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3 785 85 (Cynoglossus semilaevis) gnrh2 B E =
A RIPERFIER RIS

EORE OMEA xRS OB B
AT ? k12
(L. M v P el ) R 2 A R FE G SR I0 3 7 By R K A 28R 1 T AR 5 AL R B G S =
EDK P RHEERF B s AR ST T8 2660715 2. T B iBTERME SEORE R IR E
MO R S I FRIIRE SR H & 2660715 3. R RFOK HEMER il 201306)

HE K Y BT B A 2 KR M IR % & B %% % (Gonadotropin-releasing hormone 2, GnRH2)7%
3 % F #(Cynoglossus semilaevis) il § ik i 12 o 19 £ BB H, A#F% 33 RT-PCR & RACE 7 %
kAT H#IEE 4 GnRH2 2K cDNA 7 ; @it 52 it 7% F & PCR(QPCR)XT gnrh2 mRNA #y 41 48 7>
AR E R AR N S RARFEHATT o4, ERE 7, F7FF % GnRH2 2K cDNA 77|
N 538 bp (.45 polyA &), H #,5 3 44 A5 [X (Untranslated region, UTR) % 154 bp,3'UTR % 126 bp,
FF 7 7] 32 HE (Open reading frame, ORF) % 258 bp, #i# 85 NA KB WA AR LK, HorFERF B A
251 9.69 kDa A1 8.55, GnRH2 A& % Jik d1 {5 & k. GnRH2 + ik . B 41 4L & (GKR) A & GnRH 7#
3 Bk 3R 4 44 R T 7 X AT X T, GnRH2 £5 2 3 b B R AL, & 2 T IK(QHWSHGWYPG)
EFHBEE 2K H T AME, FHFF % GnRH2 5 # B B IR M & 5(89.41%-90.59%), ok 8 7
B . #7% H Al ¥ H (78.82%85.88%), 5 1 H [F JF £ & 1%(61.18%—71.76%). gnrh2 mRNA * %
TR P RA, EERREMIIFLAL PRI ERK, o, ALFQNEFR, FEFTHNELFTE
AR SAEHL, O, IV, VAV, 2200 & st 2 9, i gnrh2 mRNA &3k & 78 9 3 4 Ak 3
(B ZE W A, KBEM; MERAELZB TR, ZERAB(V KR &AME; £H I E BV
X B EWH I, 45T, ZNERALTEF, TR gnrh2 mRNA KA EAEINE 4 K E (V)T Z
PR, MEAERBIMVINE T, EAHNEHVIIDX AR TE, ERAXERKA, I
GnRH2 F 5 5 T ¥ BEHINE L HFiLH,
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T By 171 28 B M i s = A2 1) I — 3 AR iR (Gonadotropin-releasing hormone, GnRH)fi¢ # F {4 fig
(HPG Hl)A A% . T Fe il 28 IROE P BRI R RO 3= 4 17 8 Z (Gonadotropins, GTHs)EiE B4 Z (Follicle-
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stimulating hormone, FSH)FI# {&A4: i & (Luteinizing
hormone, LH)G 540, GTHs #EmMifEH THEMR
PRIES B ZR () 50 . B H AT R Ik, FEEHES P
B2 %@ 15 F GnRH WA, Hor, 8 Fifide THf
gk, B g aRhEERD 2 MW
GnRH Z Jik(Ohkubo et al, 2010), #EALFIZIRE > HT
B, GnRH 43 3 K37 : GnRHI1 (Z Hj#{FX1E seabream
GnRH). GnRH2 (ZHi#FRYE chicken GnRH-1I)
GnRH3 (ZAj##R1E salmon GnRH), GnRHI1 f&—7#f
YRR SRR GnRH 2K, = SEFE MK | s i 0 A
PUETIX R GA, a2 i B R GTHs & 55 3 Wbtk ifii i
FEVERR R, GnRH2 M S B IFL 28 3 W) s BE AR ST
GnRH2 #h&Iofi Friiss, JFHIMZThsE) iz
S TR TR ARG, TS5 THIT IR
17745 GnRH3 K FrRe A 1) —FOmAL, {7 T ik
A, FERREK ., v i IE 00 SR AT IX 5 GnRHIT A #85
EEIA, RES ST UIRE(Hildahl et al, 2011;
Shahjahan et al, 2010),

Hl, CEZSMaE el 7 GnRH2 R
K, MR FL2E GnRH2 AR Z LR P31 = B A
SF, ¥BIH{ES k. GnRH2 k. BEFVIA A5 &% GnRH
A k4L (Guilgur et al, 2006), /R4 GnRH2 &5 i
5P, SR AR D) REMT S R D, JUHUE GnRH2 7R
A B IR e B A BRI ANTE R o 5 A B
B AH 1, M 4 (Acanthopagrus schlegeli) 1 /)y H.
(Amphiprion melanopus) PEfi# gnrh2 mRNA 7E 520k
HURI AR b KA e m, W] GnRH2 W RES S
T B VEIR L ME S (An et al, 2008; Kim et al,
2012). R M7 , 35 P 22 47 B (Centropristis striata)fixi gnrh2
mRNA 7K 78 P 8 % 0 72 PR 357 52 22 (Breton et al,
2015). BLAk, 7EARIL i (Odontesthes bonariensis), /&
5K J7 il (Takifugu niphobles) .k 74 ¥ % (Gadus
morhua) DA X [F 5 52 i (Verasper  variegatus) BlJ 5 i 2
K gnrh2 mRNA KA GRS (Guilgur et al,
2009; Hildahl et al, 2011; Shahjahan et al, 2010; Xu et al,
2012) . fif £ (Scomber japonicus) fix 1 3 & gnrh2
mRNA k4 LUK GnRH2 22 1K 75 4 78 51 5L 3k
B AT & A B 3 AR b (Selvaraj et al, 2012),
RS UL, GnRH2 WHERA H#S 5 Lk
PER & B G B . BRI, BRfafik gnrh2 mRNA £ ik
R e B b B PR/ (Selvaraj et al, 2015).
fiffi £21 (Mugil cephalus)fili gnrh2 mRNA 3k 2 75 5P 5L i
P AR 3 PRI (Nocillado et al, 2007). A%,
K 22 ¥ (Scophthal mus maximus) i ' GnRH2 % & i %
YRR A ARG I ey, JF Ho— B2 3 HE NS 1)

