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2~3 GnRH (3] 3

GnRH , GnRH,
; GnRH
( cGnRH-1II), ,
M. 3
GnRH sGnRH,
(2]
(Verasper variegatus)
GnRH )
GnRH , FSH
LH ,
(1]
GnRH ,
1
1.1
25 m’
, 3-4 1 500~
2300 g, 2~3 /m’
2, 2%~3%
2000 5 4 (29:20),

MS222(400 mg/L)

GnRH ,

2009 8 ,
2009 8 ( ), 12 ( ) 2010
4 ) 3
R 3 GnRH
(5]
1.2 GnRH
1.2.1 RNA cDNA Trizol (In-
vitrogen, ) RNA RNA
1. 0% 5
(Nanodrop ND2000) DNase
I(NEB, USA) RNA DNA
SMART™ RACE cDNA
(Clontech, USA) 1 cDNA,
1.2.2 GnRH
GnRH , PCR (
1) GnRH
cF1 ¢cR1 cR2 cGnRH- I/ ,
sbF  sbR sbGnRH ,
sF sR sGnRH
PCR :94°C 5 min; 94°C 1 min, 55°C 1
min, 72°C 1.5 min, 30 ; 72°C 5 min
1.3 GnRH3" 5" RACE
3 5" RACE cGnRH- I
cS1 cAl, sbGnRH sbS1
sbAl, sGnRH sS1 sS2  sAlI( 1)
SMART™ RACE ¢DNA (Clontech,
USA), PCR 3’ 5 RACE
3 : 3’-Race ready-cDNA ,
cF1 UPM cS1
NUP PCR cGnRH- I
3’ ; sbF1  UPM sbS1
NUP sbGnRH 3 ;
sS1  UPM sS2  NUP

sGnRH 3’ 5'
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Elpt 28 GnRH £ E ¢cDNA ¥ & RIEFFASI
Tab.1 Primers used for PCR amplification of GnRH ¢DNAs in Verasper variegatus
primer name (5'-3") nucleotide acid(5'-3")
UPM-long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
UPM-short CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT
cFl1 CACCTGTGAACCTGTGAGAC
cR1 GGTCACCAGGTAGAAAAGCA
cR2 AGCTCTCTGGCCAAAGCATC
sbF AAGACCACCGAATCGGAGAC
sbR CTGTAAATTCCGGCAAAAGG
sF TACCTTCCTCTGCAGCTCTG
sR GCTCAGGAAGAGACACCACT
cS1 GTTCTGCTGCTGGGGCTGCTTCT
cAl CTGAAATCTCTGACGTGCCAAAA
sbS1 CTTGTCAGTGTGGCTGCTCCTCG
sbA[l GAGCAGCCACACTGACAAGGTTT
sS1 CTGATGGAAGCGAGCAGCAGACT
sS2 GGATGATGGGCACAGGCGGAGTGGT
SAl AGACACCACTCCGCCTGTGCCCATC
3 GnRH 3 5’ RNA
( 5'-RACE-Ready cDNA 1. 2.1 PCR
cDNA , realplex PCR  (Eppendorf,
UPM cAl NUP ) PCR 25 pL, 12. 5
PCR, cGnRH- I] sbR1 ~ pL2xSYBR® Premix Ex Taq™ II, 1 pL
UPM sbA[l (1 pmol/1), 1 pL 1:100 cDNA
sbGnRH 5’ UPM NUP 9.5 uL (ddH,0) B-actin
sGnRH ( 2 GnRH
3  GnRH PCR cDNA , Beacon designer 7.0
, PCR : 94°C 30 s; 68°C (Premier BioSoft) cF2 cR2 cGnRH
30s, 10 s T 1’c, 72°C -1 ,sF2  sR2 sGnRH
1 min; 94°C 40s,58°C 40s,72°C 60s, 20 , SbF2  sbR2 sbGnRH , B-actin
, 72°C PCR F  p-actinR f-actin
:94°C 1 min; 58°C 1 min, 72°C 1 min, 30 PCR 1 94°C 30 s, 94C 55, 60C
, 72°C 1.5% 30 s, 40 PCR
PCR , , f-actin
DNA ) 3  GnRH
, pEASY- 1.5 GnRH mRNA
T1 vector (Transgene Biotechnology, China),
IM109 , 3 GnRH
M13 , PCR ,
14 GnRH GnRH mRNA

