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INTRODUCTION
Milk protein polymorphisms have been considered as potential aids for selection in dairy
sheep. The influence of αs1-casein (αs1-Cn) and β-lactoglobulin (β-Lg) genotypes on several
milk related traits (e.g. milk yield, milk protein and fat content, cheese yield) has been studied
in several breeds of sheep. However, results from several studies show differences among
breeds, and no clear associations between milk traits and markers could yet be established (for
a review see Moioli et al., 1998).
Prolactin (PRL) plays a major role in many biological functions, and, specifically at the
mammary gland level, is known to be involved in two important functions, lactogenesis and
mammogenesis (Knight, 2001). Therefore, the influence of prolactin genotypes on milk
production traits deserves further investigation.
Progress in sheep breeding schemes towards milk production may be enhanced by combining
traditional performance data with molecular genetic information. The objective of this study
was to determine possible associations between genetic variants at the αs1-casein, β-
lactoglobulin and prolactin loci and milk yield (MY), 150 days adjusted milk yield (AMY) and
milk fat (FAT) and protein (PROT) contents in the Portuguese Serra da Estrela and Merino
(White and Black strains) sheep breeds.

MATERIAL AND METHODS
Blood samples were collected in individuals from the Serra da Estrela (SE) and Merino (M)
breeds. For each breed and marker, the number of animals genotyped varied (Table 1).
Individual records for milk yield, 150 days adjusted milk yield and milk fat and protein
contents were collected in ewes from both populations.
Three markers were considered in this study, αs1-casein, β-lactoglobulin and prolactin. PCR-
RFLP procedures were used to detect the polymorphisms described for each marker. Protocols
regarding DNA preparation, primer sequences and PCR conditions are described elsewhere
(Schlee et al., 1993; Vincent and Rothschild 1997; Pilla et al., 1998; Anton et al., 1999). Three
alleles were scored for αs1-casein (A, C and D) and β-lactoglobulin (A, B, C) and two alleles
for the prolactin locus (A and B).
Least squares analyses for MY, AMY, FAT and PROT were performed within breed using the
GLM Procedure of SAS. The genotypes of recorded ewes for αs1-Cn (3 levels), β-Lg (3
levels) and prolactin (3 levels) were used as fixed effects in the models for both sheep
populations. In addition, the model for SE contained the effects of flock (5 levels), year (6
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levels), lactation number (7 levels), number of lambs born (2 levels) and the linear and
quadratic effects of lactation lenght were included as covariates. The model for M included the
effects of strain (2 levels), year (4 levels), lambing season (2 levels), age of ewe (6 levels) and
lactation length as a covariate.

Table 1. Allele frequencies of each marker in the screened populations

Marker Allele
Serra da
Estrela

Merino
(White strain)

Merino
(Black strain)

αs1-casein (1223)* (468) (451)

A 0.023 0.022 0.036
C 0.923 0.916 0.902
D 0.054 0.062 0.062

β-lactoglobulin (1178) (473) (448)
A 0.62 0.464 0.391
B 0.378 0.535 0.607
C 0.002 0.001 0.001

Prolactin (1006) (381) (401)

A 0.639 0.57 0.722
B 0.361 0.43 0.278

* ( ) Number of animals genotyped.

RESULTS AND DISCUSSION
Regarding allele frequencies (Table 1), the results seem to indicate that these sheep
populations show rather similar values, except for β- lactoglobu1in. However, given that SE
animals were screened from 5 flocks, whereas M animals came from a single flock, these
results should be regarded with caution before firm conclusions can be drawn.
The effects of αs1-Cn, β-Lg and PRL genotypes on milk traits are shown in Tables 1 and 2 for
SE and M populations, respectively. In the SE population, PRL showed the strongest
association (p<0.001) with MY and AMY, but the effect on FAT and PROT was null. Ewes
with PRL genotype AA presented lower values of MY and AMY relative to genotypes AB and
BB. Relative to the β-Lg locus, MY and AMY were also lower (P < 0.05) for ewes carrying
the AA genotype, compared with AB and BB genotypes. No influence of the β-Lg variants
was observed for milk fat and protein content in this breed. Regarding αs1-Cn, we did not find
any influence of this locus on MY or AMY. It was not possible to study the influence of αs1-
Cn genotypes on FAT or PROT, due to the lower number of observations for these traits,
combined with the low variability registered for this marker.
In the M population, αs1-Cn and PRL genotypes did not influence any of the traits under
study. An influence of β-Lg genotypes on MY and AMY was also detected. 
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Table 2. Marginal means ± standard errors for milk yield (MY), 150 days adjusted milk
yield (AMY), fat content (FAT) and protein content (PROT), by genotype, in Serra da
Estrela breed

