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&, MEH, Res’, & R, XAm, AR, E A, KX #
(LA RRE B PBETEIR, S8 A 2300315 2. AL Mt SE R K= VE BRI 5 J T 2 S50, ) AR 1M
510380)

BWE. NHER MyoD F:NZ5M:%F B A1 ( Ctenopharyngodon idella) A= K AR IFEZIR | SR FH PCR 7= 49) B4 5 )
J7ids K MyoD FER 1 (W2 AR 15, Hor M H 5 R AR K MR B AR e bE . G5 SR 3R I HE L MyoD IR I 1
PEF 4 D ZAEME RFAE R RAE N S BT M1(940 J5 T B3EAY IR A) M3 (1630 J5 B & #0 AATAGCCT 1Y ik
) MA(G1669A) Fll M5( A1681T) o M1 3 S AN ) (R BIAN AR (R A A G A4 RS FLR A B A2 7E i 3 25 57 (P<
0.05) , 4l A EL e FL A (DD) B 23 K T 2liA4f AFER L (TT) ; M3 T M4 AN 5 A TR 56 PR IR AN fa] i A ik 22 5734
AN (P>0.05) s M5 A SN]SR R BIA (AR [R] A 44 BT it (A S | 1 vas R ] BELAE 7 W 35 22 57 (P<0. 05) , AR 35 B[R 71
N TT, MyoD JEFH ) M1 Tl M5 ZE7E N s W VR S A0 e A5k 4 FAmic

KR, B, MyoD 3:[H; SNP #ric; Indel #ric; AR MR
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Screening of SNP and Indel marker of MyoD gene and its association with
growth traits in Ctenopharyngodon idella

CHEN Jing', HE Ji-xiang', FAN Jia-jia®, HUANG Long', WU Ben-li', SONG Guang-tong',
WANG Xiang', WU Song'

(1. Fishery Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China; 2.Key Laboratory of Tropical & Subtropical Fishery Resource
Application & Cultivation, Ministry of Agriculture, Guangzhou 510380, China)

Abstract: To explore the effect of MyoD gene polymorphism on grass carp( Ctenopharyngodon idella) growth traits ,
mutation sites of MyoD in grass carp were determined by PCR production sequencing, and the association between geno-
types and growth traits was investigated. The results showed that four mutation sites which had high polymorphism and stable
typing were found in MyoD gene of grass carp, M1 (insertion of T base after 940) , M3( deletion of repeated unit of AAT-
AGCCT after 1630) , M4( G1669A) and M5( A1681T) , respectively. There were significant differences in body length, to-

tal length, caudal peduncle length and caudal peduncle

s H#A.2017-11-28 height of M1 trait of different genotypes (P <0.05),

EE& WA ZRE R RHEREFARHER I (15A0516) 5 ZHUAE R homozygous deletion genotype ( DD ) was significantly
Bz BeRHs 15 A 25000 H (13C0506) ; 28 K777
AR I [ B4 RE 2016(84) 5]

EEET PR 0 (1985-) 2, INAR B Bl 1, BY BRI B, 22
INFHAK =B E RS, (E-mail) chenjingok5@ 163.

com

higher than homozygous insertion genotype ( TT). There
was no significant difference in the growth traits between
individuals of M3 and M4 traits( P>0.05) . There were sig-
nificant differences in body weight, body width, body

WIAEE 74, (E-mail) hejixiang813@ 126.com height and interocular distance among individuals with dif-
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ferent genotypes at M5 trait( P<0.05) , and the dominant genotype was TT. The M1 and M5 mutation sites of MyoD gene

can be used as candidate molecular markers for selection of grass carp.

Key words;

Az WLpk e T2 MyoD S A= WL P73k [
MRFs ZJ# ( MyoD . MyoG . Myf5 F1 MRF4) [ 3 2 i
R Z— A LIRS PR B — S PR ST 8 B B e -
IR-BRHEL5H (bHLH) " MyoD 75 UL N L 31k
R VAT f ok i v e SC SE B) O ) R AR A5
R Z IR M FL ) N2 Rk UOR ]
4 > MRFs ZZ RN RS W LA B o i b i i 4%
AVE AR Horh MyoD 3 DR HE 3 49 i i 30
WL & By B 5 B DY 3 224 2 e i i i UL
I AR oAk, 2 MyoD PR AT S5 35 s L 48 i S
VRIEH BTE AN A6 . MyoD 5 LI L ) 8
(1) E-BOX X345 G J5 , REIIG WL AL RR S 2 ok, it
AR S JUL T 44 240 i 1 385 58 A0 534k, 55 9h MyoD JE A
I P BT A 4 ML B2 i I 240 L 25 B A Sy L 240 L
AN AR 4

