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Abstract. The aim of this work was to evaluate the variability of the as1-casein locus in the endangered Girgentana dairy
goat breed in order to define genetic improvement and a conservation program for this breed. The study was performed on
200 dairy goats by means of different PCR protocols. Themost frequent alleles were A (0.590) and F (0.290) followed by B
(0.065) and N (0.047).CSN1S1 E allele was identified with a very low frequency (0.008). The most common genotype was
AF (0.365) followed by AA (0.340). The high frequency of the strong genotypes is associated with the production of milk
with high fat and protein content andwith optimal technological properties. In Girgentana goat breed, theCSN1S1 genotype
information could be utilised in selection strategies formilk protein content andmilk yield, in order to select genetic lines for
the production of ‘drinking milk’ using weak and null genotypes, and for niche products using strong genotypes.
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Introduction

In the milk of ruminants, more than 95% of proteins are
synthesised by six structural genes, four caseins (as1, b, as2
and k-caseins) and two whey proteins (a-lactalbumin and
b-lactoglobulin). The four caseins represent ~80% of milk
proteins. Among Ca-sensitive caseins (as1, b, and as2), the
as1 fraction is the most extensively investigated in goat
(Martin et al. 2002; Rijnkels 2002). At genomic level, it is
encoded by a single autosomal gene (CSN1S1) mapped on
caprine chromosome 6 and clustered with genes of the other
casein fractions (CSN1S2, CSN2 and CSN3) on a DNA fragment
of ~250kb (Grosclaude et al. 1987; Ferretti et al. 1990;Threadgill
andWomack 1990; Leroux andMartin 1996). TheCSN1S1 gene
has a 17.5-kb-long transcriptional unit composed by 19 exons,
which vary in length from 24 to 382/388 bp, and 18 introns from
90 to 1685 bp (Martin et al. 1999; Ramunno et al. 2004). So far,
at least 17 codominant alleles have been identified, which are
associated with different expression levels of as1-casein in milk.
A first group of alleles (A, B1, B2, B3, B4, C, H, L, M) are
associated with a high content of as1-casein (~3.5 g/L), alleles I
and E are associated with an intermediate content (~1.1 g/L), and
alleles D, F, and G with a low level (~0.45 g/L) of this protein in
milk. Alleles CSN1S1 N, 01 and 02 are ‘null’ alleles and have
been associated with the absence of as1-casein in milk
(Grosclaude et al. 1987, 1994; Chianese et al. 1997; Martin
et al. 1999; Bevilacqua et al. 2002; Ramunno et al. 2005).

In goat, the B1 allele is the original one fromwhich theA-type
(A, G, I, H, 01, and 02) and B-type alleles (B2, B3, B4, C, E, F,
L and D) originated (Chianese et al. 1997). The M allele
is considered a result of an interallelic recombination event
between the A- and B-type alleles (Bevilacqua et al. 2002).

A similar event was also proposed for the origin of N allele
(Ramunno et al. 2005).

Most of themutational events responsible for the formation of
such alleles have been identified. TheA, B1, B2, B3, B4, C, G, H,
L and M alleles originated from single nucleotide substitutions
responsible for amino acid substitutions (Chianese et al. 1997;
Martin et al. 1999; Bevilacqua et al. 2002). While the molecular
event characterising the I allele is unknown (Chianese et al. 1997),
the E allele is characterised by the insertion of a DNA segment
(Long Interspersed Nuclear Element, 457 nucleotides long)
between the 124th and the 125th nucleotide of the 19th exon
(Jansà Pérez et al. 1994). The D allele is characterised by an
internal deletion of 11 amino acid residueswith respect toA allele
(Leroux et al. 1992). The F allele is characterised by the deletion
of the 23rd nucleotide of the 9th exon and by the presence of short
insertion of 11 and 3 bp inside the 9th intron (Leroux et al. 1992;
Ramunno et al. 2000, 2005).Moreover, the N allele, analogously
to the F allele, is characterised by the same exonic mutation, but
without the insertion of 11 and 3 bp in the subsequent intron
(Ramunno et al. 2002). The null allele 01, the true null allele, is
characterised by the deletion of a DNA segment of ~8.5 kb,
starting from the 181 nucleotide of the 12th intron, and including
the last 7 exons of the gene (Cosenza et al. 2003), while a large
insertion, so far uncharacterised, is the mutational event
responsible for the 02 allele (Martin et al. 1999).

