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ABSTRACT. Frequencies of κ-casein gene alleles were determined 
in 1316 animals from the Brazilian Bos indicus genetic groups (Sin-
dhi cows, Gyr sires, Gyr cows, Guzerat sires, Guzerat cows, Nel-
lore sires, and Gyr x Holstein crossbreds) by means of polymerase 
chain reaction-restriction fragment length polymorphism analysis 
using two independent restriction nucleases (Hinf I and HaeIII). The 
genotyping of κ-casein alleles (A and B) is of practical importance, 
since the B allele is found to correlate with commercially valuable 
parameters of cheese yielding efficiency. The frequencies of the B 
allele of κ-casein among breeds ranged from 0.01 to 0.30. The Sin-
dhi breed had the highest frequency for the B allele (0.30), while the 
frequencies of this allele in other breeds ranged from 0.01 to 0.18. A 
wide variation in the B allele frequency among B. indicus breeds was 
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found suggesting that molecular selection for animals carrying the B 
allele could impact breeding programs for dairy production. 

Key words: Zebu cattle; casein; candidate genes; κ-casein;
molecular markers

INTRODUCTION

Caseins are milk proteins secreted by mammary gland cells. They constitute about 
78-82% of bovine milk proteins and are subdivided into four main groups: αS1-casein, αS2-
casein, β-casein, and κ-casein (Eigel et al., 1984). These proteins and their genetic variants have 
been extensively studied, and reported as an important factor associated with lactation perfor-
mance, milk composition and cheese yield efficiency (Grosclaude, 1988; Aleandri et al., 1990). 
The casein genes are tightly linked and inherited as a cluster so they have a potential value and 
can play an important role in marker-assisted selection for milk traits (Lien and Rogne, 1993). 
They are located on chromosome 6 within a 200-kb fragment in the order αS1, β, αS2 and κ. The 
αS1-, β-, and αS2-casein genes are the most closely linked and form an evolutionarily related fam-
ily, whereas the κ-casein gene is at least 70 kb away from them (Ferretti et al., 1990).

Kappa-casein (κ-Cn) constitutes approximately 12% of the casein and is a constituent of 
bovine milk.  The gene is located on chromosome 6q31. The overall length of the κ-Cn gene is close 
to 13 kb, but most of the coding sequences for the mature κ-Cn protein are contained in the fourth 
exon. κ-Cn is considerably different from other caseins in structure and other properties. It is highly 
homologous to the γ chain of fibrinogen and fulfills a similar function, while serving as a stabilizing 
factor during the formation of micelle structure in curdling milk (Fiat and Jolles, 1989).

The κ-Cn gene has been broadly studied due to its influence on the manufacturing proper-
ties of milk. To date, nine variants have been described: A, B, C, E, F, G, H, I, and A1, the most 
frequent being the A and B alleles (Prinzenberg et al., 1999). The A and B variants differ in the 
amino acids 136 and 148. At position 136, threonine is replaced by isoleucine, while at position 
148, aspartic acid is replaced by alanine, for A and B, respectively (Alexander et al., 1988). These 
two point mutations are located relatively close to several glycosylation sites and probably affect 
the structure of the protein and glycosylation patterns (Fox, 1992).  The B allele was found to be 
associated with thermal resistance, shorter coagulation time, better curdles and micelles of different 
sizes, which are preferable in cheese making (Schaar et al., 1985; Marziali and Ng-Kwai-Hang, 
1986). The cheese yield from cows with genotype BB is 10% higher compared to AA cows (Mar-
ziali and Ng-Kwai-Hang, 1986). The B allele of κ-Cn not only promotes an increase in cheese yield 
and improves cheese quality, but also correlates with other valuable parameters of milk productiv-
ity (protein content and milk yield). The effect of the κ-Cn B allele on the protein content of milk 
has also been reported in many studies involving Holstein Friesian breed cattle (Mao et al., 1992; 
Freyer et al., 1999; Gladyr et al., 2000; Tsiaras et al., 2005). This may be explained by the position 
of amino acid substitutions caused by mutations in exon IV of the κ-Cn gene. 

Selection for the B allele of κ-Cn gene is integrated into cattle breeding programs in many 
countries. Nevertheless, most of the studies have been done with Taurine breeds and little is known 
about this gene in indicus breeds. Knowledge of the κ-Cn alleles frequency distribution in indicus 
breeds is of major importance for cattle breeding in tropical countries. We estimated the allele fre-
quencies of κ-Cn alleles in Gyr, Guzerat, Nellore and Sindhi breeds.
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MATERIAL AND METHODS

DNA samples

For DNA extraction, blood and semen were collected from pure and crossbred Zebu 
cattle (55 Sindhi cows, 73 Gyr x Holstein F1 cows, 182 Gyr sires, 564 Gyr cows, 69 Guzerat sires, 
312 Guzerat cows, and 61 Nellore sires). DNA was extracted from the leukocytes or sperm cells 
with saline precipitation after protein removal. The quality and concentration of the DNA samples 
were determined with a GeneQuant Pro® spectrophotometer (Amersham Biosciences).

