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FIH HRM FARX K /62 MSTN JEH C313Y o s e i 4y 74

BEMW L ERFL.E OBLHEMRLKFAHLCERG  hEFLE DR
(LT AL BB 6 0% BTS2 7 o 0 7 6 67 S5 B R TS0 B 4500025
2. AR G REWGE b L MM 45004653, FHARH A Ml Pl AT LA 7 SRR 473555)

 E BAEMAESS RS (HRM AR — 4 MSTN 3 C313Y 2845 iy P 3 43 1 Jy ik . ilf
MG MSTN BB C313Y 58 A8 76 12w A= R b (9 28 A8 A3 3%, LA By 28 A8 X A = MERg iy s i, W & 9 5 11 99
S e w2 CREZR) B R ORI & BB 4R bR L SR )5 43 BRI T Sanger W 3 1 HRM £ K X f2 #5245 MSTN 3 X
C313Y o7 M HEAT 4350, I ] FH — M 22 AR 0 23 7 98 A8 X AR R FIAR B 48 AR I S ) . 45 SRR B, e i 4 7E 3 %
Z 5 A RORMA T B8 AR Bt TR e , 3 i AR B BT L DL S L DA R A B 43 ) J2 (127, 8843, 65) em,
(154.10+6.89) cm, (181.48+8.54) cm, (46.19+2. 94) cm,(50.52+2.65) ecm Fl(471. 34+53. 78) kg,
Sanger Wl 775 1 HRM £ AR X MSTN K C313Y i s 9 53 T 45 5 58 4 — 30, A B AE R (GG L g & B 58 48
(GA) R4l £ B 52738 (AN RS 3005 8. 08%.70. 7Y R 21, 21% . SCIRApAr W, 28 A B SR A48 (GA) R ali &
RG24 CAA) P RE S 1 25 42 w5 B2 1 A 14 R RURIVAR Jo & 48 b, L o & 28 A48 AN 1A 0 24 6 5 48 A AN I 1 A I
Lo B 2R T A A 43 031) 3B R 38. 55 00 R 10.32% . MM EEST 3T HRM B )4 MSTN FEH C313Y v stk
AN )5 e T R TR A B m 2E MSTN C313Y 4l 4 58 78 B A o 17 A 2004 s B A 1 4 RO 0K o

EAR A EE RN AN
X4 MSTN;C313Y;40 %, HRM; 7 /g 2F
FESES  S8,Q38 XEFRERS A

AN R £ 5 (Single nucleotide polymor-
phism, SNPs)J&4§ H DNA 51 i 5 AR 2
SRR R A AR S R A RIS A AR R
Mo m iy e 280, 5 HAb > 7 Frid M 1,
SNPs BA /345 )7 VB s R AR E V5 T A 3
PG 454 A5 B A B o 1 R B BE 22 A5 1 R
TR 22 A X W AR E % b 5 1 20 = A8 A4 A
e, HETHE S G SNPs 1y #F 58 B 1 K
AU FH DG TR T i f AE R T L 5 0 AH O
B S | 2ot R A o IR AR R
ZREAEIEO S P L bR ie i Rk SRR 2R
i A 2 QU ] R 3 R A S

= 4 #F R 4% R (High-resolution melting,
HRMD A 2 08 JLAE R 7 2% 1) — Fh SNPs £
W T7 3k o el A T 2 B AR R G R R 2 PR AR Y
4% HRM B 3 PCR 2 J5 9 18 43 H 58065 i th 28
Iy BT RERE AN PCR R Bt v ) B> Tl Ak 22 5
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SEFTAESY L M TR ARAAERME PCR 19 5L -
TN IR RN 5 56 e ek I T 5 18 T 50 R S MR AL
[ 7 PCR 25 0I5 BL 23817 i 43 HE R 0 ik il 46
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A MZAS, NSRS 313 i S SE MR 2 bk &
W2 (C) AR N s & R (YY), HE T 5158 8 1 BRI .
S B R GERR A I BN 3s AR B0, B AR R A
0] 24 PH T B B B DU mg BH AR Ry BEAR, DL R 52
R AR N ACAR T AT T A B4 3 LG B A8 T AR T
G2 W Bk B WOk B s A AR B R
2R B 075 0 R R R AR LS 2B R TR PR Y T
U T S e L e RN A TR D) e R AR A TR R
Z M, e m A AE R B R SR AR A g A
B 4 Ak K T K R A OB AR .

