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WE  REE A EST 4005 7 T 9 rho 7 4% bk H KB 7% B B 3k B cDNA 731 & iF 5190, ¥ 1 Wit £ 78 1
SNP i s, & PCR /=¥l )7 3 Hl PCR-RFLP 3 , 7E BR VLK 7 HE 0 F2 58 BE AR T 5 16 3] 2 4> SNP A7, 43 3 2
FHRF1IMPRTF 2 L, CTRE, HIE TR LEE, G T 280 SAEBERP S . CH129T i s CC
5 0.69%,TC B 5 8. 75%, TT & 5§ 80.56%; C+192T 4 /1 CC /5 25, 4%, TC # 5§ 48. 6%, TT # 5
26. 1% I FH— ML B RLY SNPs 5706 6 A4 KMR AT KRBT Hr 5 R R, CH129T i & TT BAK 6
AERPERBE . TC B @ (P>>0.05)5; C+192T fif i TT B A K i 2 {8 55 T TC B A CC A4S A&
(P<20.05) , WA B SCHE 43 7 22 B D1 AN 44 ) 44 5 1 B0 W] 8 &5 T D3 B D6 AL (P<<0. 05) , ] i W] DA% 180k
GSTR SE B AF g 5 i) B A0 A 7 2 45 AR KM i JL R, 1 T2 a2 T4 & A

KB R, SNPs; A H KGR E; rho BIAM H KGR ML ; 280 £k

HESEES Q959.4678  NXEKARIRE A

ﬁ@(CIenopharyngod(m idellus) HA A K P,
PR JoiT i 56 11 77 L Il A AR S5 00 0 2 e IR K il
R H LSRG A P 22— R T R A I
AR IAF I 4 Rk Bl ok IR X, [ £
W R BRA 5L R A Al &R . AT DNA 38t 4% brac o
M e T C Ll s Y E it b p =y
RN U AR R 2 B R A 6 B 4 AR
0 A A AR g R ORI AR IR X e
7 EA MR AT IR A 58 IR AR, B
B, SNPs AENE 4 4 78 AL AR i DL AL R 4y
PEAE S ALY & R b Bl N AR H R N 2
Tl SNPs BWT 5 EEAE PR R BR3P 1
K= EIBIE TS s S b 5 A gy T AR IS AR T
SNPs 73 #F % 5 , 4k P 430 R, st A8 fa e, DA
A BT IR AT A T R R | sk A

A6 H K i %% % B (gluthione S-transferase,
GST) & —Fh) A THEWHLF R /NI T IKIE
PEAE 1, HA RS R B A AR
GSTR A0 FE PR A B — Bl GST [H] T B L N, 75 3

Y BT 2011-03-29
F4uH . AR =l AR AR R %% 5 (Nyceytx-49-07)
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B EMEIEPEEZE/EH. 4 M (Caras-
sius auratus )GSTR F& AW 55 & B, H 5 5t K 1Y
AR By 2 30 4 a4 R XURE S . B RTAT I 20 Fh A
M) GSTR HEH V) 5a b A & GSTR BN 25 1E
Xf 02 A R T B IS R DR GE . RS T R
i GSTR H:[H | #) SNPs X Az K Mtk 59 5% i . LA
Sk REA Gy b il B R 2E E SR

1 MR5FE

1.1 #tikfa R+

HERE I TR A LT =K K R
ABRA AL EARIE T ERIT KR . [ 4 2 5 A T
MW FETH 20 JT I Y AR R BT & Ol (1 292, 5 &
342.3) g, HR R # Ik T AL, B EE R (ACD) 5
MBI R 6 ¢ 1, R KARA LB (db 5D A BR
N F CTTANGEND) Ifit ¥ 35 PR 41 42 Bt 5] 5 4% B i
W DNA, AT DNA FEARMIHCT —20 ‘CIRAE.

