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ABSTRACT. The myogenic determination 1 (MyoD1) gene is a 
member of the MyoD gene family. It encodes for skeletal muscle-
specific transcription factors containing highly conserved basic helix-
loop-helix regions that perform important roles in the initiation, 
maintenance, and regulation of phenotypic traits. We investigated 
a new single nucleotide polymorphism (SNP) in the MyoD1 gene to 
evaluate whether this polymorphism affects meat quality traits in five 
Chinese indigenous cattle breeds, namely Qinchuan (QC), Xia-Nan 
(XN), Nan-yang (NY), Luxi (LX), and Jia-xian red (JXR). A C→G 
transversion at position 624 was detected in exon 1 of the MyoD1 gene; 
it causes an amino acid substitution (624serine/624cysteine). Least squares 
analysis showed that this SNP is not significantly associated with back 
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fat thickness, eye muscle area, intramuscular fat, or marbling. The A/B 
allelic frequencies in the five breeds were 0.810/0.189, 0.779/0.220, 
0.768/0.231, 0.820/0.180, and 0.801/0.198, respectively. Based on the 
χ2 test, the genotype distributions of four cattle breeds (LX, NY, QC, 
and XN) did not agree with Hardy-Weinberg equilibrium (P < 0.05); 
one breed (JXR) did not deviate significantly from Hardy-Weinberg 
equilibrium (P > 0.05). The genotypic frequencies among all five cattle 
breeds showed moderate diversity (0.25 < polymorphism information 
content < 0.5). We concluded that the C624G SNP of the MyoD1 gene 
does not influence meat quality traits in indigenous Chinese cattle 
breeds; however, this SNP could be included in breed composition and 
population admixture analyses due to the marked differences in allelic 
frequencies among these five breeds.

Key words: Allelic frequencies; Myogenic determination gene 1; 
Meat quality; Single nucleotide polymorphism; Qinchuan cattle

INTRODUCTION

Difference in meat quality is due to variation in different genetic and environmental 
factors that interact and determine the course of metabolic reactions in muscular tissue and 
also in the autopsy transition of muscle into meat. A candidate gene access may furnish a more 
channelize apprehension of the genetic basis for the manifestation of quantitative divergences 
between individuals (Noguera et al., 2003). The myogenic determination 1 (MyoD1) gene 
is a member of the MyoD gene family. Myogenesis, a complex process invoved in muscle 
fiber formation throughout embryonic development, differentiation and maturation (Pette and 
Staron, 1997; te Pas et al., 1994, 1999a), is completely controlled by the MyoD gene family. 
MyoD1 and MYF5 were believed to be candidate genes for meat production and meat quality 
(te Pas, 2004; Carmo et al., 2005). �������������������������������������������������������In previous studies, polymorphism in the MyoD gene fam-
ily and the association with carcass, meat quality, and reproduction traits in different pig lines 
and breeds have been reported (te Pas et al., 1999b; Cieslak et al., 2000; Carmo et al., 2005; 
Wyszynska-Koko et al., 2006; Humpolíček et al., 2007; Verner et al., 2007). Furthermore, 
polymorphism in the MyoD gene family and the effects on growth and carcass traits in Ko-
rean cattle, Han Woo, have also been reported (Bhuiyan et at., 2009). Yet, very little research 
has reported on the relationship between polymorphism of the MyoD1 gene and meat quality 
traits in cattle. We investigated a new single nucleotide polymorphism (SNP) in the MyoD1 
gene to evaluate whether this polymorphism affects meat quality traits in Qinchuan cattle, and 
to estimate the allelic frequencies of five Chinese indigenous cattle breeds, namely Qinchuan 
(QC), Xia-Nan (XN), Nan-yang (NY), Luxi (LX), and Jia-xian red (JXR).

