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1. Introduction
The water buffalo population of the world is reported to 
be 168 million; 95.83% (161 million) of this population 
is in Asia and 0.30% (500.000) is in Europe. India hosts 
approximately 56.5% (approximately 95 million) of the 
world’s buffalo population and has the highest milk 
production (approximately 134 million tonnes) [1]. The 
reasons behind the gradual decrease in the water buffalo 
population in many countries (including Turkey) over the 
years include the preference for the highly efficient Holstein 
cattle breed for breeding rather than these lower-yield 
animals. Additionally, the prevalence of mechanization 
in farming and market-related issues for water buffalo 
products have played roles in the stated decrease [1].

There are 2 main water buffalo breeds from the Bovidae 
family: Asian (Bubalus bubalus) and African (Syncerus 
caffer) buffaloes. Both water buffalo breeds have 2 
subspecies: Asian water buffaloes are classified into swamp 
and river buffalo subspecies, and African water buffaloes 
are classified into cape (S.c. caffer) and forest buffalo (S.c. 
nanus) subspecies [2]. All water buffalo breeds in Near 
East countries and Europe are river buffaloes. Buffaloes 
raised in Turkey are called Anatolian water buffaloes; they 

are raised in small tied or paddock herds (83% of which 
consist of 15 animals; 17% of 8 animals on average) [1]. 

While water buffaloes are raised for milk, meat, skin, 
and labor-related purposes in other countries, they are 
raised for their milk and meat in Turkey. Meat and milk 
of water buffaloes have specific properties [3]. Water 
buffaloes raised in Turkey are regionally called Dombay, 
Camız, Camış, and Kömüş; only Anatolian water buffaloes 
are raised in Turkey. The appearance of Anatolian water 
buffaloes is similar to the appearance of water buffaloes 
raised in Mesopotamia. Anatolian water buffaloes were 
subjected to artificial insemination with sperm brought 
from Italy in 2002 [1]. While the amount of milk obtained 
from water buffaloes in Turkey was 69.401 tonnes in 2017, 
this amount reached 75.742 tonnes in 2018, an increase of 
9.1%. The share of milk obtained from water buffaloes in 
total milk production was 0.3% in both years [4].

While the native distribution areas of Anatolian water 
buffaloes in Turkey are reported as Balıkesir, Isparta, 
Manisa, and Tekirdağ provinces [5], they are now being 
raised in all regions of Turkey within the scope of the 
National Breeding Project. Anatolian water buffalo has 
a combined yield characteristic (meat and milk yield). 
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Turkish bow and ney materials are made from its horn; 
cream and mozzarella cheese are made from its milk; 
soudjouk is made from its meat due to its colour [6]. 

Six structural genes (alpha lactalbumin, beta 
lactoglobulin, and 4 casein genes) encode more than 95% 
of the proteins in ruminant milk. The 4 casein genes are 
located on the 6th chromosome in goats and cattle, and on 
the 7th chromosome in buffalo breeds, and have an effect 
on milk protein yield [7]. Kappa-casein (CSN3) contains 
12% of the total casein proteins and consists of a total of 
5 exons, but the majority of the gene coding is located in 
the exon 4 region of the gene [8,9]. Although the 6 alleles 
of the CSN3 gene are known, the most common ones are 
alleles A and B. Moreover, it has been reported that alleles 
C and E have also been detected [7,10,11]. It has been 
reported that while allele A is associated with low milk 
protein content but high milk yield, allele B is responsible 
for high milk fat and protein content and high milk quality 
but low milk yield. The genotype BB is responsible for 
genetic diversity related to high protein content [7,8,12].  
In addition, it has been reported that allele E has a 
negative effect on the quality of milk protein [12]. There 
are differences in the 136th and 148th amino acid residues 
between the 2 variants (alleles A and B) of the CSN3 gene. 
In allele A, the 136th amino acid is threonine and the 148th 
amino acid is aspartic acid, while in allele B, the respective 
amino acid sequences are isoleucine and alanine [9,11]. 
While alleles A and B are identified by using Hind III and 
Hinf I restriction enzymes (REs), it is reported that these 
enzymes cannot be used for allele E; Hae III RE must be 
used to identify this allele [10].

