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The T945M Single Nucleotide
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Spotted Bulls
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Summary

The objective of this study was detection of DNA polymorphism of the leptin receptor
gene using the polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP). The SNP T945M, which maps on bovine chromosome 3 at the exon 20
of the leptin receptor sequence and corresponds to a mutation in the intracellular re-
gion of the functional protein, was also analyzed. In exon 20, a T to C missense muta-
tion was found at nucleotide 115, which causes an amino acid substitution at residue
945 (T954M). The polymorphism of leptin receptor gene was studied in a group of

57 bulls of Slovak spotted breed. A strategy employing PCR was used to amplify 197
bp products from blood samples. Digestion of PCR products with restriction enzyme
BseGI revealed two alleles: allele C was 130 and 67 fragments and allele T was 93, 67
and 37. Frequencies for allele C and T were 0.9737 and 0.0263, respectively and TT
genotype was not detected.
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Introduction

Leptin is a protein hormone produced primarily by white
adipose tissue and involved in regulation of feed intake,
energy expenditure, growth and body composition, as well as
immune system functions and several aspects of reproduction
(Houseknecht et al., 1998). Leptin acts especially trough its re-
ceptor on the hypothalamus, the centre of energy homeostasis,
as well as on ovarian follicular cells, on placenta and lactating
mammary glands (Bartha et al., 2005; Chilliard et al., 2005).
Effects of leptin are exerted trough six receptors isoforms, but
only long form (LEPR-b) is fully functional and responsible
for most hormone physiological functions (Tartaglia, 1997). A
widespread expression of LEPR-b suggests that although most
of leptin actions are mediated centrally, at the level of hypo-
thalamus, it may also act in many peripheral tissues, including
gonadal tissues (Silva et al., 2002).

The leptin receptor (LEPR) is a glycoprotein with a single
transmembranespanning region. The isoforms that share iden-
tical extracellular and transmembrane domains are character-
ized by intracellular domains of variable length (Tartaglia, 1997).
LEPR-b is the longest form and is thought to play an important
role in signal transduction in the hypothalamus. LEPR-b consists
of 1142 amino acids of which the first 816 form the extracellular
part, the next 23 amino acids form the transmembrane region
and the last 303 acids are located intracellular which play a role
in signal transduction (Tartaglia, 1997). Amino acids 428-635 are
important for leptin-binding (Fong et al., 1998). Leptin-binding
to the LEPR results in the formation of a receptor complex lead-
ing to phosphorylation and activation of the JAK/STAT (Janus
kinases/signal transducers and activators of transcription) sig-
nalling pathway. Two conserved tyrosines in the cytoplasmic
domain of LEPR are important for the activation of this signal-
ling pathway (White et al., 1997).

In ruminants, LEPR expression seems to be affected by high
and low nutrition levels (Chilliard et al., 2005) and blood leptin
concentrations seem to interfere in luteinizing hormone se-
cretion and stimulate growth hormone release (Nonaka et al,,
2006). Since leptin exerts its effect by interacting with receptors
located in most bovine tissues (Silva et al., 2002), leptin recep-
tor gene (LEPR) can also be considered as a candidate gene af-
fecting productive traits.

The LEPR gene is located on bovine chromosome 3q33 (Pfister
- Genskow et al., 1997) and several polymorphisms have been
mapped in this chromosome, such as the short tandem repeats
BM?7225 at 101.7 cM, BMS694 at 94.6 cM, and BMS2145 at 93.8
(Kappes et al., 1997). The leptin receptor gene consists of 20
exons divided over 1.75 Mb. Inside the LEPR gene, Liefers et al.
(2004) described a missense mutation T945M. Single nucleotide
polymorphism T945M is located on chromosome 3 in the leptin
receptor gene. It is a cytosine to thymine base substitution at
position 115 in exon 20, which results in a substitution of the
aimino acid threonine by methionine at residue 945 of leptin.
The T945M polymorphism may have induced a structural change
in the intracellular domain of the LEPR (Liefers et al., 2004).

The aim of this study was conducted in order to identify the

polymorphism of bovine leptin receptor gene (SNP LEPR T945)
in population of Slovak spotted bulls.