PCR

GnRH
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#2 EREE GnRH EREEXRIESIMTIE SignalP V3.0
Tab. 2 Primers used for quantitative expression of GnRH . .
genes in Verasper variegatus (www.cbs.dtu.dk/services/SignalP/) GnRH
(531 Clustalx 2. 0. 12(http://www.
primer name nucleotide sequence (53") clustal.org/download/current/) MEGA 4.1(http://
cF2 TGACTGTAGGACGAGCAGAG
www.megasoftware.net/mega41.html)
cR2 GCAGAACCAGCCGAGATG
SbF2 AAGGACTGAAGACCACCGAATC
sbR2 CACGAGGAGCAGCCACAC PCR Schmittgen ¢
sF2 CAGGTGTTGGTGTTGATG , (SPSS
sR2 AGGTCTCTCTTGGGTTTG 16 O) 0.05 P<0.05
p-actin F TTCTGGTGATGGTGTGAC
f-actin R GTGGTGGTGAAGGAGTAG
2
1.1 PCR ( 2
PCR PCR 1.4 3 GnRH
L6 cDNA , cGnRH-1[ sbGnRH
DAMBE (http://aix]. uottawa. ca/) sGnRH 3 GnRH
GnRH 1 cDNA 1
Chromas(http://www.technelysium.com.au/chromas. 5 GnRH GnRH
html) , BLAST (http://www.ncbi. 3
nlm.nih.gov/BLASTY/) 2.1 GnRH cDNA
; DNAStar (http://dnastar.com) c¢GnRH-I[  c¢DNA 568 bp,
GnRH , 85 , 1 255 bp
_141 1 69 99108 255 (stop) 427
c¢GnRH-H } Sp - GAP I AAAAAA
cF1 cR2
U = 242 AAAAAA<— <—
ol o] 427 NUP UPM
UPMNUP 141 CAl oR1
142 296
-41 1 69 99108 270 (stop) 416
sGnRH — s T GAP | AAAAAA
o R
20 175
— — AAAAAA «— <—
sl $52 416 NUPUPM
sbGnRH —> — - <
UPM NUP —41 sAl
165
—48 1 78 108117 294 (stop) 333
— sp | ] GAP F——aaaaaa
sbF sbR
i% —> 23 AAAAAA<— «—
SE b1 333 ~upupv | GnRH
-3 27 33
UPM NUP 48 sﬁgl e B Gly-Lys-Arg
233

