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B8 IGF-1a EE R SNPs (L Rt B H S ER B XS

FaB, AME, BRXT, AR, ¥k, FEMA, EAY

(1. FEK =BT IE B IR K ML B 72 o AR R R K Ik A B 3 URR A R SR %, V08 G4 2140815 2. &t

Pl K2 Tl Be, 1195 Jodh  214081)

OB BREKEERIRERMERBHE KB E R
BEMAKE T (GHRH-GH-IGFs ) A K A%, KRB XA KE
FICF- I RAEKME (CH) RIEEY¥ RN ERERE T, &
4 St 1 T 2 8 ( Cyprinus carpio var. jian) IGF-Ta F:FHK 5
MIEFRM3AMNEF(REFLATTFIMAETTS) . @k
Xt 10 BE S 751 , L 4F) SNPs {7 55 8 >, f#i i PCR-RFLP J5
BRI T 5 MRFRIL 372 BEEM N EF 1_C175G,12 MRFR I
987 BHIN & T 1_A993C FIN&F4_AS11C3 Mim, WEF 1
C175G MEREAMAIILL GG BISRER N B 1w, 43 )2 0. 44 F10.43; it
PLRTES TR A AT 5 M e e B BB A R N F 1
A993G MEHEMAYILL AG BUSTZR T , 432 0. 76 F10.72; M Aif
RIER AN B SR E 2 BE AR (P <0.05); HEF4_
AS11C FEMERE AR DL CC RIS B R , 4351 /2 0. 48 71 0. 47;
HAE L AR Y B 5 1 B AEAR B ARG (P <0.01)
AR E R RN ICF-1 BEREARFREK N BRHRELEARN
[, BALF R —A K B B e A R R B R WAFTEE R NS
F 1_A993G N & F 4_A511C ¥ 5 B 7E A 0, AT A%

HREm: REZHAEKE TR
REERBUIMEMREEKE T,
R, X FE 4A5E8KTY
ARME S FIRCHE T EEA R
ARG B FHYELE R, IGFs
ZEMRETFEIRE R B AL
HREAZ EE AR AIE,
ASCHIK EHEEEE A DNA 4y
BT IGF-la BH BERTHBAN
SNPs i &=, JF ff i 7] 42 #y PCR-
RFLP kil 7 B R BL R AL o1
JE 50 E A R b, TR T
PG B EH R SNP (i,
AR ST BB T AR
K4 : B IGF-[a;SNPs; }E
R

HESES: So17

SEAE RSy T F AR AR R

i B ZAE A KB F (insulin-like growth
factors, IGFs) , ¥ E % IGF-1 F1 IGF-1I , 2 —
K EHEMRAERKE T, 7€ GH-IGFs £ KA
b ARKBMERREEMUAE KREZENE
R ATERKBEZOMNE, MERSREKE T
M RAE TR TR ARKE T, BERKE
RREEYFEDRNEEEFE T, IGF-T 2
—KHH 70 NEAERAB /N T Z KW
TR, FEAE TR, AT X B R
FARY o IGF- T AP 3540 WA F 43 b RO AR

R EHHA: 2011-06-27 f&E H#A: 2011-10-09

SCERARASAS: A

R FEZERKRBERTHERETH
P, IGF-1 ZE i 5 IGF &5 & H (IGF
binding proteins, IGFBP) 454 512 1% £ /4 [F) #5240
Jf, 5 DA IGFBP w7 5 40 Jf B | IGF 3% {&
(IGF receptors, IGFR) 454, H&AHIB 2 &+
BIE 508 B 22 2R L B ¥ (mitogen-
activated protein kinase, MAPK) & 12 Fl % BR L BE
3 ¥ ( phosphoinositide 3-kinase, PI3K) 3% 42, B
HEEEN SN, 5 EXRHE 2503 AR
A RE T A BB . BIsEY GH Al

