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INTRODUCTION:
Milk is considered a nutritionally complete food, comprising 
approximately 87% water and 13% essential nutrients, including 
lactose, protein, fat, vitamins, and minerals (Nagpal et al., 2012). 
Casein, the predominant milk protein, constitutes about 80% of the 
total protein content and plays a crucial role in milk's nutritional and 
functional properties (Sulimova et al., 2007). It is categorized into four 
types: alpha s1 (38%), alpha s2 (10%), beta (36%), and kappa-casein 
(13%) (Sulimova et al., 2007; Jaiswal et al., 2014). Beta-casein, 
encoded on chromosome 6q31–33 (Sulimova et al., 2007), exhibits 
significant genetic polymorphism, with multiple variants, including 
A1, A2, A3, A4, B, C, D, E, F, H1, H2, I, and G, where A1 and A2 are 
the most common (Jaiswal et al., 2014; Sharma et al., 2013).The key 
difference between A1 and A2 variants is a cytosine-to-adenine 
mutation, replacing histidine in A1 with proline in A2 at position 67 
(Jaiswal et al., 2014). This genetic variation affects beta-casein's 
structure and bioactivity, influencing human health. The presence of 
proline in A2 prevents cleavage, leading to the formation of beta-
casomorphin-9 (BCM-9), while A1 releases beta-casomorphin-7 
(BCM- 7), an opioid peptide linked to an increased risk of type 1 
diabetes, coronary heart disease, and autism (Elliott, 1999; 
McLachlan, 2001). Conversely, A2 beta-casein is associated with 
health benefits like lower cholesterol and reduced cardiovascular risk 
(Elliott et al., 1988). Epidemiological studies have further linked A1 
consumption to cardiovascular disease and type 1 diabetes (Panicke et 
al., 1997). A widely used technique to identify beta-casein 
polymorphisms is Polymerase Chain Reaction-Restriction Fragment 
Length Polymorphism (PCR-RFLP), which differentiates genotypes 
through enzymatic digestion and electrophoresis (Ratna Kumari et al., 
2008; Panneerchelvam et al., 2003).

This study aims to investigate the Genotyping Of the Beta-casein gene 
and the ITS Association on milk yield in Gir and Kankrej, indigenous 
cattle breeds. The findings will contribute to improving dairy 
productivity and promoting Indigenous cattle breeds with superior 
milk traits.

MATERIALS AND METHODS
1. Selection Of Cattle Breeds For The Study :
Cattle Breeds selected for the present study include Gir: Originating 
from the Gir forests of South Kathiawar in Gujarat, Gir cattle are 
renowned for their high milk yield and disease resistance. Holstein 
Friesian (HF): Originally from the Netherlands, HF cattle are 
characterised by their black-and-white markings and are globally 
recognised for their exceptional milk production. Kankrej: Native to 

the region of Rann of Kutch in Gujarat and neighbouring Rajasthan, 
Kankrej cattle are known for their hardiness and dual-purpose utility 
for milk production and draught work. HF×Jersey Crossbreeds: These 
crossbreeds combine traits from Holstein Friesian and Jersey breeds, 
aiming to enhance milk production while maintaining adaptability to 
various climatic conditions.

2. Samples Collection:
In the present study, blood samples were collected from 200 unrelated 
cattle viz 134 Gir, 34 Holstein Friesian (HF), 14 Kankrej, and 18 
HF×Jersey crossbreeds, from two organized farms in Savarkundla, 
Gujarat. Milk yield and fat percent data given by farm's owners. 
S a m p l e s  w e r e  d r a w n  i n t o  v a c u t a i n e r s  c o n t a i n i n g 
ethylenediaminetetraacetic acid (EDTA). Collected blood Samples 
were transported to the laboratory on ice maintained .

3. Genomic DNA isolation:
DNA was extracted using a standard protocol using the phenol: 
chloroform extraction procedure described by John et al., 1991. The 
quality of the isolated genomic DNA was checked by 0.8% agarose gel 
electrophoresis, and the quantity was measured using a Nanodrop 
spectrophotometer (Thermo scientific™ Nanodrop 2000).

