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EERESRATNASAREYERNEKR . EREET UK gnrh. fshp
0 Ihp BEEFRIERF 0

1 2 ve3 4
R, EAE, TREAMS, HE B, 1K EE, At
1. G RFEEERE, IR ME 264005,
2. MMETHMHEETFMRBE, LR WE 264003;
3. KRG R2EAH P EREARSE TRV, HA Kk 851-2213;
4, UG REEK Bl B R R LI H A m O, AR R R A S A A E S E ALK, L 201306

WE: N T FEE S IEX IR S AR (Epinephelus akaara) KM EFERIFZ N, UIBEILIE 120~420 B 4@ ot
FXTHR, SRR E T UMK SR IEE gnrh. fshp A I kb AT THFEE. XTI HAAKIR(13.2~27.1 C)
T3, SCURd ol 26 CHHIRIRAISE . AERE 30 d 57 40 d RAE 1k, HEPI4Ih kR . E . PEIRFER(GST) . PEAR
KEWHOLLE gnrh . fshp F1 Ihp FERFIRM 2557, S50 RY, N 240 HERIFIR, TR MM EK AR REST
X BEZH(P<0.05), SEEGSE T, SCBGAH K 20 %t BRLL B 1.3 4%, TRT 2 0 ML 2 A%, XTI GST — B 4515
0.25%LL T BIRAE, S22 GSI7E 330 HIAFTAL T 0.4%LITF, {B7E 360 HEH L GSI 1%L EMA&, 78 360,
390 1 420 HEEAYAMAS, SC862H GSI W% 5 T4 R4 (P<0.05), SZESS T, o R ZH iR 60 3] EL A 5P 5 TF 1
BRBE 20 i ) A4, R ST A AE 330, 360 1390 H %t BT ELAT 51 B jl 20 0 BB 200 b 1) 4 o %o IR 2 0 S B 41 [ %)y
I gnrh JERFEAE BRI BOY T B E L2 F(P>0.05), [EENIRIRT fohp FIBTE 360, 390 F1 420 HIE, ng 78
390 Fl1 420 H &R, SCU0 4 ¥ 2 5 T X B4 (P<0.05) F 3R R WA, 26 °CH IR IE ST ANALBESE #E 2k A BE A gh iR+ |
PRE AN GST RGN, 5] it e 25 52 s I A b fshp A0 1hpp DR ek, DTN S P B 7

KEER: ARG A, shifa; EEER; B WIREE gnrh; fshE; IhB
FESES: S965 MEkFRERD: A XEHS: 1005-8737—(2021)01-0019—10

B B VR IR T A A BRI iR £ 2 ZRm e A E DR G R, AR

G| I N N G e A RTINS o B e A
HNRIRBEIN T i 02852 26 A
AR F RS, 76N A e PR R
Z P (gonadotropin-releasing hormone, GnRH),
GnRH 55 AR5 il A2 M AR 4 2% (gonadotropins,
GtHs), GtHs H11 B WAL P IoA PIF 2SR {2 0Py
% (follicle stimulating hormone, FSHP) 1% {4
i % (luteinizing hormone, LHP)', & A #F5E £,

s HHA: 2020-06-04; f&iTHER: 2020-07-26.

%% GnRH-GtHs-PE R4, Hb FSHB A
LHB FE DI S

o5 5 A BEfA (Epinephelus akaara)s 2 A HE
B, RIE MR 68 1 40 (Actinopterygii) . #9JE H
(Perciformes) . fifi\li. H (Percoidei) ﬁb?FlP(Serranidae)\
At fag, E—MAa SR T Ak, )Tz
S AR TR E ARG . pE L) SN EI AT ik U
LTV R A B AR T TR A, S S A

BEEWA: IWARE R TR ARGE T H(SD2019YY003); H A AR 4R 244 (JSPS)IFFE Wi H (26660173); & K2t -+ R}

WHE 313 4 (HX20B29).
fEHE BN

BCNI(1985-), 5, M, JHiE, M IRiEEK M 28 5 A #2405, E-mail: xugang@ytu.edu.cn

BIEIESE: 4P4e%E, JHm, M @Zen A M= 9. E-mail: hfzou@shou.edu.cn



20 Hh [ K R A

528 %

WK A2, LG 100~120 H&PERRAME R MEES ),
5~6 WA A VR G A o IERET Y SRR, AT
AT Z MR R A, Kt o 5E 5 T ZE A1
Y NI 7ot Uy 2 ATOL )
B FANTHESEAEARENR, P2 A
A5 SRR R M, S EOCEE T A R R,
A R Ay BRE e K R — RS . H AT,
N IR S A B R R B P AR . &
SN R N Sl AR D Nk Y AT ) 9
S B VRN T 60 5 o v A A 1 ] i 125