EEWE : EEHEBARDIIRETTRI(2011AA100401 ) 5 7K 7 3 PR BE I A 4 -5 BT R FRBESE (2006BAD13B09 ) 57K 743 F & F 3t
PR AR 75 0 (200903045 ) 5 BRI ™ M B AR R B % i (nycytx -49)
EE® . A (1982—), &, BBIRFIES, BFFEOT 10 R KAEEYHA . E-mail:lihx@ fire. en

BEE: W34, E-mail:yujh@ ffre. cn
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IGF- T Fy¥& BEAEAE i BE MAH R 1, A BT AL #EAE
A REFAaKYER, A, FREY
GH-IGF- [ 3R RE T AR B3, 5 Ak S
BRI A —ER LR,

WAk, HFL30 Y IGFs fE AR . 5 A3
AR KB BIREENRRFCHRBBIEA,
HEBXREELFTHERMNARBERSZ R
B, 48 IGF-IRIBFFT, B 1989 4F4R K RIS fa
IGF-] cDNA fy ¥ R Se k™™ , AITE B ( Cyprinus
carpio) """ T % ( Oncorhynchus mykiss) "™ B f5 X
A ( Ictalurus punctatus )™ % JE & ( Oreochromis
niloticus) "' . B T #a ( Danio rerio ) \# ( Carassius
auratus) P B T IGF-1 3 [, Xt 8 ( Cirrhinus
molitorella) "’ JinN &% ( Micropterus salmoides)"'® .
i {1 ( Ctenopharyngodon idellus )" " | i ig fa
( Myxocyprinus asiaticus ) "' 2 [y IGF- 1 £ R iy 4=
YT Re AT TR, Ji5h, BB T KO R
% ( Micropterus salmoides) '™ . 3 & % 3E fa ( GIFT
strain Oreochromis niloticus) " IGF- 1 2 2M K&
HE5ZT R A, 76 B 813 5 AHSC 1 4
TR 90 0% 28 i, M 3CH % 18 £ K GHRs
( Growth hormone receptor, GHR) £ F k3| 5
A EHEEAH I SNPs 37 5o A S5 30 3 3 43 B85
8 ( Cyprinus carpio var. jian) IGF-[a F:H I+ 2 3%
SNPs {3 5., 8 ] PCR-RFLP J5 4600 7 H b iy 3
AL, X S AN [ 2 (R AR A 4 Ty
BB AN BN EMNSIT a0, HmER T 2415
BRI FAR 4 FARIC
U AP I
1.1 ##H

12 MR FRIE 987 B B E T E KR
ST B R K WO A 5T O BN SR A B b, R
A PIT ARic)a , IR FR5H , 76 A KR 2 v il i oA
HIPRILEAM
1.2 #EZe#BEFZH DNA gJiREX

MEFIKR ML 0.2 ~0.5 mL, il A 1/6 {1
) ACD 588, BT 4 CUKFEUINE 2 ho WK 30
pL LA, 6 A% 48 10 2 B B K IH AL 7R, -
SOFIERBEFE 4] DNA™! . DNA SEs MR B
8 PR W B8 1 Fi Dk R 28 A1 43 06 0 B A B A
W5E , ODyg 050 — & A 1.8 ZEH . F TE 35 WK
DNA #£ B 50 ng/ L 5
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1.3 ##%8 IGF-Ia BRHERNSE

W38 IGF-] a 1) ¢cDNA ( GenBank: D83271)
53¢ 04 ) IGF (GenBank: AF270703.1) Fi:#)
B HIWT AR IGF-1a )N & F RBEALE KRN,
IGF-Ta 3 | 5 MR T4 MRS THRS .
Wi, NS FEEFE(ERL),
PCR SR BfAFR N 25 pL, HoA &84 DNA 2 pL
(100 ~200 ng) 5445 0.5 pL (10 wmol/L) , H
A ARYE Tag BEULEA BEK , R B RF:94 C
FASPE 2 min;94 °C A5 30 5,50 ~65 CiB k 45
5,72 CHEM 1 ~2 min,30 MEIF,72 CHEM 8 ~
10 min,4 C A7, Hr iR KR BERIE S| W86 E,
S [B] AR 4B B 3 i BE R /M € . PCR 373 7=
W% 1% SERRVESERS UK RI , DT B M54,
Ji EICAR & ( TaKaRa) 4fifk /5 , 5 pMDIS-T #if4k
B, 16 Cd o, BB KH A& (Escherichia
coli) DHSo BURS A, {8 F EcoRI Hl Hind Il
(TaKaRa) W EFVISEE , Pt FHIE FOpER 2 LG
W AE M ER A FRAFIUT
1.4 B8 IGF-la S350 AT EME