The goat CSN1S1 gene represents an excellent model for
demonstrating that themajor part of the variability observed in the
as1-casein content in the goat milk is due to the presence of
autosomal alleles at a single structural locus (Ramunno et al.
2005). The extensive polymorphism atas1-casein locus has been
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shown to affect not only the quantity of casein in goat milk,
but also the structural and nutritional characteristics and
technological properties of milk. In fact, polymorphism
associated with a quantitative variability in casein synthesis
has a significant effect on coagulation properties, micelle
size and mineralisation, cheese yield, and sensory attributes
(Ramunno et al. 2007). Another important aspect to be
considered is the growing importance of goat milk in the
infant diet, due to the reports that goat’s milk in some cases is
less allergenic than cow’s milk. The major protein in cow milk
is as1-casein, which is not produced by human beings (Haenlein
2004). Goat milk proteins have many significant differences
in their amino acid compositions from the milk of other
mammalian species, especially in relative proportions of the
various milk proteins and in their genetic polymorphisms
(Jenness 1980; Boulanger et al. 1984; Addeo et al. 1988;
Ambrosoli et al. 1988). Goat milk may differ genetically by
having either less (‘Null’ type) or more (‘High’ type) content of
this protein. Null types have shorter rennet coagulation time,
less resistance to heat treatment, curd firmness is weaker, pH is
higher, protein and mineral contents in milk are lower, and
cheese yields are less than in high types (Ambrosoli et al.
1988). This indicates and may explain significant differences
to cow milk in digestion by infants and patients (Mack 1953).

The Girgentana goat is an ancient Sicilian goat breed reared
in Southern Italy for its good dairy production. Average milk
production was 224� 66 L in the first lactation, and 320� 109 L
for later lactations (AIA 2011). According to morphology, this
breed probably came from Afghanistan and the Himalaya
regions (Portolano 1987). Due to sanitary policies the size of
the Girgentana population decreased almost 90% in 20 years. In
1983, the population consisted of 30 000 Girgentana goats, now
only 651 goats are reared (ASSONAPA 2012). Over recent years
this breed has become almost extinct, in part as a consequence of
the marked decrease in fresh goat milk consumption. Therefore,
it could be interesting to evaluate the possibility of revitalising
interest in the milk produced by this breed in order to regain an
important economic role in the production of quality ‘drinking-
milk’ requested for particular food products, such as milk for
infants, and in the production of niche products.

The aim of this work was to evaluate the genetic
polymorphisms of the as1-casein gene in the endangered
Girgentana dairy goat breed in order to define genetic
improvement and conservation program for this breed,
considering that preservation of breeds in danger of extinction
could be achieved by establishing economic reasons for their
survival.

Materials and methods

A total of 200 individuals, all females, from the Girgentana goat
breed were randomly collected in 15 different flocks located
in different areas of Sicily. Samples were collected from 10 to
15 unrelated individuals per herd. About 10 mL of blood was
collected from the jugular vein using vacutainer tubes containing
EDTA as anticoagulant. Genomic DNA was extracted from
buffy coats of nucleated cells using a salting out method (Miller
et al. 1988). The concentration of extracted DNA was checked
using NanoDrop ND-1000 spectrophotometer (NanoDrop

Technologies, Wilmington, DE, USA). The CSN1S1 A*/01,
B*/E, F and N alleles were simultaneously investigated by
PCR-RFLP using XmnI (Ramunno et al. 2000). This protocol
allowed the identification of F andNalleles, but did not distinguish
allele A* from 01, and allele B* from E. Allele-specific-PCR was
used for the detection of the CSN1S1 E (Dettori et al. 2009) and
CSN1S1 01 alleles (Cosenza et al. 2001, 2003). PCR and PCR-
RFLP products were analysed directly by electrophoresis on
agarose gel stained with ethidium bromide.

The exact P-value associated with the null hypothesis of
Hardy–Weinberg equilibrium was estimated using GENEPOP
version 4.0.11 (Rousset 2008). The program performed a
probability test using a Markov Chain method (1000
dememorisation steps, 100 batches, and 1000 iterations per
batch). Moreover, GENEPOP was used to calculate genotype
and allele frequencies and fixation index Fis (Weir and
Cockerham 1984).