ARG A HRM @57 —F MSTN 3 A
C313Y Z8 78 iy Mo s A I 77 325, 32 1 43 B H 117 K2 B
AR MSTN C313Y 28748 M &, LA K 58 78
XF R AR AR P PERE R SE A . B SR 45 RO PR 2
MUNLEZ 7 25 A% OB S sk B2 Bl 2 1 SR B L 2
R v IR A 7l i AR BB B A B L

1 w57

1.1 #EE&E

HMRANMMEEHATHETR., fTH o=
70 Y0 RS TE T KR AR (BRI B &AL ) . FHE
BREFRAR 0.3 em® R/NRH- G LN . K ie
FH PBS WUt )5 » 2 T 41 ZURE S PR A7 W b s ] 52 5
%=, —80 CHRAE.
1.2 ERMENERE ST

SRS A ZURE S A TR S AR R R AR L
I 1 R NN < T 1/ TR/ = W . NY
it = PRRHE X FE” /10 800" M S o 4 1
1.3 FERKH

HYURE SR E W (No. 9750, TaKaRa, K %
FAEY) ,o=T0 %K, PBS 28 vh i, 41 ZUFE i 5
4l DNA $2 B f) & (No. DP304, X4, 4t
50, %38 PCR 5] & (No. KT221, KR ,.Jb50),
HRM PCR i & (No. FP210, KAR,.JL 50,
1.4 FENH

BEOHIL, T A B 0 R UK A 5E IS IR R G
2 HN 368 H (NanoDrop, 26 ) , %5 PCR 1%
(Eppendorf, &) , ¢ % % 1 PCR {{ (Light Cy-
cler 96, F K, Fit),
1.5 E[FE4H DNA R

fii FHZH ZURE b DNA 2 B0 1) 85 52 BURE &
) 2 DNA, #:AE D 3R 2 O R & v Wl 5.
DNA $& U5 it 28 4040 6Ot BETH R DNA 1
JoT R B NG T IR — BB 50 ng/pl,

1.6 F B AR m MSTN & E C313Y
i s 4y B

FIH PCR ¥ 3§ Bt A k¢ i 19 MSTN 3 A
(GenBank & 3¢5 : NM_001001525. 3) C313Y fif
AL 5l W F % A C313Y-F: CTAACTGTG-
GATTTTGAA,C313Y-R: TATAGCATATTA-
ATTGGAGAC, PCR =¥ & Bk 200 bp, iR k
R 60 °C, PCR W ZIEA LAY T L
) e A BR 28 /R A7 0% o AR I AR 0 445 SR %t
MSTN %A C313Y o7 S #4750 10,

1.7 #FFA HRM ARt # @ MSTN £E C313Y
i s 4y B

ffi 1] HRM 43 B9 51492 BT-C313Y-F. TT-
GGATGGGATTGGATTAT,BT-C313Y-R:CA-
CAAGATGGGTATGAGGA, PCR =¥ K ¥ K
104 bp, PCR RN A F Z Bl ) & Ui ] 45, Horp
20 pL MR AR R AL 2 X HRM analysis premix
10 pL, EF #5149 (10 pmol/1) 45 0. 6 pl FEK
4 DNA(50 ng/pl)1 pl, PCR 1A & #4552
RS . B T 96 | PCR AL #E 47 HRM 43 A1,
PCR JZ b #2495 C Fi A8 2 min. 40 4§ 2R
(95 C A2 10 5,60 CiR k 20 s, 72 °C #E fif
30 ) T IRIN 1 U A 2 T
1.8 Zitoth

BE vt AN [R) AF i B Bz B A 1A RUFIAA J5T 3 48 A 1Y
B,

) — g 28 PR A5 R (LSMD & Bk 70 iF MSTN
L C313Y Aof 5 % A RO S5 o 48 B A 5 10 L 28
Agn R,

