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7KHJRDWαVFDVHLQJHQH
$SDUDGLJPRIWKHXVHRIDPDMRUJHQHWRLPSURYHPLONTXDOLW\"
-06HUUDGLOOD
Department of Animal Production, ETSIAM, University of Cordoba,
PO Box 3048, 14080 Córdoba, Spain

6800$5<± Recent developments in molecular techniques have allowed for an easy identification of genotypes
for major genes, with an important effect on quantitative traits, early in the life of candidates to selection. Using
this genotypic information, together with performance values, may enhance the selection response. However,
methods for combining genotypic and performance information should be designed specifically for each
population and selection scheme. The case of the polymorphism of the major gene CSN1S1, coding for αs1casein, and its effects on casein content and renneting properties of milk is briefly reviewed, with particular
reference to comparisons between French and Spanish breeds. Results of a simulation comparing different
strategies for using CSN1S1 genotype information to improve selection response, under the specific conditions of
main Spanish breeds, are given. Conclusions are drawn about the adequacy of different modes of using this
information under different combinations of initial allele frequencies and average milk protein contents.
.H\ZRUGV Goat, milk protein, αs1-casein polymorphism, selection.
5(680(±/HJqQHGHODFDVpLQH αVFKH]OHVFDSULQV8QSDUDGLJPHGHO XWLOLVDWLRQG XQJqQHPDMHXUSRXU
DPpOLRUHUODTXDOLWpGXODLW"/HVUpFHQWVGpYHORSSHPHQWVGHODJpQpWLTXHPROpFXODLUHRQWSHUPLVO LGHQWLILFDWLRQ
SUpFRFH HW IDFLOH GHV JpQRW\SHV GHV JqQHV PDMHXUV DYHF XQ HIIHW LPSRUWDQW VXU GHV FDUDFWpULVWLTXHV
TXDQWLWDWLYHVGDQVOHVFDQGLGDWVjODVpOHFWLRQ/ XWLOLVDWLRQGHFHWWHLQIRUPDWLRQJpQRW\SLTXHDYHFOHVYDOHXUV
GHVSHUIRUPDQFHVSHXWDPpOLRUHUODUpSRQVHGHODVpOHFWLRQ1pDQPRLQVLOIDXGUDGpVLJQHUOHVPpWKRGHVSRXU
O XWLOLVDWLRQFRPELQpHGHO LQIRUPDWLRQJpQRW\SLTXHHWGHVSHUIRUPDQFHVGHVDQLPDX[VSpFLILTXHPHQWSRXUFKDTXH
SRSXODWLRQ HW VFKpPD GH VpOHFWLRQ 2Q IDLW XQH UpYLVLRQ VRPPDLUH GX FDV GX JqQH PDMHXU &616 TXL FRGH
SRXUODFDVpLQH αV, HWVHVHIIHWVVXUOHWDX[SURWpLTXHHW O DSWLWXGHjODFRDJXODWLRQGXODLWDYHFXQHUpIpUHQFH
SDUWLFXOLqUH j OD FRPSDUDLVRQ GHV UDFHV IUDQoDLVHV HW HVSDJQROHV 2Q SUpVHQWH DXVVL OHV UpVXOWDWV G XQH
VLPXODWLRQIDLWHSRXUFRPSDUHUGLIIpUHQWHVVWUDWpJLHVSRXUO XWLOLVDWLRQGHFHSRO\PRUSKLVPHVRXVOHVFRQGLWLRQV
VSpFLILTXHVGHVUDFHVHVSDJQROHV'HVFRQFOXVLRQVVRQWWLUpHVVXUO DGpTXDWLRQGHGLIIpUHQWVPRGHVG XWLOLVDWLRQ
GHFHWWHLQIRUPDWLRQjGLIIpUHQWHVFRPELQDLVRQVGHVIUpTXHQFHVLQLWLDOHVGHVDOOqOHVHWGHVYDOHXUVPR\HQQHVGX
WDX[SURWpLTXH
0RWVFOpV&KqYUHODLWSURWpLQHFDVpLQHαVSRO\PRUSKLVPHVpOHFWLRQ

