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salmoides)'"” . ¥ Fifl(Pelteobagrus fulvidraco) 55
I MSTNIE R BEAT ST, e LA # 2 MSTN Sk
PHLAS [] SNPs vz s 0 A A< MR B 2 35 P s i
A0 MSTNEE A 119 cDNA 4K e . T 20094 5 e,
P k& SR S AR OIS T i DR 2 T A 1Y
iR, kLR A MSTNEE AN E 8 35 JILA0 o Y 33
oA, R R HEIE MM RE KT
R EEAEH ; (HMSTN-1RR 28 K54
MR AL A 153 089 A1 OC 43 B A i oK I R
AT X B A0 MSTN-15E [N JE 47 2 28 MR I,
IF 48 5 B3 A8 A A PR R LY o3 2R 4T AH
SFEMES AT, DAIAE MSTN-13 [H] v 4 51 v 4 Bh &
HH T hR .

1 MRS ITE

1.1 X+

20144F 5, TR M T RILAK ™ FRIH AT BRA
A E R R KRG A B A X TR R B AR R
BRI N T 258, 6 H Ik H ARz i il
FERAAFILE AT B . TOH 45 %
ERFEANEK . KEESEEKSEH, BEHL
W 192 2% £ 11 2 668 UL DA FH T AR SE B AR 5%

1.2 EFEEDNARREKALARK 5 5 #r

Xof ST BB 1) 192 2% T £ 8 e ) 8 ok R ) v 3k
UL 41 DNA . 5 2 DN Al 28 1%35
B EE S HL UK . Drop 200048 443 56 % BE 146
i MR, g5 —W R 250 ng/uL, 20 °CiK
IR

il FHBILIC E L . R TG 4R 1 2 ) B Ao )L
PR . HLIR G & AT e Y, A G
TAE 7 SRR A AT 52 BE 56 B o
1.3 B & MSTN-1£ F SNPsifi%

W B £ MSTN-13E [X [ cDNAJF 51 ' I(GenBank
ok BUSS55520.1)5 HiAth £ 28 MSTNFE K 1)
cDNAEB{DNAFH| 347 e X, | Primer Premier
SERAFUE AR S X % 2% 51 9 (R 1) LAY 16 B 1
MSTN-13:H N & F . PCRIZ AR R BARFI 25
puL: Taq PCR Mastermix(KT201-12)12.5 uL, EF
Weol W 40.5 uL (10 pmol/L), Bi#2 pL
(50 ng/pL), ddH,0 9.5 uL. KR FEF: 94 °CHiAE
P2 min; 94 °CAEP4:30s, 58 °CiE k30, 72 °CHE
45 s, HE35MEFR; 72 °CHEMH10 min, £ 1%
TN B 5 L PR RGN , X AG T A Y PCRA™ 348 7=
YAy . PR,

®1 E&MSTNAERE 2K 18K SNPS{L 2 5 1E 54
Tab.1 Primers for full length and SNPs of MSTN-1 gene in grass carp

514 JFH(5-3%) Fr A2/ 1E/bp P fop BKGELEEPC
primers sequence of primers initiation /termination site products length annealing temperature

L1 GGGGGATGACAGTAAGGA 382 1131 58
TAACCACACCGAGAGCAC 1512

L2 GGTGCTCTCGGTGTGGTTA 1494 1576 58
ATGGATGGTGGGTGGTGT 3069

Ml TCCTCTAGTACGCCTTGG 68 682 56
ACATTTTCTTCTGACCGACG 749

M2 TGGGGGATGACAGTAAG 381 1130 58
ACCACACCGAGAGCAC 1510

M3 AGTCCGAAAATCCAAGCG 1294 1449 56
GAAGTCCACAGTGAGAGGGTAT 2742

M4 TGATGATTTGCTGGGGGC 2338 731 54
TGGATGGTGGGTGGTGTGAT 3068

M5 ATCCCCTCAATGGTAGTAG 2962 651 50
TTCTTCTCTCCCCTAATG 3612
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FR 8 BE 15 3 19 MSTN-135 PH 4K 1% i1 5% 5
Y1), BEPLEERLLS AR 1) L F 41 DNA K [
B, 43 By 3 Bt MSTN-156 K o AR5 1 %
T f 1 1] 5 16 SNPs, - 6 A7 7 SNPs AV st 4 [X 35
1778 ¥ AR ST B IE . PCRIZ VAR & K&
A GR KGR BEAS[FDIF L .

