ASSESSMENT OF CHAROLAIS BULLS POPULATION STRUCTURE BASED ON SNPs ANALYSES
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The aim of this study was identification of SNPs in leptin (LEP), leptin receptor (LEPR), growth hormone (GH) and specific pituitary
transcription factor (Pit-1) genes in order to analyze genetic structure of Charolais bulls’ population. The total numbers of genomic
DNA samples were taken from 52 breeding bulls and analyzed by PCR-RFLP method. After digestion with restriction enzymes were
detected in bulls’ population alleles with frequency: LEP/Sau3AI A 0.83 and B 0.17 (±0.037); LEPR/BseGI C 0.95 and T 0.05 (±0.021),
GH/AluI L 0.62 and V 0.38 (±0.048) and Pit1/HinfI A 0.40 and B 0.60 (±0.048). Based on the observed vs. expected genotypes
frequencies population across loci were in Hardy-Weinberg equilibrium (P>0.05), only in case of Pit-1 locus was detected
disequilibrium. Predominant were in analyzed breeding bulls LEP/Sau3AIAA (0.69), LEPR/T945MCC (0.90), GH/AluILL (0.43) and Pit1/HinfIAB (0.65) genotypes. The observed heterozygosity of SNPs was also transferred to the low (LEP/Sau3AI/0.248 and
LEPR/T945M/0.088) or median polymorphic information content (GH/AluI/0.366 and Pit-1/HinfI/0.370). Within genetic variability
estimating negative (LEPR/T945M and Pit-1/HinfI) and positive values (LEP/Sau3AI and GH/AluI) of fixation indexes FIS indicating
slight heterozygote excess or deficiency based on analyzed genetic marker were observed.
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INTRODUCTION
Farm animal genetic diversity is required to meet current production needs in
various environments, to allow sustained genetic improvement, and to facilitate
rapid adaptation to changing breeding objectives. Key questions in management
of farm animal genetic diversity involve the distribution of potentially useful
quantitative trait locus alleles among livestock breeds and populations. A greater
understanding of the potential that these mechanisms have for supporting longterm genetic improvement and genetic relationship among livestock populations
are priorities for managing farm animal genetic diversity (Notter, 1999). Recent
developments in molecular biology and statistics have opened the possibility of
identifying and using genomic variation and major genes for the genetic
improvement of livestock. During the last 20 years, use of molecular markers has
been playing an important part for investigating genetic diversity and structure in
livestock animals. In cattle, the analyses of population structure and diversity
have provided insight into their origin and evolution (Lin et al., 2010). In recent
years, single nucleotide polymorphism (SNP) has attracted attention as an
alternative marker. Recently, a large number of SNP markers have become
available in cattle (Tassell et al., 2008), and it is possible to perform genomewide population genetic analyses. Although biallelic SNP is less informative than
multiallelic microsatellites, it can be powerful when many SNP loci are applied
for genetic analyses (Lin et al., 2010).
In this study were as genetic markers used 4 SNPs – LEP/Sau3AI, LEPR/7945M,
GH/AluI and Pit-1/HinfI, significantly associated with production traits in cattle.
These SNPs affecting phenotypes of different traits in livestock and can be used
also as genetic marker for enhancing the productivity of cattle and are potential
candidates for marker assisted selection in breeding strategies. Leptin (LEP) is a
polypeptide hormone synthesized predominantly in the adipose tissue and affects
a number of processes in the body. It is involved in maintaining the energy
equilibrium by controlling food intake and energy expenditure, as well as in
regulating reproductive functions and immune response (Zhang et al., 1994).
The leptin gene is located on bovine chromosome 4q32. Its DNA sequence has
more than 15,000 base pairs and contains three exons, which are separated by
two introns (Stone et al., 1996). The SNP LEP/Sau3AI is situated in the second
intron and results in amino acid change at position 2059 of the protein chain
(cytosine, C to thymine, T). Effects of leptin are exerted trough six receptors
isoforms, but only its longest form (LEPR-b) is fully functional and responsible

