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Introduction 
 
Casein genes are organized as a cluster including in the order  s1-casein (CSN1S1),  -casein 
(CSN2),  s2-casein (CSN1S2), and k-casein (CSN3) (Ferretti et al., 1990; Threadgill and Womack, 
1990). In goats the entire casein gene cluster region spans about 250 kb on chromosome 6 (Hayes et 
al., 1993). Furthermore CSN1S1 and CSN2 are only 12 kb apart and convergently transcribed 
(Leroux and Martin, 1996). Goat caseins show a complex qualitative and quantitative variability, 
characterised by several genetic polymorphisms as well as by multiple post-translation 
modifications. Different transcriptional and post-transcriptional mechanisms control casein gene 
expression, dramatically affecting the technological properties of milk (Martin et al., 2002). 
As far as CNS2 is concerned, three protein variants were found to be associated with a normal  -
casein content: A, B (Mahé and Grosclaude, 1993) and C (Neveu et al., 2002). The last variant was 
identified by peptide mass fingerprinting and tandem mass spectrophotometry. The variant differed 
in a mono amino acid substitution, Ala177 to Val177 of the mature protein, from the CSN2*A. Since 
both amino acids are neutral, the mutation is not detectable by screening protein techniques such as 
isoelectric focusing. At DNA level the protein polymorphism is justified by a nucleotide transition 
GCA (Ala177)   GTA (Val177), occurring in GenBank accession number AF409096 (Wang et al., 
2001, direct submission) if compared to AH001195 sequence (Roberts et al., 1992). 
Furthermore, two null CSN2 alleles were identified, both characterized by mutations responsible for 
premature stop codons in exon 7 (Ramunno et al., 1995: GenBank Accession number AJ011019; 
Persuy et al., 1999: GenBank Accession number AF172260). The first null allele was detected in 
Southern Italian breeds, while the second one was found in Créole and Pyrenean breeds. 
In order to get further information on goat CSN2 variability, a Polimerase Chain Reaction � Single 
Strand Conformation Polymorphism (PCR-SSCP) method was developed for typing CSN2*0 as an 
alternative to Allele Specific PCR (Ramunno et al., 1995). An unknown SSCP pattern was detected 
and sequenced. Different Italian goat breeds were analysed. 
 
 
Material and Methods 
 
PCR: A 374 bp fragment containing part of goat CSN2 exon 7 was amplified by a PCR performed 
in a 25 µl reaction mixture with 2 µl of DNA solution (100-150 ng), 10 pmol of each primer and 1X 
PCR Master Mix (Fermentas). SSCP analysis: 6 µl PCR product, 8 µl of denaturating solution 
(0.05% of xylene-cyanol, 0.05% of bromophenol blue, 0.02M EDTA in deionised formamide); heat 
denaturation (95°C for 8 min); run (16 hours, 280 V, 12°C) on 10% acrylamide : bisacrylamide gels 
(29:1) with 1.5% glycerol in 0.5X TBE buffer. Sequencing of the unknown SSCP pattern was 
performed randomly choosing five DNA samples presenting the polymorphism both at the 
heterozygous and homozygous condition. Typing was performed in seven Italian goat breeds 
(Camosciata, Cilentana, Garganica, Jonica, Orobica, Maltese, Saanen). A total of 473 DNA samples 
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were analysed. Samples carrying the CSN2*0 allele identified by Ramunno et al. (1995) were used 
as reference. 
 
 
Results and discussion 
 
The PCR-SSCP analysis allowed to identify the null allele and to detect a third polymorphism. The 
correspondence between the C protein variant and the SSCP polymorphism was demonstrated by 
sequencing results. The nucleotide transition C   T responsible for the amino acid substitution 
Ala177 to Val177 was found in all the sequenced samples presenting the polymorphism. The 374 bp 
fragment was submitted to GenBank (accession number AY563136). 
The typing results of the seven Italian goat breeds indicated that CSN2*C variant was the most 
common allele in all breeds except in Saanen, where CSN2*A and CSN2*C showed similar 
frequencies (0.51 and 0.49 respectively). In Orobica, a local breed of Lombardy, the highest 
CSN2*C frequency was found (0.975). The null allele was present only in the Southern Italy breeds 
(Cilentana, Jonica, Garganica, Maltese) with frequencies ranging from 0.05 to 0.09. In these breeds 
CSN2*C occurred with high frequencies, ranging from 0.70 to 0.89. 
In conclusion, the PCR-SSCP method here developed allows to identify simultaneously CSN2*A, 
CSN2*C, and CSN2*0 alleles. Studies on caprine casein variability could usefully include this PCR-
SSCP test to identify CSN2*C allele at the DNA level. The high frequency of this allele in the 
breeds typed indicates the importance of recognizing this nucleotide exchange within the caprine 
casein cluster, and of taking into account the resulting amino acid substitution in further 
investigations on goat casein variability. 
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