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INTRODUCTION

In the last decade, a large number of quantitative 
trait loci (QTL) have been identified, particularly for 
dairy traits (T e l l a m , 2007). Identifying the genes 
controlling such traits can provide SNP (single nu-
cleotide polymorphism) markers that can be used for 
genetic and genomic selection with DNA chip tech-
nology. The genotype frequencies vary in the Leptin 
gene among cattle breeds and some variants can be 
very rare or even non-polymorphic in particular breeds 
(K o m i s a r e k ,  A n t k o w i a k , 2007; K o m i s a r e k , 
2010; G l a n t z  et al., 2012). Therefore, investigation 
of the SNP frequencies in cattle is very important and 
can be the first step in their potential implementation 
into a genomic chip.

Leptin, the 16-kDa protein hormone (146 amino 
acids), is a product of the obese gene (ob or LEP). 

It is synthesized mainly by white adipocytes and it 
is involved in the regulation of feed intake, energy 
balance, fertility, and metabolism (F r ü h b e c k  et 
al., 1998). In cattle the Leptin gene was mapped to 
chromosome 4 (P o m p  et al., 1997). It consists of 
three exons, but the first one is not transcribed into 
protein. Until now, 1165 mutations have been identi-
fied in the Leptin gene (www.ensembl.org).

Leptin genetic variants have been associated with 
milk yield (C h e s s a  et al., 2015), protein, and fat 
yield (K u l i g  et al., 2009), carcass traits (S i l v a  et 
al., 2014), perinatal mortality (B r i c k e l l  et al., 2010), 
body condition score (O i k o n o m o u  et al., 2011), 
and fertility (G i b l i n  et al., 2010; C l e m p s o n  et 
al., 2011). 

The C963T mutation was described in Leptin pro-
motor region by L i e f e r s  et al. (2005). This mutation 
was primarily studied for an association with energy 

*  Supported by the Ministry of Agriculture of the Czech Republic, Project No. MZERO0714, and by the Grant Agency of the Czech 
University of Life Sciences Prague, Project No. SV15-71-21370.

 
LepTIN pROmOTeR RegION geNOType FReqUeNCIes 
aND ITs VaRIabILITy IN The CzeCh FLeCkVIeh 
CaTTLe*

k. Jecminkova1, 2, J. kyselova2, a. said ahmed3, L. zavadilova2, V. matlova2, I. majzlik1

1Czech University of Life Sciences Prague, Faculty of Agrobiology, Food and Natural 
Resources, Prague, Czech Republic 
2Institute of Animal Science Prague-Uhříněves, Czech Republic 
3Humboldt-Universität zu Berlin, Albrecht Daniel Thaer-Institute of Agricultural  
and Horticultural Sciences, Berlin, Germany

To investigate the differences between the lineages of the Czech Fleckvieh cattle in Leptin promoter SNP C963T, 695 Czech 
Fleckvieh cows (650 from production herds and 45 from the Genetic Resources Program (GR)) were examined using PCR-
RFLP. The C and T alleles of Leptin promoter were observed with a predominance of C allele in both groups. The most fre-
quent genotypes were CC (63%) in production herds and CT (48%) in the GR population. The present study describes, for the 
first time, the genetic differences in production herds and GR population in Leptin promoter C963T SNP. Variation within the 
Czech Fleckvieh population was observed and resulted in an advantage to the GR population. Results presented herein empha-
sized the importance of the GR program as a reservoir of genetic diversity for indigenous breeds.

single nucleotide polymorphism; cattle breeding; population diversity; leptin; PCR-RFLP



Scientia agriculturae bohemica, 47, 2016 (2): 54–59 55

status (L i e f e r s  et al., 2005) and reproduction traits 
in cattle (L i e f e r s  et al., 2005, K o m i s a r e k , 2010). 
The most frequent reasons for unwilling cow culling 
are low fertility or leg and udder problems. However, 
many health risks such as fatty liver, ketosis, disturbed 
fertility, lameness and infectious diseases, like masti-
tis and metritis, are correlating with negative energy 
balance (M a r t e n s , 2013; H u z z e y  et al., 2015). 
Therefore, markers associated with energy status are 
very promising for the future animal breading and 
profitable farming. 

