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Abstract—Prolactin (PRL) is a lactogenic hormone that plays a significant role in milk production; its deple-
tion in sheep provokes a severe reduction of milk secretion. Thus, PRL also could be used as a positional
marker gene associated with milk production and composition traits. Therefore, the purpose of the study was
to identify genotype frequencies of single nucleotide polymorphisms the intron 2 in ovine PRL gene and its
possible association genotypes with milk traits in dairy sheep breeds. The genetic structures of ovine PRL
gene were examined by PCR-RFLP and DNA sequencing methods in three sheep populations. Four hun-
dred and fifty blood and milk samples were used in the study, which included 150 samples from each of Sakiz,
Akkaraman and Awassi ewes respectively. As a result, PRL genotype AA showed a strong association with milk
yields content, whereas the animals carrying BB genotype had a higher fat percentage value in the three sheep
breeds. Haplotype analysis of the obtained sequences showed the presence of 12 haplotypes in the PRL intron
2 region. In the present study, we have reported for the first time 48 SNPs of the PRL gene for intron 2 in
dairy sheep breeds. These preliminary results indicate that the identified SNPs lend themselves readily for
further research regarding physiological impacts such as milk production and reproductive traits in other
dairy sheep populations.
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INTRODUCTION
The dairy sheep industry plays a vital role in many

Mediterranean countries, especially for the produc-
tion of high quality cheese from local dairy breeds [1, 2].
In the last few years, interest concerning the milk from
small ruminants has been increasing in order to find
new ways of exploiting the potential of local breeds [3].
According to FAO, total sheep milk production of
Turkey was 1.101.013 tons in 2013 and the number of
sheep was 27.425.233 heads in 2013 [4]. In Turkey,
sheep breeds are generally multipurpose, reared for
meat and milk production [5] and dairy sheep have
been farmed traditionally, almost all milk is used for
cheese production and, consequently, milk content
traits are very important [2].

For the identification and characterization of
genetic variants associated with milk performance
traits in various sheep breeds, many research efforts
have been based on the candidate gene approach [1,
6–8]. Because of financial and practical restrictions,
genome-wide selection is usually unfeasible for most
dairy sheep breeds, making the application of selection
schemes assisted by molecular information on causal

mutations of genes affecting milk traits an attractive
alternative in dairy sheep [1, 2]. Polymorphisms
within selected candidate genes can be tested for their
associations with quantitative traits to better under-
stand their effects and can be used in marker-assisted
selection [9]. Most association studies between the
ovine milk protein polymorphisms and the milk per-
formance traits have assessed mainly the effects of sin-
gle gene and some controversial results have been
revealed [10–13].

In dairy sheep, several genes (CSN1S, CSN3,
DGAT1, GHR, LGB, LEP, STAT5A and PRL) have
been investigated for their relationships with milk
traits [8]. Prolactin (PRL) is a lactogenic hormone
that plays a significant role in milk production; its
depletion in sheep provokes a severe reduction of milk
secretion [14], suggesting that PRL is a functional
candidate gene that could contribute to variations in
milk yield. In addition, the PRL gene is located in a
region of the ovine chromosome 20 where putative
QTL for fat percentage [15] and milk, fat, and protein
yield [12] have been proposed. Thus, PRL also could
be used as a positional marker gene associated with
milk production and composition traits [16].1 The article is published in the original.
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Furthermore, typing autochthonous sheep breeds
at milk protein loci gives the possibility of increasing
productivity and avoiding the loss of genetic variabil-
ity, thus preserving biodiversity with particular atten-
tion to endangered breeds carrying special milk pro-
tein variants [3].

Among the limited polymorphisms that have been
identified in the ovine PRL gene, 2 variants (A and B)
within intron 2 have been associated with milk-related
traits [7, 8]. The PRL genotypes significantly affected
milk yield, fat and protein content in Serra da Estrela
sheep [7]. Staiger et al. [8] suggested that the PRL
intron 2 polymorphism significantly affects milk yield
in East Friesian sheep and could therefore be used as a
potential marker in selection breeding programs [16].
Based on the above considerations, the objective of
this study is to detect novel variants in the region of the
intron 2 and partial exon 2 region in the ovine PRL
genotypes and its possible association with milk pro-
duction traits in Sakiz, Akkaraman and Awassi dairy
sheep breeds.

