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Tab. 1 Primers used in this experiment
(5-3" Tm
Primers Sequence () Product (bp)
F1 ACAGCAGTATTCCTTTTACATAGTAGCAG 54.6 la intron2—4
R1 CACAATACTGTTACTTTAATAGCTGCCTAG 54.5 645
F2 CGATTTGTCTGTCTGAGTAAATGTTATGGC 60.4 la intron4-exon7
R2 CTTCAGCAGCTCTGGGTCGATG 58.6 820
F3 CGTCTACACAACTCCTGAAACAACAC 55.9 la intron 6-exon 8
R3 GGTGGTTATCTCCCCGTCCAG 56.9 1164
F4 TCACGTCCTTAATTTCAAAAGCGATG 59.5 la exon8
R4 CTTCATGGGGTCAGGTTTCCCAG 60.4 750
F5 CATTTATAAGTATTTCAAGCCAACTTCCC 57.3 1b intron2—4
R5 TCTCTCCAGCATGAGGTGCTAGC 57.4 602
F6 CCATTCGTCTCTCTGAGTAAACGTAATTAG 57.6 1b intron47
R6 GGTACATGTTCATGTAAAATTGCACATG 57.6 873
F7 GTTTTGTGGGTCCTATCTAATAACAGCA 57.5 1b intron7-exon8
R7 CTTCATGGGGTCAGGTTTCCCAG 60.4 977
F8 TTCTAATGTGTTAATGTGCAAAATATTTGC 57.3 2a intron3—6
R8 CCGAGGAAACTAATGAGAGGTTATGTAG 56.3 946
F9 GTCTTCGCTGCCGTTGGTATCGT 61.7 2a exon6-exon8
R9 CGACTGGGTGCCTAAGATTGACG 59.5 595
F10 CGTCAATCTTAGGCACCCAGTCG 59.5 2a exon8
R10 CCTTCTATGGGGCAGTTGGTGTATTA 58.5 735
F11 TCCATTGCATTAATGTGCAGAATTGG 60.7 2b intron3—=6
R11 GGAAAGGACAGAGGAAACTAATGAGAGGT 59.7 925
F12 GTCTTTGCTGCCGTTGGTATTGC 59.5 2b exon6—8
R12 GCTGGGGTGAGCGCCTAAGAT 59.3 775
F13 AATCAAAGGAATTGACCCCGTA 54.2 2b exon7—8
R13 GTTAAGGTGTAATGTTGTCGAGTAGGTC 55.0 960
, (jIGHR2a 8 A555G 351 ) SNP
15 >
SPSS GLM GHR ( / /
SNP ( / / ) 5 SNP
/ ) 4 (P<0.01), 1b 8 CI2T
2 R 4
1
2.1 : / la
353 5 SNP 3 A43G (P<0.01) 1b 8C12T (P<0.01),
(iIGHR2a 8 A555G 351 ), AA / AG
1 GG , CT cc
> > / , TT
R jIGHR1b C12T la
TT 353 11 ( 4 3 A43G (P<0.01), AA
SPSS GLM , 353 la
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%2 #t GHRLs #1 GHR2s SNPs fi &
Tab.2 The SNPs on jIGHR1s and jIGHR2s

Gene Region SNPs SNPs and ratio
3 intron3 A43G (2/4)
4 exon4 A176G (2/4)

CL10T (3/3), A141T (3/3), C189T (2/4), A249C (4/2),

la 6 intron6 A251T (2/4), A252G (4/2), C258T (2/4)
jIGHR1s 7 intron7 A35C (2/4), A39T (2/4), A62G (4/2), A67G (4/2), A284G (4/2)
8 exon8 C279T (2/4), A361G (2/4)
6 intron6 C120T (2/4)
b 8 exon8 C12T (2/4), A649G (3/3)
3 intron3 C280T (4/2)
4 intron4 C248T (2/4)
5 exon5 C140T (2/4)
2 6 exon6 A81C (2/4)
6 intron6 C264T (3/3), C294T (3/3), C317T (4/2)
jIGHR2s 8 exon8 A330T (4/2), A432G (4/2), A544C (3/3), A555G (2/4), C671T (4/2)
4 exon4 G176T (2/4)
4 intron4 A7C (2/4), G13C (2/4)
2b 5 exon5 A27G (3/3)
5 intron5 G4T (2/4)
8 exon8 G292C (2/4), A315G (2/4)

