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PRL
, (i (protein content, PC) (fat content,
PRL FO)!e,
Streelman % PRL I 192 [17]
DNA, 1%
He ! PRL SNP . NanoDrop 2000
, 50 ng/uL, -20C
PRL
, PCR (allele-specific 1.3 PRL
PCR, AS-PCR)!" PRL PRL mRNA (GenBank
, EU074210.1) DNA (GenBank
, EU311637.1) NCBI , NCBI
, (http: //blast.ncbi.nlm.nih.gov/)
PRL 10
1 DNA , Primer
Premier 5 [18] 7 (D
1.1 PRL
2014 5, PCR (25 pL): Taq PCR Mastermix
( ) (KT201-12) 12.5 uL, 0.5 uL (10 umol/L),
] , 24 2 uL (50 ng/uL), ddH,0 9.5 L
(12 12 ) 94°C 2 min; 94°C 30, (D
: 20 m’ 305,72C 455, 35 :72°C 10min
( PCR 1% ,
1 m’ ), 2 ( )
(22~24°C) ) BioEdit [19)
10 / (1 =666.67 m), , ,
, 6 ( 30%), 5
2014 6 (40 ) ( 2), )
( ) 1
1.2 DNA (F3a F3b  R3) 3 , 1
2014 9 192 4 R (FAM FAM) , 2
(standard length, SL, cm) (body )
weight, BW, g) , (condition 4 bp,
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, 4°C (20 pL): Taq PCR Mastermix (KT201-12)
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Tab.1 Primers for segment of PRL gene in Ctenopharyngodon idella
(53" /bp /bp /C
primer sequence of primer (5'-3") initiation & termination position product length Tm
PRL-F1 CAAGGGGGGTAACAGAAGAAT
573-1626 1054 51.5
PRL-R1 ATCATTCAGACCGACACCGT
PRL-F2 GTTACATCCCCTTTCGGTTC
1439-2767 1329 54.4
PRL-R2 GAGAAAGCCGAGTCTGTCCA
PRL-F3 GGACGAATGTGGGGACCG
2719-3471 753 55.1
PRL-R3 TCACTGGAGATTGTGCTGCG
PRL-F4 GGTTCACAGTGTTGGTAGGT
3199-3912 714 50.3
PRL-R4 TACCTAGCATCCCTCACG
PRL-F5 ATCGTGAGGGATGCTAGGT
3893-5103 1211 48.6
PRL-RS CTTTTGCAGCAGTCGCTAT
PRL-F6 TGTCACCCCAGCCTTCAC
4897-5491 595 50.5
PRL-R6 CTCACCTTGTGAACGACAT
PRL-F7 GGTCTGGAGCATGTCGTT
5463-6006 544 51.1
PRL-R7 CCCGTTGGTCCAGTTATT
2 puL (50 ng/pL), ddH,O 7 uL ;e
94°C 2 min; 94°C 30s, ( 2 5
30s,72°C 30s, 35 ;72°C 10 min
5 2.1 PRL
PCR , 10 PRL
«C ) , PCR 11 ( 2 5 , 3
«C ) 4 3 2 ), 6
PCR 1% , 30%, 5 SNP 1 s
, (2
, GeneMapper , 2551G>4  2639G>C
V4.0 32474>G 3391->+ 5197T>G  5897G>A4
1.4 6 ) 5
Excel , Cervus 3.0 ( 2), AS-PCR
[21] , 32474>G  3391->+
(polymorphism information content, PIC) 1 , AS-PCR 1
, SPSS 16.0 [22] 2.2 PRL
(general linear model, GLM) 192 DNA
Duncan 172 6 PRL
Yl:/ =u+t B; + €ij
, Yy i ( 3 , 2551G>A  32474>G
) J ; : (P1C<0.25);
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®2 Ef& PRLERERMRA AS-PCR 54
Tab. 2 Primers of AS-PCR for variable sites of PRL gene in Ctenopharyngodon idella
(5'-3" /bp /C
primer sequence of primer (5'— 3') position, mutation type product length Tm
Fla tataGAGACTTGAGGCTGACAGCG
F1b GAGACTTGAGGCTGACCcGCA 2551, G/A 234/230 60.0
R1 FAM-GCCGAGTCTGTCCAGGTGAGT
F2a tataaGAGGAGGCTCAAGGACtGC
F2b GGAGGAGGCTCAAGGACAGG 2639, C/G 146/142 58.0
R2 FAM-GCCGAGTCTGTCCAGGTGAGT
F3a tacaTCTGTAACATTGACGCAGACAA
F3b TCTGTAACATTGACGCAGECAG 3391, CACTCACTAL gg;ﬁ?é 23314 60.0
R3 FAM-CTGTCGGATGAAGCAGCCAC
F5a taaaTGACCAAACAACACCAGAaGT
F5b TGACCAAACAACACCAGACGG 5197, T/G 254/250 58.0
R5 HEX-AATGGTGTTGCGTTCTGGATG
F6a tataTGGCAGAGCAGTGAGTGAGTTA
F6b TGGCAGAGCAGTGAGTGAGTTG 5897, A/G 135/131 58.0
R6 HEX-CCCGTTGGTCCAGTTATTTATTC

Note: The deliberate introduction mismatch is shown with the lowercase.

