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A0FE, BRANT, FEA, #4Ef, 20K
(1. K P25 S B RIT A= 5
AR A K VR JE R SR, R 510380

2. LR 54 B, L 201306)

E: ghrelin 2 BAEsh oy — Fh i ik, A RBE| Ry it, JF RS A KM FGHE
W, SHREFHAERERM. AR Rghrelink B £ K E 5 K025 & KR A
KW, St R0 B ghrelinZE B & & 50 F 7 7], LA M E#MF kKA T 24 SNPsfr
R o S1(A-642C)F1S2(A-639C). [ AL 16 BUE ik % 7« [ JE 5 78 By K 1 & 4 X /Al SnaPshot7y
HEHEATSNPS(L g M Ao 0 B R B R, LI B IR AE ghrelindk B 2/ SNPsfL i b 36 A 4L
Tl F#, SIARS23t 4 R S5H WA (DI D2, D3, DAFuDS). FHA 5 & Ktk 6948
KESHERZN, SUL RACENMEERE 52K EEF & TCCAANME, S RAAR
MEELKEEFH TACEANMEK. XEADIERRE. 2KMhEraEFe TR
AD3, Ak E. KEMEEFELE S TXEADL. K7 E KD K ghrelink F g 5
FTRERFE G ERKERM RWSNPSIRIE, THAO RS o FTAAILH BT HEGEH I

KR KO Z45; ghrelink: B ; SNPs; W & ,; £k

FESHES: Q785 S917.4

ghrelinjg A4z KK A2 73 W R Z /K (growth
hormone secretagogue receptor, GHSR)) P 4 Fir
7, T19984F 1 R AR BUE il o s bk, A
A e A K i (growth hormone, GH)43 i, 14
SRR, 25 Be P 0 RRE A S R W e )
RERY, FEHRE IR 5, ghrelinEZAE HULERAS
SEVERE, /DB (Mus musculus)F4: i (Carassius
auratus)i¥ 5T ghrelinf& Y5 86 SC{E #F K 5T &5 1 3
e, BAE 1 (Oreochromis mossambicus)I&E i 1
Sfghrelini , FCH& £ & AR BT 0 2% LA,
FEAR HJEGHES T T, ghrelinfE o AE KA 1 i
BOSALETR T, AR 5L TR BN A GHSRES
G, A RVEY AN, AR T
FEILGH; Date® ™ A 3 45 /1y KUK 28 3 it ghrelin 7]
51 1l 3% T GH/K -4 5, TakayaZse " 52t
EW] T ghrelin il {2 #EGHAEY B ;. JF H ghrelinBlik
R gk A K R B & (growth hormone
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WA —LeWF5E, ULEE(Oncorhynchus mykiss)ix z= Fl
J5 1 T S ghrelinf SE B0 2 B, ghrelin o] J80 7 i
10 78 7] BEJRRN &, TR m A MR s B E R
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H FKghrelinF: N 2515 4 K09 CBE 058
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T P17 AE 1 2 A0 OC N5 ghrelindk [ Leu72Met%
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A REZW S LXMW ghrelink I 1K B
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KghrelinFEH T 19 SNP5 A= KM IR 59 S B 43 B
M A WLAE

KO BA& (Micropterus salmoides){s #K M
fp, EAEHABTEESE . AR EIRTERA
EL R I E IR K A TSR A ARSI L
ghrelinE PRIVE R WIF 98 R 1 B 5 A M bR A i S
P, d S BRI R I A TSNP, I #E4T SNP A:
KAERA SR, LIRSS 2R KA IRAH DC Y 23
FhRic, AR R 5 A ol R AR By

