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Summary

Milk samples from 248 Pag ewes, belonging to 14 different flocks and located through
the Pag Island (Croatia), were analyzed by isoelectrofocusing and PCR-RFLP. Two genetic
variants (A and B) and three genotypes (AA, AB and BB) of �-lactoglobulin have been
identified. According to the allele frequency (A=0.48, B=0.52) and occurrence of genetic
variants, the Pag breed is similar to other Mediterranean dairy sheep breeds. The observed
genotype frequencies at the �-lactoglobulin locus (AA=0.185, AB=0.589 and BB=0.226)
were significantly different from those expected from Hardy-Weinberg equilibrium. In
comparison with 12 different studies related to Mediterranean dairy sheep populations,
the significant departure from Hardy-Weinberg was also obtained in Valle del Belice
sheep. However, the sample size required for detection of the same amount of departure
from the Hardy-Weinberg as it was observed in Pag sheep was only sufficient in four
studies (including Pag sheep). The superiority of the AB �-lactoglobulin genotype for milk
production could be one of possible reasons for the observed excess of heterozygotes and
allele frequencies at intermediate level.
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Introduction

Reported relationship between genetic variants of
the �-lactoglobulin (�-LG) and milk yield, milk composi-
tion and cheese-making ability in cattle (1,2) have raised
interest for the establishment of the relationship be-
tween �-LG polymorphism and milk production traits in
dairy goat and sheep populations. Although in recent
years the effects of �-LG polymorphism on sheep milk

production and manufacturing properties of the cheese
have been extensively studied, the results are conflict-
ing, indicating either superiority of a given �-LG variant
or absence of relationship (3). However, there is an on-
going interest, especially in the Mediterranean countries
where sheep are mainly kept for the production of
cheese, concerning the relationship between the genetic
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variants of �-LG and traits related to milk and cheese
production. The Pag sheep is native breed from the Pag
Island (Northern Dalmatia) where 35 000 ewes are kept
solely for the production of a well-known (in Croatia)
autochthonous Pag cheese.

The aim of this paper was to study genetic poly-
morphism of the �-LG locus in native Pag sheep and to
compare the results with other Mediterranean dairy
sheep populations kept in similar conditions and ori-
ented toward cheese production.

Materials and Methods

Sample preparation

Individual milk samples were collected from 248
Pag ewes belonging to 14 flocks located through the Pag
Island. After collecting, samples were stored at –20 °C,
without any preservatives. Later, the samples were
thawed at room temperature and centrifuged at 27 000
rpm for 90 min at 4 °C to obtain whey proteins. Isolated
whey proteins were diluted in denaturing solution (1:3.5)
according to Krause and Belitz (4).

Electrophoresis of milk samples

Isoelectric focusing was performed in the presence
of carrier ampholytes, the 4–8 pH gradient was obtained
by mixing 4.0–6.5 and 5.0–8.0 Pharmalyte (Pharmacia
Biotech) in a 1:1 volume ratio according to Feligini et al.
(5). Protein separation was carried out in 124 x 258 x 0.4
mm polyacrylamide gel. Gel stock solution was pre-
pared with N,N'-methylene-bis-acrylamide (30 % T/2.6
% C), 8M urea (w/v) and 12.2 % (w/v) glycerol. Pro-
teins were electrophoresed using Multiphor II Electro-
phoresis Cell (Pharmacia Biotech, Sweden) at 4–5 °C. In

each lane 15 �L sample was loaded. Gels were stained
overnight with Coomassie Brilliant Blue G-250. The ap-
parent isoelectric point of �-LG variants was determined
by reference samples for which genotypes were resolved
by DNA analysis.

DNA extraction from milk and blood

DNA was extracted from milk somatic cells and
blood samples. The individual milk was frozen at –20
°C without preservative. After thawing milk samples
were centrifuged at 1000 rpm for 10 min at 4 °C. The
supernatant was eliminated and the remaining cell-pel-
lets were resuspended in 2 M Tris-HCl, pH=7.5, 40 mM

EDTA, 3 M NaCl, 10 % SDS and 2 mg/100 �L
proteinase K (Sigma). Samples were shaken overnight at

42 °C and mixed with 1 mg/100 �L RNase (Boehringer
Mannheim) for 1 h at room temperature. DNA was ex-
tracted by phenol and chloroform (1:1 volume ratio).

The blood samples were taken from jugular vein into
tubes with 5 % EDTA and stored for one week at 4 °C.
The DNA was extracted from blood lymphocytes (6).

