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il Bl O MR R AT B U] BT i X MSTN FE R i#E 47 SNP 43 B, 57 s /D R I 43 I B B0, B B SAS #4443 1 4k
P GEHRFRA A6 ANFER 76 A AT IR 16 4 SNPs, b 4 MUF RS PR M TFH L NE 1.7
MMETFHE 2 NE TSN BF 1AM EF 2 1 3" UTR KR IR A2 SNP 7 5. % MSTN JEH [ 4 4~ SNPs fi7 15
(P1,P3,P4.P5; it P1.P3.P4 i TR 37X, P5S i T & F 1 KO B AR PR AR G434 S 7R P4 R P52 AN A%
B 22 25 Mk 58 A K MR B3 AH 56 (P<C0. 05) , P4 Fil P52 A7 5 BAG A 43 TR 30 56 B0 5% 35 b B 8 7 1 AR 1
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Polymorphism of MSTN Gene and Its Association with Growth Traits in Porcine
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Abstract: Myostatin gene (MSTN) was regarded as a candidate gene for selection of porcine
growth trait. In this study., the SNPs of MSTN gene had been detected and its association with
porcine growth had been analyzed based on reports on its gene structure and function to put it as
molecular genetic markers in porcine breeding. Using templates of genome DNA from 6 breeds
including Landrace, Yorkshire, DurocX (LLandrace X LLarge White), Tongcheng pig., Wuzhishan
pig, Laiwu pig, the SNPs were identified by cloning and sequencing of MSTN gene located in its
promoter region, intronl, intron2, exonl, exon2 and 3' UTR. Matrix assisted laser desorption
ionization time-of-flight mass spectrometry methed was used to genotype SNPs in MSTN gene in
Landrace and Duroc X (Landrace X Large white) two experimental group and the data was assess-
dzed by SAS software. Total 16 SNPs were screened from 76 individuals of 6 breeds, of which 4

located in the promoter region, 5 located intronl, 7 located in intron2, while no SNPs was dis-
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covered in exonl, exon2 and its 3' UTR region. Association analysis of four SNPs (P1,P3 and P4

located in the promoter region; P5 located in intronl) in MSTN gene with growth traits indicated

that P4 and P5 were significantly correlated (P<C0. 05) with growth traits. Both P4 and P5 have

the potential application value as molecular marker in porcine breeding.

Key words: pig; MSNT; polymorphism; growth traits;association analysis

AL A 4 1 #E (Myostatin, MSTN) & TGF-8
R I 51 22—« B W) 5 [ 24 o o A G S K
SEBEF 1997 F R BN RMA K E W EIEHE, &
PR LR R S 1 2B KMl 7, 2 5 R 4% B L
AR EE. B RAE MSTN /ER T . B4E
FEAN ML GO/GL By B IR 1k A K AE a4k
Kh R vl A A L 20 M ik MSTN ., g%
M ZNE IR . BRI AR 21~35 K]
AR 3] MSTN 3k, 25 49 RiZEEH Kk KB
AR AR IRES 105 REF IR FEAR, 2B )5 2 i 5
AR . B AEN MSTN AR 5 # 4= LA
REWRILH, @57 T4 MSTN 54 % 241K &
MERIE R G Al B B e R AR E A
MSTN WK, & 748 S e = RS . B Kz
S5 Ry it — L R Myostatin (1 W #E L, @37 T ML
PR A K 4 ] 22 (Myostatin, MSTN) 3% [ 1T 2 11 1% £F
AL F L K5 MSTN i [F 3T Bk 1 5 ik (5] o 28
SEFERES . AR AL R | PCR-SSCP 4 R F 5% %
MSTN FEH 5 3 48 FFEE 2 b BT X I
DNA Z&M 85 R ZMEX 2 MM B FhIFEL
AT AR R 55 R F PCR-SSCP 4 A 75 #
ifh MSTN S 1 N & F AL 3 4+ 4 il
HEEMS RSO MSTN R EK K E T
AR L IEAT T Z R0 5 8 B 6 I
oy F s AL bR ic B K 4