1 MRS Tk

1.1 KM

AR 52 56 FH T 0 1 SNPs v 5 1 Kk 11 28 ol B
K HIRILAK =W B K= R Ap i, PRt 12 F
A 5 it R (480422.15) gfy e KA FITN12 2571
5 A (320+19.32) gl /NN IR, B B 2%
=20 °CIRAE T I/K S B, T 42 HUDNAT %
SNP, Az KR SCIE 43 BT Y K 1 PR B A Ok A AR
S E LT AR AR G T B LB A R R R
R, SRR T R N (428+17.78) g MURERE(R
MR SR, AE2 emi HEAT BEE A TRC A AR
Yifk, ZJaafRHN TR, 75§
BER R REALEC 27 Bl iR i . 2K, &
Bo . RS AE KRS, T AR MR I 4
Mr, TRl BY B 6 2% $E B DN A FH F SnaPshot43 &l .
DNA# B &0 [ RAR AR db ) A R
Fil; 2xTag PCR master mix W B F 49 (K% ) L2
BN BB M AEDRHEA R
Al A, DNAG T bR fEM AT MY E
FRZS T, B lEHE by SigmaZy 7] (38 )= & .
1.2 EFHEDNARE

5 IUEE 25 2960 mg7E 2L IR H Y, 56 °CIH
R ZE RN, R AR G4 L0 )7 2 2 HUDNA,
FA8 FH B8 W5 A5 S8 43 56 6 B 1IN s DN AJR i
W E, F-20 °CIR-AF
1.3 SI¥git

4 GenBank H K 11 B i ghrelindi [ )3 2+
J¥ %1 (GenBank & 5% 5 : F1392504.1), F|H]Primer
Premier 5.0 1% 11514 : L5 ¥ GH-FAS5'-
ACTTCCATAACAACTGACCTGCACT-3', Fiif

3 ¥ GH-RAS5-GTAACAAATGCTTGTGCTTT
CGTGT-3', J INFHE A& AR A B 7l A R

http://www.scxuebao.cn

1.4 PCR ¥ #&5 SNPs {i 22 iF 1%

PCR KN &R R $510 uL 2xTagPCR master
mix, b F#F519450.5 uL, #ARDNA 0.5 uL, fil
ddH,0%20 pL., PCRY 34 2 i F2 I3 k94 °CHil 4% 14
2 min; 94°C 10s, 57°C 15s, 72°C30s, ik
35ANMERR ;R 72 °CHE 10 mine FH 1.2%35 i b
I L VKON 38 7 AT R, PCRIZ M 4E)
M SEIEAE YN R HEAT IR, 0 )F 25 2R 4K FBio
EditiF 77 Ho X5 17 358 SNPs{7 A5 o
1.5 SnaPshot 938

BRI LW ER LY TRARA A
SnaPshot /7 7543 AY ,  HAK Ty 1 AR 3 I 7 3545 19
SNPs{i 2515 8., XFDNA#EFTZHPCRY Y ; B3 uL
PCRY" 1 7= ¥ ] Exo IH FastAPZiAL I, 37 °CH4: i
1 h, 75 °CpEil K i Exo 1Ml Fast AP 15 min, AR
P ABIZA w24 1Y SnaPshotif 7 &, B4k )5 i1
7 R R & U B AT RE RN 5 AR ) fE ABI
3730XLIM 7 A b AT A

1.6 BUESIT o

K H Popgene 32(version 3.2)8 {F 1158 47 &4 55
(7 B IRV - WL 2% 45 (H,) « TR 5
(H )NS5 A3 L TR S5 3804 280, R HISPSS 175k
11— 28 PR A A (general linear model, GLM)i#E 47
M, AR R iR . K. RS
R A AR R, A AR 1 A O IR 1 9 SNPAS A 1Y)
AFZEAE . HAEYGIHEER . Y=u+Bte;, i
M, YRR FEE IR AR S AR ICTE SR A A WL
DB 5 p38oR S256 00 e A AR 349 18 ; B3R
AN I ARIC Y SN 5 ey 3 7 R A4S 1A 0L T (L
14 Bifi A1 5% 2 R4 o

