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A

W, A %

(1. HFRAN K, IR HE 266071; 2. P EPFABEEEFEIISET SCEFEA Y F S S s s W KRE
uts, IR F 5 266071; 3. W ERRERE K%, JLET 100049)

WE: ALiBiL qPCR 7 ik, AR T KB T &EHK &K ——F 8 (Paralichthys olivaceus)¥f . HE AR
VAB VIR ARG B . MEAR T gnrhl . gnrh2 Ao gnrh3 9 R A KT, R R T, gnrhl 54 T PR A M6
g Efm. EAK. BIEARATIEF FHAGA, AW T R EAATRAK gnrh2 WM. Aotk el AT IR L R M
Mg, BME. R Fek b, ®ognrh3 RAEMMEG B, BREFANLR AN B M RA, ALES
8 F SR K F &G 5 AR 17B-8E =B (Ep)Ae 170-F AR EEA(MT)AL 2R, 4% 341k A i b A b AN K R
A, EWRSCIGRE T, gnrh] 89 R A I LAY, E 4 K(total length, TL)4 cm &% ¥, E, 469 %
X R EEHTF MT LA(P<0.05); gnrh2 42 2 cm TL B B, 282 % & F MT £8(P < 0.05), /& £ B, fost BB LAY
REKFH BN TEAY gnrh3 £ 2 om TL B By fexf Bne) R A ¥ B F & F MT 48(P < 0.05), A 6 cm
TL 8 MT #= E, 2069 R A F 46 T & EWIR T, =FF gnrh £ EIRAHT 2 cm TL R X T A4 &, M
BEEZATHAY. L, BT gnrh]l THAS T HRSML BZ . PMCTRAMREE, gnrh2 £

2HAE T UMM BE), gnrh3 EBA5 T WL B S F o eil £z,

XKIA: T &R (Paralichthys olivaceus); gnrh; Ji; MM, MRS ML, AR AKX

FESZES: S917.4 ERARINAD: A
DOI: 10.11759/hykx20200824001

i P IR 38 38 Bl 3 (gonadotropin-releasing  hor-
mone, GnRH)/& T F-fiki-FE (KM i (hypothalamic pitui-
tary gonadal, HPG)Hli %) o4 L5570+ WFLshy
o GnRH 3E [ TE bk AE A TRkt ik 24
H1, GnRH M1 F i BT DL 2 50 Wb i) R ik 3]
TR, (P TEARIE M BRI & (gonadotrophin, GTH)I A
BUFRET, I 2 AT LRI B O 2 R B 2%, I
IS R IR oAb . & B A AR P

M 20 t42 70 424% Bmrgus #ll Matsuo 7EMiFL 30
Y & B GnRH LK, JLHGE T 25 Fh gnrh, 1Ef2E
A 19 B, Hid 17 Mo P BT RS
KBRS A IR il R 22 o0 B A, Rl
BT gnrh 43R gnrhl(sbgnrh). gnrh2(cgnrh-11)F1
gnrh3 (sgnrh) = Fh2E BT gl ok, fEf 2,
gnrhl HATEIE G, SRR AR IR PR Y
FERA, B 50K IEED; gnrn2 54
BEAT R B R AR AT A K, g3 BRT S
PR S AR & B AF B T BEAH OCAb, 1B 2 Y sk
WEIREA ST, K LRt 2 i fisi o R a8 2 Fhak 3

X EHES: 1000-3096(2021)06-0118-08

Pt gnrn U GnRH SRR A T L P S A 5l
I A — Lo 3B 5k B gnrhl | gnrh2
1 gnrh3 53 S1E B8 (Acanthopagrus schlegelii) | ¥ fif
(Monopterus albus)F1BK 5 (Dicentrarchus labrax L.)
PR S A 0 R R e e s, R R bt A Y
P 2SR O SR SY /R GnRH FE— 26402
(PR A b A 43R