3 I SNP a9, RENE AR VI =Y RT

Tab. 3 Primers, restriction enzymes and restriction fragments of the five SNPs loci

SNP

Lo Pri Restriction enzyme and Length of restriction fragments

oct rimers temperature () (bp)
jIGHR1a F1: ACAGCAGTATTCCTTTTACATAGTAGCAG Tas I AA:72 79 202 286

3 A43G R1: CACAATACTGTTACTTTAATAGCTGCCTAG (65) GG:79 202 360
jIGHR1a F4: TCACGTCCTTAATTTCAAAAGCGATG Tas I AA: 187 563

8 A361G R4: CTTCATGGGGTCAGGTTTCCCAG (65) GG: 750
JIGHR1b P1: AAACAACCCTCGTACTCTGTTTTTAGAGCA HindIIl CC: 456

8 C12T P2: AGCTAGCACGACCCGAATCGTTGTC (37) TT: 211 244
jIGHR2a F10: CGTCAATCTTAGGCACCCAGTCG Mspl AA: 735

8 A555G R10: CCTTCTATGGGGCAGTTGGTGTATTA (37) GG:204 531
jIGHR2b F13: AATCAAAGGAATTGACCCCGTA BsuR I AA: 171 366

8 A315G P3: AGGAGAAAGTACAACTCCACCATGA (37) GG: 105 171 261

8 A361G (P<0.05) 1b 8 C12T (P<0.01) 2a (P<0.01),2 1
8 A555G (P<0.01), (P<0.05)( 5) s
(4 106
2.2 30%, 4 5 14%
5 , la
3 AA 1la 8 GG 1b 8 CT 2a
8GG 2b 8 GG GHR GH
s : 5 4 s GH s
(P>0.05), 5 4 )
3 (P<0.01), GHR ,  GHR

3 2 GHR
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M AG AG AAAAAA GG AG AAAG AGAG GG AA AG AA AG AG AAGG AA AG CG AGAA A
M AA GGAGAGGG AG GG GG AG AG GG GGAG GG AAAA AG GG GG GG AGGG AG AA
M AG AG AAAA AA AG AG AA AG AA AGGG AG AAGG AA AAAGAA AGAG AG GG AG E
bp
366
261
171
105
1 SNP
Fig. 1 Electrophoresis patterns of different genotypes in five SNP loci
A. jIGHR1a 3 A43G; B. jIGHR1a 8 A361G; C. jIGHR1b 8 C12T; D. jIGHR2a 8 A555G; E. jIGHR2b
8 A315G; M DNA (DL1000)

A. jIGHR1a intron 3 A43G; B. jIGHR1a exon 8 A361G; C. jIGHR1b exon 8 C12T; D. jIGHR2a exon 8 A555G; E. jIGHR2b exon 8 A315G;
M. DNA marker (DL1000)