MATERIALS AND METHODS
Animal Resources and DNA Isolation

Sakiz is a high milk yield local dairy sheep breed in
Turkey and is well known for its early sexual maturity
and outstanding prolificacy. Milk production varies
from 120 to 250 kg for 175 days lactation length
depending on management and husbandry condi-
tions. Akkaraman is the largest local sheep population
bred in Turkey. It’s fat tailed sheep and bred as a dual
purpose breed with milk production varying from 50 to
60 kg per 140 days lactation. Awassi is principally a
milk breed reared in southeastern in Turkey. Its milk
production varies from 120 to 160 kg per 165 days lac-
tation [17].

Four hundred and fifty blood and milk samples
were used in in the study which included a set of three
150 samples from Sakiz, Akkaraman and Awassi ewes
respectively. The sample selected randomly consisted
of animals that were 4 years old, multiparous and lac-
tating. Akkaraman – Awassi and Sakiz breeds were
reared, respectively, in Elazig and Balikesir county at
the commercial herds of three farms. Animals were fed
250 g/head/day concentrate commercial food (crude
protein 20% and 2500 ME kcal/kg) as supplement and
raised in semi-intensive conditions. Measurements of
milk yield were initiated on the 14th day of lactation to
exclude the risk of contamination with colostrum.
Animals were milked twice a day at constant intervals
and 20 ml milk sample was collected for milk analysis.
Individual milk yield was recorded every day during
lactation for each individual and each breed. Milk
sample was analysed for milk composition (fat, pro-
tein, lactose, density and non-fat solids) using Lacto-
scan milk analyser (Milktronic Company, Nova Zag-
ora, Bulgaria). Jugular blood samples (2 mL/ewe)

were collected aseptically from each of the animals,
using EDTA as an anticoagulant. Genomic DNA was
extracted from the whole blood using the phenol chlo-
roform method [18]. All samples were delivered back
to the laboratory in icebox.

For this study, PCR amplification for PRL gene
were amplified and thereafter digested with HaeIII
restriction enzyme as described by Vincent and Roth-
schild [19]. Allele A contained 3 restriction sites for
HaeIII and resulted in 4 fragments of 1400, 530, 360
and 150 bp whereas the presence of an additional
restriction site in the B allele resulted in 5 fragments of
1400, 510, 360, 150, and 20 bp. PCR products of diges-
tion were resolved by electrophoresis on a 4% agarose
gel stained with ethidium bromide. Then, fifteen ran-
domly chosen PCR samples of each genotype were
sequenced from both directions to confirm the results
obtained with PCR-RFLP technique. Direct
sequencing was performed on 3100 ABI PRISM
sequencer (Applied Biosystems, USA) and sequenced
by commercial services. Sequences were obtained with
the same primers used for PCR amplification.
Obtained sequences were aligned with the KC764410
for PRL sequence of the GenBank.

Bioinformatics Analysis

The genotype, allelic frequencies and the observed
and expected heterozygosity and Hardy-Weinberg
equilibrium were calculated using Arlequin ver. 3.5.1.3
package program [20]. Sequences were analyzed using
the BioEdit ver. 7.2.5 software [21] for sequence align-
ment.

The DnaSP software 5.10.01 [22] was used to cal-
culate polymorphic sites, average number of nucleo-
tide differences (k), number of haplotypes (h), nucle-
otide diversity (π) haplotype diversity (Hd) within and
among breeds; Watterson’s theta estimator for the
studied species separately using a haplotype sequence
was obtained. Pi (π) is based on the average number of
nucleotide differences between the sequence, and
theta is based on the total number of segregating sites
in the sequence [23].

Network software 4.6.1.2. [24] was used to build the
network of haplotype groups using the median joining
algorithm. MEGA ver. 6.0 [25] was used for the phy-
logenetic sequence analyses of haplotypes by the
Neighbour-Joining method based on Kimura-2P
model and the reliability of the inferred tree was
assessed by bootstrap (1000 replicates) (data not
shown).

Association Analysis

Statistical analysis was performed using R-Project
software (R Core Team, 2013) and general linear
mixed model (GLMM) was applied to analyse associ-
ation between PRL genotypes and milk yield, fat, pro-
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tein and lactose percentages. Dependent variables in
the analysis were milk yield, fat, protein and lactose
percentage whereas the PRL genotypes and breed
were considered as fixed effects in the model. The
model used was as follows:

Yijkl = μ+ Bi + Gj + GxBk + Al + e,

where Y is the variable being estimated being test day
milk yield, fat, protein or lactose; Bi is the fixed effect
of the breed; Gj is the fixed effect of the genotype;
GxBk is the fixed interaction effect of breed and geno-
type; Al is the random effect of the animal and e is the
residual effect. P < 0.05 was considered statistically
significant.

