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Abstract ; Insulin-like growth factor binding protein 3 (IGFBP3) is a most important gene regulating animal
growth and metabolism. We isolated two IGFBP3 genes from Cyprinus carpio var. jian in this experiment.
Eighteen SNPs loci were identified on IGFBP3a and IGFBP3b respectively. Eight SNPs were located at exons.
PCR-RFLP was applied to detect genotypes of five SNPs ( IGFBP3a intron 3_G-253T, IGFBP3b intron 2_G30T,
IGFBP3b intron 3 _A-341G, IGFBP3b exon 4_C54T, IGFBP3b exon 4_C72G) in 931 individuals (485 &,

446 9 ). Correlation analysis between genotypes and weight gain showed that five SNPs were associated with
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female juvenile weight gain significantly (P <0.01 or P <0.05) and individuals with these five SNPs loci, TT,
GG, AG, CC and CG genotype grew faster than other individuals. Only G30T was significantly related to male
juvenile weight gain (P <0.05) and the GG individuals grew significantly faster than TT ones. C72G and A-
341G were significantly pertinent to adult weight gain (P <0.01 or P <0.05). Individuals with CG at C72G were
significantly larger than those with CC and GG types. The AG and GG type male adult weight gain of A-341G
were significantly higher than AA type, while AG type grew the fastest in female adult fish. G30T was
significantly associated with female adult weight gain. The GG and GT type fish weight gain were significantly (P
<0.05) higher than TT type, and the GG male adult individuals also grew obviously faster than other types. The
GT type male adult weight gain of G-253T was significantly higher than GG and TT type (P <0.01), while no
similar situation was found in female adult individuals. To conclude, with the fastest weight gain, GG type of
G30T, AG type of A-341G and CG type of C72G could be used as molecular markers in C. carpio var. jian
breeding. In addition, weight gain increased with the enrichment of molecular SNPs markers, consistent with the
characteristics of quantitative traits.

Key words: Cyprinus carpio var. jian; Insulin-like growth factor binding protein 3; Single nucleotide

polymophism; Weight gain; Correlation
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Ao/ Asgo— 0 1.8 247120 I TE Hi BE ik
50 ng/ w5 H
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cDNA J781 F X} B 45 IGFBP3 JE R v N &5
THIRAAL S, it 58N & F 2, PCR
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NSRS 20, PIE A 1% WBEREREGE
B (0.5 pg/ml EB) LUK 85, VI F H 14
IO & (B R R FEE AR WA IR
Z3#]) [ DNA, 5 pMDIS-T #k /& (Takara,
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Table 1 Information of primers used in this experiment
LR S FIYFH (57 -3") HHEE (C) P BB (bp)
Primer Sequence of primer Annealing temperature  Product and the length
F1 GCTGAGACAGTCCAGGACACAAC 5.0 WNETF2
Rl GAAACCCTTTTGGTCACAGTTTGG ' 3a (441) 3b (439)
F2 GCTCCATGACGGGACTGTGTG 575 WNEF1
F3 GAGAGCAAACCTCTGCAGGCTCTGC ’ 3a (573) 36 (1 080)
R2a CCTTTAAAGGTCTGCCCTTTCCTGG A
55.0 3a NET 1 (548)
R3a CTTTTTTGATTATCTCTTCTTTGATGTGCCG
R2b CCTCTGCTTATAACGATTGTAACTTGGTG
55.0 3b NEF1(1112)
R3b CTCTTTTGATCATCTCCTCTTTGGTGTGTG
Fda GGCAATAGAGACCATAGATCCTATGCGG A
55.0 3a NET 3 (849)
F5a CATCAAAGAAGAGATAATCAAAAAAGAACAAACC
F4b CCAAAGAGGAGATGATCAAAAGAGATCAATTG
55.0 36 NEF3 (1025)
F5b CTATTCCCATTCTACTTGTTTGCATAGCCAAC
R4 GTCCATACTTGTCCACGCACCAGCAG 56.5 NET3
R5 CTCCCCTTCACTTTGTCTCCATG ’ 3a (801) 35 (1 194)
%2 SNP#&MSIHEF BREERTIEE T = &®
Table 2 Primers, restriction enzymes and restriction fragments of the SNP loci
WUIEG XN BEYI R B (bp)
HEH X3, EiE7 B FIITE) (5'-3") (C) Length of
Gene Region Primer Sequence of primer Restriction enzyme restriction
and temperature fragments
3 W& F 3 BESR Fl TGCACACAGTACGCATACCCTAGC Bsp1286 1 GG 305,620
. B+ 4_G253T R1 TGACTATGTTCACACTTCCCTCTCAGG 37C TT.925
F2 AATAGAGACCATAGATCCTAT! Mphll :192,84
3 W4 T2 G30T GGC C G CcC G ”CC GCGG Iph1103 1 CC 92,8
R2 CAAACATGTCAGGAGACTGGAGACAC 37°C IT.276
3b W& F 3 Bk F3 CAAATTGTGAATTTATCAGCACATGATAC Apal, 1 AA 55,471
BT 4_A341G R3 CTCCCCTTCACTTTGTCTCCATG 37°C GG:526
F4 CAAATTGTGAATTTATCAGCACATGATAC Afa 1 CC.:451,320
3b BT 4_C54T R4 TGACTATGTTCACACTTCCCTCTCAGG 37°C TT:771
F5 CAAATTGTGAATTTATCAGCACATGATAC Si CC.771
36 ST 4_C726 o e ) ma 1 .
R5 TGACTATGTTCACACTTCCCTCTCAGG 30°C GG 468,303