VE S 25 T VB Vi 0 S vk fR 28, R U B AR
= AR P A RO A 2, DR R N T A A
F AR A EE SR RSz
B H B 25 5 A B\ T B0 R 1 ok s 4 i,
FRFE T T B T A T AR EE R AR KA, M RBR T
N TFRFE MR . e N T o™ s AN 2 1 )
A, B AL T E A 2003 AR TF LR AR A BE T
BRI IT & AR H AR BEAT T R RS, ok
SE B KA A RS, TR 4~5 AEHL
KT A RERE] 400~500 g AY LT HLKS, FTLABRAT
8 BRI ) g R B AU, BT
T, N T FRFE AT 35 1 4 BE FUK IR 2
PR a2 KR T R B S R 10T
3 Cho %POVH1 Oh %PV Ak 45 4 B A5 4R
FIKE R 24~28 C, ILAh, LIAEMIISR R H

AR AR T BT TE B 2R Y v UK IR AR A S 13~28 C L

M AERKAZE T KRB RS T, AR A B
AR B R, ARRSTE T TR A SR
AOKIRA 26 CHEEFHFMT, SR aRMhy)
A PR B DL G TR S gnrh | fshp
U Inp FERFRIKH2E R, R FRIE FE rh AR R
e IR R AR KR B RS SR, LR
M Tl Ak i £ ) KRS RS 7 S HE BB AR B .

1 M#EFE

1.1 SEIGHF Y

2018 4F 6 H7E H A L 1 H K F= 58 B X 7 5,
AR RO AT R B R . N T 2R R R
1k, 2018 45 9 A 20 H, B 600 EIF{k)5 90 H %
4l , A A0S iy 2RI R 2 v [ AR T A B B R

WEFERT, FFHRAEWAD 500 L /KA, fAS sk Rl ik
H 300 B4, 1 A RIS .
1.2 ZIgit

ST Ay R, X HRLH R N A BE AR [ SROK
TR FR 45 K0 s P KK IR, S2 86 41 11 36 58 34
TANERRTE 26 CHHIEIAFE . KAE L 961K
FHSRER, JFREM A RS, % 1 P, 5
YSHFEI M 2018 4F 10 H % 2019 4F 8 H, Rea4hfa
PEAR R B RIFRRE, FEFE 30 d 5 40 d RAEE—IR., R
FEA AR 235100 120, 160, 200, 240, 270,
300, 330, 360. 390 FI 420 H#&, RS
FEEHAS 12 B, Hid 120 H 8y %t IR A s g6 4H
01 1)L R SR AE B[R] o S22 0 S 36 2 7K
T LR 1o SERG A ] AR R e A B — Ik, s
R OIFC S T4 H s, B R
T:120 % 200 H#%: Ohitome EP2 (H i ALLL 1A K},
H7); 200 2 420 Hi: EP3, SZE MR AMAZET:
DT 10%,

® 1 KIHEXTRAM KL ARKKIE

Tab.1 The seawater temperature of the control group and
the experimental group during thetrial

JKi/°C water temperature

REERW A

sampling date  dph g S
control group experimental group
10/19 120 25.9 26.0
12/2 160 17.7 26.0
1/11 200 15.2 26.0
2/23 240 13.2 26.0
3/20 270 14.5 26.0
4/20 300 16.3 26.0
5/22 330 19.8 26.0
6/27 360 20.5 26.0
7/21 390 25.6 26.0
8/21 420 27.1 26.0

1 dph FRMHL S KA
Note: dph means days post hatching.
1.3 REFE

KRR — RXT gt AT 28 Ab B, SRAEIfiff
FHOR S 2 Tl o pR I, 000 LA B RN A o ) BB
PR, I e e R ST BV T R [ 24 h
Ja, T 70%M CEErh A T A58 . PEIREE
# (gonadosomatic index, GSI) 15 2420 T
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PSRN S fE IR S IR VRS X R A B gt p AR K YRR AR E LA gnrk . fshp RN Ihp FE R 2k IR 21

