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#§Z: & A PCR-SSCP fu PCR-RFLP $ A xt A 12 & #% il ] & K 47 | & (myostatin, MSTN ) #£ &
A JFFIHATT SNPs fr i i e fn 0 A, i1 2] 2 N H B £ A 1 (SNPs) i i (C-1453T Fn
T +33C) , H v C-1453T i T & 5/ 7 E8 box #1 Octamer( + ) J& 4% 76 4 2 [8] By K 4, T +33C #y
REMTE R FRE,BETEXRE, AFEREAKELT N A — &R AT $ A7
BEREADRFEKBER(AE KK K KEMREE) XK, HLLEREFKF
(P>0.05), # 24~ SNPs (L A AR HEEAH A 6 fF W EAR(EHEMENT 3% NAE), X
BAONENR, REE D2 ERE K Ay AR EENHESSGTHEeXER, mXE
A D5 ARE KK EE REMREENHEIRTEENEAE, WEA D2 5 D5 2 7% 5
NEEEKBERAGFEZFEF(P<0.05), NN EA D2 3 4 K MR & EAKX, 70 AfEA
D5 ko Zepya KR E AKX, B kIR MSTN £ EH R E 4 g XEFA D2 § D5 7 1k %
AOBYEEKEROAMROECLE, AE S FRIELERFEH AR FEH AR mEE
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L (RXXR) 1 C s A= Wi M IX . MSTN K& J&—
IR 22 K, 8 5 T R AR S A R Y A2 1A
454 R4t 3 Fh Smad # H N T, (5 A A
HELAZ , 3 A LR E PR (MyoD ) G2 % il b7 % 5
W, AT LA AR R R . IR
John Hopkins % & 24 52 ) McPherron 252! 7¢
WAL A (K A1 p (TGF-p) Iy & B, I B IR
PG ZHE A Y cDNA, H I R 2 10 1 UL PA 40 i
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phisms , SNPs ) J& 45 75 Y4 {4 (K He R 41 7K F B A
B MR 55 2 1) DNA JP 8] 22540, B A4
A I (1Y B L A A B i 2k A5 R
SNPs 1Eh—Jistfehric I B & F e g
e SR VAR L2 I Y % 8 3 R 9 i —
FhvE FH A DL DNA 7KF- 348 5 s YRR 1% B
JriE. M 1997 4F Grobet Z:'*)  McPherron 2%
73 BITE LU i 4 (Belgian Blue ) 1K 2R 547 4
(Piedmontese) 1 & B T MSTN LK ) B 8K il 2k
578 Sl X R A4 ) BUB MR Z 05 17 2
FHEANARI D HE XY AR &I MSTN AL
VE Rl e B R0 e AT T B IR 2 S PR
5T 3] MSTN R 1) 5842 5 sl i JIL A 7 i
BARDE ™ AEK = S 0y T MSTN S 4
g B PR HEA T BAAZH R 22 A M ST AR X 55
[E #p H A Christian De Santis 25" %} 242 Wy fifi
( Lates calcarifer) MSTN LK 47 79T, 162 3
F LRI T 4 4 SNPs i g5 B WAL UL R X
492 S K fa ( Larimichthys crocea ) [ MSTN 3
RIS AT T sl Z 8PS, 45 R R B 2
P 5 A AR o i 5 R A O (HL S LA AR D5 35
W EI . AR BT B 4 6
MSTN J BRI Ry R H R A MR 1 e Y, -
& MSTN JE LA st 4% 23807 0, 8 48
R REAMARA ST AR T bR ICH B &

(marker associated selection, MAS ) T 4E 2552 3LA1 .
1 MRSk

1.1 RIE##

SHAEd  FPRIETT SNPs Sk 1 24
R T2 K AR KRR OGBS A 1 127
ROBGTER H T ARE KO R LR, ik
SNPs [ i N R R BEHLRAE , BT E A
[7i) — 1t S50 A ) v R 58 10 H I il R 1 S g T
7 B AR B R KL , B E R ( ACD) 5 1 i 44
BN 61, 2k A dE 50 B AL KR 4 1k A
(TIANGEN) Ifit % & PRl 41 42 338 771 6 42 B it ¥k
DNA, fif5 DNA FEABIT -20 CTLRATF

