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Genetic polymorphisms of the milk protein genes are
important because of their effects on quantitative traits
and technological properties of milk manufacturing. In
the present study we identified the polymorphism of
the beta-casein gene in two local sheep breeds (Racka
n=98 and Turcana n=111) in Romania. The most studied variants at the ovine beta-casein (CSN2) locus are: A
and G variants. Genomic DNA was extracted from hair
follicles and beta-casein genotypes were determined by
the rapid TaqMan (Applied Biosystems, USA) genotyping
assay. Homozygote genotypes GG were not detected in
any of the studied breeds. In both, the Racka and Turcana breeds, the A variant had a much higher frequency,
0.98% and 0.97%, respectively. In the current study, the
fast DNA tests for genotyping ovine CSN2 were successfully optimized, however, further samples and correlations of genomic results with milk characteristics and
production data are needed for the development of
future selection schemes of the Romanian indigenous
sheep breeds, with the ultimate purpose to produce low
allergen level sheep milk and derived dairy products.
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INTRODUCTION

Studies on the genetic polymorphism of milk proteins
have recently received considerable interest from animal
geneticists and the dairy industry. Studies on sheep milk
protein polymorphism and its effects on milk yields of
sheep are principally carried out in the Mediterranean
countries (Italy, France and Spain), in which great importance is given to implications in milk performance
(Mroczkowski et al., 2004).
Zackel is the name of an old Egyptian phyletic group
of sheep breeds, indigenous to Central-, Eastern and
Southern Europe (Draganescu, 1997; Draganescu &
Grosu, 2010). Zackel sheep are very well adapted to extensive production conditions and are regarded as lowinput breeds. Milk production varies greatly between the
Zackel sheep, mainly because of the different feeding
management of flocks. Average milk production could
be considered low or medium, with yields varying from
70 to 150 kg of milk/lactation (Padeanu, 2001; Gavojdian et al., 2013).

The Turcana breed belonging to the Zackel group is
economically the most important breed in Romania nowadays (over 6 million breeding ewes), while the Racka is
listed as endagered, with a census of less than 3000 breeding ewes. Rams from both breeds are about 60-80 kg,
while ewes are between 40 to 55 kg. Zackel sheep are
found in Romania, Hungary, Austria, the Czech Republic,
Slovakia, Ukraine, Moldavia, Greece, Turkey, Albania, Poland and the former Yugoslavian countries. Turcana and
Racka milk is used for dairy products such as hard cheeses (Telemea) while the wool is used in the textile industry,
and the lamb meat is either consumed at Easter celebrations or exported to the Arab states market (Padeanu et
al., 2004; Pariset et al., 2006; Ilisiu et al., 2012).
The main milk proteins are the same in sheep, goats
and cows. Two classes can be distinguished: caseins and
whey proteins. The caseins of ruminant milk proteins
contains four caseins, namely αs1-, αs2-, β-and ĸ-casein
and they are linked within a 250 kb cluster (Threadgill & Womack, 1990; Leveziel et al., 1991; Bevilacqua et
al., 2006; Park et al., 2007) at the ovine chromosome 6
(Gortari et al., 1998).
Among the ovine caseins, the β-casein is the most
abundant with an average content of >50% (Dove,
2000). At first, Provot and coworkers (1995) published
the full sequence of ovine β-casein gene (accession number: X79703.1). The gene has nine exons that are short
with the exception of exon 7 which is included in the
coding region, and exon 9 (492- and 323-bp respectively).
It was thought that the β-casein had only a non-genetic
polymorphism due to varying level of phosphorylation,
until Chianese and coworkers (1997) distinguished
among the three genetic variants of β-casein, namely A,
B, and, C. DNA-based studies demonstrated polymorphisms within the coding sequence of the ovine CSN2
like an A>G-SNP lying within exon 7 and leading to the
deduced amino acid exchange p.Met183Val (Bastos et al.,
2001; Ceriotti et al., 2004, Chessa et al., 2010; Corral et
al., 2010, 2013).
Aim of the current research was to identify the genetic polymorphism of the β-casein gene in two indigenous
dairy sheep breeds belonging to the Zackel group (Racka
and Turcana), by the use of a TaqMan genotyping assay, in order to provide information for future selection
schemes of the Romanian indigenous sheep breeds, with
the ultimate further purpose to produce low allergen level sheep milk and derived dairy products.
MATERIAL AND METHODS