Genotyping of κ-Cn alleles

Genotypes of the A, B, and E alleles of the κ-Cn gene were determined using 
the polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) technique. A 453-bp fragment of the exon IV was amplified with PCR using 
the primers CASK-F: 5’-TGTGCTGAGTAGGTATCCTAGTTATGG-3’ and CASK-R: 
5’-GCGTTGTCTTCTTTGATGTCTCCTTAG-3’. For this purpose, 60 ng genomic DNA 
was added to 25 µL PCR mix containing PCR buffer, 2.5 mM MgCl2, 100 µM dNTPs, 0.5 
µM of each of the primers and 1 U Taq DNA polymerase. Samples were amplified for 35 
cycles: denaturation at 94°C for 60 s, annealing at 60°C for 45 s and extension at 72°C 
for 80 s, with a final extension step at 72°C for 10 min and storage at 4°C until be used. 

PCR products were loaded onto 5% native polyacrylamide gel to evaluate amplifica-
tion of the DNA samples prior to the digestion step. A total of 10 μL of the PCR product was 
digested for 3 h at 37ºC with 1 U Hinf I and 1 U HaeIII restriction enzymes, in two separate 
reactions. The restriction fragments were separated on 8% native polyacrylamide gels.

Statistical analysis 

Estimates of the allele frequencies of κ-Cn were determined by direct count of the al-
leles divided by 2n and the standard error of the allele frequencies calculated as: 

(Equation 1)

where q is the allele frequency and n the total number of samples tested (Weir, 1996).

The probability of Hardy-Weinberg equilibrium associated with the observed geno-
typic frequencies was obtained using the χ2 test for each breed composition and the exact 
probability test (Haldane, 1954).

The observed heterozygosity was calculated by directly determining the frequency of 
heterozygosis: 

(Equation 2)

where Hi is the number of heterozygous individuals and n is the total number of individuals analyzed.
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The expected heterozygosity was calculated based on the observed allelic frequencies: 

(Equation 3)

where pi is the frequency of allele i and n is the number of alleles.

The statistical program TFPGA - Tools for Population Genetic Analysis (Miller, 1997) 
was used in the estimation of these parameters.

RESULTS AND DISCUSSION

Amplification

PCR amplification of the 453-bp fragment of the κ-Cn gene produced a clear and distinct 
band on the gel, which is of major importance in the digestion step since the presence of PCR 
artifacts could compromise the scoring of the fragments. Digestion of the PCR products with 
Hinf I generated four fragments: 426, 326, 100, and 27 bp, and digestion with HaeIII generated 
four fragments: 230, 223, 145, and 78 bp (Figure 1). The 27-bp fragment generated by Hinf I 
could not be directly detected since it migrated very fast on the gel. Although nine alleles could 
be detected for the κ-Cn gene, we analyzed only the most common alleles (A, B and E). One 
important advantage of the detection of κ-Cn variants at the DNA level is the fact that sires can 
also be genotyped, whereas protein markers obtained from milk can be typed only for cows. 

Figure 1. Silver-stained native polyacrylamide gel showing κ-Cn gene polymorphisms revealed by polymerase 
chain reaction-restriction fragment length polymorphism in 12 bovines.
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Allele and genotype frequencies

Allele and genotype frequencies for 1316 animals from the Gyr, Gyr x Holstein 
F1, Guzerat, Nellore, and Sindhi breeds are shown in Table 1. For all breeds, the A allele 
was the most frequent, with values ranging from 0.7 to 0.99. These findings are similar 
to those of Baker and Manwell (1980), who reported a much higher frequency of the A 
variant detected with protein markers. 

Breed or genetic group	 Sample	   N	 Allele frequency	 Genotype frequency

				    A	 B	 E	 SEM	 AA	 AB	 BB	 AE

Sindhi	 Cows	     55	 0.70	 0.30	 0.00	 ± 0.04	 0.45	 0.50	 0.05	 0.00
Gyr x Holstein F1	 Cows	     73	 0.82	 0.13	 0.05	 ± 0.03	 0.64	 0.26	 0.00	 0.10
Gyr		  Sires	   182	 0.94	 0.06	 0.00	 ± 0.04	 0.88	 0.12	 0.00	 0.00
		  Cows (Herd 1)	   414	 0.90	 0.10	 0.00	 ± 0.01	 0.81	 0.18	 0.01	 0.00
		  Cows (Herd 2)	   150	 0.99	 0.01	 0.00	 ± 0.01	 0.97	 0.03	 0.00	 0.00
		  Combined	   746	 0.93	 0.07	 0.00	 ± 0.01	 0.86	 0.13	 0.01	 0.00
Guzerat	 Sires	     69	 0.86	 0.14	 0.00	 ± 0.03	 0.74	 0.25	 0.01	 0.00
		  Cows	   312	 0.82	 0.18	 0.00	 ± 0.01	 0.68	 0.27	 0.05	 0.00
		  Combined	   381	 0.83	 0.17	 0.00	 ± 0.01	 0.69	 0.26	 0.05	 0.00
Nellore	 Sires	     61	 0.82	 0.18	 0.00	 ± 0.03	 0.67	 0.30	 0.03	 0.00

Table 1. Allele and genotype frequency of κ-Cn alleles A, B and E in Gyr, Guzerat, Nellore, and Sindhi breeds 
according to the genetic group.

