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Effects of MYF6 genetic polymorphism on
carcass lean traits of sheep
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Abstract; [Objective] This study analyzed the genetic characteristics of myogenic factor (MYF6) gene
in sheep and its effect on lean meat traits of lambs. [Method) A total of 215 New Zealand Romney males
were investigated. After slaughter, the carcass indicators including lean yields from leg,loin and shoulder
were measured. The blood samples were collected and the genomic DNA was extracted. Subsequently, the
nucleotide sequence variations were detected in both exon 1 and 5'UTR regions of MYF6 using PCR-SSCP
and the relative expression was compared between ovine tissues. [Result] Two variants (A and B) and one

single nucleotide polymorphism (SNP) (c. 129 C>T) were detected in exon 1, while two variants (C and
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D) and one 3-bp deletion (¢. —589— —590 del ATA) were found in the 5'UTR region. The genotype dis-
tributions in both exon 1 and 5 UTR followed Hardy-Weinberg equilibrium in these Romney males. The

genotypes in exon 1 of MYF6 significantly affected lean yields in leg,loin and shoulder,total lean yield and
the proportion of loin lean yield in these males (P<C0. 01). The RT-qPCR results found that MYF6 ex-
pressed in eight tissues with the highest in Longissimus dorsi muscle (P<C0. 05). [Conclusion] MYF6 gene

had abundant polymorphism in sheep.and its genotype significantly affected lean meat traits of sheep car-

cass.

Key words: Romney lambs; MYF6;exon 1;carcass traits

TREN RN I o= i 1A e RN (O M
AR B R A FRIE AL AR . WIFOY R B LER 4R HL
AR/ 5 0 45 2 7 M RE 1 G AE E Y AR
TR ST 41 K B A B B 25 5L e IR IR
1 VLT 24 5 f Ok 1 s A A AR S DUER 2 B
AEFFAAE B B AR 3G K 3 B P S 4R
m . WL R R —FP LR T A, R E
S WUAE i 2o A8 v, 32 20 A6 LR P 7 R % (myogenic
regulatory factors, MRFs) iy 8 Wi, A= LA T 6
(myogenic factor 6, MYF6) J& H #1 i) — b1 , MYF6
BN 3 AR AR .

MYF6 JEAEAL IR & A= L LA FLEF 46 AR K 46
AR R EEEEAEHCY . bk MYF6 3 5.
AN B & B 2R DI REAN M4 S 4b,
MYF6 Je P AE/N RIS 16 K G ps LA K o 43
b v BE 23k, U W 12 3 9 HL A {2 LA 43k i 1
™ BRZ A MYF6 X 34 2 T LA A9 2 K
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MYF6 3 48 57 2 B F 5 & & 10 7™ N fg
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T4 MYF6 3 H 145 1 485 F (556 bp) #15' UTR
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SHEH N factin, RIS Y R HFFILE 1,
1.3 MYF6 EEE 1 MEFHM 5 UTR S54H

PCR-SSCP 4y #f

PCR ¥ MYF6 J£[H %5 1 4h g 71 5'UTR,

Je iR Z A R EE (10 U/pl) 10 pl. R85 19
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Table 1

Primers used in the study

FHIG ~3D)

iB kg /C

# 8 Name Sequence(5'~3") Annealing temperature
P1 F:CGTTCAGACTAAGTCAGAGG;R:CACATTTTCCTGCTTGGGTC 58
P2 F:AGTGCCACACTGAATACTGG;R: TCTAAGTATAGACCCATGATG 58
P3 F:GCCTCTGCTCAGTTCATC;R: TCACATTTGGCTCTTTGG 60
B-actin F.:AGCCTTCCTTCCTGGGCATGGA;R:GGACAGCACCGTGTTGGCGTAGA 60

L4 ZHMEERFTINE
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2.1 MYF6 HEEE$ 1 5pE FHIREFT
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. 129 C>T [F] L5728 i B R 1 R 22 25 i 14 (single
nucleotide polymorphism, SNP) (& 2), ZEfi £ H
A 1B 8524 Wk 89. 30 % 1 10. 70 %, i A #Y
AA I AB B4 ) R 78, 60 % Fi 21, 40 % , BEAK
[ 5L AR g % 45 & Hardy-Weinberg F- #f (P =
0.08),