1 c¢GnRH-// sGnRH  sbGnRH cDNA
SP: ; GnRH: ; GAP: GnRH

Fig. 1 Schematic structure of cGnRH-II, sGnRH, and sbGnRH precursor cDNAs of Verasper variegates and positions of
primers used for RT-PCR
SP: signal peptide; GnRH: gonadotropin-releasing hormone; GAP: GnRH-associated peptide.
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(ORF),1 14l1bp 5’ .1 169bp 3" (ORF),1 4lbp 5 .1 143bp 3
, 1 (TGA), 23 , 1 (TGA)
R 9.59 kD , 10kD, 10.18 GenBank
8.53 GenBank HM131601( HM131602( 2-B) sbGnRH cDNA
2-A) sGnRH cDNA 457 bp, 381 bp, 98 R 1
90 , 1 270 bp 294 bp (ORF), 1 48bp &'
A -141 GAC AGR 136 B —41 GG AGG AGA TCA TGA CAA AAT GTA CCT TCC TCT GCA GCT €16 -1
—135 ATT ACA CCT GTG AMC CTG TGA GAC ATC GTC T6C CCC TTG ACT GAC —91 1 ATG GAA (LG AGC AGC MGA CTG GTG GTG CAG GTG TTG GTG TTG ATG 45
—90 TGT AGG AUG AGC AGA GGG AGC CTC TGG AGG GAC GTC AAG GGA CGA _46 1 M E A $ S R L V. ¥V Q ¥V L ¥ L W15
—45 CTG TGG TGA TAA AGC TGT GAG AGT TAG CAC TGA GGT AGA ATT ATC -1 Sp
1 ATG '['(?l GUA '[(I'I GG CT6 (il.'[' CTG CTG CTG ['Aili CIG CTT CTC [['T] 45 46 TIG CIC GIT CAG G GOC CT6 TCC CAG CAC TGO TCC TAT GOA TGG 90
I M C A 8 R L ¥V L L L & L L L €15 16 1L Vv V¥ g v A S Q B ¥ S Y G ¥ 30
sp GnRH
46 GTG GGG GCT CAT CTG TCC AGC GGC CAA CAC TGG TCC CAT GGT TGG 90 shn
16 v 6 A H L 8§ 5 G @ H W S H G W 30 91  CTT CCA OGT GGG AMG MG AGT GTG GGG GAG CTG GAG GOG MC ATC 135
cGnRH-II 31 L P 6 6 X R S NV G F L E A T 145
91 TAC COG GGA GGC AAG AGG GAG CTG GAC TCT TTT GGC ACG TCA GAG 135 GAP
3 ¥y P 6 6 K R OE_L D S F G T S E ys 136 AGG ATG ATG GGC AMCA GGC GGA GTG GTG TCT CTT OCT GAG CAG GOG 180
GAP 46 B M M 6T G G N N S L P E G A6
136 ATT TCA GAG GAG ATA AAG CTG TGT GAG GCC GGG GAA TGC AGEC TAC 180 181  AGT GOC CAA ACC CAA GAG AGA CCT (GA CCA TAC AAT 61 GAT 225
46[s;-l-:l-.|.Kl..[31..§t;|§.t'v.~f-\'6o 6l S A Q T Q E R P R P Y N V¥V 1 _D 75
181 TTG AGA CCC CAG AGG AGG AAC ATT CTC AGG AAC ATT CTT TTG GAT 925 226 G GGT TCC AGG CAT TTC CAC CGA AYG AAA AGG TTC CCT GAT AAT 270
61 L R P @ R R N 1L L RN T L L D o . ' - . .
e i Bt R Ahn e , Lo T O 76 G 6 S R H | H B K K R F b N 90
226 GCT TIG GEC AGA GAG CTC CAG AAG AGA AAG TGA CAG TTT CCC ACA 270 SAk ARS CAL CPL & ;& . A pew T
76 A L A R E L § K R K = g5 271 TGA AGA GAA GGA AGA TAC ACA CTG TAT TTA CAT TGT GAT GGG TTG 315
271 ATG CAC TGC TTT TCT ACC TGG TGA CCT CTT CAT CAG TGT ATT CGT 315 *
316 CTT GTC TT6 AN CTT TAG GTT GCC AGT A4 TTT GTT TTC CAG CTT 440 316 GAA TGC AYG ATG TTG ATT TCA ATG AAT GTA TTA CAC GGA TAT TTA 360
361 CAC ATT GAT TTT ACT TGT GGC ACA TAA NTG TTA AAA TGA TAA TGT 405 361 TTA AAT GIC 16T AGC ATT TTC ATC AGT GTT AGG TTG TAL TAA AGG 405
406 €CC ACA ATA AAA CGT TTA TTT T-polyA 47 406 TIT TGA MT CC-polyA 416
c 48 GAC —46
—45 TCA CAA AGG ACT GAM GAC CAC (GA ATC GGA GAC GCT GCC T6T TCA -1
1 ATG CAC AGG AAG ATG GCT GTG AAA ACC TTG TCA GTG TGG CT6 CTC 45
1 M H R K ¥ A V K T L S ¥V W L L 15
SP
46 CIC GIG (446 ACG TTG GTG CCT CAG CAC TOC 16T CAG CAC TGG TCA 90
6 L ¥ 6 T LV P Q W €C € @ 0 ¥ s 30
sbGnRH
91 TAC GGA CTG AGC CCA GGA GGG AAG AGG GAA CTG GAC AGT CTT TCA 135
31 Y 6| S P G G K R E_L D § 1 s 45
GAP
136 CAA ACT CTG GGC AAT GTA GTT GAG GAG TTC CCT CGT GTG GAC TCG 180
46 § T L G N VvV V E E_F P R V. D S 60
181 (CT TGC AGT GTT CTG GGT GGT GCA GAG GAA TCA CCT TTT GCC GGA 225
61 P C S ¥ L G G A E E S P F A G 75
226 ATT TAC AGA ATG AAA GGA TTC CTT GGC AGC ATC ACT GAC AGG GGG 270
76 1 ¥ R M K G F L 6 S I 1T b B G 9
271 AMC GGA CGC AGA ACA TAT AAG AMA TGA TGA TTA CTG TAT TIT TAA 315
91 N G R R T ¥ & K = 98
316 ATA AAT AAT TAC AAT AAC-poly A 333
GnRH cDNA
A. cGnRH-II; B. sGnRH; C. sbGnRH.
(SP) GnRH (cGnRH-II sGnRH sbGnRH) GnRH (GAP) s TGA
*) s AATAAA

