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The aim of this study was to identify SNPs in leptin (LEP), 
leptin receptor (LEPR) and growth hormone (GH) genes 
in order to analyze genetic diversity of Slovak Spotted 
cattle. The total numbers of blood samples were taken 
from 353 Slovak Spotted cows originating from four 
farms. Genomic DNA was isolated by phenol-chloroform 
extraction method and analyzed by PCR-RFLP method. 
After digestion with restriction, enzymes were detect-
ed in whole population of cow’s alleles with frequency: 
LEP/Sau3AI A 0.84 and B 0.16 (±0.0152); LEPR/BseGI 
C 0.95 and T 0.05 (±0.0089) and GH/AluI L 0.70 and V 
0.30 (±0.0188). Based on the observed vs. expected 
genotypes frequencies populations across loci were in 
Hardy-Weinberg equilibrium (P>0.05). Predominant for 
SNP LEP/Sau3AI was AA genotype (0.70), for SNP LEPR/
T945M CC genotype (0.91), and LL genotype (0.48) was 
most frequent for SNP GH/AluI. The observed heterozy-
gosity of SNPs across populations was also transferred 
to the low or median polymorphic information content 
0.24 (He 0.28), 0.08 (He 0.09) and 0.33 (He 0.47) for LEP, 
LEPR and GH genes, respectively. Within genetic vari-
ability estimating negative values of fixation indexes FIS  
(–0.09–0.05) and FIT (–0.07–0.03) indicating heterozy-
gote excess were observed. The value of FST indexes  
(0.018–0.023) shows very low levels of genetic differ-
entiation in allele frequencies of loci among evaluated 
subpopulations. The low values of genetic distances 
(0.0018–0.0159) indicated high genetic relatedness 
among animals in subpopulations caused probably by 
common ancestry used in breeding program at farms.
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INTRODUCTION

Leptin and its receptor or growth hormone, as mol-
ecules affecting phenotypes of different traits in live-
stock, can be used as a genetic marker for enhancing 
the productivity of cattle and is also potential candidate 
for marker assisted selection in breeding strategies. Vari-
ation at DNA level contributes to the genetic charac-
terization of livestock populations. Molecular genetics 
techniques currently available allow direct genotyping for 
candidate genes using PCR.  Leptin (LEP) is a polypep-
tide 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 re-

sponse (Zhang et al., 1994). Leptin appears to affect the 
central reproductive axis through its own receptors and 
the neurotransmitter, neuropeptide Y. Leptin affects also 
the secretion of various pituitary hormones, including 
GH. The leptin gene is highly conserved across species, 
and 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). Leptin is encoded by a single transcript of 
about 4.5 bp expressed primarily by adipose tissue. In 
cattle, leptin is expressed in the rumen, abomasums and 
duodenum before weaning, but only in the duodenum 
after weaning. The ruminant mammary epithelial cells 
also synthesize leptin during pregnancy and during estab-
lished lactation (Leury et al., 2003). 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). A 
widespread expression of LEPR-b suggests that although 
most of leptin actions are mediated centrally, at the level 
of hypothalamus, it may also act in many peripheral tis-
sues, including gonadal tissues (Silva et al., 2002). LEPR 
gene is located on bovine chromosome 3. The leptin re-
ceptor gene consists of 20 exons divided over 1.75 Mb. 
Inside LEPR gene, Liefers et al. (2004) described a mis-
sense 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 me-
thionine, M) at residue 945 of leptin. Bovine growth 
hormone (GH) is a single chain polypeptide produced 
in the anterior pituitary gland under the hypothalamic 
controls of two hormones: growth hormone releasing 
factor, which increases the secretion of GH, and soma-
totropin release-inhibiting factor which inhibits its secre-
tion (Nicoll et al., 1986). In ruminants, GH is known to 
be responsible for galactopoesis and for the persistency 
of lactation. Because it’s necessary for tissue growth, fat 
metabolism and homeorhesis, thus, it has an important 
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role in reproduction, lactation and normal body growth 
(Svennersten-Sjaunja & Olsson, 2005). GH gene with ap-
proximately 1800 bp length, five exons and four introns 
is a part of multiple gene family that contains prolac-
tin and placental lactogenes and assigned with chromo-
some region 19q26 in bovine genome. Flanking repeat 
sequences of GH gene regulate the expression of a gene. 
Lucy et al. (1993) reported a polymorphic site for AluI 
restriction endonuclease, localized in exon 5 in bovine 
GH gene and characterized by the substitution of cyto-
sine for guanine at position 2,141 caused an amino acid 
change from leucine to valine at residue 127.

