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Abstract 
The high-resolution melting analysis is a cost-effective and simple post-PCR technique that can be used for SNP 
genotyping. The objective of this study was to apply the high resolution melting analysis for detection of SNP 
polymorphism CAPN530 of bovine calpain gene (CAPN1) in Simmental bulls. A total 42 Simmental bulls were 
included in this study. Genomic DNA was extracted from sperm by commercial Nucleospin Tissue kit. The 
amplification and high resolution melting analysis (HRMA) was done by commercial SensiMixTM HRM kit in the 
real-time thermocycler Rotor-Gene 6000. The confirmation of sensitivity of this method was done by PCR-RFLP 
method. In the analyzed population of Simmental bulls were detected the following frequencies of alleles and 
genotypes for the SNP CAPN530 of the CAPN1 gene. Frequencies of allele A and allele G were 0.3929 and 0.6071 
and frequencies of genotypes were 0.1191 (genotype AA), 0.5476 (genotype AG) and 0.3333  
(genotype GG). 

Keywords: cattle, genomic DNA, high-resolution melting analysis (HRMA), SNP polymorphism CAPN530 
 
 
 
1. Introduction 
 
Calpain is a ubiquitous cytoplasmic cysteine 
protease, the activity of which is absolutely 
dependent on calcium [1]. Suzuki and Sorimachi 
[2] identified two isoforms of calpain. The μ -
calpain (CAPN1) which requires for activity 
a micromolar concentration of calcium and the m-
calpain (CAPN2) which need milimolar 
concentration of calcium for activity. The function 
of both calpains is to degrade the myofibrillar 
protein as actin and myosin [3]. The CAPN1 gene 
that code protease μ-calpain (EC 3.4.22.52) is 
located on bovine chromosome 29 [4]. Page et al. 
[5] reported several SNPs by sequencing the 22 
exons and 19 of the 21 introns of the bovine 
CAPN1 gene (GenBank Accession number 
AF252504 and AF248054). Several SNPs in this 
gene have been reported to be associated with 
meat tenderness in beef cattle [5, 6]. The majority 
of the SNPs were found in introns or were 
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synonymous substitutions, except one substitution 
in exon 9 (C/G) and another in exon 14 (G/A). 
Marker CAPN530 is an adenosine/guanosine 
(A/G) polymorphism in exon 14 of the CAPN1 
gene (base 4558 of AF248054) that produces an 
amino acid substitution isoleucine (allele A) for 
valine (allele G)[5].  
The HRMA is a mutation scanning technique that 
monitors the progressive change in fluorescence 
caused by the release of an intercalating DNA dye 
from a DNA duplex as it is denatured by marginal 
increases in temperature [7]. The advantage of this 
closed-tube screening method is fact, that PCR 
amplification and melting curve analysis are 
performed within the same tube, without any post-
PCR processing [8, 9].  
The objective of this study was to apply the high 
resolution melting analysis for analysis of 
polymorphism for marker CAPN530 and to 
estimate the allelic and genotypic frequencies in 
group of Slovak Simmental bulls.  
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2. Materials and methods 
 