GSI(%) = (M IR F /A H ) > 100,

Bl 191 3k 55 8, BCT B A = 4 s g J
BRI T WA G E-80 C kA b KR AT,
MR LREAF7E RNAlater i&7](Ambion Inc., Invi-
trogen Life Technologies, Japan) 5T 4 CAKIE
%17, —JFJRIE3 RNAlater, %% £-80 CIk4f
KB T o F A
14 HEEBRHEAFNE

HEVENHL S I Shein 2520070k, X
A A YRR AT R R BETORS K L R RGE I |
A AR ALY , JEEEN 5 pm. SR IR ARHS -
P (HE) e, F i Er A, Olympus FX380 %Y
S R AL IR R, DA R rb OB 40 i
RIEOT BN TR R B B . S IR N A
PTG 7 g P R R T A AN AR R

(A) YN 5 9458 1 (oogonial stage, Og): B
HEC AR, TR B, B 20 i
PN EL A TR ) 4 A LA T %) A B BT AL R

(B) Y% {4 4% 1~ ] (chromatin nucleolus stage,
Cn): A0 T B 5t 20 L RAZ A~ A1 ] 101 B BR 20 i &
It B B, AR R, A Rk v ) 4 e S T
FI%E, WA /DM,

(C) #AAMNE W (peri-nucleolus stage, Pn): 4fl
MRBN, dUBE R, WA RE; 1 1~2 1,
O ATHEAZ A Bl 2 . A I BT I8 AORS L ALK,
EEIE R, &R/,

(D) #IZBP ¥ (primary yolk stage, Py): 4l
JH 5T b RO B ER, RO T G AR

(E) YK 2% 51 %5 ] (secondary yolk stage, Sy),
KA A% JE 4 5T B, PRIB A R0,
JF 1l M B 1 BUZ IR AR . BBk 20 H sk
A, IR EERGE BA,  AEA R

(F) = 2% 91 # (tertiary yolk stage, Ty), K4
K] Bp B ORE i, TR 2, B A A
BT, bR T KB, HEER
G ARIFIR
15 FEAWERS gnrh R REMXS fshp F0
Ihp ZE A E
151 & RNA WIRBIERERRE HBHEFMH
TR AP L, 2 TRIzol X7 & (Life

Technologies Corp., USA)H Ui B 1717 & RNA
PHEE, 28 1% BEBERS R IKAR I RNA 583,
A NanoDrop 2000 43¢5 11 (Thermo Scientific
Inc., USA)RZl RNA ¥

H2 4% Transcriptor first strand cDNA synthesis
(Roche Diagnostic GmbH, Mannheim, Germany)iji
B FRAE, B2 pg o 5 A BEA I F 150 ng Mk {4
S RNA A U SRR & e — 4% cDNA, FF PCR
OE7AsLE
1.5.2 gnrh, fshp 0 hp EFE LK EER
W gnrh fshpp F I HIINE T LS IRA L % E
KR KR RHGA IR ARYE GenBank HR A5,
A BEA gnrh (MF092862) ., fshB (LC102809)F1 [hp
(LC102810)FE K 8Bttt e &5 9. gnrh 5l
YA Primer3Plus ¥ {411, i Fasmac 73 A
(Kanagawa, Japan) & .. fshp Fl IhB 5|4 H] Primer
Express #45&11, H Integrated DNA Technolo-
gies A EI(USAYE L, TI9FFNan3k 2 FR o

gnrh LR E S M FastStart Essential DNA
Green Master (Roche Diagnostics GmbH, Mann-
heim, Germany)i 7| & I (%15 B 5452 4E, PCR J ;.
K Z: cDNA #iflg 1 uL, 5 pL Green Master (2x
concentrate), [ TG [#)(10 pmol/uL)45 1 uL, 2 pL
KK, Bt 10 )L IR &Y 7E Light Cycler”
480(Roche Diagnostics, Switzerland)i/ff7 PCR Jz
BL, Z&AFIT: 95 CHUENE 5 min; 94 CAEE 105,
55 CiBK 10 s, 72 CHEf 10 s, 45 MEH; 95 C
55,65 C 1 min X§Ffi#; 2o 50 C ¥R 30s.