P3R4 12 7K - (Andersson et al, 2001), % F iR,
GnRH2 7€ ff S i it 7 v iy A B FH o ok o8 4
BB, T IRASE .

¥ 75 85 (Cynoglossus  semilaevis) & — Ff & E 1)
MK IR VTS ARk, X T2 0 A A A G
UiRe R R A o — e s, filan FSHB. LHB.
GTHa. mPR-like %:(Shi et al, 2015; #I2: 5%, 2015).
J T 25T GnRH2 7 2f 1 7 5 O Sl 2 Fi
(A= BRAE FH , ABF 5838 i3 RT-PCR & RACE J5 #3545
GnRH2 4= cDNA J¥3l, I3 i 558 28 b &
PCR(qPCR) 79T T gnrh2 mRNA (20 41434 Fil
FE O S LAGE FR R B 25 R R BN 1
A BE N A IR T SR L LR BT R

1 MR57E=%
11 SR & RIFIFEM

S BT 1 0 L AR T BE T R K A
PR, Horb, FoksE K 20215504 fir P00 0 650 2 1%
Mt , 1AH N 553.0-844.1 g, 1AK K 48.0-53.0 cm;
O 5 % B A [ s 10 i P 2 0 6 o P ety 3 08 £
Ty 1183.9-1349.2 g, &K H 52.0-59.0 cm.

RNA B RNAiso Plus. 5%k 3#ilH &
PrimeScript™ RT Reagent Kit with gDNA Eraser
(Perfect Real-time) %7t PCR il & SYBR"
Premix Ex Tag™ II (Tli RNaseH Plus)ily Fl TaKaRa
/v )3 RACE il 77 & SMARTer™ RACE cDNA
Amplification Kit JlJ F Clontech 28 w]; Ji [FIYCiA 5 &
Zymoclean Gel DNA Recovery Kit 4 Ff ZYMO /A F
pEASY-T1 /A& L) & Trans1-T1 Phage Resistant J&32 5
AR B 2N s HAR RE -, 514 R
FPE AR TAY TR ABRAFISEM., JC RNA il
EP 4 J% PCR %l H Axygen /A +]; NanoDrop2000C 43
JEIGEETHIE A Thermo 4] ;5 Veriti™ 96-fLAVIEFYIN
H Applied Biosystems 237 ; 2<5E it Mastercycler ep
realplex Real-time PCR ¥4 [1 Eppendorf /7],

1.2 GnhRH2 £ cDNA BEEEEIINHT

R 0.05% MS-222 BRERS . FHET 1k
BYTFSLAPALHE, IR 4, B TR 4 RNAso-
Plus ##A/E VL4 EUE RNA, @ 1d NanoDrop2000C 43
JEIEFETHIE RNA M4l B IR B2, a2 1%3 IS p e
PR UK R 5 RNA B8Rtk 4 s Hov#n) RNA
¥ 8 RACE ¢cDNA Amplification Kit #F17# 5%, 15
#l| 3'-RACE-Ready cDNA Fil 5'-RACE-Ready ¢cDNA,
AT M3 GnRH2 BIARST F A5 4
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(& 1), ViR cDNA R#H, 4 5li#E17T 3'/5RACE,
%5 1% PCR WK% . 10xPCR Buffer 2.5 ul, dNTP
Mixture (10 mmol/L) 2 pl, GnRH2-F1/GnRH2-R1
(10 umol/L) 0.5 ul, UPM (long) 2.5 pl, Taq B4
0.2 pl, ¢cDNA 1 pl, ddH,O %% 25 pl, % 1 4% PCR 2
FF: 94°C 2min; 94°C 30s, 68°C 30s, 72°C 1 min,
10 MER, BERBRKRE TR 1C; 94T
30 s, 58°C 30 s, 72°C 1 min, 3£ 20 MEFR, 72°C
10 min, 25 2 #(H)PCR A R P LIS 1 4 PCR
PR A, UPM(short)# {8 UPM(long),

GnRH2-F2/GnRH2-R2(10 pmol/L)%4t GnRH2-F1/
GnRH2-R1(10 pmol/L), HARHMHAA, HX PCR
2 : 94°C 3min; 94°C 30s, 58°C 30s, 72°C 1 min,
3L 30 AMEFR; 72°C 10 min, DL 1.5%M B ISR FL
VKX PCR P=“HI#EA TR, BA-6 B IR /N S5t

52 #8 Gel DNA Recovery Kit i H 77152 [T K iz =]
W5 pEASY-T1 #4k 25°Ci#H: 10 min J55%1k
Trans1-T1 Phage Resistant B2 84/, 774 I BEG
vE, BRICHMER RS, 2 PCR k)5 45 /MG
T8 PR Sk 24 TAEY) TR () A BR A F 1Y .