MATERIAL AND METHODS

Animals and data collection

A total of 651 animals from five different cattle breeds, including JXR (N = 63), LX 
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(N = 125), NY (N = 67), QC (N = 267), and XN (N = 129), each two years of age were 
used in this study. The JXR animals were sampled from the breeding farm of Jiaxian 
cattle (Jiaxian county, Henan Province, P.R. China); the LX cattle were sampled from 
the reserve center of Luxi cattle (Heze city, Shandong Province, P.R. China); the NY 
animals were sampled from the breeding center of Nanyang cattle (Nanyang city, Henan 
Province, P.R. China); the QC animals were sampled from the reserve farm of Qinchuan 
cattle (Weinan city, Shaanxi Province, P.R. China), and the XN animals were from the 
breeding farm of Xianan cattle (Biyang city, Henan Province, China). The animals were 
cared and selected according to the standards of the Canadian council on Animal care 
(MacNeil and Newman, 1994). All the breeding populations of these cattle were used to 
analyze the allelic frequencies of the MyoD1 gene. However, QC cattle (N = 163) were 
only used for the association study. The meat quality traits were calculated as previ-
ously described (Gilbert et al., 1993), including back fat thickness (BFT), eye muscle 
area (EMA), intramuscular fat (IF), and marbling (Mb). Mb for meat quality grade was 
calculated from a cross-section of the loin muscle between the 12th and 13th rib, which 
is scored on a scale from 1 to 5.

DNA extraction and polymerase chain reaction (PCR) amplification

Six hundred and fifty-one blood samples were taken from these five indigenous 
Chinese cattle breeds. DNA samples were extracted from leukocytes and isolated from 
acid citrate dextrose (ACD) blood samples (ACD:blood, 1:6), treated with 2% heparin, 
and stored at -80°C, following standard procedures (Sambrook and Russell, 2002). Twelve 
primer pairs were designed based on the NCBI database, according to the sequence of the 
bovine MyoD1 gene (GenBank accession No. NC_007313.3) to amplify both exon and 
intron regions in the MyoD1 gene using the Primer 3 program (http://frodo.wi.mit.edu/). 
Detailed information on oligonucleotide primers, amplicon size, and corresponding an-
nealing temperature is depicted in Table 1.

PCR amplifications were performed in a 20-μL reaction mixture with 50 ng tem-
plate DNA, 10 pM of each primer, 0.20 mM dNTP, 2.5 mM MgCl2, and 0.5 U Taq DNA 
polymerase (TaKaRa, Dalian, China). The PCR was run under the following conditions: 
initial denaturation at 95°C for 5 min, 32 cycles of denaturation at 94°C for 30 s, 58°C 
annealing temperature for 30 s, extension at 72°C for 30 s, and a final extension at 72°C 
for 10 min. Electrophoresis of PCR product was performed on 1.5% agarose gels (stained 
with 200 ng/mL ethidium bromide) using 1X TBE buffer (89 mM Tris, 89 mM boric acid, 
2 mM Na2EDTA).

The PCR products were purified with the Wizard Prep PCR purification kit (Shang-
hai Bioasia Biotechnology, P.R. China) and sequenced in the ABI PRIZM 3730 DNA se-
quencer (Perkin-Elmer Shanghai Sangon Biological Engineering Technology, Ltd.). DNA 
polymorphisms were analyzed by comparing the sequence data with sequences in the NCBI 
database (http://www.ncbi.nlm.nih.gov) using the DNAMAN software (version 6.0). The 
sequencing map of the novel SNP of the bovine MyoD1 exon 1 region revealed a C>G 
mutation at 166 bp using the Chromas 2.33 version software (http://www.technelysium.
com.au/) (see Figure 3).
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PCR-SSCP analyses

The PCR products were analyzed for single-strand conformation polymorphisms 
(SSCP). Aliquots of 4 µL of the above PCR products were combined with 8 µL denaturing 
solution (95% formamide, 25 mM EDTA, 0.025% xylene-cyanole, and 0.025% bromophenol 
blue), incubated at 98°C for 10 min, and then chilled on ice. Denatured DNA was loaded onto 
10% PAGE gel in 1X TBE buffer under a constant voltage of 120 V for 12 h. Finally, the gel 
was stained with 0.1% silver nitrate and visualized and developed with 2% NaOH solution 
(containing 0.1% formaldehyde), according to Zhang et al. (2007).

