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WE: h#F %18 M % £ 37 % ¥ £ (gonadotropin inhibitory hormone, GnlH) % # % {&
GnIHR 7 7 [Fl 4 b 8 68 4 7 % # 58 12 % b /6 1 , 5% ¥ 3 PCR ¢ RACE # A % /& 7 =
5 o1 8 Fo 7 R = AR 8) 8y gnih. gnihr3 22 cDNA 2K . £ R B x, 2 # & gnih
YWy & B Jr 513 4 F GnlH R 8 A 8y LPXRF A7 &, gnibr3 AW pE WM& a b &8 TN
FEREEHNGEaMBERKIIEK. RALERKEEEPCRYNT 2M &8 gnih. gnihrd 3£ 7
mRNA £ FE AR F N RAEN, ERE T guih L F EEAET EMWF &Rk gnihr3 3
EETEM-EA-MERMPG) #BHHFFREENLL; WA, TWREELHEM LR
B, guh ZFRELHTERTNRAEN G T AR ZMEERE; B, gnir3 ZEAELH
TERAMEFRTWRLAEAGTREZEEKS, EEFTEYHERANEERG. A4
PREAL R R T gnih 0 gnihr3 L E A2 Fr & T R EARHG AL ELFR, EREA,
gnih 2L 7 2 F & fii F Npp. Npo. NLTR A HFHE X R E5F; gnihr3 ZE FEE LK
X 2 ffa ERH PPD. RPD X, NHfPI R X5 58 85 ; [ B, gnih o gnihr3 3£ H 7
AR EERAFTNEL TS aBFH. XKW, ETEMAELRLNWGnH, £ 46
Zadm THPGH# o K GnlHR, H @B S 4R 55 HEERAE T gnih. gnihr3
MRNA 2 8 AP RIFEZRME, Ao TATRETRE=ZFKELHWIEHE,
EERERANFREEEATEHEAEZERE Lo

KRB 7R =R ; gnih; gnihr3; mRNA k3; T8

HE S ES:S917.4 SCHERFR SR A

e A RV A R (GnlH) S — Fif X 45 4 ] P8 P D BE © BOIESE Z24F . EL 2 2000 4F, Tsut-

WA R EE T Rk, B EA
et 70 4EAR, Bl R kBRI R B E
(gonadotropin-releasing hormone, GnRH) LA 3k ,
i TA  GnRH 2 HE 3 ) e — %o R B 5 i 2
P4 B 3% & (gonadotropin hormone, GTH) i i 15 /E
T B 7", GnRH X450 & B HA 1E

WHSBHEA: 2020-07-02  {&EIAH#A: 2020-08-20

sui IR &KL T GnIH /278 T H A5 T Fr i -3
RR G, 8 R A 5 K 20 i RS L GTH
V) 22 0 ) A B0 Bl o B S AR A S 25 L ML
845 22 FhE HE S b Bl e 2 6 A= i & R B A
BEVEH, GnlH 5 HAZ{k GnIHR 454, @ /EH
FF Ml GnRH [8] 42 Hu 90 ) GTH, £ 45 4 ¥ {4
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H: % (luteinizing hormone, LH) F1{i¢ BF ¥ A= pl &
(follicle-stimulating hormone, FSH) & W5 B,
A, GnlH W3 RE B HAEHI T H 1K GTH 4,
TR B G S 4T, ©UESE GnIH | A
1% )5 51| i % 4w i GnIH JIK K FL 5 A~ 48 ¢ K (GnIH-
RP-1 Fll GnIH-RP-2), X 3 Ff ik i C i & 3 AR /7
51 8 B A ¥ P LPXRF-a(Leu-Pro-X-Arg-PHE-NH,;
X=L or Q) 3£/, [t GnIH FI'E 5 ¥ > AH 6 ikt
BLFR A LPXRFa JIKEL RF Pl AH 5C IR (RFRPs), 7
a2, | HE 4L M (Carassius auratus) T K
HZER GnlH Bk, HRETEZAESE (Cyprinus carpio)”
BT £t (Danio rerio)!'” . J& % % AR (Oreochromis
niloticus)" . R}y £1 B 1 (Epinephelus coioides)"
b B i (Paralichthys olivaceus)™ . - 7 85 (Cyno-
glossus semilaevis)'"™ % 0 A Th 48 58 gnih 5& H 5%
H IR WS . SR, GnIH/GnIHR Z 4t (978 F AL
il S5 el i R IR A B ], H AR a2k rp R
i = AH AT

41 #)) (Carassius auratus red var.)(2n=100, Q)
581 (20=100, &) S BLIE L Fy, Fy PR H
JEACH SRR F Y Fy RERS  AE AR AL T
FR) A4 32 0KG T AR A5 1 1T 7 Y S U D A A )
(4n=200, F3~F,o)o £ FRAT 55 5 DU A% {4 ) i (1%) S il
B P AR A AR BN - R AT T G 6 1A A
R MEARX R B ESY, HE T MEAX R A A
il 5t FER R (G1~Go), JFHELHI& T WY & 1Y
R PO A BT DL R DY A A B Ry ACAS
R AR AR L Sy AR, R Gt R A 1 A
RS T RAARKEEIR . N B, i
PESR . AN F LA =R = AR O = 2
SO R AR R e T A DR AR o R AR
AT QAR AL, TR EORGE IE A
BRI TL -, AW L F R gt T
ARG 1) S bR o A S50 403 2o 3 v B AR A
AR LT PR SRR = AR gnih T gnihr3 B
[ cDNA 2K 551 5 >R S 9256 5E & PCR L
BAT T 2 Fhfa ) gnih . gnihr3 JEAE AN [R1 4140
W RIRIE O, T SR R T £ £ A
Wb SRR 22 5 JF HoaE Gk 20 2D A 4% A8 X
gnih Fl gnihr3 S AEMEVELTLOY . U8 = A5 AR 6Py
i B AR AT H SRR E N ESE . ISR AY
B/ BT IE—25 T ## gnih B gnihr3 16 02505 1 %
B RYEELEN, R AR T K R
=R A F LRI, R R AEY
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1.1 SEIE#R