i Clustal W 1. 832 &tk %} i 18 IGF-1 a
FB0EAT EEXT, WA [R1 B L 451) KF 1/3 AL AR
e R SNPs fif i o 853, e 2 4 ~7]
PCR-RFLP J7¥A K ) SNPs 07 3, HA I 7 Ho oo
3L, PCR P AR N 12.5 pL, Hrp &
#DNA 1.0 pL,5(# 0.5 pL (10 pmol/L), %
NEZEHRELS ~6 pL PCR =4 & 10 pL B§UIAR,
Hp S HNUIEE0.2 wL, ZEA FIEHERE IR T
N3 ~5h (RIFEUIKEFE), &G 2.0% ~
2. 8% PEARWEEEIE B UK A TR , A e BRI B
1.5 HESH

f#F Clustal W 1. 83 #4347 )5 51 LT, fif
FH DNAStar 4 # 175191, SHREWEA
B 2 7 5 R AR 2R A IR R R, A
SPSS HiSCHR 1.7 SR GLM #EEI 3T IGF- T a
FE K SNPs {7 5 A [A] 2 R 7Y A [R) 44 591 78 %) £ By
BRI B I B 5 1 F A AR SRR A, o B E
PRI AR &, A 7] 32 R 78y [ e AR 8

2 SRS

2.1 3%EBREE IGF-Ia EFE R SNPs {ii &
AP ARI LY 1 B H 4 IGF-Ta I K 5 4
SNBFF3 AN E T, A HIESNE T 1 448 bp,
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ShEF 2 K129 bp, SREF 3 129 bp, SMEBTF
4 %36 bp SNBT 5 % 60 bp. & T 1 W 159
bp N & F 3 24 380 bp, & F 4 5 201 bp
( Genebank %23k IN128642, JN128643) .
ik Xt 10 S REEAME IGF- 1o 2R 75,
R F 8 4~ SNPs fif 5, HALE R ALHREL K L
WE2, HbE 1 AMIFHBTF L, FHIT 4

MFARKNE T E,NET 3 PAE —EmHEE
RAZ B A,C RSB G, T BRI R AL, A\ C Bk
HL [ (] BRI, G\ T il 5 (] (1] i T 1> i o
A YR K K F] PCR-RFLP J5 ¥£4 M (1 3 /1~ SNPs
FRIBATHE T B, 258 1_C1756,
P& F 1_A993G FINE&F4_A511C 3 M S (3R
3)o

x1 RRPEAASIMER

Tab.1 Information of primers used in this experiment

514 Fo (5 -3") BB T,/ C PR B K B/ bp
F1 GATGTCTAGCGGWCATTTCTTCCAG 57 A1 -N1-4p2
R1 CTGCAGCGTGTCTACAAGCTCC 1337
F2 GTGGATGAATGCTGCTTTCAGAG 55.5 A3 -3 -4
R2 CCTTACAGGAAGAGTGGCTATGTCC 546
F3 TGTGTCCCCCTACAGAAACCTTTAC 56 bha-N4-4F5
R3 GCCATTCGCCTTACTGTCCTCTAA 1382

*K2 &8 IGF-Ia 1 SNPs {ii 5
Tab.2 The SNPs of IGF-Ia in Cyprinus carpio var. jian
X3 (A= RABPISE 3% e

hETF1 13 C/T 10 3:7

HNEF1 175 C/G 10 4:6
993 A/G 10 3:7

HNETF3 216/219 A,C/G,T 10 7:3
HWEF4 236 C/T 10 3:7
326 G/T 10 7:3

511 A/C 10 6:4

1133 G/T 10 6:4

®3 88 IGF-Ia EE 3 4> SNPs {i 89T 5| ¥ . BR &1 VIR F BRI 7= 1 57

Tab.3 Primers, restriction enzymes and restriction fragments of 3 SNPs of IGF- Ia in Cyprinus carpio var. jian

