Sex- and age-dependent expression of Pax7,
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ABSTRACT. The aim of this study was to investigate the myogenic
factor mRNA expression pattern of Pax7, Myf5, MyoG, and Myostatin
mRNA at different ages, sexes, and muscle tissues of Datong yaks. The
expression patterns in semimembranosus (SM), quadriceps femoris
(QF), and triceps muscle of arm (TM) were detected by quantitative
real-time polymerase chain reaction and compared using biostatistics.
The results showed that the Pax7 gene expression levels were higher
in the hindquarters (SM and QF) than in the forequarters, and was
higher in male compared to in female muscle (P ≤ 0.05). The Myf5
gene expression levels of male yaks were highest in QF (P ≤ 0.05),
whereas the expression levels of female yaks were highest in TM (P
≤ 0.05). Female MyoG gene expression levels were higher in QF and
TM compared to in male yaks. The MyoG expression was higher in
all muscles at 6 months old compared to in 3-year-old muscle. The
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highest MSTN gene expression was found in 6-month-old TM muscle
and in QF muscle of 3 years (P ≥ 0.05). In conclusion, yak muscles
showed different growth patterns depending on position. At 6 months
of age, the satellite cells in the male hindquarter muscles and the female
forequarter muscle showed a strong proliferative ability, at the same time
the satellite cells in all female muscles had a powerful differentiation
ability. Hindquarter muscles appear to mainly grow at younger ages and
forequarters mainly grow at older ages.
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INTRODUCTION
Yak (Bos grunniens) is an important livestock in the Qinghai Tibet Plateau. It is the
only species of cattle that is able to provide high quality meat and dairy products under the
extremely harsh ecological conditions of the above region. However, the slow growth and
development, a yak production trait, is difficult to adapt to the currently rapidly growing
development of the national economy. Hence, growth rate and muscularity have become
the most important economic traits in yak breeding. The number and size of muscle fibers
determine postnatal muscle growth (Muráni et al., 2007) and the presence and activity of
satellite cells play an important role in skeletal muscle hyperplastic and hypertrophic growth
(Zammit et al., 2006). A few studies of changes in yak muscle histology at different ages (Yang
et al., 2001; Liu et al., 2013) and in different breeds (Zhang et al., 2013) have been reported.
However, a study of the expression levels of the myogenic regulatory factors Pax7, Myf5,
MyoG, and Myostatin (MSTN) have thus far not been performed.
The fiber formation in cattle ceases and the total fibers number is established around
day 210 of gestation (Du et al., 2010). The mechanisms of hyperplasia and hypertrophy in
muscle growth are controlled by sequential expression of muscle regulatory factors (MRFs;
including MyoD, Myf6 (Mrf4), Myf5, and myogenin), which commit cells to the myogenic
program and control differentiation and fusion (Yin et al., 2014). Myf5 regulates myogenesis
and homeostasis (Gayraud-Morel et al., 2007). MyoG and Mrf4 play an important role in
myoblast differentiation and hypertrophy, whereas MyoG controls myotube formation
(Knapp et al., 2006). In adult myogenesis, MyoD and Myf5 expression could indicate
myoblast proliferation and hyperplasia. In pig, Pax7 has been shown to induce satellite
cell self-renewal, affecting the satellite cell physiology and the dynamic stage of postnatal
growth (Patruno et al., 2008). Pax7 also activates Myf5 and MyoD, regulating the satellite
cells’ entry into the myogenic program. MSTN has been shown to maintain satellite cells
in a state of reversible quiescence (Wagner et al., 2005; Amthor et al., 2006), as well as to
inhibit the MyoD synthesis and activity through interactions with MRFs (Amthor et al.,
2004; Guttridge, 2004).
The aim of this study was to assess and compare the expression levels of Pax7, Myf5,
MyoG, and MSTN genes in three different skeletal muscles from different sex and age of
postnatal yak. Our data provide a better understanding of the molecular mechanism of muscle
growth regulation and for screening the candidate genes related to growth rate and muscularity
in yak breeding.
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MATERIAL AND METHODS
All experimental procedures were performed in accordance with the Guide for Animal
Care and Use of Laboratory Animals in the Institutional Animal Care and Use Committee
of QingHai University. The experimental protocol was approved by the Department Animal
Ethics Committee of QingHai University.

