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Single Nucleotide Polymorphisms of the Calpain 3 (CAPN3) Gene in Yak
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Abstract: The Calpain3 (CAPN3) gene, located within the confidence interval of the Quantitative Trait Loci
(QTL) affecting meat tenderness, being regarded as a candidate gene for meat tenderness 1n cattle. In this study,
SNPs m exon 23-intron 23 region of the yakk CAPN3 was mvestigated from 1032 yak with Polymerase Chain
Reaction-Single Strand Conformational Polymorphism (PCR-SSCP). Three Single-Nucleotide Polymorphisms
(SNPs), resulting in three novel alleles were detected in this region, respectively. These variations included one
synonymous in exon 23 and two SNPs in intron 23. Allele C was the most common allele (63.18%) in all of yak.
These SNPs are the first report in yak CAPN3 and also suggest further analysis 1s required to explore the

relations between variation sites and meat tendemess.

Key words: Yak (Bos grumnmiens), Calpain 3 (CAPN3) gene, Single Nucleotide Polymorphism (SNP), PCR-5SCP,

China

INTRONDUCTION

Calpain 3 (CAPN3), also named p94 is a member
of the so-called tissue-specific calpains, being
predominantly  expressed 1 skeletal muscle
(Sorimachi et al., 1989; Kinbara et al., 1998). It has been
suggested that CAPN3 may play a role in sarcomere
remodelling and in mitochondrial protein turnover
(Cohen et al, 2006). Mutations in CAPN3 gene are
respensible for Limb-Girdle Muscular Dystrophy type ZA
(LGMD2A) in humans (Zatz et al., 2003; Richard et al.,
1995; Sorimachi ef al., 1995). Varations in CAPN3 have
been revealed in cattle (Barendse ef al, 2008) and
associations between variation in CAPN3 and beef
tendermness in Chinese cattle has been analyzed
(Cafe et al., 2010). However, polymorphism of CAPN3
gene 1n vyak (Bos grummiens) has not been
described previously. The purpose of this study was
therefore, to identify the vyak CAPN3 using
Polymerase Chain Reaction-Single Stranded
Conformational Polymorphism (PCR-S3CP) and to
characterize any variation found in the gene.

MATERIALS AND METHODS

Animals and DNA extraction: Total 1032 yak blood
samples were collected and mvestigated from 3 yak

populations including Gannan yak (n = 722), Tianzhu
white yak (n = 200) from Gansu Province and Datong yak
(n = 110) from Qmghai Province. Genomic DNA was
extracted using phenol-chloroform procedure (Fabio et al.,
2011) for Polymerase Chain Reaction (PCR) amplification.

Primer and PCR amplification: Two PCR primers, up
(5'-TCTATGCATTCTTCCGAGCA-3") and down (5'-
CAGCTTGGTTCAGGCATACA -3') were designed based
on published bovine CAPN3 sequence (GenBank
Accession No.. NC _007308) and synthesized (Sangon,
Shanghai, China) and to amplify a fragment (approximately
449 bp) in the key region (exon 23-intron 23).

Amplification was performed in a 20 pl. reaction
containing 50-100 ng genomic DNA, 0.25 pM of each
primer, 1530 puM each dNTP (Eppendorf, Hamburg,
Germany), 2.5 mM of Mg*, 0.5 U of Tag DNA polymerase
(Qiagen, Hilden, Germany) and 1% the reaction buffer
supplied. The thermal profile consisted of 2 min at 94°C,
followed by 35 cycles of 94°C for 30 sec, 60°C for 30 sec
and 72°C for 30 sec and the final extension step was at
72°C for 5 min. Amplification was carried out mn an
ABI-9902 thermocycler (Applied Biosystems, USA).

The PCR amplicons were checked on 1% agarose gel
(Quantum ST4,Vilber, France) in 1 xTBE buffer (89 mM
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Tris, 89 mM boric acid, 2 mM NaZEDTA) containing
0.1 pL of 48 Green Nucle Acid/mL at 250 V for about
10 min.

SSCP analysis and DNA sequencing: A 3 ul. aliquot of
each amplicon was mixed with 7 pl. of loading dye
(98% formamide, 10mMEDTA 0.025% bromophenol blue
and 0.025% xylene-cyanol) and after denaturation at 95°C
for 5 min, samples were cooled rapidly on wet ice and then
loaded onto 12% acrylamide:bisacrylamide (39:1) gels.
Electrophoresis was performed using Protean II x1 cells
(Bio-Rad) at 350V for 20 h in 0.5xTBE buffer with
circulating water coolant at controlled temperature in 18°C
and followed by silver-staining (Byun et al., 2009).