4. Polymerase Chain Reaction (PCR):
In the present study, a 121base pair (bp) fragment of exon 7 from the 
bovine β-casein gene (CSN2) was amplified using Polymerase Chain 
Reaction (PCR). The PCR amplification was conducted in a 25 µL 
reaction volume using Takara PCR Mix, which includes 1X PCR 
buffer with 1.5 mM MgCl₂, 0.4 mM dNTPs, and 1 unit of DNA 
polymerase. The reaction mixture also contained 100 ng of genomic 
DNA as the template, 10 picomoles of each forward (5'-CCT TCT TTC 
CAG GAT GAA CTC CAG G-3') and reverse (5'-GAG TAA GAG 
GAG GGA TGT TTT GTG GGA GGC TCT-3') primers (McLachlan et 
al., 2006) and nuclease-free water to reach the final volume. The PCR 
cycling conditions were as follows: an initial denaturation at 95°C for 5 
minutes; 30 cycles of denaturation at 95°C for 40 seconds, annealing at 
58°C for 60 seconds, and extension at 72°C for 90 seconds, followed 
by a final extension at 72°C for 7 minutes. amplification of the target 
exon 7 fragment of the CSN2 gene was successfully achieved.

5. PCR-RFLP analysis:
For genotyping, 10 µL of the PCR product was digested with 2 units of 
the restriction enzyme DdeI in a 20 µL reaction mixture, incubated 
overnight at 37°C. The digested fragments were then separated on a 
3% agarose gel, stained with ethidium bromide, and visualized under 
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ABSTRACT
Beta-casein, a key milk protein in cattle, exists in two genetic variants, A1 and A2, differing by a single amino acid. This study aimed to determine 
the allelic and genotypic frequencies of the β-casein gene in 200 unrelated cattle in 2 different farms of Savarkundla (Gir, Holstein Friesian (HF), 
Kankrej, and HF × Jersey crossbreeds) and analyze milk production traits based on their β-casein genotypes. A 121 bp fragment in exon 7 of the β-
casein gene was amplified using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. Three genotypes 
were identified: A1A1, A1A2, and A2A2, with respective frequencies of 8%, 0%, and 92% in Gir cattle; 59%, 35%, and 6% in HF cattle; 50%, 50%, 
and 0% in Kankrej cattle; and 56%, 28%, and 16% in HF × Jersey crossbreeds, with overall allele frequencies of A1 = 0.0746 and A2 = 0.92. Milk 
yield and fat content varied among genotypes. In Gir cattle, A2A2 cows had higher milk yield (11.59 ± 9.4) and fat content (4.48 ± 0.40%) 
compared to A1A1 cows (9.8 ± 1.16, 4.26 ± 0.29%), with similar trends observed across other breeds. Crossbreed cattle exhibited the highest milk 
yield, with A1A1, A1A2, and A2A2 cows producing 17.4 ± 2.8, 17.0 ± 1.24 and 17.6 ± 2.44, respectively. This study highlights significant 
differences in milk traits among β- casein genotypes, suggesting that A2-focused breeding may benefit both market demand and public health due 
to the growing preference for A2 milk's potential digestive benefits.
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UV light to identify specific polymorphisms in the CSN2 gene.

6. Calculation Of Gene And Genotype Frequency:
To assess the genotypic and allelic distribution of the CSN2 gene 
polymorphism, allele frequencies were calculated using the direct 
counting method, adhering to Hardy-Weinberg equilibrium principles. 
The Chi-square test was then applied to evaluate deviations between 
observed and expected genotype frequencies. Expected frequencies 
were derived using the Hardy-Weinberg equation, where p and q 
represent the frequencies of alleles health fundamental in population 
genetics to determine if a population's genetic structure remains 
constant over time or is influenced by evolutionary forces.

Genotype Frequency = Total number of observed genotypes ×100 (1) 
                                              Total number of genotypes
P = (2AA + AB) / 2N; q = (2BB + AB) / 2N (2)

RESULTS:
The extracted DNA was assessed for quality using 1% agarose gel 
electrophoresis, revealing high molecular weight sharp bands 
indicative of good DNA integrity, suitable for subsequent PCR 
a m p l i fi c a t i o n .  P u r i t y  w a s  c o n fi r m e d  v i a  N a n o D r o p 
spectrophotometry, measuring absorbance ratios at 260/280 nm. To 
investigate the polymorphism of the β-casein (CSN2) gene, a 121 bp 
PCR-amplified fragment was digested with the DdeI restriction 
enzyme. This enzyme cleaves the A2 allele, producing two fragments 
of 86 bp and 35 bp, while the A1 allele remains uncut at 121 bp. Thus, 
the A1A1 genotype yields a single 121 bp fragment, A2A2 results in 86 
bp and 35 bp fragments, and the heterozygous A1A2 genotype presents 
all three fragments: 121 bp, 86 bp, and 35 bp. These distinct fragment 
patterns facilitate the differentiation of genotypes in Gir and other cattle 
breeds. Visual representations of these patterns are provided in Figure 1.