21 il (2n=100) F1 5 J5 = % /R 8]l (3n=150) 13
HUH 1 S K @K R R B Y
RS S, 2019 4F 12 F BEALPE A K
ARAS R A 2L BRD S 08 = F5 AR S A 1A 3 R
Oy SV ARR  OE L B L RFRE . LA . RS
HOOBPE L RAE. FEARIL 9 FRAILL, 2020 4F 3 A
B ML 29 B K A 58 A [) 108 O e 20 0 S U = £
RO 3, Al . DR iR,

1.2 RNA 2Bl cDNA S —&553515

H) F Trizol Z4f# ¥ (Invitrogen, USA) 1) 15 HH
F 0 B FLEC 11 BT 2L B RNA, RNA 58 i
FEWUE F 1.2% 0 B0 08 B e H VARG TN, Gy 00 G
SERANE, P AR I 2 Lk B o AF 5 bn i Y
RNA R4£ T80 °C #5 -

Ph 1 pg & RNA A8, H PrimeScript™ RT
reagent Kit with gDNA Eraser(Takara, Japan) & h{
cDNA 55— 2%HE, 42 °CYEM 5 min {HPRIA R
(') DNA 754 37 °C{EM 20 min, 85°CAEMI5s,
SERL R RN, 4 p-actin K I A A% S5 R AE T -
20°C 5 H .

1.3 ¢DNA #RH5 [X 8]/ B Y 5 B8 B AR i d) 18

R4 NCBI # % 21 (1) 4 ffL (AML83913.1), B
I ffi (ADB43132.1) gnihFE [H cDNA % i X {4 <F 7
¥, 4xff (AFY63169), 3t (ADB43135) gnihr3
BRI R IFS, st @ifs 1 (& 1),
PCR 4" 3 [z b 72 )7 ¥4 4 94 °C Fi 28 1 5 min, 35
MG (94°C 308, 60°C30s, 72°C30s) , #x
#2172 °C JE{H 10 min.

FH 1.2% Bl WEEE e A Dk R DU 31, 2 28401
AL EHFRTDUITNE B, HATAEYA
Al () #2449 SanPrep A1 2 DNA i 11 Y i 71|
AT o AR AR U 4R AR D7 PR DI RS DNA
F BEiE %) PMDI1S-T 254K (TaKaRa, Japan), H
H TR0 3] DHSo JESZS M, 250 /K PCR
R Ay BE P e B S, 2% i AR T AR mLIR

3Ry 43 SR 48 B ST HE Y gnih
F KR gnihe3 B K ) B BT B A R SR 3
RACE iE 154 3R1/3R2, 3R3/3R4( 1), H el
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Tab.1 Primers used for this study

519 S HI(5-3") S &
primer name primer sequence(5'—3") usage

gnih-F GGTTACGGCTCTCAGATTGC gnih1A] i BXPCR

gnih-R TTTCTTCTGAGTCTGC2TACTGTTTC gnih 1A i BXPCR

gnihr3-F CTACCAGCACTCTCTGCCGACG gnihr3H (8] Fr BEPCR

gnihr3-R ACATCCCGTCAGGTCACTTTCG gnihr3H (] ;7 BtPCR

3R1 CGCTTCTAAGTCTACTATCAACC gnih 3'-RACE

3R2 TTCTTTAGACCCTTTCCGTG gnih 3'-RACE

3R3 CTGATGGTGGTGGCTCTGCTCT gnihr3 3-RACE

3R4 TCCCTCTCTCTCACTGGCTGG gnihr3 3'-RACE

5R1 GCGGTCCCTTGCGTTCATCTGTG gnih 5'-RACE

5R2 ACGGCTGCTGGTTGGGGCTACATTA gnih 5'-RACE

5R3 ACAGCAATGGCAACCAATGTGAAAACGG gnihr3 5'-RACE

5R4 GACCAGAGCGTTCCCCATCAGACACA gnihr3 5'-RACE

3'-site adaptor CTGATCTAGAGGTACCGGATCC 3'RACE

SMART II™ A oligo AAGCAGTGGTATCAACGCAGAGTACATGGG 5-RACE

5'-CDS Primer A (T)25VN (V=A/G/C; N=A/C/G/T) 5'-RACE

UPM(Mix) CTAATACGACTCACTATAGGGCAAGCAGT 5'-RACE
GGTATCAACGCAGAGT(long)

NUP CTAATACGACTCACTATAGGGC short) 5'-RACE
AAGCAGTGGT AACAACGCAGAGT

gnih-QS1 CCACCATCCTGCGACTTCAC Real-time PCR

gnih-QA1 GCTGAGGGAGGTTGATAGTAGAC Real-time PCR

gnihr3-QS1 GTTTCGCTGCATCGTTTACC Real-time PCR

gnihr3-QAl ACCATGACGTGCCCTTTCTC Real-time PCR

p-actin-S TCCCTTGCTCCTTCCACCA W23k

p-actin-A GGAAGGGCCAGACTCATCGTA W23k

HISH-F GATTGCCTCTTCCTGATGACA gnilfREt il &

HISH-R CAGTGAATTGTAATACGACTCACTATAGG gnilfREt il &
TCAATGCACGGAAAGGGTCTA

RISH-F CATCGTTTACCCGTTCAAGCC gnihr 3945 &

RISH-R CAGTGAATTGTAATACGACTCACTATAGG gnihr3TRE ] %

AAGAGCAGAGCCACCACCATCA

G RNA S#EA, FIH] 3'-Full RACE Croe Set
(TaKaRa, Japan) H#9oligodT-3sitesadaptorprimer
PEAT SUEE SR, il 3'-RACE BB, RS
47850 PCR, H 3R1 5 3R3 il 3’ sites adaptor