Material and methods

The total numbers of blood samples were taken from 57
samples of Slovak spotted bulls. Genomic DNA was extracted
from whole blood samples with isolation kit NucleoSpin Blood
(Macherey-Nagel). The SNP T945M, which maps at the exon 20
on bovine chromosome 3 of the LEPR sequence was analyzed
using the polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method. This mutation was previ-
ously investigated by DNA sequencing (Liefers et al., 2004). A
197 bp fragment in bovine LEPR gene was amplified by PCR
using forward and reverse primers according to Almeida et al.
(2008). DNA was amplified in a total volume of 25 pl containing:
10 x PCR reaction buffer, 2 mM MgCl,, 0.2 mM dNTPs, 6 pM
primers (Generi-Biotech), 1 U Tag DNA polymerase (Fermentas)
and 50 ng genomic DNA. PCR amplification was carried out in
C1000™ thermal cycler (Biorad). PCR conditions were at 94°C
for 3 min, followed by 35 cycles of 94°C for 30 s, 51°C for 50 s
and 72°C for 30 s. After 35 cycles, reactions were completed by
an extension at 72°C for 5 min.

Table 1. Primer sequences of LEPR BseGI loci

Locus
LEPR BseGI!

Primer sequence

F5'-ACTACAGATGCTCTACTTTGG-3'
R5'-TGCTCCTCCTCAGTTT-3"

Note: F= Forward, R= Reverse. 'Almeida et al. (2008)

The PCR product for each sample was digested with 1 pl of
FastDigest BseGI (Fermentas) restriction enzyme at 37°C in time
of 5 min. The digestion products were separated by horizontal
electrophoresis in 3% agarose gels in 0.5 x TBE (160 V for 40
min) stained with GelRed (Biotium) and fragments presented T
allele (93 bp, 67 bp, and 37 bp) and C allele (130 bp, and 67 bp)
were visualized under UV light.

Results and discussion

Single nucleotide polymorphism T945M in exon 20 on chro-
mosome 3 in the bovine leptin receptor gene based on the use
of restriction fragment length polymorphism was detected. The
digested CC PCR product exhibited two fragments of 130 and 67
bp. For the CT genotype was exhibited 130, 93, 67 and 37 bp. The
TT genotype was not observed. Figure 1 shows PCR product size
and the restriction patterns of the two genotypes CC and CT.

The results show, that the most frequent genotype for leptin
receptor gene in observed population was CC. The frequency of
the C allele was 0.9737 and for T allele was 0.0263 in group of
57 Slovak spotted bulls. Alleles and genotypes frequencies for
SNP T945M in population Slovak spotted bulls are described in
Table 2. We detected the presence of two genotypes CC (n=54)
and CT (n=3) in studied population.

Similar results of allele and genotype frequencies were report-
ed in study Szyda et al. (2011), Giblin et al. (2010) and Komisarek
(2010). A higher frequency of C allele agree with those of Liefers
etal. (2004), who verified a frequency of 0.93 in population of 323
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Figure 1. Representative results PCR-RFLP analysis SNP
LEPR T945M on 3% agarose gel. Linel is CT genotype (130, 93
and, 67 bp), line 2 and 3 is CC genotype (130 and, 67 bp), line 4
is a marker of molecular weight (Fermentas, 50 bp) and line 5 is
PCR product (197 bp)

Table 2. Allele and genotype frequencies of SNP LEPR
T945M in population of Slovak spotted bulls

Bulls (n=57) Genotype Allele

CC CT TT C T
Number 54 3
Frequency 0.9474  0.0526 09737 0.0263

Holstein-Friesian cows and did not detect TT animals. Liefers et
al. (2004) verified an association between the T945M mutations
with circulating leptin concentrations during late pregnancy.
Similar, the T allele was present at a low frequency in population
Brangus Ibage, Charolais and Aberdeen Angus breeds (Almeida
et al,, 2008). Ferraz et al. (2009) study showed the associations
between SNP T945M with carcass traits in Nellore cattle, when
identified only three animals for T'T genotype and additive effect
were observed for T945M on longissimus dorsi muscle area and
backfat thickness. Komisarek and Dorynek (2006) found signif-
icant effect of LEPR T945M polymorphism on fat and protein
content in milk, when animals with TT genotype were charac-
terized by lowest values of both traits in population of 219 Jersey
cows (frequency of C and T allele were 0.79 and 0.21, respective-
ly). According to Chen et al. (2004), Mackowski et al. (2005) and
Schenkel et al. (2006), genetic variations of the bovine LEPR gene
are associated with milk production traits and fatness traits. The
bovine LEPR gene is associated with balance of energy; it may
be a potential candidate gene for traits in animals. The genetic
diversity of the Slovak spotted breed was also evaluated using
the polymorphic proteins of milk (Zitny et al., 2009).

Conclusions

Genetic polymorphisms have been detected by PCR-RFLP
method in the bovine leptin receptor gene. The PCR-RFLP
method employed to screening the T945M SNP permitted the
identification of both alleles. In the studied population of 57
Slovak spotted bulls only two genotypes were detected: the CC
and CT genotype. The TT genotype was not observed. The most
frequent allele in studied population was allele C with observed
frequency of 0.9737. The T allele was present at a low frequency.
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