AR S5 T 7 R 2 0 R AR AR AR
SO RN, A 519 A B PCR™ Y7 1
AR A T AR () ey A RS W) 58 Al

14 FFAIST i R EAIE

i FINCBITE £k % 4 (http://blast.ncbi.
nlm.nih.gov/) Lt X} B £ 5 HoA 6 28 (1) MSTNEE K 7
), FARE M MSTNIE N AR X 8, i H
BioEditfk £ *"Pf 8 MSTNHE [K 3 i i SNPs . fifi FH
SPSS18. 0% A1 — fige £ 1A A 7 X 5 01 MSTN-13
HISNPsfy s SR . R & . EWE . LR
FHLZE 1 RDRELIG 5 25 (0 A G Pk 0B AT 20 #T

2SR5

2.1 E & MSTN-1E[H £ K K SNPs{iL 2 i 1%

ST 3R A5 B 0 MSTN-15: ] (GenBank & 5%
5. KP719016)4 K 33824 bp, 534146 T
(5rM376. 370H1382 bp, 4 AL 1128 bp BT
IR D] BEHE ) RN 2 N (K BE 43 0l i 776 F11008
bp), AR EIIR X (5'UTR)8S bp il il &% X
(3'UTR)824 bp!'*, Ll (Aristichthys nobilis,
GenBank % % 5. HQ634244.2) . R W 2L
(Erythroculter ilishaeformis, GenBank# %5 .
KC583257.1)MSTNHE R 4 AH AL 4353l R 96 % il
93%.

MR TR SxE B W, sy By
MSTN-1EH . X Bl AL Pk By 15 8 BT £ i P 4]
DNA#4TPCRY 3 3 HAEM Jy , XAE L 4 MSTN-
VIR Y 28 =8 % T b & 334~ SNPs A 5 (Locus
1: C1799T, ¥f/ERIEE/&ZE R EF; Locus 2:
C1842T, ¥AAIHH/R 4 M HI; Locus 3:
TGAAGCGCTGGTTCT/2585-, HfA: HIBB/fk 2k 114
BD, K1),

2.2 B MSTN-AEFEZSMST

i 4 1778 5 £ B PR ZH DNAK i 326 1Y 1)
SNPsf i HEAT B UE , S BRI e 2 W iy 44, 3
GET 162 RO ATE LA 34 551 A Bk 41
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B BKAF T KB, FER A MSTN-15E K 34
SNPsfivi i h, MfFfEd A R4y, Joai & RI%R
AF s H3AM A R AR JE PRITR ARG (R2) o

2.3 E & MSTN-1EESNPs54 K MR Z AL
DR =B

22 0 5 % 56 AE 14 34~ SNPs A s, Y LA 700 &5
FARK . TR BEWEE (%, AR =T
PR x100%)) . WL PRI 19 FORLER 17 5 54>
PEAR FEAT A S M o FAA% B 43 BT B & BE Locus
1A 2 35 R TR SA PR AR 38 TE B 3 25 5% 5 it
21 58 AR TR A R AR i Y 3 T A
(P<0.05), M {37 s, 3114 2 75 AU AR AR o f: 34 g 2%
I T8 A= 0 (P<0.05),  {HLIX 24~V 5 A [i] 3 R 78 7
HoA3A PR 34T 3 25 7 (3)

BEHLAE 3457 5 H 19 19 4L 4 B RUAR 5 (5 ok A5
AL T 3% A TG, FLORNXURE R 5 54 MR ik
FrAI ST o A 5 VR S5 220 B 1) XA L
JI2AMMEKMETEREE® T NI 24
(P<0.05), HAMARTC B ZEME2E S EALA TR
S LA B o, 32240 I AR K B AR T Ah
241(P<0.05), ARFT AL FMLTI2141, HAbH:
MRIC B EMEZE T PR 2 1 3L AR 1) XA Y
H, SELEAR K AR 25 - (P<0.05), RS
A I3320 12 3 R T H AN 240 (P<0.05), i H At
PR TC 3 M 25 57 ().