The aim of this study was to detect SNPs in genes 
encoding leptin, leptin receptor and growth hormone, 
and analyses of genetic diversity and structure of Slovak 
Spotted cows populations based on alleles and genotypes 
frequencies of these genetic markers. 

MATERIAL AND METHODS

Animals and DNA extraction method. Biological 
samples were collected from 353 Slovak Spotted cows 
originating from four farms. Genomic DNA for geno-
typing was extracted from blood samples with isolation 
kit NucleoSpin Blood (Macherey-Nagel). DNA concen-
trations were estimated by spectrophotometer measuring 
the optical density at wave length of 260 nm.

Analyses of single nucleotide polymorphisms. 
Genotype analyses were performed using the polymerase 
chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) method. A 422 bp fragment of intron 2 in 
bovine LEP gene was amplified by PCR using forward 
and reverse primers according to Liefers et al. (2002) and 
PCR products of exon 20 of the bovine LEPR gene se-
quence with length 197 bp were carried according Almei-
da et al. (2008). The polymerase chain reaction was per-
formed in a 25 µl reaction mixtures, containing: 1 x PCR 
buffer (NH4)2SO4, 1.5 mM MgCl2, 2 mM dNTPs, 8 pM 
primers (Generi-Biotech), 1 U Tag DNA polymerase 
(Fermentas), 50 ng genomic DNA and 1 × PCR buffer 
(NH4)2SO4, 2 mM MgCl2, 2 mM dNTPs, 8 pM primers 
(Generi-Biotech), 1 U Tag DNA polymerase (Fermen-
tas), 50 ng genomic DNA for the LEP and LEPR gene, 
respectively. Thermal cycling conditions included: an ini-
tial denaturation step at 95°C for 5 min, followed by 35 
cycles of 95°C for 30 sec, 55°C for 20 sec, 72°C for 30 
sec and a final extension  at 72°C for 7 min; at 94°C for 
3 min, followed by 40 cycles of 94°C for 30 sec, 53°C 
for 1 min, 72°C for 30 sec and extension at 72°C for 5 
min for the LEP and LEPR genes, respectively. A 428 
bp fragment of exon 5 in bovine GH gene was amplified 
by PCR using forward and reverse primers according to 
Balogh et al. (2009). The polymerase chain reaction was 

performed in a 25 µl reaction mixtures, containing: 1 × 
PCR buffer (NH4)2SO4, 1.5 mM MgCl2, 2 mM dNTPs, 8 
pM primers (Generi-Biotech), 1 U Tag DNA polymerase 
(Fermentas) and 50 ng genomic DNA. Thermal cycling 
conditions included: an initial denaturation step at 94°C 
for 1 min, followed by 30 cycles of 94°C for 30 sec, 
53°C for 30 sec, 72°C for 30 sec and a final extension at 
72°C for 5 min. 

PCR products of bovine genes were digested with 
FastDigest restriction enzymes: GH gene — 1 µl AluI, 
LEP gene — 1 µl Sau3AI and LEPR gene — 1 µl Bse-
GI at 37°C in time 10 min. The digestion products were 
separated by horizontal electrophoresis in 3% agarose 
gels in 0.5 × TBE (130 V for 40 min) stained with Gel-
Red (Biotium) prior to visualization under UV light.

Statistical analysis. The allele and genotype fre-
quencies of LEP, LEPR and GH genes were estimated 
by direct counting and the differences of the observed 
and expected frequencies of genotypes were tested us-
ing Chi-square (χ2) test in order to verify if the popula-
tion was in Hardy-Weinberg equilibrium. Genetic indices 
of populations, including observed and expected genes 
heterozygosity (He), homozygosity (Ho), effective allele 
numbers (Ne) and fixation indexes (FIS, FIT, FST) 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). 
The genetic distances Ds and Da between two breeds 
based on the frequency of alleles were calculated using 
the GeneticDistance software (Kalinowski, 2002) accord-
ing to Nei’s methods (Nei, 1978; Nei, 1987).