Reagents
All reagents were of analytical grade of the highest purity that is commercially
available. Prime Script RT-reagent Kit with gDNA Eraser (Perfect Real Time) and SYBR
Premix Ex Taq were purchased from Takara Biotechnology (Dalian, China) (Asadpour et al.,
2013). Pax7, MyoG, Myf5, and MSTN primers were synthesized by Sangon Biotech (Sangon
Biotech, Shanghai, China) (Kang et al., 2013).

Animal treatment
Animal experiments were carried out according to the guidelines for animal
experiments at the National Institute of Animal Health. The experimental group comprised 30
healthy yaks: 10 female and 10 male 6 month old yaks (weight: 70.00 ± 5.00 kg), and 10 three
year old female yaks (280.00 ± 5.00 kg). The animals were provided by the Datong Cattle
farm from the Qinghai province and kept under the same housing and feeding conditions.
Muscle tissues were collected from three different skeletal muscles, semimembranosus (SM)
and quadriceps femoris (QF) belong to hindquarter; and triceps muscle from arm (TM: the
caput longum of triceps brachii muscle) belongs to forequarters, within 45 min after slaughter
and immediately frozen in liquid nitrogen until further analyses.

Real-time polymerase chain reactions (RT-PCR) and analysis
The myogenic factors were determined by quantitative qRT-PCR. Muscle RNA was
extracted using TRIzol reagent following the manufacturer protocols (TaKaRa, Dalian, China).
Total RNA (1 mg) was reverse transcribed to synthesize cDNA using the Prime Script RT-reagent
Kit for RT-PCR. RT-PCR amplification was carried out on a Bio-Rad iQ5 (Bio-Rad, USA) by
SYBR Premix Ex TaqTM II (TaKaRa) chemistry detection under the followed amplification
conditions (Each reaction contained 150 ng of template DNA, 12.5 mL of SYBRII green PCR
master mix and 2 mM of each primer. The reaction conditions were as follows: 50°C for 2 min,
95°C for 10 min, 40 cycles of 95°C for 15 s and 60°C for 1 min. The mRNA data was quantified
using the comparative threshold cycle (40 CT) method. β-actin was used as a housekeeping gene
with which the expression levels of all other genes were compared Subsequently, the measured
expression levels and 2-∆∆Ct were used to calculate the relative mRNA expression levels of the
myogenic genes (Livak and Schmittgen, 2001). The primers used are presented in Table 1.

Statistical analyses
All data are reported as means ± SE. All statistical analyses were done with SPSS v.
21.0. Differences between experimental groups were evaluated by the Student t-test. The level
of statistical significant difference was set at P ≤ 0.05.
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Table 1. Primers used for the RT-PCR of yak (Bos taurus).
Gene
Myf5
Pax7
MyoG
MSTN

-actin

Primer (5'-3')
GGCATGCCTGAATGTAACAG
TTGCTCTGAGTTGGTGATCC
GCTCAGACGTGGAGTCAGAA
CCGTCTTGGGAGATGGTAGT
ACTACCTGCCTGTCCACCTC
ACCTTCTTGAGTCTGCGCTT
CATCAAACCCATGAAAGACG
GCAATAATCCAATCCCATCC
CCCTGGAGAAGAGCTACGAG
TCTTTCTGCATCCTGTTTGC

Product size (bp)
162
352
229
372
247

RESULTS
Sex-dependent changes of myogenic factors
The myogenic factor expression level in 6 month old yak indicated that the Pax7
gene expression levels were SM > QF > TM, but with no significant difference between SM
and QF (P ≥ 0.05). Pax7 expression was higher in males than in females (P ≤ 0.05) (Figure
1A). The Myf5 expression levels were the highest in male QF (P ≤ 0.05) and were higher in
female TM than in male TM (P ≥ 0.05) (Figure 1B). The MyoG expression levels were higher
in female QF and TM than in males (P ≤ 0.05), but showed no sex differences in SM (Figure
1C). The highest MSTN expression levels were found in female SM and in male QF, but were
not statistically significant among the sexes in TM (P ≥ 0.05; Figure 1D).

