addava

Asian Journal of Animal and Veterinary Advances

Academic
Journals Inc.

www.academicjournals.com



Asian Journal of Animal and Veterinary Advances 7 (7): B88-577, 2012
ISBN 1683-9919 / DOI: 10.23923/ajava. 2012.568.5677
© 2012 Academic Journals Inc.

The Polymorphism in 5 'Regulatory Region and Exon 13 of PRKAG?3
Gene and its Distribution Pattern in Different Goat Breeds

“*Hai Jin, “"Hong-Quan Chen, 'Jie Qin, 'Yin-Jian Zhu, 'Hua Chen, 'Gong-Wei Chen,
Ya-Nan Xie, 'Zhong-Ting Pan, 'Ming-Hui Jiao, *Sheng-Qiang Huang and *Ming-Xing
Chu

'Schooal of Animal Science and Technolegy, Anhui Agricultural University, Hefei, 230036, The People’s
Republic of China

2School of Animal Science and Technology, Hunan Agricultural University, Changsha, 410128, The People's
Republic of China

Local Animal Genetic Resources Conservation and Biobreeding Laboratory of Anhui Provinee, Hefei,
230036, The People's Republic of China

*Key Laboratory of Farm Animal Genetic Resources and Utilization of Ministry of Agriculture, Institute

of Animal Science, Chinese Academy of Agricultural Sciences, Beijing 100193, The People's Republic of
China

Corresponding Author: Hong-GQuan Chen, School of Animal Science and Technology, Anhui Agricultural University,
Hefei, 230036, The People's Republic of China Tel: +86(0) 551 578 6329 Fax:: +86(0) 551 5785027

ABSTRACT

Adenocsine Monophosphate activated Protein Kinase (AMPE) plays a key role in cellular
metabohism and regulating energy and its yv3 subunit was encoded by the PRKAGY gene which was
regarded as the candidate gene for carcass quality trait in domestic animals and fowls. To
understand PRKAGS gene variation and its association with carcass quality of goat breeds, the
polymorphism of goat PRKAGS gene and its distribution patterns in different goat breeds were
investigated. Five goat breeds selected were Anhui white goat, Matou, Boer, Xiangdong and Sanen
dairy goat. DNA samples of all goat breeds were extracted from goat ear tissue. The polymorphisms
in the & regulatory region and exon 13 of PRKAG S gene were examined using Apal, Hpy188I, Acil
and Clal enzyme digestion, respectively and their distribution patterns were analyzed in different
goat breeds. The results showed that two mutation loci in the & regulatory region, C-525A and
(C-225T, located at -B25 and -225 bp upstream of the start codon of the PRKAGS gene and two
mutation loci in the exon 13, T90C and C102T, located at 90 bp and 102 bp of the exon 13. The
525CC genotype frequencies of five goat breeds listed above were 0.8000, 0.9681, 0.6042, 0.7557
and 0.8889, respectively, while 225CC genotype frequencies corresponding te 0.7291, 0.9750,
0.8684, 0.9785 and 0.9344. The mutations at T90C and C102T didn’t cause the substitution of
corresponding amino acids in the AMPK protein. The muscle fat grade and carcass fat grade are
lower in goat breeds with higher 525CC225CC genotype frequency while higher in the breeds with
higher 525CA225CT genotype frequency (p<0.05). The results suggest that the lipoidosis ability
of goat breeds may be associated with C-525A and C-225T loci of PRKAGS gene.,
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INTRODUCTION

China has many goat breeds, native goat breeds nearly 50 and its rearing number reached
152 million in 2010, which has been playing an important role in meat supply and agricultural
improvement. Due to diverse natural and geographical conditions, cultivated goat breeds in the
particular habitat differ in the goat meat quality, commercial grade, meat taste, flavor and juiciness
for consumer {(Arain et al., 2010a, b; Das et al., 2007). Some reports showed that meat quality
related to muscle fat content {(Parizadian et al., 2011). However, in addition to the effect of nutrition
level (Vahdatpour et al., 2008), the fat deposition ability of goat depends on the characters of goat.
breeds (Zhou et al., 2011) and associated with many fat metabolic enzymes. The molecular
mechanism of fat deposition ability in goat yet remains unclear, although many melecular markers
correlated with carcass fat content were found of which very few are utilized in breeding practice
(Mahmoudi, 2010; Qiong et al., 2011; Yadav and Yadav, 2007). Compared with studies in the pig,
cattle and other animal (Chen, 2010; Han et al., 2011; Chen et al., 2011a), there are few studies
on the fat deposition ability in goat.