Amplicons that were identified as homozygous by
PCR-SSCP were directly sequenced m both directions at
Bgitechsolutions (BGT), Beijing, China. Those sequences
only found in a heterozygous yak were sequenced using
a rapid sequencing approach that has been described
previously (Hu et al, 2010). The allelic sequences
alignment was carried out using DNAMAN (Version
5.2.10, Lynnon, BioSoft, Canada).

RESULTS AND DISCUSSION

Three unique SSCP banding patterns (Fig. 1)
representing three unique alleles (designated A-C) were
detected in exon 23-mtron 23 of CAPN3 in yak with
PCR-SSCP. Either one or a combination of different two
SSCP patterns observed for individual yak which was
consistent with them being either homozygous genotype
(named AA, BB and CC) or heterozygous genotype
(named AB and BC) in three yak populations, respectively
at CAPN3. All of sequences showed high homology to
the published bovine CAPN3 sequences (GenBank
Accession No. NC_007308) with blast search in GenBank.
This suggests that these sequences represent allelic
variants of C4PN3 gene in yak are not derived from other
loct including other CAPN genes.

The frequency of novel alleles that detected n
CAPN3 was different between yak populations (Table 1).
The allele C was the most common allele with the
frequency from 57.48-79.09% in all yak populations
mvestigated and those results suggested strong
selection pressure has been applied to maintain this
allele in the population.

Three  nucleotide  substitutions, mcluding
¢.56233T=A, ¢.562424250T>G and ¢. C=T 562424265 were
detected in allele A-C of yak CAPN3, respectively (Fig. 2).
The substitutions  at
synonymous and the aminoe acid sequence did not vary in
this region. In human genes, roughly 99.8% of DNA

nuclectide exon 23  were
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Fig. 1: PCR-single-strand conformational polymorphism of
the yak CAPN3 gene. Representative genotypes
for the three unique SSCP patterns corresponding
to three allelic sequences, A-C are shown

Table 1: Allele frequency of CAPN3 gene in 3 vak breeds
Allelic frequency

Population Sample size A B C

Gannan yak 722 0.1676 0.2576 0.5748
Tianzhu white yak 200 0.0300 0.2200 0.7500
Datong vak 110 0.0818 0.1273 0.7909
Total 1032 0.1318 0.2364 0.6318

sequence variations do not alter the primary sequences of
proteins (Venter ef al., 2001) and synonymous SNPs show
a higher frequency than both missense SNPs and the
SNPs in the non-coding regions (Venter et al, 2001,
Zwick ef al., 2000). Synonymous mutations appear to
affect protemn folding, possibly by causing translational
pausing while rare tRNAs are recruited, this in turn affects
the activity of the protein (Parmley and Hurst, 2007).
Considering CAPN3 1s regarded as a candidate gene for
meat tenderness and variations at exon & of CAPN3
affected the meat tendemess in Zebu cattle
(Barendse et «l., 2008), this mutation in exon 23 of yak
CAPN3 may be linked to sequence variation elsewhere in
the gene which may impact on gene expression

Some research have speculated that complex
traits result more often from non-coding regulatory
variants than from coding sequence variants (Mackay,
2001 ; King and Wilson, 1975; Korstanje and Paigen, 2002).
An increasing amount of evidence also indicates that
genomic variants in both coding and non-coding
sequences can have unexpected deleterious effects on the
splicing of the gene transcript (Pagani and Baralle, 2004).
Some variations in non-coding sequence of Calpain
genes that have been detected affected the meat
quality such as SNPs in imtron 14 and 17 of bovine
CAPNI1 were associated with the lean share n valuable
cuts and red/yellow intensities of the meat, respectively
(Tuszczuk-Kubiak et al, 2004; Pinto et al, 2011).
Variations 1n non-coding region mncluding mtron 10-11
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Fig. 2: Alignment of the yak CAPN3 alleles together with the published bovine sequence (Genbank No..NC 007308);,
Bars represent nucleotides identical to the top sequence; Exon 23 is shown in a solid box and intron 23 is in a
dashed box; The PCR primer binding regions are indicated by horizontal bars together with the primer names; The
SNPs positions refer to the bovine CAPN3 sequence NC_007308 m GenBank

and 3’-UTR (Barendse et al., 2008) of bovine CAPN3 have
been detected. The same as SNPs m exon 23, the function
of these SNPs m intron 23 of CAPN3 mn yak were
unclear up to now for lack of phenotypic data of
relevance to meat quality.

CONCLUSION

In this study, three SNPs in exon 23-intron 23 of yak
CAPN3, corresponding to three novel alleles was
identified and the allele C was the most common allele
with the frequency from 57.48-79.09% in 3 yak
populations. Further research will be carried out to
mvestigate the effects of the novel mutations on function
of CAPN3 and the meat quality traits of yak.
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