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Abstract

The aim of this study was to determine the distribution of κ-casein (κ-CN) and β-lactoglobulin 
(β-Lg) genotypes in the autochtonous (Busha) and dairy (Holstein-Friesian, HF) cattle breeds with 
PCR-RFLP (polymerase chain reaction - restriction fragment length polymorphism). For the ampli-
fication of κ-CN and β-Lg gene fragments specific primers were used. After digestion with specific 
endonucleases genotypes were determined for both genes in 18 Busha and 19 HF cows. The results 
showed that κ-CN gene was represented with the AA genotype in 31.58 % HF cows, AB in 52.63 % 
cows, whilst the genotype BB was found in 15.79 % cows only. Among the examined Busha cattle 
44.44 % cows had AA genotype and 55.56 % genotype AB for κ-CN. As for β-Lg gene in HF breed, 
AA genotype was found in 26.31 % cows, AB in 63.16 % and BB in 10.53 % cows. In Busha cows the 
following genotypes were established for β-Lg gene: AA in 44.44 % cows and AB in 55.56 %, whilst 
BB genotype was not found. These results indicate that Busha cows had a higher presence of A allelic 
forms of both genes (k-CN and β-lactoglobulin) than HF cows. 
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Introduction

Milk proteins are a large group of organic com-
pounds important for the structure and proper func-
tion of the mammal organism. Side-chains of stand-
ard aminoacids have various chemical properties, 
which result in three-dimensional protein structures 
with various activities (Sharma et al., 2013). The 

polymorphism of milk proteins was noticed more 
than half a century ago, which prompted the re-
search on its influence on lactation and processing 
properties of milk. The development of polymerase 
chain reaction (PCR) technique enabled the identifi-
cation of the polymorphism of milk proteins imme-
diately on the coding sequence of the corresponding  
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gene, regardless of the age, sex or milk secretion 
od cows (Stanimirović and Stevanović 2012; 
Stanimirović et al., 2015). The determination of 
the genetic profile of autochthonous and commercial 
populations of cattle is necessary for the protection 
of endangered autochthonous breeds and improve-
ment of animal production, respectively (Caroli et 
al., 2009; Stevanović et al., 2010). The analysis 
of the polymorphism of proteins, β-lactotglobulin  
(β-Lg) and kappa casein (κ-CN), is part of modern 
animal production which may functionally improve 
the cattle populations (Ivanković et al., 2011).

Casein is the most abundant protein of the 
cow’s milk and contributes 80 % of total proteins, 
whilst the rest is composed of the proteins of whey 
or milk serum (Patel et al., 2007). Casein is the 
main component of cheese. In the process of cheese 
production, it is precipitated under the influence 
of an enzyme - rennin, and the coagulum, or curd, 
which is formed contains casein, whey proteins, 
fat, lactose and minerals from milk. Kappa casein 
(κ-CN) is one of the four protein fractions of ca-
sein and is determined by the gene which is posi-
tioned on the chromosome 6 in cattle (Caroli et 
al., 2009). β-lactoglobulin is one of the prevalent 
whey proteins which is discovered in animal milk, 
including sheep’s, cow’s, swine and dog’s milk, but 
has not been found in the mouse and other mam-
mals. Due to intra- and interspecific genetic varia-
tions it exists in several variants. In the last decades 
the determination of genetic polymorphism of milk 
proteins is targeted by researchers because of pos-
sible link between the genotypes and economically 
important traits of dairy cattle (Dokso et al., 2014; 
Lukač et al., 2015). Numerous authors proved the 
link between polymorphic allelic variants of β-Lg and 
κ-CN, and lactation characteristics and milk proper-
ties important for processing. Thus, in marker-assist-
ed selection (MAS) the frequently assessed genetic 
markers are κ-casein and β-lactoglobulin. The as-
sessment of the polymorphism of genes which code 
κ-casein is important because of the influence of 
this protein on the quality and composition of rumi-
nants’ milk. κ-casein contributes about 12 % of total 
casein (Azevedo et al., 2008). Genetic variability 
of κ-casein genes has been assessed in several cattle 
breeds; numerous investigations suggest that there 
are differences between cows with various geno-

types concerning lactation and the characteristics of 
milk which are important for milk processing and 
cheese production (Hallen et al., 2008; Alipanah 
et al., 2005). Kappa casein is one of the four protein 
fractions of casein. Caroli et al. (2009) claim that 
there are forteen polymorphic variants out of which 
A and B are most frequent. β-lactoglobulin is a stabile 
whey protein built of a single-chained polypeptide 
made of 162 amino acids. The complete amino acid 
sequence was determined (Creamer et al., 1983). 
The biological function of this protein has yet to be 
defined precisely, but is considered to play role in 
the metabolism of phosphates in the udder and the 
transport of retinol and fatty acids in the intestines 
(Hill, 1997). The gene coding β-lactoglobulin is on 
chromosome 11. Its polymorphism was discovered 
in 1935 (Aschaffenburg and Drewry), when two 
allelic forms were established: A and B. This has 
been followed by avid interest in the assessment of 
these polymorphisms because certain differences 
were noticed in the composition and the quality of 
milk in cows of different genotypes for this protein.