PCR and restriction enzyme analysis

Allele discrimination was based on size differentia-
tion of �-LG genetic markers. PCR conditions were per-
formed according to Feligini et al. (7). Primers LGB1 (5’-
CAA CTC AAG GTC CCT CTC CA-3’) and LGB2 (5’-

CTT CAG CTC CTC CAC GTA CA-3’) were used for
amplification of DNA. Restriction analysis was carried
out using RsaI enzyme (Boehringer). The amount of di-

gestion mixture was 15 �L containing 9.7 �L of DNA

template, 1.5 �L of 10x buffer (SuRE/Cut Buffer L,

Boehringer Manheim, enzyme type dependent), 0.3 �L

of RsaI (5 units �L–1) and 3.5 �L of distilled water. The
reaction mixture was digested at 37 °C for 1 h and then

8 �L of sample were mixed with 2 �L of loading dye
and then samples were loaded to the 3 % agarose gel
stained with ethidium bromide and examined by ultra-
violet light.

Statistical analysis

Allele frequencies, standard errors (SE), disequlibri-
um coefficients ( �D) as well as Hardy-Weinberg equilibrium
(HWE) tests were derived from the genotypic frequen-
cies obtained from the literature or from the present study
(Pag sheep). Standard errors of the allele frequencies
(SE) and disequilibrium coefficients ( �D) were calculated
according to formulae /1/ and /2/, as suggested by Weir
(8);
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is genotypic frequency of the phenotype AB. For each

population, HWE was tested by two-sided chi-square tests
with degree of freedom equal to one and were, thus, re-
lated to hypotheses concerning excess or a deficiency of
heterozygosity. The critical values of the disequilibrium
coefficients required for the rejection of the HWE
hypothesis ( �Dr), with sample size used in the analysis
(see Table 1) and at the significance level � = 0.05 and
the power of test 1-� = 0.80, were calculated according
to Weir (8). All calculations and statistical tests were
done by SAS software package (9) and used algorithms,
which are available on request.

Results and Discussion

Whey fractions were obtained from Pag ewes’ milk
and then were analysed by isoelectrofocusing to obtain
electroforegram for �-LG. Figs. 1 and 2 show two differ-
ent variants, A and B, which we detected for Pag ewes’
milk. Identification of �-LG variants cannot just rely on a
simple comparison of isoelectrofocusing patterns. When
we analysed samples by isoelectrofocusing, 60 samples
were not clear and it was difficult to decide if it is A or
B variant. Hence, to confirm �-LG variants of milk of 60
Pag ewes, we analysed samples by PCR-RFLP. One size
of band occurred, which was 120 bp, after amplifying
the DNA. As variant A has two RsaI sites, after diges-
tion three fragments are produced (66 bp, 37 bp and 17
bp). The PCR product from variant B has just one RsaI
site and digestion produces two fragments (103 bp and
17 bp). In Fig. 2, 17 bp fragment is very weak or not vis-
ible on the gel.
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Isoelectrofocusing is a good method for the identifi-
cation of different variants of ewe’s milk but sometimes
results can have many artefacts and in that case it is ad-
visable to confirm the analysis by PCR-RFLP. PCR-RFLP
is a more expensive method but, on the other side, it is
more precise.

By combining information from analysis of isoelec-
trofocusing patterns and PCR-RFLP we estimated the
distribution of �-LG variants in whey fraction. Out of
the 248 samples, the heterozygous genotype AB oc-
curred most frequently (146 samples) while the other
two homozygotes, AA and BB, appeared in 46 and 56
samples, respectively. Thus, with respect to the gene fre-
quency and the occurrence of genetic variants the Pag
sheep is similar to other Mediterranean dairy sheep
breeds where alleles A and B of �-LG locus occur at the
intermediate allele frequency (Table 1). In the majority
of populations, the B allele is more frequent than A. The
slight exceptions are two Spanish (Manchega and Segu-

reña) and two Italian (Barbaresca-siciliana and Massese)
breeds where A variant is the most frequent one. Why
two genetic variants of the �-LG (A and B) are main-
tained at the intermediate gene frequency in the Medi-
terranean dairy sheep populations is still an open ques-
tion. Continuous week selection performed by farmers
and potential superiority of the AB �-LG genotype for
milk and/or cheese production might be possible expla-
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Table 1. Allele frequencies and Hardy-Weinberg equilibrium tests for the �-LG locus in the Mediterranean dairy sheep populations

Breed N A B SE �D �Dr � �
[ ]v PHWE Authors

Massese 54 0.53 0.47 0.05 0.04 0.11 1.14 0.29 V. Russo et al. (10)

Sarda 72 0.47 0.54 0.04 0.01 0.07 0.04 0.85 V. Russo et al. (10)

Comisana 250 0.50 0.50 0.02 0.02 0.04 1.30 0.26 L. Chiofalo et al. (11)

Siciliana-pinzirita 72 0.50 0.50 0.04 –0.04 0.08 2.00 0.16 L. Chiofalo and P. Micari (12)

Barbaresca-siciliana 62 0.62 0.38 0.04 0.00 0.14 0.00 0.96 L. Chiofalo and P. Micari (12)

Sopravissana 135 0.58 0.42 0.03 –0.02 0.08 0.53 0.47 S. Dall’Olio et al. (13)

Sarda 144 0.51 0.49 0.03 –0.02 0.06 0.70 0.40 G. Bardin et al. (14)