1,2,4. AN FER Y 3,5, AB JEH A
1,2,4. AA genotypes;3,5. AB genotypes
1 &3 MYF6 SR A 140+ X8
) PCR-SSCP 431
Fig.1 Analysis of the exon 1 region of MYF6
by PCR-SSCP
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Fig.2 Sequencing of SNP in the exon 1 region of MYF6

2.2 MYF6 R 5'UTR K15 1) 13 £ 45 1E
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e SR L S50 36 ) C Y78 FP A7 AE 3 bp AY B 3
(c. —589~—590 del ATA) e, ZEf73EP] C #1 D
) A 2243 1)k 98, 37 %o FiT 1. 63 %, KL # CC F1 DD
(A4 R 96, 74 % F 3. 26 %, TEIZ A IE IX K.
AR (0 5L PR AL A R B £F & Hardy-Weinberg F- fff
(P=0.82),
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TE MYF6 FEPRAEE 1A+ X B, 2 AR
U R F 5%, B BL B F X6 4 3 2 76 il 4
PEIR B0 43 BT 5 1 AE 5 UTR X 060 3 (9 2 4> 5L
PR, DD B 45 2R /N 5 %0, JE Ik E AT A 5G4 AT
MYF6 B K55 1 A 5k 35 PR AU 2 2 20 755 Ml 4 P R
P ras LR 2, MR 2 THL.MYF6 B
B 1 b R DR AL 6 S Y JE R ) R
L R R R A R A LB

c A TG6 T RBBR AT A A

C.—589~ —590 del ATA

FHRMA(P<0. 01) s AA BIASfA (1 )5 B 98 P o B0
I R L JE T R R I AB T
0.5%.,0.7%,0.5% 1 1. 7% ,{H X} J5 Fi 6 ) HE 491 A
JA 598 1A H A3 G BH 8 5 i (P=>0. 05)

1.2,4.CC 3 [H 7 ;3. DD %K 78
1.2.4. CC genotypes; 3. DD genotypes

Kl 3 433 MYF6 3K 5'UTR X ) PCR-SSCP 43 #r
Fig.3 Analysis of the 5’UTR region of MYF6
by PCR-SSCP
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Fig.4 Sequencing of 5'UTR region of MYF6
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Table 2 Effect of genotypes in ovine MYF6 exon 1 on lean traits in male lambs

= TR
Car}ilglfﬂrgl/jcrl%%ails AA=169) AB(n=16) vaﬁle
R P/ % Leg lean yield 21.8+0.13 21.3+0.18 0.001
JE 598 P/ % Loin lean yield 14.840.09 14.14£0.12 0. 000
JE wR98 B/ % Shoulder lean yield 17.3=£0. 10 16.840.13 0.001
HIE A/ % Total lean yield 53.940.27 52.2%0. 36 0. 000
J5 BRI A L5 / % Percentage of leg lean yield 40.5+0.12 40.7+0.16 0.171
JER 9 A Lb 5]/ %6 Percentage of loin lean yield 27.5+0.10 27.0=£0. 14 0.001
JE 98 A L5l / % Percentage of shoulder lean yield 32.0£0.12 32.3+0.17 0.129

2.4 MYF6 EEERES/NEHLATHHENRIEE
FE 5 A, MYF6 3 R 76 40 26 35 e K L. Bp
B A RGO LR AL S 8 ALl
FEIE AR LLTS fe B U B AR X 26 38 i i AR R IR
Sk O LA A B E R LR RO B AR

150007 2A

14000

13 000
2007 bB

157

MYF6 % RiL &
Raletive MYF6 mRNA expression

AR LA A A X R 5RO R IR 8L 86,104,
108,109, 171, 1 308 Al 13 841 4% (P < 0. 01),
MYF6 K& K £E Bl fE | Mg Ak 005 J0E vl i) A X 28 3K
HZETLWHEZER(P>0.05 BB ES T HE
JFHIE 220 i A0 JUE 20 280 v f R ) 2 3k

150} e bB bB
S

10
5 -
0 . . L L | | 4.—7—|_.
GE3N S Jit 5 R EX O JIiE
Longissimus Ovary Lung Spleen Kidney leer Mammary gland  Heart

dorsi muscle

EHE LFRAR/NG 7R R 25 5 B 3 (P<<0. 05) An R W) KRB 78 £ 7R 22 Rl 2 3 (P<<0.01)

