sk arh, iR
80 mg/kg 5 120 mg/kg (E2 SR BT L) A S5 0 BUAE R Y E2 3, JTA 100 mL 95% Z,F%
FRReSa , FH/NRIE 55 38 3 S M 2 Bl A fmRk b o X BR A Ml 45 5 19 95% LB, Wil se il)s , bk
BT ENECE SR O K, RIET -20 CORAFREHL,
1.3 E2 (ESLERZE

KE AR O R T RS 41 K, FEHLEL 1800 B, #4341 600 B/ # A, B, C =
ANRNEIH2.0mx1.0 m x0. 8 m BY/IKIRHBH, Hor, A WSUXTIRZE, $0R R 95% L BEry i
Bl B. C P LG4, il #mES B2 Jl i o 80 mg/kg., 120 mg/kg MU ZGHH, A R 2 K
(8: 00, 17: 00 % 1 ) ZBMPHAHEE L, JFTHRME2 h Tl oK (ke bRk n 2/3) .
%120 dph J&, =AM AR A B2 B9 LRI T IE H A 5
1.4 H@mREMGE

E2 i S AL BRIFHA R AT 4R)5 95 30, 50, 80 K, HIIFE 41 dph, 70 dph, 90 dph. 120 dphi, M
A, B, C =N s BIBENLE L 40 R, HIHEER ) R Ul R amy il S s, S L ik
(PREBPERR) JECANIA RNA IR AAEE (R 1) h, 4 CHtE 1 d /53 # RNA R,
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-80 CIRFF, JHT E RNA 428, VI 0y RN 95% 1Y B [ 7 IR A7 T - 20 °C, H T
DNA #ATI8L R 20
1.5 DNA REEHBEEEFHESNEE

K s AR TR RS R DNA $REGRA &, T 95% LR 4 £ R 6 vh 4 B [
41 DNA, FIAARSLRZH L KISR0 FArics s (R 1) Mahtadb s s .

R1 MEANEERKHEEE PCR 54
Tab. 1 Primers for sex identification and qRT - PCR

EIE R J¥515" -3 ikes
Primer name Sequence (5" -3") Usage
6F ATCTGTCAACCACTGTAT P e
6F -T CATCCCCAGACCTCCACT S .djj t'f'»Et'
6R GGATGGCGTTTGGCTGAG o eniieation
B —actin - F TTATGAAGGCTATGCCCTGCC NZ51¥)
B —actin - R TGAAGGAGTAGCCACGCTCTGT Internal contro
amh - F AGCCAACATCAACAACTGCC
amh - R TTCATCCAAGTCCACCACCT
gsdf — F CTGATGGTGGAAACAGTACGAGCC I
gsdf - R AGAGTGCACACTGAACGACAGTC JIEHE I PCR
Quantitative real-time polymerase chain reaction
c¢ypl9a - F CCGGACAGAGTTTTTCCACAA
c¢ypl9a - R GAACCGAATGGCTGGAAGTAAC
Joxl2 - F AAACCACCGTACTCTTATGTCG
foxl2 — R GGTTGTGTCTGATACTGTTCTGCC

1.6 & RNA #2EX, cDNA &R # qRT - PCR

AL BT E ST, AR AR SRR F] S A I O R st AL R AN s AL MEME MR, 45 3 FEAY
PERRA I 1 MRS, I A JE T 2Ua AW HoRAT R R Trans Zol Up Plus RNA Kit 38050 &
1T RNA $2H¢, H GoScript" Reverse Transcription System ( Promega, W H FiEZR s AYH ARG R A])
&, RSP PR EAT cDNA 25— 8RB . cDNA SIS H B - actin FI51H) (WL 1)
RGN B 2 AR