Statistical analysis

Genotype and allele frequencies of each of the above-mentioned Chinese indig-
enous cattle breeds were calculated directly. The parameters of population genetic indices, 
HE (gene heterozygosity), HO (gene homozygosity), Ne (effective allele numbers), and PIC 
(polymorphism information content), were determined according to Nei and Roychoudhury 
(1974) and Nei and Li (1979). The differences in genotypic frequencies of SNP were deter-
mined for deviations from Hardy-Weinberg equilibrium by mean values ± SE, which were 
performed by using the Statistical Product and Service Solutions software (SPSS, version 
17.0). Statistical analysis for associations between MyoD1 genotypes and meat quality traits 
of Qinchuan cattle was performed using the SPSS software (version 17.0). The following 
linear model was applied for analysis, which included fixed effects of sex, age and genotype.

                                        Yijk = µ + Ai + Gj + SK + Eijk,                                (Equation 1)

Gene (accession No.)	 Oligonucleotide sequence (5ꞌ to 3ꞌ)	 Amplicon size (bp)	 Annealing temperature (°C)

MyoD1 (NC_007313)	 F: ACCCTCAGTGCTTTGCTATCTC	 136	 60
	 R: GGCGACAGCAGCTCCATA
	 F: AGCAAGTTTCTGGCAACCC	 166	 60
	 R: CATAGAAGTCGTCCGCTGTTG
	 F: CAACAGCGGACGACTTCTATG	 127	 56
	 R: GGGAAGTGCGAGTGTTCCTC
	 F: CCGAGGAACACTCGCACTT	 150	 56
	 R: CGGCGTTAGTCGTCTTGC
	 F: AAACGCAAGACGACTAACGC	 166	 58
	 R: TATAGCGGATGGCGTTGC
	 F: GCCTGAGCAAAGTCAACGAG	 266	 60
	 R: GCCGTCGGAACAGTTGGA
	 F: AAAGGGCATGTGGGAAGG	 210	 58
	 R: CTCAGAGCACCTGGTAAATCG
	 F: CTCAGAGCACCTGGTAAATCG	 190	 58
	 R: CACAACAGTTCCTTCGCCTCT
	 F: AGAGGCGAAGGAACTGTTGT	 129	 60
	 R: GCCCACGGAGTAACATCAAA
	 F: TCCCTGAGACCCGCTGTG	 231	 60
	 R: TGTTACACTTGGGAAGGGAGC
	 F: GACCGCTTAAAGGGGCGT	 194	 58
	 R: GCTCTGGCAAAGCAACTCTTAT

Table 1. Oligonucleotide primers, amplicon sizes and corresponding annealing temperature for the bovine 
MyoD1 gene.
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where Yijk stands for the observed value of body measurement trait, μ for the overall population 
mean, Ai for the fixed effect of the ith age, Gj for the fixed effect of jth genotype (AA and AB 
genotypes), SK for the fixed effect of sex, and Eijk for the random error.

RESULTS

SNP and genotype frequencies of different populations

A 166-bp portion of the amplified product was PCR amplified in all animals (Figure 
1). After PCR-SSCP amplification (Figure 2) and sequencing of a 166-bp fragment, we dis-
covered a single novel SNP at C624G in exon 1 of the MyoD 1 gene (GenBank accession No. 
NC_007313.3) in 651 animals. This C→G mutation at 624 bp was a point mutation (transver-
sion), which induced a change from serine (TCT) to cysteine (TGT). The SNP (C624G) exhib-
ited two different patterns in the population (Figures 2 and 3). For identification, we assigned 
AA with three bands and AB with four bands. The sequencing map of the novel SNP of the 
bovine MyoD1 exon 1 region also depicted a synonymous mutation C>G (Figure 3).

Figure 1. PCR product of the MyoD1 gene exon 1 and its flanking region. M = molecular marker; lanes 1-5 = PCR 
products of the MyoD1 gene exon 1 and its flanking region.

