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E&8GHER3Y M FIZTESERMIRL
AP Ak 57 RO AR X 1 o A

EAE, & &, NEH, FERFK

(LW ERFE LA MR RBERE ST HAESESLRE, L 2013006)

WE: HTMYAGHEFE SAKE B A KR AN RSt H £, ThARELS
A vk N 156/ 2 4 GHIE T B3 85 40 7 71 o 3¢ ff 2 319475 R (231 44 % SNP1~SNPO:
G2825A. G2914T. T2966G. A3002T. T3022C. A3301G. C3463T. C3547T. C3620T).
FHRBER DR, O &4 KT % % Hardy-Weinberg 7, H# &A% 7% 5 &l
(0.25<PIC<0.5); Z & B A FH 547 X, SNP3. SNP4FaSNPS{L & K — 41 5T % & 41 F F
fir, SNP2. SNP7. SNPOfL % 4 — 4% % % 47 F#; GHIEE3 34 9IS 5 54
B AF £ & FL6H B {5 A, 3 4 Hapl(30.4%) 57 k5 8t & %, Hap6(4.8%) 57 i th 1l
o FIFIGLME % & b B 4 # & GHA B b ONSNPs £ & b 5 2 81 & K Mk F I A 48
FTAT R BT, & SUSNP2AISNP3 (L & 8 44 2 % Bl A HOR B+ (R K RO AE A B k b 34
EEHTHANRRLRED; ERBEEAHHAL THUNEE, F oo 4SNP
SNP3fi £ b RENRBE AL ALK PRGN R EHEEUFFRMAL. TR
%W, #4GHEFE b SNP2ASNPIf 5 5 B ML KBtk RALA KA E B E A, T
ThE s KRR RS ERH A TIRID, 0% — % E R RSB

¥ E % A

R K8, GHER; 55%8; £RER; MK kA

FESES: Q785; S965

¥ Af (Ctenopharyngodon idella)>f J& T # H
(Cypriniformes) . f#F}(Cyprinidae). H g, Fl
fif (Hypophthalmichthys molitrix). §(Aristichthys
nobilis). T fi.(Mylopharyngodon piceus)— i F4 i,
KEFEZAN I RFE M@, AL A 17002 4E 157
FEPT SN, 20144, AR PR AR I AR OK £8 dh
S B E R R R, (HlR T
HARI . MEERAE . MR KSR, =
S WA N TR HAEROE R A BT L Fh . F
o3 T ARIC HEAT 5 B B Ab AT DL R A Ry AR R
RS DR & SN | KPS T LN I AN S
HuishamdferhrEZM FRZ —.
SNPYEN & = 0r FhRid, WRESR 7 TRl

i BHA: 2016-09-19 &R BHA: 2017-03-03

XRkARERRD: A

(AFLP, RAPD, RFLP, SSR), HHEFHEZL |
ATz L R . RTHEAT A S A A T A p
M, BB Y SR TR RN S R R 2 (] S B 1Y) B 4
AL

ARMRERFEEK . KR LR R &
W, BRAKTREEMNATERZ —, HERE
e s mEaEmEs. ERER
(GH)E Ay — Tl o 2 4 15 45 B8O 4 6 1 L 22
Bk, BATZATER, Xy iRk A K
AHEEZEWEMNY, ERKEERREF AN
BB A R, IFREAR HF B B 0 AR R AR Y
B, B R B AR R T FEA RS D
B X B (Carassius auratus). A W (Paralichthys
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olivaceus) . -1 B (Cynoglossus semilaevis)GHHE
DAY 22 2857 5 A MR A 8 3 e G T, g
AR AR A AR LA B 5 GHIE I Z2 85 12
NSRS T JUUE 81 IS S B Y /2
T AR NG R 1 A-1- 1R 3 i A e A 5 AR R PRI
FHOCHY SNPs! 2T, i 45 1Pl e 0K 4 4
MyoD 13 H 3" SNPs I 2 1 5 4B KMok A X,
RO AEA S I, gt SR M GHEE T 5
A AR B UL A B3 AH SG SNPs i A A8, il i B
P 73 DA Bt GHAE R 3 v S VDA B, X FEfh
GHAEA 3 5 i 3 Fe 5 64T 1 Z2 28Ry, Jf
4 w0 U AR A IR AL A By R AT T R BB
T, BEMS R A GHAEEN ] T F ARl
i B F A SNPARIC o