PA B = actin FER NS A, [ LightCycler 480 (Roche, USA) #¢)GiE & PCR 1Y, #% /R SYBR
Premix Ex Taq Il i & (TaKaRa, WWHEAEY TR (K#E) AWRAF) #HBH, RH qRT - PCR
JEREN AR A FER P foxl2 . cypl9a ., gsdf. amh FER B FIREH (FFEHFPP WL,
Aol AR RIEH G ) . PCR MW AKRFR 20 pL, 7. ddH,0 5.0 pL, 2 x SuperReal PreMix Plus
(SYBR Green 1) 10 pL, FEFUF5I% (10 pmol/L) 45 0.5 pL, k4.0 L (3555325145 H) cDNA
Bt 8 1:20 AL BIRR RIS GEH) o PCR ROBLZAF AR P : 94 CHULEME 1 ming 94 CAME10 s, 60 C
BK 30 s (35 MEM) 3 DR 80 °C 30 s,
1.7 HiEsE

XF qRT - PCR W45 5%, SR 2 Bk 2 AP FiI SPSS 23. 0 S {4xd BT A it ik 4 1 50 IR 26 )y 22
KT (one-way ANOVA)

2 #R
2.1 KRESBEMEINELEE
ARBFFEFAT AL B, C =44 ANHAE] SRR L 4B 30 RV T TG i e, H Ik 4%
(WLIE 1) 3RE. BRI —45 384 bp MUZRAHT, IMEARHEME MAIR AT — 2% 194 bp B9 4554 .
http : /xuebaobangong. jmu. edu. cn/zkb
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BN GTH AR NZR 2 FoR, S A G HENE S L HEEh fa L GIAE, JEACHIEIL 10 1,

bp
o 348
194

1 RE&HBEEINNEE
Fig. 1 Identification genetic sex of large yellow croaker
®2 BAGYBBEMINEENER
Tab.2 Results of genetic sex identification of fries in each group

J& ind

o A (KT HEZ Control) B(80 mg/kg) C(120 mg/kg)

KA 1]

Sample time BAHENE XX BUEMENE XY BEMEE XX BEMENE XY GRRMEE XX R HERE XY
41 dph 13 17 12 18 17 13
70 dph 15 15 11 19 15 15
90 dph 18 12 16 14 11 19
120 dph 13 17 15 15 14 16

A1t Total 59 61 54 66 57 63

2.2 T R2AEMAEESE 4 MEHNEXERRIEER

qRT - PCR #4553 (WLIE 2) 7, 41 dph B amh ., gsdf. foxl2 = I PR TR A5 HEVE &)y £ 1
S A RGE, RS R SC i i h R R B, HAE 120 dph BF AR & g, . amh
FLRAE 90 dph B Rk H(URME FIH, 5 41 dph B ERE 225, H 90 dph J&Rikw 20 FF, = 120
dph ik K 41 dph B9 23.5 4%, 90 dph B 5 5 (W 2a) ; gsdf BIFRIATNITE 70 dph A5
PEFN41 dphiFEY 9 £, % 90 dph W} Fi4 2 41 dph BHAY 22 4%, % 120 dph I £ A H WA F] 41 dph B HY
33. 8 HHM B E 25 (WL 2b) 5 foxl2 7 70 dph B IXEARYEREE S 41 dph BHEITAYKF, H
JaFEka AR ETF, 2 90 dph WA 41 dph B 15. 7 4%, 120 dph AR T A3 41 dph BHG27 %
(W 2¢) o eypl9a FERFEHEA T B BEH A B 2 2218 EFh#ash, (H EFHIREEAR K, F] 120 dph
I RIAT N 41 dph BHAY 4 15444, HAMRBAREEZFARE (P >0.05, K2d),
2.3 E2 ReEMKRE&MERT 4 MESNEXERRIEZNE N