for most hormone physiological functions of leptin (Tartaglia, 1997). The LEPR
gene is located on bovine chromosome 3. 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. It is a cytosine to thymine base
substitution at position 115 in exon 20, which results in a substitution of the
amino acid (threonine, T to methionine, M) at residue 945 of leptin. Bovine
growth hormone (GH) a single chain polypeptide produced in the anterior
pituitary gland is necessary for tissue growth, fat metabolism and homeorhesis,
thus, it has an important role in reproduction, lactation and normal body growth
(Svennersten-Sjaunja & Olsson, 2005). The GH gene with approximately 1800
bp length, five exons and four introns is a part of multiple gene family that
contains prolactin and placental lactogenes and assigned with chromosome
region 19q26 in bovine genome. Lucy et al. (1993) reported a polymorphic site
for AluI restriction endonuclease, localized in the exon 5 in bovine GH gene and
characterized by the substitution of cytosine for guanine at position 2,141 caused
an amino acid change from leucine to valine at residue 127. Pit-1 is the cellular
specific transcription factor for activating expression of growth hormone,
prolactin and thyrotropin β-subunit genes in anterior pituitary gland but also is a
regulatory factor in differentiation and proliferation of cells of pituitary gland
(Tuggle and Trenkle, 1996). The Pit-1 gene located on bovine chromosome 1
(Moody et al., 1995) consists of 6 exons. In the 6 exon of bovine Pit-1 gene the
restriction fragment length polymorphism using restriction enzyme HinfI detected
Moody et al. (1995).
The objective of our study was assessment of genetic diversity and population
structure of Charolais breeding bulls population based on analyses of SNPs
associated with cattle production traits.
MATERIAL AND METHODS
DNA samples collection
Biological samples were collected from total of 52 Charolais breeding bulls.
Genomic DNA for analyses was extracted from whole blood samples with
extraction method according to Miller et al. (1988). DNA concentrations were
estimated by spectrophotometer measuring the optical density at wave length of
260 nm.
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Analyses of SNPs and genotyping
Genotyping of LEP, LEPR, GH and Pit-1 genes was performed by PCR-RFLP
method. In table 1 are presented sequence of the primers, size and region of the
amplified fragments in PCR and observed genotypes with size of the digestion
patterns. A 422 bp and 260 bp fragments covering sequences containing
polymorphic sites involving A and B allelic types of LEP and Pit-1 genes were
amplified by multiplex PCR using primers and procedure according Liefers et al.
(2002) and Ozdemir (2012). After amplification genotyping of LEP and Pit-1
allelic variants was carried out by digestion of PCR products with Sau3AI and

HinfI restriction endonucleses, respectively. To analyze loci of LEPR and GH
genes, a 197 bp and 428 fragments covering the sequences containing the
mutation sites were amplified according to the protocols proposed by Almeida et
al. (2008) and Balogh et al. (2009), respectively. The PCR products were
digested with BseGI and AluI restriction endonucleases to differentiate alleles
C/T for LEPR and L/V for GH genes. Results from PCR amplifications and
digestion of PCR products were analyzed by horizontal electrophoresis in 3%
agarose gels in 0.5 x TBE (130 V for 40 min) stained with GelRed (Biotium)
prior to visualization under UV light.

Table1 Sequence of the primers, size and region of the amplified fragments in PCR and observed genotypes with size of the digestion patterns
Gene

Primer sequences

Size
(bp)

Amplified
region

LEP

F 5´ -TGG AGT GGC TTG TTA TTT TCT TCT- 3´
R 5´-GTC CCC GCT TCT GGC TAC CTA ACT- 3´

422

intron

Pit-1

F 5´ -ACT CGC TAT TAC ACA ATA GGA GAG CCT- 3´
R 5´-TCC TGC CAA CTC CTC ACC TCC C - 3´

260

exon

LEPR

F 5΄-ACTACAGATGCTCTACTTTGG-3΄
R 5΄-TGCTCCTCCTCAGTTT-3΄

197

exon

GH

F: 5΄-CGGACCGTGTCTATGAGAAGCTGAAG-3΄
R: 5΄-GTTCTTGAGCAGCGCGTCGTCA-3΄

428

exon

Genotype/Digestion
patterns (bp)
AA 390, 32
AB 390, 303, 88, 32
BB 303, 88, 32
AA260
AB260,190,70
BB190,70
CC 130, 67
CT 130, 93, 67, 37
TT 93, 67, 37
LL 265, 96, 51, 16
LV 265, 147, 96, 51, 16
VV 265, 147, 16