H Wy B A 0 v B AT PR, AR R R
GnRH2 42 ¢cDNA 741 jiliif DNAman £R{4 45 H
IR Y5 ; M FHAE L4 {4 SignalP 4.1 Server
(http://www.cbs.dtu.dk/services/SignalP/) Fiill {5 5 K ;
FIFHTELL B Clustal Omega (http://www.ebi.ac.uk/
Tools/msa/clustalo/) i 17 [A] £ ¥ 51 EL X) 5 1 FH 444
Mega 6.06 il i3 &P 7 (ND I EEHELA, 1000 K [ %4
(bootstrap) 5 & o o i AL AR 19 45 BE 5 R AE 2
ExPASy (http://web.expasy.org/compute_pi/)¥fE K7 fif {4
EZ D w9 A

x1 AHARFASY

Tab.1 Primers used in this study

5|4 % FX Primer name

5| %) J¥%1 Primer sequence (5'-3")

H Y Purpose

3'RACE, 1st PCR
3'RACE, 2nd PCR
5'RACE, 1st PCR
5'RACE, 2nd PCR

CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT

Universal primers

q-PCR

GnRH2-F1 GTTCTGTTGCTGGGGCTGCTTCT
GnRH2-F2 CAYTGGTCNCAYGGNTGGTAYCC
GnRH2-R1 CTGGGAAGGATCACCATAGAAA
GnRH2-R2 ATAATGTCTTTCAGAATGCTCC
UPM (long)

UPM (short) CTAATACGAC TCACTATAGGGC
GnRH2-F3 GGAATCTGAACTGGAGAACTGCT
GnRH2-R3 TGGCTGCTCACAACTTTATCAC
18S-F GGTCTGTGATGCCCTTAGATGTC
18S-R AGTGGGGTTCAGCGGGTTAC

1.3 gnrh2 mRNA fHZR 45> 7 & O S R B F2 P R X
T

T gnrh2 mRNA - 7E2F ¥ 55 65 (i 41 410
A, B3 AMEMEE U B3 0.05% MS-222 FRiE)5 ,
FHBY TN 26 5 FF S FRAL AT, TR I B . T fAc | 68
N S I = S == BN 7B || NS DS A a R SRR TS
£ RNA $2H,

B Ab T B0 AR & B BEAY 1 S 85 0.05%
MS-222 JFREESG , FHBY I U4k 85 7 Sk ALt s
B BB T Davis BUEWR T EE 24 h )5, 7 A 70%
PASORAE, ALY R 8T [, 4 i A A g
TFWAFHRAEE RNA 25, S EH124H%(2009)F
e ST = R AR 20 A RO Y el D O
LU R HE G @85 R 0647 2 B -0t 0 1 % & )
1o B A5 AU X 7 B 0 R TR AR i 28 RNA 2 H
SEESREE, a9t E B PCR Kl gnrh2 mRNA 7E

B3 i G R ) ke
1.4 B RNARBR., REFSXXE=RN

I8 RNAiso Plus #2142 4121 RNA , 8
it NanoDrop2000C 43560 BE T RNA (%) 21 B Fiigk
J&, I 1% N BRI B VKR 36 RNA 588 4
B H5E% R RNA $% 88 PrimeScript™ RT Reagent
Kit with gDNA Eraser (Perfect Real-time)) %% 5% {5
S UL AT AT R SR S . USSR IRAR R A 20 pl,
SEH 1 pg B RNA 5 2 ul 5xg DNA Eraser Buffer, 1 pl
gDNA Eraser, J]JC RNase /K#PFE 2 10 pl, ZZ12I1EA]
RO, R LU RO ARF AT 42°C 2 min; f5iX
— RSV 1 ul RT Primer Mix, 1 pl PrimeScript™
RT Enzyme Mix [ . 4 pl 5xPrimeScript Buffer, 4 pl
JC RNase /K, Z22IR5) . M .G, FUUT OV RRF
#47: 37°C 15 min, 85°C 5s; KRS 1 10 £%
B IR 20 C -7 %5 .
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iz I Wang % (2016) ik Jy i@ 13 %6 b 2 7 PCR
R AR SCHE R Y 258 . P Y HIR RN 20 pl,
£U4% 10 pl 2xSYBR®Premix Ex Tag™ Il , 0.8 ul F'F
W51 (RS [P BEY R 10 umol/L), 2 pl Fakefl
cDNA 54z LK 7.2 pl FCIRK, BRI B
5, i Mastercycler ep realplex Real-time PCR ¥
(Eppendord)#EA T2 N AR, AEAFES, 3 4 F4T,
PCR R HWIAE:: 95C 305;95C 55, 60C 205,
I 40 NMEI . O EE IS AT A R it 2 o Bt LSRR
FEMIREREE . 18S AR RN SN, ARWFFE T S I (E
B 1, LA RA RS 2k, 4
DI V(B bR 1% (MeantSE) 2671 o & JH SPSS 17 #47
AR ZE 7 2011 (One-way ANOVA)5 Ducan £ It
B, P<0.05 I\ HNA BEEGI 2R

2 #R

2.1 GnRH2 £4< cDNA HERFE IS

WE 1 R, 2055 GnRH2 45K cDNA i 538 bp
(AELFE poly A &), Hirfr, 5'JE4R A% X (Untranslated region,
UTR) N 154 bp, 3'UTR 4 126 bp, JFJHHEEHE(Open
reading frame, ORF)% 258 bp, Zwfid 85 2 F&MR
(GenBank %35 : KX090947), GnRH2 Fif&Z ik i
4 WA AR TR ANEHEERR) . GnRH2 + ik
(QHWSHGWYPG), B 5 (GKR)A K GnRH %
JIR(49 2 HEEFR) -

2.2 GnRH2 [F & b X3 5L #9387

mE 2 i, Kl & 8 GnRH2 iS5 HAh i
H A HEAT M LU X500, & B GnRH2 7E s
[ , JE O+ IR(QHWSHGWYPG)TE I A fiff
Hh o aMFE . ) GnRH2 589 H R
PERR 5 (89.41%-90.59%) , HUCHEIE H . &2 H M
fili I H (78.82%—85.88%) , 5 I H [&] Y& 7 % Ik
(61.18%-71.76%).

