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Themost polymorphicmilk protein gene isβ-casein; 13protein variants
are known in cattle. Milk protein genetic polymorphism has received
considerable research interest in recent years because of possible
associations between milk protein and economically important traits
in livestock. The present study was undertaken to explore the genetic
polymorphisms in exon 7 of β-casein and exon 4 of κ-casein genes in
Arunachali yaks (Bos grunniens), Sahiwal (Bos indicus) cattle, malpura
sheep (Ovis aries) and Gaddi goat (Capra hircus). Results of the study
revealed presence of 11 SNP variants in all livestock species. Four SNPs
were observed in Bos indicus; two SNPs in Bos grunniens; three SNPs in
Ovis aries and three SNPs in Capra hircus. These variations are found to
be synonymous in nature as these variations do not result in their
corresponding amino acids. A total of five polymorphic sites have been
described at the κ-casein (CSN3) locus in the Indian domestic Gaddi
goat (Capra hircus) when compared with exotic goat (X60763) while
sequence analysis of κ-casein gene in sheep showed three novel
nucleotide changes in malpura sheep when compared with the exotic
sheep (AY237637). These results highlight the importance of taking
into consideration the CSN3 SNPs when performing selection for milk
composition in dairy livestock breeds.
©2015TheAuthors. PublishedbyElsevier B.V. This is anopenaccess article
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Introduction

Finding effective geneticmarkers for economically important traits in farm animals, especially thosewhich
allow for faster and more precise prediction of breeding values, has been a challenge in animal genetics for
decades. Bovine chromosome 6 is an object of remarkable interest of many research groups searching for
QTL for milk production traits.

More than 95% of the proteins contained in ruminants' milk (mainly goats, sheep and cattle) are synthe-
sized from 6 structural genes encoding proteins:α-lactalbumin and β-lactoglobulin, the twomain whey pro-
teins in ruminants, and the four caseins αs1, αs2, β and K which are encoded by four tightly linked and
clustered genes (Ferretti et al., 1990; Threadgill and Womack, 1990). β-casein is a member of casein cluster
and with 13 protein variants known; it is the most polymorphic milk protein gene.

Four casein genes (CSN1S1, CSN2, CSN1S2 and CSN3, respectively) are located as a cluster on chromosome
6 in cattle, sheep, and goats (Ferretti et al., 1990;Hayes et al., 1993; Popescu et al., 1996). The discovery ofmilk
protein polymorphism (Aschaffenburg and Drewry, 1955) and its impact on milk production and technolog-
ical properties has promoted characterization of milk protein variants in different species Grosclaude et al.
(1987); (Moioli et al., 1998). Polymorphism of casein genes have been well studied in cattle and goat
(Caroli et al., 2009;Marletta et al., 2007; Rando et al., 2000) and the variants have been found to be associated
with the composition and biological properties of milk (Martin et al., 2002; Vinesh et al., 2013).

The present study is focusing on the genetic polymorphism of casein protein genes, which are strongly
related to economically important milk quantitative traits in Sahiwal cattle, Arunachali yak, malpura sheep
and Gaddi goat breeds, as a tool for genetic improvement of these breeds. On the other hand, promoting se-
lection programs that are depending on the use of genetic markers will help in improving breeding strategies.
This study aimed to identify the genetic polymorphism of β-casein and κ-casein genes in Sahiwal cattle,
Arunachali yak, malpura sheep and Gaddi goat.

Materials and methods

Thepresent studywas conducted in a panel of 48 animals belonging to different species; viz. Sahiwal cattle
(N = 12), Arunachali yak (N = 12), malpura sheep (N = 12) and Gaddi goat (N = 12). Approximately
8–10 ml blood was collected from each animal in EDTA coated vacutainer tubes and stored in deep freezer
at −20 °C until the isolation of DNA. Genomic DNA was isolated using the phenol-chloroform method
(Sambrook et al., 1989). The quality and quantity of isolated DNA were determined using agarose gel
electrophoresis (0.8%) and a Nanodrop spectrophotometer (GE Healthcare). Purified DNA ran as a single
band on agarose gel and the OD 260 N 280 ratio for all the samples was between 1.8 indicating good quality
of extracted DNA.