1 MRl5F%E
1.1 Rz

AR B 6 ARG RN AL 76 A4 o
KA 18 3k VKA 12 3k % T 10 Sk i S
12 3k B 12 L HFg g 12 k. i T MSTN
LI SNPs A7 s i vk . & B L mt S 1 65 3k
KEREA 307 KA KK T MSTN S&[H SNP 43
R, Hg KA 6 8L e 1 8L:10,10,13.9,
12 F0 11, AR RAE L 27 55 B e 7P A8 9~15 3k
RE& ., REFHLULA 75 %R . —20 CHEAF.

1.2 3EHEFEHE DNA R

FEH A 2 b R 20 DNA $2 508 B 0 19 -
ST AT S 1 V0 SN ERE I F UK RN 58 AN A 0 o
FHAG I B PR A 09 BE A4l 2, —20 CRAF,

1.3 5|#igit

HR A5 NCBI ¥4 2 B A 1 (19 (4 5% MSTN 5 [
¥ %1 (GenBank: EF490990. 1) % 5| 43 i1 it 0 . F
i Oligo 6. 0 B T 12 XF 514 (% 1), fi
PCR J i 4 4 194 BEAE 500~1 500 bp Z [] , AHZE 2
XFSI A B 0 R Bl 30~150 bp A2 45 1 H & P
G WO T 5 0 R B 2 1) MSTN 3L ¥
51 (5"UTR 1 3"UTR, 2 A~ & F M 3 ST, 0
K HE R 7 626 bp).,

1.4 PCR # X% =4 Bl

Ph ik DNA AR MR 40 3 it 47 i 12 %5519
HEAT PCR. Y M H I R B, 15 B3k 1 s,
Yook 94 CHIAEPE 5 min; 94 CAEE 30 5,58 C
Bk 30,72 CIHEM 30 5,30 DMEFR;72 CLEH 10
min,4 CPEFF, BRFL 50 pL.

I B B R s 2 Ak [l SR (b ot 28
EFEARA A FD ik ifk PCR ™4y, B4R #:1E
RS WA & Bl Ui
1.5 &8 FHU AR ELETERNFRIE

AR g A RO R 2Pk B A By pMD18-T
BARHATE . TR AR R A 5 pL, 3% 5 4
4y :PCR [H 7= ¥ 2 L pMDI18-T #ifk 0.5 pL;
Solution I 2.5 pL, BT 4 C,iIwiEH.

P W) AL DHS o R 3Z 25 41 B, PRI 5w b
BB A S 5 O BH P o I A R TR Y B B A
FRLZA w64 T I 6
1.6 MALDI-TOF-MS % SNP 7 8 & #4E 4> #7

A1) o el B 9RO A WO R I ) B 3 X
MSTN JER #E4T SNP 2081, %k 22 25057 5 A 25 o7
PR 3 A R AR b AT G 3 i . ST B/ e
P BB (RS T IS5 1D, F F§ SAS (Version
9. 0) B A XoF a5 1) 2 288 o7 A5 1 56 IR R 5 O 5
PRI 55 A KPR BEAT ORERPE A0 B . Geit e M s AL
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Table 1 Primers for PCR reactions

