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Abstract 
The non-synonymous mutation c.1326 T>G in the non-SMC condesin I complex subunit G (NCAPG) gene is 
asociate with the prenatal growth and carcass weight or growth-associated traits in cattle. The aim of this study was 
to analyse the population of 50 sires of four breeds (Holstein – 2 bulls, Pinzgau – 3 bulls, Charolais – 3 bulls, 
Simmental – 42 bulls) for SNP polymorphism causing an exchange from isoleucine to methionine at position 422 of 
the amino acid chain. Bovine genomic DNA was isolated from sperm by commercial kit. The SNP c.1326 T>G was 
detected by PCR-RFLP method with restriction endonuclease Tsp509I. The wild allele T was detected by two 
restriction fragments 66 bp and 63 bp and the mutant allele G with 129 bp fragment. In the samples of Pinzgau sires, 
Charolais sires and Simmental sires were detected homozygous genotypes GG (0.3333; 0.3333 and 0.7143) and 
heterozygous genotype GT (0.6667; 0.6667 and 0.2857). In the sample of Holstein sires were detected homozygous 
genotype GG (0.5) and homozygous genotype TT (0.5).  
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1. Introduction 
 
Body size is one of the most visible animal 
characteristics and many genes can affect body 
size. In cattle, body size is correlated with meat 
quantity, an economically important trait that 
varies within and across breeds [1]. Recently was 
located a QTL for body or carcass weight in cattle 
on bovine chromosome 6 (BTA6) and identified 
a SNP polymorphism c.1326T>G in the non-SMC 
condensin I complex, subunit G (NCAPG) gene, 
which causes change from isoleucine to 
methionine in position 422 of the amino acid 
chain as a candidate causative variation [1]. The 
same SNP mutation of NCAPG gene was 
associated in the futher cattle population with birth 
weight and body weight [2,3]. Eberlein et al. [2] 
made a study of mRNA expresion in bovine fetal 
tissue including skeletal muscle, kidney, liver, 
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lung, and brain and also in the fetal and maternal 
part of the placentomes and detected a differential 
NCAPG gene expression between alleles T and G. 
The allele T is associated with increased NCAPG 
expression level in contrast to allele G. The higher 
expresion level of NCAPG gene was associated 
with the lower fetal growth. The results of the 
others studies for the NCAPG gene in humans and 
mouse suggested that the NCAPG locus might 
also be associated with prenatal and postnatal 
growth and lipid deposition [3]. The NCAPG has 
a catalytic function in the mammalian condensin I 
complex and is important during mitotic cell 
division [4]. However, a detailed analysis of the 
role of NCAPG in mammalian physiological 
pathways has yet to be undertaken [2]. 
The aim of this study was detected the SNP 
c.1326 T>G polymorphism of the bovine NCAPG 
gene in population of Slovak Simmental, Slovak 
Pinzgau, Charolais and Holstein bulls.  
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2. Materials and methods 
 
In this study were collected blood samples or 
samples of semen from 50 sires of four breeds 
(Holstein – 2 bulls, Pinzgau – 3 bulls, Charolais – 
3 bulls, Simmental - 42 bulls. Bovine genomic 
DNA was isolated by using commercial kit 
Nucleospin Blood (Macherey Nagel).  
PCR: The PCR amplification of specific 129 bp 
fragment DNA included SNP c.1326 T>G of the 
NCAPG gene. For PCR amplification were used 
specific primers [2]. The sequences of primers 
were: forward primer 5´- ATTTAGG 
AAACGACTACTGG - 3´ and reverse primer 5´-
ATTTGTATTCTCTTATTATCATC - 3´. The 
reaction mixture in the total volume 25 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 35 cycles: 95°C 
for 10 seconds, 57°C for 25 seconds, 72°C for 30 
seconds. The reaction was completed by the final 
synthesis: 72°C for 5 minutes.  
RFLP: The PCR products were digested by 
restriction endonuclease FastDigest Tsp509I 
(Fermentas). The digestion was performed with 10 
ul of PCR product mixed with 1 μl of the 
restriction enzyme, 2 μl of 10 x FastDigest buffer 
in total volume 25 μl. The run conditions were 10 
minutes at 65oC. Digested fragments were 
visualized by electrophoresis on 3% agarose gel 
(Serva) containing GelRed dye (Biotium) at 180 V 
in 1 x sodium borate buffer [5] for 20 minutes and 
the gel was analyzed by UV transilluminator and 
photographed with an documentation system 
Olympus C 7070. 
 
