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Abstract 
The goal of the paper was to identify  - lactoglobulin gene polymorphism in bulls. The  - lactoglobulin (LGB) is 
expressed in milk and is important in the evaluation of milk production potential and butterfat and protein content. 
LGB is localized on bovine chromosome 11. The AA genotype of LGB is associated with higher milk yield, the BB 
genotype with higher fat and casein content and is more desirable for cheese making. The material involved 46 bulls 
(Slovak spotted breed – 41 bulls, Pinzgau breed – 3 bulls and Holstein breed – 2 bulls). Bovine genomic DNA was 
isolated from sperm using commercial kit NucleoSpin Tissue and used in order to estimate LGB genotypes by means 
of PCR RFLP method and high resolution melting analysis (HRMA). In the population of Slovak spotted breed we 
detected all genotypes AA, AB and BB with frequency 0.3415, 0.4390 and 0.2195, subsequently. In Pinzgau breed 
was detected homozygote genotypes AA and BB with frequency 0.3333 and 0.6667. In Holstein breed was observed 
only heterozygote genotype AB with frequency 1.  
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1. Introduction 
 
Analysis of milk proteins polymorphism provides 
useful information to both the breeder and 
processor of milk. Many research reports have 
indicated that certain milk protein variants may be 
associated with milk production 1, milk 
composition 2,3 and cheese production 4,5. 
β-Lactoglobulin was the first protein in which 
polymorphism was detected. By paper 
electrophoresis two distinct bands of β-
lactoglobulin were observed, and named as β1 and 
β2 (A and B). Until now at least 12 variants are 
known for β-Lactoglobulin, out of which A and B 
variants are more frequent. β-lactoglobulin is the 
major whey protein in milk of cows and other 
ruminants e.g. deer, bison and buffalo, and in 
some non-ruminants such as pigs, horses, dogs, 
dolphins and whales. However, it is not an 
endogenous part in human milk 6.   
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β-lactoglobulin is an extremely stable protein 
which exists at the normal pH of bovine milk as a 
dimer with a molecular weight of 36,000 Daltons.  
It is a single chain polypeptide of 18 kDa 
comprising of 162 amino acid residues 7. The 
bovine β-lactoglobulin A variant differs from B 
variant by two amino acids only i.e. aspartate-64 
and valine-118. These amino acids are substituted 
by glycine and alanine respectively in the B 
variant. The biological functions of this protein 
are still not known. It could have a role in 
metabolism of phosphate and the transport of 
retinol and fatty acids 2. 
The  - lactoglobulin (LGB) is expressed in milk 
and is important in the evaluation of milk 
production potential and butterfat and protein 
content. LGB is localized on bovine chromosome 
11. The AA genotype of LGB is associated with 
higher milk yield, the BB genotype with higher fat 
and casein content and is more desirable for 
cheese making 8.  
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2. Materials and methods 
 
The material involved 46 bulls (Slovak spotted 
breed – 41 bulls, Holstein breed – 2 bulls, Pinzgau 
breed – 3 bulls). Bovine genomic DNA was 
isolated from sperm using NucleoSpin Tissue 
(Macherey-Nagel) and used in order to estimate 
LGB genotypes by means of PCR RFLP method 
and HRMA.  
 
PCR RFLP 
DNA primers described by Medrano and Aguilar-
Cordova, (1990) 9 were used to PCR 
amplification: forward primer 5´ - TGT GCT 
GGA CAC CGA CTA CAA AAA G - 3´and 
reverse primer 5´- GCT CCC GGT ATA TGA 
CCA CCC TCT - 3´. 
The PCR reaction elaborated by Medrano 
and Aguilar-Cordova, (1990) was modified. 
The reaction mixture in the total volume 25 μl 
containing 50 ng DNA, 1 U Taq polymerase 
(FERMENTAS),1X PCR buffer (750 mM Tris-
HCl, pH 8.8, 200 mM (NH4)2SO4, 0.1% Tween 
20),  1.5 mM MgCl2, 200 μM dNTP, 5 pM of each 
primer. The following amplification parameters 
were applied: 94°C for 2 minutes followed by 35 
cycles: 94°C for 60 seconds, 55°C for 60 seconds, 
72°C for 60 seconds. The reaction was completed 
by the final synthesis: 72°C for 8 minutes. 
The PCR products of 247 bp were digested with 
the HaeIII restriction enzyme (Fermentas). 
Restriction digestion fragments were loaded on 
3% agarose gel (Invitrogen) containing GelRedTM 
(Biotium) and the gel were analyzed in the UV 
rays.  
 