PCR amplification

The exon 7 (467 bp) of β-casein and exon 4 of κ-casein genewere successfully amplified using the primers
reported by Bonifacio et al. (2001) in Arunachali yaks, Sahiwal cattle, Malpura sheep and Gaddi goat (F 5′CTT
CTTTCCAGGATGAAGTCC-3′, R 5′GACTTACAAGAATAGGGAAGG3′) and exon 4 (κ-CSNF-5′GAGAAAGATGAAAG
ATTCTTC-3′ and primer κ-CSN R-5′-GCTTCTGGATTATCTACAGTG-3′) Custom DNA sequencing has been done
to find out polymorphisms in the above livestock breeds. PCR amplification was performed in a total volume
of 25 μl containing ~50–100 ng of genomic DNA, 10 pmol of each primer, 200 μM of each dNTP, 2.5 μl of 10×
buffer with 1.5mMMgCl2 and 1 U TaqDNApolymerase (Bangalore Genei Pvt. Ltd., Bangalore, India). PCR am-
plificationwas performed using Eppendorf (Germany)with thermal cycling conditions of initial denaturation
at 95 °C for 5 min followed by 30 cycles of 94 °C for 30 s, annealing temperature (60 °C) for 30 s and 72 °C for
30 s followed by final extension at 72 °C for 5 min. An amplified product was analyzed by electrophoresis on
1.5% agarose gel at 100 V for 20 min using ethidium bromide staining.

PCR cleanup and DNA sequencing

Amplified PCR products were purified by an enzymatic method using exonuclease 1 and Antarctic
phosphatase. Purified PCR products were sequenced with both the forward and reverse primers using a
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BigDye Terminator cycle sequencing kit (Applied Biosystems, USA) on an automated Genetic Analyzer ABI
3100 (Applied Biosystems, USA).

Sequence analysis

The Sequence data were edited manually using Chromas Ver.2.33, (httpNwww.technelysium.com
auNchromas.html). Multiple sequence alignments were performed using MegAlign tool of LASERGENE soft-
ware (DNA STAR, Inc., Madison, WI, USA). Genotype frequencies of single nucleotide polymorphism (SNPs)
were determined by direct counting method. The coding DNA sequence of exon 7 of β-casein and exon 4 of
κ-casein genes were conceptually translated to amino acid sequence using EDIT Seq tool of DNASTAR
software. Nucleotide BLAST program at NCBI (http:www.ncbi.nlm.nih.gov.BLAST) was used for sequence
homology searches in public databases.

Results and discussion

Genomic selection is the state of the art today and MAS could be implemented in the genomic selection.
The studies of genetic marker applied to animal breeding and production are focused mainly on analyses of
mutations located within candidate genes of quantitative traits (Singh et al., 2014). Because of the economic
importance of the livestock industry, it appears clearly essential to reveal some quality information related to
casein gene. In this study, variations and gene specific polymorphisms in the various livestock species of
β-casein gene were investigated based on automated DNA sequencing and SNP detection, which allowed the
detection of novel allele as well as status of previously reported alleles. SNP analysis is a well-established tool
for the identification of genes associated with traits of economic interest in livestock populations (He et al.,
2009; Lai et al., 2009; Singh et al., 2011).

Collectively, 467 bp fragment of β-casein gene was sequenced and compared to the equivalent reference.
Overall 11 single nucleotide polymorphisms (SNPs) were identified, resulting in an average density of 1 SNP
for every 42 bp sequence. Out of 11 SNPs identified, 72% (N = 8) was transitions and 28% (N = 3) was
transversion. Sequence analysis of the 12 non-related Sahiwal cattle and Arunachali yak animals revealed a
total of five SNPs across the exon 7 of the β-casein gene sequence analyzed. Overall 90% (N = 5) of the
SNPs encountered were transitions and 10% (N = 1) were transversion changes in this gene. The sequence
information obtained by directing sequencing of the PCR products was used to detect SNPs in the exon 7 of
the β-casein gene in the Sahiwal cattle. A fragment of 465 bp of identified four nucleotide variations in exon
7 at the position g.8093 A N G, g.8101 A N C, g.8261 T N C (Heterozygous) and g.8461C N T (Heterozygous) in
Sahiwal cattle. All the SNPs presented in Table 1.These variations are found to be synonymous in nature as
these variations do not result in their corresponding amino acids. The average density of polymorphisms in
bovine β-casein gene was 1 SNP per 117 bp sequenced. Casein genetic polymorphisms are important and well
known due to their effects on quantitative traits and technological properties of milk (Ceriotti et al., 2004).

