Tournal of Animal and Veterinary Advances 10 (1): 29-32, 2011

ISSN: 1680-5593
© Medwell Journals, 2011

A Typing System Based on Ligase Detection Reaction for
Myogenin Gene Polymorphisms in Chicken

'Shu Jing-ting, *Zhang Ying, 'Han Wei, *Yin Ping-An and 'Li Hui-Fang
Institute of Poultry Science, Chinese Academy of Agricultural Sciences,
Yangzhou, 225003 Jiangsu, P.R. China
*Guangdong Tiannong Food Co. Ltd., Qingyuan, 511827 Guangdong,
People’s Republic of China

Abstract: Myogenin is a gene belonging to the MyoD family which codes for the bHLIH transcription factor
playing a key role in myogenesis. It affects the processes of differentiation and maturation of myotubes during
embryogenesis. The parallel typing system based on ligase detection reaction was established in the present
study and to detect the polymorphisms of MYOG gene which is candidate gene for chicken meat quality traits.
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INTRODUCTION

Myogenin (MYOG) together with MyoD1, MYF-3
and MYF-6 (MRF4, herculin) belongs to the MyoD family
genes. These genes code for the four bHLH transcription
factors which control the processes of myogenesis induce
an expression of muscle specific genes (Lassar et al,
1989) and can convert various nonmuscle cells into
muscle (Weintraub ef af., 1989). The myogenmn gene 1s the
only gene of MyoD family that undergoes expression in
all skeletal muscle cell lines. The protein coded by the
gene 1s necessary for regulation of skeletal muscles
development during embryogenesis (Kitzmann et al.,
1998).

The induction of the MYOG expression 1s associated
with a rapid set-out of the myoblast differentiation
program and start of specific muscle genes expression
(Montarras et al., 1991; Buckingham, 1992). The knock-
out experiments on murine embryos revealed a crucial role
of MYOG in myogenesis.

The null myogenm-mutants n the homozygous state
were stillborn and showed several muscle and skeletal
defects.
mononucleated myoblasts were present instead of muscle

Muscle tissue was dramatically reduced,
fibers, occasional myofibers showed a lowered density,
disorganized structure and various stages of maturation
(Hasty et al., 1993; Nabeshima et al., 1993).

These results suggest the role of MYOG i the
differentiation and maturation of myoblasts and focused
the attention of scientists on myogenin as a possible gene

affecting the muscle phenotype m chicken Wang et al.
(2007, 2008) reported that the mutations in the promoter
region of MYOG gene were associated with muscle fiber
traits and some carcass traits.

Qngyuan partridge chicken or Qmgyuan chicken is
an important indigenous breed among them. Tt mainly
distributes in Qingyuan city, Guangdong province, P.R.
China and got its name by the fact that there are lots of
sesame-like pocks interspersing the back feathers of hens.
Qmgyuan chicken 1s a light-body type breed with good
meat quality which is famous for its 3 yellow, two thin and
one partridge morphology features, 1.e., yvellow beak,
shanks and skin, thin head and bone, partridge feather.

In the present study, we describe a new, sensitive
assay for the detection of AMYOG gene based on
Polymerase Chain Reaction-Ligase Detection Reaction
(PCR-LDR). LDR was originally developed for
discriminating single-base mutations or polymorphisms
(Barany and Gelfand, 1991). Tt utilizes the ability of DNA
ligase to preferentially seal adjacent oligonucleotides
hybridized to target DNA in which there is perfect
complementation at the mick junction

Two reported polymorphisms in the promoter
region of chicken MYOG gene (T-618C and G-224A)
(Wang et al., 2007, 2008) were genotyped in Recessive
White and Qingyuan partridge chicken breeds by
PCR-LDR and the distribution of different genotypes in
different chicken breeds were analyzed to give some
guidance to select chickens for meat quality traits in the
future.
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MATERIALS AND METHODS

Experimental population: Bloodsamples of 169 Recessive
White chickens (RW) and 193 Qingyuan partridge
chickens (QY) were randomly collected from National
Gene Pool for Indigenous Chicken Breeds (Yangzhou,
China) and Guangdong Tiannong Food Co. Ltd,
(Guangzhou, China), respectively.