SshB N [hp FEHIE 2 B FastStart Essential
DNA Probe Master(Roche Diagnostics, Mannheim,
Germany)i{ 7l & [ (Ui BH F#4E, PCR KW IRF&:
cDNA ##z 2.5 pL, 5 uL Probe Master (2x concen-
trate), #R%F51% (primer F 10 pmol/pL, primer R
10 pmol/uL, probe 5 pmol/uL) 0.5 uL, 2 pL K
HaliK, Bl 10 L IRAY . 18 Light Cycler” 480
#EAT PCR IR, Z5FA0T: 95 C HZEYE 3 min;
95 CAEPE 155,60 ‘CHEfH 1 min, 45 PER; 95 C
55,65 C 1 min #&f#; &5 50 C ¥4 30 s,
PCR SV J5 AR i i £, R DU i FH 4 % o 1
S i WS WA RN



22 Hh [ K R % 28 &
®2 LHEXEE PCRREH5IHFF
Tab.2 Sequencesof primersfor quantitative real-time PCR
F[H gene WA BR T 51 (5'-3") primer sequence (5'-3') ¥4 K & /bp amplicon Y1854 R amplification efficiency

gnrh forward CCACTGTCAGCACTGGTCAT 60 1.964
reverse AGGCTGTCCAGATCCCTCTT

fshp forward CTGCCACTCCGACTGTCATC 101 1.985
probe ACCAGCATCAGCATCCCTGTGGAGA
reverse GGTAACACTGTCCTTCACATATGG

Ihp forward TTTGAGCTTCCTGACTGTCCTC 115 1.981

probe ACCCGACTGTCACCTACCCTGTGGC

reverse GGCTCTCGAAGGTGCAGTC

1 forward 78 IE [1] 5] #]; reverse 378 X

1751 4); probe FoRTRE 519

Note: forward represents forward primer; reverse represents reverse primer; probe represents probe primer.

1.6 HIEHH

FI I SPSS 22.0 Hf4 4 Bdie A7 LU AL #, Br
A EAE I BE LR R (X £SE) #on . R
Kolmogorov-Smirnov JE#ATIEA AN, FIH T
K56 (independent samples T-test)a ANOVA K54
PAK Tukey’s HSD ¥k2EA 725 P E LR 04T, B P<0.05
hESE,

2 ZERE5HW

21 MRAMIWASRFaAMEaaEK, &
EERIEHNER

mk 3 P, 4L p R R A RE A
AR SE AT N, S 55 20 20O0T FR ZH 38 o 0] gk
JEHN 240 HIBFF GG, SCi 2 R A A 1

T XEAL(P<0.05) . MLEFF IR BN S5, X i
Hrp RNy 67 mm, (KEHINZ) 54 g;
SEE AR ARSI 105 mm, AFERNZ) 115 g,
SRS ZE R, ST A AR 2 R XTI 1.3
W, RELAEXT RN 2 f5. X RRLH A R K
FARETE 360, 390 F1420 H 2 EE =T 120~330
H % (P<0.05), SEga i [a], SEge2H hp) (AR Fi A i
T RN

XPHRA] GSI —E4ERFAE 0.25%L0 N IRMHE,
S 2H GSIFE 330 H g HTAL T 0.4% LT 7E 360,
390 1420 H 2 HF FTFFZE 0.5%~1%=22 6], HIE 360
HIEEHR I T 1%L BB, 78 360, 390 Fi
420 Hi, 523640 GSI W3 T BB 4H (P<0.05)
(# 3).

®3 MRAMIBAFFAREHERER, KEURERIEHNEN

Tab. 3 The changes of total length, body weight and gonadal somatic indexes of control group and

