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Summary

The study included 765 Holstein cow for determining of B-lactoglobulin genotypes, 420 cows
for determining k-casein genotypes and 252 cows for determining transferrin genotypes, daughters
of 18 sires. Among 765 cows, 172 were of the B-LG AA genotype, 448 were of genotype AB, and
145 were of BB genotype. The frequencies of genotypes AA, AB and BB were 0.23, 0.58 and 0.19,
respectively. The frequency of alleles A and B, which was derived from the frequency of genotypes,
was 0.52 for allele A and 0.48 for allele B. Among 420 cows, 105 were of the k-casein AA genotype,
219 were of genotype AB, and 96 were of BB genotype. The frequencies of genotypes AA, AB and
BB were 0.25, 0.52 and 0.23, respectively. The frequency of alleles A and B, which derived from the
frequency of genotypes, was 0.51 for allele A and 0.49 for allele B. Among 249 cows, was identified 9
different genotypes of transferrin, 72 were of the Tf AD2 genotype, 50 were of genotype D1D2, 42
were of genotype D2D2, 28 were of genotype AD1, 20 were of genotype AA, 17 were of genotype
D2E, 10 were of genotype AE and less than ten were of genotype D1D2 and D1E.The frequency of
alleles A, D1, D2 and E, which was derived from the frequency of genotypes, was 0.30 for allele A,
0.19 for allele D1, 0.45 for allele D2 and 0.06 for allele E. In the studied population of Holstein Frie-
sian dairy cattle in Serbia, a significant number of heterozygous individual and population variability
were found. The large variability gives us the opportunity for further selection, favoring the genotype
cows depending on the desired properties of milk(milk yield, content of milk fat and proteins) for
further technological processing of milk. According to previous studies, it is obvious, that heterozy-
gous cow tended to have a better production performance than the homozygous cows. This genetic
information of polymorphic gene could be useful in marker assisted selection to improve production
performance.
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Introduction

Studies of polymorphic protein systems are in-
creasingly directed toward establishing connection
among the genes controlling protein polymorphisms
which control polygenic traits related to the produc-
tive traits of domestic animals. Determination of
this connection has great economic importance for
selection and can increase productivity in livestock

(Vidovi¢ et al., 2013). Prediction of the future per-
formance of farm animals is the most rational point
in animal breeding and animals of superior traits
and phenotype should be selected to hasten genetic
improvement. The use of polymorphic genes as ge-
netic molecular markers is a promising surrogate for
the current methods of selection once these genes
are proven to be associated with traits of interest in
animals. Selection effectiveness depends on allelic
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frequencies in the breeds and on the effect of these
polymorphisms on selected traits.

Selection of dairy sires and cows has been based
mostly on quantitative traits such as milk, fat or
protein yield, which are assumed to be controlled
by multiple loci. Genetic improvement of quantita-
tive traits is, therefore, relatively slow, as productive
traits can only be measured in one sex, and isaffected
by numerous polygene’s (each polygene exerting a
small effect on trait) and environmental factors have
an important influence on their expression. This un-
doubtedly lowers the accuracy of genetic evaluation
of sires and cows. In addition, productive traits can
only be measured in adult animals, thereby increas-
ing the generation interval and lowering the genetic
progress per year. Knowledge of genetic parameters,
e.g., heritability, has an important place in modelling
genetic progress and selection efficiency to improve
milk traits in dairy cattle.

There are many studies about milk protein pol-
ymorphism and its relationship with economic traits
in livestock animals. Vidovi¢ et al. (2013) recom-
mended that genetic variant of milk protein could be
a criteria of selection for the improvement of dairy
cattle production.