Observed (Ho) and expected (He) heterozygosity (Nei 1978)
under Hardy–Weinberg equilibrium were calculated using the
GENETIX software package version 4.05 (Belkhir et al.
1996–2004).

Results and discussion

Table 1 shows the genotype and allele frequencies at CSN1S1
locus inGirgentana breed. TheA* indicatedA,G, I, andH alleles
while B* indicated B1, B2, B3, B4, and C alleles. The most
frequent alleles were A* (0.590) and F (0.290) followed by B*
(0.065) and N (0.047). Allele E was identified in three animals
and in heterozygous condition, therefore with a very low
frequency (0.008). The CSN1S1 01 allele was not found in the
analysed Girgentana goat individuals. These results were in
agreement with those reported by Gigli et al. (2008), except
that these authors did not report the presence of allele E in this
breed. Our results showed for the first time the presence of
CSN1S1 E allele within the Girgentana goat breed. Allele E
was absent in other goat breeds reared in Southern Italy and
showed low frequency inMaltese (Gigli et al. 2008) and in Sarda
goat breeds (Dettori et al. 2009). Furthermore, while the strong
alleles appeared more frequently in the autochthonous goat
population reared in Southern Italy, allele E was more frequent
in Spanish (Jordana et al. 1996), French (Ramunno et al. 1994)

Table 1. Genotype and allele frequencies at CSN1S1 locus in
Girgentana goat breed

Genotypes n Frequency Allele Frequency

AA 68 0.340 A 0.590
AB 13 0.065 B 0.065
BB 4 0.020 E 0.008
AE 2 0.010 F 0.290
AF 73 0.365 N 0.047
BF 3 0.015 – –

EF 1 0.005 – –

FF 18 0.090 – –

AN 12 0.060 – –

BN 2 0.010 – –

FN 3 0.015 – –

NN 1 0.005 – –
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and American (Maga et al. 2009) goat breeds. For the A and F
alleles,Marletta et al. (2005) reported frequency values similar to
our results (A=0.600vs 0.590, F=0.040vs 0.047).We identified
CSN1S1Nwith a low frequency (0.047) according to Gigli et al.
(2008) (0.040). The F and N alleles were characterised by one
common molecular event (the deletion of the 23rd nucleotide
of the 9th exon) but are associated with different levels of as1-
casein expression in the milk. The cytosine deletion in N allele
is resulting in one-nucleotide frame shift and determines a
premature stop codon. The amount of mRNA transcribed by
theCSN1S1N allele is apparently one-third of that transcribed by
the CSN1S1 F allele and, similar to this one, alternatively spliced
transcripts are produced. It has been suggested that a mutation,
occurring at –1319 nt of the promoter region, creates an extra
putative activator protein (AP-1) bindingmotif in the sequence of
the F allele, which can be responsible for the different expression
between alleles F and N (Ramunno et al. 2005).

Twelve genotypic classes were found in the Girgentana goat
breed. The most common genotype was AF (0.365) followed by
AA (0.340) and FF (0.090).

The high frequency of the strong genotypes can be associated
with the production of milk with high fat and protein content
and with optimal technological properties. In fact, clear and
significant differences were observed in the cheese yield with
+7.4% between AA and EE milks, and +14.8% between AA
and FF milks (Grosclaude and Martin 1997). Moreover, casein
concentration is greater when strong alleles are present (Martin
et al. 2002). Maga et al. (2009) in a study conducted on the as1-
casein content in American dairy goats, using sodium dodecyl
sulfate–polyacrylamide gel electrophoresis and two-dimensional
gels, showed that milk from FF and EE animals had 35 and
25% less caseins, respectively, than animals homozygous for the
strong alleles. The presence of A or B allele in heterozygote
condition with either the F or E allele reduced the deficit in casein
by only 5–7% compared with AA homozygote condition.