Y = p + age + gene + ¢

Hy AR RIE 0 BRI ME , age
AR RN gene iy MSTN C313Y F JE [H A1 %%
N se S BEALIR 2

2 HREAMN

2.1 HESHERMEREEFRFEITER
W E 99 3k K m A PR RAE A5, A AR AR A
1% ~6 % RE, 250K W],3 BHi)E T K4
P Az K, o 1280 7 B R B Ol (283, 04+
21.41) kg, 3 % FBR TR (444, 29 £56. 57)
kg, MEATE 3 % Z 5 A ROFR BT & 45 i 35 1
TRE I RRH B DL SE L DL i
A B 2 (127, 88 £ 3.65) em. (154, 10 &+
6.89) cm,(181.48+8. 54) cm, (46. 19+ 2. 94)
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cm.(50.5242. 65) cm M(471.34+53.78) kg (F D,
x1 HEFHERMERE
Table 1 Body measurements and body masses of Pinan cattle
AR L6 1% /em EAEHE /em Ji6 [l / cm BLFE/cm FLK/em i i/ kg
Age Number Body height Body length Heart girth Rump width Rump length Body mass
1 2 111.50+6. 36 125.5044. 95 156. 0042, 83 37.0044. 24 40,0041, 41 283.04+21.41
1.5 10 116.704+2. 71 132.7045.52 156.2046.41 40.20+3.19 43,5043, 27 300.61433.03
2 17 121.1843.78 140. 294+6. 37 166.82+7. 24 41.414+3.79 45.7643.95 363. 07145, 50
3 28 126.3644.83 152.00+6. 54 177.2549.09 44,5443, 25 48.5042. 85 444, 29+56. 57
4 28 127.0743. 38 153. 6447, 24 181.32+9.08 45.61+2.67 50. 4643. 00 469.56+£59. 14
5 8 129.5044. 44 153.50+6. 26 182.75+8. 15 48.134+2.80 50. 88+ 1. 46 474.72+36.06
6 6 129.504+3.02 157.00+6. 26 180.5047.48 46.3343. 67 50.3342.42 475.12+54. 39
4~6 42 127.8843.65 154.10£6. 89 181.48+8. 54 46.1942. 94 50.5242. 65 471.34+53.78

VE BT B hR A7
Note:the values were displayed as “Mean £ SD”.
2.2 HRHNFSBRER
FIH Sanger 5 89 75 3555 B2 md 24 MSTN 3
C313Y i i 474 B (& 1), Horp gl & 74Nk

HEFTAA

WP &5 SR kg BAG  TIG 2% 5 1A A e 43 2R A LI
AILE R LI, GG B 8 4~(8.08%), GA HIA~
& 70 4N(70. 7%) W AA BIAME 21 421, 21%),

Genotype AA

ERFMGA
Genotype GA

HFHGG \ﬂ‘/\

A

A

e
=

Genotype GG _I € T G & 2

1\] /ﬁ\

(7]

L

@
-

ITHE P BRI 02 C313Y 2807 5. GG ABIF AA B g2l 4 F R IAUA — 07 (904, T GA

P

A4

FAT AR, HaZ X 1

B HRE LR AN AR I E A — 2224 The C313Y locus is shown in the box, in which, the genotype GG and AA are homozygous, so

there is only one independent peak, while the genotype GA is heterozygous, so there is a double peak and normally, the height of the

double peak is just half of the height of the adjacent peaks
B 1
Fig. 1

2.3 MM HRM HBRIEZER
FIF HRM X} Fr A7 A (R 217 P K o AL, 4y
RIZE UL E 2, ASTA] A 3 DR A 5L AS ) 9 4 fid il
LRI, b GG BUAT AA B Ry Bk (H Y
AT GA #A U H g S KT GG AL AA

FE4 MSTN ERE C33Y i m il F S B REE
Genotyping of MSTN C313Y in Pinan cattle by Sanger sequencing

AR A A 1 e A 2T L ] B bR T X A
HEAT 3 B, RS R T, GG BN K 8 4, GA
BIASK 70 4>, AA BIASEK 21 4>, 5 Sanger )7
iR —H
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#PFHGG
FEFHAA Genotype GG
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EFRGA
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/
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& E/C Temperature

0
69.0 70.0

71.0 72.0

78.0 79.0 80.0

X2 R BE Y S 90 3 BE X BE Y 1 — B S8 (— dF/dT) . Hoh GG BRI AA BIA (A8 g B0d, HOAA RIS IR il 0 1 B 1
CZEMD T GG RIS I B B I CH D . GA M/\ﬁ‘ﬁﬂw,ﬂm KT GG #UF AA ! The X-axis is the temperature and the Y-
axis is the negative first derivative of the fluorescence intensity versus temperature ( —dF/dT). The GG genotype and AA genotype are
all single peaks, and the peak of the AA genotype appears earlier (left side) than the GG genotype (right side). The GA genotype has
double peaks, and the peak heights are lower than genotype GG and genotype AA