It has been stated that the allele B variant of the CSN3 
gene was obtained at a higher frequency than other alleles, 
and the frequency of genotype BB was observed more 
often in the progeny test studies. Therefore, bulls with the 
genotypes AB and BB  have been recommended for use in 
commercial breeding, especially in artificial insemination 
procedures [11,13].  Hence, animals having allele B of 
the CSN3 gene should be given priority in molecular 
breeding of dairy breeds [8]. The importance of molecular 
studies related to yield has been accelerated. In one study, 
it was reported that CSN3 locus polymorphism could be 
investigated quickly and conveniently through the PCR–
RFLP technique without the need for obtaining milk 
samples from lactating females [7].

A limited number of PRL [14,15], GH and GHR [16], 
and B-LG and CSN3 [17,18] polymorphism studies have 
been conducted on Anatolian water buffaloes raised in 
Turkey. However, more polymorphism studies are needed 
on Anatolian water buffaloes. The aim of this study was 
to investigate the CSN3 gene polymorphisms related to 
milk yield in Anatolian water buffaloes raised within the 
scope of the National Breeding Project in Sivas through 
the PCR–RFLP technique.

2. Materials and methods
In the sampling studies conducted on the water buffaloes 
used in the study, a total of 135 animals were randomly 
selected from 81 establishments in 27 villages of 8 districts 
of Sivas Province; all were outbred and born in 2014 and 
2015. Blood samples were collected from the animals when 
they were 1–2 years of age; at the time of blood sampling, 
all of the animals were clinically healthy.

The standard phenol/chloroform method was used for 
DNA isolation from the blood samples [19]. To calculate the 
purity levels of the isolated DNA samples, optical densities 
(OD) of the samples at 260-nm and 280-nm wavelengths 
were calculated using a nano spectrophotometer. The 
DNA samples obtained were also run using 0.6% agarose 
gel, was observed in a gel imaging system under UV light.

The DNA samples were amplified through the 
polymerase chain reaction (PCR) method using the primer 
pairs synthesized for CSN3 (Table 1). PCR mixtures were 
prepared in 15-µL volumes. Each reaction was prepared as 
previously described [15]. A touchdown PCR protocol was 
used for amplified PCR mixtures [20]. Touchdown PCR 
protocol, digestion of RE, and fragments obtained from 
digestion were performed as previously described [15].

Table 2 shows the gene regions used to detect CSN3 
polymorphisms, PCR fragment sizes, REs used, allele 
genotypes to be detected, and from which regions these 
genotypes were obtained. 

For the product obtained as a result of the amplification 
of the 379 base pair (bp) region of the CSN3 gene containing 
exon 4 and a part of the intron 5 region, Hinf I, Hind III, 
and Taq I REs were used for the detection of alleles A and 
B; Hae III RE was used for the detection of allele E.

Genotypic structures and allele frequencies of the 
study samples were figured through gene counting. 
Polymorphism differences were computed using a chi-
square test in the Microsoft Excel program.

The ethics committee report was obtained from 
Cumhuriyet University Animal Experiments Local Ethics 
Committee, with  permission dated 19.06.2014 and 
numbered 65202830/122.

3. Results
The region of the CSN3 gene, which contains exon 4 (280 
bp) and exon 4–a part of intron 5 (379 bp), was amplified 
through PCR for the detection of the alleles A, B (Taq I, 
Hind III, and Hinf I), and E (Hae III) (Figure 1). These PCR 
products were investigated in terms of polymorphisms by 
using different REs (Figures 2 and 3). According to the 
polymorphism obtained, the observed and expected allele 
genotypes and frequencies were calculated (Table 3).