A fragment of 467 bp sequence analysis of the amplified samples of the β-casein gene in Arunachali yak
revealed two nucleotide substitutions at the position g.8261 T N C (transition) and g.8412C N T (transition)
in exon 7 (Table 1). The average density of polymorphisms in bovine β-casein gene was 1 SNP per 232 bp
sequenced. BTA6 is known as containing several QTL with large effects on milk production traits. So far only
casein loci were indicated as candidate genes responsible for significant portion of trait variation. CSN2 as a
member of casein cluster consisting of genes was indicated as a gene influencing milk performance traits.
Polymorphismoccurringwithin exon VII giving rise to A1 andA2 alleleswas reported to increase both protein
Table 1
Exon 7 of β-casein gene variants in domesticated Indian Sahiwal cattle and Arunachali yak.

Nucleotide position Bos taurus (M55158) Sahiwal cattle (Bos indicus) (KF430646) Arunachali yak (HQ902899) Type of change

8093 A G G Transition
8101 A C C Transversion
8261 T T/C C Transition
8412 C C T Transition
8491 T C/T T Transition

http://www.technelysium.com
http://www.ncbi.nlm.nih.gov.BLAST


Table 2
Exon 7 of β-casein gene variants in Gaddi goat.

Nucleotide position Wild Capra hircus (AF409096) Indian Gaddi goat Type of change

11581 A G Transversion
11714 T C Transition
11790 T C Transition
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yield and content and simultaneously to decrease the content and yield of milk fat (Velmala et al., 1995;
Ikonen et al., 1999, 2001; Nilsen et al., 2009; Oleński et al., 2012; Chessaa et al., 2003). Sequence data from
these samples were entered in the NCBI GenBank database under the following accession numbers:
HQ902899 and KF430646.

The sequence analysis revealed three possible substitution mutations in malpura sheep. A fragment of
467 bp corresponding to malpura sheep β-casein gene was investigated. A total of three SNPs were observed
when comparedwith a template sequence (Acc. No. X79703). The average density of polymorphisms in ovine
β-casein genewas 1 SNP per 157 bp sequenced. All these SNPs are found to be synonymous in nature as these
variations do not result in their corresponding amino acids. All SNPs are given in Table 2. Chessa et al. (2003)
reported that newpatterns revealed 2 new variants at CSN2 gene. Frequencies of the 2 variants in the samples
analyzed were 0.18 and 0.02. The less common variant is characterized by a silent mutation in the triplet
coding for Gln192, whereas in the more frequent one a C to A transversion is responsible for the amino acid
exchange Leu196 N Ile196. The effects of casein genetic polymorphisms are important due to their impact
on quantitative traits and technological properties of milk (Ceriotti et al., 2004). So, caseins have been pro-
posed as polymorphic markers for the selection in order to improve yield and quality of cheese (Bonifacio
et al., 2001). Othman et al. (2013) reported that two different patterns showed two single nucleotide substi-
tutions; A N C and C N T without any amino acid exchange. The frequencies of these two different patterns
were 96.67% and 3.33% in Rahmani; 65.52% and 34.48% in Ossimi and 88.46% and 11.54% in Barki, respectively.

A fragment of 463 bp corresponding to Gaddi goat β-casein gene was investigated. A total of three SNPs
were observed when compared with a template sequence (Acc. No. AF409096). All SNPs are given in
Table 3. The average density of polymorphisms in caprine β-casein gene was 1 SNP per 154 bp sequenced.
These variations are found to be synonymous in nature as these variations do not result in their corresponding
amino acids. Chessa et al. (2008) reported that at least 9 variants have been found in goat β-CN (CSN2); 6 of
themwere characterized at the DNA level (A, A1, C, and E), whereas the other 3 variants were described only
at the protein level. The recently identified silent A1 allele is characterized by a C N T transition at the 180th
nucleotide of the ninth exon.

CSN3 exon 4 sequences from Indian goats (gaddi) were analyzed for SNP identifications. Compared with
Capra hircus CSN3 (Coll et al., 1993), nine polymorphic nucleotide positions (245 T N C, 247G N A, 274G N A,
284A NG, 309A N G 345A NN, 384G N A, 471G NN and 509A N G), were identified in Indian goats.Most of the
polymorphic sites were homozygous, except at position 471 (G N N) which was heterozygous for genotype
AG in 50% of the Gaddi goats and 50% homozygous for genotype AA in the rest. Out of these, SNPs at 245,
247, 274, and 471 were reported earlier (Caroli et al., 2001; Yahyaoui et al., 2001; Angiolillo et al., 2002;
Jann et al., 2004; Prinzenberg et al., 2005) in domestic goats. The SNPs at 245 (T N N) were silent, causing
no change in amino acid at codon 43 in Gaddi goats. The SNPs at other positions, however, at codon 44, 53,
77, and 119 amino acids showed change of Gln to Arg, Asn to Ser, Gln to Arg, and Val to Ile, respectively.
The codon 119 showed a heterozygous condition;while at all otherswere homozygous changes. The frequen-
cy of this allele was 0.16 in the Jakhrana goat breed (Gupta et al., 2009). The high number of similarity in
Table 3
Exon 7 of β-casein gene variants in malpura sheep.