experimental group of Epinephelus akaara

n=12; x+SE

H i &K /mm  total length AHE/g body weight HIRIEHU%  gonadal somatic index
dph XFHEZH CG B4 EG X4 CG SR 4H EG X} HEZH CG S BEG
120 90.63+2.08° 90.63+2.08 4 13.41£0.92° 13.41£0.924 0.08+0.01 0.08+0.114
160 97.334£3.75 105.25+2.44 " 15.5141.53* 18.04+1.144 0.09+0.01 0.11£0.024
200 99.83+1.62 ** 117.1742.02°€ 15.7940.65*° 23.38+1.1748 0.12£0.02° 0.11£0.03 *
240 101.60+5.16* 133.71+3.81°" 16.30+1.87° 39.91+2.88 BC* 0.16+0.03 *° 0.16+0.02*
270 104.00+1.26 ** 140.13+3.30°" 17.53+0.54° 44.39+2.54 C* 0.08+0.01° 0.17+0.04 *
300 110.8343.16 ™ 151.00+4.06 & 21.56+1.82° 53.4943.93 0.1340.04 0.24+0.02 48
330 114.50+2.78 ¢ 158.2942.12 % 24.7442.28° 57.9742.24 C* 0.11£0.02* 0.35+0.04 B
360 137.86%3.60 ¢ 174.25+5.64 45.07+1.27° 80.80+5.71 P* 0.11£0.02% 1.09+0.35 ©*
390 152.7543.13 % 188.70+3.20 ¢ 58.04+3.47° 109.24+7.27 B* 0.13+0.02% 0.88+0.23 BC*
420 157.834£3.75°¢ 195.7543.10 " 67.95+5.74°¢ 128.68+9.05 F* 0.2240.03° 0.50+0.07 ABC*

W FA bR AR RNE FhEE FRoR 4 H R A 3022 5 (P<0.05), brA M F KNG TR 48 H #5186 31 22 5 (P>0.05), *

TR LB 20 5 X B (] o 2 25 5 (P<0.05).

Note: CG, control group; EG, experimental group. The data with different capital or lower-case letters in the same column are significantly
different at 0.05 probability level between different dphs. The same capital or lower-case letters indicate no significant differences at 0.05 probability
level, and * means significant difference between the experimental group and the control group (P<0.05).
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MERAFLI AP B HERE T IH R
Xof RECZEL N S 0 4 v &y M R R B 45 B BN ]
1 FaR, I 4 fa e B 7 AS TR) B B A 4 400 it
o7 LB AR AR A B 2 B . 7E 120 H A,
B 5L B I8 FSCRN B A0 L (O g) 1Y Hh IR R 3R 6 4 £
PR B 204 N MEPE (R 1a), XFBRLHAE 160 H i
FR) A A H ARG 0 28] 2 €02 4~ 30 (Cn) B RE 20 L. (1 1)
200~270 H¥EMAMAT, Cn Bk B N SMNA
W (Po) R REA (& 1c); 300~420 HEMA ],

22

DN e

X7 N AR . X
,mﬁe,;z.»,a.emg-':t

K1

Pn S BRREZ0 M ELAR BN, 7 B S 2 4y o
SEURZE HREE, e R e i AR A D 2] B #E T B B
FEAN A AN . SEERZHAE 160 H i A9 Fhos:
F| Cn 1 Pn HHOREEZH (A 1, b 1 ¢); 200~300 H
W& A, R B B BRI A P U B RE 40
(F 1c); 330 H AR It s B4 9% 09 ¥ 1
(Py)BREE AR (] 1d), HAMERLLBIHR 9.1%; 360 H
4 A A R T iy s B VR % B0 B U (Sy) B8 R 41 (1]
le), HAMKLAHI N 37.5%; 390 H By M R IT 4

AR s AT B PR RAE AN R 2 B B B U R 4

a. URJEANML; b, Y@ -1 . BT ANEIM d. WIRIN I, e RN IR, £ =200 E .

Fig. 1

Histological sections of Epinephelus akaara at different gonadal developmental stages

a. oogonial stage, Og; b. chromatin nucleolus stage, Cn; c. peri-nucleolus stage, Pn; d. primary yolk stage,
Py; e. secondary yolk stage, Sy; f. tertiary yolk stage, Ty.

BO0g ECn OPn

o

[y

(=1

(=]
1

N [es]
o (=]
T T

P /% frequency
'S
3

53
(=]
T

160 200 240 270 300 330 360 390 420
H#%/d days post hatching

BOg BCn OPn EIPy 1Sy ETy

Pl 2 0] B0 S 50 21 s A BRE A P R PP A ] 6 7 B B A B0 M T o5 L 1) A2 £k

a. XTERZL; b, SCH0AL. Og: BRJFANAE; Cn: Yo%l M1; Pn: B ANAWE Py: WIZLUR I Sy: WS UNEI; Ty:

b 100 — ] _
NN
g %1 q B
g S
g 60\- -
Lh "l
= 0| &
#
B 9l
0 1 1 1 1 1 1 1 1 1 J
120 160 200 240 270 300 330 360 390 420
H #2/d days post hatching
ELE R