As a result of the study, no allele E could be detected 
in any sample in the exon 4–intron 5 region from Hae III 
restriction enzyme digestion. In the same region, only 
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genotype BB was found as a result of Hinf I restriction 
enzyme digestion, and genotype AA was found from Taq 
I restriction enzyme digestion. As for Hind III restriction 
enzyme digestion, only genotype BB was detected in the 
exon 4 region, but the genotypes AB (27.41%) and BB 
(72.59%) were obtained from the exon 4–intron 5 region. 
Furthermore, although the level of allele A was found to 
be 14% using Hind III enzyme digestion, no statistical 
significance was found in terms of the 4 enzymes in all 
samples (P > 0.05).

4. Discussion
The prime objective for dairy production is to find 
economical and feasible ways to increase milk production 
[21]. The utilization of polymorphic genes as genetic 
molecular markers is of particular importance as a 
selection principle in the determination of selection 
methods, especially in livestock. For this purpose, milk 
fat and its composition are important criteria in the 
selection of breeding animals. Regarding milk yield and 
quality, primary milk proteins include casein proteins 

Table 1. Primer and restriction enzyme list used in the study.

Locus Primer sequence (5’ –> 3’) PCR
(bp) Restriction enzyme Reference

CSN3
Exon 4–intron 5

F: CACGTCACCCACACCCACATTTATC
R: TAATTAGCCCATTTCGCCTTCTCTGT

379
Hind III
Hinf I
Taq I
Hae III [11]

CSN3
Exon 4

F: CACGTCACCCACACCCACATTTATC
R: CGTTGTCTTCTTTGATGTCTCC 280 Hind III

F: Forward; R: Reverse; bp: base pair.

Table 2. Kappa-casein (CSN3) genotypes.

Gene PCR
(bp)

Restriction 
enzyme

AA
(bp)

AB
(bp)

BB
(bp)

EE
(bp)

Exon 4–intron 5 379

Hind III
Hinf I
Taq I
Hae III

379
156, 132, 91
379
-

379, 223, 156
288, 156, 132, 91
379, 256, 123
-

223, 156
288, 91
256, 123
- 225, 145, 67

Exon 4 280 Hind III 280 280, 180, 100 180, 100

bp: base pair.

Figure 1. PCR result of the exon 4–intron 5 region of the kappa-casein gene in Anatolian water buffalo. A: 280-bp band; M: 
100-bp DNA ladder. B: 379-bp band; M: 100-bp DNA ladder. bp: base pair.
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(alfas1, alfas2, beta, and kappa-casein); the CSN3 protein 
is the most important one of these. The CSN3 locus has 
been reported to affect milk protein quality and the milk 
production framework [22]. Genotype polymorphisms of 
this gene have been studied in many countries [8,11,13,23–
26].

It has been reported that Hind III and Hinf I REs should 
be used for alleles A and B of the CSN3 gene region, while 
Hae III RE should be used to determine allele E [10]. It is 
also reported that the allele B variant of the CSN3 gene 
has been obtained at a higher rate and higher frequency 
than other alleles, and that genotype BB has been higher 
in frequency in progeny testing. Bulls with genotypes 
AB and BB are recommended to be used in commercial 
breeding, especially in artificial insemination programs 

[11,13]. In addition, it is stated that animals having allele B 
of the CSN3 gene should be given priority in the molecular 
breeding of dairy breeds [8]. In this study, Hind III, Hinf I, 
Taq I, and Hae III REs were used to determine alleles A, B, 
and E of the CSN3 gene, and genotype BB was found to be 
the highest in frequency.

Although the frequency of alleles C and E has been 
reported to be less than 10% in water buffaloes, allele E was 
not detected in a previous study [11]. Similarly, no allele E 
was detected in this study.