R R SRS RES

1.1 L&

20144E5 7, T RILTH E R H U KK
0 JF P g X TT K R B A R B R AT N T
B, SEUG R B2 R ME | 12 i AE K KN
20 m* K M FEAT KON T A, 33 2k
U, FEMFALAR R AR AL, PR KK AE
PI10TT /R % BE R At PB4k 22 5 . R TR
S, WA TERARE., —NHE, ¥
A1 (2140 H #1%)iz B il K 2e mg 1L R I
ST R,
1.2 BIERESHADNALRZE

MAEOH By, RE192EF f, W& H ALK
(standard length, SL, f{icm), K& (body
weight, BW, H.{iig), FfiT5 H AL B (condition
factor, CF, %), Az N CF=BW/SL’ x100, & T.
HoHFRFRERM0.01 g), ks R RO 3
0.002 cm), BCHFRILA, KA E R EFRIG
14 ek 23 Sl % e g LIRS ARG o R AT DN E L D E
H ML % & (protein content, PC)FIHLIG I & &
(fat content, FC)!"!, AH A I Hi & 5% BHbr Ak T4 #r
R A R R S8 0, I U 25 18 2 T 95%0 K
—20 °CIRAF

TSR %) 192 )2 B £ 2 g R FH oI R ) vy R vk
PEHUEL 41 DNA, 28 1%35¢ B WH 58 I H K G I HE
SEEM:, FNanoDrop 2000 %8 #h 4356 5% FE 1146 ) H:
4l R B, R AR B 50 ng/pl , F-20 °CUkFH
TAF# R
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1.3 Ef GHE[E 53 m 0 1 K 3 iE

WA GHEE B cDNA(GenBank & 5% 5 .
JN711124.1)FIDNA(GenBank % 5 5 : X60419.1)
JF)MNCBI - 38, i H Primer 5.04 44 % 11 5|
¥, F#F51%: 5'-CTAGTTTTCTGAAGCCTCC
G-3', N4 5'-TGGTCATTTTTTTCGGTC
C-3', HEHUI0 L M0 47 B0 GHAE [N A8 74 A
()i 308 , PCRIZ W AR 28 S A FL A 25 uL: Taq PCR
Mastermix 12.5 pL(i{ 437 0.1 U Taq Polymerase/
pL, 500 pmol/L ANTP each, 20 mmol/L Tris-HCI
(pH=8.3), 100 mmol/L KCI, 3 mmol/L MgCl, X
AR R A s, N UET[4450.5 pL (10 pmol/
L), #i#DNA 2 uL (50 ng/uL), dd H,0 9.5 pL.
SN AR . 94 °CHIAEPE2 min; 94 °CAEE30 s,
55°CiE k305, 72°CIEH90s, FL354MFEFR; 72°C
FEAR10 min, 281 %0 SIS 6 10 F TR, X6 A
5 k& I PCRY ¥ 7= 1y EL AT IV, PRz, R
P BB A e R, TR SNPAR S A7 s, HEHR
1922 %2 40t K 2 DNAHE AT SNPA A5 B ik, 51
Wiz B M PCRI N R R 4514 1A] L.

AR Sy i e R A 0 B T AR A AR (L
SOBERAHE, A5 A R PCR™ YT
A A T A T AR (i )00 A BR S 7] 58 A o

14 AR EEELE

il FIBioEdit# 4171 1 B 1 G HAE PR
SNPs, >k FHaploView 443 M1 45 0L &5 1) 3% AN
- Al e B RN B B 43 A, M Cervus 305 (4!
TR AL s B WLIN 2 5 B (H,), BB 05
(Hy), AMEMNEN(N) M ZEHEFEE S &
(PIC), FIHEXCEL# {4 % P AL P B K A= K 5L
i, I SPSS18. 04K 17T rf ity — fife £ M A5 Y
(general linear model, GLM)XJ wfaffkf | & i
i RN LA RO D R AT R OG0
Z T U 5 PR F Duncan Gk o it AT .