ElE7) F1HFE51(5'-3") PGB /bp 14 XI5 RIGREE/C
Primer Sequence of primers Product length Amplification region  Annealing temperature
GCCCTCTGGTCAAATGAGAAACTGGC Ja 8-
Prl ) 1348 55.0
GAGCTGTTTCCAGGCGAAGTT ST 1
GGTGTGGCAAGTTGTCTCTC A F 1-
Pr2 o I . . 620 55.2
CTCTTTTCCCTCCTACTTAC NET 1
ACGACGGAAACGATCATTAC
Pr3 ) 1 257 WET 1 55.2
CATTCAGGCTATCTCAAAAC
GCTTACAATGACAGCATGG
Pr4 - 314 NETF 1 56. 4
AGACACTGTGGAGGAACATC
AGTTGCTCAGTGTGTCTCGT N& T 1-
Pr5 ) ) ) 600 56. 4
TGTAGGAGTCTTGACGGGTCT NET 2
AGACCCGTCAAGACTCCTAC hhE T 2-
Pr6 I o 662 56. 4
GGTTTTAACACACTTGGCAC WET 2
TACTTGCTCTTCTGGTTCATCTC
Pr7 ] 529 NEF 2 60. 0
CCTGCCCCAATCTTTTCCTCCAT
g ATGGAGGAAAAGATTGGGGCAGG 776 WNET 2- 76
r 57.
AGCATCGAGATTCTGTTGAGTG AT 3
ACACACCAAAAAGATCCAGGAG ,
Pr9 o 666 Sh T 3-3'UTR 59.9
ATTCACCAGAACACAAGGAG
CATGCCTGGAGTATGCTACAGT
Pr10 504 3'UTR 53.4
CACCAGCCATTCAGCCTATTG
CAAGTTCCCATTCCTATTC ,
Pril ) 673 3'UTR 56. 4
CATTCACATTATACAGCCATC
GATGGCTGTATAATGTGAA ,
Pri2 492 3'UTR 55.0

AAAGCAACCTAACCAGAAC

7@%@ I s Vijp — ,uTLB, JFS] Jer +eijk/ H

B IT: vy = p+ B, +S; + Gy + Gy + (G
X Gy) + ejum o

Y | PO 23 BT A 20 25 07 s 14 ik PR 580 7 %
PRS2 08 LR TT IR 20 Bt 2 4> 22 25067 5 1 2k T
TSR R YRR . Ly O SRR () A
21 H B 8D B WEAE 0 N BER B ISME B,
S A RLRIEY RN 5 S; ] 5 BB Ge R TN
B ke WYL 3 Gue N a L J5HE Y b BYBL 3 Gy h b
PE R FE R 1 BB 3 G X Gy N a i i T 6 PR BB R
b A 13 PR RL ] B8 EAR ROV 5 e Dy BHLGR 22 .

2 F R
2.1 MSTN £ [H SNPs {if & 5 1%

MR B 12 X519 73 51X 6 A4 Rl 36

76 AR MSTN B K347 PCR 4735 Al )5 43 97 .
FLFHEBE 1 16 4> SNPs i f1. W3k 2 fros, H 4 4
SNPs fii 5 F 5" UTR X ,5 4~ SNPs i s i T4 1
W& T,7 4 SNPs i S5 2 W& 7. SR 7
MSTN H:[H 551 F1 3" UTR X 34 A4 0 31 £ 75 7
R

XoF T i 16 1) SNPs A3 a5 728 BT W0 5 i B 4K o i
TG40 BT K B0 A6 B A 19 6 A S B 76 A A 1A
o P Z2 350 0 BUTE K B0 AL I v 5 A
P2 22350 R BRAE A LR R A AL R
P4 F1 P5 i st BEAE 38 8% A HC A8 LA, B A
P B BAEL G F 2 G R R 3 pE v
afi &1 P6 A7 A5 BT U RIS Je s 5 PTUP1O
F1 P13 A7 S A BAE FO AR Lg% s B P10 7 81 45
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Table 2 Distribution of MSTN polymorphisms in different breeds

(A= B TE AL &/ bp KA KA KREH A e 1 Il HAR S
Site Location Mutation  Landrace Large White  Duroc Laiwu  Tongcheng Wuzhishan
P1 435 (5'UTR) A—G A/G A G A G A

P2 447 (5'UTR) A—>G A/G A/G A A A/G A

P3 543 (5'UTR) G—A G G G/A G G G

P4 879 (5'UTR) T—A T T T T T/A T/A
P5 1 735 (Intron 1) G—A G G G G G/A G/A
P6 2 099 (Intron 1) C—>T C/T C C C/T C C