FtF-(Paralichthys olivaceus)> & T H (Pleu-
ronectiformes) . 4 #F £l (Paralichthyidae) . 7 #f J&
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R R, %t b R LT B, 25 17p-
WHE B (Eo) b B AT A L A A O, 28 170~ FH JE S2 Fi
(MT) S 5 T Ak B0 45 Ak A 1220 kg ik
TR, FOESARNG Rk =R gnrnY, (B
W L HEAS AR ZH 2 RV IR 3 A i Y 25 5 AR AR R AR i R
DB o AR SCE o SR8 O E 5 PCR(QPCR)AY T YA,
M T = gnrh FEASTHE . HERUARLIZY, DL
Iy AR Be A3 Ak i B v R R 2 4L i 25 R Rk,
DI R G0 GnRH 7 2ebE IR L AL R & i)
ER#EHES %
1 AP f
1.1 ERAeBRHERRE

T 8 4> K (total length, TL) (30+£5) cm, AT
(625+25) g, W TH g i, 16 ERM B
AR RGN E 3% 3 d I TAS LR KA
Mo BURERTSEHT 60 mg/L MS-222 BRI A4
B3R, mRASHUN. SR, M. H . . .
8 CBAE. SKE L ORFAE. OE. RIS AL LLLL, I
SERDRAE A T RAF U T 5 RNA $210 PEBIEAR
XFR, KEIER, EEGLE, AR A6, M
JiE—2FFF & RNA $2HL, —2-H Davison ¥ [& %2, il
YY) A HE Ye (o 5 e Ve & 7 P

6T S T MER & B 75 R 0 T TR B S MR K
735 5E Yy a8 A R G AR v 8 AR Y,
K& % 1.2~1.5 om TL BFEATMERER RS S Wi
BENLAMBCE] E, . MT FIXFBE 3 N4, B340 200 B fa
Wi, Z5I7E 3 A~ 90 L FRIAFAIET, FREKIRAERAE
19~21 C, #hFEE 30%0, %4 5.8~6.2 mg/L, B H A&
PR PEHEK 2~3 IR, OGRS 14 L: 10 D, 3 HX
M 3~4 YCPHRE, Xof B ZH 5 MR w5 L R HIAE R . B, I MT
A S A 5 mg/kg H E, Fl MT (Sigma, £[H)
FR) 7 PR AR RH) 2R B 5 s By AT MT 3531 3%
fift T TCIK £ TSI ¥ S W T R L, i R SR
T, BHFEMEEE 10 em TL 5, 5840
P MR, JFEREE R 15em TL, 7EfA1 2. 3. 4.
6 Fil 8 cm TL B}, #5410 HIBENLEL 3 EEfa, H 40 mg/L
MS222 JREESE, WO FIE R ZY, 57 B A
I RE AT -80 CORAE, FHT RNA $2EL, 4
15 em TL B}, AR4HEL 30 BB, FH LR MS222 RRiE,
SRR Z, H 3 £5LL FARFARY Davison [
S, THTHLY) A HE 4L @50k 2,

1.2 % RNA KA R 34K cDNA

KH Trizol(Toroivd, JEENIEHUE RNA, 1%3
FOMRBEE Mt HEL Yk R I HE 52 4P, Nanodrop 2000(Thermo,
I [ )R ) HL e B R 4l P A P s 3 SR 5 HiSeript
III RT SuperMix for qPCR (+gDNA wiper)(ifs 4%,
FE R AY), R LU 5K S RNA G & cDNA.
1.3 qPCR &R gnrh # & &

