
Abstract
Casein is a family of milk proteins that exists in sever-
al molecular forms and is the main protein present in
the bovine milk. The B variant of bovine k-casein is
reported to be favorable for quality and quantity of
cheese derived from milk and considered to be includ-
ed in breeding strategies of dairy cattle. Genotypes of
72 Russian Black Pied and 80 Red Pied cows were
determined for kappa casein locus by restriction frag-
ment length polymorphism analysis (PCR-RFLP) of
amplified DNA. A 530 bp. fragment of the genomic
bovine kappa casein gene was amplified by PCR.
Digests by Hind III thus genotypes AA, AB and BB,
were recognized by agarose gel electrophoresis. This
technique was used to determine the kappa casein
allelic frequency in Black and Red Pied dairy herds.
Estimated gene frequencies were 0.83, 0.69 for A, and
0.17, 0.31 for B alleles, for Black and Red Pied breeds,
respectively. The heterozygosis of 0.28, 0.50 for Black
and Red Pied breeds, respectively were observed.
This molecular genetic technique based on molecular
markers allows direct genotyping for milk Kappa
casein with certainty and accuracy in bulls and
females an can be used in programs of dairy cattle
improvement. Therefore, an early and precise identifi-
cation of milk protein genotypes should have a direct
impact on dairy cattle breeding strategies.
Keywords: Kappa casein; Polymorphism; Cattle;
PCR-RFLP; Milk production

Milk protein polymorphisms have received consider-
able interest because of their potential use as an aid to
genetic selection and to genetic characterization of
bovine breeds (Del Lama and Zago, 1996; Golijow et

al., 1996; 1999; Kemenes et al., 1999). The k-casein
variants A and B differ in amino acid 136 and 148 (Lin
et al., 1992). In position 136, Thr (ACC) is changed
for Ile (ATC) and in position 148, Asp (GTA) is
changed for Ala (GCT). Several studies have reported
that some of these bovine protein variants, particularly
k-casein are associated with lactation performance and
have a major influence on milk composition and its
processing properties, including cheese yield
(Kastonina et al., 2004; Denisenko and Kalashnikova,
2004; Konovalova et al., 2004; Romonasova, 1999;
Marziali and Ng-Kwai-Hang, 1986; Aleandri et al.,
1990). Relationships between genotypes for different
milk proteins and yield traits have been reported by
several authors (Lin et al., 1992). Although reports on
the association between k-casein genetic variants and
milk yield are somewhat conflicting. Whereas
Strzalkowska et al., 2002, Aleandri et al. (1990) found
no significant associations; results from other group
(Ikonen et al., 1999) indicated that there is indeed a
relationship. However, because of economic interests,
it has been suggested that favourable milk protein
genotypes, k-casein BB, should be included into the
criteria for selection of dairy cattle. In a study by
Bovenhuis et al. (1992), k-casein genotype had a sig-
nificant effect on milk production (p<0.001), with
cows of the BB genotype producing 173 Kg less milk
than AA cows. Furthermore, k-casein genotypes had a
highly significant effect on protein content (p<0.001),
such that k-casein BB cows produced milk with a
0.08% higher protein content than that of AA cows.
The same authors found that, the effect of k-casein
genotype was not significant on fat content, while for
fat yield, the B allele was associated with a significant-
ly lower production of fat when compared with the A
allele. Genotyping of milk proteins, such as k-casein,
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can be performed by electrophoresis, directly from
milk samples, as the expression of caseins occurs only
during the lactation phase in mammary gland cells.
Therefore, the use of electrophoresis for genotyping of
milk proteins is strongly limited because it can only be
used in cows in the lactation stage. With newly devel-
oped techniques based on DNA analysis, which
include polymerase chain reaction and restriction frag-
ment length polymorphisms (PCR-RFLP) methods
(Medrano and Aguilar- Cordova, 1990; Denicourt et
al., 1990), it is now possible to determine the k-casein
genotype of all individuals in a given population under
selection, regardless of sex, age or physiological sta-
tus. As a result, it is now possible to include informa-
tion on milk protein genotypes into selection pro-
grams, which should result in more accurate predic-
tions of breeding values of animals to be selected, and
thus improve response to selection. Genetic variability
in the k-casein locus has been reported for several
breeds, with allelic frequencies incorporated into stud-
ies on genetic diversity among breeds (Golijow et al.,
1996; Del lama and Zago, 1996; Kemenes et al.,
1999).

The objectives of this work was to study gene fre-
quencies at the k-casein locus in Black and Red Pied
cattle, and compare them with those reported for dif-
ferent commercial cattle breeds. 

For this purpose since 1977 began the work on the
creation of new breed Red Pied in Russia. The Red
Pied breed cattles were created via the crossing of
Simmental cows with the bulls of the Red Pied
Holstein. Russian Red Pied with a population of
approximately 100,000 animals, mainly raised in the
Krasnodar, Stavropoul, Omsk, Rostov Stats and other
western states of Russia.