KW ¥ SNP o7 g 5145(5" -3") P LTIl B S 7 i BE 7 °C fitkv] | Bt/bp
WEF F: GATGTCTAGCGGWCATTTCTTCCAG Hha 1 GG :224 134
1_C175G R: CTGGTGCATCATGATATGACTCACC (57) CC: 358
NEF F: TTGTCAATCTTCTTATATGCAACGAGT BseGl GG: 163.135.112
1_A993G R: CTGCAGCGTGTCTACAAGCTCC (55) AA:135275
NEF F: AGTGACTGCAATATCAGCTGACTGA Ava T CC: 614,185
4_AS511C R: CAATGTACCAGCATTATTTGCTGACA (57) AA: 814

2.2 8 IGF-1a EF SNPs MR E5 7

WEF 1_C175G i s FLAer il g6 372 BB, B
BOBHE N 353 B, HH i CC AL CG A GG #Y
AA 36 .57 B.72 B Hifa CC &1 CG AL,
GG RI4r5I1A 27 .68 .73 B, FEHAM KDL
GG RIS, Mt 0. 44 it 0.43

WEF 1_A993G {of s FAer i i 6 987 B,
ROBE R 927 BB, HrlfEf AA A AG 7 GG Al
AR 97 FB.367 .20 B HEfa AA B AG #
GG RI4M5145 100 & .320 B .25 B, AZu & Bl AG

RUAR AR B ey, £ 0. 76, HEF R 0. 72, GG RIS
A%, /NF 0. 1,

W& F 4_AS11C o s FLA I e 987 &, H
HR RCEE 909 B, HohlfEfa AA B AC AU
CC BI435145 90 2,143 £ 216 B, HfEfa AA B,
AC %I CC B4y 111 . 148 B .230 &, V) CC
RUBL AR R fc i, ME L 0. 48, il 0. 47, 45
AF R A [R] 35 5] 700 % 1 v 4 4 7 31 8 3
HEEN B 1 fEA4,
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10 B\ W ¥ K ¥ % #H 21 %

CG CC CC CC GG CG GG CC CG 66 GG CC M CG GG CG CG CC GG GG CG GG 6G CG GG

» 358 bp
224 bp
134 bp

i A T A mrm ;i e i W i 275 bp
i g 165 bp
Wil W e i e . T e s > 135 bp

(b) IGF-Ta WHT1_A993G

CC AC CC CC ACCC CC AACC CC CC CC M CC CC CC CC CC CC CC CC AA CCAC AA

. ; . 814 bp
i e e il . . 614 bp

185 bp

(c) IGF-Ta WHETA4_A511C

1 #8 IGF-1a £H 3 4> SNPs i g AR EE B A AR Ik ER
Fig.1 Electrophoresis patterns of different genotypes in 3 SNP loci of IGF-Ia

in Cyprinus carpio var. jian M. Marker (DL1000)

*4 28 IGF-1a EF SNPs fi m B E B 5 MR

Tab.4 Genotypes and relevant frequencies in SNPs of IGF- Ia in Cyprinus carpio var. jian

(A= 5 FEHAY HA%L H AT SR H PR

W cc 36 0.22 C 0.39
G 57 0.35 G 0.61

IGF-Ia G 72 0.44
mEt. e cc 27 0.16 c 0.36
G 68 0.40 G 0. 64

GG 73 0.43
i AA 97 0.20 A 0.58
AG 367 0.76 G 0.42

[6F-Ta G 20 0.04
f‘]fggzc e AA 100 0.22 A 0.58
AG 320 0.72 G 0.42

GG 25 0.06
W AA % 0.20 A 0.36
AC 143 0.32 c 0.64

[6F-Ta cc 216 0.48
s i AA 11 0.23 A 0.38
AC 148 0.30 c 0.62

cc 230 0.47

http: //www. shhydxxb. com
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2.3 E#IGF-la AEEEE . AFEENERE
A KMBSEENHEIESHT