The development of PCR-RFLP (Polimerase 
Chain Reaction - Restriction Fragment Lenght Pol-
ymorphism) technique enabled fast analysis of the 
polymorphisms of virtually unlimited number of genes, 
including those coding κ-casein and β-lactoglobulin. 
The aim of this research was to assess the polymor-
phism of the genes for casein and β-lactoglobulin 
as well as the distribution of the genotypes in the 
populations of autochthonous (Busha) and high-pro-
ducing (Holstein-Frisian) cow breeds. 

Material and methods

The research was conducted on two groups 
of animals, each comprising 20 cows of Busha and  
Holstein-Friesian breed, respectively. From each 
cow 10 mL of blood was sampled from the caudal 
vein (vena coccigea media) and placed in test tubes 
containing potassium ethylenediaminetetraacetic 
acid (K2-EDTA). All the test tubes were marked 
with a permanent marker and the blood samples 
transported into the laboratory in a refrigerator. 

DNA was extracted from the cows’ blood fol-
lowing the protocol provided by the producer of the 
chemicals, Kapa-Biosystems: 1.5 mL Eppendorf® 
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microcentrifuge tubes were filled with 15 µL of 10x 
KAPA Express Extract Buffer and 285 µL of water. 
From each test tube containing blood a sample was 
taken with a sterile cotton swab and transferred into 
300 µL of prepared buffer solution prior to sealing 
the microcentrifuge tubes and homogenisation of 
the contents with vorteks mixer. Finally, the test 
tubes were kept for 20 minutes at 75 °C, plus for 
5 minutes at 95 °C. The digestion was followed by 
mixing with vortex mixer. To separate the superna-
tant, which contained the extracted DNK, the sam-
ples were centrifuged for 1 minute at 1300 rpm.  
With automatic pipettes 50-µL aliquots were trans-
ferred into new Eppendorf tubes containing 2 % so-
lution of stabilising TE buffer. The processed DNK 
was stored at -20 °C. 

For the amplification of the analysed fragment 
of the ĸ-casein gene the following 379-bp-long prim-
er was used: 5’-CAC GTC ACC CAC ACC CAC 
ATT TATC-3’, 5’-TAA TTA GCC CAT TTC GCC 
TTC TCT GT -3’ (Mitra et al., 1998). The corre-
sponding 252-bp-long primer pair for β-lactoglobulin 
was 5’GTC CTT GTG CTG GAC ACC GAC TAC 
A -3’ and5’-CAG GAC ACC GGC TCC CGG 
TAT ATG A -3’ (Medrano and Aguilar-Cordo-
va, 1990). The PCR mixture was prepared in mi-
crocentrifuge tubes and consisted of 12.5 µL KAPA 
2G Robust HotStart ReadyMix (Kapa Biosystems), 
1.25 µL of each primer and 10 µL of isolated DNA. 
The samples were processed in Multi-Gene Gradi-
ent (Labnet International Inc.) processor. The ther-
mal protocol for the first primer pair consisted of 
initial denaturation at 95 °C for 1 minute, followed 
by 30 cycles of annealing: denaturaton at 95 °C for 
30 seconds and primer hybridisation at 57 °C for 30 
seconds; the extension occurred at 72 °C and lasted 
30 seconds. The final elongation took place at 72 °C 
during the last 8 minutes for both primer pairs. The 
thermal protocol for the second pair of primers dif-
fered only in that that the initial denaturation lasted 
2 minutes and the hybridisation temperature was 
somewhat higher (61 °C).

The identification of ĸ-casein and β-lactoglobulin 
genotypes was completed using RFLP method fol-
lowing digestion of PCR products with the restric-
tion enzymes: Hinf I for casein and Hae III for lac-
toglobulin. RFLP analysis detects alleles which differ 
in the presence or absence of restriction sites for en-
zymes (Botstein et al., 1980). 