RESULTS

In Table 2 are presented frequencies of individual al-
leles and genotypes in the analyzed populations of Slovak 
Spotted cows. The highest frequencies were observed 
for LEP/Sau3AIAA, LEPR/T945MCC and GH/AluILL 
homozygotes, lower for heterozygous LEP/Sau3AIAB, 
LEPR/T945MCT and GH/AluILV genotypes, and low-
est for the homozygous LEP/Sau3AIBB and GH/Al-
uIVV genotypes. LEPR/T945MTT homozygous geno-
type was not detected in analyzed group of cows. Popu-
lations of Slovak Spotted cows were in Hardy-Weinberg 
equilibrium (p>0.05). Only in one case Hardy-Weinberg 
disequilibrium was observed, caused by the differences 
between the observed and expected frequencies of GH/
AluI genotypes.

The observed heterozygosity, effective allele num-
bers and polymorphism information content of SNPs 
LEP/Sau3AI, LEPR/T945M and GH/AluI in analyzed 
populations are presented in Table 3. According to the 
classification of polymorphic information content cows 

Table 1. Sequence of the primers, size and region of the amplified fragments in PCR and observed genotypes with size of the diges-
tion patterns

Gene Primer sequences Size
(bp) Amplified region Genotype/Digestion 

patterns (bp) Reference

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 2

AA 390, 32
AB 390, 303, 88, 32
BB 303, 88, 32

Liefers et al. (2002)

LEPR F 5΄-ACTACAGATGCTCTACTTTGG-3΄
R 5΄-TGCTCCTCCTCAGTTT-3΄ 197 exon 20

CC 130, 67
CT 130, 93, 67, 37
TT 93, 67, 37

Almeida et al. (2008)

GH F: 5΄-CGGACCGTGTCTATGAGAAGCTGAAG-3΄
R: 5΄-GTTCTTGAGCAGCGCGTCGTCA-3΄ 428 exon 5

LL 265, 96, 51, 16
LV 265, 147, 96, 51, 16
VV 265, 147, 16

Balogh et al. (2009)
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populations belonged to median or low polymorphism 
level (Table 3). 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 ef-
fective allele numbers across populations in locus GH/
AluI (Table 3). 

Observed Wright’s fixation indexes (FIS and FIT) 
show negative value across SNPs (Table 4). These nega-
tive values represent slight excess of heterozygote com-
pared with Hardy-Weinberg equilibrium expectations. 
These values observed for investigated 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. The value of FST 
represents the degree of gene differentiation among pop-
ulations in terms of allele’s frequencies. In case of ana-
lyzed markers low differences between allele’s frequencies 
in populations of cows were detected. The highest value 
was identified for marker GH/AluI (Table 4). Based on 
these results can be said, that the genetic differentiation 
between Slovak Spotted cows populations of different 
breeding is moderate. Nei’s genetic distances were used 
to investigate genetic differences between Slovak Spotted 
cow’s populations originating from four breeding. The 
low values of genetic distances (0.0018–0.0159) indicated 
high genetic relatedness among analyzed individuals. 

DISCUSSION

Our results showed that analyzed populations of Slo-
vak Spotted cows are in equilibrium for the detected 
markers. No evidence of inbreeding was found for all 
markers according to the results obtained from analysis 