A possible inconvenience of strong and intermediate
genotypes has been found in relation with cheese flavour.
Cheeses made with milk from these genotypes have less
typical goat flavour than those from weak genotypes due to
different fatty acid profiles (Delacroix-Buchet et al. 1996).
Moreover, polymorphism at CSN1S1 locus influenced milk
fatty acid composition, the FF genotype has been associated
with low percentages of fatty acids entirely (C12 : 0, C14 : 0,
C6-C14) or partially (C18 : 0, odd and branched-chain fatty acid)
de novo synthesised in the mammary tissues, and with high
milk D9 desaturated fatty acids (cis-9 C14 : 1, cis-9 C16 : 1,
cis-9 C17 : 1 and cis-9 C18 : 1) (Valenti et al. 2010).

Table 2 shows theHo and theHe heterozygosity, theFis and the
Hardy–Weinberg equilibrium probability test values. Girgentana
goat breed was in Hardy–Weinberg equilibrium at this locus
(P > 0.05) (Table 2). The Ho and He values (0.545 and 0.563,

respectively), and the positive value of Fis (0.0058) for
Girgentana goat breed showed low genetic diversity compared
with results obtained forAlpine (He =0.787), Saanen (He =0.670)
and other goat breeds from Mexico (Torres-Vázquez et al.
2008), and higher value compared with Indian goats (Kumar
et al. 2007).

Conclusions

In dairy goat populations, the CSN1S1 genotypes should be
considered in order to incorporate this information in the
selection processes, and therefore propitiate an increase on the
rate of genetic gain for casein contents and milk yield through
gene-assisted selection, compared with classical selection
schemes where candidates are sorted according to polygenic
estimated breeding value only, without considering known
genotypic information for some identified genes (Moioli et al.
1998; Dekkers 2004; Sanchez et al. 2005). In theGirgentana goat
breed, the CSN1S1 genotype information could be utilised in
selection strategies for milk protein content and milk yield, in
order to select genetic lines for the production of ‘drinking milk’
and for niche products.

Acknowledgements

This work was supported by PSR Sicilia 2007–2013, Misura 1.2.4,
CUPG66D11000039999.

References

Addeo F, Mauriello R, Di Luccia A (1988) A gel electrophoretic study of
caprine casein.The Journal of Dairy Research 55, 413–421. doi:10.1017/
S0022029900028661

AIA (2011) Controlli della produttività del latte in Italia. Statistiche Ufficiali.
Available at http://www.aia.it [Verified 30 August 2012]

AmbrosoliR,DiStasioL,MazzoccoP (1988)Content of alpha-s-1-casein and
coagulation properties in goat milk. Journal of Dairy Science 71, 24–28.
doi:10.3168/jds.S0022-0302(88)79520-X

ASSONAPA (2012) Consistenze razze Caprine. Available at http://www.
assonapa.it/norme_ecc/Consistenze_Caprini.htm [Verified 30 August
2012]

Belkhir K, Borsa P, Chikhi L, Raufaste N, Bonhomme F (1996–2004)
GENETIX 4.05, logiciel sous Windows TM pour la génétique des
populations. Laboratoire génome, populations, interactions. CNRS
UMR 5171. Université de Montpellier II: Montpellier, France.
Available at http://kimura.univ-montp2.fr/genetix/ [Verified 20 June
2012]

Bevilacqua C, Ferranti P, Garro G, Veltri C, Lagonigro R, Leroux C, Pietrola
E, Addeo F, Pilla F, Chianese L, Martin P (2002) Interallelic
recombination is probably responsible for the occurrence of a new
alpha-s1-casein variant found in the goat species. European Journal of
Biochemistry 269, 1293–1303. doi:10.1046/j.1432-1033.2002.02777.x

Boulanger A, Grosclaude F, Mahe MF (1984) Polymorphism of caprine
(Capra hircus) alpha-s-1 and alpha-s-2-caseins. Genetics, Selection,
Evolution. 16, 157–175. doi:10.1186/1297-9686-16-2-157

Chianese L, Ferranti P, Garro G, Mauriello R, Addeo F (1997) Occurrence
of three novel alpha s1-casein variants in goat milk. In ‘Proceedings of
International Dairy Federation milk protein polymorphism seminar II’.
pp. 259–267. (International Dairy Federation: Bruxelles, Belgium)

Cosenza G, Pappalardo M, Pastore N, Rando A, Di Gregorio P, Masina P,
RamunnoL (2001)AnAS-PCRmethod for identificationof carriers of the
goat CSN1S1 01 allele. In ‘Proceedings of the 14th A.S.P.A. congress’.
pp. 64–66. (Scientific Association of Animal Production: Firenze, Italy)

Table 2. Expected (He) and observed (Ho) heterozygosity, fixation
index Fis, Hardy–Weinberg equilibrium probability test (P-value) and
standard error (s.e.) values at CSN1S1 locus in Girgentana goat breed

Ho He Fis P-value ± s.e.