EX S 81 Tag DNA R G5 A R A -
T B RE AR W B A BR A ] s pMD-18T vector
system I [ A A W) TRE AT PR A5 i 1] i
(E. Z. N. A Gel Extraction Kit) if#| & & % H
OMEGA /A H] ™ it ; DNA 2 BGA ) & 5 b 50 K
PREFACRHEE A BR A ] 5 IR BERG AT NN — Sl
XU P e R H I 8 N AR A R FD
KIGFFE DHS« AR SEIS 2 R4

HEVES FR 4 GenBank | % 5% 1 K 11
Ffi MSTN £t A 19 J¥ %1 ( GenBank JF 31 5
EF071854 ) 531 10 Xt 5|9 I K ¥ 1% MSTN %t [H
KMAATAHCEFYI (1) .

F1 AOEE MSTN EEFE3|MER
Tab.1 Primers of MSTN gene of largemouth bass

514 B A (5'-3") P (bp) Bl AR KGR (C) FAb
primer nucleotide constitutes length of products annealing temperature purpose
- F:CAAAGGAATAGTCTGCCTCATATC | 842 =4 FEES LR
R:TTGTCATCTCCCAGCACGTCGTA : promoter amplification
- F:GCCTATCAGTGTGGGACATTAA 990 0 Alu T FY)
R:GTTTCTATTGGGCTGGTGGCGG : Alu T digestion
3 F: AGCCCAATAGAAACGGAGCAGT 206 58.0 i 16 SNPs {7 £
" R:TCATCTCCCAGCACGTCGTACT : filter SNPs site
- F:CCTCGACCAGTACGACGTGC 177 =50 fifi i SNPs {3 55,
R:GCGTAATAACGGTCTGAGCG 00 filter SNPs site
Ps F:TGTACACTTCAATCGCGCATG 959 58.0 i35 SNPs {7 15,
R:TGCGTATGTGCCTGTTCCCGT : filter SNPs site
- F.:ATACGCATCCGCTCCCTGAAG 230 5.0 1% SNPs {7 i
R: ACCATAAGGGTTCAGTTTAGTGTA : filter SNPs site
p7 F: TATTCACACACACTCTGTCATT 216 =0.0 i 1 SNPs {3/ 15
R:ACTCCCCGGAGCAATAGTTG o filter SNPs site
- F: GCCAACTATTGCTCCGGGGA 993 57 0 i 16 SNPs {7 15
R:CCGTCCCAACTCAAGAGCATC . o6 filter SNPs site
- F: TGCTCTTGAGTTGGGACGG 990 56.0 Tk SNPs {37 5,
R:CTGGAGGAAAGAAAAGTAAGAGC o0 filter SNPs site
P10 F:CAAAGGAATAGTCTGCCTCATATC 207 _— Taq 1Y)

R: GGCAGGCGAAAGAAATGAGTA

Tag 1 digestion

E:FOIER G148 RS9,

Notes ; F. forward primer; R. reverse primer.
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kv 2ok B DNA #9323 R ACD
PUBEA , S50 1 e i K A BT, 3% AR B oA AR
SEPRZH DNA S IR0 & I 07 25 42 IBORE &t Bk
[KIZH DNA, B 100 pL X7 K K i, 0. 8% 11
TENEHHEERC R VKA TN DNA 5T i FIUR B2 o A6l 58
HEIRHR 20 pL JEFHZL DNA (77T 4 TR, &
80 pL JLH4H DNA {477 —20 CTHH.

SSCP 4-#7 ¥ 5 pL PCR ¥ 59 uL |
Feag sh i (95% it %, 10 mmol/L EDTA,
0.09% —H K% ,0.00% Rl W, pH 8. 0) 1B S )A
100 TAEH: 10 min J5 R H# & F 9K 240 5 min,
160 V HLE 4 CF 12% 3R 728 M 58 74 4 10k i Ve Je
HIPK 16 ~22 h ARG (4,

R XTI B R R W, 2R
ST EE I F UK [B1 U fS i 4 31 pMD-18T #8{4
b T B VR A AT R A I 0 el b
RAWHARA PR 58 Mo

Bibn B Ak & B HRAJE F 48 f R
FI R 7 MSTN K A H ARl 58 3 51 F00 e 245 2R i
A7 EEXT, I ) 45 i B0 % 1 (http : // helix. waustl.
edu/dcaps/dcaps. html) $E1758 78 /&5 BBV AL S A
i, SRR FIEN YOG Tag 1 K2 Alu 1 53513851 -
1453 AbFI +33 REZEAR AL AL, SR )G 43 5| 2 IR Tag
I S Alu 1 T2 R AAR 78 R0 SO S5 10 % BT 186 H
(9 5 Wiy PCR ) dEATREY) . V1™ H A 10%
R 1 SR P T A e P Dk R A T A

