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Milk yield, protein and fat content are regulated by milk protein genes. However, genetic makeup of different milk 
protein genes of cattle available in Bangladesh is not known. This study determined the genetic variants of kappa-casein  
(κ-CN) and α-lactalbumin (α-LA) gene in cattle. DNA was extracted from 50 blood samples collected from indigenous and 
crossbred cattle. Polymerase chain reaction (PCR) was performed with gene specific primers. For genotyping PCR products 
of κ-casein gene was digested with HindIII and HaeIII restriction enzymes while the PCR products of α-LA gene was 
digested with Bsp1286I. Overall from all the tested samples we could amplify specific DNA viz. 935 and 429 bp for κ-CN 
and α-LA genes, respectively. In case of κ-CN gene 30 samples were analyzed for genotyping and of these 66.67, 30.00 and 
3.33% samples were genotyped as AA, AB and BB, respectively. AA genotype was found dominant for κ-CN gene. Allele 
frequency for A was 82%. AA genotype was found higher in indigenous (0.366) than crossbred (0.30) animals. 
Homozygous BB genotype was not found in crossbred animals. For α-LA gene 50 samples were genotyped and all the 
samples (100%) were belonging to AA genotype. Three genetic variants of κ-CN gene viz. AA, AB & BB and one genotype 
(AA) of α-LA gene were detected in tested samples. Alleles of both the genes are reported to be associated with higher milk, 
protein, and fat yields.  
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Introduction 
In an agriculture based country like Bangladesh, 

livestock plays a major part in economy. About 
eighty percent of the total population of Bangladesh 
lives in the rural area and their livelihood is mostly 
based on cultivation and farming. The densities  
of livestock in Bangladesh are quite higher in the 
world, 145 large ruminants/km compared with  
India, Ethiopia and Brazil which have 90, 30 and 
20 ruminants/km, respectively1. However, the 
productivity of indigenous cattle is far below the 
world average. Low milk yield of the local cattle 
may be the resultant effect of inferior breed, 
low genetic potentialities, poor nutrition, lack of 
proper management practices and late age at  
puberty. Improvement of milk production through 
selective breeding is one of the very useful tools  
for livestock industry. Emphasis is given to 
improve the milk production traits for more than 
100 years.  

Conventional methods for selective breeding 
are time-consuming and expensive. However, 
identification of molecular markers associated with 
milk production traits of an animal can be even before 
phenotypes are expressed and independent of age and 
gender2. Milk protein genes regulate different milk 
production traits of cattle including milk yield, milk 
protein content, fat content, fat percentage etc3-4. 
There are several variants for each of the six milk 
protein genes have been identified5-6. Kappa casein 
(κ-CN) is one of the major casein proteins and alpha-
lactalbumin (α-LA) is a major whey protein of milk. 
The κ-casein gene has been mapped on chromosome 
6 (6q31) in cattle7 and to date eleven (A, B, C, E, F1, 
F2, G1, G2, H, I and J) alleles are known. Two κ-CN 
variants have been described in detail as κ-CN A and 
B. ‘A’ variant shows Asp (GAT) and Thr (ACC) at
positions 148 and 136, respectively, whereas the
variant ‘B’ shows Ala (GCT) and Ile (ATC) at the
same positions8. κ-CN plays an important role in milk
chemistry by providing colloidal stability to the casein
micelle. The association between κ-CN alleles and the
total protein content, fat percentage and milk
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production has been reported in several studies9-12.  
κ-CN ‘B’ allele was reported to have a positive and 
significant effect on both milk yield and milk protein 
content in dairy local cattle, buffalos in different 
countries13-15. Also, its favorable effect on milk 
technological properties and cheese yield in taurine 
and zebu cattle breeds16 and Brazilian cattle16, 
desirable coagulation properties reported in Finnish 
Ayrshire cows18.  

Alpha-lactalbumin (α-La), the major whey protein, 
essential for the biosynthesis of lactose at the level of 
mammary glands. It directly influences the quality 
and the volume of the milk since it is directly 
involved in the lactose synthesis19. It is coded by the 
LAA gene, mapped on chromosomes 520. Three 
variants (A, B and C) of (α-LA) have been reported so 
far. Variant A differs from variant B because 
glutamine at 10th position in variant B replaces with 
arginine. The most common B variant consists of 123 
amino acids with a molecular weight of 14.175 kDa. 
α-LA has most important function related to milk 
productivity as well as quality in cows21. Besides, it 
has several important biological functions, such as 
lactose synthesis and Ca2+

 binding22. In addition, it has 
been linked to antimicrobial activity23, reduction of 
stress24, immunomodulation25, regulation of cell 
growth26, anti-ulcer activity27 and anti-hypertensive 
activity28. There is no report about κ-CN and α-LA 
gene variants of cattle in Bangladesh. The objective 
was to determine the allelic and genotypic 
frequencies, genetic diversity and polymorphic 
information for κ-CN and α-LA in cattle. 
 