Yij=ﬂ+Bi+eij
S, Yl R R A A o (o A 2
JEEARNLINAR 5 g0y = 1 R 52 3 0800 e A A4 1Y)
A s BN E A S S R (B R ) RO
{ELs e by X8 T WL 1L Y BB AL 5 22 000

2 4R

2.1 E & GHERE3' 5 F5ISNPiHix
Sof B A 10 NMA GHEL N 378 1) I e 9F 4
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il it 5 NCBLE GHA K 5 [H (313975 bp) i 7 51 1Y
T, SRS GHIEH 3884 ¥ 511207 bp(M GHZA:
K LK 2685 bpiE 1513891 bp), H ik & Ho e
S, HoP AL G825 AN T AN T, i
1.G2914T., T2966G. A3002T. T3022C{ T45 14
NN TF, DA A3301G. C3463T. C3547T.
C3620TH F3'IE4mAis X . R EL I, 20l A

SNPI1-SNPOU % 7 55 G2825A ., G2914T .,
T2966G. A3002T. T3022C. A3301G. C3463T.
C3547T. C3620T(5£1), HFSNP1, SNP5,
SNP6, SNP7. SNP8. SNPOM#% s S5,

RN S S 2R

2.2 SNPLmHIIGIER 2524
i i 192 )2 #5471 FE K] 2H DN AT i i 1 A8 728 S+

1 Ef GHEFESNPs{IL = 5 [F 8 & B [F 57 %
Tab.1 Genotype and gene frequency of SNPs sites in grass carp GH gene

H

>N

(D= -2k FEAEL B A% e SR BRI/ % Y (PIE)
SNPs site genotype number genotype frequency allele allele frequency (P value)

SNP1 AA 5 3.20 A 23.72 2.113(0.146)
GG 87 55.77 G 76.28
AG 64 41.03

SNP2 GG 103 66.02 G 80.13 1.593(0.207)
TT 9 5.77 T 19.87
GT 44 28.21

SNP3 GG 9 5.77 G 24.68 0.003(0.959)
TT 88 56.41 T 75.32
GT 59 37.82

SNP4 TT 9 5.77 T 24.68 0.003(0.959)
AA 88 56.41 A 75.32
AT 59 37.82

SNP5 cC 9 5.77 C 24.68 0.003(0.959)
TT 88 56.41 T 75.32
TC 59 37.82

SNP6 GG 13 8.33 G 25.96 0.828(0.363)
AA 88 56.41 A 74.04
AG 55 35.26

SNP7 cC 103 66.02 C 80.13 1.593(0.207)
TT 9 5.77 T 19.87
CT 44 28.21

SNP8 cC 78 50.00 C 68.27 3.437(0.064)
TT 21 13.46 T 31.73
TC 57 36.54

SNP9 cC 103 66.02 C 80.13 1.593(0.207)
TT 9 5.77 T 19.87
CT 44 28.21

TE: %0012 =921, X005y =599, (MBS A[F]HE K 2L 43 Aii f Hardy- Weinberg P4 16 3048
Notes: m_01(2,2:9.21 , m_05(2)2:5.99, The value of y* is Hardy Weinberg equilibrium test value for different genotype distribution

http://www.scxuebao.cn
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Ko AR

4%

DL AT B UE , S B DU 2R I s A, SRR AR
1564 AR DL 1 9428 S A7 o5 ) i 4 B . B T
T DRI R R T FE AR . SNP1-SNPOJIT X il
PN F A 5EG, G, T, AL T, A,
C. C. C, H&FRIIERFZM, I (5B
Y& & 3 1 B Hardy-Weinberg V- 7 (P>0.05)(# 1),