B-lactoglobulin (B-LG) is the major whey pro-
tein in ruminant milk. As one of the important genes
that may affect economically important traits in
cattle, the B-lactoglobulin locus has been previously
studied (Tsiaras et al., 2005). The B-LG gene is
situated on bovine chromosome 11, and encodes for
a single chain polypeptide of 18 kDa comprising of
162 amino acid residues. The complete amino acid
sequence of B-LG has been reported and genetic
variation in amino acids sequence has been identi-
fied (Rachagani et al., 2006). Polymorphism of this
gene was discovered in 1955 (Aschaffenburg and
Drewry, 1955) and a total of 15 alleles are known,
of which, five common variants; A, B, C, D, and E
are well identified (Matejicek et al., 2007). Among
these common alleles A and B are the most frequent.
These two protein variants have small chemical dif-
ferences between them, where two amino acids,
aspartate-64 and valine-118 in variant A are substi-
tuted by glycine and alanine, respectively in the B
variant (Rachagani et al., 2006).

Many studies have been performed to investi-
gate the effect of B-LG genotypes on milk produc-

tion traits, milk composition and quality. They found
that the AA genotype of B-LG had a favorable effect
on protein yield, and the association of significantly
higher fat, protein, casein, true protein, and total
solids content with BB variant has also been reported
(Matejicek et al., 2007). B-LG AA and B -LG BB
phenotypes were found to produce higher milk and
fat yields than B-LG AB in the Black and White cat-
tle breed by Mayer et al., (1990).

Kappa-casein (k-casein) is of special interest
for a milk protein polymorphism due to its known
relation with milk quality and composition. Kappa-
casein constitutes approximately 12 % of the to-
tal casein. Normally, cow’s milk contains 3 to 4 %
protein, of which 80 % is casein and 20 % is whey
protein (Azevedo et al., 2008). These whey pro-
teins and the k-caseins are a source of amino acids
for the calves, and they also play a crucial role in
the coagulation and curdling of milk. Milk pro-
tein polymorphisms attract considerable interest
because of their potential use as an aid to genetic
selection and to genetic characterization of bovine
breeds (Caroli et al. 2004). The k-casein variants A
and B differ at amino acid 136 and 148 (Lin et al.,
1992). In position 136, amino acid Thr (ACC) is re-
placed by Ile (ATC) and in position 148, Asp (GTA)
is replaced by Ala (GCT). Genetic variability in
the x-casein locus has been reported for several
breeds, with allelic frequencies incorporated into
studies on genetic diversity among breeds. Several
studies have reported that some bovine protein
variants, particularly x-casein, are associated with
lactation performance and have a major influence
on milk composition and its processing proper-
ties, including production technology and cheese
yield (Stoje¢evi¢-Maleti¢ et al., 2012; Hallen et
al., 2008; Alipanah et al., 2005; Antunac et al.,
1991), and in physiological process such as cytotox-
ic and antibacterial effects that enhance immunity
(Hamza et. al., 2010; Matinand Otani, 2002).
Bovenhuis et al. (1992), suggested that, because
of economic interests, the favourable milk protein
genotype, k-casein BB, should be included in the cri-
teria for selection of dairy cattle.

Transferrin (Tf) is a glycoprotein responsible
for the transport of iron from sites of absorption
and heme degradation to those of storage and uti-
lization by binding two Fe3* ions in association
with the binding of an anion, usually carbonate.
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Considerable polymorphism and various biologi-
cal functions of Tf resulted in a situation when
it may be used as genetic markers of reproduc-
tion and production traits in cattle. Thus, poly-
morphisms present in bovine Tf could potentially
underlie inherited differences in mastitis resist-
ance and milk production traits (Ju et al., 2011).
Bovine Tf is encoded by the transferrin gene (Tf),
which is located on bovine chromosome 1. Many
polymorphisms have been found in the bovine Tf
gene (Zhang et al., 2010; Sanz et al., 2010). It is
highly polymorphic in many species, and 10 vari-
ants have been detected in cattle, where the major
variants described are A, D1, D2, and E (Gahne et
al., 1977).The interest in the detection and charac-
terization of markers associated with fat and milk
production traits has increased in recent years, and
there are numerous studies that have focused on this
topic (Bagnato et al., 2008; Milanesi et al., 2008).
The health status of the mammary gland greatly af-
fects the biological value of collected milk (Sevi et
al., 2001). Mastitis in dairy cattle is a common and
costly inflammatory disease of the mammary gland
caused by intramammary infections, and leads to
reduced yield, degraded quality, reduced lactation
persistency, and early culling of cow (Seegers et
al., 2003). Environmental and contagious pathogens
including E. coli, Streptococcus dysgalactiae, Strepto-
coccus uberis, Streptococcus agalactiae and Staphylo-
coccus aureus, are by far the main causes of mastitis
(Mason, 2006). In animals with diagnosed mastitis,
the Tf concentration in milk is higher than that in
healthy animals (Kmiec, 1998). These facts sug-
gest a possible relationship between the Tf gene and
mastitis in dairy cattle. Tf may contribute to innate
host defense against bacterial and fungal pathogens
by limiting microbial access to iron (Chaneton et