Taq DNA B4, buffer Il ANTP I [ 46 56 4=
YT, FRH YIRS Mbo 1 ) H Fermentas
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M5 ¥4 Primer 5.0, iR ¥E H 4 EST
Bods SCPE b BA 280 sy sl st g1, th B
JeIR A W AR A IR A Wl A R (INVITROGEN) , |
W51 ¥ Pr: ACACACAGTTACAGCCACATTTC-
CT; FiF51 4 Pr: CGCACTCTCCAGATACAGA-
CACG,
1.3 SNP {i =& iF

519 Pe Fl P 4 144 A% 41 DNA KA v i
PLBEER) 15 AN FEAIEFT PCR ¥4, PCR 2 R M FR
20 pL, 10 X PCR buffer 2. 0 pL, dNTP (10
mmol/L)0. 3 uL, Taq B (5 U/pl)0. 2 pL, BT
514 (20 pmol/L) 4% 0. 4 pL., % H 41 DNA (80
ng/pI)1 pl,ddH,0 15. 8 pL, RIFEF }:94 C
iAEPE4 min; 94 CAEPE 30 5,60 CiR k 30 5,72 C
EAR30 s, 3k 32 ANEFF; 72 C ZEAF 7 min, 12 °C {4
fE. VB =W A 100 1 B g % BE B (EB: 0. 5
pg/mL) AT IKA I . PCR =¥ & aifb )5 k)
P G 22 B AR A RS w) #4700 )7 ] Vector NIT
Suite 8. 0 FXAF 7 Ml 7 25 5% . A5 & SNP 17 £,
1.4 SNP {ii &5 PCR-RFLP #& il

PCR =¥ 2 1. 0 %6 B 35 B A B Jise ri, ik sz i 5
FH BRI M 9 ) i R U, B U)K & . PCR 7249 0. 20
pg, 10 X FastDigest Buffer 0. 8 pl, W 0. 3 pL,
ddH,O 6 pL. BEEVIF=HH 10 % 09 5 73 M ok B B
HL ik (Acr = Bis=29 : 1),120 V 48 /% B 3K i » 4R Y
@,
1.5 SEitsr#r

¥ A Popgene(Version 3. 2) 3 AF 70 #r 5 R 45
RN FE IR, T REAJE A — % B R
FRIH R FE I [A] — B, A A7 AE I [R] PR 8 B2 N AR 5
TR 22 50 BT DATE S 57 5 R B S 5 SR AR 2 AR
RN T FRH AR 2250, I SPSS 15. 0 8 — it 4k
PERL R (general linear model, GLM) , X SNPs v &%
HE DR Y B e AR R R 2 R A OGP R AT /D

kM. RA vi =pta te; RN S
Frim/N 3. Xy WIS ¢ ARICH 5
AR B WLINAR 5 20 g 128 56 UL I F9 Jir A7 44 1 P 2
(6 RIS MED 50, W5 @ DARICHI RN AE 5 ¢ N
BEHLIR 2

2 #RE5HM

Efa GSTRERFII LR
WRIEBAT 510 GSTR R #1791, ¥ 15
BRI W, B S MR Lr L f 0 A5 R 5 B i GSTR
S (EU107283) cDNA J7 31 e, iz 51 9 4L 3 15
553 bp, AR F 1. NS T LAMRE T 2 P8 KE
I3 5°h 168,153,232 bp, HIN & T 540 & 70 B 4%
& GT-AG HN,
22 Ef GSTR #E SNPs I 54 #7

HE 0 Py 25 R HEAT LU X A3 T, KR BAEAE 2 24
i, TEANET 158 129 ASHs S AL (LU B % 65 1
ATG W) AF7E CT RAE, R T+ N=
11: 2(N K TC 2+ /D), KM A CC A(E 1-A),
SR 2 158 192 AL AR AE C-T 878, 52748 L il
K T:C:N=7:5:2(F1-B)., &5 4¥r C+
1297 {7 55 251 T 20 A8 2 H Sl CAC-CAU, g i 4
2 (His) o T H0 GSTR 3 [H & L 1R FF 91 1Y 46 43
ANE IR C+ 1927T 7 2 1 %5 15 7 ol A8 28 #0 5h
GAC-GAU, gt K4 Z R (Asp) » i T4 64 D&KL
M2, i% 2 MRABM B RERAERAEGE D,
2.3 Efa GSTR EH SNPs i s & FE B4 Ul