GHFE IR 7 5 45 Z2 A5 M S FERE AR P 1Y
WL Je & BE(H,), TR AR E FE(H,), AR AR
(N, ZBMHE RS EREPIOME20R, HE
AR TR, WL 2 5 B 0 R0 Y5 o 0.2821~
0.4103, WHIEEAE M EUE L F 2 0.3195~0.4346,
A A B R R B R R 1.4673~1.7644, H T
AR A R R A 2 P (0.25<PIC<0.5),
VLA LA L9 7 s R g 48 Ik — i = st B 5 B

R2 TRUANBEEEESH
Tab.2 Population genetic parameters of variable sites
brei MIRGTE HRRETE FREMEEY 2AERGR

Hiz# ks 2 ttg s, Aif—P®aF
AN
2.3 SNPILmEHIAFEREERSH

Xof 7% S 36 v B 94N AR S 6 R AT AU P
I3 Hr, SNP3. SNP4, SNP5{i i h— 20 5¢ 35 4
A7 5 (7=1), SNP2. SNP7. SNPOfi i K —
58 56 BB 0L 5 (=1), HRf G AETE S
AN BE I R T- A, SXIRTE TR LRIk 2
X AL 58 A STV 5 4L PN B DB ARR | 3
PRI R B 38 S 8058 2 AR R 25 21 (3R 3) .
T A7 7E LA W 4 R SF 467 5, SNP3T] LA
56 X F SNPAFISNPSIX H A~ s, SNP2H] L 5¢
2R SNPTHISNPOIX AN &, P e 47 5
fiE B4y Mret, 9290 HA4rHrSNP1, SNP2, SNP3,
SNP6, SNP8IX fi M7 s (K4), KR H/NT
1%/ B A5 AL, FRATT I R e o f5 7, Horp
Hap1(30.4%)H (5 B L 51 % 5, Hap6(4.8%)T 15 L

SNPssite  H, H, N. PIC
SNPI 04103 0.3630 15670 0.296 1] 5 A1
SNP2 0.2821 0.3195 1.4673 0.268 24 SNPHUEEEBEESESXKMIREINAKSTE
SNP3 03782 03730 15918 0303 Ko
SNP4 03782 03730 15918 0303 Biit43 i, PISNPIAL A8 A (A $ / T
SNPS 03782 03730 15918 0.303 FEARBS%, NEAREME, HNLEFHIRA
SNP6 03526 03857 1.6245 0311 AL OCHR M HT, /1 T°SNP3, SNP4. SNP5i i
SNP7 02821 03195 1.4673 0.268 N ALSERIE WA M7 5, SNP2. SNP7,
SNPS 03654 04346 1.7644 0339 SNPOL &Ly — 1 S RIE DAL, [N ILAE
HEAT A A IR K WL B3 A DG A B it /] DL
SNPY  0.2821 0.3195 1.4673 0.268 NP3 55 4 16 25 HEA I A 5 . SNP2SKES2 4 [t
®3 IMIFENSFERED FrE
Tab.3 The linkage disequilibrium coefficient Dx and r’value for 9 loci
LA SNPs site SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7 SNP8 SNP9
SNPI 0.999 1 1 1 0.026 0.999 0.906 0.999
SNP2 0.077 1 1 1 0.995 1 0.915 1
SNP3 0.102 0.757 1 1 0.998 1 0.934 1
SNP4 0.102 0.757 1 1 0.998 1 0.934 1
SNP5 0.102 0.757 1 1 0.998 1 0.934 1
SNP6 0.001 0.086 0.114 0.114 0.114 0.995 1 0.995
SNP7 0.077 1 0.757 0.757 0.757 0.086 0915 1
SNP$ 0.119 0.097 0.133 0.133 0.133 0.163 0.097 0915
SNP9 0.077 1 0.757 0.757 0.757 0.086 1 0.097

VE: WL LoDy XL TN NP

Notes: Dy is above the diagonal; 7 is below the diagonal

http://www.scxuebao.cn
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RIIINAAL S, KIS B JE 4B SNP2,
SNP3, SNP6, SNP8{ i i) H P& 1 5 A4 Kk M
WL PR B R A DG