Figure 2. The PAGE electrophoresis patterns of PCR-SSCP exon 1 of the bovine MyoD1 gene. Lanes 2, 3 and 4 = 
genotype AA; lanes 1, 5 and 6 = genotype AB.
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Allelic frequencies of the SNP were then determined and calculated by the χ2 test in all 
the cattle populations (JXR, LX, NY, QC, and XN); results varied from 0.180 to 0.820 (Table 
2). The genotype distributions among four cattle breeds, LX, NY, QC, and XN, did not agree 
with Hardy-Weinberg equilibrium and showed significant differences in allelic frequencies (P 
< 0.05). Results for the JXR breed, however, agreed with Hardy-Weinberg equilibrium and 
did not show any significant difference in allelic frequency (P > 0.05; Table 2). The genotypic 
frequencies among all five cattle breeds showed moderate diversity (0.25 < PIC value < 0.5). 
The AA genotype was dominant in all populations, ranging from 0.537 to 0.640, and the AB 
genotype frequency was lowest in all populations, ranging from 0.360 to 0.462. The BB ho-
mozygous genotype was not found in all the populations, possibly because: 1) the very low 
frequency of the BB genotype in homozygous condition; 2) homozygous BB null is lethal for 
the above said gene in Chinese cattle breeds; 3) it may not exist in native Chinese cattle breeds.

Figure 3. Sequencing map of the novel SNP of the bovine MyoD1 exon 1 region. This map reveals a C→G (A and 
B, respectively) mutation at 166 bp.
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HE, Ne, and PIC of the MyoD1 gene locus in these five populations of Bos taurus varied 
from 0.295 to 0.355, 1.418 to 1.551, and 0.251 to 0.292, respectively. As per the general trend, 
PIC was classified into three types: low polymorphism (PIC <0.25), median polymorphism 
(0.25 < PIC value < 0.5), and high polymorphism (PIC >0.5). While considering the above 
classification of PIC, all these Bos taurus populations showed a median polymorphism level 
(Table 2). Therefore, we suggest that the high frequency of the MyoD1-A allele could be used 
to characterize these Bos taurus breeds.

SNP marker association

The genotype of 163 individuals of Qinchuan cattle was compared with the phenotypic 
data for 4 meat quality traits. Least squares analysis showed that the C→G mutation at 624 bp 
lacked significant associations (P > 0.05) with BFT, EMA, IF, and Mb. The results of associa-
tion analysis are depicted in Table 3. Therefore, our data showed non-significant results.

Breeds	 Genotypic frequency (N)	 Total	 Allele frequency	 Ne	 PIC	 HE	 χ2 (HWE)

	 AA	 AB	 	 A	 B	 	

JXR	 0.603 (38)	 0.396 (25)	   63	 0.801	 0.198	 1.466	 0.267	 0.318	   2.670
LX	 0.640 (80)	 0.360 (45)	 125	 0.820	 0.180	 1.418	 0.251	 0.295	   4.827
NY	 0.537 (36)	 0.462 (31)	   67	 0.768	 0.231	 1.551	 0.292	 0.355	   4.764
QC	   0.621 (166)	   0.378 (101)	 267	 0.810	 0.189	 1.442	 0.259	 0.306	 14.527
XN	 0.558 (72)	 0.441 (57)	 129	 0.779	 0.220	 1.524	 0.285	 0.344	 10.374

N = number of observations; Ne = effective allele number; PIC = polymorphism information content; HE = expected 
heterozygosity; χ2 (HWE) = Hardy-Weinberg equilibrium χ2 value. JXR = Jia-xian red cattle; LX = Luxi cattle; NY 
= Nan-yang cattle; QC = Qinchuan cattle; XN = Xia-Nan cattle. The P values for JXR, LX, and NY were below 
0.05 and for QC and XN were below 0.01.

Table 2. Genotypic, allelic frequencies and population genetic indices at the bovine MyoD1 gene locus in five 
Chinese indigenous cattle breeds.

Breed	 Genotype	 Meat quality traits (cm)

		  BFT	 EMA	 IF	 Mb

Qinchuan	 AA	 0.39 ± 0.01	 35.6 ± 1.01	 7.7 ± 0.08	 3.4 ± 0.08
	 AB	 0.38 ± 0.01	 36.9 ± 1.08	 7.8 ± 0.09	 3.3 ± 0.09
P		  0.755	 0.164	 0.855	 0.671

Data are reported as means ± SE. BFT = back fat thickness; EMA = eye muscle area: IF = intramuscular fat; Mb 
= marbling.