Different lowercase letters indicate significant difference (P<Z0. 05) and difference capital letters indicate

extremely significant difference (P<Z0.01)
5 MYF6 KR 7E 4 5 A [6] 21 21 i) R 1k K F

Fig.5 Expression levels of ovine MYF6 in different tissues
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ERBMT 2 ASM 1A SNPP ARBESE & B
SNPs 7E iR #fF 58 h ¥ K i, H itk SNP JE L) 2

A DR AR R] B 3R A3 TR AR VAR AP 7E 3 25 5 . AR AR
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S B E AR 40 Bi &S X g gL R
FIRFSE & B MSTN K 5'UTR X4y 1 4~ 5 bp
F14) B 5 ke 2R X S R B A Bt 3 S i (P<<0. 01)5
FEERICTAE A MSTN &M ,5' UTR X 8 1 4
L1 bp 9 Bl 2 0 B 3 B 1 28 1 00 M DX IR 0 L B
LT AR WL A, R, S0Ks ok A i 4 =
an A b BT 22 0 4 SE R AR BE— 20 F 9T MYF6
B 5'UTR X8 c. —589~—590 del ATA %4
IR A AR B 5
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RN MYF6 S TE L 00 5% 8 ANl gy
A RIR P ETS B A U B 3k B L 7RO IE
()28 38 IR (P<<0. 05) . X 5 HAE Y #E A .
AR S A S A DL 4 &k & - MYF6
FE mRNA 7K Fl# 1 7KCOF 1 32 35 o Bl 2 388 m=
VLIl MYF6 A sl ) 26 5 WLER 2 i K 2 72 b &
HEEEEMNS . HEEDR AR, MYF6 1854
F4) JFF K R A U R O v 38 2R3 H H R R
U2 L R AE 2 ) 90 85 R 2L R b RS DL B . A
I B, bR T LA FCs JOE 40 22 2L 4h . MYF6 £ B
LR TGN LRI I N b A Rk

HFH R MYF6 3 ) 5 R T 3h 9 LA
WA E R, WS A SN R B, AB B4 S 1 R
WU AR F AA BIZ AN NSO R L, AA A
R ELA A 7 A I L B L i (P <20, 05)
ARHFFE ST L B MYF6 45 1 /b 5 T ity 36 R
XoF S S A IR A S S e (P<<0. 01) , AA LA
A (1 5 R 98 )t IS8 A o i U A R A
B AB B9 0.5%,0. 7%,0. 5% F1 1. 7%,
PR B G0 TS 3 DA v I S R S %) 98 A S
DAY Jo A 11 I S8 TR e ) A T ) 98 A B 5 AT
P HE A BB A . S5 MYF6 L[
Xof 445 2 I RS L R RN S IR Y e, D X
3 AR A B R T % R AT DUAE S — A 4
ThRic  FH 4 v 4 2 00 TR R 9 T

4zt B

TEAFE MYF6 BB 1AM R Fh AR T 1
A~ SNP,7E 5'UTR X & I T 1 4 3 bp (158 3 Gk
% (c. —589~—590 del ATA), MYF6 R [RA{E482F
W K U Y 20k i e, I R AR B e T
SFERE AR AT UAERN PR TR & EFE
F18) T A 98 A i

[2]

[3]

[4]

[5]

(6]

(7]

(8]

[10]

[11]

[12]

