
Caseins are encoded by highly polymorphic genes,
which genetic variation and functional effects on milk
composition and cheesemaking properties have been
characterized in cattle and goat species (Martin et al.,
2002; Caroli et al., 2009). Although a variable protein
pattern has been also found in the ovine milk (Amigo
et al., 2000; Chessa et al., 2003), the genetic control
of the polymorphism was assessed only in a few cases.
Thus, SNPs have been described at the ovine αS1-, 
β- and κ-casein genes (CSN1S1, CSN2 and CSN3),
which are all expressed at amino acid level (Ferranti
et al., 1995; Ceriotti et al., 2004).

The genetic diversity at mRNA and protein levels is
starting to be elucidated for the ovine CSN1S2 (Boisnard
et al., 1991; Picariello et al., 2009; Giambra & Erhardt,
2012), where eighteen exons have been defined on the
basis of comparative analysis among members of the

Bovidae family (Rijnkels, 2002). The primary structure
of ovine αS2-casein deduced from mRNA sequences
(Giambra & Erhardt, 2012) presents six variants to the
more common allele A, which are named B (Asp75 →
Tyr and Ile105 → Val), C (Val45 → Ile and Ala48 → Ser),
D (Arg46 → Ser), E (Asn49 → Asp), F (Asn200 → Lys)
and G (Arg161 → His).

Although exist high throughput methods for muta-
tion detection, direct sequencing still remains as the
most accurate method to determine sequence polymor-
phisms. The aim of this study was to analyze and cha-
racterize the genetic polymorphisms of CSN1S2 from
exons 7 to 11 by sequencing PCR amplicons from con-
served sequences. Furthermore, a first approach to the
distribution of allele frequencies has been determined
in a sample of 17 sheeps from Merino breed.

DNA was isolated from whole blood samples of 17
ewes of Merino breed using a standard commercial kit
(UltraCleanTM DNA BloodSpin kit, MO BIO, Carlsbad,
CA, USA). Two sets of primer pairs were designed on the
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Abstract
This work describes eighteen SNPs (9 transitions and 9 transversions) found in the sequence spanning from exon

7 to 11 of the CSN1S2 ovine gene, thirteen located at the introns 7 (5 SNPs), 8 (2 SNPs), 9 (1 SNP), and 10 (5 SNPs),
and five at the exons 10 (4 SNPs) and 11 (1 SNP). The allele frequencies of the SNPs have been obtained from seventeen
animals of Merino breed. Among intronic polymorphisms, the two adjacent SNPs g.[435C > A; 436T > G] are located
at the pyrimidine rich box near the 3’ splice acceptor site of intron 10, which could potentially affect mRNA processing.
Analysis of the deduced amino acid sequences from exons 10 and 11 showed that polymorphisms ex10-g.153G > T
and ex10-g. 155C > T, which affect the same codon, and ex11-g. 504A > G, are non-synonymous substitutions producing
the amino acid changes Asp75 to Tyr75 and Ile105 to Val105, respectively, giving rise to the A and B alleles previously
found by direct sequencing of the mature protein. For these SNPs only six of the eight possible combinations were
detected, GCA being the most frequent haplotype (0.323), corresponding to Asp75-Ile105 in the mature protein. The new
polymorphisms of the ovine CSN1S2 found in this paper are potential molecular markers that could be used to investigate
its association with production traits.
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basis of the available bovine αS2-casein sequence (Gen-
Bank M94327) to amplify the exon flanking regions
7-8 and 9-11 of ovine αS2-casein gene. The primer
sequences were: 5’-ATAGCAATGCTGAGGGGAAA-
3’ (E7F) and 5’- ACATCGCAAATAGGGTGAGC-3’
(E7R) to amplify the region containing the 7 and 8
exons, and 5’- TTAATGAATTGCCCTTTCTACTCT-
3’ (E9F) and 5’- GGTGAGGGATGAGTTCAGGA-3’
(E9R) to amplify 9, 10 and 11 exon regions.

PCR was carried out in a total volume of 25 µL
containing 100 ng of genomic DNA, 200 µM-dNTP,
1.5 mM MgCl2, 125 nM of each primers, 1 U DNA po-
lymerase (DyNAZyme ™ II, Finnzymes, Finland) and
0.8 mg mL-1 of BSA (only in E9 reactions). PCR am-
plification was performed using a PTC-200 thermal
cycler (MJ Research, Inc., Watertown, MA, USA) with
an initial denaturation step at 95°C for 5 min followed
by 30 cycles of 1 min at 95°C for 1 min at 50 or 62°C
(E7 and E9 reactions, respectively) and 1 min at 72°C,
and a final extension of 15 min at 72°C.

The PCR products were purified with EXOSAP-IT
(Amersham Pharmacia Biotech) and sequenced with
the forward primers using a fluorescent-labelled dideoxy-
nucleotides termination method, and resolved on an
ABI 3130 Genetic Analyser (Applied Biosystems, CA,
USA). The SNPs were detected using Sequencing Ana-
lysis v5.2 and SeqScape v2.5 softwares (Applied Bio-
systems), and confirmed by visual examination of the
electropherograms. Multiple alignments of the sequen-
ces were performed using the ClustalW2/ X (www. 
clustal.org/clustal2/).

