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Study of polymorphisms in the promoter region of ovine
p-lactoglobulin gene and phylogenetic analysis among the Valle del
Belice breed and other sheep breeds considered as ancestors
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Abstract The aim of this work was to sequence the
promoter region of f-lactoglobulin (BLG) gene in four
sheep breeds, in order to identify polymorphisms, infer and
analyze haplotypes, and phylogenetic relationship among
the Valle del Belice breed and the other three breeds
considered as ancestors. Sequencing analysis and align-
ment of the obtained sequences showed the presence of 36
single nucleotide polymorphisms (SNPs) and one deletion.
A total of 22 haplotypes found in “best” reconstruction
were inferred considering the 37 polymorphic sites iden-
tified. Haplotypes were used for the reconstruction of a
phylogenetic tree using the Neighbor-Joining algorithm.
The number of polymorphisms identified showed high
variability within breeds. Analysis of genetic diversity
indexes showed that the Sarda breed presented the lowest
nucleotide diversity, whereas the Comisana breed pre-
sented the highest one. Comparing the nucleotide diversity
among breeds, the highest value was obtained between
Valle del Belice and Pinzirita breeds, whereas the lowest
one was between Valle del Belice and Sarda breeds.
Considering that polymorphisms in the promoter region of
BLG gene could have a functional role associated with milk
composition, the lowest value of nucleotide diversity
between Valle del Belice and Sarda breeds may be related
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to a higher similarity of milk composition of these two
breeds compared to the others. Further analyses will be
conducted in order to evaluate the possible correlation
between the genetic diversity indexes and the BLG content
in milk of our breeds.
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Introduction

f-Lactoglobulin (BLG) is synthesized by secreting cells of
mammary gland and it is the major whey protein in the
milk of ruminants. It is also found in the milk of different
mammalian species including cats [1], dogs and dolphins
[2] but it is lacking in humans [3, 4], rodents, and lag-
omorphs [5]. It is a globular protein, belonging to the
family of lipocalins, small proteins with some peculiarities,
such as the ability to bind hydrophobic molecules [6].
Although no clear physiological functions have been
defined for BLG, a role in the transport of retinol and fatty
acids has been suggested [6, 7]. However, the general
affinity of BLG with these hydrophobic molecules did not
allow ascribing a specific role [7, 8].

The BLG encoding gene has been sequenced in sheep
[9], cattle [10], and goats [11], and mapped on chromo-
some 3 in sheep and chromosome 11 in goats and cattle
[12].

A large number of variants have been reported for
bovine and ovine BLG protein. Three co-dominant alleles
(A, B, and C) have been reported in sheep that differ by one
or more amino acid changes. BLG variant A differs from
BLG variant B in the amino acid sequence at position 20
(Tyra — Hisg) [13, 14], whereas it differs from BLG
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variant C at position 148 (Arga — GlInc) [15]. Variants A
and B are the most common and have been reported in
several breeds [13, 14], whereas variant C has been
reported only in milk from Merinoland, Hungarian Merino,
Pleven [16], and Carranzana and Lacha [17] breeds. Many
studies on the effect of ovine BLG polymorphisms on milk
production traits have been carried out, but results are still
conflicting. Some authors reported the positive effect of
variant B on milk production and quality and whey protein
content [18-22], whereas others reported the positive effect
of variant A on fat and protein content and enzymatic
properties [23-25]. However, other studies reported no
direct association between genotypes at this locus and milk
characteristics [26-29].

Several potential binding sites for specific mammary
gland transcription factors (TFs) have been found by
Watson et al. [30] within the ovine BLG promoter region.
Since they have been identified in the 5'-flanking region of
many expressed milk protein genes in different species
[30-32], it has been suggested that these factors are
important regulators of milk protein gene expression.
Therefore, the presence of polymorphisms in the BLG
promoter region could influence the binding affinity of TFs
and affect both the expression level and the content of BLG
in milk [33].