BRI E MYF6 5P 235 P IR 48 1R IR 1 5% 15
[ &% 3k ]
(1] FAKEAE 2.0k #.%. WAL NRIEE Myls JEH £

SRS R B AR SRS [T & i Tk B 42,2014, 35
(5):126-129.
Guo Y Y,Ren T, Zhang J, et al. Polymorphism of Myf{6 gene
and its correlation with meat quality traits in Bamei sheep and
small fat-tail sheep [J]. Science and Technology of Food Indus-
try.2014,35(5):126-129.
XIBFT AR LT T 3 WA 4 & B HL 1A & 5T A9 52 i
(7. 7 & 4024 B5 , 2017, 198(2) 1 36-38.
Liu L L,Song Y,Su D D. Development of muscle fiber and its
effect on meat quality in pigs [J]. Hunan Journal of Animal
Science &. Veterinary Medicine,2017,198(2) ;36-38.
- BHL AR S AR R R A A UL F 4k 2 R R K
AMPK &2 #F5E [D]. BTN « BT IL K%, 2014,
Ren Y. Effects of saturated and unsaturated fatty acids on por-
cine muscle fiber composition and AMPK expression [ D].
Hangzhou: Zhejiang University,2014.
Braun T, Arnold H H. The four human muscle regulatory he-
lix-loop-helix proteins My f3 — My f6 exhibit similar hetero-
dimerization and DNA binding properties [ ] ]. Nucleic Acids
Research,1991,19(20) :5645-5651.
Pas M F, Visscher A H. Genetic regulation of meat production
by embryonic muscle formation:a review [ J]. Journal of Ani-
mal Breeding and Genetics,1994,111(1/2/3/4/5/6) :404-412.
Rudnicki M A, Schnegelsberg P N, Stead R H, et al. MyoD or
Myf-5 is required for the formation of skeletal muscle []].
Cell 1 1993,75(7) :1351-1359.
Tajbakhsh S, Rocancourt D, Cossu G,et al. Redefining the ge-
netic hierarchies controlling skeletal myogenesis; Pax-3 and
My f-5 act upstream of MyoD [J]. Cell,1997.,89(1):127-138.
Rhodes S J,Konieczny S F. Identification of MRF4 ;a new member
of the muscle regulatory factor gene family [J]. Genes &. De-
velopment,1989,3(12):2050-2061.
Yin H,Zhang S,Gilbert E R, et al. Expression profiles of mus-
cle genes in postnatal skeletal muscle in lines of chickens diver-
gently selected for high and low body weight [J]. Journal of
Poultry Science,2014,93(1) :147-154.
Wyszynska-Koko J, Kuryl J, Flisikowski K. Partial sequence
of porcine MYF6 gene, its comparative analysis and a novel
polymorphism of the region coding for the basic domain [J].
Biochemical Genetics,2004,42(11/12) :411-418.
B AL 4 MyoD e [H 5% 2 25 4 B 5 P BT IR g 56 15 v
BT LDJ. PRV - PU AL R AMBR B KA, 2012.
Jia W D. Polymorphism in MyoD gene family and their associ-
ations with meat quality traits in Chinese indigenous cattles
[D]. Yangling, Shaanxi: Northwest A&F University,2012.
B 05 kMM, ERIR L SE R my 6 HE I Y OB IR 151 L
B HUE JG F R R AR A 0T [T ARl A= 9 B R 2 4L 2014, 22
(2):158-167.
Shao F, Zhang Y P, Wang X G, et al. Molecular cloning of

goose (Anser anser) my f6 gene and its expression during em-



16 PO AL A BB K 2= 24 4R CH AR BHE D %50 %
bryonic stage and after overfeeding [ J]. Journal of Agricul- mutations in the human dopamine receptor D2 (DRD2) affect
tural Biotechnology,2014,22(2) :158-167. mRNA stability and synthesis of the receptor [ J]. Human

[13] RFL.R B.HERF IS8R RHL My 6 5K Molecular Genetics,2003,12(3) :205-216.

LW EBTHEZAHIT (T]. PEBFHEE,2013,40(2) [23] Maak S,Neumann K,Swalve H H. Identification and analysis
138-142. of putative regulatory sequences for the MYF5/MYF6 locus
Zhu C H, Song C, Tao Z Y, et al. Developmental expression in different vertebrate species [J]. Gene,2006,379;141-147.
changes of My /6 gene in different skeletal muscle of duck [24] SRWGE B %2, B X%at, 2. 103 MyoD JEH Rk £ 5K
embryo [ J]. Chinese Journal of Animal Husbandry and SR RMER A M [T, 845 ,2007,29(9) : 1077-1082.
Veterinary Medicine,2013,40(2) ;138-142. Zhang H J,Chen H,Fang X T,et al. Association of variations

[14] B I EE, k21, %, 2 EE R4 4+ MYF6 in MyoD family of genes with body measurement traits in
1 MEF2A JEF 4 364640 4 [J]. g im & o £, 2021 goat [J]. Hereditas(Beijing) ,2007,29(9) ; 1077-1082.
(3):22-26. [25] Ph3CHs. M My /5 Fil My 6 F: R (9 SNP £ 454 K 5 8 92 1
Luo J X,Liu G Q,Zhang H B, et al. Methylation analysis of SRR PR B9 A SE PE A AT DL AR . pU I ek ok A,
MYF6 and MEF2A genes in muscle tissue of hind legs of 2008.