AMPEK is highly conserved sensor of cellular energy and it plays a key role in cellular
metabolism and regulating energy (Carling, 2004). Activation and phosphorylation of AMPK can
promote glucose uptake, enhance fatty acid oxidation and inhibition of glycogen synthesis and
consumption of energy in the body (Witters ef al., 2006). AMPK is a heterotrimeric enzyme
complex, consisting of one catalytic subunit («) and two regulation subunits {( and v)
(Stapleton et al., 1997; Bhen et al., 2006). v subunit is divided inte three isoforms that are v1, v2
and y3 subunits encoded, respectively by the PRKAGT, PREKAGS2 and PRKAGS gene (Hardie, 2004;
Long and Zierath, 2006).

Human PREKAGS gene contains 13 exons and 12 introns (Park ef al., 2003). FPRKAGS is
specifically expressed in skeletal muscle (Yu et al., 2003). Milan et al. (2000) and Ciobanu et al.
{2001) found that Arg200/GIn200 mutation of PRKAGS protein in Hampshire pig reduced AMPK
activity and increased skeletal muscle glycogen content, while the Vall199/11e199 mutations
decreased skeletal muscle glycogen content (Mallick et al., 2006), which thereby influenced the
meat quality. PRKAGS gene mutations in human and mouse resulted in an increase of lipid
peroxidation which affected the metabolism of skeletal muscle (Barnes and Zierath, 2005). Some
reports found that the polymorphisms of cattle PRKAGS gene related to the protein activity, meat
quality traits and disease resistance (Roux ef al., 2006; Yu et al., 2005). At present, the
polymorphism of goat PRKAGS gene and its association with meat quality has not been reported.
In this study, the polymorphisms in & regulatory region and exon 13 of goat PRKAGS gene was
detected and the polymorphic distribution in five goat breeds and its association with meat quality
were analyzed.

MATERIALS AND METHODS

Samples: Genomic DNA samples were extracted form the ear tissues of five goat. breeds using DNA
extraction kit, stored at 4°C. The five goat breeds were Sanen dairy goat (Sanen) from Northwest
Sci-Tech University of Agriculture and Forestry (Shanxi, China), Xiangdong from Xiangdong black
goat sheepstud of Changsha (Hunan, China), Matou from Matou goat breed conservation field of
Shimen County (Hunan, China) and Anhui white goat (Anbai) and Boer from Boda Feidong
sheepstud (Anhui, China).

Assessment of goat meat grade: The Muscle Fat Grade (MF(3) of five goat breeds were estimated
according to the fat of goat longissimus muscle and less than 1.0% in the muscle as level 1, then
each additional 0.5% to improve a grade, respectively. The Carcass Fat Grade (CFG) were assessed
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based on the fat content of goat carcass and less than 10.0% in the carcass as level 1, then each
additional 1.0% to improve a grade, respectively.

Primers: Based on the sequences of bovine PRKAGS gene (GenBank DQO82738), four pairs of
primers were designed using the primer premier 5.0 program (http://’www. premierbiosoft. com) in
which primer P5-900 and PE-13 were employed for the amplification of the fragment containing
5’ partial regulatory region and exon 13 of goat PRKAGS gene and primer P5-600 and P5-350 for
PCR-RFLP analysis of the 5 regulatory region. The primers were synthesized by Shanghai
Bicengineering Ine. (Shanghai, China).