DI B2 st A5 i vk 4yt Rl R R B R R GA A 2 IR, St ot R ) & i 1 B2 A3 5t 45
PERE MY AR amh | gsdf . foxl2 FN eypl9a ZER I FRREDL, 4550 (LA 3) o, 40 B2 4k
RIS , BB R BN AR T amh | gsdf I foxI2 FED AR Z 2IMH], Fh i BE T, amh
FERTE B2 AbFRE5 30 K (70 dph) SRS MH I E R, 80 mg/kg 5 120 mg/kg MI-1~Ib3HZH 53531
A X RAZH 3ot A% e Pk 4 £0 3k B0 9 1/13 RN /14, (BT = 1 o TR 2L 388 £ O 4 £ B B o 1) 36 36
(P > 0.05) ;90 dph I} 80 mg/kg ZHILF k5 5 70 dph RF2E RN, Jyxf IR B AE MEPES 101 /12,
1M7120 me/ kg FEMEFERS O, S x) BRA 3844 e 4l (1 1716, (HPASALBRZ ) 22 5 A B3 (P >
0.05), H¥ym T xR st A% MM f0 B B 2R354 (P > 0.05) 5 120 dph i 80 mg/kg 41T FEAYIE
JEMEA AR, amh ik i xf BALBAG EE D 1Y 1/15, 5 10 R4 5 A% o 1 4 f B0 B5 rp ) ek 1
HEFAEE (P >0.05) , 1fi 120 mg/kg KRB AN IR 1/82, HistfL Mtk 4l fa b 5 b iy 3=
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KEEAR—3 (WK 3a) . gsdf 5 amh —FEWTE E2 AbFHES 30 K (70 dph) ZEiAELH B T,

WA~ E2 41T R 0 iR B AR G, 8 R 6 BR A it AR IR 4 F 10 1/3, 24 Ry X HE 2 a5t A% fE 4 %) £ 1Y) 28 £
(P <0.01) ; HIJF gsdf kTR, 90 dph I &b BHZH 14 36 35 5 5 2 A % BR 20 v 4 #
ML/ 112 W IR MEMEZl (Y 8 A% (P > 0.05) 5 120 dph I 80 mg/kg 4 gsdf fI3RIK MG AT [0 T},

Skt BRATEAL MEVERY 1/4 | X RATEAE MEVERY 18 £ (P < 0.05) , 1] 120 mg/kg ZH gsdf (1335 5 Wi
— T RERID R AL EE S ) 1715, R IRATSALHEPERY 5 A% (P > 0.05, WL 3b) . foxl2 FEPRTE
70 dph BG4S B2 SEEGA 0k B BT TR, (S5 XIS fa 22 S R B3, [0S X HE 41
PN ATAE B E 2 (P < 0.05) ; F] 90 dph B} foxl2 (kK 5% AL B E T (P <
0.05), 80 mg/kg5 120 mg/kg PIANALBRLH 43 53] HA7 Xt BELH AL IEVE Q1Y 1716, 1741, LUK X IR 4H
BAEMEPES K 1/110, 1/290; #1120 dph B AR FEAR, 80 me/kg 4 A 1k HA X B 21 15 14 1
PEGIAATY 1/24 | KRS ALMERELN 009 1/177, 120 me/kg 2H foxl2 PR 2355 A N BR 20 3% etk
it 1,277 % BB AE MEVEL Y 12006 (ULIE 3c) o st A% MEPE K EE 45 80 mg/kg E2 AbFR S,
PERR T cyp19a BRI RAEAL RS 30 K (70 dph) FI%5 50 K (90 dph) 30 T # B B () R &

(P >0.05) , 120 dph HI 5 3] 5 % B 5t A2 MEPE 4D [RIRE K7, (EAT5AR S35 AR T X B4 v [R) R
WAL MEE ; T7E 120 me/kg E2 AbHJS 5 30 K (70 dph) AI%E 50 K (90 dph), cypl9a HIZFEIA
U] b 3 5 X6 B2 AR PR AR — B KT, HAE 120 dph B SR R EUA X RRAT S AL A Y 60%
Zedi (P > 0.05) | X HRAls B 1/3 2247 (P < 0.05, WA 3d),
b 40 1
24 ¢ z 35 | cd
21 1
& g 30
£ 18 E be
EREE ksl |
é 12 é 20 ¢ I
tE 9| tE 15
i % 10 ab
W ° i H 3 :
3 a a
0 — 0 e
41 dph 70 dph 90 dph 120 dph 41 dph 70 dph 90 dph 120 dph
Jivg=aings| Sampling time Jivg=aings| Sampling time
a) amh b) gsdf
35
C T
i 30 T % 4 T
s i £
i; 20 ¢ b % 1
= 15 i )
fins ~
= 10 T ;ﬂ@ |
%o
a a
0 = 0
41 dph 70 dph 90 dph 120 dph 41 dph 70 dph 90 dph 120 dph
A B 1] Sampling time HUEE ] [A] Sampling time
d) cyp19a