Figure 1: Electrophoresis pattern of PCR-RFLP of β-casein gene on 
3% Agarose Gel. Lane M: 100 bp DNA ladder. Lanes 1to 3 sample 
Nos. S111 to S113 of HF cattle, respectively, Lanes 4 to 9 Sample Nos. 
S114 to S119 of Gir cattle, respectively. Lanes 1,2 & 3 show A1A1 
Genotype (121bp), Lanes 4,5 & 6 show A2A2 Genotype (86 & 35 bp), 
Lanes 7,8 & 9 show A1A2 Genotype (121,86 & 35) respectively.

The study analyzed β-casein (CSN2) gene polymorphism in Gir, 
Kankrej, Holstein Friesian (HF), and HF × Jersey crossbreds using 
PCR-RFLP. Genotypic frequencies for A1A1, A1A2, and A2A2 were 
determined, along with A1 and A2 allele frequencies. Chi-square tests 
confirmed Hardy-Weinberg equilibrium (P = 0.01) across all breeds. 
Gir cattle showed 0.080 (A1A1), 0.0 (A1A2), and 0.92 (A2A2) 
genotype frequencies, with allele frequencies of 0.0746 (A1) and 
0.9254 (A2). HF cattle had 0.589 (A1A1), 0.352 (A1A2), and 0.059 
(A2A2), with allele frequencies of 0.60 (A1) and 0.40 (A2). Kankrej 
exhibited 0.5 (A1A1), 0.5 (A1A2), and no A2A2, leading to allele 
frequencies of 0.75 (A1) and 0.25 (A2). HF × Jersey crossbreds had 
0.56 (A1A1), 0.28 (A1A2), and 0.16 (A2A2), with allele frequencies 
of 0.69 (A1) and 0.31 (A2). The results confirm a higher prevalence of 
the A2 allele in indigenous breeds (Gir, Kankrej) and a higher A1 allele 
frequency in exotic breeds (HF, crossbreds), highlighting the 
importance of A2-focused breeding programs for healthier milk 
production.

Table 1: Allele frequencies and result of Chi- square test for 
comparison of proportions to all different cattle breeds:

(O = Obeserved frequency , E = Expected frequency)

The study analyzed β-casein (CSN2) gene polymorphism's impact on 
milk yield and fat percentage in Gir, Holstein Friesian (HF), and 
crossbred cattle using ANOVA (p < 0.05). Results showed that A1A1 
genotype cattle had a significantly higher total milk yield than A2A2 
cattle. Conversely, A1A2 genotype cattle produced milk with a higher 
fat percentage than A2A2. These findings highlight a trade-off between 
milk volume and fat content linked to CSN2 genotypes. This 
knowledge is valuable for breeding programs aiming to balance milk 
yield and composition based on market and nutritional demands.

Table 2: Means and Standard Deviations of Milk Production 
Traits in different Cattle Breeds:

DISCUSSION:
The genotyping of β-casein (CSN2) variants across various cattle 
breeds has revealed distinct patterns in allele and genotype 
frequencies, particularly between indigenous and exotic breeds. 
Indigenous breeds, such as Gir cattle, exhibit a high prevalence of the 
A2A2 genotype, with frequencies reported at 92% in some studies. In 
contrast, exotic breeds like Holstein Friesian (HF) show a higher 
frequency of the A1A1 genotype, observed at 59%, with A2A2 at 6% 
and A1A2 heterozygotes at 35%. Crossbreeds, such as HF× Jersey, 
display intermediate frequencies, with 56% for A1A1, 16% for A2A2, 
and 28% for A1A2 genotypes. Notably, in the Kankrej breed, both 
A1A1 and A1A2 genotypes are present at 50%, while the A2A2 
genotype is absent.