Fig. 2 The changes in the percemtage of different gonadal developmental stage germ cells of
Epinephelus akaara between the control group and experimental group
a. control group; b. experimental group. Og: oogonial stage; Cn: chromatin nucleolus stage;
Pn: peri-nucleolus stage; Py: primary yolk stage; Sy: secondary yolk stage; Ty: tertiary yolk stage.
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%28 %

HH B = G N H I (Ty) DR R L (1 1), AR L
] 20%; {HTE 420 H >4 A4S I 21 O B
I OREEAR I, HA Po ORI (A 1c).
23 XTRAMLWHLSERE gnrh RRERE
W fshp FA Inp BRI RIEMER

Xof REZE S5 2 v 4 f0 ik b gnrh D) R i e A
1 fshp F I FERIFIE 22 5K 3 i, X iR
Hh gnrh JER EEAE 270 H iR B 3% & T HAL H %

n=12; ¥+SE o O XFH4] control group
F ’ B 2 4H experimental group

gnrhBEFFRE
/(x10° copies/pg total RNA)
gnrh mRNA expression

[\
S

—
w

N
W

S = N W A 0
1

[ O XFE&4H control group

E L5604 experimental group

120 160 200 240 270 300 330 360 390 420
H #%/d days post hatching .

n=12; x+SE

SshpEERFIA

/(x107 copies/pg total RNA)

fshp mRNA expression
S

w

0 120 160 200 240 270 300 330 360 390 420

H #%/d days post hatching
30
—_ O X484 control group a o
< I S£H04 experimental group n=12; +SE
2850 A b *
.2 al .
s 4 A B
HE 820F ab A
® o & A A A
@ 3— ot 15+ ab ab| al
w8 < A a
< 'a% 10 L.2bA
13
=0 ab b
ST st
<
T

120 160 200 240 270 300 330 360 390 420
H #4/d days post hatching

Bl 3 X BREH AN ST g 2H vh o s 0 B gnrh
SohB N Ihp R FRIK N2 5H
P bR AN [ /NG S 3 7 o T L ) A 2 2
(P<0.05), A ARS8 R 7m LU 4 A7 8 35 PR 22 5+
(P<0.05), * 7% 525640 5 % B 20 8] A5 {2 3 1 22 2 (P<0.05).
Fig. 3 The differences of gnrh, fshp and [hf gene expression
of Epinephelus akaara between the control
group and experimental group
Different lower-case letters indicate significant difference at
0.05 probability level among the control groups, and different
capital letters indicate significant differentce at 0.05 probability
level among the experimental groups, and the * represents sig-

nificant difference at 0.05 probability level between
the control and experimental groups.

Br(P<0.05); SCZB4Ih gnrh £ HEAE 240 F1 270 H
W B =T 120,160 F1330 Hi(P<0.05). 5k, P
28] gnrh & RAEAS HISBUATC B &1 22 7(P>0.05)

XTREZH Y fsnp FER B B AE 160 HR B35 T
HoAth H % B (P<0.05), SEE 4L fshp SRAE 420
H % &2 5 T 200,240,270 1 330 H #4(P<0.05).
AR, 1E 360, 390 F1420 Hi%, SZsA fshp &
T 8 B T BB 2H (P<0.05) . XFHRZH v 1hp JER &
HTE 300 H #2535 T 420 H 2 (P<0.05), 525640
W1 IhpB A4S B IR B 0 B M 25 57 (P>0.05),
£ 390 1420 H &, SLILH Ihp & i 3 & T4
HE2ZH (P<0.05),

3 it

31 KEMFEAKGELSEE KB

ARSI 6 Xk W 2] RS 6 2 HP IR A BRE R ) AR
KAERE WA 160 A# LGB B 2R
P MR i TAERE KRR, 4t
M 12 A (160 Hi%)E] 5 (330 H %) —EHE D,
R AR SR B W Se g b i T AR
WA L R L R, AR AR E S 2, 7E S
H (330 H &) At S5 4 Aot BR324 40 mm,
TREHE N 30 go SRMMUKIRHL 20 CTHY 6 A
(360 H &) TFth, X REZH v o i (K R A T 4R 1
ERAIN, AR IR S A B AL K B
BRI . kayano 2 HREETE/KIR TSI 17~18 C
DU, 2R 500 BEf ) A PT RE 4S50 . AR S5 ep
RN R EE 5, XTRR 4 falE 160~330 H &}
AT BE PR AR g R AR B i R, BT RRACHE
0%, WA FRERKAAEIS AT,
32 KEBEMFEAWMEHEHBEERAREN
Al