Fig. 2 Nucleotide sequence of the cDNA encoding the GnRH precursors of Verasper variegatus and the deduced amino acid sequence
Nucleotides are numbered from 5to 3’ end, beginning with the initiation codon (ATG) in the coding region for the opening reading
frame. Amino acid residues are numbered with the first residue (Met) in the open reading frame. Signal peptide (SP), GnRH core
peptide (cGnRH-II, sGnRH, sbFnRH) and GnRH-associated peptide (GAP) are underlined. The asterisk indicates the stop codon. The

nucleotides corresponding to the polyadenylation signal in the 3’-untranslated region (AATAAA) are double underlined.



,1 36bp 3 , 1 (TGA) 97.6%
10.84 kD, 9.31 ,
GenBank HM131603( 2-C) 25.9%~61. 2% sGnRH
2.2 42.2%~97.8%,
¢GnRH-II s 97.8%
, (78.9%~85.2%),
cGnRH-II  GnRH 42.4%~44.4%,
Gly-Lys-Arg 61%~70% ( 3)
( 3) cGnRH-II sbGnRH
56.5%~100%, , 90.8%~93.8%,

#3 EHEL GnRH fERFY| 5 HMES & LR RIRE L 92

Tab.3 Amino acid identity between prepro-GnRHs of Verasper variegatus and those of other teleosts

%
Verasper variegatus
species
GnRH form c¢GnRH- 11 sbGnRH sGnRH
cGnRH-II Verasper moseri 100 16.5 24.7
Paralichthys olivaceus 97.6 16.5 27.1
Sparus aurata 92.9 16.5 21.2
Dicentrarchus labrax 90. 6 21.2 24.7
Carassius auratus 1/2 60/64. 7 20.9/14 20. 9/20.9
Cyprinus carpio 61.2 14 18.6
Oncorhynchus mykiss 83.5 18.6 24.4
Oncorhynchus keta 90. 8 24. 6 32.3
Ictalurus punctatus 68.2 20.9 20.9
Anguilla japonica 70. 6 19.5 26. 4
Pseudotropheus crabro 60. 9 18.8 22.4
i Oryzias latipes 83.8 17.5 22.5
sbGnRH Verasper moseri 15.3 93.8 20
Paralichthys olivaceus 22. 4 92.9 18.9
Paralichthys orbignyanus 22.4 90. 8 18.9
Sparus aurata 21.2 55.2 18. 4
Pagrus major 24.7 67.2 26.6
Dicentrarchus labrax 21.2 68. 4 22.2
Pseudotropheus crabro 20 70.2 18.9
i Oryzias latipes 21.2 51.6 14. 4
sGnRH Verasper moseri 24.7 20 97.8
Paralichthys olivaceus 9.8 19.7 88.5
Sparus aurata 21.2 20.5 85.2
Dicentrarchus labrax 25.9 20 80
Carassius auratus 23.5 23.4 44.4
Oncorhynchus mykiss 1/2 15.9/23.2 17. 1/17. 1 67.1/61
Salmo salar 1/2 27.1/25.7 18. 6/20 74.3/70
Pseudotropheus crabro 20 17.8 78.9

% Oryzias latipes 20 20 75.6
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55.2%~77.9% , c¢GnRH-II
Clustalx 2. 0. 12 Mega 4. 1 ( 3 sGnRH
c¢GnRH-II ,
R c¢GnRH-II s