,QWURGXFWLRQ
The development of molecular techniques has generated methods for the identification of DNA
markers (RFLP, RAPID, AFLP, SNP, etc.). These markers have been used to find regions of DNA
closely linked to them with a quantitative effect on traits, the so-called Quantitative Trait Loci (QTL).
Molecular techniques have also allowed finding major genes responsible for an important part of the
genetic variance of some traits. Genotypes of animals (both males and females) for these QTL, or
major genes, can be easily identified early in their lives. This has been proposed (in some cases they
are already being used) as an aid to increase annual genetic gain through selection; what has been
called Marker-Assisted Selection (MAS).
Potential results of MAS have been studied through simulation. Though not always comparable,
due to differences between genetic structure of populations, selection schemes, selection intensities,
QTL and major gene effects on the traits, some almost general conclusions can be derived from these
works. One of these conclusions is that MAS renders higher genetic gains only when the QTL or the
major gene has a large effect on performances (Fournet HWDO, 1997; Larzul HWDO, 1997; Manfredi HW
DO, 1998; Pong-Wong and Woolliams, 1998; Villanueva HWDO, 1999). The other important conclusion
is that standard selection leads to better long-term genetic gain due to the reduction of the selection
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intensity applied to polygenic background of the trait in MAS (Gibson, 1994; Ruane and Colleau,
1995; Fournet HW DO, 1997; Larzul HW DO, 1997; Pong-Wong and Woolliams, 1998). However, later
studies by Dekkers and van Arendonk (1998), Manfredi HW DO (1998) and Villanueva HW DO (1999)
showed that marker (QTL or major gene) and quantitative information can be optimally combined to
obtain better response to both short and long term selection.
Milk protein polymorphisms have been thoroughly studied in the three domestic ruminant species.
Their Mendelian inheritance has been proved and, in many cases, responsible genes have been
mapped and sequenced. Methods for genotyping animals (both males and females) at a very early
stage of their lives (even at born), using specific DNA probes, have been developed. Some of these
polymorphisms have been proved to influence yield, composition, micelle organisation, renneting
properties and cheese yields of milk (see reviews by Martin and Addeo, 1996; Barillet HW DO, 1998;
Moioli HWDO, 1998; Trujillo HWDO, 1998; Martin HWDO, 1999) and they can be used in MAS programs.