As a result of the investigation of Hinf I polymorphism 
of the CSN3 exon 4 region in water buffaloes, only the 
genotype BB was detected in Egypt [13,27], India [7], 
China [25], and Pakistan [24]. In another study conducted 
on Indian buffalo breeds,  genotype BB was detected at the 
rate of 98.4% and genotype AB was detected at the rate 
of 1.6% [23]. In a study conducted on Anatolian water 
buffaloes, only genotype BB and allele B were observed in 
all samples for CSN3 gene with Hinf I restriction enzyme 
[17]. Similarly, in this study, only genotype BB was detected 
as a result of Hinf I RE digestion in the CSN3 region of 
Anatolian water buffaloes. 

As in studies conducted in different countries, 
only genotype BB was determined in terms of Hind III 
polymorphism in the exon 4 region of the CSN3 gene 
[9,11,13,26–28]. In a study conducted on Anatolian 
water buffaloes, only  genotype BB and allele B were 
observed in all samples [18]. In another study conducted 
on Egyptian buffaloes and cattle, both genotypes BB and 
AB were determined; however, allele B was found to have 
a high frequency (0.88) [8]. In this study, 2 genotypes, 
BB (72.59%) and AB (27.41%), were detected as a result 
of Hind III RE digestion in the exon 4–intron 5 region; 
however, no statistical significance was found (P > 0.05). 

In another study examining only the polymorphism 
of the exon 4 region of the CSN3 gene, only genotype BB 

Figure 2. Enzyme digested result of the exon 4–intron 5 region of the kappa-casein gene in Anatolian water buffalo. A: Hae III restriction 
enzyme; M: 50-bp DNA ladder. B: Taq I restriction enzyme; samples with AA genotype, M: 50-bp DNA ladder. C: Hind III restriction 
enzyme; 1, 3, 4: BB genotype, 2, 5, 6: AB genotype, M: 50-bp DNA ladder. bp: base pair.

Figure 3. Hind III restriction enzyme digested result of the exon 
4 region of the kappa-casein gene in Anatolian water buffalo. M: 
50-bp DNA ladder; 1–7: BB genotype; bp: base pair.
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was determined as a result of Hind III RE digestion [13]. 
Similar to these results, genotype BB was detected in all 
samples, and polymorphism could not be detected in this 
study examining the same region.

In conclusion, it has been stated in the literature that 
for the CSN3 gene, higher milk yield coupled with lower 
milk protein content was related to the presence of the 
A allele; however, the presence of the B allele has been 
reported to be related to higher milk fat, protein content, 
and higher milk quality coupled with lower milk yield. In 
addition, genotype BB is responsible for genetic diversity 
related to high protein content [7,8,12]. It can be stated 
that the allele B variant of the CSN3 gene was obtained at 
a higher frequency than other alleles, and the frequency 
of genotype BB was higher in the progeny test studies. 
Therefore, it is suggested that bulls with the genotypes 

BB and AB be used in commercial breeding, especially 
in artificial insemination programs [11,13]. Furthermore, 
animals having allele B of the CSN3 gene should be given 
importance in molecular breeding [8]. In light of this 
information, since only the genotype BB and the allele B 
were obtained in Anatolian water buffaloes in this study, 
it is possible to state that these water buffaloes have high 
milk quality as well as high milk protein and fat content.
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Table 3. Genotype and allele frequencies, their importance, and chi-square analysis of genotypes of the kappa-casein (CSN3) gene in 
Anatolian water buffalo. 

Gene n

Genotype frequency Allele frequency χ2 P-value
(df = 1)

AA AB BB EE
A B E

O (E) O (E) O (E) O (E)

Exon 4–intron 5 (Hae III) 135 - - - - - - 0 - -
Exon 4–intron 5 (Hinf I) 135 0 0 135 (135) - - 1 - 0.00 1.0 ns
Exon 4–intron 5 (Hind III) 135 0 (2.54) 37 (31.93) 98 (100.54) - 0.14 0.86 - 3.404 0.065 ns
Exon 4–intron 5 (Taq I) 100 100 (100) 0 0 - 1 0 - 0.00 1.0 ns
Exon 4 (Hind III) 135 0 0 135 (135) - 0 1 - 0.00 1.0 ns

O: observed genotype; E: expected genotype; n: sample count; df: degree of freedom; χ2: chi-square value; ns: P > 0.05. 