Table 2. Genetic structure of analyzed populations of Slovak Spotted cows

Population
Genotype frequency Allele frequency χ2

testLEP/Sau3AIAA LEP/Sau3AIAB LEP/Sau3AIBB LEP/Sau3AIA LEP/Sau3AIB

1 0.69 0.29 0.02 0.8305±0.0244 0.1695±0.0244 0.044–

2 0.69 0.28 0.03 0.8276±0.0351 0.1724±0.0351 0.105–

3 0.58 0.38 0.04 0.7700±0.0421 0.2300±0.0421 0.200–

4 0.81 0.19 – 0.9071±0.0245 0.0929±0.0245 0.673–

Total 0.70 0.28 0.02 0.8378±0.0152 0.1622±0.0152 0.125–

LEPR/T945MCC LEPR/T945MCT LEPR/T945MTT LEPR/T945MC LEPR/T945MT

1 0.89 0.11 – 0.9449±0.0149 0.0551±0.0149 0.344–

2 0.83 0.17 – 0.9138±0.0261 0.0862±0.0261 0.852–

3 0.92 0.08 – 0.9600±0.0196 0.0400±0.0196 0.174–

4 1 – – 1.0000 0.0000 –

Total 0.91 0.09 – 0.9544±0.0089  0.0456±0.0089  0.073–

GH/AluILL GH/AluILV GH/AluIVV GH/AluIL GH/AluIV

1 0.46 0.47 0.07 0.7034±0.0297 0.2966±0.0297 2.097–

2 0.38 0.52 0.10 0.6379±0.0928 0.3621±0.0928 0.717–

3 0.38 0.60 0.02 0.6800±0.0466 0.3200±0.0466 6.835+

4 0.61 0.33 0.06 0.7786±0.0351 0.2214±0.0351 0.209–

Total 0.48 0.46 0.06 0.7044±0.0188 0.2956±0.0188 0.021–

–P > 0.05, +P < 0.05

Table 3. Genetic diversity parameters evaluated in populations

Population Ho He Ne PIC

LEP/Sau3AI

1 0.7173 0.2827 1.3918 0.2431

2 0.7121 0.2879 1.3993 0.2472

3 0.6422 0.3578 1.5485 0.2951

4 0.8303 0.1697 1.2026 0.1555

Total 0.7230 0.2770 1.3731 0.2352

LEPR/T945M

1 0.8955 0.1045 1.1162 0.0991

2 0.8411 0.1589 1.1870 0.1465

3 0.9224 0.0776 1.0832 0.0747

4 1.0000 0.0000 1.0000 0.0000

Total 0.9088 0.0912 1.0954 0.0800

GH/AluI

1 0.5810 0.4190 1.7160 0.3319

2 0.5340 0.4660 1.8586 0.3593

3 0.5604 0.4396 1.7705 0.3449

4 0.6527 0.3473 1.5262 0.2879

Total 0.5304 0.4696 1.7136 0.3308

Ho — observed homozygosity, He — observed heterozygosity, Ne — 
effective allele numbers; PIC — polymorphism information content

Table 4. Genetic variability of cows population based on F-sta-
tistic

Marker FIS FIT FST

LEP/Sau3AI –0.09082 –0.06848 0.02048

LEPR/T945M –0.07772 –0.05812 0.01819

GH/AluI –0.05479 –0.02979 0.02370
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of averaged FIS across populations, but this index does 
not directly detect inbreeding. However, an increase in 
the fraction of homozygotes (with a positive FIS) would 
be expected. FIS represents the average deviation of the 
population genotypic proportions from Hardy-Weinberg 
equilibrium for a locus. It is worth noting that FIS is 
not equivalent to the coefficient of inbreeding except the 
unlikely event that inbreeding alone is responsible for 
departures from Hardy-Weinberg equilibrium. A great 
similarity between populations of cows was shown by 
FST results based on the differences between allele’s 
frequencies of analyzed markers. The comparatively low 
values of genetic distances between cow’s populations 
may indicate, that the populations analysed originate 
from a common ancestor or inhabited neighbouring geo-
graphical regions and thus a frequent exchange of genes 
could take place. Similarities between examined popula-
tions could be caused also by the fact that their selection 
was conducted in a similar way (similar type of breeding 
program). For further studies should be carried out con-
cerning LEP/Sau3AI, LEPR/T945M and GH/AluI pol-
ymorphisms in other dairy breeds in order to compare 
the allele frequencies and find for a possible relationship 
with the different production and reproduction traits. Fi-
nally, it is important to emphasize that SNPs could be 
investigated also as useful instruments for population 
studies.
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