Samples were obtained from 42 bulls of Slovak 
Simmental cattle. Genomic DNA was isolated 
from semen using commercially Nucleospin 
Tissue kit (Macherey Nagel). The concentration 
and purity of DNA was measured using a 
spectrophotometer NanoPhotometer™ (Implen 
GmbH, Germany) and the samples with values of 
ratio A260 nm/A280 nm between 1.7 and 1.9 were 
diluted to a final concentration of 50 ng/μl.  
PCR-RFLP: For PCR amplification of 87 bp 
fragment were used specific primers designed by 
software BatchPrimer3 v1.0 [10]. The sequences 
of primers were: forward primer 5´ 
GTTGACTGG CCCCTCTCTCT - 3´ and reverse 
primer 5´- CA GGGCACGTACCTCGTC - 3´. 
The reaction mixture in the total volume 10 μl 
containing 50 ng DNA, 1 U Taq polymerase 
(Fermentas), 1 x PCR buffer (NH4)2SO4, 3 mM 
MgCl2, 200 μM dNTP, 5 pM of each primer. The 
PCR reaction was optimized in the gradient 
thermocycler C1000TM (Biorad, USA). The 
following amplification parameters were applied: 
95oC for 3 minutes followed by 30 cycles: 95°C 
for 10 seconds, 62°C for 20 seconds, 72°C for 20 
seconds. The reaction was completed by the final 
synthesis: 72 °C for 5 minutes. The PCR products 
were digested by restriction endonuclease 
FastDigest Sau3AI (Fermentas). The digestion 
was performed with 7 μl of PCR product mixed 
with 1 μl of the restriction enzyme, 2 μl of 10 x 
FastDigest buffer in total volume 20 μl. The run 
conditions were 5 minutes at 37oC. Digested 
fragments were visualized by electrophoresis on 3 
% agarose gel (Invitrogen) containing GelRed dye 
(Biotium) at 180 V in 1 x sodium borate buffer for 
15 minutes and the gel was analyzed by UV 
transilluminator and photographed with a 
documentation system Olympus C 7070. 
HRMA: Genomic DNA of 42 bulls with known 
genotypes for CAPN530 was used for optimizing 
of the high resolution melting analysis (HRMA). 
Optimization of the PCR conditions was carried 
out using the real-time thermocycler Rotor-Gene 
6000® (Corbett Research). For HRMA were used 
the same primers as for PCR-RFLP method. The 
reaction mixture in total volume 25 μl contained 1 
× SensiMixTM HRM buffer (Bioline Reagents 
Ltd., UK) 1 μl of EvaGreen® qPCR dye (Biotium 
Inc., USA), 0.7 μM of each primer and 50 ng 
DNA template. The PCR conditions were 95 °C 

for 10 min followed by 35 cycles of 95°C for 5 s, 
62°C for 20 s (fluorescence acquisition on Green 
channel) and 72°C for 20 s. After real-time PCR, 
samples were heated to 95°C for 10 s, cooled to 
45°C for 1 min, and melted from 75°C to 90°C, 
with the temperature increasing by 0.1°C 
increments with a 2-s hold at each step. HRM data 
were acquired by use of the HRM channel. HRM 
data were analyzed using Rotor-Gene 6000 Series 
Software version 1.7 (Corbett Research). 
 
 
3. Results and discussion 
 
PCR-RFLP: The digestion of 87 bp PCR product 
with restriction endonuclease Sau3AI 
differentiated alleles A and G for marker 
CAPN530 of the CAPN1 gene. The Sau3AI 
digestion of the PCR products produced two 
fragments for allele A (50 bp, 37 bp) and one 
fragment for allele G (87 bp). The PCR-RFLP 
method was used for genotyping of 42 bulls of 
Slovak Simmental cattle. In this group of animals 
were detected the all genotypes (AA, AG, GG) for 
marker CAPN530 (Figure 1). 
 

 
Figure 1. Representatively results of PCR-RFLP 

analysis by restriction enzyme Sau3AI  
 on 3 % agarose gel  

L1–ladder 100 bp (Fermentas), AA-genotype (50 bp, 
37 bp), AG–genotype (87 bp, 50 bp, 37 bp),  
GG–genotype (87 bp), L2–ladder 50 bp (Fermentas) 
 
HRMA: We used the all 42 samples with known 
genotypes for optimization of high resolution 
melting analysis. For HRM analysis we used the 
same primers as for PCR-RFLP method, which 
amplified the optimal fragment (87 bp) for HRM 
analysis described in our research. The HRM 
analysis was performed immediately after the pre-
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amplification in the real-time thermocycler Rotor-
Gene 6000 (Figure 2).  
 

