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[19-20] DNA
(Cyprinus carpio var. 1.2 jIGHS-R1s
jian) 2 GHS-RIs(GGIGHS- Rla  jIGHS-RIb, GHS-RI cDNA (AB504275
la 1b) cDNA . PCR AB504276) GHS-R , F
GHS-R1s DNA , R, cDNA
, , 3'RACE 3F1  3F2,
PCR GHS-RIs 2] cDNA 3’ ;
SNP , PCR-RFLP 5'RACE 5R1  5R2, 5'Full RACE
9 SNP , (Takara, 5! ,
, TF TR
2 SNP , cDNA 3F1 R DNA la
, 2  cDNA 1b
1b-F 1b-R 5
1 la-Ul  1b-Ul la 1b
1.1 la-IR 1b-IR 2
12 , 40~91 1 TR Ila 1b
IF 2
, 1
( 1 m% , 1.3 SNP
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Tab. 1 Primers used in isolation of jIGHS-R1s gene
(5'-3") /C
primer sequence (5'-3") T target fragment
F CAARGACATGCGAACCACCAC 55 cDNA partial cDNA
R TCCTGTACTTCTTKGACATGATGTTG
3F1 TGGTTTGGGTCTCCAGCATCTTT 55 Y 3 end
3F2 GTGCTCTGCTGGCTTCCCTTTC 58
5R1 GGTCACGACTACCTTTGCCCTA 55 5 5’ end
5R2 TGCAACACTCGCTCACAAACTG 56
TF ATGCCTACCTGGACGAACCAGTC sg cDNA  full length cDNA
TR TCACAGGCTGGCAGTGGATTC
1b-F CTTGCCTGTGTTCTGCTTAACTGTAT 55 1b 1b intron
1b-R ATTACAGTAATGGCTGATGACGGAC
la-Ul CAATTCGCATCCTGCTATATATTCG s la 1 laexonl
la-IR TGTGGTGAAACCGGGCACTTAC
1b-U1 TCAGACCTTCCAAAGCTGCCAT 57 1b 1 Ibexonl
1b-IR1 TGTTCTGTGCCAAGCGCATG
la-IF TCACCACTCAGTTACTTTCACTCCCTC 58 la 2 la exon 2
1b-IF GATGTTCACCCATTAAGGAGGCTC 58 1b 2 1b exon 2
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, 1/3 2 U (Fermentas),
SNP http://insilico.chu.es/restriction/ 37°C 65°C 3~5h, ,
two_seq/ 1.2~2.0% ,
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, la 1 ElI_A450C 15
I C226T 1 C386T I A510C;1b EI_ Clustalw'*?! ,
GI159T EI _C300T I C37T 1 A522C I C7297, SPSS 13.0 GLM SNP
PCR
2 2
14 PCR PCR-RFLP
PCR 25 uL, 2.1 jIGHS-R1s
DNA 50~100 ng, Tag ( F R GHS-RI cDNA
) , 785bp, Ib 783 bp,
, la 3’'RACE 734 bp, 1b
PCR 1% 787 bp; 1a 5’RACE 207 bp, 1b
, (Takara ), 559 bp TR
pMD18-T (Takara, ), cDNA cDNA, 10 6 la
E.coli DH5a. , , ,4 1b la 4
EcoRl  HindIll R 1 083 bp, 360 2 Id
490-680 nt 191 bp,
PCR-RFLP  PCR 12.5 pL, , ,
DNA 25~50 ng, Taq 184 , Ib 3
3~5 uL PCR 1.0% 1 083 bp, 360 , 1
, b’ la 1b cDNA

5 uLPCR

10 pL ,

F 2 SNP il PCR 514, WIEEREGYI F B
Tab. 2 Primers, length of PCR product and restriction fragments, and restriction enzymes

HM191491 HM191493

locus

(5-3)
primer sequence (5'-3")

( I'C)

restriction enzyme(temperature)