SR

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

primer #4755 — X PCR ¥ 44 ; F 3R2 of 3R4 I
3" sites adaptor primer #4745 K PCR "3,

f#i ] SMART™ RACE cDNA
Amplification Kit (Clontech, USA) 73 & A [a] £ P
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i gnih 3K 50H gnihr3 1) 5" K o 3 BIAR 4 &
LRI gnih FERA gnihr3 FER R BP9 A BURE
5 5'-RACE JZ [1 5| ¥ 5R1/5R2, 5R3/5R4 (3 1),
e LOE S S RNA i tie, ] SMART II™ A
oligo FlI5-RACECDSPrimerA(#1), PowerScript™
Reverse Transcripase i/ 17 2 % 5% & i, il % 5'-
RACE Wy it , 85 #E47 55X PCR. ] 5R1 54
5R3 il UPM i 47 2 — ¥k PCR Y™ 4% ; ] 5R2 5
5R4 I NUP #4745 K PCR ¥4

il 14 ¥ 3'-RACE Fll 5'-RACE 17 ¥y #£47 [1]
Wealife . R Fetk . BELF, 5T
WIFhh gnih FER I gnihr3 FEH 42K cDNA J¥51

14 FHEExt R RIS 2

7E NCBI (http://www.ncbi.nlm.nih.gov/) /1 #
FKE 9 MAERMEFHED Y GnlH 1Y = HE R 7 51 .
i (KU647279.1), BEhfli (ADB43132.1) . fifi (Clarias
batrachus: QGP73797.1), H A & i (Anguilla japo-
nica: BAV18007.). B (Rattus norvegicus: NP_076
442.1). f (Trachemys scripta: BAS21336.1), #%%9
(Coturnix japonica: BAB15932.1), 4 (Callus gallus:
BAC87781.1), A (Homo sapiens: NP_071433.3),

[F) if , 75 NCBI H 4% & 5] 7 B AQ 3 M5 M
31 %) GnIHR3 5 H: [F]IE ) 2 B0 7 51 . B o £
( ADB43135), J& % % qF i1 (AIE89789). Kl (NP_
071627.2). %93 (BAD86818.1). X (BAE17050).
A (NP_071429.1). T KX (Takifugu rubripes: BAF
34887.1); Jf DA SCHK o A #% ] i GnIHR3 24 2 1R
e,

iz F] BioEidt {3 % 1.3 R A5 1 2
i gnih % H RN gnihr3 36 B9 42 K cDNA J7 41 it
A7 HEXE 23 A 9 4R B H T30 B2 HE 5 ] DNAMAN
A S AR ) 2 R BRIP4, FFH] Clustal Omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/) 73 %] 5 I
TR R I BE S 44 1) GnIH ZEFRF 51 . GnIHR3
LR 7 5 AT A LR e X5 a2 TMHMM
Server v.2.0 (http://www.cds.dtu.dk/Tools/serveices/
TMHMM-2.0/) 7E £ 7l GnIHR3 % JE 1R 7 51 1) 5
JELERY B 20 BIAF Mega 7.0 BFH T 11 A
[Fl¥ %l GnIH &AM 751 . 10 DA [F4F GnlHR3
F IR T 5 3 1 2 4275 (Neighbour-Joining, NJ) 4
ARG IR, 2 ad 1000 IK bootstrapE & 46 il
AL I AR T .

1.5 gnih. gnihr3 ZEERIFRIETH
HR A 02 (AN [ A5 M €0 gnih . gnihr3 51

https://www.china-fishery.cn

i Bt DX 56 42 AH [A] %) 7 310 4 o0l 16 3 55 B 9 O it
PCR(Real-time PCR) %f 5 ¥ 5| ¥ gnih-QS1/gnih-
QALl. gnihr3-QS1/gnihr3-QA1(F 1), p-actin FE [H
YEMNZEEH (£ 1), K Real-time PCR 1 J7 %
WE5E gnih 1 gnihr3 5 A (B-actin & K VE N Z) 1F
AN TR) A%V & 2H AU R kK, DL R I B o B
gnih I gnihr3 F£H (B-actin 3 HVE N Z) 76 A R £
PE fo B B Bl R 55 25 5 o Real-time PCR fiff F 2¢
Y644k SYBR Premix Ex Taq™ II(ABI, USA),
I e A DN ™ A% Fie B AN 4% R AE #2 ¥ 7E Prism7500
Sequence Detection System(ABI, USA) Fiif7., &
I 2% 50 °C 2 min; 95 °C 10 min; 95°C 15s,
60°C45s, 40 MEA . R 2745 A M A X
EIZE S, F GraphPad Prism #5042 il AR K 43
Br, 159 B [6) A5 M 0 ny AH X 2% 08 g . R
SPSS19.0 &1 i1 51 X 2K 75 22 73 A 41 ) . 35 4 22
S, M P<0.05 A REEZESR .

1.6 gnih. gnihr3 5 F7E RS M4 882 4 pY2E
AEN

MHE Sk T HS S 56 b Rk i
FRG, H 4% £ B EE (Paraformaldehyde, PFA)
(CET, L) T 4°CRHE24h, 15%. 20%. 30%
T W A BE 7K S OCT vk ¥ 41 - A3 38 5] Tissue
Freezing Medium (Leica Biosystems, Germany) £,
Fie JR Leica 2> 7] (19 UK VR D) AILERAE 20 B8 3% 22 DT X
16 um JEVI Fr, 83% iR 2 R i b B3t 1)
TCHER B R (R T, R,

RNA #R4T414 T PCR " il % gnih
gnihr3 1 RNA 845t . HAS [R5 1 f4 i cDNA fE
Sy iM% % LA HISH-F/HISH-R . RISH-F/RISH-
RAGIYW E DY HMBEE TR FHENR
B vy, EE. . e, %
A TEY (L) AR, 7814 BioEidt H Xt
WE IEH G, 462297 K PCR 971 & & & 300 pL,
FHHE E >N 500~800 ng/uL Y DNA 4lifk 7= ¥y 1 hy A
AR SRR ML . DIG-RNA-labeling(Roche, Ger-
many) $3ic., T7 RNA B4 W (Invitrogen, USA) 3
TSN S5 I RNA 15 S