: ( 4) sbGnRH

W84 Oncorhynchus mykiss
KK 4. Oncorhynchus keta

FISE 8 Verasper variegatus

TR Verasper moseri

A Paralichthys olivaceus
Pt Monopterus albus

33| | 45t Rachycentron canadum
2 FHE 4 Oreochromis niloticus
—— T Oryzias latipes

—— 4RIt Odontesthes bonariensis

65 | IREERIA 1 1 Sciaenops ocellatu

KVGHEL 1 4. Micropognias undulates
433k Sparus aurata

ST BRIMIAHYS Dicentrarchus labrax

LS Clarias gartepinus
49

—— B4 Danio rerio
91 _|: 4t Carassius auratus
% i Cyprinus carpio

WAV 855 4. Scleropages jardinii

36

43 A8 Anguilla japonica

99 Jb3E4 i Rana catesbeiana

KRN Huso huso

W5 Eublepharis macularius

X Gallus gallus

Pl Tupaia belangeri

100 NZ& Homo sapiens

79 L—— fEME Macaca mulatta

0.4 0.3 0.2 0.1 0.0

3 c¢GnRH-II

Fig. 3 Phylogenetic tree of prepro-cGnRH-II between Verasper variegatus and other vertebrates
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sbGnRH c¢fGnRH mGnRH mRNA
sbGnRH
s 2.4

sbGnRH

GnRH(
piGnRH )

()]

2.3 GnRH mRNA mRNA

3 GnRH mRNA
c¢GnRH- [[mRNA )
( 6-A), sbGnRH mRNA (
( 6-B), sGnRH mRNA

; (
( 6C D) 3 GnRH

7)
8)

B

sbGnRH,

nil
39

51

78

64

4 sGnRH

sGnRH mRNA

c¢GnRH- [I[mRNA
30~2 500
GnRH mRNA

, sbGnRH

, 8 ( )
(P<0.05), 12 (
, 4
,sGnRH  ¢GnRH- [l mRNA
(P>0.05)

3 GnRH

[FIBE L Verasper variegatus
BT Verasper moseri
R Odontesthes bonariensis
Bkt Oreochromis niloticus
Wi f& Pseudotropheus crabro
Wit Monopterus albus

4x 34 Sparus aurata
KVGHEA & 4 Micropognias undulates
B4 Pagrus major

KM Fundulus heteroclitus

ZE W4 Rachycentron canadum
FRINM#FS Dicentrarchus labrax
T4 Oryzias latipes

FEE Paralichthys olivaceus
KVGHE Salmo salar

WL Oncorhynchus mykiss

BE 4 Danio rerio

8 Cyprinus carpio

44 Carassius auratus

FRRH 55 16 Scleropages jardinii

Phylogenetic tree of prepro-sGnRH between Verasper variegatus and other vertebrates
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ﬂ[ I Paralichthys olivaceus
L VGHE Paralichthys orbignyanus
SPE R Verasper moseri

60 —97{ BB Verasper variegatus
Ptk Monopterus albus
£ W4t Rachycentron canadum
RN EGS Dicentrarchus labrax
21 _ﬂl: KVGVELT 1 4 Micropognias undulates
4 l: Y11 5. 34 Dentex dentex
96 43k 87 Sparus aurata

B A48 Oreochromis niloticus

95

73

RNt Odontesthes bonariensis
96

T 1% Oryzias latipes

IS Fundulus heteroclitus

184§ Anguilla japonica
I VGElE Alosa sapidissima

]

I Il Il Il 1 |
I T T T T 1

0.5 0.4 0.3 0.2 0.1 0.0

AN tG Clarias gariepinus

5 sbGnRH

Fig. 5 Phylogenetic tree of prepro-sbGnRH between Verasper variegatus and other vertebrates
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6 3 GnRH mRNA
A. ¢cGnRH- IT; B. shGnRH; C. shGnRH Q; D. shGnRH 3. B:  ; P: ; G: ;L: ;Sp: ;K s H: R ; St

