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Fig.1 The genome amplification result of Contig of citrate synthase gene in grass carp
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Fig.2 DNA sequencing map of A-386G site
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Fig.3 DNA sequencing map of C-499G site
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Table 1 The polymorphic parameters of two SNP sites of citrate synthase gene

i WL Z 5 Wb ZEHET R A RLAE AL AR R Hardy-Weinberg -1
Site H, H. PIC N. Hardy-Weinberg equilibrium
A-386G 0.385 2 0.450 9 0.348 3 1.815 8 P=0. OS(XZ:Z. 90)

C-499G 0.466 7 0.496 5 0.372 3 1.978 7 P=0.48(4*=0.49)
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Table 2 Genotype and allele frequency of A-386G and C-499G site of citrate synthase gene
Az a5 AR H R B /WA Y% FOLEEH AR Y
Site Number Genotype/Frequency Allele gene/Frequency
A-386G 138 AA/47.10 AG/38. 41 GG/14. 49 A/66. 30 G/33.70
C-499G 135 CC/1. 85 CG/46. 67 GG/21. 48 C/55.19 G/44.81
*3 FERAHERSNPAAFREAEREMERKEROXESH
Table 3 Association of citrate synthase gene polymorphisms with growth traits
. o . Bk R/ c
SNP i LA R g Ki/em  WEem kffem ORI o SRR/
.auda eduncle ~audle peduncle
SNP site Genotype Body weight Body length Body depth Head length b b
length depth
AA 1282.96+42.87 42.2640.55 9.80+0. 14 9.1940.13 7.25+0.11 4.6840.07
A-386G AG 1301.48+47.47 42.7740.61 9.83%0.15 9.16=+0. 14 7.41%0.12 4.7540.08
GG 1282.06477.28 41.7140.99 9.75+0. 25 9.19+0. 14 7.14+0. 20 4,4940.12
cC 1227.56+£52.23 41.5640. 68 9.67£0.17 8.9940.15 7.19%£0. 14 4.6240.08
C-499G CG 1307.66+43.15 42.2940.56 9.70+0. 14 9.15+0.13 7.33+0.12 4,6740.07
GG 1322.48+63.60 42.7040. 83 9.944+0. 20 9.35+0.19 7.28+0.17 4,60+0. 10

A-386G 1 C-499G W7 s L 41 AL 7 B 3UAE
R, L 2 MR/ NT 3% RAREL D2 fl D5 JR S
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TEAE 3% 22 5 (P<C0. 05) L MR Y D3 D6 Al D7
XT3k KA IE AR G, RS Y D1 A D4 XSk KA A

K IER TR b XU D3 R D6 1 (E B T WS
R D1 A D4 W BIE , B85 B3 22 5K, #E 3L
f5 8 D3 I D6 X {4 5t 55t A7 78 1 A1 5 s 7R AR K IR
N R =Y T N S G N U RS R E A I BN
TEAE B 3522 5 (H XU 2 D6 /Y 349 (8 39 7 T HoAh X
A, RIS A D6 8 T A K LRSI, 430
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Table 4 Association of citrate synthase gene diplotype with growth traits
SNP fif i SNP site R/ g K/ em K5/ em 3K /em B/ em JFEAM 5 / cm
WAER, ——————— /% . .
Diplotype C-499G A-386G  Frequency B(?dy Body Body Head Caudal peduncle Caudle peduncle
weight length depth length length depth
D1 CcC AA 40 1222.41454.38 41.7340.71 4.6240.09 9.0040.16 b 7.22+0.15 4.62+0.09
D3 CG AA 21 1393.25475.06 42.80740.98 4.6640.12 9.5340.22 abc 7.3340. 20 4.66+0.12
D4 CG AG 38 1262.86455.80 42.0440.73 4.684+0.09 8.95+0.16 ¢ 7.347+0.15 4.68+0.09
D6 GG AG 11 1374.344103.71 44,414+1.35 4.8440.17 9.74-+0.30 a 7.55+0. 28 4.85+0.17
D7 GG GG 17 1299.36483.42 41.714+1.09 4.46740.13 9.1540. 24 abc 7.0940. 22 4.46+0.13
D2 CcC AG 1 1 394. 00 43. 41 5. 18 9. 65 8.18 5.18
D5 CG GG 2 1087.05443.21 39.2641.17 4.3540.39 8.84+0.71 7.337+0.25 4.35+0.19

DR BUE P AR DR 22 ] — 3 52 B R[] 4R 22 57 1 35 (P<<0. 05)

. The figures are mean®standard error, values with different

superscript letters within a column indicates significant difference at P<C0. 05.
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Detection of SNP incitrate synthase gene and association analysis with
growth traits in grass carp (Ctenopharyngodon idellus)

FAN Jia-jia LIU Xiao-xian BAI Jun-jie YU Ling-yun

Pearl River Fisheries Research Institute ,CAFS/Key Laboratory of Tropical & Subtropical
Fishery Resource Application & Cultivation sMinistry of Agriculture ,Guangzhou 510380, China

Abstract The enzyme citrate synthase (E. C. 2. 3. 3. 1) exists in nearly all living cells and stands as
a pace-making enzyme in the first step of the tricarboxylic acid cycle (TAC). Citrate synthase is located
within eukaryotic cells in the mitochondrial matrix. In this study,genomic fragments of the citrate syn-
thase gene were amplified based on the sequences of one available contig in the EST-SNP database of
grass carp. Two SNPs mutations, A-386G and C-499G, were identified after sequencing the PCR prod-
ucts. The two SNPs were located in intron ten of the citrate synthase gene. Regarding the two SNPs, the
genotype and gene frequency of 144 grass carps were further assayed with the method of Snapshot. The
frequencies of AA,AG and GG were 47.10% ,38.41% and 14.49% at the A-386G site,and CC,CG and
GG were 31.85%,46. 67% and 21. 48% at the C-499G site, respectively. The polymorphic information
content (PIC) of the two SNPs were medium genetic diversity. A general linear model was used for the
correlation analysis between the citrate synthase gene SNPs and growth traits (body weight, body
length,body depth,head length,caudal peduncle length and caudal peduncle depth). The different geno-
types of the A-386G and C

growth traits (P>>0. 05). Seven diplotypes consisted of the two SNPs (remove minor allelic frequencies

C-499G site were different but not significantly different associated with the six

lower than 3% of the D2 and D5) were used to do the correlation analysis between the six growth traits.
different growth traits
(P>>0.05) ,except for head length (P<C0. 05). The diplotypes D6 (A-386G/AG and C-499G/GG) had

the maximum mean of all growth traits, suggesting that D6 belongs to dominant genotypes. These re-

Association analysis indicated that five diplotypes were not significant

sults indicate that the two SNPs of citrate synthase gene can be used as a molecular marker for growth
traits selective breeding in grass carp.

Key words grass carp; citrate synthase gene; single nucleotide polymorphism (SNP); growth
traits
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