KM Mega 6.06 3k, 3F GnRH Fij A& LR 7
G AT 255, LAARI i pe g f 2% GnRH #EALH .
Kl 3 pros, #3538 3 K32 GnRHI 4332,
GnRH2 4332 A & GnRH3 43 3¢ o AW 5% 7l T f2- 1
i GnRH2 5 HAb 12X GnRH2 KN —,

2.3 gnrh2 mRNA AASHRAEPEMATEFR
L5 HT

WK 4 fin, gnrh2 mRNA FEAER P, 16

-154 tgggegagegtgaggaggaatet gaactggagaa
—120 ctgctaagaaaccataaagacataaagagtgtctgagagcttctgegaggacgetgagga
—60 aaacattaagaagcccctgtggtgataaagttgtgagcagecactaggtacagacatate
1 ETGAGTGTGTTTCGGCTGGTTCTGTTGCTGGGGCTGCTTCTCTGCCTTGGGGCTCAATTT
1 MSVFRLVILLLGLILLCLTGAZ® QTF
Signal peptide
61 TCTAATGCACAGCACTGGTCTCATGGTTGGTACCCAGGAGGGAAAAGGGAGCTGGACTCC
21 S N A Q HW S HGWYZPGGIE KT RELDS
GnRH2

121 TTTGGTACATCAGAGATTTCAGAGGAGATTAAACTCTGTGAGGCCGGAGAATGCAGTTAC
4 F G TS ETISEETIZE KLU CEAGETCS SY

T T T T T T T T T T GaRHassocitedpeptide

181 CTGAGACCCCAGAGGAGGAGCATTCTGAAAGACATTATACTCGATGCGTTGGCCCGGGAG

61 L RPQRRSILEKDTITILDALARE

241 CTACAGAAGAGGAAGTGAaacgttctgtttttctatggtgatecctteccagtgtacttgt
81 L_Q K R K =*

301 ttgatggtgtgaatttggttgtatctgtatgtgaaattgtattaactcgttgtttaaatt
361 tcccataataaacaattttgattt—polyA

Bl 1 i ) GnRH2 A& cDNA ZH IR 415
I B IR P 5]
Fig.1 The nucleotide sequence and the deduced amino

acid sequence of cDNA encoding the GnRH2
precursor of C. semilaevis
TE B A RS R, 57RI 3' AR g b X /NG bk
For . BIAHEM T LT 55 BAE AR S 20K
TRIEEAFE ST RIS EMAR TR GnRH2
Tk TRIMEZLA GnRH A 5K
The ORF was denoted by capital letters, and the 5'-and
3'-UTRs were denoted by lower-case letters. The initiation
codon was boxed, and the stop codon was denoted by an
asterisk. The signal peptide was underlined with a solid line.
GnRH2 decapeptide was highlighted in bold letters and

underlined with a solid line. The GnRH-associated peptide
was underlined with a dotted line

el S ISR A 2 Rk AR, FUA ik rp e ik
Y 2.5%—-8.3%

WE s i, HRPEIREAN IR R & B A, DL
B0 7 A0 B v B3 R TR O A B R A i 2 AR
YRR DR SR 80, B0 SR F R AL 5 AN
BFTTT, B A= BT BHHATID, B oA BT A i)
IV, BREAE RS BTV, el BV, HEgp
Ja .

mE 6-A fras, LLITAME S 08, 700 4G
FEH, B gnrh2 mRNA &k & 78 U 35 A5 0 (Tt
FEYGIN, RPN ; BEJS, 6 gnrh2 mRNA ik
AR, TEREIN (VDB B ME s SR, TEHE
O JE (VI ) s, il 6-B s, LA ITHA
fENZ I, 7600 A AGE R FE (R gnrh2 mRNA ik
T 7E O B A B (T e AR, 5 TR L TG 3%
PEZE S BRI, TR gnrh2 mRNA 25k 78 59 A= i
JE AV ) i RGBS, R gnrh2 mRNA 3%
TR AE A (VDA IV I B s, ZEHEDR S I
(VIIA) SR T F% o
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Signal peptide GnRH2

GnRH-associated peptide

Tongue sole
Grass puffer
Winter flounder
Grouper

Nile tilapia
Chub mackerel
Black porgy
European sea bass
Goldfish
Zebrafish
Rainbow trout