K0 BR &M N Y)BE Sde 1 CHE Y A7 8N
GDGCH Y C,Dft % A.G.T;HtFE A.C.T)OXF
C-H129TH7 mi 2 25 M #F 47 B V) 38 E , i )7 9 A7 7E 3
AN LRI A 2 D) B 3 R I R A, 4 i i 4
3 CC #1(79,6,91,37,228 bp), TC #(79,6,128,
91,37,228 bp) Ml TT %1(79,6,128,228 bp) (& 2),
K 37 F16 bp i Be /N, FLUK HAE Marker B35/ ¢
BUR J7, 76 0k B ok fig A . BRI M Y U0
Mbo T (BFVIBL SR v GATO X C+192T 7 Ay %
AR HEAT W V)30 % T 5 LA AR LA L 47

2.1

®1 HAGSTREFENEF I MIEF 2 EWESHMER
Table 1 Polymorphisms of exon 1 and exon 2 in GSTR gene of grass carp
i B GO R B ATG) Tl S G AR ST EACEES R 1 FRAZHETY
Position (relative to ATG) Base mutation type Codon type Amino acid Mutation type
C+129T cC—T CAC—CAU His [d] X Synonymous
C+192T C—T GAC—GAU Asp [f] . Synonymous
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TTHS TT type
A:C+129T 5 C+129T site

el Al b

TCH! TCtype

TTHAITT type TCH TCype CCHY CCrype
B:C+192T fii i C+192T site.
B 1 Ef& GSTR EE CH+129T 1 CH192T i & il F= & &

Fig. 1

R E 1 B3 R R AL 43 0 4w 44 o CC Y
(107,334 bp) . TC #4(334,107,283,51 bp) A1 TT
K1(107,283,51 bp) (& 3), KB VI J5 H B K A1
PR L I AL 3 R L R b S R R R A
[i) 5 DR 28 f0) R S 46 L 107 L 51 bp AR 76 1% B ok
FRif .

M [ 23456 7 89101112

bp
228

89
64

M:pBR322 DNA/BsuR[ marker; ¥Ki# 3,11 Jy TC K 8 ; Jkil
1.2.4~10.12 & TT #H %, M. pBR322 DNA/BsuRI marker; 3,
11.TC genotype; 1.2,4-10,12.TT genotype.

B2 Ef& GSTR C+129T fir& Sdu | B4 ik B i

Fig.2 SNPs-C+129T demonstrated by Sdu
PCR-RFLP in GSTR of grass carp

DNA sequencing map of C+129T site and C+ 192T site in GSTR gene of grass carp

1 23 4 567 89101112M

bp
404

309

242

M: Marker pBR322 DNA/Msp 1 ,2.3.6.9,11 24 CC FE K &l
5.7.10  TC H I #;1.4.8,12 4 TT M K A, M: Marker
pBR322 DNA/Msp 15 2.3,6,9,11:CC genotype; 5,7,10: TC
genotype; 1,4,8,12:TT genotype.

3 Ef GSTR C+192T i Mbo | B ra ik B i
Fig.3 SNPs-C+192T demonstrated by Mbo |
PCR-RFLP in GSTR of grass carp
24 Efa GSTR EE SNPs (I REEEHH S H

GSTR F:H C+129 T B A1 C+192T fi7 45 3
o e [R] 0 R A BE IR B ge i 45 R WL 2. TE
144 AMFREARH,CH129 T 75 TT B £ . TC B JE
e, CCHYLE AR . RA LA T o 1 3 55 i B

R2 HEBGSTREEREMNAEERRESEMEERE
Table 2 Genotype and allele frequency of GSTR gene SNPs of grass carp

. Fk R AT R (MR B0 / % SR H R R/ %
B (A= AL .
. Genotype frequency(Number) Allele gene frequency
Gene name Site Number
TT TC CcC T C
GSTR C+129T 144 80.56(116) 18.75(27) 0.69(1) 89.93 10. 07
C+192T 142 26.06(37) 48.59(69) 25.35(36) 50. 35 49. 65