R I i 2 4% PFA — Ik [
FEJG, FH2xSSC ¥k, H&A 50% 85+ it
J1 (Sigma-Aldrich, USA) [ Fii 438 i T 60 °C T4
Z& 3 h, #RJE A DIG bric M #R £ (2~5 pg/mL),
60 °C I WA o ZACEE A E MR 50% 85+
FH Pt Jiiz F1 2xSSC, 2xSSC. 0.2xSSC Pk %, - /H

HHE K 7% 23240 sponsored by China Society of Fisheries
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& anti-DIG $TIA (Roche, Germany) [t f 1] ¥ i %
9], ¥ H R H NBT/BCIP(Roche, Germany) 4t {7,
AWM EE (Olympus, Japan) 223255

2 4

2.1 gnih. gnihr3 ZE cDNA £ KFFIH R E
B th

HRHE 4 f . BE D) £0 gnih JE IR 25 B IX {5 SF 4%
TR T 504 B IE 51, JF RS IR = A5 1A 6
LLBR Fefiti cDNA AARIEA T8 1, 3493845 497 bp
i) B . id Blastn HXFATD, 3% 497 bp H BX
g B £ 2E gnih FER AV IR R BE . X 2 Bl £ gnin
JEHEAT 3'-RACE 143515 298bp 9 H B, 5'-RACE
BIiR1S 287 bp M R Bt BT A PFEESRAR 2 Fhfa
¥y gnih 34K cDNA J¥51 354 765 bp, FFil b
BEAE N 594 bp, Gt 197 DRI, ELLHY,
TR = A5 B GnIH 25612 )T 91 vh B 2045 5 Bk ¥
G, i#it GnIH ZEMR 7 LEXTA5 0, R B2 il
SRR S ARRED | EE B £ 4 R ARRL 625 GnIH
JIk¥ %46 LPLRF . LPQRF. LPQRF 3 M (& 1),

4 1, GnIH BRI C A o
SRR A a7/ BN RS s 5 2 I TS
514 21 8 gnihr3 3£ B9 cDNA 44 4 1 678 bp,
3'9F 45 % [X. (untranslated region, UTR) & 186 bp;
AT S VR = A5 R gninr3 FER 4K R 1670
bp, 3" UTR Jy 180 bp; WiFfif 5 UTR K 130 bp,
TF 0 e B2 HE 241 9 1 362 bp, 4 5 453 & HER .
iz PR LR A 4 T %2 30 GnIHR3 24 3L 1% ¢ 51) Hh 77
£ TM1, TM2, TM3. TM4, TM5. TM6, TM7
7 ANEEREIX, AT WL GnIHR3 A —F G 2 1148 B

Sk

2.2 GnlH. GnIHR3 [ERM oA Fiftik
gk

FIH] Clustal Omega #1347 ) GnIH 24 22
JP9) 22 8 25 R R - 7R BT LAY 4 FhA ) i
Rt e rp 21 SR S5 R = A% R B A e A A L)
1135 98.98%, AT B W A 2 [] 1 )3 B AH AL B
ik E] 79.40% LA b (B 1), HE T 11 R AS[A] 4 Fl iy
GnIH ZFE R ¥ 3, FIH Mega 7.0 #48 NJ R4 it
W (B 2), Z55RE, 20 5 = f5 Ry

C.auratus red var. MSSFTLLSLAFGILSSLMLREVTALRLPLPDDSDPDRFTWGQFPEDTQEIPRSLELEDFT 60

C.auratus % C.carpio % C.auratus MSSFTLLSLAFGILSSLMLREVTALRLPLPDDSDPDRFTWGQFPEDTQEIPRSLELEDFT 60

C.carpio MSYFTLLSLAFGILSSFMLREVTALRLPLPDDRDPNRFTWGQFPENTQEIPRSLEIEDFES 60

D.rerio MSYFALLSLALGILSSFMLSEVTALRLPLSGERDLNGFTWGQFSENAQEIPRSLEIQDET 60
ok : s i - *:: ook

LPLRF LPQRF

C.auratus red var. LNVAPTSSRVSSPTILRLHPI IKKPTHLHANLPLRHGRDAQMNARDRASKSTINLPQRFG 120
C.auratus % C.carpio % C.auratus LNVAPTSSRVSSPTILRLHPIIKKPTHLHANLPLRFGRDAQGMNARDRASKSTINLPQRFE 120

C.carpio LNVAPTSSRVSSPTILRLHPIIKKPTHLHANLPLRHGRDAQTSARDRASKSTINLPQRF[ 120
D.rerio LNVAPTSGGASSPTILRLHPI IPKPAHLHANLPLRHGRDAQPGTGDRAPKSTINLPQRFL 120
+ e Lok skesledoleksieledololok

C.auratus red var.

LPQRF
RSCTMCERSGTGPSATLPQRFGRDNIFSLDPFRALTLYTRTPESP-FPKERTQVHDYMFE

179

C.auratus % C.carpio % C.auratus RSCTMCERSGTGPSATLPQRAGRDNIFSLDPFRALALYTRTPESP-FPKERTQVHDYMFE 179
C.carpio RSCTMCERSGTGPSATLPQRFGRGNIFTSDPFRASTLYTRTPESP-FPKERTQVHDYMFE 179
D.rerio RSCTMCARSGTGPSATLPQREIGRRNI FALDPLRALALYTRTPESPSFPKERTQVHDYMFE 180
sesesiesiefesk siolojoloksioieioksoksieksiolok ol 1 skl ke 3 3 Hefckok
C.auratus red var. TVADSEETVKRTDYTALD 197
C.auratus * C.carpio % C.auratus TEADSEETVKRTDYTALD 197
C.carpio TE-DSEETVKRTDYTALD 196
D.rerio TVEDSEETVENTDYTALD 198

& spsecksdeckck ] deskdedoldok

E1 AEER &N GnlH S EEBEHRIRME 2
CRORINRAT AR R, O RIRR T B AR, R R R BAE 4 I KR GnIH Bk A 19 LPLRF. LPQRF.
LPQRF =A% 5 C. auratus red var.(4L ] : MT667267), C.auratus x C.carpio % C.auratus(¥ 5 = 5 & fill : MT667268), C. carpio(fi :