AN T B PR AR 7 R £ I s R RORL R 11 K
R EME2ZE S, SNP2, SNP3{ A 5 K Y
ERAR TR KK ARV K O A B
P25 5 (P<0.05), SNP6, SNP8KL K| I 75 w1 1A Jit
i RK L HIEIKOE B B 25 5 (3RS).
ZHEX LRI, SNP2A & 1 4l & 2 A B (TT) N
AR BT i . R RO AR 7 38 2 Y T AR
BI(GG) I Z: A RAE R (GT)(P<0.05), i B A= 7Y
(GG)FIZR & AR RY(GT)TER BT . AR SOHLAR i
KA L JC R E 225 SNP3V AT Ay 4li A 58 AE A

34 GHEFE RS SNPsIIL & & 58 3 477
Tab.4 Haplotype analysis for GH gene partial SNPs

SNPAZ £ locus

iR oS R /%
haplotype  gp;  SNP2  SNP3  SNP6  SNpg  lrequency

Hapl G G T A T 30.40
Hap2 G G T G C 20.50
Hap3 G T G A C 18.90
Hap4 A G T A C 17.90
Hap5 A G T G C 5.50
Hap6 G G G A C 4.80

(GO MR R i AR SRR D5 324 8 3 19 =
T A B (TT) M 2% & R AE BRI (TG)(P<0.05), ¥4
AUTT)AIZ: & R AR (TG FER & . KK Mg
WK BT E 2R SR RS AL A A
5K MR S LRI B o3 AH A B A B, A BT
S AR R A A, S BRSO/ TR AR B
5% A, HHEMAGS S5 54
R MR B WL B4 B AE G, b Hap3/Hap34i
BrERTE . R KNG K b T
A (P<0.05), M EHKY LB ESTF
Hap2/Hap34l &, (H 5 H A G WEUE 2 5 IF A
3 (36),

3 iR

ARSI, 3l A X A GHEE R 31 ER 4 Iy B
PEATPCRY ™ 1 I P 25 R & 94 SNPAV 1. (£ 1),
9AAR S o S 6 AR A S O e d, 3R A
SR E, HE M2 01, WAEeN AR B
BRIP4 HCoTAER , AR ERN, 7ESNPRAS
KW Mp | RAEREZ, B, KA
) SNP 5 & A it U SNPZ L K2 M2 1, i
P L UCoTERE L, XS5HEARIFH
KL R—5, XATRERE N N CpG iR I
F14) L 5 I A7k R K 22 2 H b Yy, 2 B R b
B 1T S M i e v T 350

®5 HEBGHEARFEMS FHISNPsAEEFRBSE KRR S HEX D

Tab.5 Association of GH gene partial sequence polymorphism with growth traits and muscle compositions in grass carp

RL A LAY AL R /g A /em I3 /% HLEA/% HUIEWI/%
SNPs site genotype number body weight standard length condition factor protein content fat content
SNP2 GG 103 11.300.60° 8.49+0.13" 1.70£0.02 15.48+0.25 1.59+0.07°
TT 9 21.8245.93" 10.20+0.72° 1.75+0.06 15.95+1.00 2.48+0.35°

GT 44 12.40+1.69° 8.55+0.25° 1.73+0.03 15.2740.37 1.89+0.14°

SNP3 GG 9 21.8245.93" 10.20+0.72° 1.75+0.06 15.95+1.00 2.48+0.35°
TT 88 11.0120.63 8.42+0.14° 1.71£0.02 15.62+0.27 1.61£0.07°

TG 59 12.55+1.34° 8.64+0.21° 1.72+0.03 15.1240.32 1.78+0.11°

SNP6 AA 13 11.49+0.84 8.49+0.15 1.70+0.02 15.71+0.28 1.75+0.09
AG 88 13.86+1.49 8.91+0.22 1.72+0.03 15.26+0.34 1.70+0.10

GG 55 10.17+1.68 8.11+0.40 1.75+0.03 14.47+0.56 1.62+0.19

SNP8 CcC 88 13.98+1.32 8.88+0.20 1.72+0.02 15.49+0.27 1.77+0.10
TT 21 10.44+1.24 8.27+0.30 1.71+0.04 15.53+0.53 1.77+0.17