P7 2 882 (Intron 1) T—C T T T T T T/C
P8 2 970 (Intron 1) C—>T C/T C C C C C

P9 3 013 (Intron 1) A—>G G/A A A A A A
P10 5 173 (Intron 2) A—>G A A A A A A/G
P11 5 258 (Intron 2) T—C T T T T C T
P12 5 380 (Intron 2) C—>T C C T/C C C C
P13 5 479 (Intron 2) T—C T T T T T T/C
P14 5520 (Intron 2) A—>G A A G/A A A A
P15 5 567~5 582 (Intron 2) Poly A B H AR 8] - AE 22 57 2~5 i gk

P16 5 762 (Intron 2) T—C T T T T/C T/C T
2.2 JRikik SNP 53 E

H T P2 AL s B 51905 HA AL 5% B 51 4 6
B F B 4T 2 F PCR RN 46 JF i 6 19 16 A~
SNPs fi i /£ MSTN JLH DNA J5 5] i {7 & . A<
WFoT L T P1.P3.P4.P5.P6.P7.P8.PY i P10 4t
9 A7 A5 CHevh P1.P3 1 P4 {3 T3 8 7 X . P5.P6,
P7.P8 F1 P9 i T4 1 W& T X, P10 fif i i T26 2
W& F XD, FlH MALDI-TOF-MS 34341 65 k&
A 307 Sk RFE 9 A 224500 o5 1 L R A,
GER R AL PR RN 9 > SNPs fi £, P1,P3,
P4 F1 P5 (7 S AE K FRE ALK KOG 2 M RER N R £
AL M P6.P7. P8P I P10 {3 £ 78 T 40 #1119 2
AR T Z SIS GRS .

2.3 EHMAEKRBEYEDT
2.3.1 HRKMIRgG X 3 R KM 2

A ah R AR EERT 21 H OIS WY AT S M Kt
AP P80 AR 22 7R RO BT A R AR 3.
2.3.2 S0 DRI A% R PR 2R A R X SNPs
oy BUEE R EAT GE T o3 M, T3 SNPs 7 s A2 K EF A%
TR IR v ) 5 437 58 DR 430 23 AR B DR BB A R

x3 BYEEM2 HREDESZ T HSHER
Table 3  Statistical results of birth and weaning weight of pigs

WA MR WA /ke 20 HIBWSTE ke
Breed Number Birth weight 21 days-weaning weight
KEA¥ 65 1.3540. 30 5.85+1. 24
HEXE 307 1.43+0. 31 6.06+1.25

4 A~ SNPs s 75 2 A HE i 55 407 ik PR 42
FIHE PR B R G0 1 45 B & 4 R - 76 K A 0 R
KK PL 28083 M AAAG GG 3 Flk
WAL ERKEABR, SR G WM RS, N
0. 546, FEALI K AE b, SF (3L G AR R =, o
0.803;P3 ZANL MK AR EA AAAG Fl GG
3L AL, AR A AR, o 0. 531, 7E
KEAME KRR EA AG il GG 2 FpIE R AL, %47
B G R 0.897; P4 A HAEK A
REAAE R KA AL EA TT f1 TA 2 Fl 3 1 B, 25
PR T 76K H 3 AR K0 2 B R
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FERAR Ay 91 0. 954 F10. 9933 P5 4807 S 75K
HE ALK K B GG M GA 2 Fp kR A, 25

PrFE G LEIX 2 A FE IR b i A AR s g
0. 95470 0. 993,
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Table 4 Allele frequencies and genotype frequencies of MSTN gene in four defferent polymorphisms