References

1. FAO. Buffalo Production and Research. Edited by Antonio 
Borghese. REU Technical Series 2005; 67.

2. Michelizzi VN, Dodson MV, Pan Z, Amaral MEJ, Michal JJ et 
al. Water buffalo genome science comes of age. International 
Journal of Biological Sciences 2010; 6 (4): 333-349. 

3. Sarıözkan S. The importance of water buffalo breeding in 
Turkey. Kafkas Universitesi Veteriner Fakültesi Dergisi 2011; 
17 (1): 163-166 (in Turkish with an abstract in English).

4. TÜİK. Hayvansal Üretim İstatistikleri, 2018. TÜİK haber 
bülteni. Sayı: 30728; Tarih: 07.02.2019.

5. Governmental Newspaper. 28356 sayılı hayvan genetik 
kaynaklari yerinde koruma ve geliştirme desteklemeleri 
hakkinda uygulama esaslari tebliği (Tebliğ No: 2012/54), 2012; 
17.07.2012.

6. GDAR. Domestic Animal Genetic Resources in Turkey. 
Ankara, Turkey: Ministry of Food Agriculture and Livestock, 
General Directorate of Agricultural Research and Policy; 2011. 
pp. 24-25.

7. Gangaraj DR, Shetty S, Govindaiah MG, Nagaraja CS, 
Byregowda SM et al. Molecular characterization of kappa-
casein gene in buffaloes. ScienceAsia 2008; 34: 435-439. doi: 
10.2306/scienceasia1513-1874.2008.34.435

8. Gouda EM, Galal MK, Abdelaziz SA. Genetic variants and 
allele frequencies of kappa casein in Egyptian cattle and buffalo 
using PCR-RFLP. Journal of Agricultural Science 2013; 5 (2): 
197-203. doi:10.5539/jas.v5n2p197

9. Ghafoor A, Riaz MN, Zahur AB, Abbas N, Yousaf M et al. K-CN 
gene polymorphism in Nili-ravi buffalo, Achai and Sahiwal 
cattle of Pakistan. International Journal of Dairy Technology 
2015; 68 (1): 105-110. doi: 10.1111/1471-0307.12146



909

ÖZŞENSOY / Turk J Vet Anim Sci

10. Schlieben S, Erhardt G, Senft B. Genotyping of bovine K-casein 
(K-CNA, K-CNB, K-CNC, K-CNE) following DNA sequence 
amplification and direct sequencing of K-CNE PCR product. 
Animal Genetics 1991; 22: 333-342.

11. Mitra A, Schlee P, Krause I, Blusch J, Werner T et al. Kappa‐
casein polymorphisms in Indian dairy cattle and buffalo: A 
new genetic variant in buffalo. Animal Biotechnology 1998; 9 
(2): 81-87. doi: 10.1080/10495399809525896

12. Matějíček A, Matějíčková J, Němcová E, Jandurová OM, 
Štípková M et al. Joint effects of CSN3 and LGB genotypes and 
their relation to breeding values of milk production parameters 
in Czech Fleckvieh. Czech Journal of Animal Science 2007; 52 
(4): 83-87.

13. Abdel Dayem AMH, Mahmoud KGM, Nawito MF, Ayoub 
MM, Darwish SF. Genotyping of kappa-casein gene in 
Egyptian buffalo bulls. Livestock Science 2009;  122 (2): 286-
289. doi: 10.1016/j.livsci.2008.09.010

14. Kaplan S, Boztepe S. The determination of prolactin gene 
polymorphism using PCR-RFLP method within indigenous 
Anatolian water buffalo and brown swiss. In: Proceedings of the 
2nd International Symposium on Sustainable Development; 
Sarajevo; 2010. pp. 168-173.