JPo, BotRERg I (3R 2) 0B PCR, TN AE 8
AAMRE 3a 30 FEFF,HH Clustal W24y
X, & SNPs fi7 25, R H] PCR-RFLP J5i%
R T A S A~ SNPs fi i, PCR AR RN
12.5 wl, HorP R 8 DNA 25 ng, HAth 41 20 2 9
Taq B (3 W RETR A A BRZA 1) 360 43
BURESM, PCR RN 55144 :94°C 2 min;94°C
30 5,55°C 30 5,72°C 30 s,30 PMEFF;72°C 1A
5 min, 4CORAE (IR SRR W AR 95 51 90 )5 3] 11
Tm {ECAE , SiE 1B 0] A AR 90 97 388 1 B 0 K/
MARY , RN ZEHJEEC3 Wl PCR =47 L Bk ARG

PGSR . S wl PCR 4y, nBR skl ik oy )
2U (%2, ifgHEs, Takara) , 18 B E T iHAL
4 ~6 h,2% B S WHEE M B RN , A S L PR A
1.2.4 Bdasatr  FIH SPSS # ks R & 22
A3 BRI ST, o~ 6 Xof A [7) 32 PR 764 5 el 4 o 30
FFAHICAE ST

R

n
2.1 &8 IGFBP3 EEFS WN&ETF2 W
Redids 22 500 Wy 2 A A, A 0 RR
IGFBP3a 1 IGFBP3b , & K 3% °h 164 bp

2
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F1162 bp, FHNMIZER R 11.73% , 4N
AR BN & 1 SR e T 1 3
Wi &5 F 4, K435 573 bp F1 1 080 bp, F51 2%
SN 13.26% ;N & F 1 SETAN T 2 #8430
W55, a 1 548 bp,b %1 1 112 bp, FH £ 5H
F11.70% ; N+ 3 S AN+ 3 #4097
G ,a % 849 bp, b %I 1 025 bp, FEH 25N
8.16% ; N F 3 SR AN F 4 TR A 557
G, K 4 51k 801 bp il 194 bp, £ 51 % &
}6.54% .

i e 2 i P 51 B A0 35043 2855 GenBank
A 8 2 1Y IGFBP3a %: X ) ¢DNA JF %
(FJ424519) Lexd, B TINE F 1| SEish e 1
13531 o BIF%) 573 bp 1 b BIF 5 1 080
bp; N F 3 SRS T 4 FAH o BT 5
801 bp Fl b HIFF31 1 194 bp (F 1),

SZERIRE) 2 A IGFBP3s LR FE) , 404 4
MINRBTF RN T2, N T 1 FIN& T 3 4
AN T S, 3a.30 2 NEEEE
cDNA #9225 °M 6.24% , 55 & i cDNA )
2200k 13. 47% F113. 81%