P5-900: Upstream primer 5'GTTGGCTCTAGGAGACGCAGE
Downstream primer & ATACACAGAGAAAATCGTGGTCAS
P5-600: Upstream primer &5 CGTCAAGGTGATTCTCAGGACTS
Downstream primer 5CGAGTGCGCAACACTGTATCTS
P5-350: Upstream primer 8TTTCCTCCTTTGGCACCTGACE
Downstream primer §CGAGTGCGGCACACTGTATCTS
PE-13: Upstream primer 5 ATTCTTAGTATCAACCTCATCAGCY
Downstream primer 5§GAGCCTACCT GAACAAGAGCY

PCR conditions and procedures: PCR was carried out using 25 pLi PCR amplification kits:
1.0 uLi (10 pM) of each primer, 2.5 pL of 10xPCR buffer with Mg%, 2.0 pL ANTP (2.5 mM), 0.5 pL
(5 units pl!) Tag DNA polymerase (Beijing Trans Gen Biotech Co., Ltd. China), 1.0 uL. genomic
DNA (80 ng pL™") and 17 pL double-distilled H,O. Amplification conditions were: initial
denaturation of 5 min at 94°C; 35 cycles of 94°C for 30 sec, 30 sec at. 57°C for primer P5-900
(3B sec at B9°C for primer P5-600, 58°C for primer PH-350 and 55°C for primer PE-13, respectively),
72°C for 1 min, followed by 72°C extension for 10 min. The PCR products were detected using 1.5%
agarose gel electrophoresis.

Polymorphism analysis: PCR products digested with Apal (Fermentas China Co., Ltd.) and
Hpy188I (New England BioLabs), Clal (Fermentas China Co., Ltd.) and Acil (Fermentas China
Co., Ltd) endonucleases and then electrophoresed on 3% agarose gel for genotyping
polymorphisms. The gene frequencies of the different goat breeds were analyzed statistically. Allele
gene frequencies (Chen ef al., 2011b), p and q, was calculated by p = D+0.5H and q = 1-p,
respectively where 1) and H represent homozygote and heterozygote genotype frequencies,
respectively. The gene frequencies of two linkage SNP loci were calculated by Zhou et al. (2011).

Statistical analysis: The 5 regulatory region was subjected to promoter and transeription factors
binding loci prediction in Signal scan (http://’www-bimas.cit.nih.gov/molbio/signal/). The correlation
coefficients between the genctypes and the levels of MFG and CFG were calculated and evaluated
for p = 0.05 significant relationship using student’s t-test,

RESULTS

Sequence analysis of the promoter region and exon 13: PCR amplification fragment lengths
of primer P5-900, P5-600, P5-250 and PE-13 were 889, 596, 351 and 214 bp in Fig. 1, respectively.
Based on the sequencing results of mixed DNA samples (Fig. 2), two mutation sites, C-525A and
(C-225T located at -525 and -225 bp upstream of the start codon of the PRKAGS gene, respectively,
were detected. The promoter region of PRKAGS gene was assessed for potentially functional
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Fig. 2.

Astan J. Antm. Vet. Adv., 7(7): 568-577, 2012

(P5-900)zttzgetetagzagacgeagaaacageacacacageggaacgaggggacagtggetectgegeacettggatetacetecact
ggtacaaacaggtgtetgtecacactggagacaagtgeaageecaccacacge(P5-600)cgtcaaggtgatteteaggact
ceccacctgeetgaaccatecagttecagetecttecacctagggaacggeeeCetggeg(AP-2)acttgaatagtgacatetgggeacacact
gaccacteteteagtaccacccacaaacctettagecceaacetgetageeggetgeaacetgeectttetaattceageaccacceatgacecaggtttgtacaaggaaga
gegttecagetcaactgectetgtt(P5-350)tttecetectttggecacctgacaaagataagaggggetet
cagaggagaaaccccagggetetaaaagaceeectecteccacgecagegeec aceeteccececac ageageggtectteteteccateat Tgg(NFE-
Yy)acacgcaggaggcecacacagaaccaggeatecaagattecaagtgtacecctecettecacctecccageageccecaggett
cagggetegageagetgegeggetggacceeticetececagtgecegacacceaateagagagaacetgateeggg aggeeaggetgecaggeggeeggegeceagaata
gtgetgeccagatacagtgttgegeacteg(PE-600,P5-360)ctcATGGAGCCCGCCG
AGCTGAAGCACGCTCTGCCCAG Ggtaceggeggtoccggzegzectgggagetzgzecagetgaggccar agggetz agageaccetgeegeatzgata
tgtgcgtgeatgtggatatgtttgaccacgattttetetgtgtat(P5-900)------ (PE-13)attcttagtat
caaccteatcagetgetetagecacatggegeegeeeecteactgageetetgtggacccac ag GTGCACCGGCTGGTGCTCGTGGATGAAACCC
AGCACCTCCTGGGCGTGGTGTCCCOTCTCCGACATCCT CCAAGCTCTAGTGCTCAGCCCTGCTGGCATCGACG
CCOTCGEERGUCTGAgaacategragtecteacgetegggecacettecacacetggaagecagtgaagggageegggacteggeetteaccetecaccaceece tt