15. Özşensoy Y. Investigation of PRL-RsaI and HaeIII gene 
polymorphisms in Anatolian water buffaloes bred by using 
PCR-RFLP method. Revista Brasileira de Zootecnia 2018; 47: 
e20170166. doi: 10.1590/rbz4720170166

16. Özşensoy Y, Kara H. Investigation of GH and GHR - Alu 
I gene polymorphisms on meat yields in Anatolian water 
buffalo breed by using PCR - RFLP method. Turkish Journal of 
Zoology 2019; 43 (6): 560-565. doi:10.3906/zoo-1907-44

17. Cınar MU, Akyuz B, Arslan K, Ilgar EG. Genotyping of the 
kappa-casein and beta-lactoglobulin genes in Anatolian 
water buffalo by PCR-RFLP. International Journal of Dairy 
Technology 2016; 69 (2): 308-311. doi: 10.1111/1471-
0307.12257

18. Toparslan E, Mercan L. Genotyping of prolactin, kappa casein, 
and pituitary transcription factor 1 genes of the Anatolian 
water buffalo population in the Kızılırmak Delta. Turkish 
Journal of Veterinary and Animal Sciences 2019; 43: 784-790. 
doi: 10.3906/vet-1907-36

19. Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning: A 
Laboratory Manual. 2nd ed. Cold Spring Harbor, NY, USA: 
Cold Spring Harbor Laboratory Press; 1989. pp. 9.16-9.19.

20. Don RH, Cox PT, Wainwright BJ, Baker K, Mattick JS. 
‘Touchdown’ PCR to circumvent spurious priming during 
gene amplification. Nucleic Acids Research 1991; 19 (14): 4008. 
doi: 10.1093/nar/19.14.4008

21. Rachagani S, Gupta ID, Gupta N, Gupta SC. Genotyping of 
B-lactoglobulin gene by PCR-RFLP in Sahiwal and Tharparkar 
cattle breeds. BMC Genetics 2006; 7: 31. doi:10.1186/1471-
2156-7-31

22. Meignanalakshmi S, Mahalinga Nainar A. PCR-RFLP analysis 
of beta-lactoglobulin gene in Murrah buffaloes.  Tamilnadu 
Journal of Veterinary and Animal Sciences 2009;  5 (5): 194-
197.

23. Patel RK, Chauhan JB, Singh KM, Soni KJ. Genotype and allele 
frequencies of K-casein and B-lactoglobulin in Indian river 
buffalo bulls (Bubalus bubalis). Buffalo Bulletin 2007; 26 (3): 
63-66.

24. Riaz MN, Malik NA, Nasreen F, Sadaf S, Qureshi JA. Molecular 
marker assisted study of the kappa-casein gene in the Nili-Ravi 
buffalo breed of Pakistan. Buffalo Bulletin 2008; 27 (3): 240-
244.

25. Ren DX, Miao SY, Chen YL, Zou CX, Liang XW et al. Genotyping 
of the k-casein and β-lactoglobulin genes in Chinese Holstein, 
Jersey and water buffalo by PCR-RFLP.  Journal of Genetics 
2011; 90 (1): e1-e5.

26. Jaayid TA, Yousief MY, Zaqeer BF, Owaid JM. Genetic 
polymorphism of kappa casein (K-CN) in Iraqi buffalo 
using polymerase chain reaction-restriction fragment 
length polymorphism. Journal of Agricultural Science and 
Technology A 2013; 3: 835-841.

27. Othman OE. The identification of kappa-casein genotyping 
in Egyptian river buffalo using PCR-RFLP. Arab Journal of 
Biotechnology 2005; 8 (2): 265-274.

28. Othman OE, Zayed FA, Gawead AAE, Rahman MRAE. 
Genetic polymorphism of three genes associated with milk 
trait in Egyptian buffalo. Journal of Genetic Engineering and 
Biotechnology 2011; 9: 97-102. doi:10.1016/j.jgeb.2011.09.002


