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Abstract

The objective of this study was to identify allele and genotype frequencies of CSN3 and PRL genes
in four cattle breeds in Turkey. For this purpose, a total of 390 cattle of East Anatolian Red (EAR),
Zavot, Brown Swiss (BS) and Simmental (SIM) breeds were genotyped by PCR-RFLP method.
A 443 bp fragment of CSN3 and a 156 bp fragment of PRL were amplified and digested with
Hindlll and Rsal restriction enzymes, respectively. For CSN3 and PRL genes, two types of alleles
(A and B) and three types of genotypes (AA, BB, and AB) were observed. The highest frequencies
for CSN3-A and CSN3-B alleles were estimated for the EAR breed (0.743) and for the BS breed
(0.556), respectively. The highest frequency for PRL-A and PRL-B alleles was estimated for the
SIM breed (0.801) and for the BS breed (0.315), respectively. The Chi-square test among the in-
vestigated cattle breeds showed that only the Zavot breed was in Hardy-Weinberg equilibrium
(HWE) for both loci.
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In recent years, maintaining the genetic diversity of native farm animals has be-
come an important issue for livestock production (Citek et al., 2006). The main aim
of protecting native animal breeds is to preserve the unique genes in native breeds.
These genes may have an association with economic or production traits such as
disease resistance, longevity or fertility. Therefore, examination of possible candi-
date genes such as the prolactin (PRL) and kappa-casein (CSN3) genes, which are
associated with production traits, could be important for native cattle breeds.

The prolactin hormone is an essential regulator of mammary gland development,
lactogenesis (Brym et al., 2005) and milk protein synthesis in cattle (Sodhi et al.,
2011). Therefore, PRL gene polymorphism can be considered as a potential genetic
marker for milk productivity in cattle breeding (Khatami et al., 2005). The bovine
PRL gene was mapped on chromosome 23, and consists of five exons and four in-
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trons (Alipanah et al., 2007). A polymorphism (A-G mutation) was detected at the
fourth exon of the bovine PRL gene, which leads to the formation of a new restric-
tion site for Rsal; this may serve as an informative molecular marker for milk yield
and milk composition and be used to determine the genetic relationship among cattle
breeds (Sodhi et al., 2011).

Casein is divided into four important groups as follows: asl-casein (CSN1S1),
as2-casein (CSN18S2), k-casein (CSN3) and PB-casein (CSN2) (Sulimova et al.,
2007). The CSN3 gene was mapped to chromosome 6 of cattle and 12 variants of
the CSN3 gene have been determined in cattle (Sulimova et al., 2007). However, the
CSN3 gene has two common variants, A and B. The A allele has a threonine (ACC)
and aspartic acid (GAT) at positions 136 and 148, while the B allele has an isoleucine
(ATC) and alanine (GCT) at the same positions (Patel et al., 2007). The relationships
between different CSN3 variants with milk yield and the manufacturing properties
of milk were explained by different researchers (Chrenek et al., 2003; Ceriotti et al.,
2004; Lazebnaya et al., 2010). Additionally, genetic variability in the CSN3 gene
is currently being used as an aid to investigate the genetic diversity and the genetic
characterization of cattle breeds (Lara et al., 2002).

The Zavot breed has been bred for more than 150 years in the Kars and Ardahan
provinces which are located in the northeast of Turkey. This breed was developed by
crossbreeding the Simmental (SIM), Brown Swiss (BS) and native East Anatolian
Red (EAR) cattle breeds (Ytiksel et al., 2011). The milk and meat yield of the Zavot
breed is higher than that of EAR cattle, which is another native cattle breed of Turkey
(Aksoy et al., 2006).

To the best of our knowledge there is no data about the allelic distribution of
CSN3 and PRL gene polymorphism in the Zavot cattle breed. The objective of this
study was to determine the genotype and allelic frequency of CSN3 and PRL genes
in the Zavot, EAR, BS and SIM cattle breeds.