7KHJRDWαVFDVHLQSRO\PRUSKLVP
The αs1-casein was the first of protein polymorphism of goat milk to be studied. It was also the first
for which an underlying genetic polymorphism was proved. The gene, CSN1S1, is the most
polymorphic of all casein genes. The first 7 protein variants, described in the French Alpine and
Saanen goats in the early nineteen eighties by Boulanger HWDO (1984) on the bases of their different
electrophoretic mobility, were classified into four groups, according to the average level of synthesis of
the mature protein associated to each of them. First group was formed by the "strong" alleles, A, B
and C, which were reported to have an average level of 3.6 g of αs1-casein per kg of milk. Second
group was constituted by only one "intermediate" allele, E, associated to an average level of 1.6 g/kg
of this casein. The third group, with "weak" alleles D and F had an average effect of 0.6 g/kg. Fourth
group is that of the "null" allele, which determines the absence of this casein in milk (Grosclaude HW
DO, 1987). More recent works, some of them carried out at field level (Barbieri HWDO, 1995) and some
other realised at a experimental station (Grosclaude and Martin, 1997; Martin HW DO, 1999), have
slightly modified these figures, maintaining the same relative ranking of variants.
Up to 15 additional alleles have been identified since the first works on this polymorphism were
published (Martin and Addeo, 1996; Clark and Sherbon, 2000). Allele G, like alleles D and F, was
associated with low average level of αs1-casein synthesis. Allele B has been found to exist in three
different forms, B1, B2 and B3, which became later B4 (Ricordeau HW DO, 2000), all associated to a
high synthesis of this protein. Other alleles have been found in very low frequency and can also be
classified in one of the seven original groups.
The effects of this polymorphism on milk yield and composition, micelle structure, renneting
properties and cheese yield have been thoroughly studied in French breeds (Remeuf, 1993;
Grosclaude HWDO, 1994; Mahé HWDO, 1994; Vassal HWDO, 1994; Barbieri HWDO, 1995; Ricordeau HWDO,
1996; Martin HWDO, 1999; Ricordeau HWDO, 2000). Results reported in these works can be summarised
as followed: (i) no differences exist among genotypes with respect to milk yields; (ii) significant
differences exist with respect to αs1-casein, total casein and protein content; (iii) a significant effect of
the polymorphism on fat content, not easy to explained, has been found in some of formerly cited
works; (iv) milk from genotypes constituted wit "strong" alleles renders better renneting properties
(faster coagulation and firmer curd) than "intermediate" genotypes, and these render better properties
than "weak" genotypes; and (v) cheese yields of different genotypes are ranked in the same way as
for renneting properties. 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 HW
DO, 1996; Delacroix, 1998). It has, however, been discussed if this is really an effect of the CSN1S1
gene or a consequence of the lipolysis of fatty acids during cheese maturing.
The effects of this polymorphism have been studied also in Italian breeds (Pizzillo HW DO, 1996;
Marletta HWDO, 2000; Meggiolaro HWDO, 2000); Norwegian breeds (Vegarud HWDO, 1999); and Spanish
breeds (Díaz, 1993; Díaz HWDO, 1994; Angulo HWDO, 1996; Sánchez HWDO, 1998; Analla HWDO, 2000)
and in a herd made with a mixture of breeds in USA (Clark and Sherbon, 2000). Results obtained in
these breeds are qualitatively similar to those formerly described in French Alpine and Saanen,
though they might quantitatively differ. In the case of the Spanish breeds, significant differences
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among CSN1S1 genotypes have been found for protein, casein and αs1-casein contents and curd
yield. Quantitative effects are slightly different than those observed in French breeds, but ranking of
genotypes is the same (Table 1).
Table 1. Comparison of protein and casein contents (g/kg) of αs1-casein
genotypes in Malagueña and French Alpine goats
Genotypes Protein

AA
AB
BB
AE
BE
AF
BF
EE
EF
FF

Casein

Malagueña†

Alpine††

Malagueña†

Alpine†††

–
34.70
32.50
29.50
28.10
–
24.80
27.40
25.10
–

32.18
–
–
30.26
–
29.81
–
28.80
28.32
27.63

–
26.40
24.70
22.42
21.20
–
18.80
20.60
18.60
–

26.80
–
–
–
–
–
–
22.80
–
20.70

†Angulo

HWDO(1996).
HWDO (1995).
†††Remeuf (1993).

††Barbieri

Gene and genotype frequencies vary between breeds. There seem to be two groups of breeds,
those evolved from the Alpine lineage, with a higher frequency of "intermediate" and "weak alleles"
and other breeds of other origins, where "strong" alleles prevail. Table 2 shows a comparison
between gene frequencies observed in French Alpine and the most important Spanish breeds.
Table 2. Mean allelic frequencies of CSN1S1 locus in four Spanish dairy goats breeds
and French Alpine (source: Jordana HWDO, 1996)
Breeds

Murciano-Granadina
Malagueña
Payoya
Canaria
Palmera
Majorera
Tinerfeña
Alpine

Sample size Alleles

109
373
111
74
22
21
31
213

A

B

C

E

F

D+O

0.08
0.09
0.05
0.28
0.68
0.07
0.15
0.14

0.23
0.09
0.19
0.32
0.23
0.38
0.35
0.05

–
–
–
–
–
–
–
0.01

0.59
0.65
0.76
0.20
0.09
0.24
0.32
0.34

0.08
0.04
–
–
–
–
–
0.41

0.02
0.13
–
0.20
–
0.31
0.18
0.05

Some research has been also done on other casein polymorphisms, particularly on the genes of
αs2-casein (CSN1S2) and β-casein (CSN2). With a null variant each of them (Persuy HW DO, 1999;
Ramunno HWDO, 2001) which have an important effect on milk casein content. Nothing is known so far
on the effect of the κ-casein polymorphism. Molecular genotyping of this gene (CSN3) has been
recently described (Yahyaoui HW DO, 2001). Neither is known the effect of haplotypes of these genes
on milk composition and renneting properties.

