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ABSTRACT

This study aimed to analyze the genetic polymorphism at the k-CN (CSN3) locus in the
Murrah Bulgarian buffalo breed. A 221 bp fragment of exon IV of CSN3 gene was
amplified and sequenced to detect polymorphismsin 215 animals. Genotyping, by means
of sequence alignments, revealed the presence of one polymorphism at codon 135 that
occurs with a substitution of a Thr (ACC) of the A genetic variant for an lle (ATC) of the
B genetic variant, while codon 148 resulted monomorphic for the presence of an Ala
residue (GCT). Additionally a silent mutation Thr-Thr (ACC/ACT) occurs at 136 codon
position. Genotypes frequencies at codon 135 were 0.56 (AA), 0.40 (AB) and 0.04 (BB)
being the gene frequencies 0.76 and 0.24 for the A and B allele respectively. No
significant deviation from Hardy-Weinberg Equilibrium was observed.
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INTRODUCTION

Caseins are a family of milk proteins that approximately consitute 80% of total
lactoproteins (Otaviano et al., 2005). They are largely present under micelle form, which
consists of four phosphorylated fractions: asl, as2, P, k-casein. Post-translational
modifications together with the presence of genetic variants are the factors which
determine casein heterogeneity (Ferranti et al., 1998). Casein genes have been studied
intensively because, in domestic animals, their polymorphism has been associated to
difference in milk composition, processing, quality and also yield characteristics.

Genotyping of milk proteins is extremely important for selection practice to improve
industrial milk production. To date nine variants have been found in cattle for k-CN gene: A,
B,C,E, F, G, H, Al and J (Dogru et al., 2009). A and B variants are the most common in
cosmopolitan and local cattle breeds (Chessa et al., 2007; Pacini et al., 2008). The variant B
has a significant direct effect on protein content, and on milk yield (Ganagaraj et al., 2008):
the milk from BB genotypes results in shorter rennet coagulation time, formation of a firmer
curd and a greater cheese yield than milk from AA genotype (Otaviano et al., 2005; Comin et
al.,, 2008). The k-CN A allele has a threonine (ACC) aminoacid at position 136 and an
aspartic acid (GAT) at position 148 (Farrell et al., 2004; Chianese et al., 2009). In the k-CN
B variant isoleucine (ATC) and alanine (GCT) substitute the aforementioned threonine and
aspartic acid residues (GenBank: CAP12622.1). The aim of this work was to genetically
characterize the k-CN gene in Murrah Bulgarian buffalo breed in order to investigate the
different allelic variants present in the population.
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MATERIALSAND METHODS

Ear-punch samples were collected from 215 Bulgarian Murrah buffaloes. DNA was purified
using Maxwell16" station and the Maxwell16"Tissue DNA Purification Kit (Promega).
DNA was precipitated o/n with three volumes of 70% cold EtOH, 0.1 M sodium acetate (pH
5.2) and 2 pl of glycogen 2 mg/ml, pellet was then washed twice in 70% cold EtOH and
resuspended in 50 pl of ddH,0. DNA concentration was estimated using Qubit® fluorometer
(Invitrogen). A 221 bp fragment of exon IV of the CSN3 gene was amplified using
primers: Bub-CSN3-f 5’-TGCCAAGCCCAGCCAACTACC-3’ and Bub-CSN3-r 5’-
CGACGGTTGAAGTAACTTGGGCTG-3’. 40 ng of DNA were used for PCR
amplification using 0.20 uM of each primer, 1X HF-Buffer (Finnzymes), 0.2 mM dNTPs and
0.2 U Phusion-HF DNA polymerase (Finnzymes). The PCR conditions used were: initial
denaturation at 98 °C for 30 s followed by 40 cycles of 98 °C for 7 sec, 64 °C for 15 s and
72 °C for 20 s, with a final extension step at 72 °C for 7 min. PCR products were purified
with Agencourt AMPure Purification System (Beckman Coulter) and sequencing reaction
was performed using GenomeLab™ DTCS Quick Start Kit for Dye Terminator Cycle
Sequencing following manufacturer’s instructions. The Agencourt CleanSEQ Purification
System (Beckman Coulter) was used for the purification of sequencing products. Sequencing
was performed on a CEQ8000 Genetic Analysis System (Beckman Coulter) and single-
nucleotide polymorphism (SNP) was performed with Genetic Analysis Software v.9.00
(Beckman Coulter). Descriptive statistics were calculated using Genepop v.4 (Rousset, 2007).

RESULTSAND DISCUSSION

A 221 bp fragment of exon IV of the CSN3 gene was amplified and sequenced in 215
buffaloes belonging to Murrah Bulgarian breed. Sequences were aligned and analyzed
using BioEdit v. 7.0.5 (Hall, 1999) and a substitution of an Ile residue for Thr at 135
codon position was detected. A silent mutation at Thr'*® was also observed (ACC/ACT)
while no genetic variant of Ala'* was detected (Table 1).

Tablel
Positions and amino acid differencesin genetic variants of k-casein in cattle and
buffalo
Position and amino acid in the protein
135 136 148
k-casein (Bos taurus) Thr Thr (lle) Asp (Ala)
k-casein (Bubalus bubalis) Thr (lle) Thr Ala

Between brackets are indicated the substitutions in cattle for the B allelic variant
according to Farrell et al., 2004. The B variant observed in this study in buffalo is
indicated in italics.

Mitra et al. (1998) reported the same amino acid substitution T135I of the k-CN gene in
buffalo defined as B variant. Genotypic frequencies were 0.56, 0.40 and 0.04 for AA,
AB and BB genotypes and gene frequencies of allele A and B were 0.76 and 0.24
respectively. Deviation between observed genotypic frequencies and those expected
under Hardy-Weinberg equilibrium were not significant (P>0.05) suggesting that the
Murrah Bulgarian population is in equilibrium at the CSN3 locus.
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Recent studies in buffaloes used a PCR-RFLP approach with restriction enzymes
HindIll, Hinfl and Tagl (Abbasi et al., 2009 and Abdel Dayem et al., 2009). Such
approach can detect polymorphism in cattle where k-CN A and B variants differ for
T1361 and D148A but it could not detect the different genetic variants in our buffalo
population because cattle sequence variations are not conserved. These findings
demonstrate the importance of the direct sequencing approach to detect k-CN
polymorphisms in buffaloes. Since k-CN variant B is associated with higher fat, protein,
and casein content in cattle milk and it has a significant influence on cheese making
properties and superior rennet coagulation properties in comparison to A variant (Heck et
al., 2009), further studies are required in order to confirm such association also in
buffalo to eventually implement, in a selection program scheme, a MAS (Marker
Assisted Selection) approach based on CSN3 marker.

CONCLUSIONS

A portion of the buffalo CSN3 locus was successfully amplified and a polymorphism
was observed at 135 codon position allowing the detection of A and B allelic variants.
These results could be achieved with the use of direct sequencing approach while no
polymorphism could be detected using PCR-RFLP technique implemented for k-CN
genotyping in cattle.

Homozygote BB individuals result in lower frequencies than AA and AB
genotypes but the gene frequency of the B allele is reasonably high to evalutate an
effective strategy to increase this favorable genotypes. Moreover a study on functional
aspects of the different genetic variant could be performed in buffaloes to confirm a
positive effect of the B allele known in other livestock species.
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