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ABSTRACT: Milk samples (n=296) of Lacaune (LAC) 
sheep were analysed for milk protein variability at protein 
level by isoelectric focusing and at DNA-level by differ-
ent DNA-based tests. Isoelectric focusing of all milk sam-
ples led to the identification of the alphas1-casein (αs1-CN; 
CSN1S1) alleles C and H, αs2-CN (CSN1S2) A, B, and C, 
as well as beta-lactoglobulin (β-LG; LGB) A and B. 
DNA-based tests differentiated αs1-CN C into CSN1S1*C’ 
and C’’ and typed for CSN1S2*G. Associations between 
milk performance traits and milk protein alleles and geno-
types analysed using 150-day-lactation data showed sig-
nificant effects of milk protein alleles and genotypes on 
protein content whereas CSN1S1*C’’ is the favourable 
allele. 
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Introduction 
 

Detection and mapping of genes with an influ-
ence on economic important traits in dairy sheep is a 
prerequisite to improve dairy sheep production systems. 
In sheep association studies are rare and the results are 
partly controversial (Amigo et al., 2000; Barillet, 2007). 
The main milk proteins in sheep are divided into the two 
classes caseins and whey proteins. Within the caseins the 
four fractions αs1- (CSN1S1), αs2- (CSN1S2), β- (CSN2), 
and κ-casein (CN; CSN3) are distinguished. The two main 
whey proteins are α-lactalbumin (α-LA; LALBA) and β-
lactoglobulin (β-LG, LGB). So far, nine alleles (A-I) of 
αs1-CN in ovine milk have been identified by protein 
electrophoresis (Giambra et al., 2010a, b). Within αs1-CN 
C CSN1S1*C’ and C’’ are differentiated on molecular 
level, whereas CSN1S1*C’ seems to be the ancestral 
CSN1S1 allele (Ceriotti et al., 2005).  

 
Within ovine αs2-CN the nine alleles A, A’, B, 

B’, C-G are identified with known sequence differences in 
different distribution over breeds (Picariello et al., 2009; 
Giambra et al., 2010c; Corral et al., 2013). However, on 
protein level, CSN1S2*G is hidden behind the αs2-CN-
phenotype A in isoelectric focusing (Giambra and Er-
hardt, 2012).  

 
Within ovine β-LG (LGB) three alleles A, B, and C and 
their amino acid sequence differences as well as the rea-
sonable DNA-sequence differences lying within exon 2 
and 5 are described (Prinzenberg and Erhardt, 1999).  
Due to the various usage-potentials of milk protein poly-
morphisms the aim of this study was to determine the 
allele and genotype frequencies of milk protein polymor-
phisms by isoelectric focusing and DNA-based testing in 

the dairy sheep breed Lacaune (LAC). Furthermore, milk 
performance testing results were used to estimate milk 
protein allele and genotype effects on milk production 
traits. 
 

Material and Methods 
 

Sheep milk samples. Milk samples (n=296) 
from 204 LAC sheep from Switzerland as well as 92 LAC 
sheep from Germany were collected during routine milk-
ing. 

 
Isoelectric focusing (IEF). A first screening of 

milk protein variants at protein level in milk samples was 
performed by IEF according to Erhardt (1989) and Giam-
bra et al. (2010b). Variants were manually scored using 
sheep milk samples with known variants as a reference. 

 
DNA-based tests. The differentiation between 

CSN1S1*C’ and C’’, both typed as αs1-CN C at IEF-level, 
was made according to Ceriotti et al. (2004) by polymer-
ase chain reaction (PCR) single strand conformation 
polymorphism (SSCP) analyses. CSN1S2*G was typed 
according to Giambra and Erhardt (2012) by PCR – re-
striction fragment length polymorphism (RFLP) – analy-
sis.  

 
Milk performance traits. 150-day lactation data 

(n= 722) for the LAC sheep (n=281) were determined in 
the course of routine milk recording tests according to the 
“International Committee for Animal Recording” Guide-
lines (http://www.icar.org/). The average performance 
was 381kg milk, 22.6kg fat, and 19.4kg protein. 