Materials and Methods 
 
Blood Sample and DNA Extraction 

Fifty blood samples were retrieved from the sample 
repository of Animal Biotechnology Division of 
National Institute of Biotechnology along with their 
relevant information. These samples were collected 
from Shibpur Upazila, Narsingdi during 2013 - 2014. 
The samples were derived from both indigenous 
(n=25) and crossbred (n=25) animals. Detail 
information about crossbred animals is not available. 
However, it is to be mentioned that semen from 
Shahiwal, Holstein, Friesian etc, are being using for 
artificial insemination in Bangladesh including Shibpur 
Upazila. DNA was extracted from the samples using 
phenol chloroform method according to the method 
described earlier29. Extracted DNA was analyzed in 
NanoDrop spectrophotometer to measure the DNA 

concentration as well as purity. Among the 50 samples, 
30 samples were subjected to κ-CN genotype analysis 
and all 50 were subjected to α-LA genotype analysis. 
 
Primer 

The primers used in this study are reported 
previously. About 935 bp product of the kappa  
casein gene was amplified with κ-CN F 5'-
AGCGCTGTGAGAAAGATG-3' and κ-CN R 5'-
GTGCAACAACACTGGTAT-3' primers reported 
earlier30. On the other hand about 429 bp fragment of 
the alpha-lactalbumin gene was amplified with α-LA 
F 5'-GATCAGTCCTGGGTGGTCATT-3' and α-LA 
R 5'-CAGTGGGTACCCATCCTAAGT-3' primers 
reported by Voelker and Bleck31. The primers were 
synthesized from BioBasic, Canada and supplied 
Biotech Concern Ltd., Bangladesh. 
 
Amplification of κ-CN and α-LA Genes by Polymerase Chain 
Reaction  

The PCR reaction consisted of 12.5 μL of 2X 
master mix (Gene Amp® Fast PCR Master Mix, 
Applied Biosystems), 0.2 μL Taq DNA polymerase, 
0.5 μL forward primer (10 pmole), 0.5 μL reverse 
primer (10 pmole), approximately 50 ng of DNA and 
molecular grade water to a final volume of 25 μL. 
Gene specific primers reported earlier were used for 
amplification of DNA30-31. The cycling profile for κ-
CN comprised an initial denaturing step for 5 min at 
94oC, followed by 32 cycles of 94oC for 1 min, 60oC 
for 1 min, and 72oC for 1 min, and a final extension at 
72oC for 5 min. The cycling condition for α-LA was 
also same except annealing temperature which was 
54oC instead of 60oC. Amplicons were analyzed by 
gel electrophoresis in a 1.5% agarose gel using TAE 
buffer and stained with ethidium bromide.  
 
Genotyping of κ-CN and α-LA  

Genotyping of κ-CN and α-LA gene was performed 
by restriction fragment length polymorphism (RFLP) 
analysis. For this purpose, PCR product of κ-CN gene 
was digested with HindIII and HaeIII endonucleases 
and PCR product of α-LA gene was genotyped by 
using Bsp1286I endonuclease. All the restriction 
enzymes were derived from New England Bio-Labs, 
USA. Each digestion reaction (10 μl) consisted of  
1.5 μl nuclease free water, 1 μl of compatible 10X 
buffer, specific restriction enzyme 0.5 μl and PCR 
product 7 μl. The reaction mixture was incubated at 
37oC in water bath for 1 hour. Upon digestion the 
products were run in 4% agarose gel. Genotyping was 
done based on the digestion pattern (Table 1).  
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Data Analysis 
Polymorphic amplicons were considered to 

estimate the allelic diversity and effective number of 
alleles. Allelic and genotypic frequencies were 
estimated using the software Popgen3232. 
 
Analysis of Restriction Sites for HindIII and HaeIII in κ-CN 
Gene of Different Species of Animals 

Sequences of κ-CN gene of cattle (Bos indicus,  
Bos taurus) buffalo (Bubalus bubalis), goat (Capra 
hircus) and sheep (Ovis aries) were retrieved from 
GenBank and analysed for restriction sites of HindIII 
and HaeIII. Sequence ID X14908 was considered as 
standard and analysed against this sequence.  
 