Table 3. Least square means and standard errors of the meat quality traits found for the genotypes of the MyoD1 
polymorphism in Chinese indigenous cattle.

DISCUSSION

At present, breeding goals are changing from high yield, to more meat quality traits 
(van Wijk et al., 2005). Study of association with a candidate gene is a step towards better 
comprehension of the genetic basis of productive traits (O’vilo et al., 2006). Mutation in the 
candidate genes and its association with economic attributes have been studied to ascertain 
the genetic basis of quality traits and to develop marker-assisted selection. Myogenesis and 
postnatal tissue growth are determined by the muscle-regulatory factor gene family (MyoD1), 
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comprised of four genes (MyoD1, MYF4, MYF5, and MYF6). Their mutations have been 
described in several pig breeds and pig lines to affect the meat loosening in the carcass 
(Cieslak et al., 2002; Kuryl et al., 2002) and the micro-structural features of muscle tissue 
(Klosowska and Fiedler, 2003; Klosowska et al., 2001, 2004). Nevertheless, there have been 
very few studies on the MyoD1 gene in cattle.

We found lack of association between SNPs in the bovine MyoD1 gene and meat 
quality traits in the Qinchuan cattle population, and showed that the exon 1, 624 bp, C>G 
synonymous mutation is not significantly associated with BFT, EMA, IF, or Mb. These 
results are consistent with various previous investigations, which found non-significant 
relationships between MyoD1 gene polymorphisms and growth and meat quality traits 
(Cieslak et al., 2002; Kapelanski et al., 2005). Similar results were also found for the 
MyoD1/DdeI polymorphism that is in the non-coding region (intron 1) of the MyoD1 gene 
(Knoll et al., 1997).

Another scientist, Cieslak et al. (2000), also found lack of significant effects of 
MyoD1 genotypes on carcass quality attributes among 115 Torhyb pigs of both sexes. Kuryl 
et al. (2002) reported that the effect of the MyoD1 locus genotypes on carcass quality varies 
in breeds and lines. The pig MyoD1 gene also may lack a significant mutation impacting these 
attributes, or else the linkage phase of MyoD1/DdeI polymorphism with a MyoD1 mutation 
does not provide objective information (te Pas et al., 1999a). Liu et al. (2008) also reported a 
lack of association between polymorphism of MyoD1/DdeI with meat quality traits in Large 
White 9 Meishan F2 populations.

Although we did not find any significant association, it is possible that other SNPs in 
the MyoD1 gene are correlated with IMF or Mb, or with other meat quality traits. However, 
some contrary results have been reported for the bovine MyoD1 gene, both in coding and 
non-coding regions (te Pas et al., 2000; Wojciech et al., 2005; Verner et al., 2007; Estellé et 
al., 2008). The MyoD1 gene is also considered as a potential candidate gene for meat tender-
ness and carcass traits (Rexroad III et al., 2001; Casas et al., 2003). Summing up the results 
of the research performed on several breeds and lines of pigs and cattle, one may conclude 
that the significant effect of genotype at the MyoD1 locus on carcass and meat quality 
depends on breed or line. Some researchers have explained the differences in results to be 
due to the use of different methods (PCR versus Southern blotting; see, te Pas and Visscher, 
1994). In addition, knockout mouse experiments revealed that MyoD1 and MYF5 genes are 
to a certain degree redundant, which may also decrease mutation effects (Rudnicki et al., 
1993; Cieslak et al., 2002).

We conclude that no significant association exists between meat quality traits and the 
corresponding genotypes for these MyoD1 gene polymorphisms in the Qinchuan cattle breed. 
This result is consistent with previous studies on other bovine and porcine populations.

CONCLUSIONS

Associations between SNPs of MyoD1 and meat quality traits were studied in com-
mercial lines of Qinchuan cattle. No genotype was significantly associated with BFT, EMA, 
IF, or Mb. We suggest that this SNP could be considered as a part of marker panels for breed 
composition and population admixture analyses due to the marked differences in allelic fre-
quencies among these native Chinese cattle breeds.
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