restricted fragment

JIGHS-Rla  EI1-A450C
1-C226T
1-C386T
I-4510C

JIGHS-RIb  EI-GI59T

E1-C300T
I-C37T
1-4522C

1-C729T

F: CAATTCGCATCCTGCTATATATTCG
R: TTAGTATCCCACGAGTTTGTCCCA

F: TGGTTTGGGTCTCCAGCATCTTT

R: TGTGGATTTGGAGATCAGGTAACG
F: TGGTTTGGGTCTCCAGCATCTTT

R: TGTGGATTTGGAGATCAGGTAACG
F: TGGTTTGGGTCTCCAGCATCTTT

R: TGTGGATTTGGAGATCAGGTAACG
F: TCAGACCTTCCAAAGCTGCCAT
R:CACACTGAGAGCAGTGATGTTCAGA
F: TCAGACCTTCCAAAGCTGCCAT

R: CACACTGAGAGCAGTGATGTTCAGA
F: CTTGCCTGTGTTCTGCTTAACTGTAT
R: TGTTCTGTGCCAAGCGCATG

F: ATCGTATGAAATCAAGGTAACAGGG
R: ATTACAGTAATGGCTGATGACGGAC
F: ATCGTATGAAATCAAGGTAACAGGG
R: ATTACAGTAATGGCTGATGACGGAC

Mval (37)
Bsp14071(37)
HindlII (37)
Tail (65)
BseNI (65)
Tagql(65)
Bsh12361(37)
Afal (37)

Tagql (65)

C:163,441,119
A: 163,560

C: 384, 525,

T: 909

C: 544,365

T: 909

A: 577,322

C: 577,109,215
G: 236,333

T: 236, 93,241
T: 470,67,31
C: 54731

C: 167,77

T: 244

C: 105, 484

A: 589

T: 589

C: 312,277
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JIGHS-Rl1a 676 bp, 1b 885 jIGHS-Rla  1b 12 20  SNP ,
bp, A260 1 2 la 1b 10 12 JIGHS-Rla 1b
DNA HM191495 JN392468 1 5  SNPs ; 1b
1 jIGHS-RIs 2 5 SNPs, C96T CcCccC

GHS-R1s GHS-R TCC, A198G ATG
, (Carassius aura- GTG 4 SNPs
tus)[lg] (Danio rerio)m] GHS-R1 16
95% , 73% , 2.3
65%~71%, PCR-RFLP SNPs 9
GHS-R2 73% , GHS-R2 , 2 4 SNPs
70% , GHS-R1 5 322 (4160,
73%  67%( 3) Q162) : 3
2.2 jIGHS-R1s SNP , )
8 JIGHS-RIs , , 1a-1IC226T  1b-
ATG TGA
| 778 ‘ 305 | JIGHSRIs
AT G1 AG TG TGA
| 489 191 66 }Eil_ T TAG 305 JIGHSRIs DNA
| 555 JIGHSRIs’
ATG TGA
| jIGHS-RIs
,GT AG 503 ATG TGA
Fig. 1 Gene structures of jIGHS-RIs

Figures in the frame are nucleotide numbers. Nucleotide bases of 5" and 3’ end in intron are GT and AG, respectively. ATG and TGA
represent initial and end codens of translation, respectively.

F 3 EE GHS-R1s SE MY GHSRs Z (8] R4 EL 1
Tab. 3 Similarities between jIGHS-R1s and other GHSRs
%

GHSRs other GHSRs GenBank access. no. jIGHSR1a(360) jIGHSR1b(360)
Carassius auratus 1a-1(360) AB555555 96 95
Carassius auratus 1a-2(360) ABS555556 96 98

Danio rerio 1(360) XM 001335981 95 96
Ictalurus punctatus 1a(348) ACS36605 74 72
Oncorhynchus mykiss 1a(387) AB362479 70 71
Acanthopagrus schlegeli 1a(385) AANT77875 68 68
Tilapia Mossambica 1a(384) AB361053 65 66
Carassius auratus 2a-1(367) AB555557 74 73
Carassius auratus 2a-2(366) AB555558 74 74
Danio rerio 2(365) XM_001340372 73 73
Ictalurus punctatus 2a(362) ACS36607 70 69
Gallus domestiaus 1a(331) NP_989725 73 74
homo spiens 1a(366) AAK71539 67 67

>

Note: Figures in parentheses are the number of amino acids, and figures in the table are similarity.
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EIC300T TT 6 R 7
la-TAS510C , 4
2 ) 3
Fz 4 jIGHS-R1s £ & LAY SNP L&
Tab. 4 SNP loci on jIGHS-R1s gene
region SNPs ( ) SNPs loci(ratio)
jIGHS-Rla 1 exonl A197G (1/3), A450C (1/3)
intron C80T (1/3), A199G (5/11), C226T (3/1), C242T (3/5), A257G (5/11), C386T (5/3),
A412C (11/5), G441T (1/3), A510C (1/1), A516G (4/1)
JIGHS-R1b 1 exonl G159T (5/3), C300T (3/1), C775T (5/11)
* intron A28G (3/5), C37T (5/11), C52T (5/11), C107T (5/3), C406T (3/1), A456C(1/4), A522C(1/3),
C573G(1/2), A603G(5/11), C7291(9/7), A736C(5/11), C8741(3/5)
2 exon2 G59T(3/5), C96T(11/5), C1527(7/9), A198G(3/5), C218T(1/3)
D 1b 1 AT s polyT A s
GenBank

Note:* donate there is one AT microsatellite, poly T and A loci in /b intron, so some difference exists between different individuals. Figures
in the table are subject to sequences submitted to GenBank by our lab.