CT 57 10.47+0.57 8.34+0.14 1.71+0.02 15.37+0.38 1.64+0.10

i FA— LR PRI ARRNG R IR 2 7 .35 (P<0.05)
Notes: Different superscript letters in a column of each locus indicate significant difference at P<0.05

http://www.scxuebao.cn
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#6 H&GHEFEIRSFIISNPsHERSE KK LA AR HEX T

Tab. 6 Association of GH gene partial sequence diplotype with growth traits and muscle compositions in grass carp

WG R e K e HEA LI

diplotype body weight standard length condition factor protein content fat content
Hap1/Hapl 10.49+1.31° 8.28+0.31° 1.71£0.04 15.50+£0.56" 1.80+0.18"
Hap1/Hap3 9.96+1.00° 8.15£0.29" 1.78+0.03 16.02+0.50" 1.98+0.26"
Hapl/Hap4 11.02+0.89° 8.44+0.20° 1.73+0.03 16.04£0.54" 1.54+0.12°
Hap2/Hap3 15.97+4.02° 9.16+0.52° 1.70+0.04 14.56£0.47° 1.92+0.24°
Hap2/Hap4 11.08+1.96° 8.51+0.44" 1.64+0.04 15.40+£0.49" 1.45+0.14°
Hap3/Hap3 23.24+6.53" 10.39+0.79° 1.77+0.06 16.60+0.87° 2.65+0.35°

W [F AL RPN B ROR 26 7 835 (P<0.05)

Notes: Different superscript letters in a column of each locus indicate significant difference at P<0.05

ARSI A9 SNPA L 22 K K I 4 SR %
B, BT S I R B 3 I 2 Hardy-Weinberg - ffif
(P>0.05), HrAM S MEEFEETELT
0.25%)0.52 1], #EBotstein®] 4> By b5 #E, 4
0.25<PIC<0.5, %L S A EEZ A0 2T, %4k
R, Prpik o i AR OR A2 BN Tk BRI
HaE R, HMNFHREESH T UE
HOZB R G Z R F 0, AR X LAy
S B A R MR B LA B A3 AR Y 6 B A
—ig, MAKAHTREH T/ Fhric B g,

AT R AR R R, RS S
1A% BB B By 3 N R, H R R AR RE R
M e bR ic ], NSRRI, HiEs HD
PR B E BN AR R, b =1 A
P AL T 58 S PR F M, b R ARk —
8 R] T AT 5 B P, ABFSE R R B
O AR S B B BT, A5 A T AEAE A AN TR
T B BN, JLSNP3. SNP4. SNPSH
— 2] 58 2 3 WA i (72=1), SNP2. SNP7.
SNP9 Ky — £ 58 36 & B F 15 (=1), A3 E
B, M¥D™>0.33, r>0. 10\ K 2EH & L ESIR
AR R A 57 36 3 I - A 67 4 TR B
SEAFAE A B SCE SRSy, H 5 HAh 347
MINESIRE R WA & WSS, FLE
PEAT 4y FhRic 4l B 8 APk, ATKE SNP3 A 5 58 42
fRFRESNP4, SNPSIX I AL, H4 SNP2A i 58 4
R SNP7, SNPOX PN, #E 1 75 & Fp T
YR HEAT o