Material and methods

DNA materials

In this study, the EAR (n=74, from Erzurum and Kars), SIM (n=108, from Kay-
seri, Nevsehir, Kirsehir and Yozgat), BS (n=108, from Ankara, Kayseri, Nevsechir
and Yozgat) and Zavot (n=100, from Ardahan and Kars) breeds were investigated.
DNA was isolated from the whole blood of 390 animals by using the phenol-chloro-
form procedure (Sambrook et al., 1989).

PCR and genotyping

CSN3 specific primers (forward 5'-gctgagcaggtatcctagttat-3'; reverse 5'-cttcttt-
gatgtctccttagag-3") and PRL specific primers (forward 5'-cgagtccttatgagcttgattctt-3';
reverse 5'-gccttccagaagtegtttgttttc-3') were used to amplify the 453 bp and 156 bp
fragments, respectively (Chrenek et al., 2001).
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PCR reactions for the CSN3 and PRL genes consisted of 100 ng of genomic
DNA in a standard PCR buffer with 1.5 mM MgCl,, 200 uM of each dNTPs, 5 pmol
of each primer and 1U Taq DNA polymerase in 25 pl reaction. The PCR reaction
for CSN3 included the following steps: initial denaturation for 4 minutes at 95°C
followed by 35 cycles of 95°C (40 seconds), 53°C (40 seconds), 72°C (40 seconds)
and a final extension step of 5 minutes at 72°C. For the PRL gene, the PCR reaction
included the following steps: initial denaturation for 4 minutes at 94°C, followed by
40 cycles of 94°C (30 seconds), 55°C (30 seconds) and 72°C (30 seconds) and the
final extension step of 10 minutes at 72°C. The amplified PCR products of CSN3
were digested with 10 units of Hindlll restriction enzyme (Fermentas) and 1 x reac-
tion buffer at 37°C for 4 hours. The amplified PCR products of PRL were digested
with 10 units of Rsal restriction enzyme (Fermentas) and 1 x reaction buffer at 37°C
for 3 hours. The digestion products of the CSN3 and PRL genes were separated by
3% agarose gel electrophoresis.

Statistical analysis

Hardy-Weinberg equilibrium (HWE) was checked by using the Chi-square sta-
tistic (y?). All statistical analyses were performed using PopGene32 package version
1.31 (Yeh et al., 2000).

Results

The genetic polymorphism in the CSN3 locus was investigated by digestion of
the PCR product with HindlIl restriction endonuclease. In this study, two alleles
were detected, namely the A and B alleles, in the CSN3 locus. In addition, three
genotypes were identified for the CSN3 gene (AA, AB and BB) in the examined cat-
tle breeds. After digestion of HindlIll, two fragments were expected to be seen for the
BB genotype (348 and 95 bp), three fragments were expected to be seen for the AB
genotype (443, 348 and 95 bp) and a single undigested fragment was obtained for
the AA genotype (443 bp). However, since 443 and 348 bp bands were clearly seen
together and separately, it was thought that genotyping was successfully fulfilled
without observing 95 bp band (Figure 1).

Figure 1. CSN3 genotyping with PCR-RFLP method. M: DNA marker (100 bp); Lanes 4 and 5: AA
genotypes; Lanes 6 and 8: BB genotypes; Lanes 1-3 and 7: AB genotypes
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The highest frequency of the CSN3-A allele was observed in EAR cattle (0.743)
and the highest frequency of the CSN3-B allele was found in BS cattle (0.556). The
highest AA genotypic frequency was determined in the EAR breed (0.527); the high-
est BB genotypic frequency was found in the BS breed (0.252) and the AB genotypic
frequency was found to be highest in the BS breed (0.608) in CSN3. The observed
heterozygosity varied from 0.342 to 0.607 for the CSN3 gene in the four examined
cattle breeds. The observed heterozygosity, the expected heterozygosity and the gene
frequencies for CSN3 in the studied cattle breeds are shown in Table 1. The deviation
from HWE was not detected in the EAR and Zavot breeds, while it was detected in
the SIM and BS breeds for the CSN3 gene (Table 1).