Manchega 486 0.68 0.32 0.02 0.00 0.06 0.00 0.99 G. López-Gálvez et al. (15)

Segureña 50 0.67 0.33 0.05 0.05 0.18 2.67 0.10 G. López-Gálvez et al. (15)

Lacha 234 0.47 0.53 0.02 0.01 0.04 0.55 0.46 I. Recio et al. (16)

Massese 128 0.63 0.37 0.03 –0.04 0.10 3.07 0.08 M. Rampilli et al. (17)

Valle del Belice 155 0.35 0.65 0.03 –0.04 0.03 4.23 0.04 P. Giaccone et al. (18)

Pag sheep 248 0.48 0.52 0.02 –0.05 0.04 7.98 0.01 Present study

N = sample size; A and B = �-LG variants; SE = Standard error of the allele frequency; �D = Disequilibrium coefficient; �Dr = The ab-
solute value of the disequilibrium coefficient that, considering the sample size used in the analysis, would lead to the rejection of
the Hardy-Weinberg equilibrium at the significance level � = 0.05 and power of test 1-� = 0.80; � �

[n] = Calculated � � value with cor-
responding degrees of freedom �	
; PHWE = Significance level /P-values/ determined by � �

[n] test.

Fig. 1. Isoelectric focusing (pH gradient 4-8) of individual
whey samples from Pag sheep; the �-LG variants A and B are
showed

Fig. 2. Agarose gel (3 %) shows the results of PCR (120 bp)
and genetic markers of AA (66 bp, 37 bp and 17 bp), AB (103
bp, 66 bp, 37 bp and 17 bp) and BB (103 bp and 17 bp) genot-
ypes obtained after digestion by RsaI. (In all genotypes 17 bp
fragment is weak or not visible). M: MWM 50 bp ladder (Boeh-
ringher Mannheim).



nation for the observed phenomenon. For the Pag sheep,
the observed genotype frequencies were significantly
different from those expected from HWE (Table 1).
Among other Mediterranean dairy sheep breeds, the de-
viation from HWE was observed only for Valle del
Belice sheep. However, it should be noted that out of 12
other studies taken from the literature only in the stud-
ies of Chiofalo et al. (11), Recio et al. (16) and Giaccone et
al. (18), the sample size was sufficient to detect disequi-
librium of the same or lower magnitude (for tests with
significance level �=0.05 and the power of test 1-�=0.80)
as was observed for the Pag sheep. The observed excess
of heterozygotes suggests, also, the superiority of the
AB �-LG genotype for milk and/or cheese production
and our future work will refer to the relationship be-
tween �-LG genetic variants and traits related to milk
and cheese production.

Conclusions

By combining information from analysis of isoelec-
trofocusing patterns and PCR-RFLP we calculated the
frequency of �-LG variants in the sampled whey frac-
tions. With respect to the gene frequency (A=0.48, B=
0.52) and the occurrence of genetic variants at the �-LG
locus, the Pag breed is similar to other Mediterranean
dairy sheep breeds. The observed genotype frequencies
of �-LG genotype (AA=0.185, AB=0.589 and BB=0.226)
were significantly different from those expected from
HWE, suggesting the superiority of the AB genotype for
milk and/or cheese production. The significant depar-
ture from HWE was also obtained in Valle del Belice
sheep. The sample size required for detection of the
same amount of departure from the HWE, as observed
in this study, was only sufficient in four studies (out of
13 studies taken from literature).
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Genetski polimorfizam �-laktoglobulina u pa{ke ovce

Sa`etak

Uzorci mlijeka od 248 pa{kih ovaca iz 14 razli~itih stada lociranih po cijelom otoku
Pagu analizirani su tehnikama izoelektri~nog fokusiranja i PCR-RFLP. Identificirane su dvije
genetske varijante (A i B) i tri genotipa (AA, AB i BB) �-laktoglobulina. Po frekvenciji alela
(A=0.48, B=0.52) i prisutnosti genetskih varijanti pa{ka je ovca sli~na ostalim mediteran-
skim mlije~nim pasminama ovaca. Dobivene genotipske frekvencije �-laktoglobulinskog
lokusa (AA=0.185, AB=0.588 i BB=0.226) pokazale su signifikantno odstupanje od o~ekiva-
nog Hardy-Weinbergove ravnote`e. U 12 razli~itih istra`ivanja koja se odnose na medite-
ranske mlije~ne pasmine ovaca, signifikantno odstupanje primije}eno je jo{ samo u pasmi-
ne Valle del Belice. Me|utim, samo u ~etiri istra`ivanja (obuhva}aju}i i istra`ivanje autora)
veli~ina uzorka bila je dovoljna za detekciju istog odstupanja od Hardy-Weinbergove rav-
note`e. Superiornost AB genotipa �-laktoglobulina za proizvodnju mlijeka mogu}i je uz-
rok ve}e prisutnosti heterozigote te intermedijarne frekvencije alela.
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