In Sicily, dairy sheep production represents an important
resource for the economy of hill and mountain areas, in
which other economic activities are difficult to develop
[34]. The main breeds reared are Valle del Belice, Comi-
sana, Pinzirita, and Sarda, which are genetically connected
among them. Based on historical, geographical, and mor-
phological information, it seems indeed that the Valle del
Belice breed derives from the Pinzirita, to which is similar
for the horned trait in males, crossed with the Comisana, to
which is similar for the coat color (i.e. white with red head)
and for the high milk production. Subsequently, the cross
between these two breeds was likely crossed with the Sarda
breed [35]. Nowadays, the Valle del Belice breed is the
most appreciated dairy sheep breed reared on the island.
The aim of this work was to sequence the full-length
promoter region of BLG gene in four sheep breeds reared in
Sicily, in order to: (i) identify polymorphisms; (ii) infer and
analyze haplotypes; and (iii) analyze phylogenetic rela-
tionship among the Valle del Belice breed and the other
three breeds.

Materials and methods
Amplification of sheep BLG promoter region

A total of 50 randomly chosen unrelated (i.e. without
common parents) animals from several farms located in
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Table 1 Primers used to amplify and sequence the promoter region
of sheep BLG gene, as reported by Sardina et al. [37] in goat gene
(GenBank accession number Z33881)

Primer sequences

Forward
BLG-F1 5'-AGG CCA GAG GTG CTT TAT TTC CGT-3’
BLG-F2 5'-TAG TCT CTG CCT CCG TGT TCA CAT-3'
BLG-F3 5'-AAC CTC CAA CCA AGA TGC TGA CCA-3’
BLG-F4 5'-AGG GTC AGG TCA CTT TCC CGT-3’
BLG-F5 5'-AGA AGG CCT CCT ATT GTC CTC GTA GA-3'
Reverse
BLG-R1 5'-TCC ATG GTC TGG GTG ACG ATG ATG-3'
BLG-R2 5-TTC CCG GAA TCC TAC TTG GCT CAT-3
BLG-R3  5-ACC AGC TCC TCC AAA CCA TGT GA-3’
BLG-R4 5-AGT GAC TAA ACC ACT CAT CAC AGG G-3'
BLG-R5 5-CAA CAA GGA ACT TCA GGT TGG AAT-3’

different areas of Sicily and belonging to the four breeds
(Valle del Belice n = 20; Comisana n = 10; Pinzirita
n = 10; and Sarda n = 10) were analyzed. Genomic DNA
was extracted from blood buffy coats of nucleated cells
using a salting out method [36]. Primers BLG-F1 and
BLG-R1 (Table 1) were used to amplify a fragment of
2,255 bp, containing 2,138 bp of the promoter region and
117 bp of exon 1 of BLG gene, as reported by Sardina et al.
[37] in goat gene (GenBank accession number Z33881).
PCR reaction was performed in a final volume of 25 pl
using 2x PCR Master Mix (Fermentas), 10 pM of each
primer, and approximately 75 ng of genomic DNA. The
thermal cycling conditions were: 95°C for 5 min, 30 cycles
of 95°C for 30 s, 59°C for 1 min and 72°C for 1 min 30 s,
and a final extension of 72°C for 5 min. The PCR products
were checked by electrophoresis on 1% agarose gel stained
with ethidium bromide.

DNA sequencing reaction

PCR products were purified using 10 U of Exonuclease I
and 1 U of Shrimp Alkaline Phosphatase (Fermentas). The
resulting PCR products did not need additional purification
before sequencing. Primers BLG-F1 and BLG-R1 and
other eight internal primers (Table 1) were used for
sequencing reaction with BigDye Terminator v3.1 Cycle
Sequencing Kit in an ABI PRISM 3130 Genetic Analyzer
(Applied Biosystems).