8VLQJJRDWαVFDVHLQSRO\PRUSKLVPWRLPSURYHVHOHFWLRQUHVSRQVH
As it has been shown in previous paragraph, variation at the CSN1S1 locus is associated to an
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important influence on protein content in goat milk and to a smaller influence on protein yield.
Genotype for this locus can, therefore, be used as an early (at birth if needed) selection criteria for
both males and females. Manfredi HW DO (1995) showed, in a retrospective study, that CSN1S1
genotypes of AI bucks are partial predictors of future progeny test results for protein traits. This
information is presently used for pre-selecting Alpine and Saanen young males to be progeny tested
in France (Manfredi HW DO, 2000). However, the major gene variation only accounts for 48% of the
additive variance of protein content and only 5% of the additive variance of protein yield. Therefore,
specific methods should be developed in order to combine the genotypic information at the mayor
locus with quantitative performance information on the trait. These methods will depend on the effect
of the major gene on the selected trait, the selection scheme, selection intensities and the structure of
the population being selected.
A simulation study was carried out to test three modes of combining these two sources of
information under the specific population structure and the plausible selection schemes of the
Spanish dairy goats. Twenty cycles of selection (one year per cycle) were independently simulated for
each of two traits: Protein Yield (PY) and Protein Content (PC). Demographic, phenotypic and genetic
parameters, as well as the effect of the "strong" and "weak" alleles on the traits, used in the simulation
were estimated in the Malagueña breed. The latter were 0.6 and 2.2 phenotypic standard deviations
for PY and PC traits, respectively. Details on these parameters and on the simulation procedures
were described by Sánchez-Palma HWDO (1998). Three modes of using CSN1S1 genotype information
were simulated: (i) after indexing sires and dams (BLUP values obtained with an animal model) the
best CSN1S1 genotypes among male kids, issued from the best indexed sires and dams, were
selected (method S1); (ii) genotype information was included only as a fixed effect in the animal model
used for obtaining BLUP values for sires and dams (method S2); and (iii) a combination of former
modes of selection, using genotype information both in the genetic evaluation of sires and dams and
for selecting male kids issued from coupling these high indexed sires and dams (method S3).
The case where genotype information is not used at all was taken as reference (method S0).
Results of these simulations are summarised in Table 3, where responses to selection, expressed
st
th
as increments of polygenic and total genetic values between 1 and 20 selection cycles, as well as
the rates of fixation of favourable are given for each of the methods and each of the traits considered.
Table 3. Polygenic (sub-indexed S) and genetic (sub-indexed J) response to selection† for the traits
protein yield (sub-indexed S\) and protein content (sub-indexed SF), expressed as
phenotypic standard deviation units, and change of the favourable allele (A) frequency
Selection JSS\
methods††
S0
S1
S2
S3

JJS\
a

3.11 ± 0.06
a
2.99 ± 0.04
a
3.08 ± 0.05
a
2.88 ± 0.07

a

3.46 ± 0.06
a
3.49 ± 0.04
a
3.53 ± 0.05
a
3.39 ± 0.07

¨I $S\ 

JSSF

JJSF

+54.90
+79.85 (13)
+72.00
+79.91 (12)