0.545 0.563 0.0058 0.121 ± 0.008

Polymorphism of the CSN1S1 gene in Girgentana goats Animal Production Science C

dx.doi.org/10.1017/S0022029900028661
dx.doi.org/10.1017/S0022029900028661
www.aia.it
dx.doi.org/10.3168/jds.S0022-0302(88)79520-X
www.assonapa.it/norme_ecc/Consistenze_Caprini.htm
www.assonapa.it/norme_ecc/Consistenze_Caprini.htm
http://kimura.univ-montp2.fr/genetix/
dx.doi.org/10.1046/j.1432-1033.2002.02777.x
dx.doi.org/10.1186/1297-9686-16-2-157


Cosenza G, Illario R, Rando A, Di Gregorio P, Masina P, Ramunno L (2003)
Molecular characterization of the goat CSN1S101 allele. The Journal of
Dairy Research 70, 237–240. doi:10.1017/S0022029903006101

Dekkers JCM (2004) Commercial application of marker- and gene-assisted
selection in livestock: strategies and lessons. Journal of Animal Science
82, E313–E328.

Delacroix-Buchet A, Degas C, Lamberet G, Vassal I (1996) Influence des
variants AA et FF de la caséine as1 caprine sur le rendement fromager
et le caracteristiques sensorielles des fromages. Le Lait 76, 217–241.
doi:10.1051/lait:1996319

DettoriML,VaccaGM,CarcangiuV, PazzolaM,MuraMC,RocchigianiAM
(2009)A reliablemethod for characterization of the goatCSN1S1Eallele.
Livestock Science 125, 105–108. doi:10.1016/j.livsci.2009.03.007

Ferretti L, Leone P, Sgaramella V (1990) Long range restriction analysis of
the bovine casein genes. Nucleic Acids Research 18, 6829–6833.
doi:10.1093/nar/18.23.6829

Gigli I, Maizon DO, Riggio V, Sardina MT, Portolano B (2008) Casein
haplotype variability in Sicilian dairy goat breeds. Journal of Dairy
Science 91, 3687–3692. doi:10.3168/jds.2008-1067

Grosclaude F, Martin P (1997) Casein polymorphisms in the goat. In
‘Proceedings of International Dairy Federation milk protein
polymorphism seminar II’. pp. 241–253. (International Dairy
Federation: Bruxelles, Belgium)

Grosclaude F, Ricordeau G,Martin P, Remuef F, Vassal L, Bouillon J (1994)
Du gene au fromagee: le polymorphismie de la caseine a-s1 caprine, ses
effects, son evolution. Productions Animales 7, 3–19.

Grosclaude F, Mahè MF, Brignon G, Di Stasio L, Jeunet R (1987)
A Mendelian polymorphism underlying quantitative variations of goat
as1-casein. Genetics, Selection, Evolution. 19, 399–412. doi:10.1186/
1297-9686-19-4-399

Haenlein GFW (2004) Goat milk in human nutrition. Small Ruminant
Research 51, 155–163. doi:10.1016/j.smallrumres.2003.08.010

Jansà Pérez MJ, Leroux C, Sanchez Bonastre A, Martin P (1994) Occurrence
of a LINE sequence in the 30UTR of the goat as1-casein E encoding allele
associated with a reduced protein synthesis level. Gene 147, 177–179.

Jenness R (1980) Composition and characteristics of goat milk: Review
1968–1979. Journal of Dairy Science 63, 1605–1630. doi:10.3168/jds.
S0022-0302(80)83125-0

Jordana J, Amillis M, Diaz E, Angulo C, Serradilla JM, Sanchez A (1996)
Gene frequencies of caprine as1- casein polymorphism in Spanish goat
breeds. Small Ruminant Research 20, 215–221. doi:10.1016/0921-4488
(95)00813-6

Kumar A, Rout PK, Mandal A, Roy R (2007) Identification of the CSN1S1
allele in Indian goats by the PCR-RFLP method. Animal 1, 1099–1104.
doi:10.1017/S1751731107000444

Leroux C, Martin P (1996) The caprine as1 and beta-casein genes are 12kb
apart and convergently transcribed. Animal Genetics 27, 93.