KU647279.1), D. rerio(3T 4 f1: ADB43132.1)

Fig. 1 Homology analysis of GnlH protein in different Cyprinids

* is used to indicate highly conserved amino acid residue; : indicates conservative amino acid residue which was replaced,. represents similar amino acid,
the black boxes indicate the three motifs of LPLRF, LPQRF and LPQRF contained in the GnIH peptide respectively. C. auratus red var. (MT667267),
C.auratus x C.carpio x C.auratus (MT667268), C. carpio (KU647279.1), D. rerio (ADB43132.1).

o B 7K 77 % 22 F 4 sponsored by China Society of Fisheries
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98

100

94

98 214 C.auratus red var

FEICEAEAE  C.auratus x C.carpio x C.auratus
i C.carpio

WLt D.rerio

100

fi  C.batrachus

HASE  Ajoponica

. R.norvegicus

99

89— A H.sapiens
. T.scripta

W58  Cjaponica
—100: X C.gallus

2 ETAEDM GnlH SEBLF5H0E ) NI R Gt n
Fig.2 Phylogenetic relationship of GnIH from different ploidy level fishes with that from

other vertebrates by bootstrapping analysis using joining method

i B 4 FPERRHO AR 37, 5 Al A
B CITE . 5K WILEN b RIE .,
AL Ry — RS, AR 0 2 HE 3
WREN K,

GnIHR3 23275 2 8 T2 R R (&3),
TEFT ALY 4 B [ SRR e rp 2080 S 5 =
i VA B3 7 5 A DL RE K 99.34%, AT P Ah a2k 1
WAL L E] 73.5% LA b, FE SR a2 v (RS
PR GnIH WA, H7E-EAN S BEAR (1 XS o AR SF o
BT 10 Bl [F) 9 Bl GnIHR3 2 K2 /R FE 41, R W
Mega 7.0 #4 ## NJ R G b (K 4), 5%,
CIO . SEVR S ASOREN | BE | BE T 4 FhEERL 2%
RN —, H5HAWR BT

2.3 gnih. gnihr3 EEEREBFEHENRIEE
SO

K 8258 O 5 B PCR X 6 H % 21 ) (Q,
3) M IR = A5 A (@, &) B . O
JIE . FFRE . WLPD . BREL . REEL . MRE . EIRSE9
Tl AL 2L 1) gnih FE DR AT AR [ 4L 200 3% 38 25 4%
Br, @5 BN gnih FEH EBAEAFAGMEMAT B
o Hp ik (] 5), 7E 2 S SRR e i A R 3R
IKOETE B PE 2% 5 (P>0.05), 11 A8 S I8 = 4% 4 6
E£0 Fr il 9 2R KO 3 T A£G (P<0.05);
gnihr3 5L D 7E Ml IE LT 6P 1) HPG TR B30k, 4%
SR TEAE b Rk AR =, AR MEAE R A
(NN S R e A RS o R N
A E5RE (B 6),

K 52 56 % 5 B PCR X} gnih . gnihr3 %
PR 7 3 2 4 30 20 3 R [6) 435 1 £ HPG il v i
TR T A, SRR (B 7), AEER, gnih
FEIAE LT Frfivi b (9 2% 38 K OF 2 8 T = U8
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S AERHP (P<0.05), {H 2 Flr £ () B S D A4
FRKFEAR, BB EES (P>0.05), ZHH,
gnih JEHAE 2 BT Fofidi v (9 2235 25 S e AR
B W, A O SR A b Y Ak A IR A
T B AR ER, gninr3 FERZELTH T B
G 0 T AR ) R TR KO B T S TR A AR
(P<0.05), A, gnihr3 3R 76 21 80 51 51 b i) 3
KK R T 508 = A5 R (P<0.05), AR
FEHARA LG, EEH I gnihr3 BLN7E 2 Fhfa R ik
Rk 2% B EET S, HIERK P RIEE
S 5 PRI

AR S 1 A%l 28 (dissociation curve) i
IR, DGR E B PCR ¥4 i = 4 B —
S HREFI K .

2.4 gnih. gnihr3 EEERNEEMHEFRIER
ENL D

T 1 B W EE gnih F TR AE 21 8 RN S5 R =
il A S8 i v 1) S V15 L (D 8), FE FR R 28 DY 4
S0 BRI B I R 9 4 A R AR FH A X,
i % %% (Npp). PLRTHZ (Npo). MI&E 45 4% (NLT)
PR B B A5 5, H A5 R 20 i b gnin 24
LG5 LS IR = A AR s

T U B gnihr3 TE L1 BIRN 5 UR = A
P e (A b e A2 B0 (B0 9), iR o . 2Ll
e R ZH 2L W) ik U (RPD) 30 S 2 M5 (PPD)
IR A 2S5 5 ek, LR A T [R]ER (PT) A pl 22
R (NH) K380 LS S 7857 =5k
B SR gnihr3 BREF7E RPD A PPD X IS th A
DRIRAEE S o (HS IR =R ER T gnibe3 5
B 4sc s o I SR iiss i 2, X5 1
Real-time PCR %55 —%( .
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C.auratus red var.

C.auratus x C.carpio x C.auratus
C.carpio

D.rerio

C.auratus red var.

C.auratus x C.carpio x C.auratus
C.carpio

D.rerio

C.auratus red var.

C.auratus % C.carpio % C.auratus
C.carpio

D.rerio

C.auratus red var.

C.auratus % C.carpio % C.auratus
C.carpio

D.rerio

C.auratus red var.

C.auratus x C.carpio x C.auratus
C.carpio

D.rerio

C.auratus red var.

C.auratus % C.carpio % C.auratus
C.carpio

D.rerio

C.auratus red var.

C.auratus % C.carpio % C.auratus
C.carpio

D.rerio

C.auratus red var.