KH qPCR Jik, #:l gnrhl. gnrh2 Fl gnrh3
FE 2 6 1A L 20 K A R Ak 3T G A 1 R v 1 A
i, MR X LAY cDNA £ (gnrhl . gnrh2 Fi
gnrh3 1 GenBank i f% % 43 Jjll J& DQO074693.1 .
DQ008580.1 il DQ444281.1), fdi ] Premier 5.0 #ff
WA 4 B (WL 1), qPCR RN IA RN
20 puL, %21 TB Green™ Premix Ex Taq™ II (Tli
RNaseH Plus)(5 HEAY), EHE RS . H
R FEF R 95 °C 30 s HiAEM:; 95 °C 555,60 C 30,
40 MEH . FEE p-actin VE RN SIERP, il H
qTOWER® G %67 5 PCR X (Jena, f8[E)HEFTH 14,
FAFEES 3 W, FIA 274 B H A 2R A
Xt 223k 0 ff Fl SPSS 44 (IBM SPSS, Armonk, 3
[ ) o A ALK 28 05 2290 M B Dunnett’s K556, 43 Hr2H
DA T2 ] B PR Rk 2 7 1 SR 35 MR (P < 0.05).

#1 BT (PCR AHESFMESY
Tab. 1 Specific primers for gene expression analysis
with quantitative polymerase chain reaction

5194 Pk SIF51(5-3")
B-actin-qF GGAATCCACGAGACCACCTACA
B-actin-qR CTGCTTGCTGATCCACATCTGC

gnrhi-qF TCCTGTCAGCACTGGTCCTA

gnrhl-qR CCCTGTCAGTGATGCTTCCA
gnrh2-qF GGAGCTGGACTCTTTTGGCA
gnrh2-qR AGCAGTGCAATGTGGGAAAC
gnrh3-qF GAGCTGGAGGCGACCATTC
gnrh3-qR ATTATGGAACCTTTTCTTTCGGTCG

1.4 FTEMHHNEHREFTHHGEL

PERRAL U E 24 h J5, S BRI 2R
WK AL B, ARV R (R 5~7 pm), R AN
M HE) Y, LBEMK & W 2REW, &5 H
PR S B o 7F i 4R (Leica DM LB2, ) T M
SEYI R, FIWTPE B K vk R & & L v i o1k
AR IR AR
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2 RGN

2.1 gnrhl. gnrh2 F= gnrh3 £ 5 €3, A
AR T bR
HF gnrhl . gnrh2 F gnrh3 W | HERGIARZH 2125
SRR T BE, A PR e, EVE AL TORS B
TTTY B B, e A T B0 S T30 BE (P 1)
FIFH qPCR HiA, XPMfe . HERiiAmG . ik,
= I Y7 SN = I = N o 1 1

(a) FEPRE SR v

MRFE AN AL gnrhl . gnrh2 R gnrh3 3653647
ST BRI, gnrh] FEME . MERS LU LT #AT
Fik, HAEMEMEAS RN . iR BEAE. SKE .
ARG rh Rk 8w, 706 b MEvE B35 m T M
(P < 0.05); TMiAE S AyFRIAN S TO0E, N2l
W EME R (E 2a), gnrh2 TEMERE TR DL R REE
W BNE L SKE L HREG ALY oA 3] Kk (8] 2b).
gnrh3 FUTEHEPE R B E L B LA AR I 2 R 55
KL (A 2¢).

WS R >
63, B3 05
00 38
Q00 0 iyl

(b) FEFHRIRAILY] 5

B SRR EEEIRH Y] A

Fig. 1 Histological sections of the testis and ovary of Paralichthys olivaceus
VE: (R, B =20 um; Sg, KiEANMI; St, K5 FAUM; Psc, WIFAETFAIME . (b)BRE, HLBR =100 um; Oo, PFEANNE; N, 40M4%; Nu, 1=,
400 c mipp 4 - of -
3000 CCOMEE 12t =L S O Mt
;HE 2000 a _,HE ol a ﬁ 4r
Z 1000 | f ) ) B ) a Z 3t b
& % P S &
d d L 1+
dga dgfl d d 2 ¢ a
||||||| =1 1 I I
EXRIERR I EIER Oﬁﬁﬂémﬁ@gﬁmﬁmkéﬁﬁ O@ﬁ%’ﬁﬂrﬁi‘@&%ﬂrﬁﬂrﬁéﬁﬁ
X = 3 X = (=l K =
4141 HIE A
(@) gnrh AR Rk (b) gnrh2AX ik i () gnrh3fIXT Rk