Gt 5T HTAEAE A —HL AW
FRBE RAFIN ] — B, AR ] 5T K A\ L)
TR 22 3], It DAAE S 57 AR B AN FR AR 2 (AR
5 RN LA FR R 22 5] . KT SPSS 15. 0 1 ffF—
2R AR A ( general linear model, GLM) , %} SNPs
A7 m PR AR 55 K 11 SR B 2 AR MR =2 ] Y A O
YA TR/ N 35T, GEit o BT BR AL Y, = u
+B, +e; P Y O FEAYERIRES  DMRCsE j A
AR 5 00 kg S35 LI B A AR - 294 (B

SEIME) B, 5 @ DRI BN 5 e X
TLEAA B B 22 5800
2 AR50
2.1 PCR-SSCP %&£

MR 1 b 2% 51 9 1 2% 48 Fi Ak %) MSTN
FEH AT PCR 4738 4738 7 W R/ 5 FU43 K
INAE—B TIEROR R AT WA R R e S o R
X4 Wik T SSCP 20 #r J5 & B, I Bl FEs —
S | DNA FFAIFE T IR 2 840, 56 —
SRR =AM P TS . PRRIE A
PERIAS R4 PCR 74 43 5 3647 24k , 3% 12 5]
pMD-18T A I, i 5 BH 4 &% £k 24 7 0L ] J 371
DUSE o B BTy 0 4T W) 81 e 3 & B, I 3+
I —1453 AbFEAE CoT 872 4h i+ +33 AbAETE
T—CHAE, Jihth 1) 28 HE IR A A2 A8 ATh 9K
225K
2.2 MUIER

K BRI N UG Tag 1T %K1 HBfyi MSTN
LR - 1453 Jhoe 72 S 1 P ik AT R Y, 45 R
BT 3 Fh AR, 43Rl 45 : AA (78 bp,333 bp),
AB(78 bp,333 bp,412 bp) ,BB(412 bp) ,fj A.B
PSS R . BRI N DTG Alu T XK
FI &6 MSTN JE[A A) i + 33 Lb 4™ 34 7= Py #k 17
fg), 5 R BT 3 AR A, 4300 A 44 AA
(220 bp) ,AB(83 bp,137 bp,220 bp) ,BB(83 bp,
137 bp) , A B P~ i PRI PR
2.3 ERBRHERMES®H

MSTN B — 1453 4bF1 +33 Ab 58747 mi K B
1) 3 oo J [ 0 R R 887 5 PRI 38 70 R 11 SR P
SIS RAESR 2 H. MSTN [ - 1453 4k
AR SAE RO R ih L AB Bl fR 2 A B JEH i
RILAAN Y 5 TSN F +33 AbAE S E R
maih LR R L AA R AB BUJR 2, A SEH S
R 0.604 X RKUILER H R A S50 5L H N
PEAEEA

®2 AOEH MSIN EERELEFRB KR HEFEHR
Tab.2 Genotype and gene frequency of SNPs sites of the largemouth bass MSTN gene

B o SEPR IR (A 45 (L SE A
LA LR genotype frequency ( number) gene frenquency
locus number

AA AB BB A B
C-1453T 127 0.24(31) 0.51(64) 0.25(32) 0.496 0.504
T +33C 125 0.41(51) 0.39(49) 0.2(25) 0.604 0.396
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2.4 MSIN ZERZEMESAORGFERMEIRX
B4

FEGFBERY 2 4~ SNPs {3 5 A [R] 32 H AL 5 K 1
R A R R SRR (AR 5 A 32 %2
AR MR T — MR M A (GLM) 40 BT 32 9, 2
A~ SNPs o7 i AN [R) 3 PR RS 5 R o (R iy A4
S FITHRS (] 5 447 A 3k 1) Jg 3 PE K (P >0..05) (32

3) o HF 2 DRAL KA R R R TRUZ 5 6 AU Y
(EIBRNT 3% WALE) , RBRIT AR , XU
T D2 AERTE R AR AR B8 AR (8] A 24 {6
i T B RS AL, T AU R D5 AR R
PTG A S T HIR ] B P 22 R4 R T B XU 2R, X
58 D2 5 D5 Z[AlfE 5 A 2 A KRR 1E
2 (P <0.05) (%4),