2.2 SNPs i Wil K& A EEEERIIEE
G X 8 AR SR T e A
b R R AN R X A R ) 36
A~ SNPs fii i (% 3), KllEy 5 4> SNPs 1,1
AT 3a,4 AT 30 FEH, 43518 3a-13_G-
2537T 3b-12_G30T 3b-13_A-341G 3b-FE4_C54T,
3b-E4_C72G, P FAMNEF L 2 4> SNPs A
MGRAE  ARSZIGHEI T 5 4~ SNPs 37 a5 4 5 [
RITE 931 FE (485 & ,446 Q) F i Ff A v il 43 A5
TEOLCEL L) o Z5RFRIILALAT 3 P KL R AR A7
(AR FEE R R MAE A 22 5 (R 4)
iz JH SPSS #fF, %F 931 J& (485 3,446 %)
R S A~ SNPs 7 5 AN [7] 35 R 8 5 16 7 i 4 7
KB, S5 EM, G253T,G30T,A-341G ,
C54T F1 C72G 5 M i 349 55 1 £0 b 9 B 3
EWEE (P<0.01)8EE (P <0.05)H%,
e PR LR AL 53508 TT B GG B AG
Rl CC RUFN CG BY; 55 e 0 Fp By B o I 2%
(P <0.05) &M HA G30T, Hrp GG AIAMA

B A TT B s M N Y R A
S E A S S 3 A, Horh €726 i A-
341G P/AL RS ME e R Y E AR OG €726
Hy CG MM % (P <0.05) T CcC BIA GG
RIAAR, A-341G 1 AG B4 PRIE & 3% (P <
0.05) % AA BY R 55 PR Bl £ 15 55 AH 5C 1Y 137
SIAH G30T, H GG FUA GT UG H B3 (P <
0.05) PR-F TT BIANA, 76 MM B f0 2 GG
R RAFEC, (H 22 57 A8 I 35 G-253T Wy 1
P R AR G 5 — N, GT T i i £ 386
Wi (P <0.01) T GG Ml TT BIAMA  (HTE
M R X R (£ 4)
%3 IGFBP3 B SNPs fii &
Table 3 The SNPs in IGFBP3

HEH Genes [X Ja Region SNPs 13 /5 SNPs
5'IE4ISIX 5'UTR - C-216G,C-201G
HhF 1 Exon 1 C55T, 069G,
N T 1 Intron 1 C40G

3a

AT 2 Exon 2

N+ 2 Intron 2

A147T,A272G
C54T,C64T,AT7C,

G96T, A100G,
HMETF 3 Exon 3 A60G
G-267T,G-253T,
N4 3 Intron 3
A-122G,A-114G
3'dEWASIX 3'UTR  GIT
5'dEmA%IX 5'UTR - C91T
W& 7 1 Intron 1 A59C,C169T
HMETF 2 Exon 2 A203C
N T 2 Intron 2 G30T
3b G-691T,A-626T, A-356T,

N+ 3 Intron 3

AhET 4 Exon 4
3'3RgRt X 3'UTR

A-341G,A-307G,C-229T,
A-226C,C-131T,A-126C
C54T,C72G

C20T,G31T

AL Y« -7 R RABTAERE 3 S5 — AT,

“-”indicates mutation base to next exon in 3’ end direction.
2.3 WRCEEXEEMEM AR
5 1~ SNPs {37 o5 7 i il A ] A= K By B 5 1S T
HEEAR, IWFE4 0] F 1, C726 1) CG #Y |
A-341G 1 AG BIHIT G30T B GG B4 7 Wi 1
f R, AT 3 A AR & S
S G E ARG 45 5 BRI & AR
Hahn ARG EAERG R, TEMFETE, B3 A
FRICH AR FEAEM 8% (P <0.01) KT 45
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DR TR B, B 3 MRICH) M TR R 3 RIS MR L E AR 1.2 R
AMAREEAEREF (P <0.01) RTLICH e MRERR, REERARE (K5),

TT GG TT TT GG GG GT GT TT GG GT M GT TT TT GT GT GG TT TT GG GT GT GG

——925bp
—— 520bp

~—305bp

GT GT GG GG GG GG GT GT GT GT TT TT M GT GT GT GT GT GT GT TT GT GT

- 276bp
=—192bp
—=— 84b

B P
AA AA GG AA GG AA GG AA AA AA AA AA M

AG AA GG AA AA AG GG AA AA AG AA AA

—— 526bp
== 471bp

C

TT CC CC CC CT TT ¢cC TT cC TT ¢C ¢cC M TT CC CC TT TT CC CC TT CC CT TT

- T?Ihp
=— 451bp
—=— 320bp

GG GG CC CG GG GG CC CG GG CC GG CC M GG €CG CG CC CG CG GG GG GG CG CC GG

—=—T771bp
=— 468bp

—=—303bp

B1 54 SNPs (i REEERMEKER
Fig.1 Electrophoresis patterns of different genotypes in five SNPs loci
M. DL1000 DNA 73 F-f##5ic, M. DL1000 DNA marker.
A. JUGFBP3a-13_G-253T; B.jUGFBP3b-12_G30T; C.jUIGFBP3b-13_A-341G; D.jlIGFBP3b-E4_C54T; E. jUGFBP3b-E4_C72G.