2 gnrhl. gnrh2 T gnrh3 TE267ME | HERUAZH ST (19 3R 35
Fig. 2 Expression of gnrhl, gnrh2, and gnrh3 in the male and female adult P. olivaceus tissues
H:n=3;a.b.c.d M a'. b, ¢ d4r5RRHEHED AR HLR M B EE (P <0.05); *FKs HEdE A 5 H AU 19 2 F P (P < 0.05)

2.2 gnrhl. gnrh2 #= gnrh3 FEVERE S0
B RIA
A 3P 2H R0 B WS RE R, I e O 3R A
B PE L By X IEALMEME R R 100%, MT
PR 100%.
22,1 WHAFHEFRE
qQPCR ZM M4 SR B oR, gnrhl WDKKV F6F

PERR LA T B BT AR S, WoR e MR 1k
TP RN, 784 cm TL A, B, PRk
WEETMT A, W5 TX AP <0.05) (K 3a),
R BIR gnrhl W IEAET G OIS 1 B B
(4 em TL)%Z B, 45 . gnrh2 335K F-7E 2 cm TL I, E,
HPERT MT (P < 0.05), 52 & T EHP <
0.05), LR WIR gnrh2 WIFIRAE T BEVE IR L) )
B 12 em TL)AZ E, 45, H 3 em TL, E, FIXf R4
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TR TG B R B S(E 3b), SR HnT gEfE
WEPEPERR L) Shit Z AR . gnrh3 7E 2 cm TL Y,
E, 41RO FRAL A A3 B3 /T MT 41(P < 0.05);

MT FIE, 40 H 6 cm TLH- 4R F R, = AN4H347E 8 em TL
FEEERAR(E 3c), WA RELEMEPE: IR0 IE 3h
oA B3R, B AERE 0108 sh i1 /N

60004 EEMT A, . MT 1404 . MT
IE, 5000 b 01k, a’ IE,
5000F T[R4l o @ Caxtggr 120 , %) B4l
4000} cd 4000 100 F
B ¢ 3000 sor
30000 ¢
2 60
o L * k 2000
= 2000 L 0l
1000 . bl |b” 1000 L
a oa" abbab? 20
0 0 0
2 K/ecm 2 K/em 4 K/em
(@) gnrh AN Ik 5 (b) gnrh2 M ika (c) gnrh3FIxfFih g

B 3 gnrhl. gnrh2 1 gnrh3 76 25 6FVE R o3P0 300 Hh ) 6k
Fig. 3 Expression of gnrhl, gnrh2, and gnrh3 in the brain of P. olivaceus during gonadal differentiation period

i MT, 17a-H S E4L; By, 17B-MF —BE41; Control, XFHALL; n=3;a. b, c,a’. b’ ¢/, a". b", ¢". d"4>HFE/R [l LA [ i3 22 18] A Gk 2

P (P <0.05); *3&/R ] — B I B A~ 0 22 [ 4 B & (P < 0.05)

222 HRAHAFRFERE

qPCR £ WK, gnrhl 1E 2 cm TL A, MT. E,
FUG B i 235 34 R d s K, R FE = A
2 IR 1 B BB K - (B 4a) o gnrh2 HIEE 2 em
TL B, = mREAYEESTEmAHEe <

4 - MT 10001

1600F ¢ E,
COXEAl 800

0.05)(I&l 4b).gnrh3 76 MT Fl By 41 B 3K 7E 2 em TL
i, BEE TR P < 0.05)(&F 4c), fE441H
gnrhl .gnrh2 F1 gnrh3 W3RIK Y 52 LBEE TR 73161
FE UG FIEA T T B A3, s e AT e v
AR S ITEPE IR Th R R .