Table 1. Heterozygosity, allele and genotype frequencies of CSN3 gene in EAR, SIM, BS and Zavot
breeds

Genotype frequency Allele frequency | Heterozygosity
Breeds | n | AA | BB | AB | A B H, | H,
EAR 74 0527 0.041 0432 0743 0257 0384 0432 1.188 0.275NS
Zavot 100 0.400 0.100 0.500 0.650 0350 0.457 0.500 0.883 0.347NS
SIM 108  0.500 0.157 0343 0.671 0329 0443 0342 5.645 0.017*

BS 10 0.140 0.252 0.608 0.444 0.556 0496 0.607 5.453 0.019*

b P-value

NS — non significant, * — significant (P<0.05), H,, — Expected Heterozygosity, H — Observed Heterozygosity.

Detection of the genetic polymorphism of the PRL gene was performed by diges-
tion of the PCR products of 156 bp with Rsal restriction enzyme. The enzyme did not
digest the PCR product for the AA genotype while enzyme digested the PCR product
into two fragments of 82 and 74 bp for the BB genotype. In addition, heterozygotes
AB were obtained in three fragments of 156, 82 and 74 bp (Figure 2).

Figure 2. PRL genotyping with PCR-RFLP method. M: DNA markers (100 bp); Lanes 5 and 8: AA
genotypes; Lanes 2 and 6: BB genotypes; Lanes 1, 3, 4 and 7: AB genotypes

The frequency distribution of the PRL-A allele was the highest among the breeds
investigated, ranging from 0.685 (BS) to 0.801 (SIM). PRL-B allele frequency was
found to be lower in the four breeds. In this study, three genotypes were obtained
(Figure 2). The AA genotype was the most frequent in the EAR (0.635) and SIM
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(0.630) breeds whereas the BB genotype was the least frequent in each of the four
cattle breeds. The observed heterozygosity varied from 0.202 to 0.481 for the PRL
gene in the studied cattle breeds. The observed heterozygosity, expected heterozy-
gosity, and estimated gene frequencies for the PRL gene are given in Table 2 for
the studied cattle breeds. The deviation from HWE was detected in the EAR breed,
while the SIM, BS and Zavot breeds were in HWE for the PRL gene.

Table 2. Heterozygosity, allele and genotype frequency of PRL (A and B alleles) in EAR, SIM, BS and
Zavot breeds

Genotype frequency | Allele frequency | Heterozygosity
Breeds| n | AA | BB | AB | A B | n | H
EAR 74 0.635 0.162 0203 0.737 0.263 0390 0.202 17.516 0.000*
Zavot 100 0.530  0.100 0370 0.715 0.285 0.409 0.370 0.948 0.330NS
SIM 108 0.630  0.027 0343 0.801 0.199 0320 0.342 0.530 0.466NS

BS 108 0.444 0.074 0482 0.685 0.315 0433 0.481 1.344 0.246NS

1 P-value

NS —non significant, * — significant (P<0.05), H; — Expected Heterozygosity, H, — Observed Heterozygosity.

Discussion

In livestock breeding, some genes are proposed as potential candidates for quan-
titative traits that enhance economic values such as fertility, milk yield and meat
production (Lara et al., 2002). Among the various candidate genes, CSN3 and PRL
appear to be promising for such economic traits (Khatami et al., 2005; Otaviano et
al., 2005). Therefore, the relationship between the allelic variations of the CSN3
and PRL genes and milk yield traits has been examined in different cattle breeds
(Chrenek et al., 2003; Tsiaras et al., 2005; Lazebnaya et al., 2010).

The allele and genotype distribution of CSN3 gene was investigated by different
researchers (Lara et al., 2002; Chrenek et al., 2003; Patel et al., 2007; Sulimova et al.,
2007; Dogru and Ozdemir, 2009). The frequency of the CSN3-B allele was found to
be higher than the frequency of A allele in the BS breed (Caroli et al., 2004; Dogru
and Ozdemir, 2009). Similarly, in our study the frequency of the CSN3-B allele was
found to be highest in the BS breed (0.556). Sulimova et al. (2007) found that the
frequency of the CSN3-A allele was found to be higher than the frequency of B allele
in SIM breed. However, our study revealed that frequencies of CSN3-A and B alleles
were found to be close to each other in the SIM and Zavot breeds (Table 1). Addition-
ally, in Turkish native cattle breeds, the frequency of the CSN3-A allele was found to
be highest in the EAR breed (0.761) (Dinc et al., 2011; Akyuz et al., 2012). Overlap-
ping with our results, the frequency of the CSN3-A allele was found to be highest in
the EAR breed (0.743) when compared with the other breeds in this study.