Ji R 70 45 % &5 37 e R B R
i x5 i ik Gen;}:je fiq}u:ency Aﬁlﬁe?r:li)eiy
Site Breed Number
GG AG AA G A
- K H % 65 0.231 0.631 0.138 0.546 0.454
R KM 307 0.632 0. 342 0.026 0. 803 0.197
GG AG AA G A
P3 KB 65 0.108 0.723 0.169 0. 469 0.531
R KM 307 0.795 0. 205 0 0. 897 0.103
TT TA AA T A
P4 KA 65 0.908 0.092 0 0. 954 0. 046
KK 307 0.987 0.013 0 0.993 0.007
GG AG AA G A
P5 K5 65 0.908 0. 092 0 0. 954 0.046
KK 307 0.987 0.013 0 0.993 0.007
2.3.3 A 5IKE A A G I Fe 7 — e ik PRERIAE TR 21 H I W 95 8 43 5] e GG R R A

39X P1.P3.P4 Il P5 v s 1) 2 251 5 5 9 A4
21 HEE W 8 17 SR 20 A o AN [A] 25 PR AR %t
N WA EEA 21 H O W 0 8 SR/ e B BOR R
TR RIRAHTEE S Es  P1AT P32 A7 5 1 SL A
RISKN 5601 A T A 21 H i W 43 5 35 TG B 35 AH 56
PE(P>>0.05) P4 1 P5 2 AN 5 0 B0 2 25 4 6
(P<20. 05) CEaimg) .

XFT P4 FIPS 22507 5 : Q1 3R 5 R P4 i o5
FE 2 AFEAR T TT B AIAS (R A TA BE B R A i
6] ) A ER 21 H g 22 5 @ % (P<C0. 05), TA 3%
RIS A il 40 A= TR0 21 H I W 20 9 e TT 3%
HAIARTE 0. 26 f1 0. 57 kg, P5 5 7E 2 M EEA
L GA BRI ASAFT GG KL PR B AN (A (8] 1) ) A=
21 H & W 22 55 3 (P<<0. 05) GA FERH A~

KT 0.26 1 0.57 kg.

P1 Ml P4 &SR Hr 45 R an 3k 6 fifm . Pl
P4 A I BRI BN S0 AE R 21 H S W9 E
YO0 8 E M e (P>0. 05),

P4 Fl P5 G I JE PR R 3 B 45 SR an 3k 6 s L A8
FRRFEAT AT 2 S REAR T, B T P4 F PS A s i1 5
PR TR 22 5 A TR AT L DR G AR 2 A AF R b SO I 2 2 F
AHFE B TTGG M TAGA, i A I 3 B %I 550 1
55 P4 5 PS5 BRAS Z2 A I S DR R A5 R O — B0
HIFRHEB TTGG MR TAGA 3 K B A A 2 7]
MR AE A 21 H i W % 8 25 R 8 3 (P<<0. 05),
TAGA JEFE AR 9 A T 21 H S 8 45 5 4331
b TTGG AIANMATE 0. 26 A1 0. 57 kg,

®5 MSINEEPAMNAMPSUmESESHENXKESHT
Table 5 Polymorphisms and body weight association analysis of MSTN gene in P4 and P5 site

Z AL A% F [H 7Y WIEH kg 21 HW ke
Polymorphism Polymorphism Genotype Birth weight 21 days-weaning weight
362 TT 1.38+0.02" 5.9340.11"
o 10 TA 1.64+0.10° 6.50+0. 48
P5 362 GG 1.3840. 02" 5.93+0.11°
10 GA 1.6440.10° 6.50=40. 48

[ ) K48 I AR = B AH S 3R R 22 53 B (P<C0. 05) , JIThR F R KR 2 R A B FH (P>0.05), T

Different letters in the same line means significant difference between the treatments(P<C0. 05), same letter in the same line

means not significant difference between treatments(P>>0. 05). The same as below
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Table 6 The least square means of the combination genotypes for P1 and P4 sites, P4 and PS5 sites in body weight

iﬁfnfn of genotypes Iilltfifr 14 # /kg Birth weight 21 H iR WY HE /kg 21 days-weaning weight