A
. MT 200 . MT
IE, 180 b IE,
Caxf R4l 160 + COxfha4

1200 140
g 600 120
ﬁ 200 100
= 400 H 80
= 60
400 200 40
20
0 0 0
£K/cm 2K/cm 2K/cm
() gnrh I FIR Bk (b) gnrh2AxF FikE (c) gnrh3FX) Rk e

Bl 4  gnrhl. gnrh2 F gnrh3 7627 6P RR 2P0 30 M R v 1 2258
Fig. 4 Expression of gnrhl, gnrh2, and gnrh3 in the gonads of P. olivaceus during gonadal differentiation

VE: MT, 170-F S S04 Eo, 173-HE 2415 Control: XfHRZL; n=3;a. b. c,a’, b’ ¢, 2", b, c"4H 5 /R AR 92 fal 19 30k (P

<0.05)

3 W

T, gnrh FEFRIR TR AEEAR, 76 H AL
AU ek, (HIE AR ) fa Fh o 2 B [R] 1 3% 55
W2 76 KPS . Gadus morhua)', = Fh gnrh 75
HANMPFRIBB N1z, Hrh gnrhl FEIRE | 81 .0

WE . B3 FGE TR R 58, gnrh2 A1 gnrh3 WUIHE AN AN
bR P Rk AR — I HETE K ZE B (Schophthalmus
maximus)™P, gnrhl BIFIR AT gnrh2 F1 gnrh3 TR
Iz, HAER . AR R 2 SRR A, i
gnrh2 Fl gnrh3 W L AEfR & 2R a8, E AL 2 Y
FOARE AT P O O U e AT B i 2 i
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im PCRWFSE KW, gnrnl TEMN . AR, B . AL, R
. WL B, BP S AU S b 343Kk, gnrh2 WITE AR
TMEfR . BRSO RIBR S A I8 o ASHIESE i FH 2 6T
HfE 6 B9 A0 55 TT I, A foRS SR AL AR TITH . 8 14y
Mres R, gnrhl BRE DB R —) 2 Rk
R, FEEAEM . AR B LS HFIEAIR A
i Rk, DFEURURE S rh AR ss, MO 25 R Rk
SUTE B v o B G AR B v vy ik 55 LR MR A
53 A 45 TR A e R X A e B IR G R — B gnrh2
H gnrh3 YIRAE AN . TEOACRTMERR e il 2] 3R,
HAEHAD L 2 B AR S, 78 Ak b A A I 3] %
TR 45 5 5 A R G310 485 TR il rh AR Y 3R GA
LR B, HEURIREARI, RO S THTADRS SE111
B o Gt v, PR A BRI Y 322 gnrhl
TEMERR & & HABR I gnrhl, gnrh2 Fl gnrh3 7 ik A1
A A A B B FRARFRIEAN 75— 2D Y
PR R 53 AR £0 2 E PR | R ADE A b 2230 72

MG 25 P g R, A Z1FKF I, FBEAE(1.25+
0.13) cm TL BHJERUR AR PENR, SRS 7E(3.840.17) cm
TL HBLEP L8, (6.35+0.34) cm TL H PLARS & 454,
Sy bR A ME . REPE R AR RS, T E] T (8.65+
0.59) cm F1(7.6+0.86) cm TL i B 5L FUKS 4550 511 TE ik,
A MR Z5 48, AR R B R IR SEAR S 3 BRI,
ASCHEGE T SR BEERR S KSR B (2 em TL), RS>
RT3 cm TL), PEBRS 16 (4~8 cm TL)AR A1 IR
W ognrhl | gnrh2 ¥ gnrh3 BUFRE . ZER P EANTE A
R FRIEAE L i gnrnl FEVERR it fe b ik
Fr8k L F, gnrh2 T8 2 em TL B A 8 & Rk K, Bl
Ja ik KT, gnrh3 Feik/KETE 4 em TL BIAHXT 58
5, ZJa FEE, 76 8 cm TL B IEATR A ik, X ebgk
5 42 {1 (Rachycentron canadum) Tl 5 £ (Scomber
Japonicus) P IR AL A AN 58 2 — 3K, TEIX AR
o, e, MR =R gnrh FROKEE I
P, XEERA R AR =Fh gnrh XHERR S R91EH
AfREAENS 21 ZF6E gnrh]l 7E 4 cm TL. gnrh2 Al
gnrh31E 2 ecm TL A, MT 1 B, 4 P A9 3k B0 i %
225, H B, HIRBKFHE T MT 4, ixsegh fgg
~, Wi gnrhl 53 BEERR LSRR G, gnrh2 Fl
gnrh3 I RE SRR RIS 2 OC o gnrh TEAEYE S 53
AL BOAE FIAEBE S fi (Danio rerio) 1158 T B HEUESE,
gnrh3 SRR IBE S MTEZAE G 18 d B HEPE R 3Rk
235 T HAE RS T 1) M m R R0 o = b
gnrh FEVE RS ACHT 0 JE G M B rh kKRB, TR