W5 3407 o5 AN [] i DR R 2 i %) 4 = 13 R (51
R AT ARAR T 3% 0 2 8 ) 0 0l 5 S A MR R A7 A G
SYAT, NI AR A B 2 P MR B2 B
T HAL L (P<0.05); N2 BARFERK I B E KT
FANIA, BFERRE R EARE ARAEAS
A 3 MR 22 R B 3 (385).

3 iR

AR PSR EAMSTN-1 R H 2K
3824 bp, MHALHY—#E, B3I E 7 A
2NE AN, 185 HAD M2 O MMSTNE: A 7
1) L B S s A ARRLRE 5 T 2 MBS R
W A0 MSTN- 1L R (%) T 5 ) 32 HE A 1128 bp,
£t MSTN-1FI MSTN-23% [H 4 15 1) 85 (1 45 48 4 [+]
Y645 TGF-BHT K45 14 5 F1 TGF-B 2 TGF-B45 14
WA AL . AR RXXRE K 7
MRIRR. #FA 9O RSF 1 M 2 R ik 51, X T
SN KB W MSTNR JL T 5 h #8155
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A T G T T ¢ GG G A G C G C A C A A C A A C A C

il o)

T ¢ G G A G C G C A C A A C A A C A C

KWWU(\/\M

510 520 530
G ¢ AT TC G G G ACCCGATAC C T G A AT

T ¢ G G GACTCTC G A T G A AT

C AT
220 240

G
Locus 3 Z% &6t IH15 bpll it 751
GAAGCGCTGGTTCTT

B 1 E&MSTN-1EF 31 SNPsL = & F
] 1 Locus 1#1Locus 27 Sk b AR R R BALE, Locus 31287 Sk 2 [ Ak 0 B i) 4 R AL B
Fig. 1 The peak chart of three SNPs of MSTN-1 gene in grass carp

The arrows in Locus 1 and 2 represent the mutation positions, the arrows in Locus 3 represent the starting and ending positions of the deletion fragment

&2 Bt MSTN-1E[FESNPshi = & R & & E R R
Tab.2 Genotype and gene frequency of SNPs sites in grass carp MSTN-1 gene