2 K4 MSTN £R C313Y L S/ HRM & &
Fig. 2 Genotyping of MSTN C313Y in Pinan cattle by HRM

2.4 MSTN C313Y =Nt 4Kk RAF (AA) I REAS 35 2 5 B2 B 2 1) A ROFIHAR i
FIH LSM %t MSTN [ C313Y i 5 i A wIEbR, GA BIANE IR i | GG BUAN R s
[i) 35 (R 0 55 B g A A RORIA i H: 48 b 2R 47 52 Bk 40 10. 32% (P<<0. 01) .7l AA B4 GG BIAS K

Br (3R 2) 25 BRI, 2 B A48 (GA) Rl f RS 4R &5 38. 552 (P<C0.01),
®2 KB4 MSTN EE C313Y i m A REEEE 5 R RE B 8K
Table 2 Associations between MSTN C313Y and body measurements and body masses of Pinan cattle
FHe 5 Y AT /em HAEHE /em Hq Fl / em PLFE/cm Bk /em 1R/ ke
Genotype Body height Body length Heart girth Rump width Rump length Body mass
GG 120.0140.91 A 141.47+1.56 A 167.804+1.90 Aa 42.37+0.72A 46,8840.68 a 374.22+11.93 A
GA 124.9540.56 Ba 148.0440.96 B 172.54+1.17 Ab 43.7340. 44A 47,8140.42a 412.86+7.35B
AA 129.1741.58 Bb 155.67+2.73 C 189.50+3.32 B 49.17+1.25 B 50.4241.20 b 518.49+20.83 C
(GA—GG) /GG X100 4.12 4. 64 2.83 3.21 1.98 10. 32
(AA—GG) /GG X100 7.63 10. 03 12.93 16. 05 7.54 38.55

TEBUE P E AR R SRR RS TR 2R 28 2 B35 (P<<0. 01D, RIF/NE F 1\ R 22 57 .35 (P<10. 05)
Note:the values were displayed as “Mean + SE”. In the same column, the difference between values marked with different capital letter

was extremely significant (P<C0.01), while the different lower letter showed significant difference (P<Z0.05).

3 Wb A BE 2 PR R T BT PR B e T
RN DI N G L O S R AR

PEBER KRB B R AN DD BES U B e O AT s AT LB B R R TR R AR A AR
L SNPs fE3h Wy it 1 & A TAR ip 4 3 Mok S5 i ORI L ol AR 52 31 95 A2 1y 4 3 o)

R B PE ] . AN DR A4S DL AR IC
F B9 A5 10 B Bl 2E # (Marker assisted selection,
MAS) #1 2 ¥R il o £ 1Y 4 5 41 % #% (Genomic
selection, GS), MBS BRIk, &L FH e

TEAE R B L R e R Rk TR
Py 2 R AR S Yk A S

FFECT LA BT PSE NP AR X S AL
A bR T i Bl 2 4 B AT 52 BB R Y g AL
J& , PR TS W Ak 54> SNP Y 43 B 7 A7 98 LA
HERME.

TET ML B BB 75 JT Ji i i i A ) 2 — b
SNP 73 877 % RE 75 45 2 )" 12 107 ] 6% 5 225 0 (A



12 8 W B UNAE R HRM H AR X B4~ MSTN %K C313Y {7 i Bk 43 78 « 1931

Fo A I vk SR BT DL S L A —
RN R — A B S T AT R 2 AN L 51 An s
A FARI R S AR, R T s A vk,
5 IR X ] — A A I AT R I 2 AR 5 ]
1 Tagman KASP . % &5 A , EZ N H T #bp
W EMFCHBIER. REHNCSH T2
i B LR IC o B B R BT e RO L EL 45 O ik
HAT T LUk S O Y b T LS AR AP ORG E
I A] 25 Z2 AN 7 T 22, s 0 W SR A T A
L) SNP 43 BRUHEOAR , HIA 1R 20 8 46 T
T (AR L B 5 AN 32 28 748 Tl 25 1 58 A8 7 45
B BR S EL A v o A RN S L R
RN AR AR CE O
SR R AW B R . AR A HRM Xt
MSTN C313Y 4 #4743 B, 45 R W 5 0 7
G 24 5 G — B0, (H ARG I B AR A 0 [ 2 dz
e /b F P o A, g —E B HRM FF SNP 4y
TR AR B