5 INONPsUEHERBENGREGEENMEXMN
Tab.5 Genotypes distribution of nine SNPs and its correlation with weight gain

=

I+

/g male weight gain

/g female weight gain

site genotype juvenile adult juvenile adult n

la-1_A510C AA 100.99+27.7148 621.49+130.34 40 117.92439.06 782.56+175.12 45
AC 97.70+31.128 608.23+124.31 81 111.97+40.89 731.99+195.80 89

cc 114.78+32.674 639.16+94.36 39 121.48+47.33 780.90+168.63 28
la-I_C226T cc 102.15+29.57 613.69+108.64 112 111.13+40.67 735.55+176.29 107
TC 103.69+35.89 628.46+141.63 46 124.49+42.77 801.69+204.28 51

TT 109.70+24.04 673.23+160.04 2 108.08+35.93 681.55+118.57 4

la-I_C386T cc 113.51£30.21* 648.86+119.77* 74 124.98+39.50* 794.30+181.94% 68
TC 95.82+30.45% 601.28+110.59* 65 113.46+44.2248 746.16+205.1748 64

TT 85.80+24.62° 569.27+123.228 21 97.09+33.64° 680.72+122.278 30

la-E1_4450C AA 85.75+9.69" 583.10+178.16 2 102.15+32.60 645.11+£59.63° 11
AC 120.77+41.86" 620.89+133.10 35 121.17+49.22 763.84+236.57" 40

cc 97.82+25.80° 619.39+115.08 123 114.44+39.15 762.05+171.68" 111
1b-E1_G159T GG 106.04+31.72° 635.76+123.18" 110 113.19+38.25% 749.97+181.09* 115
GT 98.24+31.72% 583.73+105.58° 39 126.01+51.41° 788.05+211.60° 39

TT 84.95+15.57° 586.76+103.20° 11 92.78+10.66" 661.60£72.31° 8

1b-E1_C300T cC 108.74+31.76* 628.06+107.44° 93 114.83437.58 771.88+192.78 97
CT 93.90+28.03" 594.57+126.08" 63 116.50+47.63 731.58+176.17 63

TT 100.28+44.60P 804.95+110.03* 4 97.55+8.42 642.9+67.88 2

1b-1 C37T cc 91.34+24.19 583.45+100.81 12 114.21+55.19 709.26+171.22 10
CT 99.12+31.13 611.19+£122.48 64 122.36+43.52 768.22+195.60 67

TT 107.03+31.89 630.18+119.30 84 109.79+37.60 749.54+181.50 85

1b-I A522C AA 85.99+15.86° 581.37+93.99 14 100.15+17.33° 726.82+162.84 11
AC 102.66+33.47% 620.54+126.60 75 124.72+45.87" 770.28+186.82 73

cc 106.00+30.46° 624.77+116.09 71 108.54+37.79® 744.41£189.65 78

1b-I_C729T CcC 110.37+30.74° 639.29+104.15 56 106.73+32.57%® 741.95+164.39 66
TC 99.59+31.94%® 606.35+128.00 89 124.9+47.91° 775.84+210.86 83

TT 92.34424.24° 621.34+115.50 15 97.064+16.04° 684.63+80.05 13

(P<0.01); (P<0.05).

Note: Different capital and lowercase letters indicate significant difference between different genotypes of one same SNP site at 0.01 and 0.05

level, respectively.
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la-I C386T GHS-RI , GHS-R1
1b-E1_G159T (XM 001335981), (2n=100)
(2n=48-50)
, C386T GI59T 2 MSTNs* GHRs!?!
A450C C729T 2 2 GHS-R1s
, cDNA ,
7 610(3323, 9287) ,
4 [19-20] [12] [14]
, C386T GIS9T 7 [13] [16] 07 GHS-R
(P<0.01), GHS-R B ,
, 2 5 1 191 bp
( 0 3 )
5 , 2
3
GHS-R
2

CCCCCC CCCCAACCACACCCACAC M ACACACACCCCCCCCCACACCCCCC

A

la-1_A450C

CT TTCT CTCCCCCTCCCT CCCCCT MCT CTCTCCCCCTCCCCCT CTCCCC

la-1 C386T

CTCTTTGGGT TT GG GG CT GG GG GG M GG GG GG GGGG GT GT GG GT GT GG

1b-E1_ G597

CTCECTCT CT CTECCCCT ETCTEC M CCCTET CT CTET CTCT CET CTCCET

1b-1 C729T

2 4 SNP

M: DNA (DL1000) .