Statistical analysis

SeqScape v3.1 software (Applied Biosystems) was used to
analyze the nucleotide sequences, whereas Clustal W
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Table 2 Polymorphic

sites identified in the BLG promoter region (GenBank accession number X68105) of sheep breeds
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software [38] was used to align the sequences (GenBank
accession number FR821261-FR821310). TESS software
[39] was used to predict TFs binding sites, using infor-
mation collected in TRANSFAC database [40]. Genetic
diversity indexes, such as number of polymorphic sites,
nucleotide diversity (m), average number of nucleotide
differences (k), number of haplotypes (h), and haplotype
diversity (Hq) within and among breeds were estimated
with the DnaSP v5.10.01 software [41]. PHASE v2.1.1
software [42, 43] (with -MRO -d1 options), included in
DNAsp v5.10.01 software package [41], was used to infer
haplotypes within the whole analyzed sample. Finally,
MEGA v4.0 software [44] was used for the reconstruction
of a phylogenetic tree using the Neighbor-Joining (NJ)
algorithm with nucleotide substitution model and 1,000
bootstrap replications.

Results and discussion

Identification of polymorphisms and genetic
diversity indexes

Sequencing analysis and alignment of the obtained
sequences showed the presence of 37 polymorphic sites in
the BLG promoter region: 36 single nucleotide polymor-
phisms (SNPs) and one deletion (Table 2), which equates
to about one polymorphism per approximately 60 bp. The
number of polymorphisms identified in our breeds showed
high variability of the BLG promoter region as reported by
Sardina et al. [37] in goat and by Ganai et al. [45] in cattle.
Valle del Belice and Comisana breeds had all point
mutations (36 SNPs and the deletion) in common, whereas
the Pinzirita breed presented 34 SNPs and the deletion, and

@ Springer



Mol Biol Rep

the Sarda breed 29 SNPs and the deletion. Using the
TRANSFAC database [40], we found four binding sites for
milk protein binding factor (MPBF) and five binding sites
for nuclear factor-I (NF-I) within the promoter region of
sheep BLG gene, as reported by Watson et al. [30]. Since at
least five NF-I have been identified, these authors sug-
gested that these factors could play a regulatory role in
BLG transcription. The polymorphic site —246 A/T, we
found in our breeds, lies within a region of sheep BLG
promoter, in which a NF-I binding site is involved
(—253/-240) (TESS—TRANSFAC Site Record R03872),
causing the loss of the latter.

Analysis of genetic diversity indexes (Table 3) showed
that the Sarda breed presented the lowest nucleotide
diversity, which resulted in a reduced number of haplo-
types with a consequent low haplotype diversity. The low
nucleotide and haplotype diversity within the Sarda breed
was due to the presence of low proportion of animals
showing polymorphisms (Table 2). Although Comisana
and Valle del Belice breeds presented the same number of
SNPs, the former was characterized by the highest vari-
ability, presenting the highest nucleotide diversity, which
resulted in the highest number of haplotypes with a con-
sequent high haplotype diversity (Table 3), whereas the
Valle del Belice breed showed lower nucleotide diversity,
lower number of haplotypes, and consequently lower
haplotype diversity. These results may be explained con-
sidering the higher proportion of polymorphic animals in
the Comisana breed (90%) compared to the Valle del Be-
lice breed (40%) (Table 2). Moreover, the lower number of
haplotypes in the Valle del Belice breed compared to the
Comisana breed can be explained by the fact that some
positions that were in homozygous condition in the Valle
del Belice breed were in heterozygous condition in the
Comisana breed. The Pinzirita breed, which presented a
lower number of SNPs compared to the Valle del Belice
breed, presented higher nucleotide diversity, higher num-
ber of haplotypes, and higher haplotype diversity
(Table 3), probably due to a higher proportion of poly-
morphic individuals in the Pinzirita breed (80%) compared
to the Valle del Belice breed. Moreover, the heterozygous

It is interesting to highlight that among the four breeds,
those characterized by lower proportion of polymorphic
individuals were Valle del Belice and Sarda breeds. It is
possible to hypothesize that this is influenced by the
selection pressure. However, in the Sicilian farming system,
natural mating is the common practice and the exchange of
rams among flocks is quite unusual. This leads to an
increase of inbreeding within the population and a conse-
quent decrease of variability (heterozygous condition).