The Black Pied breed developed from crossing the
local cattle in various areas with the Dutch Black Pied
and East Friesian breeds. Some animals were imported
from Germany, the Netherlands, Estonia and Lithuania
during 1930-40 and distributed in various parts of the
Russia. Russian Black Pied with a population of about
10,000,000 animals, have a broad geographical distri-

bution, raised in various parts of the Russia.
The of Black Pied breed is noted for high milk pro-

duction (the highest among the dairy breeds), good
conformation and good beef qualities. Due to the high
productivity, adjustment to machine milking, well-
defined beef features and the ability to acclimatize, the
population of this breed is increasing year by year. 

72 Black Pied and 80 Red Pied cattle were includ-
ed in this analysis. Blood samples for DNA genotyping
were collected from the jugular vein.

DNA was isolsted from whole blood done with a
method described by Denicourt et al. (1990) and DNA
samples were typed using the PCR-RFLP method. To
analyze the k-casein (k-CN) locus, a 530-bp fragment
covering the sequence containing the mutation site
was amplified according to the procedure proposed by
Medrano and Aguilar-Cordova (1990). The primer
sequences used for the amplification of K-CN were as
follows: Cas A 5´-ATA GCC AAA TAT ATC CCAATT
CAG T-3´, Cas B 5´- TTT ATT AAT AAG TCC ATG
AAT CTT G 3´. Samples were amplified for 35 cycles
under the following conditions: 95°C-1 min (denatura-
tion); 58°C- 1 min (primer annealing); 72°C- 1 min
(primer extension). The amplification product was
digested with HindIII restriction endonuclease (MBI
Fermentase, Lithuania) at 37°C for 3h, to distinguish
between A and B alleles. The restriction fragments
were separated in agarose gel (3%) and stained with
ethidium bromid. Allele frequencies were determined
by gene counting. A Chi-square test was performed to
evaluate if the population was in Hardy-Weinberg
equilibrium.

Identification of A and B alleles of k-casein was
performed by amplification of a DNA fragment of
530 bp, by the PCR-RFLP method. The DNA fragment
amplified from allele B shows only one restriction site,
resulting in two fragments of 400 and 130 bp. Allele A
was characterized by the presence of one fragment,
corresponding to 530-bp. Genotypic frequencies for
Black Pied were 68.89, 28.22 and 2.89 for AA, AB and
BB, respectively; and were 44.12, 50.00 and 5.88 for
AA, AB and BB, respectively for Red Pied cattle.
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Table 1. Polymorphism at the K-casein locus in Russian breeds Black and
Red pied cattle.

ns= not significant



Frequencies of alleles A and B for two breeds estimat-
ed from genotypic frequencies were 0.83 and 0.17  for
Black Pied and for Red Pied breeds, 0.69 and 0.31,
respectively (Table 1). Contrary to other breeds, the
frequency of desirable casein B allele in the Red Pied
breeds was high. 

Nearly identical results of B variant of k-casein
(0.13) for Black Pied cattle were obtained by
Zinovieva and Gladir (2003). However, results of
Solimova et al. (1992), Tinaev et al.  (2003) and
Iolchiev (1993) showed frequency of B allele k-casein
0.53, 0.40 and 0.42, respectively. Until now, the k-
casein allele frequency has not been studied for Red
Pied cattle.         

The (A) allele was more frequent in both breeds
than the k-casein B allele. The frequency of k-casein B
was higher in Red Pied (0.31) than in Black Pied cows
(0.17). The genotypic frequencies of k-casein AA and
AB were significantly different in the two breeds
examined. No significant departure from Hardy-
Weinberg equilibrium (p<0.05) was observed in the
two breeds.

In studies of genetic characterization of cattle
breeds, it has been found that the B allele of k-casein
occurs at higher frequencies in breeds originating from
Bos taurus than in those of Bos indicus origin (Backer
and Manwell, 1980; Golijow et al., 1996; Del lama
and Zago, 1996; Kemenes et al., 1999). Black and Red
Pied breed showed a high degree of genetic variability
for the k-casein locus, with a frequency of the B allele
of 0.17 and 0.31, respectively.

Table 2 shows the effect of the k-casein gene on the
milk production traits in cows studied. In Blach Pied

breed the effect of polymorphism of k-casein was sig-
nificant (P≤0.05) for fat and protein percentage.The
milk from cows with the BB genotype showed the
highest percentage of fat and protein. In Red Pied
cows, statistically significant difference for milk yield,
fat and fat content were found. 

According to Denisenko (2004), cheese produc-
tion can be increased by 5% if milk is from cows of the
BB genotype for k-casein, when compared with milk
from AA animals. In the Holstein and Jersey breeds it
has been shown that the B allele is associated with
higher protein content in milk (Denisenko, 2004), and
it has been suggested that appropriate weights could be
given to genotypic information and polygenic breed-
ing value in order to improve selection response (Van
Arendonk and Bovenhuis, 1996).

This allele has been shown to be favorably relat-
ed to milk composition in dairy cattle breeds.
Therefore, studies aimed at establishing this possible
relationship are of crucial importance, as selection
could be enhanced by the inclusion of genetic markers
in selection decisions.
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Table 2. Quantity and quality of milk production in cows with different k-casein genotype.

a within columns frequencies bearing the same superscripts differ significantly at P≤0.05. Figures in the brackets are standard

deviation. 
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