Trait
Genotypes MY (Kg) AMY (Kg) FAT (g/100g) PROT (g/100g)

αs1-casein
AC 120.8 ± 4.4

(44)*
93.9 ± 4.0

(44)
- -

CC 127.1 ± 1.6
(926)

100.4 ± 1.5
(926)

- -

CD 122.7 ± 4.0
(55)

96.9 ± 3.7
(55)

- -

β-lactoglobulin

AA 121.2 ± 2.5A

(406)
95.2 ± 2.3B

(406)
7.3 ± 0.2

(68)
5.9 ± 0.2

(68)
AB 126.9 ± 2.5B

(470)
100.2 ± 2.2A

(470)
7.7 ± 0.2

(81)
6.1 ± 0.2

(81)
BB 122.5 ± 3.0B

(149)
95.9 ± 2.8A,B

(149)
7.3 ± 0.3

(35)
6.0 ± 0.2

(35)

Prolactin

AA 119.1 ± 2.5A

(484)
92.8 ± 2.2A

(484)
7.2 ± 0.2

(79)
5.9 ± 0.2

(79)
AB 126.9 ± 2.5B

(405)
99.9 ± 2.2B

(405)
7.3 ± 0.2

(82)
5.8 ± 0.2

(82)
BB 124.8 ± 3.1B

(136)
98.5 ± 2.8B

(136)
7.8 ± 0.3

(23)
6.3 ± 0.2

(23)
* ( ) Number of observations;
A, B For each trait and genotype, means without common superscripts differ (P < 0.05)

Merino ewes carrying genotype AA had lower (P < 0.05) values of MY and AMY, when
compared with genotypes AB and BB. No effect of this locus on FAT and PROT was detected.

CONCLUSION
This study indicates an influence of β-Lg genotypes on milk yield, since individuals with
genotype AA consistently presented lower values. This influence was observed in two
different breeds, with different genetic backgrounds and production systems. PRL variants had
a significant effect on milk yield in the SE breed, but this influence was not detected in the
Merino population. Finally, the αs1-Cn locus did not influence any of traits in both breeds.
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Table 3. Marginal means ± standard errors for milk yield (MY), 150 days adjusted milk
yield (AMY), fat content (FAT) and protein content (PROT), by genotype, in both
Merino strains

Trait
Genotypes MY (Kg) AMY (Kg) FAT (g/100g) PROT (g/100g)

αs1-casein
CC 82.7 ± 1.8

(227)*
72.6 ± 1.9

(205)
9.4 ± 0.1

(152)
7.1 ± 0.1

(154)
CD 84.7 ± 2.6

(87)
74.7 ± 2.6

(78)
9.1 ± 0.2

(49)
6.9 ± 0.1

(49)

β-lactoglobulin

AA 79.1 ± 2.9A

(66)
67.7 ± 2.9A

(60)
9.3 ± 0.2

(42)
7.2 ± 0.1

(42)
AB 85.0 ± 2.2B

(132)
75.4 ± 2.1B

(121)
9.2 ± 0.2

(81)
6.9 ± 0.1

(82)
BB 86.8 ± 2.2B

(116)
77.8 ± 2.3B

(102)
9.3 ± 0.2

(78)
7.0 ± 0.1

(79)

Prolactin

AA 84.9 ± 2.2
(132)

74.6 ± 2.2
(124)

9.2 ± 0.2
(88)

6.9 ± 0.1
(88)

AB 82.6 ± 2.2
(132)

73.7 ± 2.2
(112)

9.3 ± 0.2
(82)

7.0 ± 0.1
(84)

BB 83.6 ± 3.1
(50)

72.6 ± 3.0
(47)

9.2 ± 0.3
(31)

7.1 ± 0.1
(31)

* ( ) Number of observations;
A, B For each trait and genotype, means without common superscripts differ (P < 0.05)
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