 

3. Results and discussion 
 
The digestion of 129 bp PCR product with 
restriction endonuclease Tsp509I (Fermentas) 
differentiated alleles G and T. The Tsp509I 
digestion of the PCR products produced one 
fragment for allele G (129 bp) and two fragments 
for allele T (66 bp, 63 bp). The PCR-RFLP 
method was used for genotyping of 50 bulls 
following breeds – Slovak Simmental, Slovak 
Pinzgau, Charolais, Holstein. In this group of bulls 
were detected the all genotypes (GG, GT, TT) for 
single nucleotide polymorphism SNP c.1326 T>G 
of the NCAPG gene (Figure 1). 
 

 
Figure 1: Representatively results of PCR-RFLP 

analysis for SNP c.1326 T>G of the NCAPG gene by 
restriction enzyme Tsp509I on 3% agarose gel 

L–ladder 100 bp (Fermentas), GT genotype (129 bp, 66 
bp, 63 bp), GG genotype (129 bp), TT genotype (66 bp, 
63 bp). 
 
The genotype and allele frequencies for each 
breed are presented in Table 1.  

Table 1 Genotype and allele frequencies of the SNP c.1326 T>G  in the NCAPG gene 

BREED n 
GENOTYPE FREQUENCIES ALLELE FREQUENCIES 

GG GT TT G T 
Slovak Simmental cattle 42 0.7143 0.2857 0 0.8571 0.1429 
Slovak Pinzgau cattle 3 0.3333 0.6667 0 0.6667 0.3333 
Charolais 3 0.3333 0.6667 0 0.6667 0.3333 
Holstein  2 0.5 0 0.5 0.5 0.5 

TOTAL 50 
 
We detected only one homozygous genotype TT 
in analysed population of bulls. The homozygous 
genotype TT was detected in Holstein bull. Our  

 
results showed that the frequence of allele G had a 
predominance in breeds Slovak Simment (0.8571), 
Slovak Pinzgau (0.6667) and Charolais (0.6667).
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The presence of the allele T was decribed in 
population of Bos indicus individuals, which are 
characterized with the lower body frame and 
carcass weight.The occurrence only the allele T 
was detected in the group of 6 samples of 
European bison from Slovakia (unpublished 
results). The occurrence of the allele G which is 
associated with increased fetal growth was 
detected in population of Bos taurus [2]. The 
increased of fetal growth should be associated 
with increased calving problems, which are typical 
for beef or dual purpose cattle [6, 7]. Weikard et 
al. [8] found an associate between allele G and 
increased endogenous arginine plasma levels 
which are associated with promoting proportional 
growth during the period of puberty. The 
frequency of allele G in our population of Slovak 
Simmental was higher than describe Setoguchi et 
al. [9]. They analyzed the population of 792 steers 
of breed Japanese Black and 161 crossbreeds of 
Charolais and German Holstein and detected the 
frequency of allele G with value 0.40 for Japanese 
Black and 0.49 for crossbreeds. 
 
 
4. Conclusions 
 
We detected the presence of all genotypes GG, GT 
and TT for polymorphism SNP c.1326 T>G of the 
NCAPG gene in population of 50 sires of breeds 
Slovak Simmental, Slovak Pinzgau, Charolais and 
Holstein. In the samples of Pinzgau sires, 
Charolais sires and Simmental sires were detected 
homozygous genotypes GG (0.3333; 0.3333 and 
0.7143) and heterozygous genotype GT (0.6667; 
0.6667 and 0.2857). In the samples of Holstein 
sires were detected homozygous genotype GG 
(0.5) and homozygous genotype TT (0.5). The 
prevalence of the allele G in population of 42 sires 
of Slovak Simmental cattle provides the primary 
information for the further study of association. 
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