AR A R R B RRE AR KR
STORHAA], XoF B 2 R 2R 3 A S B B T A
BN AR, A A BB A A1 JE 1A (Pn) B9 13- 200 fifd
A TSE R4l il K IR — B4R 7E 26 C,
TE 5 H (330 H i) i W22 51 B 5 1 a2 i) A,
GSI 4 0.35%; H7E 6 H (360 H k)i —Le A
GSI A E i 1%, WFFE R, Jriifa B [k
FEER R TR 7E 6—7 AP, HA) [ AR I 7 2 8%,
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PSRN S fE IR S IR VRS X R A B gt p AR K YRR AR E LA gnrk . fshp RN Ihp FE R 2k IR 25

SRR 217 mmP?, ARSI SR o b P
AR LE 7 H (390 B #)EHFHAK A 190 mm,
5 kayanoP MR 217 mm BAAK BA %R,
AR, xR Zh e 7 A4 150 mm.
U ST B0 2 v B BN R T R T — B R
KR P TR B T E AT TR E A BUR . B R
AR KBTS,

S 41 v 5 B Ak TR B B B B R
(Py. Sy Ml Ty)yAMA&, BREEAMRE R T KEM
R, (AR XL E] Ty B B3 LS 9B 40 A i A4
WAk, 420 H B I FTA SRR AR AL T P BB,
GSI W% KA, 1M 0.5%, 360 F1 390 H i}
Wt RN AR L T OB R, T —
= B E &, (AR A HTORHEDE, BRI Ry
BEORREANM . R0 B M St R, T
DAFERT R LA B v, e rpoAs 25t S
T AR S 365 B A B T R o B9 2 0 TS I HE B,
R AT 8 i T AL b sl = dEbE s, 0N A B
i1 (E. malabaricus)TE MEHEIR &R IR T REMS A
SRTZBI, ABAE FUA M BBl e R S R, OB
BARE SR AN IO LRI DA A5 th 2
TE B B A BEAA(E. merra)RO/KARY ) QNSRRI 1
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Effects of regulation of constant high water temperature on growth
and gonadal development, as well as gnrh, fshf, and Ihff gene expres-
sion in thejuvenilered spotted grouper Epinephelus akaara
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Abstract: The growth, development, and reproduction of teleosts are significantly affected by external environ-
mental factors and the functioning of the endocrine system. To understand the effects of regulation with constant
water temperature on fish growth and gonadal development, as well as gnrh, fshf, and [hf reproduction-related
gene expression, the juvenile red spotted grouper Epinephelus akaara, aged 120 to 420 days post hatching (dph),
was used as the target species. Fish in the control group were fed at natural water temperature, whereas those in
the experimental groups were fed at a constant water temperature of 26 “C. Fish were sampled every 30 or 40 days.
The body length (BL), body weight (BW), gonadal somatic index (GSI), gonadal development frequency, and ex-
pression of gnrh, fshf, and /hf genes were measured, calculated, and compared between the two groups. Results
showed that from 240 dph, both the BL and BW in the experimental group were significantly higher than those in
the control group (P<0.05). At the end of the trial, the BL and BW in the experimental group were 1.3 and 2 times
those of the control group, respectively. The GSI in the control group was maintained below 0.25%. In the expe-
rimental group, the GSI was maintained below 0.4% before 330 dph but reached 1% in some individuals at 360
dph. At 360, 390, and 420 dph, the GSI in the experimental group was significantly higher than that in the control
group (P<0.05). At the end of the trial, vitellogenic oocytes were not detected in the control group but were de-
tected at 330, 360, and 390 dph in the experimental group. There were no significant differences in gnrh gene le-
vels in the brain at each stage between the control and experimental group (P>0.05). However, in the pituitary, the
fshp gene levels at 360, 390, and 420 dph and /4f gene levels at 390 and 420 dph in the experimental group were
significantly higher than those in the control group (P<0.05). These results suggest that the regulation of constant
water temperature at 26 ‘C may not only promote an increase in BL, BW, and GSI but also significantly increase
the fshp and /hf gene levels, thus accelerating gonadal development in the juvenile red spotted grouper.
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