MR A R 2 A5 1 ( Single nucleotide polymor-
phism, SNP) F14fi A/l 2 ( Insertion/deletion, In-
del) FRiCHER BT BY o F-HRic, |z o0 A TS SR
4, 2SR Th S il AE A — Rl s ARig Y B
ft1 ( Ctenopharyngodon idella) J& P IR /K F5 FH 1 25 H
PR K FRAE A, 2 A AT IR i i [ 58 R Aol
EZRREEMNANTIETRM, 5T MyoD 5K
XTI ILA & B AR K AR A 5T L) MyoD
LA Sy B A AR g A 8 R PR, e e DU
A SNP HI Indel FRi, If5 4 A K MDIR 64T
RIRATHT , LU AR AT 5 B A0 A A R AR G I 1Y SNP
1 Indel ARICAE Ry Bt 73 b ic Bl Bh % & 19 e bR
0, AR ELE R SRR

1 ARSIk

1.1 ##

WA S 1 22 ok R Y £ 3k 20 R AR A T ok 5% AR
DL RREA B Y 8 |, -20 CIRAFE& . Ktk
ARICIRAE 3 B (R AR iR B BRI SRS 1R
#, BEALEERE R S5 | RIS SR A Y 3 W R fa 2L 297
Fe AR B A AR AR R IR R
W R AR i 8 WA K A8 4, [l i) B HRUZ 6% -20 <C
TRAF

Ctenopharyngodon idella; MyoD; SNP marker; Indel marker; growth trait

1.2 E[F4 DNA fYRE 54

il QIAamp DNA Mini Kit (L 5T Qiagen 2\ ]
PR ) BEBUE 2] DNA, FH 1.5% 35t I8 W5 6 FL Tk A
A% R ) ST i, -20 CARAFREIT
1.3 MyoD EFEH PCR R REMNAEFHE

R AR S 56 5 5 B A5 31 (1) H A8 MyoD 1K 1y 31|
( GenBank % 5%5 . MG544985 ) 5 i 4= S K 41
%) ( http ://www.ncgr. ac. cn/ grasscarp/ ) BT
B FE SUINELIX AP ST AT e 2 A
HRHE 22 A7 15 R H Primer Premier 5.0 43X {4 #4751
Yrixit,

DIANFEDR IR Y 20 F8 &40y AR 47 PCR &7
4 PCR MW AR R AUHE 10. 0 pl 2xTag PCR master
mix . = #7514 (20 pmol/L) 4% 0.5 pl Ak DNA
20 ng, Ml ddH,0 % 20.0 pl, PCR W FEF:94 C
10 min;94 °C 105,57 °C 15 5,72 C 30 s, 3£ 35 ME
,72 CHEH 10 min, PR T 4 C., PCR =¥ H
1. 2% B AR AR s FL VKR . PCR F= 9 4lifb J5 1% &
AR TR BRARIIT o 05 25 5 A
BioEdit #E4T Fu X R % , A5 2 k& B E
I ZE AR 1, R FH L H P % 297 B Rl MyoD
SEPR I AR i E T4 1
1.4 HESZITHH

KH PopGen 32 K 4 31 34 47 2 % 1 % [ 4L
(N,) S Z 4 B (H,) IG5 (H,) , FIH
Picale B I H AN ANEZRFEEA SR (PIC),
K H SPSS 20 %4 — ik 2k 14 #5 AU ( General linear
model , GLM ) 73BT 58 A5 {7 1 45 Jk PR U 5 4 Mtk 1y
KERARRE , AR oA A0 8 WA Kb, AR & R
PEF 1) 58 AR A7 15 A A [R] S PR AR, H AR ) B AR
N Y= B e, o YV FOREAMRYS @ MRiCHE
55 7 AR AW o 20 X0 LI ) i A
SEIME, B ARG § AR BN (B, e, 2R X R A
XL 1) B AL 25 58500

2 RS

2.1 MyoD BEERT{LATHIE
IR X, 7E MyoD JEPH 5/ M3 X, &b 57
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NS 7 E AL BE AR 2] 6 A~ 28 A8 07 45, /Sl dn 44 A
MI1(940 J5 T BEFERITHA) M2 (A1601G) M3 (1630
J 2 B0 AATAGCCT MRS ) M4 ( G1669A) M5
(A1681T) \M6(T2322G) , Mo M1 £ F 5" fF X,
M2 M3 M4 F1 M5 5 THEF 1,M6 i TAMNEF 3,
M6 3 15 (T2322G ) R A A S B = FE R A2 1k,