Mongolian sheep [J]. Heilongjiang Animal Science and Vet- Sun W H. Study on associations between SNPs of chicken
erinary Medicine,2021(3) :22-26. My f5 and My f6 gene and slaughter and meat quality traits

[15] Z& ff.2=2222, 280k ik, %5, miR-374b 55 My (6 7E 4% 3£ A [ [D]. Chengdu: Sichuan Agricultural University,2008.
AT LD Rk A R Y [T R A e [26] Bi Y,He L,Feng B,et al. A 5-bp mutation within MSTN/
2020,56(6) :73-77. GDF8 gene was significantly associated with growth traits in
LiQ,Li L L,Luan Z J,et al. Expression of miR-374b and Inner Mongolia White Cashmere goats [ J]. Animal Biotech-
My f6 in skeletal muscle of sheep at different growth stages nology,2020,10:1-6.

[J]. Chinese Journal of Animal Science,2020,56(6) ;73-77. [27] Ay, MSTN E A &85 A ST A PR A K A#Em (D] 0

[16] Hopkins D L, Safari E, Thompson ] M, et al. Video image R4 . N 32 K2, 2018.
analysis in the Australian meat industry-precision and accura- Lu J K. The structure variation of MSTN affects the growth
cy of predicting lean meat yield in lamb carcasses [ ]J]. Meat of bovine muscle [ D]. Hohhot: Inner Mongolia University,
Science,2004,67(2) :269-274. 2018.

[17] Wang J,Zhou H, Fang Q. et al. Effect of variation in ovine (28] ¥ ZF.SUULEE. IR 40,55, Myf5 My f6 5K 7E 5 L RR2E 5
WFIKKN on growth traits appears to be gender-dependent BT R AN TR RN (T PEE R RE,
[J]. Scientific Reports,2015,5:12347. 2019,55(5) :54-58.

[18] Zhou H.Hickford ] G,Fang Q. A two-step procedure for ex- Wang X, Yuan H X,Luo J H,et al. Study on the difference of
tracting genomic DNA from dried blood spots on filter paper expression of Myf5 and Myf6 gene in different tissues of
for polymerase chain reaction amplification [ J]. Analytical Qianbei-Ma Sheep and Nugian F; generation [ ]J]. Chinese
Biochemistry,2006,354(1) ;159-161. Journal of Animal Science,2019,55(5) :54-58.

[19] Byun S O,Fang Q,Zhou H,et al. An effective method for sil- [29] @ 8t 706, RIDUMR, S5 TR L AS ) 41 20 H LA i A
ver-staining DNA in large numbers of polyacrylamide gels RELP My f4 B AENET B F My /6 ik [1]. M 4%
[I]. Analytical Biochemistry,2009,385(1):174-175. 50 I AE2£.2012,31(5) :436-440.

[20] Gong H,Zhou H,Hickford J G. Diversity of the glycine/tyro- Cao T,Shi L. G,Zhou H L, et al. Expression of Myf4 and
sine-rich keratin-associated protein 6 gene (KAP6) family in Myf6 in different tissues of Wuzhishan pig [J]. Genomics
sheep [J]. Molecular Biology Reports,2011,38(1):31-35. and Applied Biology,2012,31(5) :436-440.

[21] Livak K J,Schmittgen T D. Analysis of relative gene expres- [30] Miner ] H,Wold B. Herculin,a fourth member of the MyoD
sion data using real-time quantitative PCR and the 2~ 22¢ family of myogenic regulatory genes [ J]. Proceedings of the
method [ ] ]. Methods,2001,25(4) :402-408. National Academy of Sciences of the United States of Ameri-

[22] Duan J, Wainwright M S, Comeron ] M, et al. Synonymous ca,1990,87(3):1089-1093.



