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Beta-lactoglobulin (b-Lg) and kappa-casein (k-Cn) are two of the most important 
proteins in the mammals’ milk synthesized by the epithelial cells of the mammary glands. 
They play a crucial role in the milk quality and coagulation process (production of 
cheese and butter). The PCR-RFLP test was performed to distinguish the different alleles 
in a population of Romanian Black Spotted cattle, a dairy breed. Genetic polymorphism 
was detected by digestion with the endonucleases Hae III (b-Lg) and Hinf I (k-Cn), 
followed by electrophoresis in agarose high resolution gel stained with ethidium 
bromide. Fifty DNA samples from Romanian Black Spotted breed were analyzed for A 
and B variants. This simple PCR-RFLP test makes feasible the inclusion of b-Lg and k-
Cn genotypes in breeding plans and cattle selection. 
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Introduction 

 
Beta-lactoglobulin and kappa-casein are the two of the most important proteins 

in the milk of mammals. The proteins are synthesized by the epithelial cells of the 
mammary glands and play a crucial part in ensuring the quality of milk. They have a 
major role in milk coagulation, an essential process for cheese and butter production. 
The coagulation process provides a good absorption of the main constituents of the 
milk. Certain genetic variants of b-Lg are correlated with the presence of a high 
percentage of casein and milk fat. So far, 11 genetic variants which encode different 
forms of the b-Lg protein have been discovered, thus influencing the quality of the 
milk: A, B, C, D, E, F, G, H, I, J and W. Out of these, the A and B forms are of the 
highest interest since they are associated with milk production performances, its 
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quality and processing. The BB homozygote individuals supply milk rich in fat and 
protein, very valuable in the process of cheese making, while the AA homozygote ones 
supply milk with a low percentage of fat but in a larger quantity. k-Cn influences the 
coagulation process of milk and its content of protein. Up to now, 9 genetic variants 
which encode different forms of k-Cn: A, B, C, E, F, G, H, I and J have been 
discovered but only the A and B alleles are more frequent in bovine populations. 
Studies completed so far prove that milk containing the B form of k-Cn has much 
higher lactodynamographic properties than those containing the A form (Rahali and 
Menard, 1991; Gravert et al., 1991; Macheboeuf et al., 1993). 

The objective of our work was to develop a fast and simple method to 
distinguish the allelic variants of b-Lg and k-Cn in Romanian Black Spotted breed and 
to evaluate the favourable genotypes for the production of milk and cheese of superior 
quality. We focused on the A and B alleles because they are the most frequently 
reported in the literature. 

 
Materials and Methods 

 
DNA extraction 
Blood samples for DNA genotyping were supplied by fifty cows of Romanian 

Black Spotted breed (ICDB Baloteşti farm). Genomic DNA isolation was performed 
with Wizard Genomic DNA Extraction Kit (Promega) from fresh blood sample (300 
µl). 

PCR – RFLP test 
For b-Lg and k-Cn genotyping studies were performed by a simple polymerase 

chain reaction (GeneAmp® PCR System 9700) followed by enzymatic restriction. 
Genomic DNA was amplified for 45 cycles (for each gene type using the same 
protocol) in a 25µl reaction containing: PCR buffer, MgCl2, dNTPs, AmpliTaq DNA 
Polymerase and nuclease-free water, sense and antisense primers (Table 1).  

Table 1: 
Primer sequences and annealing temperatures. 

 Primer sequences Protocol 
b-Lg for. 5’-GTCCTTGTGCTGGACACCGACTACA-3’ 

rev. 5’-CCCAGGACACCGGCTCCCGGTATAT-3’ 
95°C/30 sec; 57°C/30 sec; 
72°C/1 min. 

k-Cn for. 5’-ATCATTTATGGCCATTCCACCAAAG-3’ 
rev. 5’-GCCCATTTCGCCTTCTCTGTAACAGA-3’ 

95°C/30 sec; 57°C/30 sec; 
72°C/1 min. 
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The first denaturation step was performed at 95ºC (10 min) and the last extension 
was 30 minutes (72°C). 

PCR products were digested with restriction: endonucleases (Table 2) at 37°C 
for 3h. Restricted products were analyzed by electrophoresis in 2% agarose high 
resolution gel stained with ethidium bromide. 
 