A, CH192T il TC BIJEZ . 244 50%, TT Y
A CC BRI BIAHZE A K, T.C HEPRIARRIEAA Y,
25 HEAZTNATHTRAELBEERS 2Ma
EHLb B

fEE s GSTR JEH W 2 A Z2 257 50 R 1Y
BT MEARIR S 5 FhofRL 028 (I | 6 g Y BE

hfn) F 7 RSP H 38 (B fa AL A BE A, B
i | 4 Sk L BES % K 1 S e B B R ) HEAT L
LA L 3, B GSTR L CH+129T i %
NI CAC Fl CAU P Fh 2550, Hifth 12 Fh
2R IEIZ AL S T CAC, 4 i His, #fi C+
192°T {7 A5 X R /) % 15 4 GAC il GAU W fl 28
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x3 HfEGSTRESHATHFE 12 EaLHLE I, 5l AR A 4 AP ARl — 3, IS Asp;

Table 3 The codons of SNPs in GSTR gene of ﬁfg@ﬁizﬁ E](] %ﬁ"ﬁ% % ﬂf] GAG s gﬁ ﬁE& Glu . 5 /ﬁ\:,ﬂﬁ
grass carp compared with other 12 specics AR, 059 B b R A BE U0 4 Sk 6
o CTITREERT TR T pey Wik 5 0 7E AL 10 B S TR GAC; K
%5 o . SR BB A 0 AL 0 RS TR AAC, g
Ctenopharyngodon idelus Asn, 5 H A 10 i 26 7 4 9 1 B LR A [
& Ari.\’zi(h,y/hyx nobilis CAC GAC 26 GSTREESAMEE @4 KMk LB
memﬁwmmf CAC GAC 2 A~ SNPs {31 45 A [ 3 H %0 55 %5 411 g1 1 i
B8 Cyprinus carpio CAC GAC iR RS kKK OB RK MEME 6 M FEAK
B Carassius auratus CAC GAC PR AT — i 42 P B TR0 (LD 43 7 45 3 WL 3% 4.,
R zt zi CHI20T (i T Y 6 A K HEAR 10 5 (40 5 T
Epinephelus coioides ‘ TC 0 AR IEF) B K (P>0.05),CC BRI K H
o ac A 6 W45 bR H M H TT BT CC BT, [0 A 1 AR
szQW” A RG22 , CH192T fir i TT MY 6
Sparus aurata Linnaeas cac GAC At MR 5 49 18 05 5 . CC Y 1 4% 9148 4 24 18 0
B 4 A GAC i, B Ar W, TT B 5 TC BRI CC Bl 14 i
o " " R AT R E 2% R (P<0.05), 4 2 4588 i
B " " ARSI RVAL 06 DL 45 5 WA 5. DL
Micropterus salmoides f A S 4 0 05 75 . D6 T80 A I B 249 (L 5 A1 L D1 2
e % A A 5 D3 #R D6 B 1k R A A B

Oreochromis niloticus

(P<<0.05),

x4 HEGSTREBECHI2TAM CH12T L AmARERE M EKEROXBESHY
Table 4 Association of SNPs in GSTR gene polymorphisms with growth traits of grass carp

SNPs fii i, B A Wi/ g 4 /em i /em kKK /em K /cm FAM#/cm
SNPs site  Genotype Body mass Body length Body height Head length Caudal peduncle length Caudle peduncle height
C129T TT 1305.34431.75 42.52+0.41 9.84+0. 10 9.214+0.09 7.304+0.08 4,70+0.05

TC 1218.28+65.25 41.24+0. 84 9.56+0. 21 8.96+0.19 7.164+0.17 4.54+0.11

TT 1403.5+55.07 a 42.94+0.72 9.94+0.18 9.34+0.17 7.37+0.15 4,76+0.09
C192T TC  1252.8440.32 b 41.9940.53  9.7240.13  9.08=+0. 12 7.2140.11 4.6440.07

CcC 1228.2+55.84 b 42.02+0.73 9.714+0.18 9.10+0. 17 7.274+0.15 4.62+0.09

DR N4 AR iR 22 [ — 3 PR R R R 22 55 W3 (P<<0. 05) . FIAl. Values with different superscript letters within

a column indicates significant difference at P<Z0. 05. The same as below.