M-SVFRLVLLLGLLLCLGAQFSNAQHWSHGWYPGGKRELDSFGTSEISEEIKLCEAGECSYLRPQRRSILKDIILDALARELQKRK
M-RVPGLLLLLGLLLCAGAHLSNGQHWS HGWYPGGKRELDPFNPSEISEEIKLCEAGECSYLRPOQRRNVLRNFLLDALTRELQKRK
M-CASRLVLLLGLLLCVGAQLS SGQHWSHGWYPGGKRELDSFGASEISEEIKLCEAGECSYLRPQRRNILRNILLDALARELQKRK
M-CVSRLVLLLGLLLCVGAQLS SAQHWSHGWYPGGKRELDSFGTSEISEEIKLCEAGECSYLRPQRRSILRNIILEALARELQKRK
M-CVSRLALLLGLLLCVGAQLSFAQHWSHGWYPGGKRELDSFGTSEISEEIKLCEAGECSYLRPQRRSILRNILLDALARELQKRK
M-CVSRLVLLLGLLLCVGAQLSNAQHWSHGWYPGGKRELDSFGTPEISEEIKLCEAGECSYLRPQRRSFLRNI ILDALARELQKRK
M-CVSRLVLLLGLLLCVGAQLSNGQHWS HGWYPGGKRELDSFGTSEISEEIKLCEAGECSYLRPORRSVLRNILLDALARELQKRK
M-CVSRLVLLFGLLLCVGAQLSNAQHWS HGWYPGGKRELDSFGTSEISEEIKLCEAGECSYLRPQRRSVLRNI ILDALARELQKRK
MVHICRLEFVVMGMLMFLSVQFASYQHWSHGWYPGGKREIDVYDPSEVSEEIKLCNAGKCSFLIPQGRNILKTILLDALTRDFQKRK
MVLVCRLLLVVGLMLCLSAQLSSAQHWSHGWYPGGKREIDLYDTSEVSEEVKLCEAGKCSYLRPQGRNILKTILLDALIRDFQKRK
MVSVARLVFMLGLLLCLGAQLSSYQHWSHGWYPGGKRELDSFTTSEISEEIKLCEAGECSYLRPQRRNILKNVILDALAREFQKRK

K 2

Khkkhkkkkkkhkkkkkok o

K ekkkekkk o kkokk ek KKk % * . ek e kk ke o kk kK

[R5 GnRH2 RS 251 5 51 LE o)

Fig.2 Multiple amino acid sequence alignments of GnRH2 precursors from different fish species

AHIR) A 2R FH CpRall s & BEORSF RO 2L IR OFR il s ARBE PR ST A0 2R T ()RR o GenBank %5 5% 5701y o 2 1875 5
(Cynoglossus semilaevis; ANW83256) . £ i 4 J5 fifi (Takifugu niphobles; BAJ07189) ., 35 ¥ {4 (Pseudopl euronectes americanus;
AER93392), #44 f B {4 (Epinephel us coioides; ACZ51152), Jé % % | i1 (Oreochromis niloticus; BAC65155) . fifi £t (Scomber

japonicus, ADP89592) . R fifi(Acanthopagrus schlegeli; ABU92552), B I fifi(Dicentrarchus labrax; AAF62900), 4t
(Carassius auratus; AAB86989) ., ¥ ffi(Danio rerio; AAM43951) L) J iT % (Oncorhynchus mykiss; AAF08687)

The identical amino acids were labeled with “*”, the highly conserved amino acids were labeled with “:”, and the less conserved
amino acids were labeled with “.”. The GenBank accession numbers of the GnRH2 precursor sequences of teleosts were as
follows: half-smooth tongue sole (Cynoglossus semilaevis; ANW83256), grass puffer (Takifugu niphobles; BAJ07189), winter
flounder (Pseudopleuronectes americanus; AER93392), orange-spotted grouper (Epinephelus coioides; ACZ51152), Nile tilapia
(Oreochromis niloticus; BAC65155), chub mackerel (Scomber japonicus; ADP89592), black porgy (Acanthopagrus schlegeli;
ABU92552), European sea bass (Dicentrarchus labrax; AAF62900), goldfish (Carassius auratus; AAB86989), zebrafish (Danio
rerio; AAM43951), and rainbow trout (Oncorhynchus mykiss; AAF08687)

AWFFE Jei@ it RT-PCR K RACE J5 8:3545 T2
58 GnRH2 4K cDNA 41, #Efborbr i, ¢
835 i GnRH2 5 L AhAS B 12 GnRH2 N —3, A
[f] T GnRH1 F1 GnRH3 433% . Z 874 Xt &9,
2% GnRH2 R T8 & FEARSY , AR5 K BT AR
B U 45 LA K GnRH AH G RRZE B, JUHR R+ TR
P b g e rh g e A Rl . Ak, ¥R R gnrh2
mRNA FEAE[Gh A, DL AR IR 52t 78 b i rh
gnrh2 mRNA Rk i s &2 4k, Z Wi GnRH2 A g
Z5 TR E SR AT . RS R T X GnRH2
Z: 5 SRR E AR

KW 8 GnRH2 ORF Hy 258 bp, 4ifid 85 M4
FERRAETAZ KA 1), X5 B85(An et al, 2008)., /)
HA(Kim et al, 2012). A s/ Jrfifi(Shahjahan et al,
2010). fiffi(Selvaraj et al, 2012), — | ff1 (Gasterosteus
aculeatus) (Shao et al, 2015), &ML (Tuziak et al,
2013a) ., =P A BE(Morin et al, 2015)Z 245 2 —810.
A2 GnRH2 FifA 2 IR MR K BERS A 22 57, 1l
Ji§ % (Fundulus heteroclitus) . f& #5 (Acipenser

sinensis) . K P VG GnRH2 RijA 4351 g 83 AN ILR |
86 N LML . 86 ~% FL R (Hildahl et al, 2011; Ohkubo
etal, 2010; Yue et al, 2013), A[A#fH 35 GnRH2 Fif
PR )5 FE X 20 M 7%, GnRH2 7EdEAk Fh s FE AR ST,
P 85 GnRH2 5 651E H IR fm, HKCH 82
H. &8EHA&E H, 5608 H RTEERIRE 2), i
PR 3BT E— 2B SE , ARG 5 B BT A5 P 9 B 5y >
5 GnRH2 51, A, GnRH #E{bR4H 3 K32
A 3 Ff GnRH J7 8 FERs- i 25 A b s BE DR ST (18] 3),
78 3 Fl' GnRH Z K] 68 k45 T HZ A6