Reference
Liefers et al.
(2002)
Ozdemir
(2012)
Almeida et al.
(2008)
Balogh et al.
(2009)

Statistical analyses

RESULTS AND DISCUSSION

Frequency of alleles and genotypes of analyzed markers for the entire population
were estimated by direct counting and the differences of the observed and
expected frequencies of genotypes were tested using Chi-square (χ2) analysis in
order to verify if the population was in Hardy-Weinberg equilibrium. Differences
between the distributions of genotypic frequencies were also tested by FIS
fixation index. This Wright's fixation index was used further as a measure of
heterozygote excess or deficiency. Together with heterozygosity and the
estimation of Hardy-Weinberg equilibrium, these indexes allowed further
comprehension of the reproductive structure of analyzed populations. Genetic
indices of populations, including observed and expected genes heterozygosity
(He), homozygosity (Ho), effective allele numbers (Ne) and fixation index (FIS)
were performed by Popgene32 software version 1.3 (Yeh et al., 2000). Moreover,
polymorphism information content (PIC) was calculated according to Botstein et
al. (1980).

In table 2 are presented frequencies of individual alleles and genotypes in the
analyzed populations of Charolais bulls. The highest frequencies were observed
for LEP/Sau3AIAA, LEPR/T945MCC, GH/AluILL homozygotes and Pit-1/HinfIAB
heterozygotes, lower for heterozygous LEP/Sau3AIAB, LEPR/T945MCT,
GH/AluILV and Pit-1/HinfIBB genotypes, and lowest for the homozygous
LEP/Sau3AIBB, GH/AluIVV and Pit-1/HinfI AA genotypes. The LEPR/T945MTT
homozygous genotype was not detected in analyzed group of breeding bulls.
Populations of Charolais bulls were in Hardy-Weinberg equilibrium (P>0.05).
Only in one case was observed Hardy – Weinberg disequilibrium (P<0.05)
caused by the differences between the observed and expected frequencies of Pit1/HinfI genotypes.

Table 2 Genetic structure of analyzed population of Charolais bulls
Genotype frequency
AA

BB

A

LEP/Sau3AI

LEP/Sau3AI

LEP/Sau3AI

LEP/Sau3AI

0.69

0.27

0.04

0.827±0.037

CC

CT

TT

χ2
test

B

LEP/Sau3AI

0.256-

0.173±0.037
C

T

LEPR/T945M

LEPR/T945M

LEPR/T945M

LEPR/T945M

LEPR/T945M

0.90

0.10

-

0.951±0.021

0.049±0.021

GH/AluI

LL

GH/AluI

0.43
Pit-1/HinfI

LV

GH/AluI

0.38
AA

0.08
-

Allele frequency
AB

Pit-1/HinfI
0.65

VV

GH/AluI

0.19
AB

Pit-1/HinfI

L

GH/AluI

0.615±0.048
BB

Pit-1/HinfI

0.27

0.393-

V

2.027-

0.385±0.048

A

Pit-1/HinfI

0.404±0.048

B

6,315+

0.596±0.048

P > 0.05, +P < 0.05

The observed heterozygosity, effective allele numbers, polymorphism
information content and fixation index of SNPs LEP/Sau3AI, LEPR/T945M,
GH/AluI and Pit-1/HinfI in analyzed population are presented in Table 3.The loci
that presented both alleles at frequency of around 0.50 had higher
heterozygosities (GH and Pit-1), while loci showing one allele at a much higher
frequency than other showed lower values (LEP and LEPR). According to the
classification of polymorphic information content bulls population belonged to
median or low polymorphism level. Provided that the in biallelic system both
alleles result in the genotypes creation is threshold value of Ne 2,000 comparison
of loci Ne showed higher effective allele numbers in loci GH and Pit-1. Observed
Wright's fixation indexes FIS had negative values for SNPs LEPR/T945M and Pit1/HinfI. These negative values represent slight excess of heterozygote compared
with Hardy-Weinberg equilibrium expectations. Values observed for investigated
genetic markers suggest (values close to zero) a condition of equilibrium in the
population as confirmed by the results of χ2 test used to verify Hardy-Weinberg
equilibrium.