Later, the C963T Leptin polymorphism was found to 
be associated with milk yield and milk content (G i b l i n 
et al., 2010; M a t t e i s  et al., 2012; K a d l e c o v á 
et al., 2014). This information suggests the important 
role of C963T Leptin polymorphism in dairy produc-
tion. At the moment, no knowledge about genotype 
distribution of the C963T mutation in Leptin is known 
in Czech Fleckvieh cattle, or differences in variation 
between the production population and the population 
registered in the Genetic Resources Program (GR). 
The genetic structure of the GR population can be 
different than in the production population and could 
be very useful for further breeding. 

The aim of this study was to describe genetic varia-
tion in the C963T mutation in the Leptin gene between 
and within the production population and the popula-
tion registered in the Genetic Resources Program in 
Czech Fleckvieh cattle. Furthermore, the genotypic 
frequencies between Czech Fleckvieh cattle and other 
dairy breeds were compared.

maTeRIaL aND meThODs

animals and samples

The study was conducted on two populations of 
the Czech Fleckvieh cattle. This local breed has been 
improved in the 1970s using the Red Holstein sires, 
and since the 1990s, it has been undergoing continuous 
upgrading procedures using imported Montbéliarde and 
German Fleckvieh genetic material. A small population 
of animals, descendants of the original unimproved 
Czech Fleckvieh breed, has been bred as a dispersed 
conservation nucleus within the National Genetic 
Resources Program (http://efabis.tzv.fal.de). Only 
animals with at least two generations of ancestors, in 
both parents’ lines, of original pure Czech Fleckvieh 
are listed in the program.

The first population involved 650 cows from im-
proved production herds, calved between 2003 and 
2010 in the Czech Republic from five farms. Each of 
the 650 cows were daughters of 27 bulls. The second 
population was presented by 45 cows registered in 
the GR program. Each of the 45 cows were daughters 
of 22 bulls. 

genetic and statistical analyses

Genomic DNA for molecular analyses was ex-
tracted from peripheral blood using a 6100 Nucleic 
Acid PrepStation instrument (Applied Biosystems, 
Foster City, USA) according to the manufacturer’s 
recommended protocol. The C963T (rs109956567) 
genotypes were determined by PCR-RFLP. The PCR 
reaction was performed with primers designed ac-
cording to K o m i s a r e k ,  A n t k o w i a k  (2007). 
Amplified fragments were digested at 37°C for 12 h 
with 5 U of Dra I restriction endonucleases (Thermo 
Fisher Scientific, Waltham, USA), and next subjected to 
electrophoretic separation in 3.5% ethidium bromide-
stained agarose gel SeaKem® LE Agarose (Lonza, 
Basel, Switzerland). The restriction enzyme cut only 
PCR product with T allele resulting in 268 bp and 27 
bp fragments. Once genotypes were determined, allele 
frequencies were estimated and deviations from the 
Hardy-Weinberg (H-W) equilibrium were tested by 
χ2 test  using GenAlEx 6.502 software (P e a k a l l , 
S m o u s e , 2006, 2012). The approach of allele es-
timation assumes random mating and no selection in 
the population, which was not followed in studied 
animals; therefore the approximate standard errors 
of allele frequencies were calculated as:

where:
P = allelic frequency
n = number of cows

To measure the informativeness of a genetic marker, 
the polymorphic information content (PIC) was evalu-
ated. The PowerMarker V3.25 software (L i u ,  M u s e , 
2005) was used to evaluate the gene diversity and PIC. 
The level of diversity between and within populations 
was estimated by the analysis of molecular variance 
(AMOVA) using the Arlequin 3.5.2.1 statistical program 
(E x c o f f i e r ,  L i s c h e r , 2010). The significance 
of the AMOVA test was verified by 1023 random 
permutations. Further descriptive characteristics of 
the population, e.g. effective number of alleles and 
fixation effect for the populations, were evaluated by 
GenAlEx 6.502 (P e a k a l l ,  S m o u s e , 2006, 2012).