The CSN3 genotypes were reported to have favourable and significant effects on
milk yield, milk content, milk technological properties and cheese yield (Chrenek et
al., 2003; Alipanah et al., 2007; Tsiaras et al., 2005; Wedholm et al., 2006). Tsiaras
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et al. (2005) found that allele A has a tendency for increased milk and fat yield of
the Holstein cattle. In our study the frequency of A allele was found to be higher
compared to B allele in Turkish native cattle breeds (Table 1). On the other hand,
similar to our results Chrenek et al. (2003) found that the frequency of B allele was
more abundant compared to A allele in the BS breed. Additionally, they observed
that genotype BB was significantly associated with better milk production traits.
The positive effects of B allele in cheese yielding capacity and milk productivity
was mentioned by Sulimova et al. (2007), who stated that the cheese yield was 10%
higher in Russian native cows that have BB genotype. Dobicki et al. (2002) investi-
gated the association between CSN3 variants and milk properties in the cattle breeds
Red and White, Charolais and their crossbreed. Although they found no association
between genotypes and phenotypes, they observed that CSN3 BB genotype tended to
have higher milk yield index in suckling cows and higher weight gain in the calves.

Variation in PRL gene was studied by different researchers (Chrenek et al., 2003;
Brym et al., 2005; Dybus et al., 2005; Khatami et al., 2005; Sodhi et al., 2011). The
frequency of the PRL-A allele (0.61) was found to be higher than B allele frequency
in the BS breed (Chrenek et al., 2003). Additionally, PRL-A allele frequency was
found to be higher than B allele frequency in Polish Red, Czech Red, German Red
and Yakutian cattle breeds (Zaton-Dobrowolska et al., 2007; Lazebnaya et al., 2010).
Moreover, the PRL-A allele was accepted as predominant in cattle breeds which
originate from Bos taurus (Sodhi et al., 2011). Similarly, PRL-A allele frequency
was found to be higher than B allele frequency in all breeds which are investigated
in this study (Table 2).

There are several studies which investigated the relationship between PRL geno-
types and milk productivity parameters in dairy cattle (Brym et al., 2005; Dybus et
al., 2005; Alipanah et al., 2007). Among them, Alipanah et al. (2007) found signifi-
cant association between PRL genotypes and milk production traits in Russian Red
Pied cattle. They found that genotype BB showed higher milk fat yield compared to
other genotypes. Although B allele exists in Turkish cattle breeds investigated in this
study, the frequency of B allele and BB genotype was lower (Table 2). PRL geno-
types showed significant association with the fat content in Jersey breed in a study
by Dybus et al. (2005), who found that genotypes AB and BB had produced more
fat compared to genotype AA. In our study genotype AA was found to be the most
abundant genotype except BS breed (Table 2). Brym et al. (2005) investigated the
PRL association with milk yield in Black and White cows by using a different SNP
than that used for our study. They found that genotype AG showed the highest milk
yield, however the genotype GG showed the highest milk fat content.

In this study, the Zavot breed and three other breeds (EAR, SIM and BS) that
contributed to the formation of the Zavot breed were examined in order to investi-
gate the allele and genotype frequencies of CSN3 and PRL genes. To the best of our
knowledge this is the first report on the genetic variation of CSN3 and PRL genes in
Zavot breed. Survival of Zavot and EAR breeds is important for local cattle breed-
ers for their outstanding adaptability to native environmental conditions. Since this
study showed the existence of both alleles in the Zavot population, in the light of
our results it can be speculated that genetic selection based on favourable allele may
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increase the milk production traits of this cattle breed. Further study is required to
examine the association between yield traits and genotypes.
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