HRMA 
Optimization of the PCR conditions was carried 
out using the real-time thermocycler Rotor-Gene 
6000® (Corbett Research, Australia). The reaction 
mixture in total volume 25 μl contained 1 × 
SensiMixTM HRM buffer (Bioline Reagents Ltd., 
UK) with 1 μl of EvaGreen® qPCR dye, 0.5 μM of 
each primer and 10 ng DNA template. The PCR 
conditions were 95°C for 10 min followed by 35 
cycles of 95°C for 60 s, 55°C for 60 s 
(fluorescence acquisition on Green channel) and 
72°C for 60 s. After real-time PCR, samples were 
heated to 95°C for 10 s, cooled to 45°C for 1 min, 
and melted from 82°C to 92°C, with the 
temperature increasing by 0.1°C increments with a  

2 s hold at each step. HRM data were acquired by 
use of the HRM channel. HRM data were 
analyzed using Rotor-Gene 6000 Series Software 
version 1.7 (Corbett Research, Australia). 
As standards for each genotype we used samples 
that were genotyping using by PCR RFLP 
method. 
 
 
 
3. Results and discussion 
 
PCR RFLP 
HaeIII digestion of the PCR products was 
analyzed by 3% agarose-gel electrophoresis. 
Allele A produced 148 and 99 bp fragments, and 
allele B produced 99 and 74 bp fragments as the 
PCR-RFLP. 

Figure 1. Representatively results of analysis PCR for 
LGB on 3% agarose gel 

Line 1-marker 50 bp DNA Step Ladder (Promega); 
2,4,5,8,11–genotype BB (99 bp, 74 bp); 3,7,9,10–

genotype AB (148 bp, 99 bp, 74 bp); 6–genotype AA 
(148 bp, 99 bp); 12 –PCR product (247 bp) 

 
HRMA 
The HRM analysis was performed immediately 
after the pre-amplification in the real-time 
thermocycler. This analysis consisted of one cycle 
with increase in the temperature of 82°C to 92°C, 
where the change in fluorescence was measured at 
each 0.1°C rise for 2 s. The data obtained from 
amplification plots were used for a first correction 
of reaction quality by the comparative 
amplification function of the software Rotor-Gene 
6000 Series Software version 1.7. Samples were 
considered to have failed if amplification had 
begun after 30 cycles.  
For the screening of all genotypes were used the 
normalized high-resolution melt curves (Figure 2).  
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Figure 2. The high resolution normalized melting curves of a 247 bp PCR products for homozygous genotype AA, 

heterozygous genotype AB and homozygous genotype BB. 
 
 
Normalization regions for the leading/trailing 
ranges were set at 83.99 - 84.99°C/90.81 - 
91.81°C.  

 
The difference graphs for HRMA normalized on 
genotypes AA, AB and BB is showed on Figure 3.

 
Figure 3. Difference graphs for HRMA normalised on genotypes AA, AB and BB 

 
 
The negative dF/dT melt curves were generated 
from raw data of high resolution melting analysis. 
The value of peaks for the alelle A was 87.05 °C  

 
and for the alelle B was 80.1 °C. The negative 
dF/dT melt curves of heterozygous genotype were 
identified by peaks with value 87.5°C (Figure 4). 
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Figure 4. The negative derivative of fluorescence to temperature (- dF/dT) dissociation curve for homozygous 

genotype AA, heterozygous genotype AB and homozygous genotype BB. 
 
In the population of Slovak Spotted breed we 
detected all genotypes AA, AB and BB with 
frequency 0.3415, 0.4390 and 0.2195, 
subsequently. In Pinzgau breed was detected 
homozygote genotypes AA and BB with 
frequency 0.3333 and 0.6667. In Holstein breed 
was observed only heterozygote genotype AB 
with frequency 1. In population of Slovak spotted 
breed was higher frequency of allele A (0.5610). 
In opposite, in population of Pinzgau breed was 
present higher frequency of the allele B (0.6667). 
The similar frequencies of the allele A and allele 
B were in population of Holstein breed. Genetic 

structure LGB gene of bulls is presented in table 
1.  
Frequencies of alleles in our population Slovak 
spotted breed were similar to those of LGB gene 
as reported by Kučerová et al. (2006) [10], who 
observed superiority of allele A (0.511) in Czech 
Fleckvieh breed. In opposite, Bulla et al. (2007) 
[11] present higher frequency of the allele B 
(0.73) in population of cattle. The higher 
frequency of the allele B (0.79) in population of 
Slovak Pinzgau cattle reported by Miluchová et al. 
(2010) [12]. 

 
Table 1. Genotype and allele frequencies of gene beta-lactoglobulin 

BREED BULLS GENOTYPE FREQUENCIES ALLELE FREQUENCIES 
AA AB BB A B 

Slovak Spotted breed 41 0.3415 0.4390 0.2195 0.5610 0.4390 
Pinzgau breed 3 0.3333 0 0.6667 0.3333 0.6667 
Holstein breed 2 0 1 0 0.5 0.5 

TOTAL 46 
 
 
4. Conclusions 
 
It may be concluded that in the population of 
Slovak Spotted breed is present LGB gene with a 
slight superiority of genotype AB and a 
superiority of allele A. In opposite, in population 
of Pinzgau breed was higher frequency of the 
genotype BB and allele B. In Holstein breed we  

 
 
detected only genotype AB that suggests the 
similar frequencies of the allele A and allele B. 
Genetic structure examined in population of 
Slovak spotted breed remained within the range 
quoted in literature for other cattle breeds.  
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