(A= FER B FEAHL FER RS E b5 E e Yeprks
SNPs site genotype number genotype frequency allele allele frequency
Locus 1 EE 130 0.8025 E 0.9012
EF 32 0.1975 F 0.0988
Locus 2 HH 145 0.8951 H 0.9475
HI 17 0.1049 1 0.0525
Locus 3 BB 156 0.9630 B 0.9815
BD 6 0.0370 D 0.0185
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*3 HEMSTN-IERESNPsTRIERBE SE KM KRR ARSI BT
Tab.3 Association of MSTN-1 gene polymorphism with growth traits and muscle compositions in grass carp
BLAR B A% A /em R /g T /% FELRR /% HEA%
locus genotype number body length body weight fatness total fat total protein
Locus 1 EE 130 8.53+0.11 13.51+0.63 2.01+0.02 1.70+0.07 15.43+£0.22
EF 32 8.43+0.27 13.27+1.55 1.99+0.03 1.77£0.15 14.60+0.38
Locus 2 HH 145 8.43+0.10° 12.97+0.55* 2.01+0.01 1.71+0.07 15.23+0.20
HI 17 9.18+0.48" 17.71£2.93° 1.97+0.07 1.75+0.18 15.60+0.54
Locus 3 BB 156 8.57+0.11° 13.72+0.60" 2.01+0.01 1.73+0.06 15.28+0.19
BD 6 6.930.38" 6.78+1.22° 1.96+0.07 1.22+0.09 14.87+0.83
e W LA RS R/NG - BER IR 72 57 123 (P<0.05)
Notes: different superscript letters in a column of each locus indicate significant difference at P<0.05
®4 E&MSTN-1ERESNPsRUER 54 KRR AP A 518 % 57 4
Tab.4 Association of MSTN-1 gene diplotype with growth traits and muscle compositions in grass carp
XA FE[R R FEAHL R K/em Ry T E/% HLIE /% HERE/Y%
diplotype genotype number body length body weight fatness total fat total protein
Locus 1&2 J11 EE&HH 114 8.42+0.11° 12.80+0.56 2.01+0.02 1.69+0.07 15.40+0.23
J12 EE&HI 16 9.28+0.48" 18.33+3.04" 1.97+0.07 1.75+0.19 15.66+0.57
J13 EF&HH 31 8.47+0.28" 13.45+1.58" 1.99+0.03 1.77+0.16 14.60+0.39
Locus 1&3 J21 EE&BB 124 8.61+0.11° 13.84+0.64" 2.01+0.02 1.72+0.07 15.46+0.22
J22 EE&BD 6 6.93+0.38" 6.78+1.22° 1.96+0.07 1.22+0.09 14.87+0.83
J23 EF&BB 32 8.43+0.27° 13.27+1.55® 1.99+0.03 1.77+0.15 14.60+0.38
Locus 2&3 J31 HH&BB 141 8.47+0.10° 13.13£0.56 2.01+0.01 1.72+0.07 15.2540.21
J32 HH&BD 4 7.05+0.55° 7.25+1.86° 1.95+0.05 1.26+0.12 14.58+1.11
J33 HI&BB 15 9.51+0.47* 19.29+3.10* 1.97+0.07 1.83+0.19 15.62+0.59
T MFEPAL A RS F/NG 7RIS 22 573 2.3 (P<0.05)
Notes: different superscript letters in a column of the same two locus indicate significant difference at P<0.05
R5 HE&MSTN1EFESNPs=F B 554 KUK R AR AL 53 #8 5K 4 4
Tab.5 Association of MSTN-1 gene triple-type with growth traits and muscle compositions in grass carp
=R F K /n ML K /em /g NI /% HUIRNT/% M H/%
triple-type genotype number body length body weight fatness total fat total protein
N1 EE&HH&BB 110 8.47+0.11° 13.03£0.57° 2.02+0.02 1.71+0.07 15.43+0.24
N2 EE&HH&BD 4 7.05+0.55° 7.25+1.86° 1.95+0.05 1.26+0.12 14.58+1.11
N3 EE&HI&BB 14 9.67+0.48" 20.15+3.20° 1.97+0.08 1.84+0.21 15.70+0.63
N4 EF&HH&BB 31 8.47+0.28" 13.47+1.59° 1.99+0.03 1.77+0.16 14.60+0.39
e FBINARNG Z BRI 2 57 83 (P<0.05)

Notes: different superscript letters in a column indicate significant difference at P<0.05

KI5

IR B 1 K A7 A RXXR AR ST F b 2
?E, F W MSTNAE I 78 K W13k {1k i 72
TR SEPE R s ELMSTNEE PR f R P 43 A By
Iz, MR lﬁ@ﬁiwmﬂﬁﬁﬁrﬁ]i}ﬁﬁ
HILV‘]EJKEWEFH