RESULTS
Genotypic and Allelic Frequencies

After digestion of the 2.5 kb fragment of PRL gene
with the HaeIII endonuclease three genotypes were
identified: AA (1400, 530, 360, and 150 bp), AB (1400,
530, 510, 360, 150, and 20 bp) and BB (1400, 510, 360,
150, and 20 bp) (Fig. 1). The results for genotypic and

allelic frequencies of the examined populations are
reported in Table 1.

The allele frequency was different between Sakiz
and Akkaraman-Awassi breeds. Sakiz ewes showed
higher frequency of allele A (0.77) than Akkaraman
and Awassi breeds (0.15, 0.23 respectively). The allele
distribution of PRL gene in Akkaraman and Awassi
sheep breeds was in agreement with Hardy–Weinberg
equilibrium by the Chi-square test (P > 0.05), on the
contrary Sakiz breed was not agreement with Hardy-
Weinberg equilibrium (P < 0.01).

Haplotype Frequencies

In this study, the sequence analysis of intron 2 of
the PRL gene was shown interesting variations in the
examined populations. For intron 2, except for refer-
ence sequences (KC764410) twelve different haplo-
types were obtained (Table 2). The most common
haplotype was haplotype 14 (H_14) for Sakiz breed,
haplotype 15 (H_15) for Akkaraman breed and haplo-
type 6 (H_6) for Awassi breed. However, H_13 and
H_14 were observed only in the Sakiz breed. Haplo-

Fig. 1. Agarose gel electrophoresis band patterns after digestion with HaeIII endonuclease within the intron 2 region sequence of
the sheep PRL gene Lane M: 1 kb DNA marker; lane 2,4: AB genotype (1400, 530, 510, 360, 150, and 20 bp); lane 3,5,6: BB gen-
otype (1400, 510, 360, 150, and 20 bp); lane 7,8: AA genotype (1400, 530, 360, and 150 bp).

1 k M AB BB AB BB AA AABB

Table 1. Distribution of the observed allele frequencies for PRL loci, expected genotype frequencies in accordance with
Hardy–Weinberg equilibrium

Note: P value for the agreement to Hardy-Weinberg equilibrium, observed (HO) and expected heterozygosity (HE) in Sakiz (SAK),
Akkaraman (AKK) and Awassi (AWS) sheep breeds. NS – non significant; n – total number of individuals.
** P < 0.01

Population
(n = 150 per each)

Allele frequency Observed genotypes
P value HO HE

A B AA AB BB

SAK 0.77 0.23 96 39 15 0.0019** 0.2600 0.3554

AKK 0.15 0.85 4 37 109 0.7458NS 0.2467 0.2559

AWS 0.23 0.77 8 53 89 1.000NS 0.3533 0.3554



980

RUSSIAN JOURNAL OF GENETICS  Vol. 52  No. 9  2016

OZMEN, KUL

types were determined based on reference sequences
KC764410, HM234397 (ovine PRL gene, intron 2
variant A) and HM234398 (ovine PRL gene, intron 2
variant B) and called H_1, H_2 and H_3 in this study,
respectively. The PRL haplotype sequences from these
sheep breeds have been deposited in the GenBank
database under the access number: KP215628–
KP215639.

Based on the observed mismatch distributions and
the constructed radiation tree (data not shown), two
main groups were determined. Neutrality tests were
applied separately to these haplotype groups. Neutral-
ity tests at PRL gene, Tajima’s D value, Fu and Li’s D*
and F* values and Fu’s Fs values are shown in Table 3.
Tajima’s D value, Fu and Li’s D* and F* values and
Fu’s Fs values for intron 2 group A are positive and the
group B negative. Artificially selected populations,
like livestock species, do not fulfil the assumptions of
random mating and constant population size for the
neutrality test, hence positive Tajima’s D values are
likely due to the demographic histories of these species

or breeds rather than true balancing selection [23].
Haplotype diversity (Hd), nucleotide diversity (π) and
Watterson’s theta estimator were calculated separately
for the studied species using the haplotype sequences
obtained. Since in all groups nucleotide diversities
were low but haplotype diversities were high, recent
population growth is suggested.

A median joining network is presented in Fig. 2.
The most common haplotype for Sakiz, Akkaraman
and Awassi sheep breeds are H_14, H_15 and H_6,
respectively. According to the network result H_14
differs from the H_1 by 25 nucleotides; H_15 and H_6
differs from H_1 by four nucleotides. The Sakiz breed
showed different haplotype and different variations in
comparison with Akkaraman and Awassi.