Results and Discussions 
Genotyping of Cattle Based on Two Milk Protein Genes 

Genotyping of cattle based on two milk protein 
genes are performed in this study. Samples were 
collected from both local and crossbred animals. PCR 
and restriction analysis were performed to genotype 
the genes.  
 
κ-CN Genotype Analysis  

Tested samples were successfully amplified and 
genotyped with HindIII and HaeIII restriction enzymes 
(Fig. 1). Distributions of gene and genotype 
frequencies in local and crossbred animals are 

presented in Table 2. Three genotypes, viz. AA, AB 
and BB were found in all the tested samples. 
Genotypes AA and AB were found in both indigenous 
and crossbred cattle. On the other hand BB genotype 
was found only in indigenous cattle. Two alleles, A and 
B of κ-CN gene were detected in tested samples. The 
frequency of A and B allele was 0.82 and 0.18, 

 

Table 1 — Expected fragment pattern of PCR products of κ-CN 
and α-LA genes digested with different restriction enzymes. 

Genotype Fragment length 
κ-CN (935 bp)  α-LA (429 bp) 

HindIII HaeIII Bsp1286I 
AA 935 641 + 294 429 
AB 935 + 520 + 415 641 + 294 429 + 260 + 169 
BB  520 + 415 641 + 294 260 + 169 
 

 

 

Fig. 1 — Fragment length analysis of κ-casein gene. PCR 
products of 935 bp were digested with HindIII (upper panel) and 
HaeIII (lower panel) and DNA fragments were visualized in 4% 
agarose gel. Lane M: marker; Lane 1-10: Tes samples. Genotype 
of each sample is indicated as AA, AB and BB based on digestion 
pattern

 

Table 2 — Genotype and allele frequencies of κ-casein and α-lactalbumin gene found in the tested samples 

Gene No. of sample Genotype Frequency in 
indigenous cattle 

Frequency in crossbred 
cattle 

Overall frequency Allele frequency 
A B 

κ-CN 30 AA 0.366 0.30 0.666 0.82 0.18 
n = 11 n = 9 n = 20 

AB 0.13 0.17 0.30 
n = 04 n = 05 N = 09 

BB 0.03 - 0.03 
n = 01 n = 00 n = 01 

α-LA 50 AA 0.50 0.50 1 1.00 0.00 
n = 25 n = 25 n = 50 

AB - - - 
n = 0 n = 0 n = 0 

BB - - - 
n = 0 n = 0 n = 0 
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respectively. This result is in agreement with the 
several studies reported previously. For example, our 
results were found similar to the findings33 from 
Friesian Holstein cattle where frequency of A allele is 
0.78 - 0.85. Higher frequencies of A allele (0.62 - 0.63) 
were reported from Egyptian Baladi and Holstein 
cattle34, Turkey native cattle, Anatolian black and  
East Anatolian red cattle (0.75 - 0.78)35, Holstein 
populations (0.68-0.89) etc36. In a study Khaizaran and 
Al-Razem37 found A and B allele were favorable 
alleles in κ-CN with higher frequencies of A allele 
(0.81) than B allele (0.19) in Palestinian Holstein-
Friesian cattle. Keating et al (2007)38 found that A 
allele was dominant over B allele among dairy, beef 
and dual purpose cattle population. Beata et al, 
(2008)39 reported that Holstein-Friesian cattle in Poland 
carried 0.83 and 0.17 frequencies of A and B allele, 
respectively. Crossbred cattle of meat and dairy type 
reported to carry dominant A allele. It is reported that 
frequency of A allele is more frequent than B allele in 
crossbred of Simmental and Holstein cattle40. Frieswal 
cattle (Friesian x Sahiwal) carried dominant A allele 
(0.58) over B allele (0.42)41. On the contrary, Zepeda-
Batista et al (2015)42 found higher B allele frequency 
(0.69) than the A (0.26) and E (0.05) in the Mexican 
Jersey cattle population. Higher B allele frequencies 
(0.71-0.89) were also reported from Colombian, 
German, and Chinese Jersey populations43-45. 