The PCR products were digested according to the 
recommandations of the producer of the restriction 
enzymes Hinf I and Hae III (New England Biolabs). 
The reaction mixture consisted of 12 µL of deionized 
water, 2.5 µL buffer fast enzyme, 0.5 µL of restric-
tion enzyme Hinf I (5U/ µL) or Hae III (5U/µL),  
respectively, and 10 µL of PCR products. The reac-
tion took place at 37 °C and lasted 90 minutes.

The digested fragments were processed in 2 % 
agarose gel (Sigma-Aldrich) electrophoresis in TBE 
buffer for 60 minutes. The fragments were visualised 
with ethidium bromide and UV light. The length of 
the fragments was analysed with commercial 50-bp 
and 100-bp ladders (O’RangeRuler, Thermo Scien-
tific).

The data obtained in this research were pro-
cessed with statistical software Statistica 7 (StatSoft 
Inc., Tulsa, USA). 

Results

The research was conducted on 18 Busha and 
19 Holstein-Friesian (HF) cows. All of them were 
of similar age, in their second or third lactation. HF 
cows originated from a dairy farm in the vicinity of 
Belgrade, which contains about 280 animals kept in 
a free stall system, with the average milk produc-
tion of 8,000 liters per lactation and fed on standard 
feed. By contrast, Busha cows were from a semi-wild 
herd dwelling on Stara planina mountain.

With the aim of detecting genotypes for 
κ-casein specific primers were used. The digestion 
of fragments was performed with specific endonu-
clease, when three genotypes were discovered AA, 
AB and BB in HF cows and only two, AA and AB in 
Busha. The fragment length of AA genotype meas-
ured 156, 132 and 91 bp, of AB 288, 156, 132 and  
91 bp, whilst for BB genotype the fragment consist-
ed of 288 and 91 base pairs.

Blood samples from one HF and two Busha 
cows could not be amplified, despite of all efforts.

Results of the analysis of κ-CN gene showed 
that in HF cows 6 (31.58 %) had AA genotype, 10 
(52.63 %) AB genotype and 3 cows (15.79 %) had 
BB genotype (Table 1, Figure 1). In the group of 
Busha cows 8 (44.44 %) had AA genotype and 10 
(55.56 %) AB genotype for κ-CN (Table 1, Figure 2). 
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Calculated from the Hardy-Weinberg equa-
tion of the distribution of AA, AB and BB geno-
types for κ-casein in HF cows the proportion of al-
lele frequencies is A:B=57.89 %:42.11 %; the Chi2  
P-value P=0.728 and thus, the population is at  
Hardy-Weinberg equilibrium. Similar conclusion may 
be drawn for the population of Busha cows which 
was assessed: the ratio of A to B alleles is 72.22 % to  
27.78 %, the Chi2 p-value p=0.1027 and there is no 
reason to reject the null hypothesis that the population 
is in Hardy-Weinberg equilibrium. However, what is 
noticeable is the higher frequency of A allele and low-
er frequency of B in Busha in comparison to HF cows. 

In the assessment of genotypes for 
β-lactoglobulin specific primers were deployed. On 
digestion with restrictive enzyme Hae III the PCR 
products gave rise to three genotypes, AA, AB and 
BB in HF cows, and two genotypes, AA and AB, in 
Busha. The length of the fragments for AA genotype 
was 144 and 108 bp, for AB 144, 180, 74 and 70 bp, 
whilst for the BB genotype the corresponding values 
were 108, 74 and 70 bp. In HF cows, AA genotype 
for β-Lg gene was detected in 5 (26.32 %) cows, AB 
in 12 (63.16 %) and BB genotype in 2 (10.53 %)  
cows, (Table 2, Figure 3). In the population of  
Busha the genotypes for β-Lg gene were as follows:  

Figure 1. Results of PCR-RFLP analysis of ĸ-casein gene in HF cows (2 % agarose gel, restriction enzyme-
HinF I): Genotype AA - samples 2, 7 and 8; Genotype AB - samples 4, 5, 6 and 9; Genotype BB 
- samples 1 and 10; M 50-bp ladder 

Figure 2. Results of PCR-RFLP analysis of ĸ-casein gene in Busha cows (2 % agarose gel, restriction enzyme 
HinF I): Genotype AA - samples 1, 5, 8, 9, and 10; Genotype AB - samples 2, 3, 4, 6 and 7; M:50-
bp ladder 

Table 1. Distribution of κ-kazein genotypes in cattle breeds

Breed
Total

Genotype

AA AB BB

No. % No. % No. % No. %

Holstein-Friesian 19 100.00 6 31.58 10 52.63 3 15.79

Busha 18 100.00 8 44.44 10 55.56 0 0.00
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AA in 8 (44.44 %) cows and AB in 10 (55.56 %) 
cows, whilst BB genotype was not detected at all 
(Table 2, Figure 4).