2 4

2.1 ghrelinEFRE LD TFELER

A5 Y GH-FHMGH-R#E1TPCRY 4 J5 K15 —
KN K602 bphy B, 20y A1 3 L S & AT
TE2DSNPAL i (1), 41 5ll4ir % 4 S1: A-642CHI
S2: A-639C. X2 KA gL T K H & fif
ghrelinJE R g 8 F W 7] — A N R AR 25 5 B 7 -1
(octamer-bingding factor 1, Oct-1) |,

2.2 ghrelinE F R i 5 SNPSTE B (A f01R
&

iz Fl SnaPshot4; A3 R X327 8 K 10 E #f
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CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTAATAATAATAATAATAATAAT GATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTAATAATAATAATAATAATAAT GATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTACTAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTAATACTAATAATAATAATAATAAT GATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTAATAATAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTAATAATAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTAATAATAATAATAATAATAAT GATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTACTAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTAATAATAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTACTAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTACTAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTAATAATAATAATAATAATAAT GATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTAATAATAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTAATACTAATAATAATAATAATAAT GATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTAATAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTACTAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTAATAATAATAATAATAATAAT GATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTAATAATAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTAATACTAATAATAATAATAATAATGATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTAATAATAATAATAATAATAAT GATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTACTAATAATAATAATAATAATAAT GATAATGATAA
CAATTCATGCTATACTACTACTATTACTACTACTACTACTAATAATAATAATAATAATAATAATGATAATGATAA

1 AOEY ghrelinZ B /5 5 F LK RE AL K ML T

By AR RAL AL

Fig. 1 Partial sequence alignment around the mutation of the promoter of ghrelin gene

The shades represent for the mutation site

ghrelind& R AT 538, 53 BI45 5K H Popgene324K 1
PEAT AL B, FRAS 28 A8 47 A SNPRY B 43 it 1% 2 4K
(F1)o SNPsAV s, 3 P Y Ko F R 76 451 5 1 %5 {3 3
AR Gt a5 R W22, SIS A AA. ACHI
CC3FPI LG, /1 ilfn 4 HAA. ACHICC3FP
FEEA, S H R T AAFIAC 27 i 5L 41
A, il N AAFRIAC 2FP 3L R Y (£:.2)

23 AEBAGEESEKMERIEXMED
K H GLM#EAT B 4047, S1ALA |, ACHE:
HESMAE R R R5E . 2K, kK. K&
DA R AR 1 0 B {E Y 5 T AARS R CCRIAN 14
MME, HACKHBAATE 2K MK B
BT CORE [ RIS R (P<0.05)(3). S24 A I,
AAFERTIA AR T . (A58, 2K kKM

=1 ghrelinE F24SNPL S HUIBE S8

Tab.1 The polymorphic parameters of two SNPs site of ghrelin gene

BLA B R R B WA ML 2% 15 P ZHEREE I I T4

site N, H, H, PIC Hardy-Weinberg equilibrium
S1 1.9362 0.4843 0.6831 0.3667 0.1206

S2 1.1620 0.1396 0.1508 0.1289 0.0047

2 ghrelinEs [EISNPsu 57 i £ (X B R 4 B FE 57 2
Tab.2 Genotype and gene frequency of
the SNPs site of ghrelin gene

B R FEA By R R LA A S L R A %
(A total n/genotype frequency gene frequency
S umber  AA AC CC A c
S1 327 22/0.067 224/0.685 81/0.248  0.4092  0.5908

S2 327 278/0.850 49/0.150 0.9246  0.0754

m LR S TACEA R E, A
AARISACRANERAELRK FHFEEREER
(P<0.05).