 
Statistical analyses. Allele and genotype fre-

quencies were calculated with program PopGene V 1.31 
(Yeh et al., 1997). A chi-square (χ2) test was performed to 
identify possible deviations from Hardy-Weinberg equi-
librium (HWE) expectations for the distribution of geno-
types.  

 
For association studies, data were analysed with 

the MIXED procedure of SAS® 9.3 (SAS Institute Inc., 
Cary, NC, USA). Dependent variables in the analysis 
were milk, fat, and protein yield as well as fat and protein 
content. Beside the milk protein genotypes the number of 
lactation and the year of lambing were included as fixed 
effects in the model. To account for the repeated lactation 
data of the ewes the animal was included as random effect 
in the model. 

 
To calculate allele substitution effects the effect 

of milk protein genotype was replaced by the number of 



copies of alleles (0, 1, or 2) as covariate in the model. The 
allele with the highest frequency over all populations was 
set as standard allele. 
 

Results and Discussion 
 

Allele and genotype frequencies. IEF led to the 
identification of the αs1-CN allele C, αs2-CN A, B, and C, 
as well as β-LG A and B (Table 1). Within αs1-CN the 
regularly described alleles A, D and H could not be identi-
fied. The alleles A and D are known to be disadvanta-
geous for milk performance and cheese making abilities 
(Ramos et al., 2009). Therefore, indirect selection against 
these alleles in the past can be presumed. C’’ is the pre-
dominant allele in both LAC populations. However, the 
frequencies of C’ and C’’ are relatively balanced in the 
German LAC, whereas CSN1S1*C’’ shows a clear pre-
dominance in the Swiss LAC. Within αs2-CN allele A was 
predominant and allele frequencies between Swiss and 
German LAC are significantly different.  
 
Table 1 Allele frequencies of the milk protein alleles 
typed by IEF or DNA-based methods in LAC sheep. 

Milk 
protein 

Alle-
le 

Ty-
ping 
me-
thod 

Allele frequencies 
LAC 
(Swit-
zer-
land) 

LAC 
(Germa-
ny) 

LAC 
(total) 

αs1-
CN/ 
CSN1S
1 

C’  PCR-
SSCP 

0.2917 0.4945 0.354
2 

C’’ PCR-
SSCP 

0.7083 0.5055 0.645
8 

αs2-
CN/ 
CSN1S
2 

A a  IEF 0.7021 0.7582 0.720
1 

A  PCR-
RFLP 

0.6373 0.7582 0.676
1 

G  PCR-
RFLP 

0.0648 0.0000 0.044
0 

B IEF 0.2927 0.2418 0.276
4 

C IEF 0.0052 0.0000 0.003
5 

α-LA/ 
LALBA 

A IEF 1.0000 1.0000 1.000
0 

     

β-LG/ 
LGB 

A IEF 0.4363 0.4891 0.452
7 

B IEF 0.5637 0.5109 0.547
3 

a  = includes CSN1S2*G and (probably) CSN1S2*A’. 
 
 

CSN1S2*G, hidden behind αs2-CN A on IEF-
level, did not occur at all in the German LAC. In the 
Swiss LAC sheep CSN1S2*G had a very low allele fre-
quency. This can be a hint for indirect selection against 
CSN1S2*G in dairy breeds. Over all typing methods, all 
markers were in HWE. 

 
Association studies, allele and genotype effects 

on milk performance traits. Highly significant effects of 
number of lactation and year of lambing on all milk per-

formance traits (Table 2) confirm environmental influ-
ences on milk production traits in sheep (Ruiz et al., 
2000). Furthermore, the origin has a significant influence 
on the yield traits. This is probably more a farm effect 
than a breed effect but due to missing pedigree infor-
mation we cannot calculate any relationship between the 
flocks. Additionally, we could identify a significant inter-
action between the CSN1S2 genotype effect and the origin 
of the LAC sheep for fat % (Table 2). German LAC with 
CSN1S2 genotypes AA and AB differ significantly in fat % 
in contrast to Swiss LAC. 
 