i T 58 GnRH2 WTERYABRIIRE , ABFE0 I
HARRIBEAAT T 9041, DOtE = PCR 45 R R,
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Fig.3 Phylogenetic analysis of GnRH precursors from different teleosts

f12% GnRH1., GnRH2 LI K GnRH3 [ GenBank %355 4351k . 2J- ¥ & #3(Cynogl ossus semilaevis; ANW83256/AFP23141),
B 5 75 J7 filli (Takifugu niphobles; BAJ07188/BAJ07189/ BAJ07190). 2% i1 (Pseudopl euronectes americanus;
AER93394/AER93392/AER93395) ., #4771 B f (Epinephelus coioides; ACZ51152/ ACZ51151), J&% % 4 4 (Oreochromis
niloticus; BAC65154/BAC65155/ BAC65156) . fififfi(Scomber japonicus; ADP89591/ADP89592/ ADP89593), i
(Acanthopagrus schlegeli; ABU92553/ABU92552/ ABV03808) . Kk i ifj i (Dicentrarchus labrax; AAF62898/AAF62900/

AAF62899), 4 fa(Carassius auratus; AAB86989/BAB18904) . ¥ I (Danio rerio; AAM43951/AAL99294) L J hiT. filf
(Oncorhynchus mykiss; AAF08687/AAF91280)

The GenBank accession numbers of GnRH1, GnRH2 and GnRH3 precursor sequences of teleosts were as follows:
half-smooth tongue sole (Cynoglossus semilaevis;, ANW83256/AFP23141), grass puffer (Takifugu niphobles;
BAJ07188/BAJ07189/BAJ07190), winter flounder (Pseudopleuronectes americanus; AER93394/AER93392/AER93395),
orange-spotted grouper (Epinephelus coioides; ACZ51152/ACZ51151), Nile tilapia (Oreochromis niloticus;
BAC65154/BAC65155/BAC65156). chub mackerel (Scomber japonicus; ADP89591/ADP89592/ADP89593), black porgy
(Acanthopagrus schlegeli; ABU92553/ABU92552/ABV03808), European sea bass (Dicentrarchus labrax;
AAF62898/AAF62900/AAF62899), goldfish (Carassius auratus; AAB86989/BAB18904), zebrafish (Danio rerio;
AAM43951/AAL99294) and rainbow trout (Oncorhynchus mykiss; AAF08687/AAF91280)

2 S i o3 A AR ] T AR AR AR S RE . Ik
Ab, 38 i e A AL 2 T A A A0 e B R W)t
(Lates niloticus)fii FEE{A H1 3474601 ] T GnRH2 A FH
{55 (Kim et al, 1995; Mousa et al, 2003),

R4 GnRH2 FEE b B rfosg BEAR S, (HI A28

SFUIREME R, e, MG EES GnRH2 H
FER T ME A2 B AT A (Volkoff et al, 1999), #l4il T
410 (94 £ 17y (Matsuda et al, 2008), 4h, GnRH2
{23 T 4R LH & GH 43 (Chang et al, 2012,
2009). SR, GnRH2 7 ff 2 A F 45 v 7R AT A
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Fig.4 Relative mRNA levels of gnrh2 in various tissues of C. semilaevis
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Fig.5 Histological sections of C. semilaevis ovaries at different stages of development
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A. Ovaries at stage II; B. Ovaries at stage III; C. Ovaries at stage IV; D. Ovaries at stage V ; E. Ovaries at stage VI.
Scale bar: 100 um (A, E); 50 um (B, C, and D)
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Fig.6 Expression profiles of gnrh2 mRNA in the brain (A)
and pituitary (B) during ovarian maturation of C. semilaevis

HAE, T8t — LIRS, AR5, i S
gnrh2 mRNA 7 5[ 85 A= B0 () i 3 PR m, 3k %)
WE(E s RS RB 2R TR, TERCEIN(V Bk 3 5
/M ZEHEDRE (VIR S g s, SitFEe, &
A& FSHP A1 LHP 078 [T e 25 P38 T, 43500 7 TV 39 A
V A3k 3 (Shi et al, 2015), K Jy FSH 76 5. 1 1 i
BBl FAE AR PER T FE/EM, W LH RS
PR G FE P A& 4% T #EZ/E ] (Shahjahan et al, 2010),
K, GnRH2 W] REiE o 2 FiA FSH Al LH 505
1A 7 SR W T RN SR B R R IE T AR
WAL, 2 5 AR [F 2D ik 2 R o At 2 fik
gnrh2 mRNA /K-FAEHESR 5 (VO & E g, A
AREE AN T — RN L B MRS . 52K, BAAR
Jrfifiki gnrh2 mRNA 3Kk i 7EHEOP 5 30 A s hn
(Shahjahan et al, 2010),
h T E— A ER GnRH2 £ 755 524 1 15 i
YA L E , X 65 0 S G R P R gnrh2
mRNA £ 3522 WFAT T 704 o 7621 1 5 B3 5P 51 2
A, R gnrh2 mRNA ik i BRAE AUV )
AT B mah, B OP 5 % 7 E{K gnrh2 mRNA 3
R ERAL, XU ER GnRH2 Z KRR A S
HPELKE. 5ZEM, AR GnRH2 Z kKT
TEOP S A B A kR i 3 AR fh(Selvaraj et al,
2012), 7E 285 (Morone saxatilis). 43k i (Sparus
aurata)&,\@H(Pagrus major) A& ARk gnrh2 5
# GnRH2 & f AN A Bk Ol i A8 fem A2 Ak, i —