Fig. 6 The mRNA expression levels of three GnRH genes in various tissues determined by quantitative RT-PCR
A. cGnRH- II; B. sbGnRH; C. sbGnRH Q; D. sbGnRH (. B: brain; G: gonad; L: liver; Sp: spleen; K: kidney; H: heart; I: intestine; St: stomach.
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< 140  =—a=—cCGnRH-I
3 cGnRH- I
= 1201 —+— sbGnRH ’ ’
ELji—’, 100 - [4,10]
§ % zg I , (Oncorhynchus masou)
o o [
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FUkE 1 44 month ceus) , ¢cGnRH-I[
GnRH-1I
7 ¢GnRH-1[  sbGnRH mRNA ’ cbn
Fig. 7 Fluctuation of brain cGnRH- /[ mRNA and sbGnRH cGnRH- IT
mRNA levels during ovary maturation cycle , cGnRH-1I
0.06 ,
5005
g & i
55 o0 sGnRH ,
®Eo003F
=35 s
Z2002}
E sGnRH R sGnRH
g 0.0Tr [13-15]
0 1 1 |
8 12 4 sGnRH ,
TR T 45 month
o , , sGnRH
8 sGnRH mRNA , sGnRH
[11,16]
Fig. 8 Fluctuation of brain sGnRH mRNA level during ovary ’
maturation cycle ,» SGnRH mRNA
, sGnRH
: sGnRH sbGnRH c¢GnRH- 1], ,
3  GnRH GnRH (7
(SP) GnRH GnRH , sGnRH
GnRH ,
2 GnRH , , ,
3 GnRH"™
GnRH ( sbGnRH
), , (Scophthalmus
, (Oreochromis maximus) (Oncorhynchus mykiss)
niloticus) , sbGnRH [7.17=21] , ,
, oy GnRH sbGnRH sbGnRH
GnRH ,
GnRH [21-23]

, GnRH sbGnRH 7]
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Abstract: We cloned and sequenced the gonadotropin-releasing hormone (GnRH) genes from spotted halibut
(Verasper variegatus)by isolating their cDNAs. This species expressed three molecular forms of GnRH in the
brain: chicken type GnRH-II (¢GnRH-II), seabream type GnRH (sbGnRH), and salmon type GnRH (sGnRH).
Each GnRH cDNA encoded a signal peptide(SP), GnRH, and a GnRH-associated peptide(GAP), which was con-
nected to GnRH by a Gly—-Lys—Arg sequence. The ¢cGnRH-II consisted of 85 amino acid residues, and the
cGnRH-II cDNA was 568 bp in length, consisting of a 141 bp 5'UTR, a 255 bp open reading frame (ORF), and a
169 bp 3'UTR. The sGnRH consisted of 90 amino acid residues and was 457 bp in length. It consisted of a 41 bp
5'UTR, a 270 bp ORF, and a 143 bp 3'UTR. The sbGnRH precursor consisted of 98 amino acid residues, and the
cDNA was 381 bp in length and consisted of a 48 bp 5'UTR, a 294 bp ORF, and a 36 bp 3'UTR.

Homology analysis of the deduced acid residues of the GnRH precursors revealed that the three spotted hali-
but GnRH genes had the highest identity with homologs from pleuronectiformes, followed by perciformes, sal-
moniformes, and anguilliformes. Phylogenetic analysis indicated that the multiple molecular forms of spotted
halibut GnRHs shared the closest evolutionary relationship with counterparts from pleuronectiformes. The tissue
and sex specific expression of these three genes was determined using real time PCR. Expression was highest in
the brain for both sexes. cGnRH-II was detected exclusively in the brain whereas sbGnRH was expressed globally
in both sexes. sGnRH was detected in the pituitary and gonad (in addition to the brain tissue) in females, but not in
the gonad of males. The expression pattern of all three GnRH genes was sex-specific with females having higher
mRNA levels than males. We evaluated the changes in GnRH mRNA expression in the female brain during ovary
maturation. sbGnRH mRNA levels increased significantly (P<0.05) after August (vitellogenic stage), peaked in
December (prespawning stage) 2009, and then decreased by April 2010 (postspawning stage). Conversely, there
was no change in either sGnRH nor ¢cGnRH-II mRNA levels (P>0.05) during the maturation cycle. Our results
confirmed that spotted halibut expressed three GnRH isoforms and sbGnRH may be the most important form. Our
observations provide insight into the endocrine control of reproduction in the spotted halibut.

Key words: Verasper variegates; GnRH; cloning; expression characteristics
Corresponding author: LIU Xuezhou. E-mail: liuxz@ysfri.ac.cn