Kappa-casein A allele was predominantly observed 
in the studied cattle populations and reported to be 
associated with high milk yield46-47. It has been 
reported that, BB form of κ-CN is responsible for 
higher yield in cheese making as well as milk and 
milk protein yield47-49. It is reported that the cheese 
production can be increased by 10% by using milk 
from cows of genotype BB of κ-CN50. Vidović et al 
(2013)51 reported that Holstein cows with BB had 
higher percentage of milk fat than AA and AB 
genotypes. Besides, Alipanah et al (2008)52 
mentioned that polymorphism of κ-CN gene affect fat 
percentage in a Russian indigenous cattle namely 
Black Pied breed. Especially, BB genotype showed a 
higher fat percentage (4.79 ± 0.23) than AA and AB 
alleles. Higher solid non fat (SNF) percentage and 
monthly milk yield was reported from BB genotype 
of Sahiwal and Tharparker cattle than AA and AB 
genotypes53. In a study, Deb et al (2014)41 reported 
that Frieswal cattle of AB genotype had a significant 
higher total milk yield, peak yield and SNF for 300 
days than AA genotypes41. Similar results were also 

found by Gurses and Yuce (2012) from Turkey local 
cattle35. They reported that AB genotype of East 
Anatolian Red cattle had a higher percentage of milk 
solid non fat and protein than AA genotype. Bittante 
et al (2012)54 reported that κ-CN BB variant of milk 
has superior renneting properties with shorter rennet 
coagulation time (RCT), faster rates of curd firming 
and producing a firmer curd compared to other  
κ-casein variants. All these studies showed an 
individual effect of the κ-casein gene on milk yield 
and milk fat yield. Increasing the frequency of  
B allele and BB genotype in cattle population could 
help to improve milk production traits (milk yield, 
milk protein content) through selection based on allele 
and genotype. Selected animals having BB and AB 
genotypes could be crossed to generate more animals 
with BB genotypes. 
 
Alpha Lactalbuimin (α-LA) Genotype Analysis 

All 50 samples were successfully amplified and 
genotyped with Bsp1286I restriction enzyme. Only A 
allele of the α-LA gene was detected in 100% samples 
obtained from indigenous and crossbred animals. 
alleles B and C were not detected in the tested 
samples. Hence, all samples were genotyped as AA 
(Table 2 & Fig. 2). The A allele of α-LA is reported to 
be associated with greater milk, protein and fat yields, 
and the B allele is associated with greater protein and 
fat percentage. Mao and Bremel55 examined the α-LA 
variants in Holstein cattle from four different farms in 
Taiwan and found both A and B allele with AA, AB 
and BB genotype. They found that cows with α-LA 
AA or AB genotype produced 300 kg more milk  
(305 d) than BB type cows. alleles A and B were 
detected in Taiwan Holstein, Italian Friesian, Italian 
Red Pied, Swedish Red and White, and Italian 
Brown56. Aschaffenburg reported that the frequency 
of α-LA A allele was higher Indian zebu cattle than in 
the most African zebu cattle57. Genotyping of Sahiwal 
cattle in India based on the α-LA gene was performed 
by Mir et al (2014) and found AB and BB genotypes 
with frequencies of 0.14 and 0.86, respectively. They 
could not find the genotype AA. They also reported 
that animals having AB genotypes had a higher 
average milk yield than the animals with BB 
genotypes. Reports also indicated that BB genotype in 
zebu cattle (Sahiwal, Hariana, Tharparkar) showed 
higher milk yield58. Zhang et al (2007) screened 
Chinese Holstein cattle for α-LA locus and found no 
significant association between the two genotypes 
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found and milk production traits in these cattle59. 
Recently, Zhou and Dong (2013) identified single 
nucleotide substitution C→T (α-LA2516) at position 
2516 of the α-LA gene in Chinese Holstein cattle with 
frequencies of T and C as 0.67 and 0.32, respectively. 
There was no significant association between 
genotypes resulting from this SNP and production 
traits in cattle60.  
 
Heterozygosity and Hardy–Weinberg Equilibrium 

This study showed that there were no differences 
between observed (Ho) and expected (He) 
heterozygosity (Table 3) in the population analyzed. 
Expected (He) heterozygosity was the same as 
observed (Ho) in κ-CN locus. Based on a Chi-square 
(χ2),  test heterozygosity was out of Hardy-Weinberg 

disequilibrium (P > 0.05) were within in κ-CN locus. 
This result implied that, there was no artificial 
selection applied for reproductive management and 
genetic improvement programs in the studied 
population against κ-CN locus. χ2 test P value (P > 
0.05, not consistent with Hardy-Weinberg 
Equilibrium).  
 