GH SNP ,
GHR
4 SNP , >
GHR 38  SNPs , SNP GC
16 22 SNPs 22, 231
PCR-RFLP 353 5 SNP la 1b,2a 2b, ,
( 1 4 ) , ,

PCR-RFLP ,
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Tab. 4 Correlation of different genotypes with body form and weight gain
Traits
Body form
Loci Genotype Numbers / / / Weight gain
. . Caudal peduncle
Height/Length Thickness/Length height/Length
. AA 88 0.322+0.016* 0.190+0.047* 1.021+0.126 137.705+40.015%
jIGHR1a
intron3 AG 133 0.316+0.016% 0.178+0.012" 1.013+0.125 106.827+35.9338
AB3G GG 132 0.314+0.014" 0.179+0.012" 0.997+0.108 92.768+26.789°
jIGHR1a AA 25 0.315+0.014 0.179+0.016 1.045+0.119° 96.956+26.146"
;’3“6’?2 AG 120 0.315+0.014 0.1800.030 0.985+0.118" 95.758+30.236"
GG 208 0.318+0.017 0.183+0.025 1.019+0.118? 118.541+40.698"
{IGHR1b cC 182 0.314+0.014%° 0.180+0.025 0.999+0.123%¢ 101.253+31.7178
exon8 CT 160 0.319+0.0175° 0.183+0.028 1.013+0.10948° 118.607+43.5324
clat TT 11 0.331+0.0144 0.186+0.012 1.101+0.1624* 106.027+15.75748
. AA 19 0.317+0.014 0.172+0.014 0.940+0.096 B¢ 91.516+23.557°
jIGHR2a
exon8 AG 153 0.318+0.016 0.180+0.012 0.998+0.127 AB® 104.083+36.370°
A335G GG 179 0.316+0.016 0.184+0.035 1.026+0.111 4 115.929+39.703%
. 316+0. 181£0. .007=0. .035423.8825°
{IGHR2b AA 43 0.316+0.014 0.181+0.012 1.007+0.137 95.035+23.882
exon8 AG 227 0.316+0.016 0.182+0.031 1.009+0.116 107.693+41.461%
A31SG GG 83 0.319+0.017 0.181+0.013 1.009+0.119 129.267+38.125%
(P<0.05), (P<0.01)
Note: Lowercase letters indicate significantly difference at P<0.05 level; and capital letters indicate significantly difference at P<0.01 level
5 MICEEMEEESHEIN , , ,
Tab. 5 Effects of markers enrichment on weight gain /
No. of markers n Weight gain , GHR2 GHRI1
0 37 88.51+26.19°
b b
+ b
1 87 92.14+25.53 SNP ’
2 106 103.11+32.91
3 70 125.8942.09" ’ ’
4 47 143.76+36.84* 2a 2b SNP 8
5 4 155.75+19.82* >
(P<0.05 , 5 2a CT
(P<0.01) , ,
Note: Lowercase letters indicate significantly difference at
P<0.05 level; and capital letters indicate significantly difference at
P<0.01 level SNP
2 b
353 jIGHRs 5 DNA
SNP , 5 SNP ,
, GHR 5 ,
SNP , la 3A43G 1b 8 C12T ,
/ , / )
, / RNA [25—27]
24
) , 24, SNP ,
P450 1A2 1 C/A
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N- (slow NAT?2)
(28] la 3 A43G
5,
4 2
44%, 4
14%
1 2 ,
30% R
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SNP LOCI ASSOCIATED WITH WEIGHT GAIN ON GROWTH HORMONE
RECEPTOR GENES IN CYPRINUS CARPIO VAR. JIAN

TAO Wen-Jing', MA Long-Jun', RUAN Rui-Xia' and YU Ju-Hua'?

(1. Wuxi Fishery College, Nanjing Agricultural University, Wuxi 214081, China; 2. Key Laboratory of Genetic Breeding and
Aquaculture Biology of Freshwater Fishes, Ministry of Agriculture, Freshwater Fisheries Research Center,
Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: Growth hormone is one of the key regulators in animal growth, and combines with growth hormone receptors
of membrane protein to function, so the mutations on growth hormone receptor gene have an important influence on
animal growth. We identified 38 SNPs on four jIGHRS, by sequencing the genes from 6 individuals of Cyprinus carpio
var. Jian. PCR-RFLP was applied to detect the genotypes of 5 SNPs loci (1a intron 3 A43G, 1a exon 8 A361G, 1b exon
8C12T, 2a exon 8 A555G and 2b exon 8 A315G) among 353 individuals and the relationship between the different
genotypes and growth characteristics was also analyzed in this study. Results showed that all the five sites were associ-
ated with weight gain significantly. SNP locus la intron 3 A43G has a significant correlation with height/length and
thickness/length as well, 1b exon 8 CI12T has a significant correlation with height/length and caudal peduncle
height/length, la exon 8 A361G and 2a exon 8 A555G also have a significant correlation with caudal peduncle
depth/caudal length. Data analysis also showed that the individuals with more than four markers grew faster obviously
than those with few markers. The number of the individuals with 2 markers is the most, with 30 percent in the investi-
gated population. But the number of the individuals with more than four markers only has a percentage of 14, indicating
the presence of large selection space. The 5 SNPs detected in this experiment can be used in molecular breeding.

Key words: Cyprinus carpio var. Jian, Growth hormone receptor; Single nucleotide polymorphism; Weight gain; Body

form; Correlation