The frequencies of allele forms for 
β-lactoglobulin in the population of HF cows 
A=57.89 % and B=42.11 % do not differ significant-
ly from the expected frequencies, which means that 
it is in Hardy-Weinberg equilibrium (P=0.1973). 
The same was true for the population of Busha cows, 
where the A allele was present in 72.22 % and B in 
27.78 % animals and the Chi2 P value was 0.1027. 

Figure 3. Results of PCR-RFLP analysis of β-lactoglobulin gene in HF cows (2 % agarose gel, restriction 
enzyme HaeIII): Genotype AA - samples 15 and 16; Genotype AB: samples 11, 12, 14, 18, 19 and 
20; Genotype BB 17, M: 50-bp ladder

Figure 4. Results of PCR-RFLP analysis of β-lactoglobulin gene in Busha cows (2 % agarose gel, restriction 
enzyme HaeIII): Genotype AA - samples 11,16, 17, 19, and 21; Genotype AB: samples 12, 13, 14, 
15 and 18; M: 50-bp ladder

Table 2. Distribution of β-lactoglobulin genotypes in cattle breeds 

Breed
Total

Genotype

AA AB BB

Number % No. % No. % No. %

Holstein-Friesian 19 100.00 5 26.32 12 63.16 2 10.53

Busha 18 100.00 8 44.44 10 55.56 0 0.00

Not unlike alleles for κ-casein, the frequency of A 
allele for β-lactoglobulin was noticeably higher in 
Busha than in HF cows (p=0.1839).

Discussion

Early and precise identification of the poly-
morphism of milk proteins play an important role 
in the selection of dairy cattle (Scheepers et al., 
2010). The application of PCR-RFLP technique for 
the detection of κ-casein and β-lactoglobulin gene 
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polymorphisms permitted fast and efficacious deter-
mination of various genotypes in cows, regardless of 
their breed, age, milk production etc. Genetic vari-
ability for κ-casein has been detected in numerous 
cattle breeds, and the distribution of allelic frequen-
cies is included into the research on the interspecies 
genetic varibility (Golijow et al., 1996; De lama 
and Zago, 1996).

In our research the existence of heterozygous 
(AB) and both homozygous (AA and BB) genotypes 
for κ-casein were detected in HF breed, whilst in 
Busha the heterozygous and only AA homozygous 
variants. The distribution of genotypes for κ-CN in 
our research resemble those published by Lukač et 
al. (2013), who among 420 HF cows detected AA 
genotype in 25 %, AB in 52 % and BB in 23 %. How-
ever, on another occasion (Lukač et al., 2015), in 
Vojvodina, quite different percentages were proven 
in 192 HF cows: 50 % with AA, 40 % with AB and 
10 % with BB genotypes for κ-CN. Rather similar 
results were provided by Dokso et al. (2014) for 
HF cattle in Croatia: the incidence of genotypes 
for κ-CN was AA 62.9 %, AB 27.1 % and BB 10 %  
(detected in 182 cattle), but differed slightly for 
Simmental cattle (n=116, AA 41.6, AB 49.2 and  
BB 9.2) and the Brown cattle breed (n=73,  
AA 39.2, AB 44.9 and BB 15.9). Moreover, the  
ratio of κ-casein genotypes calculated in the current 
research was in accordance with the HW distribu-
tion in the population (p>0.05), which corresponds 
to some previously published results (Ma et al., 
2007; Ju et al., 2008; Lukač et al., 2013).

The analysis of distribution revealed higher fre-
quencies of A alleles for κ-casein both in HF and 
in Busha cows (in HF A=57.89 %, B= 42.11 %; in 
Busha A=72.22 %, B=27.78 %). These results are in 
accordance with the data observed by Azevedo et 
al., (2008) and Ivanković et al. (2011) concerning 
HF cows: Azevedo in HF and its crossbreds detected 
significantly higher frequencies of A alleles (77-79 %)  
than B. However, significantly higher frequency of 
A allele in Busha in Serbia stands in contrast with 
the findings of Ivanković et al. (2011), who as-
sessed the genetic polymorhism of β-lactoglobulin 
and κ-casein in HF, Busha, Simmental, Braunvieh, 
Istrian and Podolian cattle in Croatia and found sig-
nificantly higher frequencies of BB genotype (50 %) 
and B allelic form (64.7 %) in comparison to our re-
sults. By contrast, the incidence of A allele in HF 

was found to be much higher according to previously 
published results - 70 % (Lukač et al., 2015).