¢) foxl2
Y AN ) P RE 2 B R 25 e
Note : Significant difference between different letters.
2 AERE A BAREEEXEBMEIR T amh, gsdf, fox2, cyp19a & B K 3k ik
Fig.2 Expression of amh,gsdf,fox2 and cyp19a genes in gonads of
genetic male large yellow croakers in different periods
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3 80mgkeg T 680 mgke mmm 5120 mgke 2 Q0 mglkg

1.4 r
1.2 +
) &)
®1.2 a a a &
=10} HT -
= =
0.1 b o
H BN
bb
0
70 dph 90 dph 120 dph 70 dph 90 dph 120 dph
HURE B[] Sampling time IBURE ) [R] Sampling time
a) amh b) gsdf
12f 3
101 . b
s 8 b 7 - %
E 671 ' E
Eo 2t aag a a :; 2
= L ™ ™ =
£ b &
i ) =
ok ~ o= 1 b
i 0.05 N ot
bl
0.00 0
70 dph 90 dph 120 dph 70 dph 90 dph 120 dph
HUFE ][] Sampling time HURE I ] Sampling time
¢) foxl2 d) cyp19a

YLHL A [ B 2 ) 3R 25 e 3
Note : Significant difference between different letters.

E 3 E2 &g AEE amh,gsdf. fox2 . cyp19a ERHRIXT
Fig.2 Expression changes of amh,gsdf,fox/2 and cyp19a genes in large yellow croaker after E2 treatment

3 itie

AT 360 RBALIR AP T T A TERI S, KOS EuErEA 170 B, G HEMER 190 B, it
K96 A M MEHEPE LUAT A 101 L, FeBA Rt b ) LB st e thoag . EAWFSRIESE, MER I i
KEWER A 2R IR R T, T B R IE A R4 S 25 40 10 B0 1 A R i B 28 A Mt 6 B
Gl AR AR LR T B L RE S XA MEME 2 /T, T RLe S a2 ) 4 Ak
MISEFEH P FIREE T, fERE M, iE A" i 41 202 WS J BK o 00K S50 ) S A 440 i =
MR ATE 120 HiSZ 5, ELONEAANM: R TG 8, WA @ Xt 3 7 i K fa vk R 10
SEAZEAYHT, AR TR MM 2 R R R AR, ARE SRR R dmrtl | gsdf, amh ZEFEHTE R H AL
KBRS IRE AR, HAAMREZE S RINMING . RN, KE @R N — = 40
A CE S = ok B [ =y

AR qRT - PCR W77, R G SRk LY B2 (kK f0 R & R EvE R BILEI . ABt
% FRXF BRZH KB A B AL HEE S A0 amh . gsdf, foxl2 = APERR M AE G HE R A4 2 15 175 1 5 bk o2 i 4L
AT T 45 S BEAAALT ; L HEPELN 1 cyp19a LR BARAEBEAS LB R Pt 52 B TH#a %, (HASHL
FERF 122 RIF A BE, ST (Carassius auratus in Qihe River) " & & R AIBFTE AL,

amh FEREMGEAMVER R Bl E EEOEM, RIS EM A M L™, JFHEeR
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WFEUER amhY LR AR I (Menidia menidia) WITEMPE LR P | gsdf JEFXT PGC FURS 40 Y
HEgE AR B EEAE M ARG R R, B2 GBS W T RS AL MG e R T amh £
ek, ISR BCAE R RL R 00 B A AR 1 . X S 2T 88 7R Jr fili ( Takifugu rubripes) ' amh 3 H7E B
WEREAVE R BI85 00+ 0 AL, 218845 7 iR 55 ~ 116 dph FRZeab RG], HiZe kB 5 % B4 1 1%
HEPEARLE W2 T, WS s MErEA g 255 IR, AP B2 AP 2 R O TR ik
REAOERR T gsdf FERAYFIN, LI XHE R B (B R0 G AR . © 0 amh B gsdf FE DR 5 1
PEVE S KO S8 BTG EEIE N, fERE R b R R, I ERIEEE TR A B2 155
REAMEELISEIREE R, 120 mg/kg FIREARFHZHBOR R EL T 80 mg/kg 4 (T HIFLH) , Hit
amh F gsdf FER PR FRIEXS T S G MM R B a6k & M2 0/ ey, mH 280 E2 & ha
JOBL NN PRI N