Leroux C, Mazure N, Martin P (1992) Mutations away from splice site
recognition sequences might cis-modulate alternative splicing of goat
as1-casein transcripts. Structural organization of the relevant gene. The
Journal of Biological Chemistry 267, 6147–6157.

MackPB (1953) ‘Apreliminary nutrition study of the value of goatmilk in the
diet of children. In ‘Year Book American Goat Society’. (Ed. RD Weis)
pp. 112–132. (Mena, AR)

Maga EA, Daftari P, Kultz D, PenedoMCT (2009) Prevalence of as1-casein
genotypes in American dairy goats. Journal of Animal Science 87,
3464–3469. doi:10.2527/jas.2009-1854

Marletta D, Bordonaro S, Guastella AM, Criscione A, D’Urso G (2005)
Genetic polymorphism of the calcium sensitive caseins in Sicilian
Girgentana and Argentata dell’ Etna goat breeds. Small Ruminant
Research 57, 133–139. doi:10.1016/j.smallrumres.2004.06.019

Martin P, Ollivier-Bousquet M, Grosclaude F (1999) Genetic polymorphism
of casein: a tool to investigate casein micelle organization. International
Dairy Journal 9, 163–171. doi:10.1016/S0958-6946(99)00055-2

Martin P, Szymanowska M, Zwierzchowski L, Leroux C (2002) The impact
of genetic polymorphisms on the protein composition of ruminant
milks. Reproduction, Nutrition, Development 42, 433–459.
doi:10.1051/rnd:2002036

Miller SA, Dykes DD, Polesky HF (1988) A simple salting out procedure for
extracting DNA from human nucleated cells. Nucleic Acids Research
16, 1215. doi:10.1093/nar/16.3.1215

Moioli B, Pilla F, Tripaldi C (1998) Detection of milk protein genetic
polymorphisms in order to improve dairy traits in sheep and goats: a
review.Small Ruminant Research27, 185–195. doi:10.1016/S0921-4488
(97)00053-9

NeiM (1978) Estimation of average heterozygosity and genetic distance from
a small number of individuals. Genetics 89, 583–590.

Portolano N (1987) ‘Pecore e capre Italiane.’ (Edagricole: Bologna) 336 pp.
RamunnoL,RandoA,DiGregorioP,CapogrecoB,MasinaP (1994) Indagine

di popolazione sui geni a effettomaggiore sul contenuto di caseinaas1 eb
nel latte di capra. Zootecnia e Nutrizione Animale 20, 107–111.

Ramunno L, Cosenza G, Pappalardo M, Pastore N, Gallo D, Di Gregorio P,
Masina P (2000) Identification of the goat CSN1S1 F allele by means of
PCR-RFLP method. Animal Genetics 31, 342–343. doi:10.1046/j.1365-
2052.2000.00663.x

Ramunno L, Cosenza G, Gallo D, Illario R, Rando A, Masina P (2002) Un
nuovo allele al locus CSN1S1 di capra: CSN1S1N. In ‘Proceedings XV
SIPAOC Congress’. (Ed. Società Italiana di Patologie Ovi-Caprine)
pp. 220. (Cagliari, Italy)

RamunnoL,CosenzaG, RandoA, Illario R,GalloD,Di BerardinoD,Masina
P (2004) The goat alpha as1-casein gene: gene structure and promoter
analysis. Gene 334, 105–111. doi:10.1016/j.gene.2004.03.006

Ramunno L, Cosenza G, Rando A, Pauciullo A, Illario R, Gallo D, Di
Bernardino D, Masina P (2005) Comparative analysis of gene
sequence of goat CSN1S1 F and N alleles and characterization of
CSN1S1 transcript variants in mammary gland. Gene 345, 289–299.
doi:10.1016/j.gene.2004.12.003

Ramunno L, Pauciullo A, Mancusi A, Cosenza G, Mariani P, Malacarne M
(2007) Influence of genetic polymorphismof the calciumsensitive caseins
on the structural and nutritional characteristics and on the dairy aptitude
and hypoallergenic properties of goat milk. Scienza e Tecnica Lattiero-
casearia 58, 257–271.