ZHTEHEEERLTE . R R T X
GHRH2 é%'iﬁ%’éiﬁﬁﬁ?ff/ﬁﬁﬁ E"JML\O

£ % X M

An KW, Nelson ER, Habibi HR, e al. Molecular
characterization and expression of three GnRH forms
mRNA during gonad sex-change process, and effect of
GnRHa on GTH subunits mRNA in the protandrous black
porgy (Acanthopagrus schlegeli). General and Comparative
Endocrinology, 2008, 159(1): 3845

Andersson E, Fjelldal PG, Klenke U, et al. Three forms of GnRH
in the brain and pituitary of the turbot, Scophthalmus
maximus: Immunological characterization and seasonal
variation. Comparative Biochemistry and Physiology, Part B,
Biochemistry and Molecular Biology, 2001, 129(2-3): 551—
558

Breton TS, DiMaggio MA, Sower SA, et al. Brain aromatase
(cypl9alb) and gonadotropin releasing hormone (gnrh2 and
gnrh3) expression during reproductive development and sex
change in black sea bass (Centropristis striata). Comparative
Biochemistry and Physiology, Part A, Molecular and
Integrative Physiology, 2015, 181: 45-53

Chang JP, Habibi HR, Yu Y, et al. Calcium and other signalling
pathways in neuroendocrine regulation of somatotroph
functions. Cell Calcium, 2012, 51(3—4): 240-252

Chang JP, Johnson JD, Sawisky GR, et al. Signal transduction in
multifactorial neuroendocrine control of gonadotropin
secretion and synthesis in teleosts-studies on the goldfish
model. General and Comparative Endocrinology, 2009,
161(1): 42-52

Guilgur L, Striissmann C, Somoza G. mRNA expression of
GnRH variants and receptors in the brain, pituitary and
ovaries of pejerrey (Odontesthes bonariensis) in relation to



/\‘lv‘l/ﬂ:)ﬁ ES

E

T4 25 5 (Cynoglossus semilaevis) gnrh2 HE R vaf . 202000 A K P 5L G B Fh 20k 2 b 71

the reproductive status. Fish Physiology and Biochemistry,
2009, 35(1): 157-166

Guilgur LG, Moncaut NP, Canario AV, et al. Evolution of GnRH
ligands and receptors in gnathostomata. Comparative
Biochemistry and Physiology, Part A: Molecular and
Integrative Physiology, 2006, 144(3): 272-283

Hildahl J, Sandvik GK, Edvardsen RB, et al. Identification and
gene expression analysis of three GnRH genes in female
Atlantic cod during puberty provides insight into GnRH
variant gene loss in fish. General and Comparative
Endocrinology, 2011, 172(3): 458467

Kim MH, Oka Y, Amano M, et al. Immunocytochemical
localization of sGnRH and ¢cGnRH-II in the brain of goldfish,
Carassius auratus. Journal of Comparative Neurology, 1995,
356(1): 72-82

Kim NN, Shin HS, Habibi HR, et al. Expression profiles of three
types of GnRH during sex-change in the protandrous
cinnamon clownfish, Amphiprion melanopus: Effects of
exogenous GnRHs. Comparative Biochemistry and Physiology,
Part B: Biochemistry and Molecular Biology, 2012, 161(2):
124-133

Liu XZ, Shi B, Li XX, et al. Molecular characterization of the
novel membrane progestin receptor gene and its role during
ovarian development in the half smooth tongue sole
Cynoglossus semilaevis  Giinther. Journal of Fishery
Sciences of China, 2015, 22(4): 608-619 [MiZ&JH, L5,
ARIEIE, A 2RI SR R AR AR SRR 4 TRAE
MHEAEINE R B AR, FEAF=RIE, 2015, 22(4):
608-619]

Liu XZ, Xu YJ, Liu NZ, et al. Study on histological and
morphometric  characters
Cynoglossus  semilaevis Giinther. Progress in  Fishery
Sciences, 2009, 30(6): 25-35 [MI£JE, #RKIL, XA,
. RIS RN R E W AH L E L SR R R
bR, 2009, 30(6): 25-35]

Mousa MA, Mousa SA. Immunohistochemical localization of

of gonad development of

gonadotropin releasing hormones in the brain and pituitary
gland of the Nile perch, Lates niloticus (Teleostei,
Centropomidae). General and Comparative Endocrinology,
2003, 130(3): 245-255

Matsuda K, Nakamura K, Shimakura S, et al. Inhibitory effect of
chicken gonadotropin-releasing hormone II on food intake
in the goldfish, Carassius auratus. Hormones and Behavior,
2008, 54(1): 83-89

Morin SJ, Decatur WA, Breton TS, et al. Identification and
expression of GnRH2 and GnRH3 in the black sea bass
(Centropristis striata), a hermaphroditic teleost. Fish
Physiology and Biochemistry, 2015, 41(2): 383-395

Nocillado JN, Levavi-Sivan B, Carrick F, et al. Temporal
expression of G-protein-coupled receptor 54 (GPR54),
gonadotropin-releasing hormones (GnRH), and dopamine
receptor D2 (drd2) in pubertal female grey mullet, Mugil

cephalus. General and Comparative Endocrinology, 2007,
150(2): 278-287

Ohkubo M, Aranishi F, Shimizu A. Molecular cloning and brain
distribution of three types of gonadotropin-releasing
hormone from mummichog Fundulus heteroclitus. Journal
of Fish Biology, 2010, 76(2): 379-394

Kitano H, Amano M, et al. Molecular

characterization and expression profiles of three GnRH

Selvaraj S,

forms in the brain and pituitary of adult chub mackerel
(Scomber japonicus) maintained in captivity. Aquaculture,
2012, 356-357(4): 200-210