TEfarh | foxl2 FEN EEAEGR P FIL ) FEB AR (Orechroms mossambeus ) H ] FHHE [ 3L K]
PR AR PR R MENE A Y foxl2 FEDR, B  E R IR AR ST A K A0 P & B foxl2
MEVE R FRINFEN , (AR R AN TR, & B2 AP 5 AL it R e it b foxl2 BZRIRHH BT 14
MRS, T HBE A A3k B3 hor b BRIN RIS , T RAIREE BN B 2 . X —Z5 R SMEREE T Y
BETh# (Danio rerio) ) | LIBEZR TG BORIFTE A FARAE , SHEIN R AT AR T 20 1 o S
e, AT KA R AMEMERER B2, FEURN BRI R E, DAL T P R
HIERL, T foxl2 1ER eypl9a I U IEEE LR HRR B ] AR 32 3 TR, FE A S0 50 5 AR
o, 2 E2 AhER S HEPE L R R R 0T B AL ) cyp19a RO R B TR AR, X5 E R
A 178 - M FEEF TRED 0 LR 17 a0 — Bl B F 2068 45 ) Jr 45 381 0 45 SR S AR — 3,
AT BB SR A MU R (4R A F A AR P9 D5 AR B DR () R ML ZE L, LD R 5832 R, (ELAS VR A
FEIMLLRE A

g5 LRk, ARSI NFE SEAKCPARSGE T 178 — M X B £ 30 P 531 A A G 3 PR 33K 1 52
R E2 BEMS T VRPN MEVEAR DG IE P (amh . gsdf) 13235, FF5 B — & BV T 1) F0AE FH 300 & 10
MM, AIFSE 25 TR R I T A O 3 DR ) 28 3R 7K T R AR 21 5 I 5 M £ AH T AR 7K T e DR M £ 75
SR, R, RS MEEA G (foxl2) HYFIK, XTREMIRN cypl9a HEH 1) FIATE
NGV 130 A RN N @51 1L N w8 d 1= B 0 w3 I D W& o A LR = R
AL T IR TR

[ & % X #f ]

(1] E&EH, U, BHMA. REaMeE T IIEREREAR [M] //BRpk. RIS S TRE . b
5. Bt RAL, 2013 274-296.

(2] M/, TE5, XVBHE, &5 K@@ A L TR RIS [J]. KAEED ¥, 2010,
34(1) . 144-151.

[3] WANGZ Y, CAIM Y. Artificial gynogenesis and sex control in large yellow croaker [ M] //WANG H P, PIFERRER
F, CHEN S L. Sex Control in Aquaculture. Hoboken, NJ: John Wiley & Sons, 2018, 751-773.

[4] LIN A, XIAO S, XU S, et al. Identification of a male-specific DNA marker in the large yellow croaker ( Larimichthys
crocea) [J]. Aquaculture, 2017, 480. 116-122.

[5] phweks, Htibee, Ze5ehk, 5. KtbklRes SNP ARSI R SRIE [J]. K44, 2018, 42(9) . 3-11.

(6] ARz, WHNAN, TRAGHK, % KRB godf M amh SR B ERERFRIK N [1]. BJTK7REE, 2017(6) : 1-13.

(7] BRZ, FNS, sk7F, 5. REH cypl9a/b BRI ERE SRIB DT [J]. HRRZEM (ALRRARR) , 2015,
19(2) : 81-89.

[8] PIFERRER F. Endocrine sex control strategies for the feminization of teleost fish [J]. Aquaculture, 2001, 197 229-
281.

http : /xuebaobangong. jmu. edu. cn/zkb



- 408 - FFRREM (HRBERRD 524 %

[9] SINGH A K. Introduction of modern endocrine techniques for the production of monosex population of fishes. [J]. Gener-

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

(24]

[25]

al and Comparative Endocrinology, 2013, 181 146-155.