al., 2008).

Marker-assisted selection that supports fast
and low-cost genetic progress and improves the ac-
curacy of selection is desirable. In this regard, it is
useful to study the genetic variations of candidate
genes and their associations with milk production
and somatic cell count (Khatib et al., 2007; Huang
etal., 2010), which have a high genetic positive cor-
relation with mastitis (with an estimated average
coefficient of 0.7) (Heringstad et al., 2000). Also,
some transferrins are associated with resistance and
susceptibility to disease. Tf can be used as a genetic

marker in milk production and mastitis-related traits
for animal breeding and genetics (Ju et al., 2011).

The black and white Holstein cattle breed is
an excellent population to study the genotypic fre-
quencies of B-lactoglobulin, x-casein and transfer-
rin, because it is a breed that was created by many
years by artificial selection for milk traits. The aim
of this study was to identify alleles and genotypes of
B-lactoglobulin, k-casein and transferrin in a popu-
lation of cows evaluate their frequency in Serbian
Holstein-Friesian dairy cattle.

Material and methods

The study included 765 Holstein cow for de-
termining of B-lactoglobulin phenotype, 420 cows
for determining k-casein phenotype and 252 cows
for determining transferrin phenotype, daughters of
18 sires. The blood samples were kept at 4 °C until
isolation of DNA. Isolation of DNA was performed
using standard procedures (Sambrook et al., 1989)
which included a lyses protocol with Proteinase K in
the presence of detergent, phenol-chloroform ex-
traction and ethanol precipitation. After that, 300
ng of DNA was used in 50 uL. PCR reactions to yield
a 760 bp fragment. PCR reactions were performed
as follows: PCR buffer (10 mM TRIS-HCI pH 8.3,
50 mMKCI); 20 pM of each primer; 2.5 mMdNTP;
200 uM MgCl; 5 U Taq polymerase (Popovski,
1999). PCR steps were: denaturation at 95 °C for
5 min, 3 steps of denaturation at 94 °C/L min, hy-
bridization at 65 °C/L min and subsequent poly-
merisation at 72 °C during 2 min, with 35 cycles.
Termination was followed by a final extension for
5 min at 72 °C. Primers for PCR were designed
based on the Gen Bank B-lactoglobulin genomic
DNA sequences DQ489319 (Braunschweig and
Leeb, 2006). The primer sequences used for the
amplification of B-lactoglobulin were as follows:
S'GAGTTGGGCTTCCAGAGTGA-3" (forward)
and 5’GGAATCAAGCTCCCTGCTC-3' (reverse).
The restriction enzyme Hinf I (recognized location
5" - GANTC - 3') was used. The primer sequenc-
es used for the amplification of k-casein were as
follows: 5" ATG AAG TTC TTC ATC TTT ACC
TGC-3' (forward) and 5" GAA GCA GTT AAT
TCC AGA ATC TTA -3’ (reverse). Restriction en-
zyme Hinf I (recognized location 5" - GANTC - 3')
was used. Transferrin types of the sera were deter-
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mined by a modification of the zone-starch-gel elec-
trophoresis method developed by Smithies (1955,
1959). The gels were prepared by dissolving 168 g of
hydrolyzed starch in 1,000 mL, of a buffer solution
composed of 0.0193 M Tris (hy-droxymethyl) ami-
no methane and 0.0178 M cacodylic acid (pH=7.3
to 7.35). Other procedures for electrophoresis of
sera were the same as described by Kristjansson and
Hickman (1965).