ttgteggttetgetettgticaggtaggete(PE-13)

Sequence characters of promoter region and exon 13 of goat PRKAGS gene. The primers
with same names in the brackets are a pair of primers and the region between upstream
and downstream primers 1s the DNA sequence. The capital letters are the sequences of exon
1 and exon 13 of PRKAGS gene, respectlvely. The atTgg sequence was binding motif for NF'-
Y transcription factors and the ccCetggg sequence for AP-2 transcription factors, in which
capital letters, T and C, are mutation sites. While replacing the nucleotide at both sites, T-C
and C-A, the binding sites for NF-Y and AP-2 disappeared

(b)

. - - C,
CGGGCC CTG GG A ATCAT GGACACG AGCCC GCTGG CATCGA GCCCTC

C-225T T90C -

The mutation sites in the promoter region and exon 13 of goat PRKAGS gene. C-525A
and C-225T locate at -525 and -225 bp upstream of the start codon of the PREKAGS gene,
respectively. TO90C and C102T locate at 90 bp and 102 bp in the exon13 of the PRKAGS

gene, respectively

sequence elements by comparison with paralogous promoter sequences. ATT GG sequence at C-225T
was the binding motif of NF-Y transcription factor and CCCCTGGG sequence at C-525A was that
of AP-2 transcription factor, while the binding site disappeared after T-C and C-A at C-225T
and C-B25A, respectively.

In exon 13, TO90OC and C102T mutant sites located at 90 bp and 102 bp of the exon 13 of the
PRKAGS gene were detected, respectively, which were only synenymous mutations for the protein.
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Table 1: The genotype and allele frequencies of PREAGS gene at C-525A, C-225T, TO0C and C102T sites in different goat populations

Anbai Matou Boer Xiangdong Sanen
Sample size 150 94 48 176 72
Genotype 526CC 0.8000 0.9681 0.6042 0.7557 0.8889
526CA 0.1733 0.0319 0.3750 0.2443 0.1111
52BAA 0.0267 0 0.0208 0 0
Allele gene 5250 0.8867 0.9840 0.7917 0.8778 0.9444
525A 0.1133 0.0160 0.2083 01222 0.0556
Sample size a2 80 38 a3 61
Genotype 226CC 0.7391 0.9750 0.8684 0.9785 0.9344
225CT 0.2391 0.0250 0.1316 0.0215 0.0656
225TT 0.0217 0 0 0 0
Allele gene 225C 0.8587 0.9875 0.9342 0.9892 0.9672
225T 0.1413 0.0125 0.0658 0.0108 0.0328
Sample size 87 80 40 62 57
Genotype 90TT 0.5172 0.6500 0.5250 0.7419 0.7018
90TC 0.4828 0.2625 0.4500 0.2419 0.2281
90CC 0 0.0875 0.0250 0.0161 0.0702
Allele gene 90T 0.7586 0.7813 0.7500 0.8629 0.8158
90C 0.2414 0.2188 0.2500 01371 0.1842
Sample size 118 94 40 104 62
Genotype 102CC 0.9237 0.8404 0.8750 09712 0.9839
102CT 0.0763 0.1596 0.1250 0.0288 0.0161
Allele gene 102C 0.9619 0.9202 0.9375 0.9856 0.9919
102T 0.0381 0.0798 0.0625 0.0144 0.0081

Polymorphisms of the promoter region and exon 13 in different goat breeds: Incision of
the PCR product by Apal, Hpy188I, Acil and Clal, respectively, revealed that four polymorphism
sites consisted of three genotypes, repectively.