A2 F HRM [ 4 B 7 3, A S Br $4E h
AT — ST B R M) B, R AT Y A B
Wi 4 HUAF#E— 4~ SNP. i £ %) SNPs fEfE 2 i
BT AR L o 1 TP R B8 5L R b 9 3 i B K
FEAAE R /NF 100 bp, H K, HRM K #i T &
K BE A 2 s e PCR A, BRAR A 5 i R 0.1
~0.3 °C/s, IR 3 A5 OK BE A Al W 2 SR U [ B
STWAALE R, K, HRM AR T 1 f 2
Yekl, Kk PCR X7 EoR A i g, Bz,
HRM 53 #7 45 ARG T 50 0 52 2% B BT AR 40 1 &
JE RS M HRM PCR 35 & . 504 B2 10 98 e
it PCR AN AF Z A5 1T » T 22 F I FH B AR 40 5L A4 47
BLEAT AL

B MSTN RN R RIGTER & H ] R
RIRTE BTN g (OP VUK P NI (E N S Ny e o ]
REME S| R B RPN R MSTN 745 5 25 7l
JEH A B o i AR A R R SRR R T
B R AL R BT SUULIA F i i R AR
by o, R — A arE K R R . FEARBER
MSTN C313Y Z& & R4 (GA) Fl 4l 4 Al 5 48
(AN YJHe s 1 35 42 = B w4 1 45 T4 RUFIHAR It
WiEbR, HAi G =B L R ERAE KRR
R b, 36T Ar F AR id B Bh i B MSTN
C313Y #i R ME N FRHEFMEGEA TR R
AHEEME S, MAMI I & T HRM £
ARXF MSTN K[ C313Y i s B 43 24 114 7 Ay

BHAT Z W8 F BT HAL & 151
PRICH B R B A —E S5 M H .

4 H

WIS R T HRM B g 4 MSTN %A
C313Y A s P 43 B J7 1k 3205 ¥R R T e 4
K MSTN C313Y 4l & 28 48 A K e i 42
o A A T A RO AR o dk 4 A EL A 2 1 (L
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Rapid Genotyping of the MSTN C313Y in Pinan Cattle
Using High-resolution Melting Technology

HUA Liushuai', BAI Yueyu’, WANG Jing', CHEN Fuying'. ZHANG Zijing',
WANG Fengqin®, XU Zhaoxue' and WANG Eryao'

(1. Henan Key Laboratory of Farm Animal Breeding and Nutritional Regulation, Institute of Animal Husbandry
and Veterinary Science, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China;
2. Henan Breeding Cattle Genetic Performance Determination Center, Zhengzhou 450046, China;

3. Horgin Cattle Nanyang Limited Corporation, Nanyang Henan 473555, China)

Abstract The aim of this study was to establish a rapid detection method for the MSTN C313Y mu-
tation of Pinan cattle using high-resolution melting (HRM) technology, and then to analyze the muta-
tion frequency and mutation effect in Pinan cattle. The body size and body mass of 99 Pinan cattle
were measured, then the Sanger sequencing and HRM method were used to genotype the MSTN
C313Y in experimental population, and the associations between the mutation and growth perform-
ance were analyzed by General Linear Model. The results showed that the body size and body mass of
Pinan cattle became stable after the age of three. The average body height, body length, heart girth,
rump width, rump length and body mass were (127. 88+3.65) cm, (154.10+6.89) cm, (181.48+
8.54) cm, (46.19+2.94) cm, (50.52+2.65) cm and (471. 34453. 78) kg, respectively. The geno-
typing results of the Sanger sequencing and HRM method were identical, in which the wild type
(GG), heterozygous mutant (GA) and homozygous mutant (AA) individuals accounted for 8. 08% .,
70.7% and 21.21%, respectively. Association analysis showed that both heterozygous mutant (GA)
and homozygous mutant (AA) could significantly improve the body size and body mass of Pinan cat-
tle, and the homozygous mutation had a greater improvement than the heterozygous mutation. Com-
pared with wild type individuals, the body mass of individuals with homozygous mutant and heterozy-
gous mutant increased by 38.55% and 10. 32%, respectively. Our work demonstrates the successful
establishment of HRM-based rapid genotyping method for the MSTN C313Y in Pinan cattle. This
method has great application potentials for the rapid establishment of Pinan cattle core group with ho-
mozygous mutants, which can also effectively improve the body size and body mass of the whole
group.
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