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Genetic polymorphism of alpha S1- casein gene in Bulgarian sheep breeds

D. Hristova *

Department of Genetics, Breeding and Reproduction, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The polymorphism of the CSN1S1 was investigated in three Bulgarian sheep breeds. The study was carried out on total of 90 individuals belonging to 
Karakachanska, Local Karnobatska and Copper-Red (Mednochervena)  Shumenska, that are the most popular local sheep breeds in the country. Two genetic 
variants of CSN1S1 (A and C) and three genotypes (AA, AC and CC) have been identified using PCR-RFLP analysis. The gene frequencies of CSN1S1 A and C 
were 0,02 and 0,98 in Karakachanska and Copper-Red Shumenska, and 0,10 and 0,90 in Local Karnobatska breeds, respectively. The most common 
genotype at the αS1-CN locus was CC with frequencies 0,97 in Karakachanska and Copper-Red Shumenska breeds, and 0,84 in Local Karnobatska sheep. 
These data provide evidence that Bulgarian sheep have a genetic variability, which opens interesting prospects for future selection programs, especially for 
marker-assisted selection as well as for preservation of the genetic diversity of the populations of these local sheep breeds. 

Keywords: Bulgarian sheep breeds, genetic polymorphism, αS1- casein gene, PCR-RFLP analysis

Abbreviations: CSN1S1(αS1-casein) – alpha S1-casein gene, αS2-CN– alpha S2 casein, β-CN–beta casein, κ-CN–kappa casein, PCR-RFLP – 
Polymerase Chain Reaction-Restriction Fragment Length Polymorphism, PCR-SSCP–Polymerase Chain Reaction-Single Strand Conformation 
Polymorphism, SNPs–Single Nucleotide Polymorphisms, DNA–Deoxyribonucleic acid, dNTPs–Deoxynucleotide triphosphates, EtBr – ethidium bromide, 
EDTA–ethylenediaminetetra-acetic acid, H –null hypothesis, bp–base pair, kb–kilobase0
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proteins. The caseins comprise four main fractions: αS1-CN, αS2-Introduction
CN, β-CN and κ-CN, encoded by the genes CSN1S1, CSN1S2, 
CSN2 and CSN3, respectively (Debeljak et al., 2000) which are Casein genetic polymorphisms are important and well-known 
tightly linked and clustered, covering an area of approximately 250 due to their effects on quantitative traits and technological properties 
kb genomic DNA fragment. The structure and organization of the of milk (Frajman and Dovc, 2004; Geriotti et al., 2005). Globally, 
casein locus were described in human, mouse and bovine genomes research on the polymorphism of ewes milk is not yet so extensive as 
and mapped on chromosome 6 in bovine and caprine species this in cows or goats. Nevertheless, individual differences in milk 
(Yahyaou, 2001). However, the correct chromosome localization of proteins influence milk production traits in sheep to a great extent, 
these genes is still not yet well described. Casein genes have been because the milk of this species is almost totally processed into 
tentatively located in sheep on chromosome 2 and 6 by means of in cheese in many countries (Moioli et al., 1998; Scintu and Piredda, 
situ hybridization, on chromosome 4 by non-isotopic in situ 2007).
hybridisation and R-banding (Amigo et al., 2000). Sheep breeding and the use of local sheep genetic resources 