308 310 312 314 316 318 320 322 324 326 328 330 332 334
20000
16000
12000
8000
4000
0 :
1 PRL 32474>G  3391—>+
Fig. 1 Genotyping map of sites 32474>G & 3391—>+ of PRL gene in Ctenopharyngodon idella
3 (2639G>C 3391—>+ 5197T> 5% 2 PRL (2551G>4
G) (0.25<P1C<0.5)1**!, 5897G>4A); 4
5897G>4 (PIC<0.25) GLM
2.3 PRL 4 4
(P>

0.05), 32474>G
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®3 E&PRLEFLTRUSZTMHER
Tab.3 Polymorphism information for variable sites of PRL gene in Ctenopharyngodon idella

/ /
variable site genotype number/frequency allele/frequency PIC
GG 168/0.98
2551G>4 2;0'9? 0.02
GA 4/0.02 0.0
GG 107/0.62
G/0.76
2639G>C GC 46/0.27 C/0. 24 0.30
CcC 19/0.11
AA 157/0.91
32474>G A;0.9‘6‘ 0.08
AG 15/0.09 G/0.0
-— 58/0.34
-/0.59
3391->+ —+ 88/0.51 +0.41 0.37
++ 26/0.15
TT 104/0.60
T/0.65
5197T>G TG 14/0.08 G/0 34 0.35
GG 54/0.31
GG 169/0.98
G/0.99
5897G>A4 GA 2/0.01 A/0.01 0.02
AA 1/0.01

*4 E& PRLEATRUSZERBSERKMERRAIAKSEXD

Tab. 4 Association of PRL gene polymorphism with growth traits and flesh components in Ctenopharyngodon idella

/em /g /% 1% /%

locus genotype standard length body weight condition factor fat content protein content
GG 8.90+0.16° 16.21+1.26° 2.02+0.02 1.77+0.08 15.07+0.23°
2639G>C GC 8.04+0.16" 10.87+0.74° 1.96+0.03 1.61£0.11 15.43+0.36"
cC 8.56+0.17% 13.26+0.87% 2.06+0.03 1.98+0.23 17.01+0.62°
S AA 8.60+0.12 14.42+0.90 2.01£0.02 1.74+0.07 15.46+0.19
AG 8.92+0.31 14.84+1.75 1.97+0.05 1.84+0.21 14.53+0.78
- 8.15+0.13" 11.34+0.63¢ 1.98+0.03 1.71£0.11 15.89+0.35
3391->+ —+ 8.75+0.16" 14.93+1.08" 2.02+0.02 1.75+0.09 15.18+0.24
++ 9.30+0.40° 19.81+3.67° 2.04+0.04 1.82+0.14 14.89+0.55
TT 8.95+0.17° 16.59+1.29° 2.03+0.02 1.76+0.08" 15.0240.23
5197T>G TG 7.94+0.18° 10.20+0.79° 2.00+0.02 2.12+0.30° 16.12+0.80
GG 8.19+0.13° 11.45+0.62° 1.98+0.03 1.63+£0.11° 15.87+0.34

(P<0.05).

Note: Different superscript letters in the column of each locus indicate significant difference (P<0.05).

(P>0.05); 2639G>C  3391->+ (--)  (P<0.05); 2639G>C (CC)
5197T>G (GC
(P<0.05); 2639G>C GG)  (P<0.05); 5197T>G (TG GG)
(P<0.05) (TT)
,2639G>C  5197T>G (P>0.05), (TG)
. 3391->+ (GG)

(— +4) (P<0.05)
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3 (—+ ++)
, 5% . 2639G>C CC
: 5 . 3391->+ (P<0.05)

®5 E& PRLEFATRNUAHSERBSEKEKRMABSHEXSH

Tab.5 Association of PRL gene pairwise loci genotypes with growth traits and flesh components in Ctenopharyngodon idella