Direct counting was used to estimate phe-
notype and allele frequencies of B-lactoglobulin,
k-casein and transferring genetic variants. The chi-
square test (¥*) was used to determine whether the
populations were in Hardy-Weinberg equilibrium.
Mixed Model Equation (MME) was used to analyze
fixed effects including: year-season, lactation and
genotype (B-lactoglobulin, k-casein, transferrin) and
sire as random effects. The MME used the following
model:

Y

ijklm

ijklm

=+ YS L+ Gy + S, E
Y
& = mean value of observed traits;

= total observed traits;

YS,= fixed effect of years and season;
L= fixed effect of lactation;
G, = fixed genotype effects;
S

E... = random error.
ijklm

= random sire effect;

Results and discussion

The genotypic frequencies and gene frequen-
cies of B-lactoglobulin phenotypes found in the stud-
ied population of cows are presented in Table 1.

Among 765 cows, 172 were of the B-LG AA
genotype, 448 were of genotype AB, and 145 were
of BB genotype. The frequencies of genotypes AA,
AB and BB were 0.23, 0.58 and 0.19, respectively.
In the current study, B-LG genotype distribution for
the studied population, fitted with Hardy-Weinberg
equilibrium (P<0.05), was similar to that demon-
strated by Gouda etal., (2011) in Egyptian Holstein
cattle, and Ren et al. (2011) in Chinese Holstein
and Jersey cows. The frequency of alleles A and B,
which was derived from the frequency of genotypes,
was 0.52 for allele A and 0.48 for allele B. This ratio
expresses preliminary information about the pres-
ence of different genotypes of B-LG in the black and
white Holstein cows in the analyzed population.

Ivankovi¢ et al. (2011) reported that the fre-
quencies of genotypes AA, AB and BB were 0.08,
0.67 and 0.24, respectively in Croatia Holstein cat-
tle. Previous studies demonstrated that, the hetero-
zyote AB genotypes were found to be more frequent
in Holsteien cows (Oner and Elamci, 2006). Simi-
lar results were also reported by Gurcan (2011).
Notably, the B allele of B-LG gene was found to be
the most frequent variant among dairy breeds world-
wide. The genotypic frequencies and gene frequen-
cies of k-casein phenotypes are presented in Table 2.

Table 1. The distribution of B-lactoglobulin and allele frequencies in Holstein cattle, and

Hardy-Weinberg equilibrium

Phenotype Allelic frequency
AA AB BB A B
Observed frequencies 172 448 145
Genotype frequency 0.23 0.58 0.19 0.52 0.48
. 14.78

Table 2. The distribution of k-casein and allele frequ
Hardy-Weinberg equilibrium

encies in Holstein cattle, and

Phenotype Allelic frequency
AA AB BB A B
Observed frequencies 105 219 96
Genotype frequency 0.25 0.52 0.23 0.51 0.49
e 1.16




D. LUKAC et al.: Genotypic frequencies in diary cattle, Mljekarstvo 63 (4), 203-210 (2013)

207

Table 3. The distribution of transferrin and allele frequencies in Holstein cattle, and

Hardy-Weinberg equilibrium

Genotype Observeld Genotype 2 Allelic frequency
transferrin frequencies frequency
AA 20 0.08
A 0.30
ADI 28 0.11
AD?2 72 0.29
Dl 0.19
AE 10 0.04
DIDI1 6 0.02 151.22
D2 0.45
DID2 50 0.20
DIE 4 0.02
D2D2 42 0.17 E 0.06
D2E 17 0.07