P1 P4

GG TT 209 1.444+0.03 5.9340. 14

GA TT 138 1.35%40.03 5.9540. 14

GA TA 8 1.4240.11 6.04740.58

AA TT 14 1.35%+0.08 5.9140.41

AA TA 3 1.50£0. 22 6.97+0.91

P4 P5

TT GG 362 1.384-0.02" 5.9340.11"

TA GA 10 1.64+0. 10" 6.5040. 48"

GBI e S R - 45 5 0 3 AR AR AT 00 K 2R

3 93 AR RAEFTWE T 1 4> MSXT 8 5t 1 1) 25 &

3.1 MSTN £HE SNPs

125 1k A HRGEFRAE Texel 435 MSTN JE[H
3'UTR KIHAFEAE— 4 SNP fi7 5, miR-1 F1 miR-206
3 R T 12 5 AR B A T E T R BT Texel 45
PR S E RN, ASBF ST G X MSTN %:[H SNP
P R 3" UTR R A %745, MSTN
3"UTR J7 41 J& 45 £ [7] — 4 B s A [w] 499 i i) 2 A
55 G 0 17 9 ) A M v B R <1 4 BB A Ry T E— 20 B
T
3.2 BEREFHEEMAMTN

A% M ] TFSEARCH Chttp://www. cbre.
jp/research/db/ TFSEARCH. html) ¥ % A T 45 &
AL ST T % 22 35 07 a5 28 AR WS e sk T A
PR AL AT T . BAR P1 AL A—>G %A
B 1A Eviel BB 7456 005 H P1 AL IR
Ab T U REME SO S X B T TR AR L T P
A RHRME 2 BT W AIE 52 TR =2 | Tl 2. P2
i A>G IRZESFEIEM T 14 v-Myb 5t
F 454G A v-Myb B FT 2 Myb, v-Myb £ 4
i PN R A% G B — I R A 2R Ll B B AT A
oMyb Sz EUXE LA 40 # A= K S e g - . P3 A
P4 A7 15578 43 1) T B > M T 2 4> CdxA &%
FHEF AR M — A TE SRR &
CdxA £ 5 Myf-5 R EH R # LA A K&
.M A MATINSPECTOR # 4% P4 254 5

A MSXT 5 R UL 45 P MyoD ., Pax3 45 & 4=
5 S V8 9 B LA B 1) 4 i A
3.3 EMSIN EESSUEERENXBEES T

Xof A A f 4 > SNP 7 5 i 2 25 1 5 5540
ATERN 21 H i IR 4 i R AT O IR A T, A SR SR
Pl v i Z M50 AR EA 21 H % W05 G B 3%
M (P>>0.05),A. Stinckens % % 3 P1 {3 &5 3f:
B0 T R SRR Pk B PRy XN T R —
U0 SR 28 A48 T AN 23 6 36 PR ) ek = A g -

P4 i A6 2 MR 2B BHA TT A
TA 2 FpIRHA, A4 figs MSTN 3 K 78 % 7 14 TR
FEEA 2 ARBFE R I, P4 7 o5 55 3k
A BT R AR KA 8B R s L R, I
HR AR A A 557 RIS A T 38 35 5% A
FAR /N RVEEAR . 5 R B, 7R K A AL R
W 2 AR AL SRR E] AA SR AT

AW 5T AR e /N e i %) P1.P3. P4 Al P5 {if
S LB S E A EA 21 H O W R A7 G B
PEAIHT 25 B L. P4 F1 P51 5 2 8k 55 4 &
A 21 H % Wy 7% 5 47 A 835 A O (P<C0. 05), 2
L2 AT TA FI GA 4 f 3 5L R i B
AR TT f1 GG ¥ oy 45 5B P4 A PS A
SR I B BT R B, TAGA SRyl 3 35k P 7Y
TTGG Jy 47 #HEEH AL, 93 1 9] AE TR 21 H % 8
W E 25 8% (P<<0.05) . HAE Bk 2 ABRL b,
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MSTN J:[H P4 F1 P5 2 AN 5 0 2 Bk 5 5%
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8 B g ) T AE (R AH 2 X 2 A7 g
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