Table 2 Significances of the effects of year, lactation 
number, origin of the LAC sheep and the milk protein 
genotypes on milk performance traits. 
Effect Trait 

Milk 
kg 

Fat 
kg 

Protein 
kg 

Fat 
% 

Protein 
% 

Year *** *** *** *** *** 
Lactation number *** *** *** *** *** 
Origin *** *** *** NS NS 
CSN1S1-genotype NS NS NS NS ** 
Interactiona NS NS NS NS NS 
CSN1S2-genotype NS NS NS NS NS 
Interactionb NS NS NS * NS 
LGB-genotype NS NS NS NS NS 
Interaction c NS NS NS NS NS 
a= interaction between CSN1S1-genotype and the origin of the LAC 
sheep (Germany or Switzerland) 
b= interaction between CSN1S2-genotype and the origin of the LAC 
sheep (Germany or Switzerland) 
c= interaction between LGB-genotype and the origin of the LAC sheep 
(Germany or Switzerland) 
NS = not significant 
 
 

Least square means and standard errors of geno-
type effects on milk performance traits were estimated for 
the three milk proteins CSN1S1, CSN1S2, and LGB (Table 
3). In LAC CSN1S1* C’C’ is significantly (P ≤ 0.01) 
associated with a higher protein content being in concord-
ance with the significant negative allele substitution effect 
(-0.08%) of the allele CSN1S1*C’ for protein content. 

 
 
CSN1S2 genotype did not show significant ef-

fects on milk performance traits (Table 2).  
 
Concerning the whey proteins, LGB genotype 

does not show a significant association to milk perfor-
mance traits (Table 2).  

 
In total, we confirm effects of milk protein poly-

morphisms on milk performance traits in dairy sheep as 
identified in less widespread earlier studies  (Caio et al., 
2007; Giambra et al., 2011) and describe partly new allele 
effects. The effects of these associations on cheese mak-
ing ability should be analyzed in the future as sheep milk 
is mainly used for cheese production to underline the 
economic importance of milk protein variability.  

 
 

 



Conclusions 
 

It has been demonstrated that milk protein varia-
bility at the protein level in the important dairy sheep 
breed Lacaune sheep can mostly be detected at the pheno-
typic level using isoelectric focusing. However, as a con-
sequence of the identical electrophoretic mobility of some 
variants different DNA based tests have to be applied 
simultaneously to get a more complete picture about milk 
protein variability. Significant associations from past 
studies could be confirmed and additional ones especially 
for protein content described. Thus, the next step should 
be to include the additional polymorphic milk proteins (κ-
casein, ß-casein, α-lactalbumin) and to clarify in more 
detail the demonstrated effects of milk protein variability 
including haplotypes on milk performance also in other 
dairy breeds.  
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Table 3 Estimated genotype effects on milk performance traits (least square means and standard errors) in LAC 
sheep.  

Genotype Trait 
Milk kg Fat kg Protein kg Fat % Protein % 

αs1-CN/CSN1S1 
 

C’C’  372±13 22.53±0.71 18.67±0.57 6.06±0.11 5.06±0.06 
C’C’’ 371±7 22.27±0.39 18.81±0.31 6.04±0.06 5.12±0.04 
C’’C’’ 367±8 21.86±0.45 19.11±0.36 5.96±0.07 5.24±0.04 

αs2-CN/CSN1S2 
 

AA 373±6 22.37±0.35 18.85±0.29 6.06±0.06 5.09±0.03 
AB 378±7 22.47±0.42 19.49±0.34 5.93±0.07 5.20±0.04 
Othersa 359±16 20.63±0.90 18.46±0.74 5.71±0.15 5.18±0.08 

β-LG/LGB 
AA 371±10 22.15±0.59 18.72±0.47 5.97±0.09 5.09±0.05 
AB 372±6 22.28±0.35 19.06±0.28 6.02±0.06 5.17±0.03 
BB 367±9 21.80±0.51 18.63±0.41 5.99±0.08 5.12±0.05 

a = including CSN1S2 genotypes AC, AG, BB, BG, and CG, as their genotype frequencies are ≤ 0.10. 