1.87 ± 0.05
a
2.10 ± 0.04
a
2.02 ± 0.06
a
2.05 ± 0.04

b

¨I $SF
b

3.63 ± 0.05
a
3.86 ± 0.04
a
3.79 ± 0.06
a
3.83 ± 0.04

†††

+80.00 (11)
+79.70 (9)
+79.80 (9)
+80.30 (8)
st

†Response
th

to selection expressed as increments of polygenic and genetic values between 1 and
20 selection cycles.
††See text for explanations on the different methods.
†††Change of frequency of favourable allele (A) between 1st cycle of selection and that of the year (in
th
parenthesis) in which this frequency I $SF is higher than 95%, or the 20 cycle of selection if the
95% is not reached.
a,b
Values with different letters are significantly different at p 
Evolution of the frequencies of favourable allele A in the cases of selection of traits PY and PC are
shown in Figs 1 and 2, respectively.
This simulation shows, as it was expected, that using major gene CSN1S1 information yields
higher genetic gains only when the major gene has a large effect on performances (more than 2 vs.
less than 1 phenotypic standard deviations). Rates of fixation of favourable allele A are also much
slower in the first case than in the second case. However, under the specific conditions of the
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population and selection scheme simulated, which are those which can be realistically developed for
Spanish breeds, a decline of polygenic values and genetic gain in a long term is not observed.
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Fig. 1. Evolution of the frequencies of the favourable allele A when selecting for protein yield (source:
Sánchez-Palma HWDO, 1998).

100
90

Allele A frequency

80
70
60
50
40
30
20
10
1

2

3

4

5
S0

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 Generation
S1

S2

S3

Fig. 2. Evolution of the frequencies of the favourable allele A when selecting for protein content
(source: Sánchez Palma HWDO, 1998).
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No significant differences were found between the three methods which use genotypic information.
Only slight differences were observed between them with respect to the rates of fixation. This has
economic and organisational implications since second and third methods require genotyping all
animals, while first method only requires genotyping young males issued from the best-indexed sires
and dams. However, some authors (Dekkers and van Arendonk, 1998; Manfredi HW DO, 1998) have
proposed the use of indexes combining optimally performances and major genotype information,
changing their relative weight over time according to the change of allele frequencies at the major
locus. This is expected to enhance the selection response obtained in the long term. Moreover, using
CSN1S1 genotype information to optimise matings, as suggested by Manfredi HWDO (1998) may also
improve long term response. Another reason to genotype all animals would be to discard as dams
and sires those animals with null alleles for CSN1S2 and CSN2 loci.

&RQFOXVLRQV
Whether to use the CSN1S1 genotype information or not and the method to use it will depend on
selection objectives and allele frequencies in the population. If the breed being selected has a low
frequency of "strong" alleles and low protein and casein contents, genotyping all animals and applying
the optimum combination of genotype and performance information to plan matings and to select
male and female replacement will be meaningful. In the case of breeds with a relatively high
frequency of "strong" alleles and high protein and casein contents, as some of the Spanish breeds,
like Canaria-Palmera, and some other Mediterranean breeds, like Garganica and Maltese, using
CSN1S1 genotype information does not seem very sound. It remains the case of some other breeds,
like Murciano-Granadina and Malagueña in Spain, with not a very low frequency of "strong alleles", a
relatively high frequency of "intermediate" alleles, relatively high protein and casein contents and low
milk yields, for which the main selection objective will be to increase milk yield, maintaining present
levels of protein contents. In these cases, according to the results of our simulations, using the major
gene information only for selecting young males to be progeny tested seems a reasonable strategy,
oriented mainly to maintain present levels of protein contents while increasing milk yields.
Further studies on the other casein polymorphisms and, particularly, on the effects of different
haplotypes might modify these conclusions and encourage new research on the methods to use
these major genes for selection.