3 W B S E KR S AR TR AR T T
e LD T e R 3¢ F1 36 T SLPA , 9T 3 ) 4
IGFBP3 £} IGF-1 f FE MM E [, & XSS [GFBP3 7 W61 ¥ 5 ik 85% 4
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Table 4 Correlation different genotypes with weight gain in Jian Carp
It Male 8 Female
7 15, HEPR A 0 Ff B 3 MEEL it R 3 ML
Loci Genotype Juvenile weight  Adult weight Sample size  Juvenile weight ~ Adult weight ~ Sample size
gain gain (ind) gain gain (ind)
GG 99.4 +27.8 611.3 +109. 78 46 106.7 +23.24%  784.1 +144.1 2
3a-13_G-253T GT 97.6 £24.7 667.7 £133.04 267 104.7 £29.24 785.3 £161.5 252
TT 102.6 £29.6 633.5 +116.2° 165 117.3 £40. 4" 786.1 +£187.0 147
GG 101.4 £28.2*  662.8 £138.6 216 113.4 £35.74  799.0+182.7" 200
35-12_G30T GT 99.1£26.1®>  642.8 £119.1 221 108.4 +30.9* 788.3 +£162.3" 227
TT 89.7 +22.5" 616.9 £ 99.6 29 92.5+23.2%  718.1 £116.5° 30
AA 97.5 +65.8 627.6 +118.24 238 101.0 +28. 5 772.1 £172.3° 230
3b-13_ A-341G AG 105.4 £27.4 658.9 +125.8" 114 122.7 £39.25%  822.3 +169.0" 96
GG 104.7 £26.7 683.1+143.5% 94 111.1 £24.9%  783.5 +150. 5% 91
CC 101.7 £27.5 657.9 £127.5 223 113.5 £37.7* 800. 1 £168.7 216
3b-FA_C54T CT 96.9 +28.4 641.6 £139.4 155 105.1 £27.0" 775.9 £157.5 141
TT 96.4 +22.7 627.8 £92.4 81 104.0 £26. 1" 772.6 £172.6 920
cc 95.7+25.0  646.0 +131.4" 221 101.7 £25. 1% 766.8 +156.5* 215
3b-F4_C72G CG 107.4 £31.9  679.8 £139.4M 124 119.5£39.3%  820.0 £151.4" 113
GG 105.7 £86.5 621.1£98.2" 129 116.1 £39.6%  796.6 +190.9*" 123

AR NG FRFRRZER BE (P<0.05) , AEKREFHFIRZFWEE (P<0.01) ARG HIAE 7R 22 5
REFE (P>0.05) , LR A" TR RAZIIER 387 — BT,

Lowercase letters indicate significant difference at P <0. 05 level; and capital letters indicate significant difference at P <0. 01 level;

The same letter in different cases indicate the difference is not significant (P >0.05) ; “-”indicates mutation base to next exon in 3" end
direction.
£5 RCHER BN SR R & T 0 ) Ay

Table 5 Effects of markers enrichment

on weight gain

Fric 4 i A 4 T HEAEL
No. of Juvenile weight Adult weight Sample size
markers gain gain (ind)

0 93.0+25.2"  685.5+146. 14 303
1 105.0 +31. 8" 727.3 +175. 3" 383
2 109.3 +28.9% 733.6 +151. 0" 154
3 143.1+£52.3°  780.9 +188.9" 29

[R5 PR R R G SRR 25 el .35 (P <0.01)
Capital letters indicate significant difference at P < 0.01

level.

A7 ,3a F1 36 Gt XA R A 93% (HN & F
FPol e, X S A YA (2n =100) 2
KEREERMAE (20 =48 ~50) YA AR B .
TEHEEE MSTNs'™ F1 GHRs"™' 25 35 [F 43 85 I
KT HE L R BCRBE S Y 2 £%, IGFBP3s
HEEBNET 1 AMNEF 3 KK, My
K 15. 67 kb F110. 37 kb, {#i Fl— PCR 455
TEAEXMERE , 7 TAMNE T BRI RAS ISR IT A 8 1
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