Higher frequencies of A allele for κ-casein in 
the current survey were found in both HF and Bu-
sha. It is supposed that the high incidence of AA 
homozygocity in this research is the consequence 
of very low numbers of Busha cattle (several loca-
tions in Serbia, with few dozen of animals: Zasavica, 
Krčedinska ada, Kovin, Stara Planina), which results 
in higher degrees of inbreeding in the population.

The genotyping of β lactoglobulin (β-Lg) gene in 
the present work revealed the dominance of A alelle 
in both cattle breeds. In HF cows AA genotype was 
detected in 26.32 %, AB in 63.16 % and BB geno-
type in 10.53 % cows only. In Busha cows AA gen-
otype occurred in 44.44%, AB in 55.56 % animals 
and BB genotype was absent. These results for HF 
cows are in accordance with the findings of Lukač 
et al. (2013), who in HF cows found 23 % with AA 
genotype, 58 % with AB and 19 % with BB. Moreo-
ver, Dokso et al. (2014) found rather low frequen-
cies of AA genotypes in HF (13.2 %), Simmental  
(8.7 %) and the Brown Cattle (15.9 %), high inci-
dence of heterozygotes (57.9-67.0 %) and relatively 
high frequencies of BB homozygotes in comparison 
to our findings.

However, monitoring HF cows, Jersey cows and 
water buffalos, Ren et al. (2011) enabled to detect 
higher frequencies of AA genotypes (55 %) than AB 
(28.7 %) and BB (16.3 %) in HF cows, but in Jersey 
the BB genotype was more frequent (77.2 %) than 
AB (22.8 %), whilst AA was not detected. In the 
autochthonous breed, water buffalo, the frequency 
of BB homozygotes (56.1 %) was significantly higher 
than that of AA homozygotes (21.1 %) and AB het-
erozygotes (22.8 %).

In the research conducted by Ivanković et al. 
(2011) on 130 HF cattle and 30 Busha different gen-
otype incidences were detected. In HF heterozygoc-
ity (AB) was occurred most frequently (59.35 %), 
followed by BB homozygots (27.64 %) and AA with 
merely 13.01 %. This roughly corresponds to our 
findings with the exception of BB homozygotic gen-
otype, which was found to be less frequent in Ser-
bian cattle. In Busha cows Ivanković et al. (2011) 
detected equal frequencies of AA and AB (35.29 % 
each), and AA in 29.41 %. These data are in contrast 
with ours, due to the lack of BB homozygotes in our 
research, and the most abundant AB heterozygocity 
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found in 50 % animal. High numbers of heterozy-
gocity in HF cows both in the current and previous 
research is supposed to result from the preference of 
bulls homozygotic to desirable polygenic traits. 

The results of this research may prompt further 
investigations into the distribution of various geno-
types for β-Lg and κ-CN in dairy cows. If the correla-
tion between milk yield/milk quality and certain gen-
otypes will be high, the selection of autochthonous 
and high-producing cows in Serbia may be enabled.
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Istraživanje polimorfizma gena za κ-kazein 
i beta-laktoglobulin u buše i holštajn-

frizijske pasmine mliječnih krava u Srbiji

Sažetak

Cilj istraživanja bio je utvrditi raspodjelu genoti-
pova kapa-kazeina (κ-CN) i beta-laktoglobulina (β-Lg) 
u autohtonih (buša) i mliječnih (holstein, HF) pas-
mina goveda primjenom PCR-RFLP. Za amplifikaciju 
κ-CN i β-Lg fragmenata gena korištene su specifične 
oligonukleotidne početnice. Nakon digestije poseb-
nim endonukleazama (Hinf I i Hae III) genotipovi su 
određeni za oba gena u 18 buša i 19 HF krava. Rezul-
tati su pokazali da je κ-CN gen utvrđen genotipom 
AA u 31,58 % HF krava, AB u 52,63 % krava, dok je 
genotip BB utvrđen u samo 15,79 % krava. Od krava 
pasmine buša 44,44 % je imalo AA genotip i 55,56 
% genotip AB za κ-CN. Što se tiče β-Lg gena u HF 
pasmine, AA genotip pronađen je u 26,31 % krava, 
AB u 63,16 % i BB u 10,53 % krava. U krava pasmine 
buša sljedeći genotipovi su utvrđeni za β-Lg gen: AA 
u 44,44 % i AB u 55,56 % krava, dok BB genotip nije 
utvrđen. Ovi rezultati pokazuju da je u krava pasmine 
buša veća prisutnost A alelne forme za oba ispitivana 
gena (za k-CN i β-laktoglobulin) nego kod HF krava.

Ključne riječi: κ-kazein, β-laktoglobulin, poli-
morfizam, PCR-RFLP, holstein, buša
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