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SUMMARY

sl s2

nearly 80% of the total protein output and are characterized by specific 

properties such as a low solubility at pH 4.6. The whole sequence of the caprine 

s1-casein gene has been sequenced and every exon has been analyzed, while in 

sheep only the mRNA sequence for this gene has been identified. We have 

analyzed a goat breed and have identified two polymorphisms compared to the 

GenBank sequence and also we have identified the ovine exon three and 

flanking areas. The difference between the goat and sheep exon three consist of 

a T-G substitution in position 15.
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INTRODUCTION

Casein genetic polymorphisms are important and well known due to their 

effects on quantitative traits and technological properties of milk. Caseins 

undergo O phosphorylation in the Golgi organelle of the mammary gland where 

they are packaged through calcium bridges (Schmidt D.G. 1982) as large and 

stable copolymers called micelles. Milk protein genetic variability is well 

known. This variability has been shown to affect the milk. 

Chianese et al. (1996) has identified for the first time five o
s1

-casein 

variants (A to E). Some evidence indicates that the ovine genetic 

polymorphisms affect the physicochemical properties of milk (Pirisi et al., 

1999). The primary structure determined for A, C and D variants shows that 

their different degrees of mobility are caused by different phosphorylation 

levels arising from a silent amino acid substitution in the triplet code for 

s1
-CN variant C differs from variant D by the 

substitution Ser

68

 (C) - Asn

68

(D), which causes the loss of both phosphate 

groups in residues Ser

64

 and Ser

66

 in variant D (Ferranti et al. 1995).
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s1
- casein was performed both at the protein 

(Brignon et al., 1989) and at the genomic level (Leroux et al., 1990) and 

confirmed a complex polymorphism that was shown to be responsible for a 

large variability in the casein content of goat milk (Mahe and Grosclaude, 

1989).

s1
-casein of goats was well described (Martin and 

Addeo 1995, Grosclaude and Martin 1997; Sacchi et al. 2005). In goats there 

are 16 known co-dominant alleles, A, B1, B2, B3, B4, C, D, E, F, O1, O2 

(Grosclaude and Martin, 1997), H, I, L (Chianese et al., 1997), M (Bevilacqua 

et al., 2002) and N (Ramunno et al., 2005). They were identified both at the 

protein and DNA level. Recently the DNA structure of the gene and the 

defective alleles F, N and 01 have been extensively characterized (Cosenza et 

al., 2003; Ramunno et al., 2004, 2005). They are associated with different rates 

of protein synthesis.

MATERIAL AND METHODS

Sampling and DNA extraction

Blood samples were collected in EDTA-treated plastic vacutainers from 

three sheep breeds: Botosani Karakul, Carabash, Milk Line breed from Palas 

 analyzed ten animals. The 

isolation of genomic DNA from fresh blood was performed with Wizard 

Genomic DNA Extraction Kit (Promega). 

PCR reaction

Primers for PCR were employed corresponding to positions 5012–5033 

(forward primer) and 5372–5351 (reverse primer) of the sequence (GenBank 

AJ504711) of exon 3 of caprine 
s1

-casein gene. The primer sequences were as 

follows: forward: 5’-GGTGTCAAATTTAGCTCTTAAA-3’; reverse: 5’-

GCCCTCTTCTCTAAAGAGGTTT-3’. The expected amplification fragment 

size was 361 bp.

The PCR conditions were optimized for the primer by varying the 

annealing temperature between 51-60

(BioRad).  

After determining the optimum temperature of 58

reactions were carried out in 25 µL final volume and consisted of 1X PCR 

Buffer, MgCl
2
 (35nM), 200µM of each dNTPs, DNA template (50ng), 0.5 units 

of AmpliTaq Gold DNA Polymerase, 10mM of each primer and nuclease free 

water. PCR amplifications were performed in 0.2 ml tubes using a program with 

45 cycles. Denaturation was performed at 95 aling at 

58

step was of 10 minutes at 95

72
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Sequencing

The obtained PCR products were subjected to the sequencing reaction. In 

order to undergo this reaction, the amplicons were initially purified using the 

Wizard PCR Preps DNA Purification System Kit (Promega) according to the 

manufacturer’s instructions. The next step was to mix them with ABI Prism ® 

BigDye Terminator Cycle Sequencing Ready Reaction Kit. These products 

were analysed on a ABI Prism 3130 Genetic Analyzer and the nucleotide 

sequences were aligned with the BioEdit program.

RESULTS AND DISCUSSION

The initial aim of this study was to sequence the exon three of 
s1

-casein

gene in goat. After we have obtained the sequence we tried to identify the same 

exon in sheep. 

The goat sense and antisense primers were used for amplification of 

genomic DNA from different sheep and goat breeds, and the PCR products 

were separated on 2% agarose gels. The results showed that the obtained 

fragment of 361 bp was consistent with the target one and had good specificity 

(Figure 1).

s1
-casein locus. Lane 1: 

Control. Lanes 2-7: PCR products. Lane 8: Molecular weight marker (50bp DNA Step Ladder). 

In order to determine if there are any polymorphism sites at the third exon 

sequence in goats we have compared the existing sequence from GenBank with 

the sequence obtained from the Carpatina breed (Figure 2). In position 5160 we 

have identified a T-A transition and in position 5308 we have identified a T-C 

transition.  The transition from position 5160 is a silent one and both codons 

encode for proline. In position 5308, the sequence from GenBank – TGG 

encodes for cysteine, while the one we have obtained in Carpatina breed – CGC 

encodes for arginine. 
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Figure 2. Alignment between the analyzed caprine breed and the sequence from GenBank.  

The genetic polymorphism of milk proteins is of great interest for animal 

breeding, due to its associations with production traits, milk composition and 

milk quality. Since the milk of ewes is mainly used for the production of 

cheese, a better characterization of ovine raw milk is important in order to allow 

cheese producers to optimize the process according to the technological 

properties of the milk. In order to improve the quality of cheese made of ewe's 

milk, a more in-depth knowledge of the genetic polymorphism of ovine milk 

proteins and their impact on ovine milk technological properties is essential. For 

s1
 casein gene sequence. From 

GenBank data base we have retrieved the sequence for exon three of the caprine 

s1
 casein gene and based on this sequence we have identified its ovine 

homologue. The obtained sequences for the ovine breeds were subjected to 

GenBank BLAST process on line and obtained 100% homology to the ovine 

mRNA. The caprine and ovine exons have the same length, 30 nucleotides, but 

differ by a G - T transition in position 15. (Figure 3). 

Figure 3. Alignment for the caprine exon three from GenBank and ovine exon three that we 

identified.

We obtained no polymorphism at the amplified sequence of exon three 

between the ovine breeds (Figure 4) and for this reason we can consider that this 

region is highly conserved among breeds.
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Figure 4. Alignment for three ovine breeds and exon three for sheep.

CONCLUSIONS

Because the caseins play an important role in the cheese making process it 

is very important to know the sequences of these genes and identify the possible 

polymorphisms. Considering 
s1

-

casein gene from GenBank, we have identified the ovine exon three for this 

gene. The exon from both species includes 30 nucleotides and the difference 

between them is highlighted in the 15

th

 position were G belongs to sheep and T 

belongs to goat.

In the future we intend
s1

-casein gene 

in order to clearly identify the genetic polymorphisms, to detect further genetic 

variation, and to develop tests particularly suitable for milk protein genotyping.
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