ResULTs

The laboratory analysis showed three genotypes in 
Leptin C963T. Genotype and allele frequencies esti-
mated for the locus are shown in Table 1. Genotype 
TT was presented with the lowest frequency in both 
populations. The most frequent in the production 
population was CC genotype (63%). The highest level 
of animals with the CT genotype was observed in the 
GR population (48%); meanwhile this genotype was 
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second most common in the production population. 
The estimated frequency of the C allele was 78% and 
59% for the production and the GR population, re-
spectively. The estimated standard error for the locus 
was 1.6% in the production population and 7.3% in 
GR population. 

The distributions of genotypes were tested for 
concordance with expected values according to H-W 
equilibrium. The production population showed a 
statistically significant (P < 0.01) departure of the 
equilibrium. According to the fixation effect, the pro-
duction population presented a lack of heterozygotes of 
approximately 11% from the expected value (Fig. 1).  
In contrast, the GR population followed the H-W 
equilibrium and the fixation effect in the GR popu-
lation showed the excess of heterozygote of almost 
24% relative to Hardy-Weinberg expectations (Fig. 2).

To describe the level of polymorphism and diver-
sity in the studied populations, the genetic diversity 
and PIC were evaluated. The PIC values of the locus 
were 0.29 in the production population and 0.37 in 
the GR population. Also, the level of gene diversity 
was higher in the GR population than in production 
herds (0.48 and 0.34, respectively). 

The effective number of alleles was used as a sup-
plementary tool to illustrate heterozygosity levels in 
populations. The GR population presented a higher 
effective number of alleles (1.93) than the production 
population (1.52). 

AMOVA showed that around 9% of the total ge-
netic variation corresponded to differences between 
populations (Table 2). Lower variability was among 
individuals within the population (8%). However, a 
high level of variation was found among the individu-

Table 1. Leptin C963T genotype and allele frequencies in the Czech Fleckvieh cattle

Population
Genotype frequency (n) Allele frequency

χ2

CC CT TT C T

Production herds 0.6261 (407) 0.3046 (198) 0.0692 (45) 0.7785 0.2215 8.87**

Genetic resources 0.3467 (13) 0.4841 (27) 0.1690 (5) 0.5888 0.4111 2.57

χ2 = chi-square test; n = number of observations 

**P < 0.01
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Fig. 1. Observed vs expected genotype counts in 
production herds in the Czech Fleckvieh cattle

Fig. 2. Observed vs expected genotype counts 
in Genetic Resources population in the Czech 
Fleckvieh cattle

Table 2. Analysis of molecular variance (AMOVA) in the Czech Fleckvieh cattle

Source of variation d.f. Sum of squares Variance components Percentage of variation P

Between population 1 3.025 0.01682 8.67 0.0000**

Among individuals within population 693 133.486 0.16187 7.92 0.01173*

Within individuals 695 112.500 0.19407 83.41 0.00978**

d.f. = degree of freedom 

*P < 0.05, **P < 0.01
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als in general (83%). All differences were significant, 
at least at P < 0.05. 