C.auratus x C.carpio x C.auratus
C.carpio

D.rerio

~—MEATEGSWDASSVY1ISDLVSCINQTNSSNSSTAGGDVLFPYYQHSLPTAALFTLAYL 58
——MEATEGSWDASSVYTISDLVSCINQTNSSNSSTAGGDVLFPYYQHSLPTAALFTLAYL 58
~—MEGSGGLWDAASITYIISDLVSCINQTNSTNSSTVGGIVLFPYYQHSLPTAALFTLAYL 58
MEGSETVGLWADISICVFSN-THCTNQTNVTNSSTMAGI ILSPYYQHSLPTAALFSLAYL 59
B de; porder 1o sk ckeksksk cokskskek | sk g3k

FIFLLCLMGNALVCVIVLRNRHMRTVTNI F'1LNLAVSDLLVGIFCIPTTLVDN]:FIbT(IC}WPF 118
FIFLLCLMGNALVCVIVLRNRHMRTVTNIFILNLAVSDLLVGIFCIPTTLVDNLITGWPF 118
FIFLLCLMGNGLVCVIVLRNRHMRTVTNIFILNLAVSDLLVGIFCIPTTLVDNLITGWPF 118
FIFLLCLMGNALVCVIVLRNRHMRTVTNIFILNLAVSDLLVGIFCIPTTLVDNLITGWPF 119

™2
SNTICKLSGLVQGTSVCASVFTLVAIAVDRFRCIVYPFKPKLTLFVAKVSTIGMIWVLALT 178

SNTICKLSGLVQGTSVCASVFTLVAIAVDRFRCIVYPFEPELTLFVAKVSIGMIWVLALT 178
SNTVCKLSGLVQGTSVCASVFTLVAIAVDRFRCIVHPFKPKLTLFVAKVSIGT IWVLALT 178
SNTVCKLSGLVQGMSVSASVFTLVAIAVDRFRCIVYPFKPKLTLF IAKVSIGT IWLLALT 179
sefeck 7 oshesteslecleiediesiesieste  sfedde | shesesiesie sheofe s shoie e shesie sesesiesfe ek ¢ shesesh s ecjesjesfesiesie  sfesfe 1 sjeciesjesie
TM3 TM4

IMFPSVLMLTVQQEKGHVMVHGD—-NSTYPLYSCYETWPDPEMRKVYTTVLFLHVYVIPL 236
IMFPSVLMLTVQQEKGHVMVHGD——-NSTYPLYSCYETWPDPEMRKVYTTVLFLHVYVIPL 236
IMFPSVILMLTVEQEKGHVMVHGD—-NSTYPLYSCYETWPDPEMRKVYTTVLFLHIYVIPL 236
IMFPSVLMLTVEQERAHFMIYNDDYNNTYPLYSCYETWPDPEMRKIYTTVLFIHIYVIPL 239

P T A ST B - T T - e sE

TMS5
VLIMLMYGRIGAKLYATAVLTRAEQPDVPASHRNIRVIKMLMVVALLFMLSWLPLWTLML 296
ALIMIMYGRIGAKLYATAVLTRAEQPDVPASHRKIRVIKMLMVVAVLEMLSWLPLWTLML 296
ALTVLMYGRIGAKLYATAVL--AEQPDVPVSQRKIRVIKMLIVVALLFMLSWLPLWTLML 294
ALIMLMYGRIGAKLYSAAVSEHAN-————AQGKRKIRVVKML IMVALLFMLSWLPLWTLMM 295

. sk o shesfeslejesesoioiooiene 1 2 skl #* . o sesiesi s sesiesie o 1 sheok 1 shesiesjesjesiechosieslesiesieiesienke ¢

TMG6
LTDYARPDEDSLELLTSYVFPLSHWLAFSNSSVNP I IYGYFNENFKRGFQAACQHQVCCW 365

LTDYARPDEDSLELLTSYVFPLSHWLAFSNSSVNP I IYGYFNENFKRGFQAACQHQVCCW 365
LTDYARPDEDNLELLTSY IFPLSHWLAFSNSSVNPI IYGYFNENFKRGFQAACQHQACCW 354
LTDYGHPDNDSLEILTSYI FPLSHWLAFSNSSVNPI 1YGYFNENFKRGFQAVFQRQACFR 355
sesfesfesie, @l s e, s o sjesjenjeste o gesfeesiesiecfeste | ozl e

SREKTRFSVKRPRAGSPLNTAASGHPLSLGSRTNRIFTESDLTGCVRLELEHRRSSMDTK 416
SREKTRFSVKRPRAGSPLNTAASGHPLSLGSRTNRIFTESDLTGCVRLELEHRRSSMDTK 416

GRKKTRFSIKRPRAGSPLNTAGSGHPLSLGSRTNRIFTESDLTGCVRLE-—————— MDTK 407
RRREMRFRVKRPRQGCSPLN———— TGVLGSKTNRIFTESDLTGCVRLELEHRRAST——1 408
e, ok seale s ojololok e, . sesfesie ¢ sjeajerjesje sjejefenies ooy

GSSAEGGNSSTSTKREVHFE-TEKVSSAGGKTYSAWEL 453
GSSAEGGNSSTSTKREVHFE-TEKVSSAGGKIYSAWEL 453
GSSAEGGNSSMSTKREITHFEE IEKVSSAGGKIYNAWER 455
ENKAEGGNSGSSGRREIHFEE IEKVSSVGGKIYNAWEH 456
LSk S ;o sRsRel sjeRsseiede, sedkolseR | ek

3 T EEER & EAH GnIHR3 SEB K ELRM 2

R RINIRF IS BRI, RN R B B AR AL, <RI R RR . N R4 4 i KR GnIHR3 JIKh & A 1 TML. TM2.
TM3. TM4. TM5. TM6. TM7 LA X C. auratus red var. (481 : MT667269), C.auratus % C.carpio x C.auratus (5 J§ = {35 14 il -
MT667270), C. carpio(f)”, Danio rerio(3t & fii: ADB43135)

Fig. 3 Homology analysis of GnIHR3 protein in different Cyprinids

* is used to indicate highly conserved amino acid residue; : indicates conservative amino acid residue, which was replaced,. represents similar amino
acid; the underline indicates the seven transmembrane regions of TM1, TM2, TM3, TM4, TM5, TM6 and TM7 in GnIHR3 peptide. C. auratus red var.
(MT667269), C.auratus x C.carpio x C.auratus (MT667270), C. carpio ™, D. rerio (ADB43135)