DNA extraction and PCR amplification: DNA isolation
was performed from whole blood using the Purgene DNA
Tsolation Kit (Gentra Systems, Inc., Minneapolis, MI).
Two pamrs of primers were designed to amplify two
fragments including T-618C and G-224A mutations. The

primer sequences for T-618C were forward: 5°
TTCTTTCCACTGACCGATCC 37,  reverse 5
ACTGGGGACGTCAGAAACC 3" and the primer
sequences for  G-224A were:  forward 5
AGAGTGTGGGAGGCTCAGG % reverse 5

>

CTGAGCAATGGAGTGCAGAA 3.

PCR was carried out in 20 ul, volume containing 1 pl.
genomic DNA, 0.4 L. primer mixture, 2ul, ANTP, 0.6 pl.
Mg2+, 2 pL Buffer, 4 pL Q-Solution and 0.2 pLL Taq DNA
polymerase. The amplification protocol comprised of an
initial denaturation and enzyme activation phase at 95°C
for 15 min followed by 35 cycles of denaturation at 94°C
for 30 sec, annealing at 56°C for 1 min, extension at 72°C
for 1 mm and then a final extension at 72°C for 7 mun. PCR
products were checked in 3% agarose gels stained with
ethidium bromide to ensure the amount added in LDR.

Ligase detection reaction: For each SNP, three probes
were designed, one common probe and two discriminating
probes for the two types (Table 1). LDR reactions were
carried out ina 10 pL mixture containing 1 uL Buffer, 1 pL
Probe Mix, 0.05 pl. Tag DNA ligase (New England
Biolabs, TJSA), 1 pl. PCR product and 6.95 ul, deionized
water. The reaction program was shown as following an
mitial heating at 94°C for 2 min followed by 35
cycles of 30 sec at 94°C and 2 min at 60°C.

Table 1: Probe sequences of LDR.
Probe name Probe sequences (5'-30
MYOG-618T/C_modify P-GATTCCAGCGGAGGGATCGGTCA

GTTTTTTITITITTTTTT-FAM

MYOG-618T/C _C TTITTTTITTITITTTCTCCTCCT
ATTCCTGCTCTGGGCCG

MYOG-618T/C _T TTTTTTTTTTTTTTTTTTCTCCTCCT
ATTCCTGCTCTGGGCCA

MYOG-224G/A_modify P-TCAGTGCTCCCCGCTGCTGCCCTGA
TTTTTITTITTITT-FAM

MYOG-224G/A_G TTTTTTITTTTTTTTTTAATGGAGTGC
AGAATCCAGTGCTGC

MYOG-224G/A_A TTTTTITTTTITITTTAATGGAGTGCAG
AATCCAGTGCTGT

30

Reactions were stopped by chilling the tubes in an
ethanol-dry ice bath and adding 0.5 mL of 0.5 mM EDTA.
Aliquots of 1 pLb of the reaction products were mixed
with 1 puL of loading buffer (83% formamide, 8.3 mM
EDTA and 0.17% Blue Dextran) and 1 pl. ABI GS-500
Rox-Fluorescent molecular weight marker denatured at
95°C for 2 min chilled rapidly on ice prior to loading on an
5 M urea-5% polyacrylamide gel and electrophoresed on
an ABI 3100 DNA sequencer at 3000 Volts. Fluorescent
ligation products were analyzed and quantified using the
ABI Gene Scan 672 software.

Statistical analyses: Haplotypes were inferred by the
PHASE 2.0 software http//www stat.washington.edu/
stephens/software.html (Stephens et al., 2001).