5HIHUHQFHV
Analla, M., Angulo-Heras, C. and Serradilla, J.M. (2000). Comparaison de l'effet des allèles de la caséine
αs1 sur le taux protéique du lait entre deux races caprines et deux milieux. In: Proc. of the joint ANPAEAAP-CIHEAM-FAO International Symposium on Livestock Production and Climatic Uncertainty in
the Mediterranean, Agadir (Morocco), 22-24 October 1998, Guessous, F., Rihani, N. and Ilham, A.
(eds). ($$33XEOLFDWLRQ, 94: 247-250.
Angulo, C., Amills, M., Ares, J.L., Jiménez, I., Jordana, J., Sánchez, A. and Serradilla, J.M. (1996).
Genetics of caseins and its relation with yield, composition and cheese making of milk in Spanish
breeds of goats. In: %RRNRI$EVWUDFWVRIWK$QQXDO0HHWLQJRI($$3, Lillehammer (Norway), 2529 August 1996, p. 209.
Barbieri, M.E., Manfredi, E., Elsen, J.M., Ricordeau, G., Bouillon, J., Grosclaude, F., Mahé, M.F. and
Bibé, B. (1995). Influence du locus de la caséine αs1 sur les performances laitières et les
paramètres génétiques des chèvres de race Alpine. *HQHW6HO(YRO., 27: 437-450.
Barillet, F., Manfredi, E. and Elsen, J.M. (1998). Genetic variations and associations for improving
milk production and milk product qualities in sheep and goats. In: 3URFRIWKHWK:RUOG&RQJUHVV
RQ *HQHWLFV $SSOLHG WR /LYHVWRFN 3URGXFWLRQ, Armidale (Australia), 11-16 January 1998, pp. 129136.
Boulanger, A., Groscalude, F. and Mahé, M.F. (1984). Polymorphisme des caséines αs1 et αs2 de la
chèvre (&DSUDKLUFXV). *HQHW6HO(YRO,16: 157-176.
Clark, S. and Sherbon, J.W. (2000). Genetic variants of alphas1-CN in goat milk: Breed distribution
and association with milk composition and coagulation properties of goat milk. 6PDOO 5XPLQDQW
5HV, 38: 123-134.