Rijnkels M (2002) Multispecies comparison of the casein gene loci and
evolution of casein gene family. Journal ofMammaryGland Biology and
Neoplasia 7, 327–345. doi:10.1023/A:1022808918013

Rousset F (2008)Genepop’007: a complete reimplementation of theGenepop
software for Windows and Linux. Molecular Ecology Resources 8,
103–106. doi:10.1111/j.1471-8286.2007.01931.x

Sanchez A, Ilahi H, Manfredi E, Serradilla JM (2005) Potential benefit from
using theas1-casein genotype information in a selection scheme for dairy
goats. Journal of AnimalBreedingandGenetics122, 21–29. doi:10.1111/
j.1439-0388.2004.00474.x

Threadgill DW, Womack JE (1990) Genomic analysis of the major bovine
milk protein genes.Nucleic Acids Research 18, 6935–6942. doi:10.1093/
nar/18.23.6935

Torres-Vázquez JA, Vázquez Flores F, Montaldo HH, Ulloa-Arvizu R,
Valencia Posadas M, Gayosso Vázquez A, Alonso Morales RA (2008)
Genetic polymorphismof theas1-casein locus infivepopulationsof goats
fromMexico.Electronic JournalofBiotechnology11, 1–11. doi:10.2225/
vol11-issue3-fulltext-11

Valenti B, Pagano RI, Pennisi P, Lanza M, AvondoM (2010) Polymorphism
atas1-casein locus. Effect of genotype· diet interaction onmilk fatty acid
composition in Girgentana goat. Small Ruminant Research 94, 210–213.
doi:10.1016/j.smallrumres.2010.07.023

Weir BS, Cockerham CC (1984) Estimating F-statistics for the analysis of
population structure. Evolution 38, 1358–1370. doi:10.2307/2408641

D Animal Production Science S. Mastrangelo et al.

www.publish.csiro.au/journals/an

dx.doi.org/10.1017/S0022029903006101
dx.doi.org/10.1051/lait:1996319
dx.doi.org/10.1016/j.livsci.2009.03.007
dx.doi.org/10.1093/nar/18.23.6829
dx.doi.org/10.3168/jds.2008-1067
dx.doi.org/10.1186/1297-9686-19-4-399
dx.doi.org/10.1186/1297-9686-19-4-399
dx.doi.org/10.1016/j.smallrumres.2003.08.010
dx.doi.org/10.3168/jds.S0022-0302(80)83125-0
dx.doi.org/10.3168/jds.S0022-0302(80)83125-0
dx.doi.org/10.1016/0921-4488(95)00813-6
dx.doi.org/10.1016/0921-4488(95)00813-6
dx.doi.org/10.1017/S1751731107000444
dx.doi.org/10.2527/jas.2009-1854
dx.doi.org/10.1016/j.smallrumres.2004.06.019
dx.doi.org/10.1016/S0958-6946(99)00055-2
dx.doi.org/10.1051/rnd:2002036
dx.doi.org/10.1093/nar/16.3.1215
dx.doi.org/10.1016/S0921-4488(97)00053-9
dx.doi.org/10.1016/S0921-4488(97)00053-9
dx.doi.org/10.1046/j.1365-2052.2000.00663.x
dx.doi.org/10.1046/j.1365-2052.2000.00663.x
dx.doi.org/10.1016/j.gene.2004.03.006
dx.doi.org/10.1016/j.gene.2004.12.003
dx.doi.org/10.1023/A:1022808918013
dx.doi.org/10.1111/j.1471-8286.2007.01931.x
dx.doi.org/10.1111/j.1439-0388.2004.00474.x
dx.doi.org/10.1111/j.1439-0388.2004.00474.x
dx.doi.org/10.1093/nar/18.23.6935
dx.doi.org/10.1093/nar/18.23.6935
dx.doi.org/10.2225/vol11-issue3-fulltext-11
dx.doi.org/10.2225/vol11-issue3-fulltext-11
dx.doi.org/10.1016/j.smallrumres.2010.07.023
dx.doi.org/10.2307/2408641