FIF SPSS Hr3ChR 1.7 BRAF-Fu i) GLM HERY
T IGF- [ a F[H SNPs {37 x5 A [F] 3 R 7Y | A [R] 44 5
TEY) RN R B B 5 3 B A A OGP 4 AT, 0 A S
RIWFE S, WETF 1_CL75G RRIMESIFEL AR
BB TR ER . NEF 1_A993G 7£4)f
MrBoR R B M rh S EH TR E =
S AHRTER A H B, iV A AG Al GG Rz

[EEEAFE B & 257 (P <0.05), HEvh @8t i
AG BB AT GG B, HRKBIBEER . NET
4_AS11C 7E4h 2 [ BE, MEPEESE AA T 5 CC &Y
FEREZESR (P<0.05),AC 215 CC BIFFER
BEZES (P<0.01), MEPEEE AA B AC AL,
CC 7Y 3 MR NR Z R FIEHR BEZR (P <
0.01), RUEAK B, HERERBERIL Y AA B AC B
5 CC R B& %R (P <0.01),

®S5 TRAEEE FRAMNESHESHKEHRSEENRXESI N

Tab.5 Correlation between genotypes and weight gain of individuals in different growth stages and sexes

PLA HERBB FE AL W/ o/
it cC 117.1 £41.9 107.3 £30.3
CG 119.4 +£40.3 103.9 £32.0
WEF GG 111.8 £42.3 99.0 £31.2
1_C175G 5% cC 724.3 £179.5 602.2 £117.6
CG 786.2 £209.5 612.8 £107.8
GG 740.4 +159.9 633.3 +127.4
ki) AA 104.6 +26.1 98.5 +28.4
AG 109.1 £34.10 100.1 +26.1
WEF GG 111.7 £28.0 89.2 £30.7
1_A993G Jo%i) AA 777.4 +£156.6 635.2 +124.6°
AG 792.6 +176.9 656.8 +126.5°
GG 751.3 £142.4 591.6 +142.5"
ita AA 107.1 £27.6" 98.6 £24.7°
AC 98.9 +28. 6% 89.2+25.1¢
WEF cC 117.1 £36. 14 106.6 £27.24
4_A511C Jo%::) AA 732.5 £132.38 622.4 +109.78
AC 741.7 £159. 48 604.6 +119.3%
cC 837.8 +174.54 691.7 +126.6*

RSP ARNE FRFEREFBE (P <0.05) s ARG FHFRERPEFE (P<0.01),

3 g

AR SEIGE o L IGF £ R cDNA ¥ 515 5E
Hfa 4% DNA 75, 15 @28 IGF-1 S£H N
EFOME, RIGIRIT5 W, % 5tk b 3 g 6
IGF-Ta {5 MMNBEBFM3 MHEF(HNEF L,
WEF3MAETT4) . @l LEKRIE & B 3k
fa Pt ME f IGF-1 3 HAFY), RIHEN
EF2FHFE6 ~11 kb Z[H, R PCR ¥ ¥ H
AR IGF-1 EEENE T 2 WIFHAE —EXE R,
JEEE 2SR B TEBMTRHRAKRE
% At a2, A RS R AT
2, @it Clustal W 1. 83 #1773 ELXt, ki SNPs
PS8 AN HApS B F E 1 AN, AETFLET A,
AT b Y 28 A8 35 R 3 5 1 T4 B 1 B SR AE A3

FOXAREH TAME FREHFEE KR, INBTF
A AE R, — BOH R AR S 3 W A IR R
20

AW SEH R T PCR-RFLP, H AR B, R
W, B . HIFAREA SNP i g AR AT
PAFRE & 38 19 51 0 A BR 4 o U0 B, LT D) 3K
R BR/NMAERERER, WS ET 1
CI3T TERBEMGI Y, W& T 3_216A,C/
219G, T AL RS TIRCRAES . Al T
PR W5 28 e ALY 1% R 48 (tetra-primer PCR
method and the amplification refractory mutation
system, Tetra-primers ARMS) f{) 5340, {H PO 5]
Pk AR E DL AR, 5 S e 3 ORI, = BUR
WAL M