%3 MSTN E[E SNPs ARERE 5K OB ERIERAI KBRS

Tab.3 Association of MSTN gene polymorphisms with growth traits in largemouth bass

SNPs fii i JEFER (FEAHE) HE(2) A (em) A% (em) 5% (cm) AR M) R (cm)
SNPs site genotype(n) body weight body length body height body width interorbital width
C-1453T AA 497.27 £34.90 26.00 +0.57 8.53 £0.26 4.50 £0.14 2.22 +0.06
AB 474.91 +24.87 25.52 +0.41 8.39£0.18 4.41 £0.10 2.17 £0.04
BB 441.42 +35.46 24.91 +0.58 8.24 £0.26 4.31 £0.14 2.13 £0.06
T +33C AA 467.65 £27.93 25.70 +0.46 8.36 £0.20 4.40 £0.11 2.19 £0.04
AB 483.97 +28.22 25.40 +0.46 8.45 +0.21 4.43 +0.11 2.15 £0.02
BB 457.29 +40.33 25.47 +0. 66 8.33 £0.29 4.35+0.16 2.16 £0.06
*4 MSIN EEARENEESKOBHERKERBKXEKS T
Tab.4 Association of MSTN gene diplotype with growth traits in largemouth bass
WAERL SNPs fii i SNPs site Sl (% ) K (g) A (em) A5 (em) A58 (em) HRTA]#E (em)
diplotype C -1453T T +33C  frequency body weight body length body height body width interorbital width
D1 AA AA 24.39  482.65+35.43%° 25.73 £0.58®  8.40+0.26°  4.43 £0.14®  2.21 £0.06*
D2 AA AB 3.25  716.50 £37.21* 30.12+1.24* 10.64 £1.00°  5.50 £0.53° 2.40 +0.02*
D3 AB AA 16.26  445.15 £43.39™ 25.66 £0.71®®  8.30+0.32°  4.36+0.17° 2.17 £0.07*
D4 AB AB 31.70  495.55£30.31%° 25.60 £0.49®  8.49 +0.22%  4.46 +0.12®®  2.18 £0.05%*
D5 BB AB 4.88  327.33 £39.22% 22,49 +1.29° 7.47+0.58°  3.90 £0.31° 1.90 £0.13°
D6 BB BB 19.51  457.29 +39.61%° 25.47 +0.65*  8.33+0.29°  4.35+0.15° 2.16 0. 06"

U [A =8 PR R 22 5 B (P <0.05) ¢

Notes; Values with different superscript letters within a column indicates significant difference at P <0. 05.

3 Phe

MSTN & [N 5 2 4 8 B LS A I 14K,
FLIIRER BRI 2ot 1 B LAY 5 IR, i A A
152 RE B Sl 4y B s DUNLARE S0 A )32, PR R
LR, BT L MSTN 5 P 478 12 7 85 7 PR R A o
Y FEAR LD L S o K g
MSTN 3[4 8l 5 4% oo F B 0 58 &k 3L, MSTN
RHESTA 2 A TATA &1 9 4> E-box, H
E6 box 45 K F f T MSTN J [A ¢34 1) 52
P15 X 2% 5 T 4@ b X ) RE F 5 07 T, £ 42
TNl MSTN JE [ 22 34 7 My 1 DT RE IX. 3 %2 iy
109 ANFFEBR LI, 9 53X — BUa S TR i B 4 1R
EREPIEINE T 3, Ko 9 A PR 1% N
TR RN INEE, B R TR IR A
FERHI AL PCR-SSCP £ A X K M 7R fiy7 MSTN

FEHEAT SNPs i, I T 2 4> SNPs i i, H
H1C —1453TA; T /8 31 T E8 box FI Octamer( + )
PAFETCIEZ A 1 X85 A0 7 T+ 33C [ 5848 b
TE—HMNE T X, & T W] 58 H A BRI A
R AN 22 IR 5 5E7E R FABRICA [] 35 [A] Y
55K PR A MR IR 23 M, 292K R 31 18 35K
(P >0.05)  BEHZEE P RAE N SOIFAR B
FERCMIZ L 1 e sk I fig, X 5 R P A8 A o
JIF b B 5 TR D RE A — 2