Genotype and allele frequencies of the four sites in different geat populations were shown in
Table 1. 525C gene frequencies of the Matou, Sanen, Xiangdong, Anbei and Boer were 0.9840,
0.9444, 0.8778, 0.8867 and 0.7917, respectively. B25AA genotype was not found in the Matou,
Sanen and Xiangdong. From Table 1, the frequencies of 225CC genotype were higher than .93
in the Matou, Sanen and Xiangdong. 225TT genotype was only detected in the Anbai and lower.
90T was advantage alleles in the five goat populations at T90C site. The frequency of 90TT
genotype in Xiangdeng was higher (0.7419) and that in Boer lower (0.5250), 102C was advantage
allele at. C102T site. The frequencies of allele 102C in all goat populations were higher than 0.92.
All goat populations of the four sites were in Hardy-weinberg equilibrium (p>0.05).

The genotype and haplotype frequencies of C-525A and C-225T linkage sites were shown in
Table 2. The 525CC225TT, B25CAL25TT, 525AA225CC and B2BAA225CT were not detected. The
H52BCC225CC was preponderant genotype and the frequency was higher than 0.69 for all goat
breeds, next the 525CA225CT genotype for Anbei {0.1628) and Beer (0.1316) and followed by the
H2BCA225CC genotype for Boer (0.1053) and Xiangdong (0.1196). The haplotype frequency of
525C225C was higher than 0.79,

Association of the polymorphisms with goat lipoidosis ability: The correlation coefficients
between goat lipoidosis ability and genotype frequencies were shown in Table 3. The MFG and
CFG were lower in goat breeds with higher 525CC225CC genotype frequency, whlie higher in the
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Table 2: The genotype and haplotype frequencies of C-525A and C-225T linkage of goat PRKAGS gene

Goat breeds Anbai Matou Boer Xiangdong Sanen
Sample size 86 79 38 92 57
Genotype freqnency

K25CC225CC 0.6970 0.9747 0.7632 0.8587 0.8772
B25CC225CT 0.0814 0 0 0.0109 0
B25CA225CC 0.0349 0 0.1053 0.1156 0.0526
525CA225CT 0.1628 0.0253 0.1316 0.0109 0.0702
BE25AA225TT 0.0233 0 0 0 0
Haplotype freqnency

52502250 0.7965 0.9810 0.8487 0.9266 0.9211
5250 225T 0.0814 0.0063 0.0329 0.0082 0.0175
525A 2250 0.0581 0.0060 0.0855 0.0625 0.0439
525A225T 0.0640 0.0063 0.0329 0.0027 0.0175

Table 3: The association of the genotypes with goat lipoidosis ability

52500225CC 525CC225CT 525CA225CC 525CA225CT 525AA225TT
Muscle fat grade -0.7935* 0.4335 0.2286 0.8111* 0.4641
Carcass fat grade -0.7564* 0.3665 0.1559 0.8490* 0.4180

*p<0.05

breeds with higher 525CA225CT genotype frequency (p<0.05). The heterozygous at C-525A and
C-225T resulted in the increase of goat lipoidosis ability.

DISCUSSION

There have been some reports about the polymorphisms of PRKAGS gene and their genetic
effects on meat quality in ruminant animals. Lu (2009) found 9 polymoerphic loci of the PRKAGS
gene in 7 sheep breeds, the distribution of which differed. Some polymorphic sites have been
detected in the 5 regulatory region and exon 3, 9, 10 and 11 in the foreign and local chicken
breeds (Zhao et al., 2008). Many mutation sites were found in the exons of pig PRKAGS gene
{Ciobanu et al., 2001; Lindahl ef al., 2004). In the present study, we have also found 4 polymorphic
loci in the & regulatory region and exon 13 of PREKAGS gene in native goat breeds of China. These
results showed that the polymorphism of PRKAGS gene was rich in many animals.