Nucleotide position Wild Ovis aries (X79703) Malpura sheep Type of change

11803 G A Transversion
11936 C T Transition
12012 C T Transition



Table 4
κ-casein gene variants in domesticated Indian malpura sheep.

Nucleotide position Exotic sheep (AY237637) Indian sheep Indian goat Exotic goat (X60763) Type of change

308 C T T T Transition
332 C C T T Transition
389 G G A A Transition
446 G G A A Transition
483 G G A A Transition
486 A A C C Transition
558 A A N G Transition
624 G G A A Transition
630 G A A A Transition
650 C T C T Transition
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polymorphic sites among most of the populations in different parts of the world is suggestive of similarity in
evolutionary processes undergone by these populations (Kiplagat et al., 2010) (Table 4).

Comparative sequence analysis of the fragment covering partial exon 4 of CSN3 gene in themalpura breed
of domestic sheepwas identifiedwith three nucleotide variations at the position 308 C N T, 630G N A and 650
C N T and all these SNPs transition in nature and all are synonymous in nature, these SNPswill not effect CSN3
protein. Bastos et al. (2001) found a monomorphism at ovine CSN3 exon 4 by SSCP. Recently, an SNP was
found by Light Cycler-based real-time PCR (Feligini et al., 2005) that did not result in an AA exchange and
which showed a rather high frequency (22% and 12%) in the 2 breeds analyzed (Sarda and Paska). The low
frequency of the T mutation at CSN3 makes this SNP less interesting, although an intriguing question about
this locus is the high genetic variation found in cattle and goats (Prinzenberg et al., 1999; Yahyaoui et al.,
2001, 2003; Jann et al., 2004) compared with the almost complete absence of variation in sheep deducible
from literature, except for the synonymous mutation above mentioned (Feligini et al., 2005). When the
malpura sheep were compared with goats, seven nucleotide changes were identified in sheep (Table 5).

The exon 7 of β-casein and exon 4 of κ-casein genes sequence of different breeds of livestock breeds were
further subjected to basic local alignment search to know the sequence homology with the corresponding
region of other species. BLAST analysis revealed homology of 99% with Bos taurus and Bos indicus, 97% with
Bubalus bubaline, 99% with Bos grunniens, 95% with Ovis aries, 95% with Capra hircus and 81% with Camelus
dromerius.
Table 5
κ-casein gene variants in domesticated Indian Gaddi goat.

Nucleotide position

GenBank Acc. No. 245 247 274 284 309 345 384 471 509 Reference

X60763 T A A G G A G G A Coll et al. (1993)
AF485340 T A A G G A G A A Prinzenberg et al. (2005)
AF485341 C A A A A A G A G Yahyaoui et al. (2001)
AY027868 C G A G A A G A A Angiolillo et al. (2002)
AY090466 C A A G G A G A A Yahyaoui et al. (2001)
AY166710 T A A G A A G A A Jann et al. (2004)
AY350425 C A A A A A G A A Prinzenberg et al. (2005)
AY428577 T A A G G A A A A Prinzenberg et al. (2005)
D143734 T A A G G A G G A
EF053350 T A A G G A G N A Gupta et al. (2009)
EF053351 N G G G G N G A A Gupta et al. (2009)
EF053356 T G G G G A G G A Gupta et al. (2009)
EU584385 T A A G G A G A A
EU584386 T A A G G A G A A
This paper T A A G G A G N A
This paper T A A G G A G G A
This paper T A A G G A G N A
This paper T A A G G A G A A
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Conclusions

In conclusion, we demonstrate genetic variability in the β-casein and κ-casein genes of different livestock
breeds. Although none of these SNPs caused an amino acid change, they could be in linkage disequilibrium
with other functional allelic variants. These resultswill be useful in future works aimed at identifying possible
associations with milk traits. This will help in determining if these polymorphisms are potential markers for
milk production in Sahiwal cattle, Arunachali yak, malpura sheep and Gaddi goat for subsequent inclusion
in selection programs.
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