SRy — T OB 43 B 0 AN A 23 A
HA% Y (haplotype ) 73 A1 J7 125 1) H BRAR &7 b fi T
T BRI AT AR B AL SAE BB R A g
SRR R . T A A SNPs 2[RI 4E4E A
HAEF, PRI S A B U B HE 1> SNPs
A% £ (1L 70 2 9 3k [ 000 R (5 B AR 5% %
MSTN J5 PRUAS [] U AL 5 K 1 SR A 4 MR AT
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RIRIIHT, AR R DUE T D2 fERE MK A
T A R T8] B P S (g 8 L WU 2, T XL
774 D5 AEPRE MK AR R AR T AR () B 17 2
(EI T HERUE R, XU D2 5 D5 Z [H]4E 5
A EEE RPIRIIAFAE 2257 3 (P <0.05)  #fE
DAY D2 36 A A POIRE TEAR O, AT A S 20 1
PRICHH B A Rl R Y AR, MmO DS 5
R RGP A RARIR O, W R AR,
I PEAIL PR AN, T PRI P RSN,
LI IR At A

AR R TR TEAR et 223 P 1Y
FAAE FRGEN 1 26 FE P AT REAE A [F] 1A P 20 B
% SEN IS A NV RS NI RS VA S SRR N 1
KK MSTN JE A 572 i ) D2, D5 X% B ARIC,
ACEEUEIIHAE A R i ] A2 A i 20
UEFCAEA [ At A A DG , 1 — 25 i DR A
FEEE A HERS Ik A0 0] FIAE , DA BT 5 T 2R A5 1Y
SR P RS MEARATFE A K (9 D2 D5 BUA% A
PRICIE T3 ZAEA RV i AN R A R AT AT G
nE A R P — P R, 73 Ah, R AR
NPT P EEN HERZ — KT SES
PR 76 26 AN [ 7 B2 B AH SG . AR A A /) e
BT R T B O AT A RO A R 11 5 o K
ROPHTEE R AR ST A R 1] P SR SRR
P E] R R R 1 2R B R R Y SO SRR,
WA TR TR T ATE M | HR B R A oy
SRR A ARV AR IC— SRR T AT 25
R T TR 5 08 77 A0 5 0 2 O A BAT B 1Y
ZEMEFE L
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SNPs detection in largemouth bass myostatin gene and
its association with growth traits

YU Ling-yun, BAI Jun-jie * , FAN Jia-jia, LI Xiao-hui, YE Xing
( Pearl River Fisheries Research Institute ,Chinese Academy of Fishery Sciences;
Key Laboratory of Tropical & Subtropical Fish Breeding & Cultivation,
Chinese Academy of Fishery Sciences ,Guangzhou 510380, China)

Abstract: Myostatin or GDF-8,a member of the transforming growth factor-g ( TGF-B ) surperfamily, has
been demonstrated to be a negative regulator of myogenesis and inhibited myoblast proliferation during cell
cycle and myogenic differentiation in animals. In present research,two SNPs sites(C —1453T and T +33C)
were identified from total MSTN gene in larghmouth bass by using PCR-SSCP technique and sequencing;
The mutational site of C —1453 was between the regions of E8 box and Octamer( + ). the mutation of T +
33C was situated in the first extron of the MSTN gene, however the mutation of the first extron has not
changed the encoded amino which belonged to the synonymy mutation. The three kinds of genotypes per
mutation site were obtained by PCR-RFLP method and the genotype frequency of the mutation was caculated
in the population of 128 individuals. A general linear model was used to statistically analyze associations of
MSTN gene polymorphisms with major growth traits respectively,and the results indicated that there was no
significant difference( P > 0. 05) by all genotypes of single mutation site. Six diplotypes, with the minor
allelic frequencies of above 3% , were constructed based on two SNPs in the experiment population. The
means of diplotype D2 were over other diplotypes and the means of diplotype D5 were lower other
diplotypes in terms of body width, body height, body length, body weight, and snout length therfore
associations analysis indicated that there were significant associations between diplotype D2 and D5 in the
five growth traits of largemouth bass. The study implies that diplotypes D2 and D5 of MSTN gene could be
used as the moleculer genetic marker for selection breeding.

Key words: largemouth bass ( Micropterus salmoides ) ; myostatin; single nucleotide polymorphisms
(SNPs) ; diplotype; association analysis
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