Sequences of the genomic regions covering exons
7-8 and 9-11 of ovine CSN1S2 have been deposited in
the EMBL database, with accession codes FN601396
and FN601350, respectively. Eighteen polymorphic
sites (nine transitions and nine transversions) were
identified, thirteen located in sequences corresponding
to introns 7 (5 SNPs), 8 (2 SNPs), 9 (1 SNP), and 10
(5 SNPs) whereas five are placed in exons 10 (4 SNPs)
and 11 (1 SNP). The number of variable sites and the
allele frequencies (Table 1) confirm that ovine CSN1S2
is highly polymorphic, like its bovine and caprine
counterparts (Caroli et al., 2009). However, none of
the SNPs previously identified in exon 7 of other breeds
(alleles C, D and E; Boisnard et al., 1991; Giambra &
Erhardt, 2012) are detected in the Merino population
analyzed in this work.

Functional effects of SNPs located at introns of
casein genes on production traits have been identified,
since mutations within the non-coding sequences have

been shown to affect the specific protein expression
and, as a consequence, milk composition and cheese-
making (Caroli et al., 2009). Among the f ive SNPs
identified at intron 10, the adjacent variants g. [435C >
A; 436T > G] are located at the pyrimidine rich box
near the 3’ splice acceptor site, which could affect the
mRNA processing. In that sense, a SNP at the splice
donor sequence of the exon 4 of the bovine CSN1S1
gene resulted in exon skipping during pre-mRNA pro-
cessing, with reduced αs1-CN expression (Mohr et al.,
1994). In addition, two polymorphisms found at the
intron 1 splicing enhancer of the equine CSN2 change
the processing pattern of the mRNA (Lenasi et al.,
2006), and a SNP located at the intron 16 of bovine
CSN1S2 that has been found associated with milk yield
(Nilsen et al., 2009).

Analysis of deduced amino acid sequences for exons
10 and 11 showed that the three SNPs located at exon
10 g. 143G > A, g. 155C > T and g. 176A > C were sy-
nonymous substitutions corresponding to amino acid
residues of lysine (p. 71), aspartic (p. 75) and alanine
(p. 82), respectively. Among these, g. 155C > T and g.
176A > C have been detected by the first time in this
work. Beside these, two non-synonymous polymor-
phisms have been detected in this work, g. 153G > T
and g. 504A > G, affecting the coding sequence for
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Table 1. Allele frequencies of polymorphisms at genomic
regions spanning exons 7 to 11 and the corresponding introns
of ovine CSN1S2 gene

Locus1 Allele Frequency Allele Frequency

in7-g. 143A > G A 0.706 G 0.294
in7-g. 163T > A T 0.588 A 0.412
in7-g. 226A > C A 0.676 C 0.323
in7-g. 269A > G A 0.735 G 0.265
in7-g. 379G > T G 0.618 T 0.382
in8-g. 545T > C T 0.294 C 0.706
in8-g. 553C > T C 0.313 T 0.687
in9-g. 83T > C T 0.470 C 0.530
ex10-g. 143G > A G 0.882 A 0.118
ex10-g. 153G > T G 0.530 T 0.470
ex10-g. 155C > T C 0.941 T 0.059
ex10-g. 176A > C A 0.500 C 0.500
in10-g. 202T > A T 0.500 A 0.500
in10-g. 300G > C C 0.853 G 0.147
in10-g. 331C > T T 0.500 C 0.500
in10-g. 435C > A C 0.735 A 0.265
in10-g. 436T > G T 0.882 G 0.118
ex11-g. 504A > G A 0.500 G 0.500

1 Nucleotide positions are deduced from reference sequences
FN601396 and FN601350.



exons 10 and 11, respectively. The polymorphic sites
g. 153G > T (non-synonymous) and g. 155C > T (syno-
nymous) affect the first and third positions of the same
codon, producing the four sequences encoding Asp75

(GAC and GAT) or Tyr75 (TAC and TAT). The mutation
g. 504A > G at the exon 11 produces change of isoleu-
cine105 to valine105. Both non-synonymous amino acid
changes, Asp75 → Tyr and Ile105→ Val, cause the
commonest B allele previously found by direct se-
quencing of the mature protein in Italian breeds (Chesa
et al., 2003) or in German breeds, including its mRNA
(Giambra et al., 2010; Giambra & Erhardt, 2012).
Between both polymorphisms, only exchange Asp75

→ Tyr affects the net charge of the protein, which po-
tential effects on milk properties have been previously
considered (Picariello et al., 2009).

Two new combinations of polymorphic positions,
probably recombinants, have been detected by deciphe-
ring the haplotypes for non-synonymous variable sites
ex10- g [153 G > T; 155 C > T], and ex11- g. 504A > G
(Table 2). Besides the two major alleles A and B of
ovine αS2-casein (Asp75 and Ile105 or Tyr75 and Val105,
from now A1 and B1, respectively), variant forms A2

and B2 (Asp75 and Val105 or Tyr75 and Ile105, respectively)
occurred with relatively high frequencies. However,
among the eight possible haplotypes only six were
found, corresponding to alleles A1 (haplotype GCA, in
the order g. 153, 155, and 504), A2 (GCG and GTG]),
B1 (TCG and TTG) and B2 (TCA), since ex10- g (155 T)
is a minoritary variant only detected for A2 or B1 ha-
plotypes.

This study has revealed new variants of the ovine
CSN1S2 gene, increasing the density of its polymor-

phism map and, consequently, its potential for genetic
analyses. Further studies must be undertaken to reveal
their possible association with the production traits.
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