Among 420 cows, 105 were of the k-casein AA
genotype, 219 were of genotype AB, and 96 were of
BB genotype. The frequencies of genotypes AA, AB
and BB were 0.25, 0.52 and 0.23, respectively. In the
current study, k-casein genotype distribution for the
studied population, fitted with Hardy-Weinberg equi-
librium (P>0.05), was similar to that demonstrated
by Ma et al. (2007) and Ju et al. (2008) in southern
Chinese Holstein cattle, and with that found by Ha-
nusovi et al. (2010) in Slovakia. The frequency of
alleles A and B, which derived from the frequency of
genotypes, was 0.51 for allele A and 0.49 for allele B.
This ratio expresses preliminary information about
the presence of different genotypes of k-casein in
black and white Holstein cows in analyzed popula-
tion. A similar result was found in a Brazilian cattle
population by Azevedo et al. (2008). In contrast,
in relation to allele frequency presented in this re-
search, Ren et al. (2011) observed a higher frequen-
cy of allele A (0.69) and lower frequency of allele
B (0.31) in Holstein cows in China. Ivankovi¢ et
al. (2011) concluded that the k-casein allelic variant
A is dominant in selected cattle breeds (60.7-76.4
%), while the share of B variant is significantly more
presented in autochthonous cattle breeds (48.2-84.1
9%). The genotypic frequencies and allelic frequen-
cies of transferrin phenotypes found in the studied
population of cows are presented in Table 3.

Among 249 cows, was identified 9 different
genotypes of transferrin, 72 were of the Tf AD2
genotype, 50 were of genotype D1D2, 42 were of
genotype D2D2, 28 were of genotype AD1, 20 were

of genotype AA, 17 were of genotype D2E, 10 were
of genotype AE and less thanten were of genotype
DI1D2 and DIE. Three (Tf AA, D1D1 and D2D2)
of these were homozygous and the remaining six (Tf
ADI1, AD2, AE, D1D2, DIE and D2E ) heterozy-
gous. The frequencies of genotypes AD2, D1D2,
D2D2 and AD1 were 0.29, 0.20, 0.17, and 0.11,
respectively, while theother genotypeswith frequen-
cies below 1.00. In the current study, Tf genotype
distribution for the studied population, fitted with
Hardy-Weinberg equilibrium (P<0.05), was similar
to that demonstrated by Ju et al. (2011) in Chinese
Holstein cattle. The frequency of alleles A, D1, D2
and E, which was derived from the frequency of
genotypes, was 0.30 for allele A, 0.19 for allele D1,
0.45 for allele D2 and 0.06 for allele E. This ratio ex-
presses preliminary information about the presence
of different genotypes of Tf in the black and white
Holstein cows in the analyzed population of Serbia.
Inthe research of White and Banfield (1967), the
gene frequency distribution among nine herds (1102

dairy cows) of predominantly Friesian type cattle
was Tf A 40.7 %, TfD 55.9 %, and TfE 5.4 %.

Ashton etal. (1964) reported for the first time
a hereditary polymorphism of the transferrins, pre-
senting a system composed of 3 alleles: TfA, TfD
and TfE. These three alleles have been described
in the European breeds. Alleles Tf B and TfF have
been identified in Zebu and in Bos indicus cross-
breds. The most famous transferrin alleles in Euro-
pean cattle breeds are Al, D1, D2 and E and these
alleles are found in Friesian cattle in Egypt (Giblett
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et al., 1959).The closer connection between Friesian
breeds in Europe and Egypt is due to the genome
of breed and the difference in frequencies of some
alleles may be due to drift of gene and/or effect of
environment on gene expression. Ashton (1964)
identified these alleles in Sindhi, Sahival, Brahman
and cattle in their crossbreds (Ashton, 1964). TfG
allele was observed in Eastern Africa Boran cattle,
while Osterhoff and Van Heerden (cited by
Buschmann and Schmid, 1968) reported the
presence of TfG allele in South Africa Red Poll
and Simmental cattle. Transferrin polymorphism is
determined genetically by 6 autosomal alleles that
can combine into 21 genotypes with as much phe-
notypes. In the decreasing order of migration, they
were noted: G>A>B>D> F>E. Al polymorphism
was first reported by Ashton (1964) and Braend
and Efremov (1965), who had identified alleles
AlA and AIB. Later, Carr (1965) had identified oth-
er variants observed in African cattle, while Spoon-
er and Oliver (cited by Cazacu, 1977) reported
that AlA allele is genetically fixed in the European
breeds.