S1AIS247 5 H 2 Jl S XA AL . D1(ACH
AA), D2(AAFIAA), D3(CCHIAA), D4(ACHI
AC)FIDS(CCHAC), MAEMDIfEA & . 2K
RS b TS A D3(P<0.05), TEMRT
L RSEAMAR R L R T DAP<0.05)(K4).
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% 3 ghrelinF & SNP i S EF B 54 KRR HE X4
Tab.3 Correlation of ghrelin genotypes with growth traits
SNEA BRE AR WEEE  @m Afem  kKem  fRdem SN
SNP site genotype number body weight body width total length head length body depth U lerrl)gthu
S1 AA 22 408.61+31.38 4.05+0.11 27.90+0.60"  7.18+0.35 8.29+0.25% 8.49+0.2 2
AC 224 437.5849.89  4.12+0.04 28.59+0.19* 7.35+0.10 8.59+0.08" 8.67+0.07
cC 81 408.21=16.08  4.06+0.06 27.88+0.31°  7.36+0.17 8.28+0.13" 8.49+0.12
S2 AA 278 434.00+8.88  4.12+0.03 28.45+0.17 7.41+0.09° 8.54+0.07 8.61+0.06
AC 49 396.38+21.04 4.00+0.07 27.92+0.40 6.93+0.13" 8.24+0.17 8.64+0.15
i R HE ImeantSE, Al — S F_EAR T RERORZE R B (P<0.05),  FIF
Notes: data in the table are mean+SE, different superscript letters in the same column indicate significant difference at P<0.05, the same below
3 vk 3T T B AN BE G S Oct-145 & 7 1.2, RIS 1A

ghrelink F 2 5 Zh Y 5 £ FAE KU 40 Wb 55
ELEEAHOCH IE I, ARk © B sh 5y F B
Mo i E RN 2 — . AL AERH R
i ghrelinX& F i 2+ 15 51 L4 I 21 24> SNPs i/ 51
S1MIS2, FERAENL A S2r HAA AAFIAC 2Fh L A
B, B BCCHE AL, I COHk PR 7 A A 7
MEERBREREBILT . ZAT, ALK ET
XF K F R GHREFE R W58 R R 8, R sh +
— AR S L BB AU AR AZ RS B P AR e, 1
AMARTEAT f0 Y B A PR T, XA b e AR
Wb Ry ZA SR T A G AL, AR T %k
PR 1 5 S e 3k, AT S M) T AL AR 1E 5 149 40 i
HHERY, )R 2T L 2 A B i U S T4
GO S AR, DT B2 e 3 56 P Y B S R 3R
ST &2 SORSILY/NOF i P R IS AL e NS 4
55 R 2 SNPEI T sh 7 1, RABEERT
Jii Bl B — A e SR R A T N R AR S R
(Oct-DINZE AN S FAN L E T A, Oct-1455 11
ST EEE 5 W ATGCAAAT, 5875 5 Hi 91 7%

BM.CTGCAAATE,CTGAAAATEH ATGAAAAT, X

S2A A5 Y 78 S 3 B T i B S A Oct-145 G AL a5 1)
HR o BRI S S g 45 R oK, Oct-11]
e EDNARY S M, — FOct-18 5, B 84 ¢
A B P T N BB -1 AR R Y
Oct-145 5w B 2R B Pt Oct- 12 1 5, FLIR
2 B g AN BB IE R A A LR P SR R,
Oct-145 15 o7 s 1Y 578 25 R MR e AR /) Bl B- i 2 1 3
DAL 7 2 S R R GRS W] Oct- 1 57 PR - 7 40 i
RNV N E e SN S o A i
F L e W AR 5256 rh ke B0 3 B Oct- 1485 & 57 157
K BISNPIEAZ M T ghrelin K (/) 7 sk Fl 23k
FECCHE H BRI AR ZBEM, HZEARRRIE
WREMES.