104

CIHEAM - Options Mediteraneennes

Dekkers, J.C.M. and van Arendonk, J.A.M. (1998). Optimizing selection for quantitative traits with
information on an identified locus in outbred populations. *HQHW5HV&DPE, 71: 257-275.
Delacroix, B.A. (1998). Influence of casein polymorphism on cheese quality. 5HYLVWD $UJHQWLQD GH
/DFWRORJLD, 17: 51-67.
Delacroix-Buchet, A., Degas, C., Lamberet, G. and Vassal, I. (1996). Influence des variants AA et FF de
la caséine αs1 caprine sur le rendement fromager et les caractéristiques sensorielles des fromages.
/DLW, 76: 217-241.
Díaz, E. (1993). $QiOLVLVGHORVFRQWHQLGRV\SURGXFFLyQWRWDOGHODVIUDFFLRQHVFDVHtQLFDVHQODOHFKH
GH WUHV UD]DV GH FDEUDV HVSDxRODV )DFWRUHV GH YDULDFLyQ \ UHODFLRQHV FRQ RWURV FRPSRQHQWHV
OiFWHRV. PhD. Thesis, University of Córdoba.
Díaz, E., Angulo-Heras, C., Jordana, J., Amills, M., Sánchez, A. and Serradilla, J.M. (1994). Casein
variation in one Spanish breed of goats and its relation with production traits. In: %RRNRI$EVWUDFWV
RIWK$QQXDO0HHWLQJRI($$3,Edinburgh (United Kingdom), 5-8 September 1994,pp. 296.
Fournet, F., Elsen, J.M., Barbieri, M.E. and Manfredi, E. (1997). Effect of including major gene
information in mass selection: A stochastic simulation in a small population. *HQHW6HO(YRO, 29:
35-56.
Gibson, J.P. (1994). Short term gain at the expense of long term response with selection on identified
loci. In: 3URF RI WKH WK :RUOG &RQJUHVV RQ *HQHWLFV $SSOLHG WR /LYHVWRFN 3URGXFWLRQ, Vol. 21,
Guelph (Canada), 7-12 August 1994, pp. 201-204.
Grosclaude, F., Mahé, M.F., Brignon, G., di Stasio, L. and Juenet, R. (1987). A Mendelian
polymorphism underlying quantitative variation of goat αs1-casein. *HQHW6HO(YRO., 19: 399-412.
Grosclaude, F. and Martin, P. (1997). Casein polymorphism in the goat. In: 3URFRIWKH,')6HPLQDU
0LON 3URWHLQ 3RO\PRUSKLVP, Palmerston North (New Zealand), February 1997. IDF, Brussels, pp.
241-253.
Grosclaude, F., Ricordeau, G., Martin, P., Remeuf, F. and Vassal, L. (1994). Du gène au fromage: Le
polymorphisme de la caséine αs1 caprine, ses effets, son évolution. ,15$3URG$QLP., 7: 3-19.
Jordana, J., Amills, M., Díaz, E., Angulo, C., Serradilla, J.M. and Sánchez, A. (1996). Gene
frequencies of caprine αs1-casein polymorphism in Spanish goat breeds. 6PDOO5XPLQDQW5HV, 20:
215-221.
Larzul, C., Manfredi, E. and Elsen, J.M. (1997). Potential gain from including major gene information
in breeding value estimation. *HQHW6HO(YRO., 29: 161-184.
Mahé, M.F., Manfredi, E., Ricordeau, G., Piacère, A. and Grosclaude, F. (1994). Effet des variants de
la caséine αs1 sur les performances laitières: Analyse intradescendance de boucs de race Alpine.
*HQHW6HO(YRO., 26: 151-157.
Manfredi, E., Barbieri, M.E., Fournet, F. and Elsen, J.M. (1998). A dynamic deterministic model to
evaluate breeding strategies under mixed inheritance. *HQHW6HO(YRO., 30: 127-148.
Manfredi, E., Ricordeau, G., Mahé, M.F., Leroux, C., Elsen, J.M., Martin, P. and Grosclaude, F.
(1995). Importance of αs1-casein polymorphism in dairy goat genetics. In: 3URF WK ($$3
0HHWLQJ, session IV, Prague (Czech Republic). Wageningen Pers, Wageningen, p. 48.
Manfredi, E., Serradilla, J.M., Leroux, C., Martin, P. and Sánchez, A. (2000). Genetics for milk
production. In: 3URF RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ *RDWV, Poitiers (France), 15-18 May
2000, pp. 191-196.
Marletta, D., Bordonaro, S., Guastella, A.M., Avondo, M. and D'Urso, G. (2000). The Argentata
dell'Etna goat population: Analysis of the polymorphism of alphas1- and beta-caseins. In: Proc. of
the Seminar on Genetic Markers and Milk Production: State of Art and Perspectives, Rome (Italy),
15-16 February 2000. =RRWHFQLFDH1XWUL]LRQH$QLPDOH, 26(3): 153-156.
Martin, P. and Addeo, R. (1996). Genetic polymorphism of casein in milk of goat and sheep. In:
3URGXFWLRQ DQG 8WLOL]DWLRQ RI (ZH DQG *RDW 0LON 3URF RI WKH ,')*UHHN 1DWLRQDO &RPPLWWHH RI
,')&,59$/,Crete (Greece), pp. 45-58.
Martin, P., Michèle, O.B. and Grosclaude, F. (1999). Genetic polymorphism of caseins: A tool to
investigate casein micelle organization. ,QWHU'DLU\-,9: 163-171.
Meggiolaro, D., Crepaldi, P., Verdoglia, L., Marilli, M. and Cicogna, M. (2000). Preliminary study on
alphas1-casein polymorphism in Val di Livo goats. In: Proc. of the Seminar on Genetic Markers
and Milk Production: State of Art and Perspectives,Rome (Italy),15-16 February 2000. =RRWHFQLFD
H1XWUL]LRQH$QLPDOH, 26(3): 149-152.
Moioli, B., Pilla, F. and Tripaldi, C. (1998). Detection of milk protein genetic polymorphisms in order to
improve dairy traits in sheep and goats: A review. 6PDOO5XPLQDQW5HV., 27(3): 185-195.
Persuy, M.A., Printz, C., Medrano, J.F. and Mercier, J.C. (1999). A single nucleotide deletion resulting
in a premature stop codon is associated with marked reduction of transcripts from a goat betacasein null allele. $QLP*HQHW., 30(6): 444-451.