/em /g 1% 1% 1%

pairwise loci genotype standard length body weight condition factor fat content protein content
GG&—+ 8.77+0.16 15.05+1.14° 2.02+0.02 1.73+0.09* 15.08+0.25°
2639G>C GG&++ 9.30+0.45° 20.28+4.14° 2.05+0.04 1.88+0.16™ 15.11+0.60°
& 3391—>+ GC&~ - 7.94+0.16° 10.48+0.74° 1.97+0.04 1.55£0.11° 15.49+0.39"
CC&— 8.58+0.20" 13.2241.00% 2.03+0.04 2.11+0.28° 17.23+0.70°
GG&TT 8.92+0.17° 16.46+1.34° 2.03+0.02 1.75£0.08" 14.97+0.23°
&2 giz(;;fG GC&GG 7.98+0.17° 10.48+0.78° 1.94+0.04 1.46+0.09° 15.28+0.37°
CC&TT 8.55+0.18" 13.170.91% 2.05+0.04 2.04+0.25° 17.27+0.63*
- -&GG 8.1240.14° 11.11+0.63° 1.97+0.03 1.63+0.11 15.84+0.36
&3§f ;;;: o —+&TT 8.780.18" 15.26+1.23° 2.02+0.02 1.70+0.09 14.97+0.25
++&TT 9.35+0.42° 20.19+3.80° 2.04+0.04 1.85+0.15 14.91+0.57

(P<0.05).

Note: Different superscript letters in the column of the same two locus indicate significant difference (P<0.05).

3 3bp 4 bp (201,
, 1
3.1 AS-PCR PRL 5! “TATA” 4 bp (27,
SNP 241, ,
(restriction
fragment length polymorphism, RFLP) 100~350 bp , 5 HEX
(single-strand conformational polymorphism, FAM , AS-PCR
SSCP) ; , AS-PCR
) ) PRL 6 (5 SNP 1
; RFLP SSCP , / )
) , 1
SNP ,
AS-PCR (amplification , AS-PCR ,
refractory mutation system, ARMS)[M], SNP ,
e 3.2 | PRL
AS-PCR 2
PRL
, 2 3’ 11 ,
) 3
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Polymorphisms of the PRL gene and their associations with growth traits
and flesh components in juvenile grass carp, Ctenopharyngodon idella

FU Jianjun"?, ZHANG Meng', SHEN Yubang', CHEN Yong®, XU Xiaoyan', LI Jiale'

1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education; Shanghai
Ocean University, Shanghai 201306, China;

2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture; Freshwater
Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;

3. Aquatic Engineering Technology Research Center, Tongwei Group Co., Ltd., Chengdu 610093, China

Abstract: We analyzed the associations between the polymorphisms of the PRL (prolactin) gene and the growth traits
and flesh components of the grass carp, Ctenopharyngodon idella. Six variable sites with mutation rates exceeding 30%
were detected in 10 individuals by sequencing the full length of the PRL gene. These included five single-nucleotide
polymorphic loci and one insert mutation (-/CACTCACTA), designated 2551G>A4, 2639G/C, 32474>G, 5197T>G,
5897G>A, and 3391-/+, respectively. The polymorphisms at the variable sites were examined in 192 juvenile C. idella
using allele-specific PCR and genotyping. The associations between the polymorphisms at these loci and the growth
traits and flesh components of the fish were analyzed with general linear models. The polymorphisms at three loci
(2639G>C, 3391—>+, and 5197T>G) and one locus (2639G>C) were significantly associated with growth traits and
the flesh protein content (P<0.05), respectively. Multiple comparisons of the traits were made with the genotypes at
each locus. The standard length and bodyweight of individuals with the mutant genotypes (— and ++) at 339/—>+
were significantly higher than those of individuals with the wild-type genotype (— —) (P < 0.05). In contrast, the stan-
dard length and bodyweight of individuals with the mutant genotypes at 2639G>C (GC) and 5/977>G (TG and GG)
were significantly lower than those of individuals with the wild-type genotypes at 2639G>C (GG) and 5/977>G (TT)
(P<0.05). For the, Individuals with the mutant genotype CC at 2639G>C had significantly higher flesh protein content
than individuals with the other genotypes (GG and GC) (P<0.05). Similar results were found in multiple comparisons
for the traits of two loci groups. The standard length and bodyweight of individuals that contained mutant genotypes (—+
and ++) at 339/—>+ were generally higher than those of individuals with the wild-type genotype (— —). The fat and pro-
tein contents of individuals that contained the mutant genotype CC at 2639G>C were generally higher than those of
individuals with the other genotypes (GG or GC), and the protein contents were significantly different (P<0.05). Overall,
there were significant associations between the polymorphisms of the PRL gene and the growth traits and flesh compo-
nents of C. idella. Therefore, the different variable sites in the PRL gene might have utility as markers for practical
breeding programs for growth traits and flesh components in C. idella.

Key words: Ctenopharyngodon idella; PRL gene; polymorphism; growth trait; flesh component; association
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