£5 HEGSTREATAMNEREEEERERKMXEKIN

Table 5 Association of GSTR gene diplotype with growth traits of grass carp

) SNPs {3 4, - R/ AR/

RUFRY ————— JE/ % Rt/ g fhk/em  fEE/em kk/em oo Emmem
. . Caudal peduncle Caudle peduncle
Diplotype C+192T C+129T Frequency Body mass Body length Body height Head length .

length height
D1 TT TT 22.70 1409.514+59.55a 42.9740.78  9.93+0. 20 9.28+0.18 7.37=0.16 4.7740.10
D2 TT TC 3.95 1365.164+150.66 ab 42.754+1.97 10.02+0.49 9,7240.45 7.3840.40 4,6840.25
D3 TC TT 41.13 1258.36+44.23 b 42.15£0.58  9.78+0.15 9.1540.13 7.22%+0.12 4.67+0.07
D4 TC TC 7.80 1223.58+£101.57 ab 41.11£1.33  9.48%+0.33 8.7040. 30 7.19=0.27 1.50£0. 17
D5 CcC TT 17.02 1280.00+68.77 ab 42.80+0.90  9.8740.23 9.25+0. 21 7.40+0.18 4.68+0.11
D6 CC TC 7.80 1146.224+101.57 b 40.6941.32 9,4440.33 8.8740.30 7.0240.27 4,5040.17

3 i i P (7 20 O 0 TR o P - 0 1t 77 7 2
e B2 R0 (RNA K K & R R K
R 0 0 3 PR 7 5 0 T P b AR AR 26 0 00 O30 A i 2 o B 4 A B 9 T T R A 25 SO
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Ikemura '™ BF 58 & B, [7] %5 0% 1 A4 i FH 090 3R 5 40
JHL 3T e % R B tRNA S BE 5 TE A DG, tRNA 3 B2
LR R CR MR M M, R GSTR
SNBSS TS5 12 a2k GSTR 3K
Xof A 5 R, R C+H129T fi S ab iy 25 i+ #a T
—5, o CAC, 4t His; C+192T i S4bA 4 Fhag
7, gt 3 R & HEWL : Asp. Asn I Glu, 5 Fh R}
1025 R BE T AN, BB S Asp. 5592 B iy Kk B
e B B3k A 2z AL S AL G % Asn, o] DLIZ A A Ak
AR B g —E N mtE. C+
129T 7 57 F w4 GSTR 5 R 2 i 11 52 35 R I3 1)
43 MR MAL, AR AL TT AL L] 2
80% , H 6 W AERK M ARBE L & F TC AL, CC AIA
KA 1A HEART TT B TC B, DL E 255
) AR G2 AV R B B L X R A KA R
ER T AR IE N, CH1927T {3 25 X R (1) 2
5 F i Hifh GSTR SN & 5L W7 51 5 64 4
B, TT BRI E L TC BR CC Bk,
22 5 0 3 e A7 i 1 58 A8 X B e ) AR R A
PEFEAER, T A RS0 3 . CH+129T 7 i %5
7 GUA R758 GUG,C+192T v 45 I % i 1
i CUA 745N CUG. % 2 AN S AT TE , i A8
TSR (RNA W, A5 h 2B 2
AR 5 A AR AN T B0 N g 0 S SE R 1 ek A L
A RERZ W mRNA 15 80, 80 B i S B, B
L REIIRE R AR AL AT RE X A % P 3R IR OKOF
FEHET — RE S e AR R AR KA R