Among the four main fractions αS1-CN, αS2-CN, β-CN and κ-has longtime traditions in Bulgaria. The priority of dairy sheep 
CN the alpha S1-CN constitutes 47.21% of individual fraction of breeding is formed through the centuries because of the traditional 
whole ovine milk proteins and has a number of genetic polymorphs, use of dairy sheep products as well as the consumption of lamb and 
which are due to a silent amino acid substitution or deletion in the mutton meat (Dimitrov et al., 1993; Stankov et al., 2007). Among the 
triplet code (Clement et al., 2006; Chessa et al., 2010). The primary local breeds and strains in Bulgaria, the Karnobatska sheep was the 
structure including the phosphorylation sites of ovine alpha S1-CN most widespread. Its popularity is mainly based on the high quality of 
for variants A, B, C and D has been described in populations of its dairy and meat products. There is a common concept that the 
sheep breeds in Italy (Ferranti et al., 1995) and recently, for E Karnobatska and the Copper-red Shumenska sheep have common 
(Chianese et al., 2007). The main component is a 199-residue long origin and are similar in their morphological and productive features 
protein accounting for about 50 % of αs1-CN fraction (Amigo et al., Karakachanska sheep is considered to be the most widespread 
2000). Variant C differs from variant A in the substitution of Ser for indigenous breed on the Balkans and the adjacent South-East 
Pro at position 13, which determines the loss of the phosphate group European regions. Generally, the local sheep breeds are not 
on site 12 of the protein chain. A further substitution, of SerP for Asn characterized by high productivity, but have high level of vitality, 
at position 68, caused the disappearance of both phosphate groups excellent adaptability to local ecological conditions, high degree of 
in the residues Ser64 and Ser66 in variant D. Thus, variant D is the resistance to disease and absolute suitability to breeding conditions. 
least phosphorylated CSN1S1 variant. The amino acid sequencing Also, they could be included in the system of organic farming 
of the B variant is still in progress, but on the basis of electrophoretic (Danchev, 1994; Dimitrov and Dimitrova, 1994).
behaviour, the substitution of an acid amino acid in the A variant for a It is well-known that sheep milk contains higher total solid and 
neutral amino acid in the B variant can be hypothesised (Ferranti et major nutrient content than goat's and cow's (Park et al., 2007). Milk 
al.,1995, 1998). In addition, Ceriotti et al. (2004) using of PCR-SSCP protein is divided into two major groups, the caseins and the whey 
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have founded a transition TC in exon 17 of the gene CSN1S1. This protocol and stored at -20ºC until the analysis was performed. 
transition leads to the amino acid exchange Ile186→ Thr186 and According to the manual, typically a 300 μl sample of whole blood 
shifting the C variant to C′ and C″ (Ceriotti et al., 2005). yields 10-50 ng DNA. Gel monitoring and spectrophotometric 

With developments in molecular biology, techniques applicable methods were used to determine DNA quality and quantity. 
to the identification of variants of some known ovine milk proteins at PCR- RFLP analysis
the DNA level have been tested and PCR- RFLP methods were The CSN1S1 A and C alleles were identified following the PCR 
already developed for the establishment of αS1-CN A, C, D allele and restriction conditions described by Pilla et al. (1998) and Corral 
variants by Pilla et al. (1998). This method has been applied for et al. (2010).
genotyping of CSN1S1 A, C and D alleles in Pag Island sheep, in PCR amplification were carried out in total of 20 µl volume, 
Spain Merino, etc. (Ivankovic and Dovc, 2004; Corral et al., 2010). containing 100 ng DNA as a template, 20 µM of each primer, and 

Since ovine milk is used mainly for cheese making, a better AmpliTaq Gold PCR Master mix (Applied Biosystems, USA). The 
characterization of ovine raw milk is important in order to allow primer sequences were as follows: 
cheese producers to optimise the process according to the forward- 5'-GGTGTCAAATTTAGCTGTTAA-3'; 
technological properties of milk. In addition, Barillet (2007) pointed reverse-  5'-GCCCTCTTCTCTAAAAAGGTT-3'. 
the impact of milk genetic polymorphism for efficient breeding The Master mix contains 1x PCR Buffer, 2 mM MgCl , 0.2 mM 2

programmes in the dairy sheep industries. In this context, dNTPs, 1U AmpliTaq Gold DNA Polymerase and H O (Milli-Q). The 2

knowledge of the genetic polymorphism of ovine milk proteins is expected amplification fragment size was 372 bp. PCR amplification 
essential. At the protein level, polymorphism of whey milk proteins was performed in a thermocycler GeneAmp 9700 (Applied 
has been reported in some local Bulgarian breeds and strains Biosystems, USA) using the following conditions: an initial 
(Erhardt, 1989; Teneva, 1993). At the DNA level, the polymorphism denaturation step at 95ºC for 5 min, followed by 35 cycles of 95ºC for 
of αS1-casein genes have not been investigated in Bulgarian sheep 30s, annealing of 53 ºC for 35s, 72 ºC for 1 min and final extension at 
breeds. Therefore, the objective of this research was to study the 72 ºC for 10 min. PCR products (7μl) were digested with 1 U of MboII 
genetic polymorphism of the αS1-casein locus in three of the most restriction endonuclease (BioLabs, England) in a 10 μl total reaction 
popular local sheep breeds in Bulgaria using PCR-RFLP method. volume for 1h at 37ºC. The restriction fragments were directly 

analyzed by electrophoresis in 2% agarose gel (TopVision agarose, 
Fermentas, USA) in 1x TBE buffer, stained with EtBr and visualized 
under UV light. The genotypes of the analyzed individuals at the Material and methods
CSN1S1 gene were established using the restriction fragments 
observed in the gel. 