Genotype Effects on Milk Production Traits
Least squared means of milk traits are represented

in Table 4. As milk analyze results, milk yield, fat, pro-
tein and lactose percentage were found as statistically

Fig. 2. Median joining network for PRL haplotype observed in examined sheep populations H_1 contains KC764410; H_2 con-
tains HM234397; H_3 contains HM234398 sequence Different colors represent different sheep breeds (H_1 H_2 H_3 contains
the reference sequence).
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Table 3. Genetic diversity indexes and neutrality indices in intron 2 PRL gene in the studied sheep breeds

Indexes
Group A Group B

Sakiz Akkaraman, Awassi

Haplotype number (h) 2 10
Nucleotide diversity (π) 0.00959 0.00537
Haplotype diversity (Hd) 0.700 0.867
Polymorphic sites 28 27
Theta (θw) 0.00931 0.00723
Tajima’s D 0.12373 –0.89476
Fu and Li’s F* 1.08119 –0.80739
Fu and Li’s D* 1.25539 –0.57819
Fu’s Fs 5.804 –1.235

Table 4. Least squares means (± SEM) of milk traits in sampled sheep breeds

a, b, c Different superscripts of small letters mean significant difference (P < 0.001).

Trait Sakiz Awassi Akkaraman P value

Fat, % 7.066a ± 0.586 5.171b ± 0.455 4.121c ± 0.381 0.000***

Lactose, % 5.419c ± 0.425 5.920b ± 0.489 6.113a ± 0.491 0.000***

Protein, % 6.435a ± 0.571 3.919c ± 0.327 4.029b ± 0.335 0.000***

Milk yield, ml 1.102a ± 0.083 1.051a ± 0.078 0.804b ± 0.063 0.000***

important (P < 0.001). Sakiz sheep breed has shown
highest milk yield, protein and fat percentage, Akkara-
man sheep breed has highest lactose percentage values
when compared to among sheep breeds.

Results of the association study of PRL genotypes
with milk production traits are shown in Table 5. In
Sakiz ewes, allele A was higher, while the frequency of
allele B was more frequent in the Akkarman and
Awassi breeds. For PRL genotypes clear differences
were observed between Sakiz and Akkaraman-Awassi
breeds. In the all studied breeds carrying AA genotype
had a greater milk yield than those with AB and BB
genotype (P < 0.001), while BB genotype had a greater
milk fat percentage than those with AB and AA geno-
type (P < 0.001). In Sakiz, heterozygous AB ewes
higher milk protein percentage when compared
homozygous AA and BB animals. However, there were
no statistically significant differences in protein per-
centage according to genotypes in Akkaraman and
Awassi ewes.

DISCUSSION

In this study, the polymorphic A allele of ovine
PRL was positively associated with milk yield, but it
influenced fat and protein percentage negatively. Only
few investigators had previously appealed to the PCR-
RFLP and DNA sequencing method to study the
ovine PRL gene [7, 8, 16].

The two variants in the ovine PRL gene have been
determined based on HaeIII digestions of PCR prod-
ucts, as first described by Vincent and Rothschild [19].
By partial sequencing of the PRL gene intron 2, it was
found that the B variant results from a 23 bp deletion
of the A variant of the prolactin gene and not from an
extra HaeIII digestion site, as had been reported [16].

Ramos et al. [7] found a significant effect of the
PRL genotype on milk yield, fat, and protein content
in the Serra da Estrela breed, but no effect was found
in the Merino breed. In both breeds, the A allele
occurred more frequently than the B allele, and Serra
da Estrela ewes carrying the AA genotype had lesser
milk yields compared with ewes with AB and BB gen-
otypes, which is the opposite of the results presented
in this study for Sakiz, Akkaraman and Awassi ewes.
On the other hand, the positive effect of the AA geno-
type of milk yield was shown by Staiger et al. [8] and A
allele was positively associated with milk yield in East
Friesian sheep, which is the similar to results pre-
sented in this study. Although the possibility of a direct
effect of the polymorphism needs to be explored, the
association with milk production is more likely due to
linkage with a functional mutation. Different alleles
being associated with high milk production in differ-
ent breeds could, therefore, be the result of different
linkage phases between the HaeIII polymorphism and
the functional mutation [8]. However, association
studies examining individual animal milk production
data from different breeds farmed under the same man-
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agement and nutritional conditions are required to inves-
tigate and confirm any putative correlations [16].