3 Wi
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Fig. 4

Phylogenetic relationship of GnIHR3 from different ploidy level fishes with that from other

vertebrates by bootstrapping analysis using joining method.
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B 5 gnih BERELHMFFE=EEE Q. I) BZHLEF A Real-time PCR £5 R
LR 2000 380 4 PN S LA 6 BERR: 7. BRAE: 8. Tk, (a) gnih SERTEAH (O 3) HALHIFEREW: (b)gnih

FEDTE I = A5 AR (. &) KA SR R IL -

AN T RACR AL AT 35 k22 5 (P<0.05)

Fig. 5 Real-time PCR results of gnih gene in the tissues of red crucian carp and allotriploid crucian carp (2, &)

1. hypothalamus; 2. heart; 3. kidney; 4. liver; 5. muscle; 6. gonad; 7. spleen; 8. pituitary. (a) expression map of gnih gene in tissues of red cru-

cian carp (2, 3); (b) expression map of gnih gene in tissues of allotriploid crucian carp (@, 3); significant discrepancy between groups with different let-

ters (P<0.05)

SEINRERI LT R T AR BRI,
FCOP A | OKG 5L AR AR 7 B AR B I YRR
AERY FEREARTT AT IR, TEETHE,
FCHER N (R OB B A HE L, 2B 4
WA B RFAERY, FE4> TP b, SR = A AR
RN E PR B R 5 A 5 A0 S 1 24 FE B A Dimel
Gnrh2. Gth., Gthr. vasa ZFEN P F XA HI T
SR R A AR E LR S
B G Oik). N (HPG . A28 (R &
) E RIS HERREVKR .

PAF e - (R -ME il (HPG) A% 0 i il 28
PN 3 b T 6% 2 0 R 4 2 ) R R R L T R
S B R, GnlH 78 1 28 R FL 26 %%
2 T HESh 4 v 6 GTH A il /6 FH 2, 7E a2k
i, BFSEE B GnIH/GnIHR3 % 4t 75 i HPG %
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GnIHR3 J"¥Z /3 4ii T HPG ™, #WFss £, Xf4:
bk B RACHAVE I gnrh2 . Gth, Gthr G5EH T
POUE S AR R ik RB R H D gnih ER
— B A 5 R 0 HPG AR G SR, %k
ZARIEH AT H PR IK AW G B
1 H A EEAEA

T #E— 2 #R1F GnIH/GnIHR3 % AS [7] 435 P
R A B K AR R, AR IR O T RIR A T A
PR SR = AR gnih . gnihr3 3£ F cDNA
SR FH . FEME s R R, 2 B gnih,
gnihr3 & PR 4 15 1 20 356 1R 3 91 R B0 BE 43 il 1R ik
98.98%. 99.34%, S UE A A RN HL R 4G R A —
fEARLT 6 gnih . gnihr3 3R P )76 2 55 0] B 2
e A B XTI A AS e A SR . T AR
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B 6 gnihr3 EERELIHFRIE=EEE Q. J) FHLAHTH Real-time PCR 45
LR M 2000 3. 80 4 FFAE: S U 6 MM 7. BE: 8 WA, (a) gnir3 R IE A6 (R, &) K AL b (R & K,
(b) gnihr3 B FAEFIE =AM (2. 8) FHLA T PIREEIE; SARFERRRA NG L EMEER (P<0.05)
Fig. 6 Real-time PCR results of gnihr3 gene in the tissues of red crucian carp and allotriploid crucian carp (2, &)

1. hypothalamus; 2. heart; 3. kidney; 4. liver; 5. muscle; 6.gonad: 7.spleen; 8. pituitary. (a) expression map of gnihr3 gene in tissues of red cru-
cian carp (2, &); (b) expression map of gnihr3 gene in tissues of allotriploid crucian carp (2, J); significant discrepancy between groups with different
letters (P<0.05)
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*
KZ . RS
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e © E (d)

& 7 gnih F1 gnihr3 £ F7E 7 [E 45 14 8] €2 4 78 58 & A9 Real-time PCR 25 R
LR 2. TR 350 5. (a) gnih J BRI FE AN [R) 45 14 0 600 =l 5 30 2 5 il o A) 2RO PRI s (b)gmih i TR S () 3% ik S0 660 5% T 44 A B el oo
B E B (c) gnibr3 FE TR E AN [ 4 Y 60 61 <l % 58 300 A B ol o 1) 2R 0K PRI S < (d) g3 5 TR E AN (7D 35 A 0 660 55 T 400 A4 0l o ) 06
W, oo KON IAA BFEEE R
Fig. 7 Real-time PCR results of gnih and gnihr3 gene in reproductive axis of different ploidy fish

1.hypothalamus; 2. pituitary; 3. ovary. (a) expression map of gnih gene in reproductive axis of different-ploidy fish during non-breeding season period;
(b) in reproductive axis of different-ploidy fish during breeding season period; (c) expression map of gnihr3 gene in reproductive axis of different-ploidy
fish during non-breeding season period; (d) expression map of gnihr3 gene in reproductive axis of different-ploidy fish during breeding season period.*

significant difference between groups
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B8 gnih ZEFRELHMEE=EHHARFNENRRERE CELRMER)
1. gnih 3 K 76 21 8 () 52 s B s 2, 4. gnih 55 R 7E 20 800 i P (008 B, AR ZRAS . (55 202, 4 HBIR S 5124 40 pm. 50 pm): 3, 5.
[ = % HR (3, 5 LA R 93 53l D9 40 pm 50 pm): 6. gnih FE DA TE T 5 = 45 A B 1) 5 AR BB 7, 9. gnih B DR TE SR = A3 oA B0 i s AL,
LU RRAMET M (7,9 B 5 518 40 pm. 50 um); 8, 10. B 5T A& (8, 10 LI R 43514 40 pm 50 pm).
Dm. 3 5 5 P9 0035 ; Dd. i i 25 00 3565 DId. S 06 35 4003585 De. sit i 15 P3O0 w3 5 Vp. IO I /5 355 DLv. i 1o 152 40000 3505 V1L S 000 6 Ji5 400 4% 5
Npp. il Fl b % #% ; Npo. #ii4%; OT. ¥LIH % ; NAPv. S i #%; NLT. Il 45 5 #%