AMPK acts as a metabolic master switch regulating several intracellular systems including the
cellular uptake of glucose, the f-oxidation of fatty acids and the biogenesis of glucose transporter
4 and mitochondria (Thomson et af., 2007). Li e al. (2009) found that the polymorphism of
PRKAGS gene and its association with beef meat tenderness, flesheolor and some amino acids. The
T2885C of two polymorphic sites in intron 4 of cattle PRKAGS gene significantly related to meat
tenderness. In addition, the mutation of cattle PRKAGS gene resulted in change of bovine muscle
glycogen content and pH value (Immonen et al., 2000). Lu (2009) confirmed that the meat color
scores and pH wvalues among genotypes of the sheep PEKAGS gene significantly differ. In the
chicken PRKAG 3 genes, the 1744 genotype significantly affected on the water content and crude
protein content of chicken meat (p<0.01) and rate of the chest (p<0.05) (Zhou, 2008; Yin ef al.,
2011). The mutation of pig PRKAGS gene was significantly associted with carcass quality
(Lindahl et al., 2004). Amino acid substitutions at some important places of PRKAGS protein,
1199V, GB25 and T30N, might improve the quality of pork and reduce muscle glycogen content,
(Ciobanu et al., 2001). Obvicusly, the polymorphism of PRKAGS gene causes the diversity of AMPK
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funetion, which results in change of the animal meat quality. Present investigation indicated that
the heterozygous at C-B2BA and C-225T in the 5 regulatory region of goat PRKAG S gene resulted
in the increase of goat lipoidosis ability (p<0.05), while the two mutational sites in exon 13 showed
the codon non-random usage (Zhang et al., 2007) which prefers to uese the CCU for Pro and GAC
for Asp.

AP-2 transcription factor binds to GC-rich sequences (Bosher ef al., 1996). The ecis-acting DNA
sequences H'-(HOYCCCAGIOH{(ICY(GIC)-3" and the palindromic sequences 5'-GCCNNNGGC-3' are
considered as consensus AP-2 binding sites (Kckert ef al., 2005; Debieve et al., 2011). The AP-21s
highly involved in the development and function of the central nervous system. Thus, AF-2 has
been identified as an important regulator of gene expression during embryonic development of
many neural tissues including the midbrain, hindbrain, spinal cord, cranial and dorsal roct, ganglia
(Pfisterer et al., 2002), The CCAAT box is one of the most common elements in the promoters of
candidate genes with important functions in amimal metabolism (Hirwa et al., 2011), found in the
forward or reverse orientation (ATTGG). The frequency of CCAAT boxes appears to be relatively
higher in TATA-less promoters, particularly in the reverse ATT GG orientation (Mantovani, 1998).
NF'-Y transcription factor binging to the box plays an important role in the regulation of coordinate
and tissue-specific gene expression (Dolfini et al., 2012). Present investigation found two
mutational sites involved in AP-2 binding site at C-525A and NF-Y binding site at C-225T. It is
interesting that Matou, Xiangdong and Sanen have higher AP-2 frequency and lower NF-Y
frequency in the binding site of transcription factor and lower levels in MFG and CFG. These imply
that PRKAGS gene influences goat lipaidosis ability via regulating the development and function
of goat central nervous system and itself expression level.

CONCLUSION

According to the results of this study, C-B25BA and C-225T of goat PRKAGS gene are two SNP
loci affacting MFG and CFG levels of goats. The muscle fat content and carcass fat content are
lower in goat breeds with higher 525CC225CC genotype frequency, whhe higher in the breeds with
higher B25CA225CT genotype frequency. C-525A and C-225T loci may be associated with the
lipoidosis ability of geat breeds.
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