Huff A Chaplotype) J& 48 L T — Z& G A 4 |- 5k
B BB DI ) — A G SNP 7 . B S E L
A~ SNPs it 8. . TR SNPs Z A f£7E
R EAEFE L BRI ER BRLA 28R BRI XA Y L B A
SNPs AE fi% $5 fit T 22 i ol o 10 5 S0 L X 2 4R B4R
R Hr 45 3 7R - D1 AL A S5 s 34 (55 . D6 ALY
T B P (E A i . B D1 LS D3 BUA D6 B 7R {4 i
WEAAEREER XS CH192T i S
MAFHTETA —EREER B CH+192T iy TT
(2 B AL R (D1 A D2 ), HAR R B R
MZ AL CC /Y 2 RS (D5 Fil D6 B HAH i
i FLIZ 6 FlXURT 7Y A A= K 1R 2 (8 4R Ok R AR 1Y)
R T CH+129T i 45 TC M Lol 420>, 5 8 D4
R 43A% . 5 D5 B0 A= K MR B AR HL g/,
TEGET LAFAE— 2 MR 25, WP i 3 — s D)
D1 BRI e CH+192T i 5 TT A . D6

R R (E H C+192T 7 & CC AL, f DL |
SR AT LB 2 A0 a5 A e A M) B D T g XA R
L6 WUERMAR BRI L RS 1 AN A L A
TR XA TR 0o 5 2 2 A7 i S S A ) 5 P R G
6 IOUAE R IR A 2 (L foe IR G Bl HE B R B 2
AL R AR PR A BCA AR AT CH1927T i 50/
TERBOR,

ok 206 9 B 3R A K A v 5 A7 A S I
T 2R B B R PRI S W S AR IR LR
BERE R 02N R BB, BUIRR E  RE R
PR BRI AT 3k it 28 A0 T, A7 B 5T A A I H I e 7
il 5L DR 32 3K B 22 1) £ 288 XF Rl 4 9 R R RO IR BT )
BRE, KL GSTR FEH AP B iy A S5 78 X
AR B A MR T RES AL R R GSTR 2
s B S A — & B OC R, F M &k — 2P
5. AWK T GSTR 5 I 2 4> SNP i £,
5 R A 10 A PR A AR — 2 A S TR kAT LA
A GSTR FHe A AR O 52 Wi 75 £ A4 1R AR A i 12k
P B3 2 AR AR bR, ] B A 23 5
SR
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SNPs in exon 1,exon 2 of GSTR gene and its
relationship with growth traits in grass carp

LIU Xiao-xian'? BAI Jun-jie'! XU Lei’ YU Ling-yun' FAN Jia-jia! HAN Lin-qiang®

1. Key Laboratory of Tropical and Subtropical Fish Breeding & Cultivation of
CAFS/Pearl River Fisheries Research Institute ,Chinese Academy
of Fishery Sciences ,Guangzhou 510380,China;
2.College of Life Science and Technology ,Dalian Ocean University »Dalian 116023 ,China;
3. College of Fisheries and Life Science sShanghai Ocean University , Shanghai 201306 ,China
Abstract Primers were designed according to glutathione S-transferase-rho gene from EST data-
base of grass carp. The PCR products were sequenced for detecting polymorphisms in cultured popula-
tion and two SNPs sites were found:C+129T in exon 1 and C+192T in exon 2. Both SNPs are synony-
mous mutation. The polymorphisms were genotyped by PCR-RFLP methods. The percentage of CC,TC
and TT genotype in C+129T site was 0. 69% ,18. 75% and 80. 56 % ,respectively. The percentage of CC,
TC,and TT genotype in C+192T site was 25. 4% ,48. 6% and 26. 1%, respectively. A general linear
model was used to analyze relationship between GSTR gene polymorphisms and 6 major growth traits.
The results indicated that the average value of growth character TT genotype was higher than that of TC
genotype in C+129T site,although no significant difference was observed. The average body weight of
TT genotype was higher than that of TC and CC genotype in C+192T site (P<C0. 05). Six diplotypes
were constructed based on two SNPs in the experiment population and the average body weight of diplo-
type D1 was higher than that of D3 diplotypes and D6 diplotypes(P<C0. 05). GSTR gene could be recom-
mended as a candidate gene for characterizing grass carp growth traits which could be useful for molecu-
lar breeding.
Key words grass carp; SNPs; gluthione S-transferase; GSTR; polymorphisms; growth
(FTHEHH.2HT)