Fig. 8 Localization and schematic mapping of gnih gene in the brain of
red crucian carp and allotriploid crucian carp (tissue in situ hybridization)

1. chematic mapping of gnih gene in red crucian carp; 2, 4. localization of gnih gene in the brain of red crucian carp, color of purple red as the hybrid sig-
nal point (the scale of 2 and 4 are 40 pm and 50 pm respectively); 3, 5. negative control (the scale of 3 and 5 are 40 pm and 50 pm respecttively); 6.
chematic mapping of gnih gene in allotriploid crucian carp; 7, 9. localization of gnih gene in the brain of allotriploid crucian carp, color of purple red as
the hybrid signal point (the scale of 7 and 9 are 40 um and 50 pm respectively); 8, 10. negative control (the scale of 8 and 10 are 40 um and 50 pm
respectively).

Dm. medial part of the dorsal telencephalon; Dd. dorsal part of the dorsal telencephalon; DId. dorsolateral part of the dorsal telencephalon; Dc. central
part of the dorsal telencephalon; Vp. ventralis thelencephali pars postcoomissuralis; Dlv: ventrolateral part of the dorsal telencephalon; V1. lateral nuc-
leus of the ventral telencephalon; Npp. nucleus preopticus periventricularis; Npo: nucleus preopticus; OT. optic tectum; NAPv: nucleus anterior periv-

entricularis; NLT. nucleus lateral tuberis
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50 pm

B9 gnihr3 B ETEL R FIR = FAEEAFPHEM CBRRMLER)
1. gnihr3 & DRI 7E 21 80 T AR P R 0, SRR ARAEAE 5 2 2 BIMEST B (LU B R 50 pm); 3. gnikr3 31 R 76 S U5 = 5% 1 80 48 4K o f1) 5 Aoz
BABRRIET G 4 BT H (ELE)R A 50 um)
RPD. ¥ 3 322 {8 ; PPD. 3 3 328 1) 5 PY. 28 44 o ] 5, NH. 4 28 2 f
Fig. 9 Localization of gnihr3 gene in pituitary of red carp and allotriploid crucian carp (tissue in situ hybridization)

1. localization of gnihr3 gene in pituitary of red crucian carp, the color of purple-red is the signal point for hybridization; 2. negative control (the scale is

50 um); 3. localization of gnihr3 gene in pituitary of allotriploid crucian carp, the color of purple-red is the signal point for hybridization; 4. negative con-

trol (the scale is 50 pm).

RPD. rostral pars distalis; PPD. proximal pars distalis; PI. pars intermedia; NH. neurohypophysis
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Comparative analysis of expression of gnih and gnihr3
genes in different ploidy fishes

YUAN Liyjiao >, HUANG Lu?, FAN Siyu'?, LI Shengnan ', ZHOU Tian '?,
ZHAO Rurong ', TAO Min ',  LIU Shaojun "*

(1. State Laboratory of Developmental Biology of Freshwater Fish, Hunan Normal University, Changsha 410081, China,
2. Engineering Research Center of Polyploid Fish Reproduction and Breeding of the State Education Ministry,
College of Life Sciences, Hunan Normal University, Changsha 410081, China)

Abstract: In order to study gonadotropin inhibitory hormone (GnlIH) and its receptor encoded by gnih and gnihr
genes in gonadal development of different ploidy cyprinid fish, molecular cloning and comparative expression pat-
terns of gnih and gnihr3 genes in diploid red crucian carp and allotriploid crucian carp were carried out. By PCR
and RACE technology, the full-length cDNA sequences of gnik and gnihr3 genes of diploid red crucian carp and
allotriploid crucian carp were obtained. Our data showed the amino acid sequences of GnIH encoded by gnih gene
of red crucian carp and allotriploid crucian carp both contained the typical LPXRF marker of GnlH peptide.
GnIHR3 encoded by gnihr3 gene was a G-protein coupled receptor with seven transmembrane domains. Real-time
PCR was used to analyze the expressions of gnih and gnihr3 genes in different tissues of different ploidy Cyprin-
ids. The results showed that the expression level of gnik gene in the hypothalamus of red crucian carp was higher
than that of allotriploid crucian carp; the gnihr3 gene was expressed differently on the hypothalamic—pituit-
ary—gonad axis (HPG). Nevertheless, it was noteworthy that regardless of non-breeding or breeding sea-
son the expression of gnih in the hypothalamus from red crucian carp was higher than that of allotriploid crucian
carp. Simultaneously, the expression level of gnihr3 gene in hypothalamus and pituitary of red crucian carp was
higher than that of allotriploid crucian carp, but the expression of gniir3 in the ovary of allotriploid crucian carp
was higher than that of red crucian carp. Through in situ hybridization, the locations of gnih and gnihr3 genes in
brain or pituitary of different ploidy fishes were analyzed. Strong hybridization signals of gnik could be detected in
Npp, Npo, NLT in the brain of red crucian carp and allotriploid crucian carp. Strong hybridization signals of
gnihr3 were located mainly in the PPD and RPD regions of the pituitary, and weak hybridization signals were dis-
tributed in NH and PI regions. Meanwhile, the signal of gnihr3 hybridization of allotriploid crucian carp in the
pituitary was much weaker than that of red crucian carp. The results showed that gnih gene is mainly expressed in
the hypothalamus, combining with the receptors distributed in HPG widely and acting through multiple pathways,
which participate in the regulation of gonad development of different ploidy cyprinids through multiple ways.
There are differences in the expression of gnih and gnihr3 mRNA in different ploidy fish tissues. This study
provides molecular evidence for sterility of allotriploid crucian carp, which is important for fish reproduction and
genetics breeding.

Key words: allotriploid crucian carp; gnih; gnihr3; mRNA expression; sterility
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