 
 

Table 2: 
Restriction enzymes used to digest the PCR amplicons and the restriction 

products. 
Length of 

PCR 
products 

bp 

Restriction  
enzymes 

AA 
genotype 
restriction 
fragments bp 

BB 
genotype 
restriction 
fragments bp 

AB genotype 
restriction 
fragments bp 

References 

b-Lg 262 Hae III 153/109  109/79 153/109/79 Medrano et 
al.,  1990 

k-Cn 350 Hinf I  134/84 266/84 266/134/84 Medrano  et 
al., 1990 

 
Results and Discussions 

 
Identification of k-Cn and b-Lg genotypes was performed by PCR amplification 

with specific primers designed for the sequences of interest. After electrophoresis in 
agarose gel stained with ethidium bromide, the PCR products showed 262 bp (b-Lg) 
and 350 bp (k-Cn) in length (Figure 1). 

 

                   
 

262bp 
350bp 
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Figure 1. Electrophoresis pattern of amplified bovine genomic DNA with b-Lg 
and k-Cn specific primers separated on 2% agarose gel.  
 A. Lane 1-6, fragments amplified for b-Lg locus. Lane 7, molecular size marker (50 bp DNA 
Step Ladder).  
B. Lanes 1-6, fragments amplified for k-Cn locus. Lane 7, molecular size marker (50 bp DNA 
Step Ladder). 
 

Detection of the genetic polymorphism of the bovine b-Lg locus has been done 
by digestion of the PCR products of 262 bp with Hae III restriction endonuclease 
(Medrano and Aguilar-Cordova, 1990). The enzymes cut the PCR products in two 
fragments of 153 and 109 bp for the AA genotype and in two fragments of 109 and 79 
bp for the BB genotype. Heterozygotes AB are a combination of the two alleles A and 
B (three fragments of 153, 109 and 79 bp) (Figure 2A). 

Analysis of the genetic polymorphism bovine k-Cn locus has been done by 
digestion of 350 bp PCR products with Hinf I restriction endonuclease (Medrano, and 
Aguilar-Cordova, 1990). Lengths of restriction fragments are 134/84 bp for AA 
genotype, 266/84 for BB genotype and 266/134/84 bp for AB genotype. In the 
population studied, we have revealed only AA homozygous cattle (Figure 2 B).  
                                  

                             
 
Figure 2. Electrophoresis pattern of amplified fragments after digestion with Hae 
III enzyme (b-Lg) and Hinf I enzyme (k-Cn).  
 A. Lane 1: AA homozygous cattle, two fragments of 153 and 109bp; lanes 2-4: AB 
heterozygous cattle, three fragments of 153, 109, 79bp; lanes 5, 6: BB homozygous cattle, two 
fragments of 109 and 79bp (b-Lg). Lane 7, molecular size marker (50bp DNA Step Ladder). 
B. Lanes 1-6, two fragments of 134 and 84bp characteristic for AA homozygous cattle (k-Cn). 
Lane 7, molecular size marker (50bp DNA Step Ladder).  
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Conclusions 
 

The results of RFLP analysis showed the three genotypes (AA, BB and AB) we 
expected to find in the population studied for b-Lg. In contrast, the RFLP test detected 
only the AA genotype for k-Cn. It is known that milk yield is a quantitative 
characteristic, and the animals studied had milk production varying from high to low. 
The k-Cn gene could be affecting this characteristic in these animals, but, since they 
were all homozygous, this influence could not be measured.  

Detection methods based on PCR amplification and RFLP analysis are powerful 
tools to determine the presence of polymorphism of gene coding for b-Lg and k-Cn. 
Identified genotypes for b-Lg and k-Cn genes from Romanian Black Spotted cattle 
confirm that the breed is a dairy one. 

Using the PCR-RFLP technique, we established an easy, low-cost and efficient 
method that can be use to determine the genotype of dairy cattle. 
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Beta-lactoglobulina (b-Lg) şi kapa-cazeina (k-Cn) sunt două dintre cele mai importante 
proteine din laptele mamiferelor sintetizat în celulele epiteliale ale glandelor mamare. Ele 
joacă un rol important în calitatea laptelui şi în procesul de coagulare (producerea 
brânzeturilor). Testul PCR-RFLP a fost efectuat pentru identificarea alelelor diferite la o 
populaţie de vaci de lapte din rasa Bălţată cu Negru Românească. Polimorfismele genetice au 
fost identificate prin digestie cu endonucleazele Hae III (b-Lg) şi Hinf I (k-Cn), urmată de 
electroforeză  în gel de agaroză de înaltă rezoluţie colorat cu bromură de etidiu. Cincizeci de 
probe ADN provenite de la rasa Bălţată cu Negru Românească au fost analizate pentru 
variantele A şi B. Acest simplu test PCR-RFLP face realizabilă includerea genotipurilor b-Lg şi 
k-Cn în programele de creştere şi selecţie la  taurine. 
Cuvinte cheie: kapa-cazeina, beta-lactoglobulina, polimorfism genetic, PCR-RFLP 