WRIELH LR AT A, FENE T 1_C175G L&

http: //www. shhydxxb. com
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b3 LR R B P, & 5 — R H, A
WE FE EMEEEARNY 3 MEEALE
¥, TN T 1_A993G i b, Ak LB %
X H, GG BIANMRAR >, W3 T AT AR B, AG
WERK,GCC BIMER /N, NG T 4_A511C
fir b, CC BINMAME B3, T4k BLE &2
ARG B, T Y 5 AT R A7 B
TN BEE R, W ME DR B S A,

T ] 0 A K 25 S LA BB, AR
6 ) i X e A1 B A0 AT o AR R S [
39, W £ 108 T 447 T80 9 T 1_A993G fir
B TES I S E T B E AR (P >0.05) ,
(B 7E B A A 300 0 3 B 0y 5 #3% E A B AR
F(P<0.05), W&T 4_AS1IC S Rib4hfa
BRB AR, MEEA Y S EEREXLS
(P<0.05) , £ EHBEESF (P <0.01) ,fHARF
ISR [P 1 ), 3 e 35 R 7805486 T A 6 1 G W
MES ., S IGF- 1 K54 K # B 2 EAR
060 R [R] i 3343 E 2% 5 AT RE R S AR IR  IGF-
I REBARFTEH, AFE3Y ICF-1 ik B4
BRI MR RS, YW ERK B —EB
Bt ol — AR BB A B
HET AT, SEsE™ K E B A
FRLE B, 12 IGF- [ 3k B 7E ME g 14 2 [
B REMAFEE R

2 FRR, IGF- [a 3R F3k B ] fEREE /M
MK R T RIS, A& T 1_A993G fi
BVAETA_ASUIIC LSRN SHEFRE
E R BB, XA EE N EREY
MR G A R AR, BRI R TE A I R 4 T
PEF T LB AMOL A AR SR
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(1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture, Freshwater Fisheries
Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, Jiangsu, China; 2. Wuxi Fishery College, Nanjing
Agricultural University, Wuxi 214081, Jiangsu,China)

Abstract; The GHRH-GH- [ GFs growth axis plays an essential and central role in body growth. The insulin-
like growth factor, located downstream of the axis, is a critical conduction factor of GH transmission and
biological function exertion. In this experiment, we specifically isolated 5 exons and 3 introns ( intronl,
intron3, and intron4 ) of IGF-[a gene in Cyprinus carpio var. jian. A total of 8 SNPs were screened by
comparing the sequences of 10 individuals. PCR-RFLP was applied in detecting the intron 1 _C175G
genotypes of 372 individuals from 5 families; the intron 1_A993G and intron 4 _A511C genotypes of 987
individuals from 12 families. And then we identified the genotype, counted the allele frequency and analyzed
the correlation between the three SNPs and weight gain. The results showed that the GG genotype frequency
(male 0.43 and female 0.44 ) was the highest in intron 1_C175G, while this locus showed no association with
weight gain. Intron 1_A993G locus significantly correlated with male weight gain in adult stages (P <0.05)
and AG genotype displayed the highest frequency, 0. 76 in female and 0. 72 in male. 0.48 in female and
0.47 in male of CC genotype was the highest allele frequency for locus intron 4 _ A511C, which was
remarkably associated with both male and female weight gain in both juvenile and adult stages( P <0.01).
This experiment indicated that the expression of IGF-] gene varied between the different growth stages in
Cyprinus carpio var. jian. Furthermore, expression diversity also existed between male and female individuals
even at the same growth stage. The intron 1_A993G and intron 4_A511C were found significantly related with
weight gain and could be considered as references in molecular breeding in Cyprinus carpio var. jian.

Key words: Cyprinus carpio var. jian; insulin-like growth factor; single nucleotide polymorphisms; weight

gain; correlation
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