 
Figure 2. Amplification curves of 87 bp PCR products 

on the Rotor-Gene 6000 
 
The HRM analysis consisted of one cycle with 
increase in the temperature of 75°C to 90°C, 
where the change in fluorescence was measured at 
each 0.2°C rise for 2 s. The data obtained from 
amplification plots were used for a first correcture 
of reaction quality by the comparative 
amplification function of the software Rotor-Gene 
6000 Series Software version 1.7. Samples were 
considered to have failed if amplification had 
begun after 30 cycles. All samples were tested in 
duplicate to ensure the reproducibility of the melt 
curves. For the screening of SNP A/G for marker 
CAPN530 were used the normalized high 
resolution melt curves and the negative derivative 
of fluorescence to temperature (-dF/dT) 
dissociation curve (Figure 3 and 4). Normalization 
regions for the leading/trailing ranges were set at 
75.7–76.4°C/88–88.7°C. 
The HRMA is a novel screening technique for 
detection of SNP mutation. The great advantages 
of HRMA are a short time of analysis and 
detection of individual genotypes in the same tube 
that was used for PCR amplification in compare to 
convential mutation screening techniques such as 
SSCP, DGGE, DHPLC or pyrosequencing [8, 9, 
11]. 
The disadvantage of HRMA is the sensitivity to 
residues from different DNA extraction methods, 
which can make false positive signal. Therefore is 
needed to use the same DNA extraction method 
for all samples in one HRMA reaction. 
 

 
Figure 3. The high resolution normalized melting 

curves of a 87 bp PCR products for all three genotypes 
AA, AG, GG for marker CAPN530. The genotype 

assignments agreed with results of PCR-RFLP method 
 

 
Figure 4. The negative derivative of fluorescence to 
temperature (- dF/dT) dissociation curve for all three 

genotypes AA, AG, GG of the marker CAPN530. 
 

Genetic variants: By using PCR-RFLP was 
analyzed population of 42 Slovak Simmental 
bulls. It was detected all three genotypes AA (5 
bulls), AG (23 bulls), GG (14 bulls) for marker 
CAPN530 in exon 14 of the CAPN1 gene. 
Frequencies of genotypes and alleles determined 
in the population were presented in Table 1.  
The frequencies of minor allele A and major allele 
G for this groups of bulls were 0.3929 and 0.6071. 
The frequencies of minor allele A and major allele 
G for this groups of bulls were 0.3929 and 0.6071. 
The lower frequencies for allele A were detected 
in breed Charolais (0.24), Limousine (0.36) and 
Blonde d´Aguitine (0.36) [12]. Casas et al. [13] 
detected the similar results for frequencies of 
allele A (0.37) in population of 362 calves of
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Table 1. Genotype and allele frequencies for marker CAPN530 

BREED n 
GENOTYPES FREQUENCY ALLELES FREQUENCY 

AA AG GG A G 

Slovak Simmental cattle 42 0.1191 0.5476 0.3333 0.3929 0.6071 

American Simmental. White et al. [14] analyzed 
breeds as Angus, Red Angus, Simmental, 
Gelbvieh, Limousine, Charolais) and not found an 
association between marker CAPN530 and shear 
force. In contrast to the results from study of 
Corva et al. [15] which found the association 
between allele A and the lower shear force than 
allele G. 
 
 
4. Conclusions 
 
We have set up a rapid, simple and inexpensive 
high resulotion melting analysis for detection of 
the CAPN1 gene polymorphism in Slovak 
Simmental cattle. It may be concluded that the 
population of Slovak Simmental cattle is a 
polymorphic for marker CAPN530 situated in 
exon 14 of the CAPN1 gene. We detected the 
presence of the homozygous genotype AA 
(0.1191), the heterozygous genotype AG (0.5476) 
and the homozygous genotype GG (0.3333). The 
results proved the predominance of allele G 
(0.6071) before the allele A (0.3929). 
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