Table 4 shows the nucleotide diversity and the average
number of nucleotide differences estimated between the
Valle del Belice breed and the other three breeds. The
highest value of nucleotide diversity was obtained between
Valle del Belice and Pinzirita breeds, due to a higher
presence of mutated sites in homozygous condition in the
Pinzirita breed than in the Valle del Belice breed (Table 2).
The lowest value of nucleotide diversity between breeds
was obtained between Valle del Belice and Sarda breeds,
due to a lower presence of mutated sites in homozygous
condition in the Sarda breed (Table 2). These results were
confirmed by the average number of nucleotide differences
between breeds (Table 4). Valle del Belice and Pinzirita
breeds presented the highest average number of nucleotide
difference, whereas the lowest value was found in Valle del
Belice and Sarda breeds. A previous study conducted on
the genetic structure and relationship between the Valle del
Belice breed and the other sheep breeds considered as
ancestors, using the genetic polymorphisms of seven pro-
tein systems, has reported the lowest genetic distance
between Valle del Belice and Pinzirita breeds and the
highest one between Valle del Belice and Sarda breeds
[46], which is not in agreement with our results. Consid-
ering that polymorphisms in the BLG promoter region gene
could have a functional role associated with milk compo-
sition, the lowest value of nucleotide diversity between

Table 4 Nucleotide diversity (7) and average number of nucleotide
differences (k) between Valle del Belice breed and the other three
breeds

Breed T k

.. . L. L. Valle del Belice-Comisana 0.00564 12.104
condition for some positions within the Pinzirita breed, . o
. . Valle del Belice—Pinzirita 0.00566 12.138
compared to the Valle del Belice breed, led to a higher .
Valle del Belice—Sarda 0.00421 9.027
number of haplotypes.
Table 3 Genetic diversity -
indexes in the four sheep breeds Breed z’i(;i}s/morphlc m £ 5D h Ha £ SD
Valle del Belice 36 0.00459 + 0.00097 8 0.438 + 0.098
7 Nucleotide diversity, Comisana 36 0.00703 £ 0.00055 10 0.837 £ 0.076
h number of haplotypes, Pinzirita 34 0.00695 + 0.00047 9 0.826 + 0.073
H, haplotype diversity, Sarda 29 0.00355 + 0.00151 3 0279 + 0.123

SD standard deviation
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Table 5 Haplotypes identified in the four sheep breeds, frequencies (Freq.) and standard error (SE)

Haplotypes Freq. SE
HI* > e d ATCCTGTTCAGGGCAGCAATGGTGGCACTACATGGTT 0.617 0.008
H2¢ ATCCTGTTCAGGGCAGCAATGGTGGCACTATTCTAGC 0.007 0.004
H3" ° ATCCTGTTCAGGGCAGCAATGACAATACTATTCTAGC 0.030 0.000
H4° ATCCTGTTCAGGGCAGCAATAGTAATACTATTCTAGC 0.020 0.000
H5° ATCCTGTTCAGGGCAGCGATGGTGGCACTACATGGTT 0.017 0.006
He? ATCCTGTTCAGGGCAGS5AATGGTGGCACTACATGGTT 0.010 0.000
H7¢ GCTTTGCGTAGCATAACAATAGTGGCGCCCCTCTAGC 0.010 0.000
H8" GCTTGTCGTGACATGGCAATAGTGGCGCCCCTCTAGC 0.012 0.003
H9" GCTTGTCGTGACATGGCAATAGTGGCGGCCCTCTAGC 0.014 0.007
H10% ° GCTTGTCGTGACATGGCAGTAGTGGCGCCCCTCTAGC 0.020 0.000
HI1?* GCTTGTCGTGACATGGCGACAGTGGCGGCCCTCTAGC 0.009 0.003
H12° GCTTGTCGTGACATGACAATGGTGGCGCCCCTCTAGC 0.030 0.000
H13¢ GCTTGTCGTGACATGACAATAGTGGCACTCCTTTAGC 0.007 0.004
H14° GCTTGTCGTGACATGACAATAGTGGCGCTCCTCTAGC 0.009 0.002
H15° GCTTGTCGTGACATGACAATAGTGGCGCCACTCTAGC 0.010 0.000
H16> ° GCTTGTCGTGACATGACAATAGTGGCGCCCCTCTAGC 0.020 0.002
HI17*° GCTTGTCGTGACATGACGATAGTGGCGCCCCTCTAGC 0.019 0.002
H18° GCTTGTCGTGACATGACGATAGTGGCGGCCCTCTGGC 0.007 0.004
H19¢ GCTTGTCGTGACATGACGACAGTGGCGGCCCTCTAGC 0.020 0.000
H20* GCTTGTCGTGACATGASGATGGTGGCACCCCTCTAGC 0.020 0.000
H21¢ GCTTGTCGTGACATGASGATAGTGGCGCCCCTCTAGC 0.010 0.000
H22% b © GCTTGTCGTGACATGASGGCAGTGGCGCCCCTCTAGC 0.060 0.000