] R 3
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Mpprh e s, — RIS R R Y
MSTNHE R B A ) 98 2 B 8 LA K Ok & B9 1
RS, X4 | RS s MSTNFE N (1) £ 254 K
5 RAHCHERE S, & BLX S5 ) MSTNHE K vh
FETE B B R 22 25 1 5 H AR K Mk B LA A
OYAFFE—E A . K= sh i, BHEMANY
KR S @ (Cyprinus carpio var.
Jian)PYEEMSTNIE P i 4 2 & BESNPsfi i, HZ
BSNPsh s o F N & T X35 B X LESNPsh £
Fe KR ST BT, A BLER 4> SNPs 5 A K
AR A OE(P<0.05), ABF5EH, FEFRL A MSTN-1
B AL R B3 SNPs A o, H I T2 &
T, TTREEENN G F RS R
W, S5AMEFA L EZ B kB RN, A
SRS REPY, AR E A MSTN-135 H 34
SNPsHIN T N F X3k, AS 52 i 56 X 2R 19 4
5, (R 0] BB 76 3k PR 5% 5% S mRNABY Y i) & 44 1
FART, ¥ w40 MSTN- 13 [ SNPs{7 5 5 A K Mtk
AT B8, & Bl Locus 2F1Locus 3 B {5 7Y
A A B 2050 o B 21 A5 R0 AR R R i R AR 22
ST B R (P<0.05) X S5 w0 £0 MSTN-13E A
H1 34 SNPsA o5 119 35 PR R 0E 47 43 AT, R IWEFZE
A T o B RS SR AR R AR, T AR R O % g8 A A
SEaP AR ET LR EE W, AN TiEkEFE
F18/N s HIZE AR FE PR R A, L A8 8
TR ARG R A, RIUZEF RS
ARKGET WS BDHA I 5 28 3 R R 5 ik
(120.0185), mIAEh ik B B AR LA LR AR,
%N s 2SR 28, 47 L, FALMSTN-1
FE 34~ SNPs 5 A K MR K WL AL B 23 4 56 43 BT 45
RRW, HIZAR &5 5 A KR A A
AR R AT LUK 85 8 MSTN-15E R K 43 14
Bh R F B 2

A B 5T %t B A0 MSTN-15E P SNPs{7 5 (BAe K
44 ) B LR AT HH G BT, BRSO
BDERAEMA A/, HAANMAHEH . MG
AR, TS BDREAS B4 A b Bt LA
FLR 7 . K2R (BT oAb 4], A0 3 1k 2=
5o FANUA RS T B 2 M 2 5 0T AR Ok i e
W b TR AR Y B, R RE R R
FHEKET; SBDRAMA SRR . K
FAE T H ARG, 7T A8 b FI% Bk 7 58745 52
wAARWAEREEY, wp 2, S8R
AR WA RALA S 5 AL 2 RN B

Fo AN, ARBFIEALER X £ LA LG I Rk
B S RIAT N, IR AR BT WL 24 R
LAY WA MSTN-135E K 22 250 5 LA R 4 Ot 1
5 W) A0 L PR ST A B4 ) Y DG R 43 BT A 2
E— 20 R RIS IE .
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Polymorphism of MSTN-1 and the association with growth traits and
muscle compositions of juvenile grass carp (Ctenopharyngodon idella)

ZHANG Meng', CHEN Yong’, SHEN Yubang', FU Jianjun', XU Xiaoyan',
SUN Junlong', HU Moyan', LI Jiale'"
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Tongwei Technology Center, State Level, Chengdu 610041, China)

Abstract: Previous studies suggested that the myostatin-1(MSTN-1) gene played as an important role in the growth
and development of grass carp (Ctenopharyngodon idella). In order to determine whether the polymorphism of
grass carp MSTN-1 gene was associated with growth traits and muscle compositions, 192 individuals from Yangtze
River were used in this study. Three polymorphic loci were found in the 3824 bp MSTN-1 gene: C1799T, C1842T
and TGAAGCGCTGGTTCT /2585-, which were named Locus 1 (wild-type EE/mutant EF), Locus 2 (wild-type
HH/mutant HI) and Locus 3 (wild-type BB/deletion type BD), respectively. A general linear model was used to
analyse the correlation between those three single nucleotide polymorphisms (SNPs) and grass carp traits. The
results showed that two SNPs have a significant influence on grass carp growth traits. Whereas, none of those
SNPs have a significant effect on grass carp muscle compositions. Multiple comparisons found that the body
length and body weight of individuals with HI genotype were significantly higher than that of wide-type
individuals, conversely, mutant individuals with BD genotype were significantly lower than wide-type individuals
at body length and body weight in haplotype analysis; the groups with HI or BD genotype also had the similar
results in fold type combinations analysis, while the body length of groups with BD genotype were not
significantly lower than other groups. Results indicate that HI is a beneficial mutation on growth traits, while BD is
a detrimental mutation on grass growth traits. Preliminary study indicated the MSTN-1 gene could be a candidate

modifier gene in Molecular Marker-assisted Selection (MAS) of grass carp.
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