Conclusions

Holstein-friesian dairy cattle in Serbia demon-
strates a high degree of genetic variability for the
B-lactoglobulin, with a frequency of 0.52 for allele
A and 0.48 for allele, k-casein, with a frequency of
0.51 for allele A and 0.49 for allele B and transfer-
ring (9 different genotypes - AD2, D1D2, D2D2,
ADI1, AA, D2E, AE D1D2, DI1E; or 4 different al-
leles with a frequency of 0.30 for allele A, 0.19 for
allele D1, 0.45 for allele D2 and 0.06 for allele E). A
genetic screening program for breeding dairy cattle
should be set up in Serbia to increase possibilities
for profit and to show new options for milk process-
ing industry. Prediction of the future performance
of farm animals is the most rational point in animal
breeding and animals of superior traits and pheno-
type should be selected to hasten genetic improve-
ment.

Frekvencija genotipova B-laktoglobulina,
k-kazeina i transferina u holstajn-frizijskih
mlijecnih goveda u Srbiji

Sazetak

[strazivanjem je obuhvaceno 765 holstajn kra-
va za odredivanje genotipova B-laktoglobulina, 420
krava za odredivanje k-kazeinskih genotipova i 252
krave za utvrdivanje genotipova transferina, koje su
kéeri 18 bikova. Od 765 krava, 172 su bile AA, 448
bile su AB i 145 krava je bilo BB B-laktoglobulinskog
genotipa. Frekvencija genotipova AA bila je 0,23, AB
0,58 i BB genotipova svega 0,19. Frekvencije alela A
i B, koje potjecu od frekvencije genotipova, za alel A
je iznosila 0,52 i za alel B 0,48. Od 420 krava, 105
je bilo AA, 219 AB i 96 BB k-kazeinskog genotipa.
Frekvencija genotipova AA, AB i BB varirala je u gra-
nicama 0,25, 0,52 i 0,23. Takoder, frekvencije alela
A i B, koje proizlaze iz frekvencije genotipova, izno-
sio je 0,51 za alel Ai0,49 za alel B. Kod 249 krava,
identificirano je 9 razlititih genotipova transferina:
72 su bili AD2 Tf genotipa, 50 D1D2 Tf genotipa,
42 D2D2 Tf genotipa, 28 AD1 Tf genotipa, 20 AA
Tf genotipa, 17 D2E Tf genotipa, 10 AE Tf geno-
tipa i manje od deset krava bilo je D1D2 i DI1E Tf
genotipa. Tri Tf genotipa (AA, D1D1 i D2D2) bili
su homozigoti a preostalih Sest (Tf AD1, AD2, AE,
DI1D2, D1E, D2E) heterozigoti. Frekvencija alela A,
D1, D2 i E, koji potje¢u od frekvencije genotipova,
bila je 0,30 za alel A, 0,19 za alel D1, 0,45 za alel D2
10,06 za E alel. U istrazenoj populaciji holstajn-frizij-
skih krava u Srbiji, utvrden je znacajan broj hetero-
zigotnih individua, odnosno izrazena je varijabilnost
populacije. Velika varijabilnost daje nam moguénost
daljnje i efikasnije selekcije, favoriziraju¢i one geno-
tipove krava ovisno o postavljenim ciljevima, odno-
sno Zeljenim osobinama mlijeka (koli¢ina mlijeka, sa-
drZaj mlije¢ne masti i proteina) za daljnju tehnolosku
obradu mlijeka. U literaturi je poznato da hetero-
zigotne krave imaju bolje proizvodne performanse
nego homozigotne. Ovakve genetske informacije o
polimorfizmu gena mogu biti koristene i u marker
asistiranoj selekciji za pobolj$anje proizvodnih osobi-
na krava.

Kljuéne rijeci: polimorfizam, B-laktoglobulin,
k-kazein, transferin
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