PEREZ M R, FERNANDINO J I, CARRIQUIRIBORDE P, et al. Feminization and altered gonadal gene expression
profile by ethinylestradiol exposure to pejerrey, Odontesthes bonariensis, a South American teleost fish [ J]. Environmen-
tal Toxicology and Chemistry, 2012, 31(5) : 941-946.
PARK I, KIM J, CHO S H, et al. Sex differentiation and hormonal sex reversal in the bagrid catfish Pseudobagrus ful-
vidraco (Richardson) [J]. Aquaculture, 2004, 232, 183-193.
LIVAK K J, SCHMITTGEN T D. Analysis of relative gene expression data using real-time quantitative PCR and the 2 (-
Delta Delta C (T)) Method. [J]. Methods, 2001, 25(4) . 402-408.
PRI, RAEL, TdE, . UL eypl9al b HEDN Y sERERIA KO A AL BHIE R SRR AR R (], KR
Hz, 2018, 42(8) : 1169-1180.
HU P, LIU B, MENG Z, et al. Recovery of gonadal development in tiger puffer Takifugu rubripes after exposure to 173-
estradiol during early life stages [J]. Chinese Journal of Oceanology and Limnology, 2017, 35(3) : 613-623.
BHANDARI R K, NAKAMURA M, KOBAYASHI T, et al. Suppression of steroidogenic enzyme expression during an-
drogen-induced sex reversal in Nile tilapia ( Oreochromis niloticus) [J]. General and Comparative Endocrinology, 2006,
145(1) ;. 20-24.
BRION F, TYLER C R, PALAZZI X, et al. Impacts of 17B-estradiol, including environmentally relevant concentra-
tions, on reproduction after exposure during embryo-larval-, juvenile- and adult-life stages in zebrafish ( Danio rerio)
[J]. Aquatic Toxicology, 2004, 68(3): 193-217.
VIZZIANO-CANTONNET D, BARON D, MAHE S, et al. Estrogen treatment up-regulates female genes but does not
suppress all early testicular markers during rainbow trout male-to-female gonadal transdifferentiation [J]. Journal of Mo-
lecular Endocrinology, 2008, 41(5) : 277-288.
ey, W, ke, & REAMERMERN UM HAZIE [1]. K75, 2012, 36(7) : 1057-1064.
A, HibR, EEH, . FIH RNA-Seq BIARMICE PR IR b A M 22 A6 [ C) /b DR 222 R
VSRR, BUM . TPEVK7 A2 2015 22.

NISHI M Y, DOMENICE S, MACIELGUERRA A T, et al. Analysis of anti-Miillerian hormone (AMH) and its recep-
tor (AMHR2) genes in patients with persistent Miillerian duct syndrome [J]. Arquivos Brasileiros De Endocrinologia E
Metabologia, 2012, 56(8) . 473-478.
HATTORI R S, MURAI Y, OURA M, et al. A Y-linked anti-Miillerian hormone duplication takes over acritical role in
sex determination [ J]. Proceedings of the National Academy of Sciences of the United States of America, 2012,
109(8) : 2955-2959. DOI:10. 1073/pnas. 1018392109.
SAWATARI E, SHIKINA S, TAKEUCHI T, et al. A novel transforming growth factor-8 superfamily member expressed
in gonadal somatic cells enhances primordial germ cell and spermatogonial proliferation in rainbow trout ( Oncorhynchus
mykiss) [J]. Developmental Biology, 2007, 301(1) ; 266-275.
NAKAMOTO M, MATSUDA M, WANG D, et al. Molecular cloning and analysis of gonadal expression of Fox/2 in the
medaka, Oryzias latipes [ J]. Biochemical and Biophysical Research Communications, 2006, 344 (1) ; 353-361.
LIM H, YANG HH, LIMR, etal. Antagonistic roles of Dmrtl and Foxl2 in sex differentiation via estrogen produc-
tion in tilapia as demonstrated by TALENs [J]. Endocrinology, 2013, 154(12) ; 4814-4825.
IR, 178-ME TR BE D A FIEDTSE (D], dtat. PREKIREERE, 2015.

(RfEHE KEE HEXHER ENT)

http : /xuebaobangong. jmu. edu. cn/zkb



	封三
	目录
	zl6（2019）