Az KR (GH)AE by — ol 2 1A 43 0 1) PR &2
Rz, HAMWHES . IREMEARIKEY
AR A Y RSP LL 100 I B AN
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BRSP4 KR (G 54~
SNRTFFE, RIEANINEFHEEZSME, M
Hix 254 KMREA —EmEMER,
ARG T, 8 A B B, R B
SNP2FISNP3IX P AN v 5 19 4l 5 58 48 B 7 {4 T
R MR W AKOE B S TR R B Y T
RN A 28 I FEWT ST SNPAE 5 -5 IR 1 AR
KM, 32 A A5 ) BSR4 A R AT MR 22 1]
{14 3K 43 BT 388 5 5T BB 156 B[] J A IS A LA
SOCIE A HT 1 Al UEAT T B AR A A I
AT, WS KB, Hap3/Hap3d & EKF &= . K
Ko MWK L83 T H AL A (P<0.05),
1M Hap3 WY B8 3 20 B N GTGAC, J& Fr A3 Hfs 7l &
ik — [A] I 5 A SNP2, SNP34fi4 RAF A4 4,
FF A BN 3 A3 BT IR A B 25 S, P e T DA
W 33 19 A o7 s 19 4 R R AR K B A R AR
XA R AR BRGNS T, AN E R
TG SRR SR IR Ok, R ROEFE N & TR i X
Tl A5 1) 98 28 ] BEAE 5% S FImRNABT YI i} % 1% %5 &
TERY/E IR, i HLENCBIEHE il s 2 25 1
AR E(GH)REH B PR 5 SEAR(INT11124;
AY616661), P ARHERRA K MR (GH)IEHF A
Z AR e AR B AT REME L AT RE AR LS I T
AR A KR MR, S0 m T A [ A4k
AP AR PR L R S, X R T
SNP2FISNP3 {37 i 1) £ 15 58 45 A FlHap3/Hap34H 15
ARG . R BRI K BAREE B3, 5K
(B LT A5 4 v T B A R0 2% 2 728 R ml L Al
AWML T . FEARVI R, H 3 Hr it I
WA R I H A7 e 25 ML ER 1 0 AE 0 B KT 22 T 1
WEMEZE S, HRBU I A7 A AR [N R



9

FURR, &% B GHAER 3 BT 5 2 A1 5 A KR B VLA 123 B AH S 23 B 1335

A A~ P 7 KL AR 1R HE W B2 K P b T Al A
PR, 0 G D DR AT B S A A B R R S B
ZURMIZESF AR Zia BIRETR, W5 LU
JUSNP2,  SNP3 s i) 22 45 M X e £ F 3] A
AR B UP B3 A7 7 2 35 PRS2 R (P<0.05), AT AR
AR B A R IL A R IR S B B B B O T AR
0, I H Ot — 20 X AR 5 S 37 09 D) fE 4k
BEE WF T Al

EEpaE
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Polymorphisms of the GH gene 3’ partial sequence and their associations with
growth traits and muscle composition in juvenile grass carp
(Ctenopharyngodon idella)

WANG Shentong, ZHANG Meng, SHEN Yubang, LI Jiale"

(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to comprehend whether the polymorphism of grass carp GH gene was associated with growth
traits and muscle compositions, 156 individuals from Yangtze River were used in this study. Nine polymorphic
loci were found in the GH gene 3’ partial sequence: G2825AG2914TT2966GA3002TT3022CA3301GC3463T
C3547TC3620T, which were named SNP1-SNP9 respectively. Nine loci were not significantly deviated from
Hardy-Weinberg equilibrium based on Chi-square test (P>0.05), and performed moderate polymorphism
(0.25<PIC<0.5). The results of linkage disequilibrium showed that SNP3, SNP4, SNP5 were a set of completed
linkage disequilibrium (#’=1) and SNP2, SNP7, SNP9 were a set of completed linkage disequilibrium (+’=1).
Haplotype analysis for five loci in GH 3'partial sequence revealed 6 haplotypes, which Hap1(30.4%) had the
greatest proportion, Hap6(4.8%) had the lowest proportion. A general linear model and multiple comparisons were
used to analyze the correlation between those single nucleotide polymorphisms (SNPs) and grass carp traits. The
results showed that the body weight, body length and fat content of individuals with the homozygous mutant
genotype at SNP2 and SNP3 were significantly higher than wide-type and heterozygous mutant genotype. Similar
results were found in diplotype combinations analysis. The body weight, body length and fat content of
combination with heterozygous mutant genotype at SNP2 and SNP3 were significantly higher than other
combinations. The results showed that the polymorphism of SNP2 and SNP3 in grass carp GH gene had a
significant correlation with growth traits and muscle composition (P<0.05), and it might have utility as markers for
practical breeding programs for growth traits and muscle composition in grass carp. Meanwhile, we have laid a

foundation for further research on the functional verification of the relevant mutation sites.
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