Animals Statistical Analysis 
A total of 90 sheep belonging to populations of three Bulgarian To estimate allele and genotype frequencies of CSN1S1 A and 

2sheep breeds were analyzed: Karnobatska, Copper-red C genetic variants direct counting was used. The chi-square test (χ ) 
Shumenska and Karakachanska sheep. For each breed thirty was used to check H .2
animals were analysed (unrelated females).

Sampling and DNA extraction
Blood samples were collected from jugular vein into 3 ml 

Results and discussionvacutainer tubes containing anticoagulant EDTA. DNA was 
extracted from the whole blood with Illustra Blood GenomicPrep 

A 372 bp fragment of the ovine αS1-CN gene from exon III was DNA Purification Kit (GE Healthcare, UK) according to established 
amplified. After PCR amplification, enzymatic digestion with MboII, 

Figure 1. Results after digestion with Mbo II. Line 1 - DNA Ladder, 50 bp; Line 7 - homozygous (AA); Lines 3,5,11,13 and 
15 - homozygous (CC); Line 9 - heterozygous (AC); Lines 2,4,6,8,10,12 and 14 show undigested PCR products, whereas 
lanes 3,5,7,9,11,13 and 15 corresponf to the same fragments digested with Mbo II
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0,003
bNS
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A

0,98
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0,98

C

0,00
0,0004
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0,00
0,0004

0,03
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0,13
0,18

0,03
0,04

0,97
0,96

0,84
0,81

0,97
0,96

AA AC CC
2χ

Table 1. CSN1S1 allele and genotype frequencies of  Bulgarian sheep breeds

a Upper row, observed values; lower row, expected values.
b NS, not significant.
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Figure 2. Allele frequencies distribution at CSN1S1
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and agarose gel electrophoresis, homozygous individuals of AA Karnobatska sheep and 0,02 in Karakachanska and in Copper- Red 
genotype yields three bands of 160, 146 and 66 bp. Homozygous of Shumenska sheep, respectively. Similar results have been reported 
CC genotype gave two bands of 306 and 66 bp, and heterozygotes by Ramos et al. (2009), for Portugal Merino. Lower values of 
have all four fragments (Figure 1). frequencies of allele C, ranging from 0.54 to 0.72 have been 

Regardless of the genotype, a 66 bp fragment after enzyme observed in different Italian and Spain sheep breeds and 
digestion was always present due to a common Mbo II site. As a crossbreeds population by Amigo et al. (2000), but in general they 
result of disruption of Mbo II site due to the nucleotide substitution in were significantly higher than the frequencies of allele A (0.006-
exon III fragments with different length are usually obtained. 0,06). 

The allele and genotype frequencies of αS1-CN locus obtained Allele frequency distribution is shown on Figure 2. The obtained 
by PCR- RFLP analyses of all studied breeds are summarized in experimental data showed that the frequencies of alleles A and C of 
Table 1. Allele and genotype frequencies were calculated by direct CSN1S1 gene in the studied population are relatively close. This 
counting. Three genotypes of CSN1S1 (AA, AC and CC) and two indicates quite small variation regarding the CSN1S1 locus between 
alleles (A and C) could be demonstrated in genotyped breeds. The the studied populations of sheep breeds.
highest frequency of αS1-CN C allele (0,98) was found in samples, Among the αS1-CN variants observed in sheep breeds, αS1-
both from Karakachanska and Copper-Red Shumenska breed, CN D is the most well known, but it has been found with an extremely 
compared to the Local Karnobatska, where the frequency was 0,90. low frequency. An exception is its distribution in some breeds such 
In contrast, allele A was present at very low frequency - 0,10 in Local as Welsh, Hampshire and Sarda (Ordas et al., 1997). Until now, the 
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αS1-CN C has been the gene most frequently studied in all breeds of Agriculture (Trakia University, Stara Zagora) and in the 
and crossbreeds, while the rarer variant E is present only in some Agrobioinstitute (Sofia). I would like to thank Dr. Elena Todorovska 
ovine breeds (Amigo et al., 2000). (leader of group Functional Genetics Cereals, ABI) for giving me the 

In our study, the most frequent genotype at the αS1-CN locus opportunity to work in ABI, introducing me in the field of molecular 
was CC with frequencies 0,84 in Local Karnobatska sheep and 0,97 genetics.
in Karakachanska and Copper-Red Shumenska breed. In contrast, 
the frequency of genotype AA was lower, 0,03 in Local Karnobatska 
sheep and very low in Karakachanska and Copper-Red Shumenska 
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