R1 EE MyoD BERFEEBMREN514

J& T X eAs

LI 3 XFBIH7E 20 A FEAAEAR HFXTIX 6 4>
FARNE S HEATIAE (51 P AN RS EOLER 1) ,3 X
519 PCR 91453 5 4845 409 bp 354 bp F1 245 bp
FrBt, PCR P=HI4 7 A T 5 475 2 50 4
RIREE R 4 D B M1 M3 M4 Tl M5,

Table 1 The polymorphic loci detection primers of amplifying MyoD of the Ctenopharyngodon idella

514 JFE1(5'—3") IR/ (bp) P4 X
MF1 CAGCGCACATGTTCATTGGTC 409 5K S EF 1
MR1 TGAGCAGGCTCACGTGGACGA

MF2 TCGAGTCTCTGCAGGCGCTACT 354 ST INET I
MR2 TTGGCCTGTAATATTGATTCA

MF3 GGATTGTCTGTCGAGTATCGT 245 ShF 3

MR3 TGATTCAAATTGTCCCTTTCG

22 MyoD ERREMREZFEHEFRNRES
o

SRV ELHEI k%t 297 R B0 MyoD LAY 4
AL A TIEE 43 R, Gt 4 A FRAB L A5 Y ik
LS8, SR (3R 2) R A REEMSEFE(N,) N
1.422 0~ 1.978 6, WL 7% & £ (H,) 24 0.268 5~

%2 Ef MyoD E[E SNP 1 Indel BE SRS H

0.466 4, WIRIEE(H, ) M 0.297 2~0.495 4, 275
HE & mE(PIC) M 0.252 7~0.372 3, H, fl PIC ¥J K
T0.25 /N1 0. 50, Ui 4 DA AP EZ A
P B XK, Hardy-Weinberg S 5 505351 0
0.690 3.0.175 6.0.093 2 .0.311 8, % Wi 56 #1478
Z 4 DRI T IR ERRAS (P>0.05) .

Table 2 Diversity parameters of SNP and Indel of MyoD gene in Ctenopharyngodon idella

(s AR IR W% e LEfR R VAT
(N,) (H,) (H.) (PIC) (HWE)
MI 1.595 7 0.382 6 0.373 9 0.303 7 0.690 3
M3 1.617 1 0.352 3 0.382 3 0.308 8 0.175 6
M4 1.422 0 0.268 5 0.297 2 0.252 7 0.093 2
M5 1.978 6 0.466 4 0.495 4 0.3723 0.311 8

2.3 MyoD EERTA5EE S KM XE
ST

K — N S Hr R0 MyoD K2 4 %
AR () 3 PR R 5 2 R MR A DG (3R 3) .
M1 7 AR R AN (AR ] i AR 2 B AN
AR AETE 3 25 5 (P<0.05) |, 2l 4 Bl 2k ] )
(DD) BERFLEHmAILFE(TT) , I HKEH
T M3 I M4 A7 AN ) 35 R R A AR 8] ) A K Mtk 22
SRR E (P>0.05) 3 M5 AV s A [R) 3 R A A [A]
R A S5 AR S s R R I PR A B S 25 7 (P<

0.05) , L#FEHAN TT,
3 9 e

AW FE R0 MyoD SR h LRI 4 A%
AR B E B AR A A, B M1 M3 M4
M5, Hd M1 AT ST X, M3 M4 F M5 TN
TF 1, T SR XA MI A SRS Gt 2
fi% T 5 UTR 765 R Rk = A E2AEH,
DAL 117 JHE P 1) 28 A8 AT il 2 o) 3 PR 3 Tk R 7 A= AR Akt

SRR Z R AR FEAEIR T Hh kR B
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RALFEMAERK EREERMERA REME, A
WFFELE RN, H A 2 1) S i 4 R 2B T
P T IXIR, TTA F AE X B LR AE ST AR S AE
i MyoD JEH i &L 4 D RANLS A 3 4

BT NE T, TRERCA NG TAS HE SR Y,
SN A A2 B B£8R S BN, AR S AR )

%D [18-19]
N R IS

£ 3 Ef MyoD EFE SNP 70 Indel {7 S EE B 54K IERMEXKE

Table 3 Correlation between genotypes of MyoD gene SNP and Indel locus and growth traits

Pigl FERA LDy ENN (LSS P 5E L3 IR 15 JSURIS R
Locus  (BEACE) (8) (em) (em) (em) (em) (em) (em) (em)