* Haplotypes identified in Valle del Belice breed
® Haplotypes identified in Comisana breed

¢ Haplotypes identified in Pinzirita breed

9 Haplotypes identified in Sarda breed

Valle del Belice and Sarda breeds may be related to a
higher similarity of milk composition of these two breeds
compared to the others.

Identification of haplotypes and phylogenetic analysis

On a total of 36 possible haplotypes, 22 haplotypes in
“best” reconstruction were inferred considering the 37
polymorphic sites identified (Table 5). Of the 22 haplo-
types, seven were specific for the Pinzirita breed, four for
the Comisana breed, three for the Sarda breed, and two for
the Valle del Belice breed (Table 5). Among the analyzed
breeds only Valle del Belice and Comisana breeds shared
four haplotypes. Haplotype H1 showed the highest fre-
quency (0.617) and was found in all breeds, followed by
haplotype H22 with a frequency of 0.060. In particular,
haplotype H22 was the only one shared among Valle del
Belice, Pinzirita, and Comisana breeds and it was specific
of animals presenting the deletion at position —966.
Haplotypes were used for the reconstruction of a phy-
logenetic tree, using BLG promoter region of Capra hircus
(GenBank accession number Z33881), Bos taurus

(GenBank accession number Z48305), Bos grunniens
(GenBank accession number AF194981), and Bubalus
bubalis (GenBank accession number AM238696) as out-
liers. The NJ tree (Fig. 1) showed the presence of some
haplotypes closely related to the consensus BLG promoter
region of Ovis aries and in particular haplotypes H1 and
H6, identical to the former except for the deletion at
position —966. On the same branch were haplotypes H2,
H3, H4, and H5 that showed polymorphisms in the proxi-
mal promoter region and in particular in the region between
position —764 and position —42. The other haplotypes
(H7-H22) were placed in a different branch and among
them, haplotype H22 was the closest to the outlier
sequences branch due to presence of all polymorphic sites
in mutated homozygous condition compared to O. aries
consensus.

Conclusion

Results showed high genetic variability in the BLG pro-
moter region within our breeds. The presence of the
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Fig. 1 Phylogenetic tree obtained using the Neighbor-Joining algo-
rithm with nucleotide substitution model and 1,000 bootstrap
replications

polymorphic site —246 A/T could influence the binding
affinity of NF-I in the region —253/—240 of the BLG
promoter. Analysis of genetic diversity of the BLG
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promoter region revealed the highest value of genetic
diversity between Valle del Belice and Pinzirita breeds and
the lowest one between Valle del Belice and Sarda breeds.
The lowest value of genetic diversity between Valle del
Belice and Sarda breeds may be related to a higher simi-
larity of milk composition of these two breeds compared to
the others. However, at present literature does not present
any evidence about that. Further analyses will be conducted
on a wider sample in order to estimate the possible effect
that the loss of TF could have on BLG gene expression
level and to evaluate the possible correlation between the
genetic diversity indexes and the BLG content in milk of
our breeds.
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