RESULTS AND DISCUSSION

Genotype and allele frequencies: In the present study, we
describe the development of a new mutation detection
method based on PCR-LDR which is highly sensitive and
quantitative. A distinguishing feature of PCR-LDR is that
misligations do not undergo subsequent amplification,
therefore reducing the chance of false positive reactions.
Any low-level polymerase errors remam unselected and
thus contribute only a mimmum of background noise. It
has been used m the detection of some virus, oncogenes
and tumor-suppressor genes (Khanna et al., 1999
Rondini et al., 2008). The electrophoretic profiles of PCR-
LDR analysis of T-618C and G-224A site are shown in
(Fig. 1 and 2). Three genotypes were found at each site.

g

Fig. 1: Genotype result of MYOG T-618C

1§

Fig. 2: Genotype result of MYOG G-224A
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Table 2: Gene frequencies and genotype frequencies of different SNPS in different breeds

Genotype frequency Allele frequency
Breed Number SNP CC/AA TC/GA TT/GG CiA T/G ¥?
QY 193 T-618C 0.073 0.424 0.503 0.285 0.715 0.23
G-224A 0.257 0.529 0.215 0.522 0.478 0.38
RW 169 T-618C 0.243 0.533 0.225 0.510 0.490 043
G-224A 0314 0.426 0.260 0.527 0.473 1.72
¥? 0.05 (2)=5.99, 42 0.01 (2) = 2.21
Table 3: Haplotype and diplotype frequencies in different breeds
Haplotype Diplotype
Breed Hl H2 H3 H4 HIH1 HI1H2 HIH3 HIH4 H2H2 H2H4 H3H3 H3H4 H4H4
QY 0.403 0.315 0.120 0.162 0.166 0.259 0.062 0.254 0.083 0.104 0.031 0.016 0.026
RW 0.438 0.098 0.119 0.345 0.168 0.030 0.144 0.317 0.018 0.078 0.000 0.078  0.168

Allele frequencies and genotype frequencies of each
site in different chicken breeds and Chi square test are
shown in Table 2. In the two sites, recessive white
chickens and Qingyuan partridge chickens were all in
Hardy-Wemberg equilibrium (p=>0.03). At T-618C site, the
T allele was more frequent than the C allele in Qingyuan
partridge chickens while C was the superior allele in
Recessive White chickens; at G-224A site, the A allele
was more frequent than the G allele in both breeds.

Haplotype frequencies: As far as haplotypes were
concerned, four haplotypes (H1: TA, H2: TG, H3: CA, H4:
CG) were constructed and there were 9 diplotypes (H1HI,
HI1HZ, H1H3, H1H4, H2H2, H2H4, H3H3, H3H4, H4H4) n
Qugyuan partridge chickens and 8 diplotypes (H1HI,
H1H2, H1H3, H1H4, H2H2, H2H4, H3H4, H4H4) in
Recessive White chickens. H3H3 was the umque
diplotype in Qngyuan partridge chickens. Haplotype and
diplotype frequencies in different chicken breeds were
shown in Table 3. The distribution of different haplotypes
and diplotypes in different chicken breeds were
significant different (p>0.01), this result supported the
result of Wang et al (2008). In Qingyuan partridge
chickens, H1 was the most frequent haplotype followed
by H2 and then H4 and H3 while in Recessive Whate
chickens, H1 was the most frequent haplotype followed
by H4 and then H3 and H2.

This may explain why sigmficant meat quality
difference existing in the two chicken breeds, the two
mutations in the promoter region of MYOG gene may
relate to the meat quality traits in chicken. Nevertheless,
further study should be conducted in larger population
size and the meat quality traits should be tested to confirm
the genetic effects of MYOG gene. It will make it possible
to distinguish the MYOG gene as potentially useful in
MAS of meat quality traits in chickens.