PSR R AT W — SR e ik L2 sk 2 A
SNPsHy AL EE N, B &% A &9 8 M5 S,
B T2 RASN S AR BAE 2 R TSR
FHRLNE , PRI B 25 5 X6 A S MR Ay R 52 i BT,
. Fi 5 S Ml S e T A A AN R A A DG
PES S AIFSE 70 301l SR FH B  J3 Ar L EA B 3By
Y 32 6 10 B 4 ghrelindk (R ) 21~ SNPshR ic 55
HARK MR AT CH . R BIR, B

x4 ghrelinEEWER 5% KRB B XM
Tab.4 Correlation of ghrelin gene diplotypes with growth traits

U5 © FEAR%L A /g A% /em 4 K/em k/em A /em JEIK/em
diplotype number body weight body width total length head length body depth caudal peduncle length
DI AC  AA 188 447 44£10.80°  4.16+0.04° 28.75£0.21"  7.42+0.11 8.67+0.09"° 8.70+0. 08
D2 AA  AA 22 408.61+31.38"  4.05+0.11°  27.90+0.60°  7.18+0.32 8.29+0.25% 8.49+0. 22
D3 CC AA 70 404.56£17.29°  4.05+0.06™ 27.79+0.33°  7.4630.18 8.25+0.14° 8.43+0. 12
D4 AC AC 36 386.07+24.55°  3.95+0.09° 27.78+0.46"  6.99+0.16 8.16+0.19° 8.55+0. 17
D5 CC AC 11 431.41+43.78"  4.15+0.15® 28.43+0.83"  6.70+0.28 8.48+0.35® 8.93+0. 31

http://www.scxuebao.cn
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SNPs detection of ghrelin gene and its association with
growth traits in largemouth bass (Micropterus salmoides)

LIU Hao"?, BAI Junjie"*", LI Shengjie', FAN Jiajia’, QUAN Yingchun'
(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation, Ministry of Agriculture,

Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China,
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Ghrelin is one of the vital brain-gut peptides in vertebrates. In 1999, a noval 28-amino acid gut-brain
peptide named ghrelin was first isolated from the mammalian stomach. Similar to the synthetic molecules of
growth hormone secretagogues, ghrelin was proved to be an endogenous ligand for growth hormone secretagogue
receptor and involved in growth hormone secretion, food intake, carbohydrate metabolism, and energy
homeostasis. So, ghrelin gene is a potential candidate gene for fish growth traits. This study detected the
polymorphism of the promoter of largemouth bass (Micropterus salmoides) ghrelin gene by DNA sequencing in
327 individuals, for exploring the association between the polymorphism of ghrelin and growth traits of
largemouth bass. Two single nucleotide polymorphism (SNP) mutations were identified (S1:A-642C, S2:A-639C)
of the gene. The genotype and gene frequency of 327 largemouth bass were further assayed with the method of
SnaPshot, at site S1, there three kinds of genotypes named AA, AC and CC, the gene frequency were 0.067, 0.685
and 0.248 respectively. There were only two genotypes AA and AC on the locus of S2, of which gene frequency
were 0.850 and 0.150 respectively. Genetic structure was analyzed by POPGENE32 software, the results showed
that the two locus were in Hardy-Weinberg equilibrium, the effective number, expected heterozygosity and
observed heterozygosity of S1 were 1.9362, 0.4843 and 0.6831 respectively, which of S2 were 1.1620, 0.1396 and
0.1508. The sites of S1 and S2 formed five diplotypes(D1, D2, D3, D4 and D5). Association analysis showed that
individuals with genotype AC were significantly higher than those of individuals with genotype CC in body depth
and total length at site S1. At site S2, the individuals of genotype with AA significantly showed a higher value on
head length compared to the genotype of AC. The five diplotypes consisted of the two SNPs were different on
some growth traits, the body weight, total length and body depth of diplotypes D1 showed significantly higher than
those of D3. And diplotype D1 also showed a significantly higher value of body weight, body width and body
depth compared with genotype D4. The SNP markers founded in ghrelin gene promoter would be candidate
genetic markers, and it suggested that S1:A-642C and S2:A-639C could be two molecular markers for providing

helps to the molecular marker assisted breeding of largemouth bass.
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