Figure 1. Relative mRNA expression of myogenic regulatory genes in muscle tissues of male and female yak. The mRNA
expression levels were measured by qRT-PCR. A. Pax7; B. Myf5; C. MyoG; D. MSTN. The muscle tissues were QF:
quadriceps femoris; SM: semimembranosus; and TM: Triceps muscle of arm. All muscle samples were collected at 6
months. β-actin was used as a housekeeping gene with which the expression levels of all other genes were compared. Data
are reported as means ± SE. Letters a-d above the bars within each figure indicate significant differences at P ≤ 0.05.
Genetics and Molecular Research 15 (2): gmr.15028020
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Age-dependent changes in myogenic factors
The myogenic factor expression levels in females at different ages are shown in Figure
2. Compared to in 3 year old muscle tissue, Pax7 expression levels were higher in 6 month old
QF and SM (P ≤ 0.05), whereas the opposite was found in TM (Figure 2A). The expression
levels of Myf5 were the highest in QF at 3 years of age, and the lowest in SM at the same age
(Figure 2B). The MyoG expression levels were higher at 6 months than at 3 years, across all
muscle tissues (P ≤ 0.05) (Figure 2C). MSTN expression levels were the highest in female TM
of 6 months and the lowest in SM of the same age (Figure 2D).

Figure 2. Relative mRNA expression of myogenic regulatory genes in muscle tissues collected from female
yak of two different ages (six months and three years). The mRNA expression levels were measured by
qRT-PCR. A. Pax7; B. Myf5; C. MyoG; D. MSTN. The muscle tissues were QF: quadriceps femoris; SM:
semimembranosus; and TM: Triceps muscle of arm. β-actin was used as a housekeeping gene with which the
expression levels of all other genes were compared. Data are reported as means ± SE. Letters a-d above the bars
within each figure indicate significant differences at P ≤ 0.05.

DISCUSSION
Many reports have indicated that satellite cells play an important role in muscle
hypertrophy (Wigmore and Stickland, 1983; Mesires and Doumit, 2002; Ishido et al., 2004;
Wang et al., 2015), which is involved in normal muscle growth and regeneration. Satellite
cells are located in myofibers between the plasmalemma and the basal lamina, and can be
activated by injury or other signals (Cooper et al., 1999; Ishido et al., 2004; Wilschut et al.,
2008). Patruno et al. (2008) investigated the number of activated satellite cells in the porcine
semitendinosus muscle after birth. They found that all myogenic cells had 10-15% Pax7+ cells
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at birth and noticed that Pax7+/MyoD+ cells increased at one month after birth (Patruno et
al., 2008). Furthermore, Campion et al. (1981) observed that the absolute number of satellite
cells of the peroneus longus and sartorius muscles in pigs increased over the first 32 weeks
of postnatal growth, but that the number decreased again from 32 to 64 weeks. Ropka-Molik
et al. (2011) showed that the Pax7 mRNA level of young pietrain pigs (from 60 to 120 days)
increased, and that a weak decline was observed at 210 days. The transcript levels of Pax7 in
the largest muscle (SM) were the lowest (Ropka-Molik et al., 2011). Our results showed that
in the hindquarters (QF and SM), Pax7 expression was higher at 6 months than at 3 years,
meanwhile, in the forequarters (TM), Pax7 expression was higher at 3 years than at 6 months;
At 6 months, Pax7 expression among all three muscle tissues was higher in males than in
females. MSTN belongs to the transforming growth factor beta family, which negatively
regulates skeletal muscle mass. Our results indicated that at 6 months, the MSTN expression
was highest in the TM, whereas at 3 years it was the highest in QF. This suggests that the
growth pattern of yak muscle differs depending on its position. The forequarters muscle
mainly grew in younger muscles and the hindquarters mainly grew in older muscles, which
was consistent with the Pax7 results.
The MyoG gene is expressed after the Myf5 and MyoD genes and is mainly engaged in
the muscle differentiation process. MyoG-/- mice continue to specify the muscle lineage through
the formation of myoblasts, but show perinatal lethality because of severe disruption of myoblast
differentiation and muscle fiber formation, (Hasty et al., 1993; Moncaut et al., 2013). MyoG and
Myf5 genes regulate their own expression and could interact with other members of the MRF
family. Genetic variation in MyoG and Myf5 could affect muscle formation and ultimately lead
to a change in meat production and quality (Singh and Dilworth, 2013). Previous studies have
found that the generation of satellite cells is accompanied by low expression of Myf5 in C2C12
cells, suggesting that Myf5 plays a role in maintaining satellite cell populations (Bhuiyan et
al., 2009; Hu et al., 2010; Biressi et al., 2013). Thus, Myf5 down-regulation in skeletal muscle
may reduce myoblast proliferation during proliferation phase I, maintain quiescent satellite cell
pools, and reduce the number of satellite cells activated to proceed as myoblasts. Our results
suggested that in the hindquarters of males and the forequarters of females, satellite cells have a
strong proliferative ability, which was consistent with the observed Pax7 and MSTN expression.
In all muscle tissues, the MyoG expression was higher in females and at 6 months of age. This
indicates that the satellite cells in all female muscles have powerful differentiation ability.
In summary, our results indicate that identifying the main myogenic gene mRNA
expression levels in different muscles, different sexes, and at different ages may aid us in our
understanding of the postnatal myogenesis process. However, the relationships between the
main myogenic regulatory factors and the postnatal myogenesis processes need further studies
to be completely elucidated.