Selvaraj S, Kitano H, Ohga H, et al. Expression changes of
mRNAs encoding kisspeptins and their receptors and
gonadotropin-releasing hormones during early development
and gonadal sex differentiation periods in the brain of chub
mackerel (Scomber japonicus). General and Comparative
Endocrinology, 2015, 222: 20-32

Shahjahan M, Hamabata T, Motohashi E, et al. Differential
expression of three types of gonadotropin-releasing
hormone genes during the spawning season in grass puffer,
Takifugu niphobles General and Comparative Endocrinology,
2010, 167(1): 153-163

Shao YT, Tseng YC, Chang CH, et al. GanRH mRNA levels in
male three-spined sticklebacks, Gasterosteus aculeatus
under different reproductive conditions. Comparative
Biochemistry and Physiology, Part A: Molecular and
Integrative Physiology, 2015, 180: 6-17

Shi B, Liu X, Xu Y, et al. Molecular characterization of three
gonadotropin subunits and their expression patterns during
ovarian maturation in Cynoglossus semilaevis. International
Journal of Molecular Sciences, 2015, 16(2): 2767-2793

Tuziak SM, Volkoff H. Gonadotrophin-releasing hormone in
winter flounder (Pseudopleuronectes americanus): Molecular
characterization, distribution and effects of fasting. General
and Comparative Endocrinology, 2013a, 184(3): 9-21

Tuziak SM, Volkoff H. Melanin-concentrating hormone (MCH)
and gonadotropin-releasing hormones (GnRH) in Atlantic
cod, Gadus morhua: Tissue distributions, early ontogeny
and effects of fasting. Peptides, 2013b, 50(3): 109-118

Volkoff H, Peter RE. Actions of two forms of gonadotropin
releasing hormone and a GnRH antagonist on spawning
behavior of the goldfish Carassius auratus. General and
Comparative Endocrinology, 1999, 116(3): 347-355

Wang B, Jia J, Yang G, et al. In vitro effects of somatostatin on
the growth hormone-insulin-like growth factor axis in
orange-spotted grouper (Epinephelus coioides). General and
Comparative Endocrinology, 2016, 237: 1-9

Xu YJ, Liu XZ, Liao MJ, et al. Molecular cloning and
differential expression of three GnRH genes during ovarian
maturation of spotted halibut, Verasper variegatus. Journal
of Experimental Zoology, Part A, Ecological Genetics and
Physiology, 2012, 317(7): 434446



72 W B B 938 &
Yue H, Ye H, Chen X, et al. Molecular cloning of ¢cDNA of gene expression. Comparative Biochemistry and Physiology,
gonadotropin-releasing hormones in the Chinese sturgeon Part A, Molecular and Integrative Physiology, 2013, 166(4):
(Acipenser sinensis) and the effect of 17 beta-estradiol on 529-537

(B8 B

Molecular Cloning, Localization, and Expression Analysisof gnrh2in
Different Tissues of Half-Smooth Tongue Sole (Cynoglossus semilaevis)
During Ovarian Maturation

WANG Bin" 2, LIU Xuezhou'*”, LIU Quan"*, ZHAO Ming', XU Yongjiang"?, SHI Bao"*

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Qingdao Key Laboratory for
Marine Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory
for Marine Science and Technology, Qingdao 266071; 3. College of Fisheries and Life Science,
Shanghai Ocean University, Shanghai  201306)

Abstract In order to clarify the physiological roles of gonadotropin-releasing hormone 2 (GnRH?2)
during ovarian maturation in half-smooth tongue sole (Cynoglossus semilaevis), we first cloned the
full-length cDNA of GnRH2 by RT-PCR coupled with RACE. Then, the tissue distribution and changes in
gnrh2 mRNA levels during ovarian maturation were evaluated by real-time quantitative PCR. Our data
showed that the full-length cDNA of GnRH2 was 538 bp in size, excluding the poly-A tail. It consisted of
a 5" untranslated region (UTR) of 154 bp, a 3' UTR of 126 bp and an open reading frame (ORF) of 258 bp
which encoded an 85-amino acids preprohormone with a deduced molecular mass and isoelectric point of
9.69 kDa and 8.55, respectively. GnRH2 precursor contained a signal peptide, a mature decapeptide, a
processing site, and a GnRH-associated peptide. Multiple sequence alignments indicated that GnRH2
preprohormones were highly conserved among teleosts, especially the decapeptide (QHWSHGWYPG)
motif. Tongue sole GnRH2 precursor displayed the highest sequence identities with the order Perciformes
(89.41%-90.59%), followed by Pleuronectiformes, Salmoniformes, and Tetraodontiformes (78.82%—
85.88%), and the lowest sequence identities with Cypriniformes (61.18%—71.76%). The tissue distribution
showed that gnrh2 transcripts could be detected at the highest levels in the brain and at lower levels in the
pituitary and other peripheral tissues. The developmental stages of ovaries were divided into five stages
(II, III, IV, V, and VI) by histological analysis and the expression patterns of gnrh2 mRNA during
ovarian maturation were also investigated. In the brain, the mRNA expression of gnrh2 peaked at stage
III, declined sharply at stage IV and reached a minimum at stage V. However, the brain gnrh2 mRNA
levels ascended again at stage VI. The pituitary gnrh2 mRNA levels declined gradually, except for a
temporary increase at stage V. These data indicate that brain GnRH2 appears to be involved in ovarian
maturation in the half-smooth tongue sole, and this study extends our knowledge of the roles of GnRH2
on the regulation of reproduction in fish.
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