Samples and DNA extraction. Altogether, 209
animals from two indigenous Romanian sheep breeds
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(Racka n=98, from the Caras-Severin and Timis counties, Fig. 1; and Turcana n=111, from the Arad, CarasSeverin, Hunedoara and Timis counties, Fig. 2) were
sampled in the present study to detect genetic polymorphism at the CSN2 locus.
Hair follicles were collected from adult breeding ewes,
between 1.5 and 8 years old, with balanced age and parity within the flocks and representing a diverse sampling
of genetic lines for each of the two breeds. All commercial farms that reared Racka and Turcana breeds included in this study, were included in the official performance recording system, with ancestry of the animals
known for at least two generations.
Extraction of genomic DNAs from hair follicles was
performed by using a method of FAO/IAEA (2004),
whichwas stored at –20ºC til further analysis. Concentration and quality of the extracted DNAs was measured
and checked by a NanoDrop Spectrophotometer (Thermo Scientific, USA).
Genotyping. Taqman (Applied Biosystems, USA)
genotyping probe for ovine β-casein was designed for
the fast genotyping of the A>G mutation present in
a part of an exon 7 at position 183 (Met183QVal183).
Concentration of DNA used for the genotyping assay
was 50 ng.
The following primers and probe were designed
by Sztankóová et al. (2011) and used: forward primer: 5′-CGTGCTGTCCCTTTCTCA-3′, reverse primer:
5′-TTTTGTAGGGCTCTTAATTACTCAA-3′,
probe
A/G: CCCCAGAGAGAT[A/G]TGCCCATCC.
Amplification and allelic discrimation was performed
with an ABI 7300 Real-Time PCR System (Applied
Biosystems, USA) in a 96-well reaction plate, in 20 µl
reactions containing 1 µl (50 ng) of genomic DNA as
template, TaqMan PCR Master Mix (Life Technologies,
USA), the forward and reverse primers for amplification
of the polymorphic sequence, and the TaqMan probe.
The time and temperature profile of PCR reaction consisted of the following steps: 95°C for 10 min, followed
by 40 cycles of 95°C for 15 sec and 60°C for 1 min.
Negative control containing distilled water instead of
DNA was also run in each assay.
Data analysis. After the PCR was completed, allelic
discrimination analysis was performed using SDS software (Applied Biosystems, USA). The samples were automatically grouped according to their genotypes. The
results of the TaqMan allelic discrimination assay were

graphically interpreted and all of the samples were correctly assigned the right genotype.
Ethics statement. The research activities were performed in accordance with the European Union’s Directive for animal experimentation (Directive 2010/63/EU).

Figure 1. Racka ewes, sampling site: Ghilad, Timis county

Figure 2. White faced Turcana ewe, sampling site: Salbagel, Caras-Severin county

RESULTS AND DISCUSSIONS

Optimization of the Taqman probe to differentiate
the A and G allele in the Racka and Turcana sheep was
successfully performed. All three genotypes and the negative control were clearly separated based on the different intensity of the alleles.
In the studied Romanian breeds, the A variant had
a significantly higher frequency (Racka= 0.98, and Turcana=0.97) compared to the G variant (Racka=0.02, and
Turcana=0.03), thus indicating that the A variant is more
characteristic for the Zackel sheep populations reared in
Romania when compared to the G variant (Table 1).
Similar results were previously reported in other European Zackel breeds, with the A variant being detected
at a higher frequency (50 to 80%) when compared to
the G variant, as reported by Sztankóová and coworkers (2011) in the Czech Sumava and Valachian sheep,
and by Ceriotti and coworkers (2004) and Chessa and
coworkers (2010) in the Italian sheep breeds (Comisana,
Sarda, Sopravissana).
The most frequent genotype was AA (96.94% in
Racka and 94.59% in Turcana) followed by AG (3.06%
and 5.41%, respectively). The GG genotype was not
found in the Romanian breeds studied here (Table 1).
The distribution of genotypes is in agreement with results obtained for other European sheep breeds (Ceriotti
et al., 2004; Sztankóová et al., 2011).
In the sheep and goats, the number of genetic variants
of milk protein genes is continually rising (Marletta et al.,
2007). According to Marletta and coworkers (2004), the
allergic effect of 3 casein fractions (homozygous normal,
homozygous 0 and heterozygous normal) was similar.
Based on the amount of samples, three levels (C20, C50,
and C80) were created, according to the αs2-casein and
seroprotein content of the sample. In the case of C50,
the most allergenic was homozygous normal followed by
homozygous 0 and heterozygous normal.
Cow milk allergy is the most frequent allergy occuring in the first years of life. Milk from other mammalian species has been suggested as a possible nutritional
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Table 1. Frequeny of genotype and alleles of Turcana and Racka sheep breeds