CONCLUSION

The genotypes of T-618C and G3-224A in the promoter
region of MYOG gene were identified in Qingyuan
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partridge chickens and Recessive White chickens and the
results were coincidence with direct sequencing. The
genotype and haplotype distribution in different breeds
was significant different. The results mdicated that these
two SNPs might relate to chicken meat quality trait.

ACKNOWLEDGEMENTS

This research was supported by the Earmarked Fund
for Modem Agro-Industry Technology Research System,
Natural Science Foundation of Jiangsu Province
(BK2009177) and Doctorial fimds of Poultry Institute of
Tangsu province (JQ2009001).

REFERENCES

Barany, F. and DH. Gelfand, 1991. Cloning
overexpression and nucleotide sequence of a
thermostable DNA ligase-encoding gene. Gene,
109: 1-11.

Buckingham, M., 1992, Making muscle in mammals.
Trends Genet., 8: 144-148.

Hasty, P., A Bradley, JH. Morris, D.G. Edmondson,
IM. Veruti, EN. Olson and W.H. Klem, 1993.
Muscle deficiency and neonathal death in mice with
targeted mutation in the Myogenin locus. Nature,
364: 501-506.

Khanna, M., P. Park, M. Ziavy W.G. Cao and
A. Picon et al, 1999. Multiplex PCR/LDR for
detection of K-ras mutations i primary colontumors.
Oncogene, 18: 27-38.

Kitzmann, M., G. Carnac, M. Vandromme, M. Primig and
N.J.C. Lamb, 1998. The muscle regulatory factors
MyoD and Myf-5 underge distinct cell cycle-
specific expression in muscle cells. J. Cell Biol,
142: 1447-1459.

Lassar, AB., IN. Buskin, D. Lockshon, RI1. Davis,
S. Apone, 3.D. Hauschka and H. Weintraub, 1989.
MyoD 1s a sequence-specific DNA binding protein
requiring a region of myc homology to bind to the
muscle creatine kinase enhancer. Cell, 58: 823-831.



J. Anim. Vet. Adv., 10 (1): 29-32, 2011

Montarras, D., T. Chelly, E. Bober, H. Arnold, M. Ott,
F. Gros and C. Pinset, 1991. Developmental patterns
in the expression of Myt-5, MyoD, myogenin and
MRF4 during myogenesis. New Biol., 3: 592-600.

Nabesluma, Y., K. Hanaoka, M. Hayasaka, E. Esumi, S. Li,
1. Nonaka and Y.I. Nabeshima, 1993. Myogenin gene
disruption results in perinatal lethality because of
severe muscle defects. Nature, 364: 532-535.

Rondini, 8., M.R. Pingle, S. Das, R. Tesh and M.S. Rundell
et al., 2008. Development of a multiplex PCR/LDR
assay for detection 1 of West Nile Virus. J. Clin.
Microbiol., 46: 2269-2279.

Stephens, M., N.J. Smith and P. Domnelly, 2001. A new
statistical method for haplotype reconstruction from
population data. Am. J. Hum. Genet., 68: 978-989.

32

Wang, Q. Y.P. Lin, X.S. Tiang, C'W. Yang, H.R. Du,
M.H. Qiu and Q. Zhu, 2007. Correlation analysis of
relationships between polymorphisms of high quality
chicken myogenin gene and slaughter and meat
quality traits. Hereditas, 29: 1089-1098.

Wang, Q.G., H. Li, N. Li, Y.X. Wang and 7.Q. Tang, 2008.
Detection of single nucleotide polym orphism of
Myogenin gene and population genetic analysis in
chicken. I. Northeast Agric. Univ., 39: 82-85.

Weintraub, H., S.J. Tapscott, RL. Davis, M.J. Thayer,
M.A. Adam, AB. Lassar and D. Miller, 1989.
Activation of muscle-specific genes in pigment nerve
fat liver and fibroblast cell lines by forced expression
of MyoD. Proc. Natl. Acad. Sci. TJSA., 86: 5434-5438.