SEM = standard error of the mean.

The E allele was only found in the Gyr x Holstein F1 cows, with a very low frequency 
of 0.05. This allele is found almost exclusively in breeds at low frequencies. Prinzenberg et al. 
(1999) investigated various Taurine breeds and two indicus crossbreds and detected the presence 
of the E allele in Ayshire, Holstein and Red Cattle breeds (allele frequency ranged from 0.08 to 
0.17). The E allele in the Gyr x Holstein F1 most probably originated from the Holstein breed.  

The B allele was found in all breeds, although, present at low frequencies, ranging from 
0.01 to 0.3. Similar results were reported in the few publications on indicus breeds. Kemenes et al. 
(1999) investigated 83 animals and reported a frequency of 0.07 in the Gyr breed for the B allele. In 
the present study, a total of 746 Gyr cattle were genotyped, including two herds of cows and sires 
participating in a progeny test program for milk production traits; we also found a combined fre-
quency of 0.07 for the B allele. We found a large difference in the frequency of the B allele between 
Gyr herd 1 (0.10) and Gyr herd 2 (0.01) (Table 1). These herds have been independently selected for 
milk production over many years. Founder effects of the sires used in artificial insemination in each 
herd could explain the difference in the frequency of the B allele between these two populations. 

The frequency of the B allele found in the Gyr x Holstein F1 cows was 0.13. This 
low frequency was expected since the frequency of this allele in both founder breeds was also 
low (Ng-Kwai-Hang et al., 1990; Famula and Medrano, 1994). Tsiaras et al. (2005) found a 
frequency of 0.06 for this allele in a sample of 278 Holsteins. 

A total of 381 Guzerat animals were analyzed and a combined frequency for the B allele 
of 0.17 was found. The frequency of the B allele was 0.14 for the sires and 0.18 for the cows. 
Similar results were reported by Silva and Del Lama (1997) who analyzed protein profiles of milk 
samples from 205 animals of the Guzerat breed, and found a frequency of 0.19 for the variant B. 
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Biase et al. (2005) genotyped 408 Nellore animals and found a frequency of 0.09 
for the B allele, while Silva and Del Lama (1997) found a frequency of 0.03 in this breed. In 
the present study, a much higher frequency was reported for the B allele in the Nellore breed 
(0.18) compared to previous reports. There is a great variation in the κ-Cn gene in this breed 
which could be by differences in selection strategies within the enormous Nellore population 
in Brazil.

The highest frequency for the B allele was found in the Sindhi breed (0.30), which had 
a much higher frequency than the other breeds (Table 1). Silva and Del Lama (1997) analyzed 
milk proteins from 22 Sindhi cows and found a frequency of 0.34 for the variant B, very close 
to the frequency that we found.

Hardy-Weinberg equilibrium

Tests of departure from Hardy-Weinberg proportions are frequently made to check on 
random mating in populations, and the deviations from expectation are used to estimate inbreed-
ing coefficients. A population is considered to be in Hardy-Weinberg equilibrium when the al-
lelic (p and q) and genotypic (p2, 2pq and q2) frequencies remain constant from one generation 
to the next, due to a random association of gametes. According to Tambasco et al. (2000) and 
Vasconcellos et al. (2003), some events, such as an accumulation of some genotypes, subdivision 
of the population, mutation, selection, migration, or endogamy, can result in a state of disequilib-
rium within the population. All breeds and genetic groups were found to be in Hardy-Weinberg 
equilibrium (Table 2), suggesting that the κ-Cn gene was not influenced by selection.

Breed or genetic group	 Sample	 P (HW)

Sindhi	 Cows	 0.34
Gyr		  Sires	 1.00
		  Cows	 1.00
		  Combined	 1.00
Guzerat	 Sires	 1.00
		  Cows	 0.06
		  Combined	 0.08
Nellore	 Sires	 1.00

Table 2. Test for Hardy-Weinberg (HW) equilibrium of κ-Cn in Gyr, Guzerat, Nellore, and Sindhi breeds 
according to the genetic group.

P = exact probability (Haldane, 1954).

CONCLUSIONS

In Brazil, milk producers have only recently started to pay attention to the manufac-
turing properties of milk, because some industries are beginning to differentially remunerate 
the milk according to its composition in terms of fat and protein percentage as well as cheese-
making properties. The wide variation found for κ-Cn gene in the Brazilian indicus breeds that 
we found probably reflects the overall existing variation in milk constituents in these breeds. 
In addition, the increasing demand by the industry for milk constituents should greatly impact 
on dairy cattle breeding strategies in Brazil.

Because of the effects of κ-Cn genetic variants on cheese yield, selection of animals 
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with the favorable κ-Cn B allele is considerable. As there is a low frequency of this allele in 
the Brazilian indicus breeds, selection directed by molecular markers could positively impact 
on dairy production.
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