Conflicts of interest
The authors declare no conflict of interest.

ACKNOWLEDGMENTS
Research supported by the Natural Science Foundation of Qinghai Province (Grant
Genetics and Molecular Research 15 (2): gmr.15028020

©FUNPEC-RP www.funpecrp.com.br

Myogenic factor expression levels in yak skeletal muscle

7

#2015-ZJ-920Q), the Doctoral Scientific Research Foundation of Qinghai University, the
“Five-twelfth” National Science and Technology Support Program (Grant #2013-N-A5), and
the Technology Promote New Countryside Construction Plan of Qinghai Province (Grant
#2015-NK-512).

REFERENCES
Amthor H, Nicholas G, McKinnell I, Kemp CF, et al. (2004). Follistatin complexes Myostatin and antagonises Myostatinmediated inhibition of myogenesis. Dev. Biol. 270: 19-30. http://dx.doi.org/10.1016/j.ydbio.2004.01.046
Amthor H, Otto A, Macharia R, McKinnell I, et al. (2006). Myostatin imposes reversible quiescence on embryonic muscle
precursors. Dev. Dyn. 235: 672-680. http://dx.doi.org/10.1002/dvdy.20680
Asadpour A, Riazi-Rad F, Khaze V, Ajdary S, et al. (2013). Distinct strains of Leishmania major induce different cytokine
mRNA expression in draining lymph node of BALB/c mice. Parasite Immunol. 35: 42-50. http://dx.doi.org/10.1111/
pim.12018
Bhuiyan MSA, Kim NK, Cho YM, Yoon D, et al. (2009). Identification of SNPs in MYOD gene family and their
associations with carcass traits in cattle. Livest. Sci. 126: 292-297. http://dx.doi.org/10.1016/j.livsci.2009.05.019
Biressi S, Bjornson CR, Carlig PM, Nishijo K, et al. (2013). Myf5 expression during fetal myogenesis defines
the developmental progenitors of adult satellite cells. Dev. Biol. 379: 195-207. http://dx.doi.org/10.1016/j.
ydbio.2013.04.021
Campion DR, Richardson RL, Reagan JO and Kraeling RR (1981). Changes in the satellite cell population during postnatal
growth of pig skeletal muscle. J. Anim. Sci. 52: 1014-1018.
Cooper RN, Tajbakhsh S, Mouly V, Cossu G, et al. (1999). In vivo satellite cell activation via Myf5 and MyoD in
regenerating mouse skeletal muscle. J. Cell Sci. 112: 2895-2901.
Du M, Tong J, Zhao J, Underwood KR, et al. (2010). Fetal programming of skeletal muscle development in ruminant
animals. J. Anim. Sci. 88 (Suppl): E51-E60. http://dx.doi.org/10.2527/jas.2009-2311
Mesires NT and Doumit ME (2002). Satellite cell proliferation and differentiation during postnatal growth of porcine
skeletal muscle. Am. J. Physiol. Cell Physiol. 282: C899-C906. http://dx.doi.org/10.1152/ajpcell.00341.2001
Muráni E, Murániová M, Ponsuksili S, Schellander K, et al. (2007). Identification of genes differentially expressed during
prenatal development of skeletal muscle in two pig breeds differing in muscularity. BMC Dev. Biol. 7: 109-109.
http://dx.doi.org/10.1186/1471-213X-7-109
Gayraud-Morel B, Chrétien F, Flamant P, Gomès D, et al. (2007). A role for the myogenic determination gene Myf5 in
adult regenerative myogenesis. Dev. Biol. 312: 13-28. http://dx.doi.org/10.1016/j.ydbio.2007.08.059
Guttridge DC (2004). Signaling pathways weigh in on decisions to make or break skeletal muscle. Curr. Opin. Clin. Nutr.
Metab. Care 7: 443-450. http://dx.doi.org/10.1097/01.mco.0000134364.61406.26
Hasty P, Bradley A, Morris JH, Edmondson DG, et al. (1993). Muscle deficiency and neonatal death in mice with a
targeted mutation in the myogenin gene. Nature 364: 501-506. http://dx.doi.org/10.1038/364501a0
Hu G, Wang SZ, Zhang S, Chen WX, et al. (2010). [Genetic analysis of epistatic effects between ApoB and UCP on
abdominal fat trait in chicken]. Yi Chuan 32: 59-66. http://dx.doi.org/10.3724/SP.J.1005.2010.00059
Ishido M, Kami K and Masuhara M (2004). Localization of MyoD, myogenin and cell cycle regulatory factors in
hypertrophying rat skeletal muscles. Acta Physiol. Scand. 180: 281-289. http://dx.doi.org/10.1046/j.00016772.2003.01238.x
Kang FW, Gao Y, Que L, Sun J, et al. (2013). Hypoxia-inducible factor-1a overexpression indicates poor clinical outcomes
in tongue squamous cell carcinoma. Exp. Ther. Med. 5: 112-118.
Knapp JR, Davie JK, Myer A, Meadows E, et al. (2006). Loss of myogenin in postnatal life leads to normal skeletal muscle
but reduced body size. Development 133: 601-610. http://dx.doi.org/10.1242/dev.02249
Liu ZZ, Zhang YB, Han L, Yu QL, et al. (2013). Study on meat quality of baby yak and adult yak from Datong county of
Qinghai Province. J. Gansu Agric. Univ. 48: 110-113.
Moncaut N, Rigby PW and Carvajal JJ (2013). Dial M(RF) for myogenesis. FEBS J. 280: 3980-3990. http://dx.doi.
org/10.1111/febs.12379
Patruno M, Caliaro F, Martinello T and Mascarello F (2008). Expression of the paired box domain Pax7 protein in
myogenic cells isolated from the porcine semitendinosus muscle after birth. Tissue Cell 40: 1-6. http://dx.doi.
org/10.1016/j.tice.2007.08.006
Ropka-Molik K, Eckert R and Piórkowska K (2011). The expression pattern of myogenic regulatory factors MyoD,
Myf6 and Pax7 in postnatal porcine skeletal muscles. Gene Expr. Patterns 11: 79-83. http://dx.doi.org/10.1016/j.