Orford et al. [16] sequenced PRL gene intron 2
region for determined 23 bp deletion from Chios sheep
breeds. Chios sheep breed has same genetic back-
ground with Sakiz and it is reared in Greece. These
researchers were found 2 haplotypes, which is
HM234397 and HM234398. In this research, Net-
work analysis was performed with Orford et al. [16]
haplotypes. Interestingly, these haplotypes has been
found to same group with Akkaraman and Awassi
breeds and differ from Sakiz by 24 variation points.
The Sakiz breed differs from the Akkaraman, Awassi
and Chios breeds (Fig. 2).

The classical view is that intronic mutations do not
alter the composition or function of the protein pro-
duced by a gene [8]. Nevertheless, introns and the act
of their removal by the spliceosome can affect gene
expression at many different levels, including tran-
scription, polyadenylation, mRNA export, transla-
tional efficiency, and the rate of mRNA decay [26].

The different indices of neutrality at PRL, Tajima’s
D value, Fu and Li’s D* and F* values and Fu’s Fs val-
ues was found different among to the groups. As a
results, this suggests that population expansion can be
based on the negative neutrality test values obtained in
group B, which is belong to Akkaraman and Awassi

sheep breeds. Under positive selection there is an
excess of rare polymorphisms and Tajima’s D value,
Fu and Li’s D* and F* values and Fu’s Fs values are
negative. The population variations for intron 2 of the
PRL gene polymorphisms were found in Sakiz,
Akkaraman and Awassi ewes.

Haplotype analysis of the obtained sequences
showed the presence of 48 SNPs in the PRL intron 2
region. The number of polymorphisms identified
showed high variability among breeds. Of the 12 hap-
lotypes six were specific for Awassi, four for the
Akkaraman and two for the Sakiz breed. Although
Sakiz breed had shown two haplotypes, it presented
the 28 polymorphic sites. It was interesting to note that
Akkaraman and Awassi sheep were found similar hap-
lotype group, whereas the Sakiz breed had different
variations. We propose that this difference is probably
the consequence of selection and possibly even QTL
or gene(s) regulating milk production traits.

In the present study, we have reported for the first
time 48 SNPs of the PRL gene for intron 2 and its
association with milk traits in Sakiz, Akkaraman and
Awassi sheep breeds. In all examined populations,
PRL genotype AA were significantly associated with
greater milk yield, whereas the animals carrying BB
genotype had a higher milk fat percentage value.
Although, our results suggest that PRL variants effect

Table 5. Association of PRL genotype with milk production traits in sampled sheep breeds

a, b, c Different letters indicate significant difference between genotypes. NS – non significant; n – total number of individuals.
* P < 0.05; *** P < 0.001.

Trait
PRL genotype

P value
AA AB BB

Sakiz sheep n = 96 n = 39 n = 15

Milk yield, mL 1.497a ± 0.013 1.034b ± 0.016 0.659c ± 0.027 0.000***

Fat, % 5.362c ± 0.096 7.069b ± 0.098 8.902a ± 0.127 0.000***

Lactose, % 5.470a ± 0.016 5.476a ± 0.043 5.293b ± 0.110 0.007***

Protein, % 6.315b ± 0.037 6.615a ± 0.071 6.279b ± 0.116 0.002***

Awassi sheep n = 8 n = 53 n = 89

Milk yield, ml 1.347a ± 0.024 1.023b ± 0.035 0.729c ± 0.013 0.000***

Fat ,% 3.532c ± 0.127 5.123b ± 0.263 6.873a ± 0.125 0.000***

Lactose, % 6.041a ± 0.047 5.925ab ± 0.034 5.843b ± 0.021 0.013*

Protein, % 4.026a ± 0.031 3.958a ± 0.023 3.913a ± 0.015 0.051

Akkaraman sheep n = 4 n = 37 n = 109

Milk yield, ml 0.810a ± 0.023 0.679b ± 0.013 0.532c ± 0.011 0.000***

Fat, % 2.942c ± 0.158 4.205b ±0.123 5.751a ± 0.102 0.000***

Lactose, % 6.045ab ± 0.155 6.195a ± 0.088 6.011b± 0.033 0.062NS

Protein, % 4.030a ± 0.170 4.076a ± 0.028 4.022a ± 0.022 0.437NS
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of some milk traits, its association with milk produc-
tion requires further validation from different sheep
breeds. We concluded that the identified SNPs lend
themselves readily for further research regarding phys-
iological impacts such as milk production and repro-
ductive traits in other dairy sheep populations.
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