PERR e R rh BT R 3, X WontERRH 3 Fp
gnrh (5 AT REHR 5 H A4k 0 A 347 OC o #F M 2
P B EEME W SRR, gnrh2 OB AR gnrh2-sv
TACOEWAEDI I TR, AR R KO, 3l
B gnrh2 I gnrh2-sv 5 T g PE e i FE v e bE
PERR OIS B, DLt B . AR 2, TERENE
SeAY PR ERPE  F  RR D, 3 R gnrh ZEPERR AT 3R
iR, LR RERERR S gnrh A8 O 0 ME IR 204k
A RAEME R L, gnrh TS RMERR 234k
RAEAER, FU&EARE A A & 07 nT e AE e AT,
ATt — 2L R A 3 o
4 Hp

i AT, FEEh gnrnl ILHEVRES S T HAE
BRI G 3 . o AR K R R & A kAT,
gnrh2 FRAW FES 5 TSRS 3, gnrh3 %
HWERSH THRSMEN G S o . X et
GE L5 FENT HE— 25 W b 2 8 R 4316 R & B AL 4 At
T3%,
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Abstract: Differential expression levels of gonadotropin-releasing hormone (gnrh) 1, gnrh2, and gnrh3 in male and
female adult tissues, as well as the brain and gonad during gonadal differentiation period of the olive flounder
Paralichthys olivaceus, an important marine cultural fish in China, were studied using a quantitative polymerase
chain reaction. Results showed that gnrhl was distributed in all detected tissues of adult male and female fish, and
highly expressed in the brain, pituitary gland, kidney, and liver, but relatively weakly in the gonads. Gnrh2 was
detected in the liver of both male and female fish, as well as the intestine, kidney, eye, and head kidney of the male.
Gnrh3 was weakly expressed in the kidney, eye, and muscle of the male fish. Using 17-beta estradiol (E2) and
17-alpha methyl testosterone (MT), the flounder gynogenetic juveniles were induced to differentiate into male and
female individual phenotype, respectively. In the brain during the gonadal differentiation period, gnri/ showed an
upward trend expression at 2 - 8 cm total length (TL), and at 4 cm TL, with significantly higher expression levels in
the E2 group than those in the MT group (P < 0.05). Gnrh2 expression levels at 2 cm TL in the E2 group were
significantly higher than those in the MT group (P < 0.05) and were downregulated from 3 cm TL in the E2 and
control groups. No significant difference was found in the MT group at different TL points. Gnrh3 expression levels
at 2 cm TL in the E2 and control groups were both significantly higher than those in the MT group (P < 0.05) and
were downregulated from 6 cm TL. In the gonad during the flounder gonadal differentiation period, gnrhl, gnrh2,
and gnrh3 were all expressed relatively high at 2 cm TL, and then were downregulated from 3 ¢cm TL. In summary,
gnrhl, gnrh2, and gnrh3 might play roles in the initiation of the flounder gonadal differentiation, gnril and gnrh3
participate in the gonadal differentiation, and gnrhl is also involved in the gonadal development. The study will

help elucidate the roles of gnrh in fish gonadal differentiation and development.
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