Mi TT(167) 1 429.20+24.65a  49.77+0.38a  43.47+0.28a 7.11+0.04a 10.98+0.20a 5.26+0.03a  7.08+0.07a  5.12+0.04a
TD(114) 1472.42+20.37a  49.92+0.46a 43.48+0.34a 7.19+0.04a 10.53+0.24a 5.27+0.03a  6.95+£0.09a  5.10+0.04a
DD(16) 1 534.19+£65.80a  52.75+1.23b  45.97+0.90b 7.24+0.12a 11.08+0.64a 5.41+0.08a 7.72+0.24b  5.38+0.12b
M3 DD(168) 1 454.77+20.40a  50.18+0.38a  43.72+0.28a 7.14+0.05a 10.95£0.20a 5.30+0.03a  7.03+0.08a  5.11+0.04a
ID(105) 1 458.92+25.81a  49.73+0.48a  43.49+0.36a 7.16+0.04a 10.65+£0.25a 5.25+0.03a  7.08+0.09a  5.14+0.05a
11(24) 1490.92+53.98a  49.79+1.0la  43.31x0.75a 7.25+0.09a 10.49+0.53a 5.23+0.07a  7.23+0.20a  5.17+0.10a
M4 AA(203) 1 469.50+18.53a  50.27+0.35a  43.81+0.26a 7.17+0.03a 10.93+0.18a 5.31+0.02a  7.08+0.07a  5.13+0.03a
AG(80) 1 443.23+29.52a  49.51+0.55a  43.35+0.4la 7.13+0.05a 10.61+£0.29a 5.22+0.04a 7.02+0.11a  5.15+0.05a
GG(14) 1 400.29+£70.57a  48.60+1.32a  42.20+0.97a 7.14+0.12a 10.20+0.69a 5.20+0.09a 7.03+0.26a  4.96+0.13a
M5 AT(139) 1423.15+22.21a  49.53+0.42a 43.37+0.31a 7.09+0.04a 10.52+0.22a 5.24+0.03a  6.99+0.08a  5.10+0.04a
TT(95) 1 509.66+26.87b  50.41+0.51a  43.88+0.37a 7.25+0.05b 11.33+0.26b 5.34+0.03b 7.11+0.10a  5.14+0.05a
AA(63) 1 462.44+33.00ab 50.36+0.62a  43.72+0.46a 7.18+0.06ab 10.65+0.32ab 5.28+0.04ab 7.14+0.12a  5.17+0.06a

AR R FVEUE R ARG PR 22 57 8.3 (P<0. 05) .

MyoD FEPR 2 A= LI 15 IR 1L [ MRFs S8 % Y
FEBRAZ — , EEREIERNANE BTN £ S
P I 22— BT BRI e 2R,
P, MyoD J& R AZ AT TR A8 S BE &S5 — b &5
JULTA] PR R A AP RE AR D B 2 P R 0T MyoD 3
ZAME S PP RE I R IF A B I B &
HE LA, Han 257V W52 L PR 3G MyoD J:1A
) SNP i 55 2.257A>C 5L pH {8 5 b 2 G
M2 RN 4 R MyoD FERN A& T 2 A
[F) 35 R RS R A %) S i 3 Jo i IR o | TR
Y PR A R T R A IR e i o e
¥ R KRR MyoDI FEIA 3" UTR ()
1 976 bp &b &I 1 A58 i, RHA BT & M [T AR
AHC T T L 207 B8R EERR S RS MyoD
FERANGE T 4 K3 2 4> SNP 7 45, RAZ FE AL TT
WS TREAAR B 2 /N T 7 2R B IR AA BEIR, Chen 2512
5T & B MyoD1a F1 MyoD1b X i1 filf [N i 4 o % 5%
W], BARAA I A5 AT R B 6 MyoD SR & F 1
% SNPs X8 A K R e B 2, FEARHIESE
H1, MyoD IR Z2 28 M7 i 5 B 2R KPR R B A O

IYHTEE S 5 M EL X MT A 5 A Ji] 5 PR B8
[ AR A RN TR AR & A7 7E B35 25 57 (P<
0.05) ,4i A B IEN AL (DD) & K T4l &4f A%
BRI (TT) 3 N & F 1 v M5 o A ] 35 R LA Ji]
R SR A i A T R IR B 77 A 3 22 S (P<
0.05) , 53 8 28 T R 3% B f 35 56 R B Oy T
PRI AT LR R4 MyoD SEIRVE 40 Tl Bl S fa e &
ABE R RE R AV 5 M1 (940 J5 T B S A48 A ) Fil MS
(A1681T) VE Ry 5 fa 43 F-hric 4 BY & Fh 9 8 3 70 1
Fric.,
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