Analysis of Restriction Sites for HindIII and HaeIII in κ-CN 
Gene of Different Species of Animals 

A total of 387 sequences of the κ-CN gene of 
different species of animals such as cattle (Bos 
indicus, Bos taurus) buffalo (Bubalus bubalis) goat 
(Capra hircus) and sheep (Ovis aries) were analysed 
for restriction sites of HindIII and HaeIII (Table 4). 
For this purpose, 935 bp sequences of κ-CN gene of 

 

 
 

Fig. 2 — Fragment length analysis of α-lactalbumin gene. PCR products of 429 bp were digested with Bsp1286I and DNA fragments 
were visualized in 4% agarose gel.  Lane M: marker; Lane 1-10: Test samples. Genotype of each sample is indicated as AA based on 
digestion pattern. 
 

Table 3 — Observed heterozygosity (Ho) and expected heterozygosity (He) for the loci κ-CN, and α-LA in the indigenous and  
crossbred cattle 

Locus Genotypic frequency Allele frequency Ho  
(observed) 

He 
(expected) 

Chi-squire 
(χ2 ) 

Average effective 
number of alleles 

Polymorphic 
loci (%) AA AB BB A B 

κ-CN 0.66 
n = 20 

0.30 
n = 9 

0.03 
n = 1 

0.82 0.18 0.30 0.30 0.007 1.4 100 

α-LA 1 
n = 50 

0 
n = 0 

0 
n = 0 

1 0 0 0 0 1 0 

 

Table 4 — Analysis of restriction sites for HindIII and HaeIII in κ-CN gene of different species of animals 

Species Number of  
seq analyzed 

Quarry 
coverage  

(%) 

Maximum 
homology with seq 

ID X14908 (%) 

HindIII site 
(A*AGCTT) in number 

HaeIII site  
(GG*CC) in number 

Number of 
seq have 
both sitesPresent Absent No seq Present Absent No seq 

Bos indicus 29 29 - 93 99.54 8 20 1 27 0 2 8 
Bos taurus 87 2 - 100 100 41 43 3 77 0 10 36 
Bubalus bubalis 75 2 - 99 100 30 30 15 30 0 45 30 
Capra hircus 114 2 - 80 100 91 0 23 98 1 15 91 
Ovis aries 82 2 - 65 100 9 29 44 9 62 11 7 
Total 387   179 122 86 241 63 83 172 
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GenBank seq ID X14908 was considered standard 
because the primers used in this study for κ-CN 
genotyping was reported to be based on this sequence. 
Analysed data are present in Table 4. Over all, the 
quarry coverage and homology was found varied from 
2 - 100 and 99.54 - 100%, respectively. Irrespective 
of animal species sites for HindIII and HaeIII were 
found in 179 (46.25%) and 241 (62.27%) sequences, 
respectively, while absent in 122 (31.52%) and 63 
(16.28%) sequences, respectively. On the other hand, 
both sites were found in 44.44% (172/387) sequences. 
Out of 387 sequences, 86 (22.22%) and 83 (21.45%) 
sequences have no sequences spanning the restriction 
sites of HindIII and HaeIII, respectively. Restriction 
site of HaeIII was found higher than HindIII site in all 
animal species. Hundred percent (100%) quarry 
coverage and homology was not found in sequences 
of in any species. Hundred percent (100%) homology 
was found while coverage was lower than 10%. 
Hundred percent (100%) quarry coverage was found 
only in two sequences (Accession nos. AY380228.1 
and AY380229.1) of Bos taurus, but homology was 
99.89%. In Bos taurus two sites for HindIII were 
found in six sequences (Accession nos. AF030326, 
XM_014478623, XM_005897042, MH378281, 
AY095311, JX862174) and two sites for HaeIII were 
found in one sequence (Accession no. HQ589917.1). 
From this analysis it is revealed that two sites for 
HindIII are located at 415th position and 427th position 
in relation 935 bases X14908. So, three fragments of 
11, 415 and 509 bp would be generated. Out of 179 
sequences having HindIII site, only six sequences 
(3.35%) have two sites and should be genotyped as 
BB. In our study, we have found one (3.33%) out 
thirty samples as BB genotype complies with the 
findings of studied sequences. 

In conclusion, present study focuses on the 
genotyping of animals based on κ-casein and α-
lactalbumin gene variants. Three variants (AA, AB 
and BB) of κ-casein and one variant of α-LA (AA) 
were detected. For both genes A allele was found 
dominant. Heterozygosity in κ-CN locus was found 
out of Hardy-Weinberg disequilibrium. 
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