Table 3 Genetic diversity parameters evaluated in population of Charolais bulls
Genetic
marker

Ho

He

Ne

PIC

FIS

LEP/Sau3AI
LEPR/T945M
GH/AluI
Pit-1/HinfI

0.711
0.908
0.522
0.514

0.289
0.092
0.478
0.486

1.401
1.101
1.899
1.929

0.248
0.088
0.366
0.370

0.069
-0.041
0.197
-0.349

Ho – observed homozygosity, He – observed heterozygosity, Ne – effective allele
numbers; PIC – polymorphism information content
In comparison with our results reported Passos et al. (2007) in population of
Brangus Ibage cattle and Kulig and Kmieć (2009) in Limousin cattle similar
high frequency of LEP/Sau3AIA allele (0.91 and 0.81). Othman et al. (2011)
detected in several beef cattle breeds total dominance of LEP/Sau3AIA allele. In
addition to structure of Limousin calves population Kulig and Kmieć (2009)
revealed, that the LEP genotypes affected significantly average daily gain
between 3 and 210 days. Significance levels for mean live weight and live weight
at week 15 of different LEP/Sau3AI genotype were presented in study Liefers et
al. (2002). These authors reported that the genotype AB tended to show the
135

J Microbiol Biotech Food Sci / Moravčíková et al. 2014 : 3 (special issue 2) 134-137

higher body weight in comparison with genotype AA. The LEP gene has been
also associated with higher leptin mRNA levels in adipose tissue and increased
fat deposition in mature beef cattle (Kononoff et al., 2005). The absence of
LEPR/T945MTT genotype was observed similarly in studies Almeida et al. (2008)
and Silva et al. (2012). In contrary Pinto et al. (2011) detected in population of
Nelore cattle LEPR/T945MTT genotype, but also with low frequency. Almeida et
al. (2008) reported high levels of genetic diversity of studied beef cattle
population based on averaged heterozygosity (0.71 – 0.81) of analyzed genetic
markers. Authors evaluated also postpartum cows production and the effect of
LEPR/T945M genotype on reproduction and weight gain of postpartum cows was
not detected. Ferraz et al. (2009) and Silva et al. (2012) detected significant
effect of T945M genotypes on weight gain of evaluated animals. Dominance of
GH/AluILL genotype was also observed in populations of different beef cttle
breeds (Krasnoporiova et al., 2012), Canchim cattle (Silveira et al., 2008) and
Limousin cattle (Hartatik et al., 2013). In contrary with our results was detected
in several beef cattle breeds dominance of Pit-1/HinfIBB genotype (Carrijo et al.,
2008; Dybus et al., 2003). Single nucleotide polymorphisms GH/AluI and Pit1/HinfI were also evaluated as markers for beef cattle production. The effect of
GH/AluI on growth and production performance of cattle was confirmed in study
Tambasco et al. (2003), Maj et al. (2004) and Ruprechter et al. (2011). The
SNP Pit-1/HinfI was indicated as available genetic marker for evaluation of beef
cattle growth in studies Carrijo et al. (2008) and Yang et al. (2010).
CONCLUSION
Preservation of gene diversity in beef cattle populations is crucial for their
genetic resources conservation and long-term survival. The results presented in
this paper shows important findings of allelic richness and level of heterozygosity
of charolais breeding bulls, which shows that this reserve is a precious source of
genetic variation that should be maintained or used in beef cattle improvement.
The analysis of SNPs indicated a relatively high variability of the breeding bulls’
populations herein investigated, suggesting that the artificial selection applied to
the Charolais breed has not reduced their diversity at least in these systems.
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