Genetics and Molecular Research 15 (2): gmr.15028020

©FUNPEC-RP www.funpecrp.com.br

G. Wu et al.

8

gep.2010.09.005
Singh K and Dilworth FJ (2013). Differential modulation of cell cycle progression distinguishes members of the myogenic
regulatory factor family of transcription factors. FEBS J. 280: 3991-4003. http://dx.doi.org/10.1111/febs.12188
Wagner KR, Liu X, Chang X and Allen RE (2005). Muscle regeneration in the prolonged absence of myostatin. Proc.
Natl. Acad. Sci. USA 102: 2519-2524. http://dx.doi.org/10.1073/pnas.0408729102
Wang Y, Zhang RP, Zhao YM, Li QQ, et al. (2015). Effects of Pax3 and Pax7 expression on muscle mass in the Pekin duck
(Anas platyrhynchos domestica). Genet. Mol. Res. 14: 11495-11504. http://dx.doi.org/10.4238/2015.September.28.1
Wigmore PM and Stickland NC (1983). Muscle development in large and small pig fetuses. J. Anat. 137: 235-245.
Wilschut KJ, Jaksani S, Van Den Dolder J, Haagsman HP, et al. (2008). Isolation and characterization of porcine adult
muscle-derived progenitor cells. J. Cell. Biochem. 105: 1228-1239. http://dx.doi.org/10.1002/jcb.21921
Yang BH, Yao J, Wang MQ, Lu ZL, et al. (2001). Studies of skeletal muscle fiber histology characteristics of Datong yaks.
China Herbivores 3: 34-35.
Yin H, Zhang S, Gilbert ER, Siegel PB, et al. (2014). Expression profiles of muscle genes in postnatal skeletal muscle
in lines of chickens divergently selected for high and low body weight. Poult. Sci. 93: 147-154. http://dx.doi.
org/10.3382/ps.2013-03612
Zammit PS, Relaix F, Nagata Y, Ruiz AP, et al. (2006). Pax7 and myogenic progression in skeletal muscle satellite cells.
J. Cell Sci. 119: 1824-1832. http://dx.doi.org/10.1242/jcs.02908
Zhang QW, Yu HX, Li L, Jing HX, et al. (2013). Studies on skeletal muscle histology of Datong yaks at different
development stages. Prog. Vet. Med. 34: 59-63.

Genetics and Molecular Research 15 (2): gmr.15028020

©FUNPEC-RP www.funpecrp.com.br