105

CIHEAM - Options Mediteraneennes

Pizzillo, M., Rubino, R., Cogliandro, E., Fedele, V., Chianesse, L. and D’Auria, R. (1996). Effect of
breed, casein polymorphism and feeding system on casein number of individual goat milk. 6FLHQ]D
H7HFQLFD/DWWLHUR&DVHDULD, 47: 305-3115.
Pong-Wong, R. and Woolliams, J.A. (1998). Response to mass selection when an identified major
gene is segregating. *HQHW6HO(YRO., 30: 313-337.
Ramunno, L., Cosenza, G., Pappalardo, M., Longobardi, E., Gallo, D., Pastore, N., di Gregorio, P.
and Rando, A. (2001). Characterization of two new alleles at the goat CSN1S2 locus. $QLP
*HQHW., 32(5): 264-268.
Remeuf, F. (1993). Influence du polymorphisme génétique de la caséine αs1 caprine sur les
caractéristiques physico-chimiques et technologiques du lait. /DLW, 73: 549-557.
Ricordeau, G., Mahé, M.F., Amigues, Y., Grosclaude, F. and Manfredi, E. (1996). Fréquence des
allèles de la caséine alphaS1 en race Poitevine. $QLP *HQHW 5HVRXUFHV ,QIRUPDWLRQ, 17: 103108.
Ricordeau, G., Manfredi, E. and Amigues, Y. (2000). Effets du locus de la caséine αs1 sur les
performances laitières des chèvres Poitevines. In: 3URF RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ
*RDWV, Tours (France), 15-18 May 2000, pp. 249-251.
Ruane, J. and Colleau, J.J. (1995). Marker assisted selection for genetic improvement of animal
populations when a single QTL is marked. *HQHW5HV&DPE., 66: 71-83.
Sánchez, A., Angulo, C., Amills, M., Ares, J.L. and Serradilla, J.M. (1998). Effect of αs1-casein
genotype on yield, composition and cheese making properties of milk in the Malagueña breed of
goats. In: 3URF RI WKH WK :RUOG&RQJUHVVRQ*HQHWLFV$SSOLHGWR/LYHVWRFN3URGXFWLRQ, Vol. 24,
Armidale (Australia), 11-16 January 1998, pp. 242-245.
Sánchez-Palma, A., Manfredi, E. and Serradilla, J.M. (1998). Selección de ganado caprino utilizando
el gen de la caseína αs1. ,7($, 94A(3): 255-264.
Trujillo, A.J., Jordana, J., Guamis, B., Serradilla, J.M. and Amills, M. (1998). El polimorfismo del gen
de la caseína alfa S1 caprina y sus efectos sobre la producción, composición y propiedades
tecnológicas de la leche y la fabricación y madurado de los quesos)RRG6FLHQFHDQG7HFKQRORJ\
,QWHUQDWLRQDO, 4: 217-235.
Vassal, L., Delacroix-Buchet, A. and Bouillon, J. (1994). Influence des variants AA, EE, et FF de la
caséine αs1 caprine sur le rendement fromager et les caractéristiques sensorielles des fromages
traditionels: Premières observations. /DLW, 74: 89-103.
Vegarud, G.E., Devold, T.G., Opheim, R., Loeding, E., Svenning, C., Abrahamsen, R.K., Lien, S.,
Lansrud, T., Horne, D.S., Leaver, J. and Muir, D.D. (1999). Caseins and caseinates: Structures,
interactions, networks. In: Hannah Symposium, Ayr (United Kingdom), 21-23 May 1997. ,QWHU
'DLU\-, 9(3-6): 367-368.
Villanueva, B., Pong-Wong, R., Grundy, B. and Woolliams, J.A. (1999). Potential benefit from using
an identified major gene in BLUP evaluation with truncation and optimal selection. *HQHW 6HO
(YRO., 31: 115-133.
Yahyaoui, M.H., Coll, A., Sánchez, A. and Folch, J.M. (2001). Genetic polymorphism of the caprine
kappa casein gene. -'DLU\5HV, 68: 209-216.

106