Fig. 2 Electrophoresis patterns of different genotypes in 4 SNP loci
M: DNA marker (DL1000).
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%26 AN SNPSUSETARATHNERBESHTURGEEMEXM
Tab. 6 Genotype distribution among seven families of four SNPs and correlation with weight gain

x SE
/g male weight gain /g female weight gain
site genotype juvenile adult n juvenile adult n

AC 110.42+158.86  678.74+131.20 37 85.64+35.42"° 800.73+154.04 37
la-E1_A450C cC 95.66%29.06 663.39+128.77 286 103.14+33.98* 806.30+158.09 250
cc 103.51+28.39 698.69+138.66" 170 112.36+29.42* 841.82+146.78" 137
TC 92.13+87.27 628.31£107.60 " 127 90.40+38.67" 785.79+163.718 123

la-I C386T T 84.17+41.41 636.5£109.01° 28 90.37+17.34" 711.93+126.11°¢ 27
GG 97.85+64.54 677.06+131.78" 267 101.02+35.10 816.97+152.75" 234

GT 98.78+31.52 624.62+109.19" 46 101.08+33.92 752.94+169.09" 52

1b-E1_G159T TT 81.85+10.31 573.91+64.85% 12 111.20+26.45 916.00+81.03"P 2
cC 96.52+84.41 655.97+124.21 139 93.64+33.19" 792.10+148.43 142
11 Cr207 TC 98.92431.66 673.45+131.49 135 108.10+36.05" 815.69+168.40 109
T 95.73+27.81 672.54+137.57 51 108.69+29.99* 833.37+155.24 35

: (P<0.01); (P<0.05).
Note: Different capital and lowercase letters indicate significant difference of different genotypes of one same SNP site at P<0.01 and P<0.05
level, respectively.
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SNPs >
, SNPs
( ) ,
SNP ,
, SNPs , 2 9
2 , SNPs 2 C386T  CC
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, 12 932
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[24]
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SNPs, 1 2 >
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Characterization of growth hormone secretagogue receptor 1
(GHS-R1) genes and weight gain associated SNP loci in Cyprinus
carpio var. jian

YU Juhua, LI Hongxia, LI Jianlin, TANG Yongkai, DONG Zaijie

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

Abstract: Growth hormone secretagogue receptors (GHS-Rs) are endogenous receptors for growth hormone se-
cretion (ghrelin) that belong to the G-protein-coupled receptor family. GHS-Rs play a role in regulating animal
growth and energy homeostasis. GHS-R is a candidate quantitative trait loci related to obesity and growth in
mammals. We used RT-PCR and PCR to isolate two jIGHS-RIs, jIGHS-RI1a and 1b. The open reading frames of
JIGHS-R1s encode 360 amino acids that share 96% identity. In addition, there are two jIGHS-RIs transcription
variants, an alternatively spliced 191 bp fragment from 490 nt to 680 nt in ORF with GT-AG at both ends. These
transcripts led to a premature termination of translation, encoding 184 aa, and only contained three and a half
transmembrane regions, which differs from the reported intron retaining variants among tilapia. The ORF of
JIGHS-R1s was separated by one intron, locating between the first and second base of A260 coden. The introns of
la and 1b were 676 bp and 885 bp in length, respectively. We found 32 SNPs on two jIGHS-R1s in the Cyprinus
carpio var. jian population using alignment sequences from different individuals. We then genotyped 9 SNPs using
PCR-RFLP. We encountered each genotype in 322 individuals, but there was an obvious bias in the distribution.
The la-I C386T and 1b-E1_G159T sites were significantly associated with juvenile and adult fish weight gain
(P<0.01 and P<0.05, respectively). Individuals with CC and GG genotypes grew faster than other individuals. In
addition, a further five sites were correlated with weight gain at certain stages or sex. To determine the applicabil-
ity of the markers obtained in this experiment, we tested 610 individuals from seven additional families using four
markers. The C386T and G159T sites remained significantly correlated with weight gain. Therefore, these two
sites can be used as references for the molecular breeding of Cyprinus carpio var. jian.

Key words: Cyprinus carpio var. jian; growth hormone secretagogue (GHS)-receptor (GHS-R); single nucleotide
polymorphism; molecular markers associated growth