These findings are in accordance with Pandey et. al., (2019) examined 
β-casein gene polymorphism in Sahiwal and HF crossbred cattle, 
reporting a high A2 allele frequency (0.85) in Sahiwal and a higher A1 
allele frequency (0.32) in HF crossbreeds. These findings are also in 
accordance with Shende et al. (2017) analyzed HF crossbred cattle and 
found genotype frequencies of 28% for A1A1 and 72% for A1A2, with 
no A2A2 genotypes detected and Martina et al. (2014) reported allele 
frequencies for Holstein breed was higher frequency of allele A2 
(0.7072 and 0.6322) & population of Pinzgau breed was present higher 
frequency of the allele A1 (0.5618).

Recent studies further support these observations Mukesh et al. (2022) 
found that the A2 allele is predominant in native Indian cattle breeds, 
reporting an A2 allele frequency of 0.95. They also noted a higher 
percentage of A1A2 heterozygous genotypes in breeding bulls, 
emphasizing the need to screen sire lines to shift herds toward the A2 
allele. Similarly, a study on indigenous cattle breeds reported a mean 
A2A2 genotype frequency of 80%, with the A1A1 genotype absent, 
and the highest A2A2 frequency observed in the Gir breed (93%). In 
contrast, exotic breeds exhibited higher frequencies of A1A1 and 
A1A2 genotypes, with a mean A2A2 frequency of only 3%.

These patterns suggest a breed-dependent distribution of β-casein 
alleles, with Indigenous breeds favouring the A2 allele and exotic 
breeds showing a higher prevalence of the A1 allele. This information 
is crucial for breeding programs aiming to produce milk with specific 
β-casein compositions, as the A2 variant has been associated with 
potential health benefits. Therefore, strategic selection and breeding 
practices could increase the frequency of the A2 allele in dairy herds, 

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

Breed 
Name

Tota
l No.

A1A1 A1A2 A2A2 A1 A2 Chi 
square
test

P
value

Gir 124 O=10 
E=0.08
0 (8%)

O=00 
E=00

O=114 
E=0.92 
(92%)

0.07
46

0.92
54

134.00 P<0.05 
(0.01) 
(DF=2)

HF 34 O=20
E=0.58
9 (59%)

O=12
E=0.352 
(35%)

O=02
E=0.05
9 (6%)

0.60 0.40 29.95 P<0.05 
(0.01) 
(DF=2)

Breed Genotypes N (Total 
No.)

Milk 
Production 

Fat Percent

Mean ± SD Mean ± SD
Gir A1A1 10 9.8 ±1.16 4.26 ± 0.29

A2A2 124 11.59± 9.4 4.48 ± 0.40
HF A1A1 20 14.6±1.8 3.63 ± 0.72

A1A2 01 5.5±5.5 1.95±1.95
A2A2 13 12.69±1.20 3.56 ± 0.59

Kankrej A1A1 07 11.50±4.98 3.91±0.37
A2A2 07 11.52±1.67 3.95±0.31

Cross breed A1A1 10 17.4±2.8 4.45 ±0.18
A1A2 03 17 ±1.24 4.6±0.57
A2A2 05 17.6±2.44 4.14±0.66

Kankr
ej

14 O=7
E=0.5 
(50%)

O=7
E=0.5 
(50%)

O=0
E=0 
(0%)

0.75 0.25 1.55 P<0.05
(0.01) 
(DF=2)

Hf× 
Jersey

18 O=10 
E=0.56 
(56%)

O=5 
E=0.28 
(28%)

O=3 
E=0.16 
(16%)

0.69 0.31 2.14 P<0.05 
(0.01) 
(DF=2)



aligning with consumer preferences and potential nutritional 
advantages.

CONCLUSION:
This study investigated β-casein gene polymorphism in a large 
population of 200 cattle (Gir, Holstein Friesian, Kankrej, and HF × 
Jersey crossbreeds) using the PCR-RFLP method. Three 
genotypes—A1A1, A1A2, and A2A2were identified with allele 
frequencies of A1 = 0.0746 and A2 = 0.92. The results showed that β-
casein genotypes significantly influenced milk production traits (P < 
0.05), with A1A1 cattle producing higher milk yield and A2A2 cattle 
yielding milk with higher fat content but slightly lower yield, 
supporting the known negative correlation between these traits. The 
A2 allele was identified as a potential genetic marker for improved 
milk production. Given the increasing demand for A2 milk due to its 
potential health benefits, this study emphasizes the importance of 
genetic selection in breeding programs and highlights the need for 
further large-scale research across different regions to validate the role 
of β- casein/Dde1 markers in milk production.
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