DIsCUssION

Differences in genotypic frequencies among Czech 
Fleckvieh and other cattle breeds were observed. Table 
3 shows frequencies of C963T Leptin genotype and 
allele frequencies over dairy breeds in Europe. These 
differences can be caused mainly by differences in 
the breeding goal and also by the production type of 
breed. Surprisingly, despite the Red Holstein influence 
on the production Fleckvieh population, the genotypic 
frequencies were more similar to those of Jersey. The 
reason for this similarity could be due to a limited 
use of the Jersey breed to improve local cows during 
the 1960s. However, in all breeds the C allele was 
the most frequent as well as in the Czech Fleckvieh 
breed. In C963T Leptin SNP the C allele was associ-
ated with increased milk yield (G i b l i n  et al., 2010; 
M a t t e i s  et al., 2012) and the dominance of C allele 
is in concordance with the increasing milk yield trend. 

Concerning the GR population, a high level of 
heterozygosity was observed and compared to the 
production population; a higher level of TT genotypes 
was present. The TT genotype was previously associ-
ated with higher feed intake (L i e f e r s  et al., 2005). 
We suppose that the higher TT genotype frequency 
in GR could be based on the dual purpose production 
direction of this breed which was not changed thanks 
to pure mating.

In numerous studies of Holstein cattle is described 
as the most common CT genotype (B a n o s  et al., 
2008; K o m i s a r e k , 2010; C l e m p s o n  et al., 
2011; G l a n t z  et al., 2012). This finding is con-
sistent with our results in the GR Czech Fleckvieh 
population. Similar genotypic frequencies were also 
observed in Holstein population in the Czech repub-
lic (K a d l e c o v á  et al., 2014). The description of 
the C963T Leptin genotype frequencies in the Czech 
Fleckvieh cattle has not been presented so far, therefore 
it is not possible to compare our findings with other 
results in this breed. 

Selection favouring certain alleles and decreased 
number of bulls may lead to departures from the H-W 
equilibrium. The point that the production population 
of Czech Fleckvieh did not follow the H-W equilibrium 
and the high level of CC genotype in the population 
could indicate the previous indirect selection for this 
SNP. However, if more animals were included in the 
study, the H-W equilibrium could be achieved. The 
difference of C963T Leptin genotype frequencies be-
tween the production population and the GR population 
could be caused by the selection pressure for C allele 
in productive herds and by the crossbreeding in the 
production population.

Furthermore, the genetic variability between the 
Czech Fleckvieh populations was studied. The PIC 
values confirmed higher polymorphism level in the 
GR population compared to the production popula-
tion. The lower level of PIC in production herds may 
be explained by the lower number of bulls involved 
in breeding and also by the selection pressure in this 
polymorphism. In concordance with the lower level 
of polymorphism, the production herds showed lower 
effective numbers of alleles. The negative value of 
fixation effect, lower level of effective numbers of 
alleles, and decreased gene diversity can indicate an 
inbreeding mating in the production population.

AMOVA showed that the total of 83% variance 
was explained by differences within populations, 
whereas almost 9% was the result of differences be-
tween populations. This is probably caused by the 
influence of other breeds used to increase the milk 
yield in the production population. More informative 
results could be reached if the breeds used for improv-
ing the production population would be included in 
this study of variance.

The differences among Czech Fleckvieh cattle 
and other cattle breeds were previously studied by 
C z e r n e k o v á  et al. (2006), though their study was 
conducted only on production herds and used different 
markers. They proposed the Czech Fleckvieh cattle 
as the breed with the highest values of heterozygos-
ity, polymorphic information content, and effective 
population size; unfortunately no description across 
the population was done. The genetic distance be-

Table 3. Genotypes and allele frequencies within Europe and cattle breeds

Breed
Genotype frequency (%) Allele frequency (%)

Reference Country
CC CT TT C T

H 42 45 13 65 35 Banos et al., 2008l Scotland

H 28 55 17 56 44 Komisarek, 2010 Poland

H 39 47 16 61 39 Glantz et al., 2012 Sweden

H 37 47 16 60 40 Clempson et al., 2011 UK

J 66 34 0 83 17 Komisarek, Antkowiak, 2007 Poland

H 38 40 22 58 42 Kadlecová et al., 2014 Czech Republic

H = Holstein; J = Jersey
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tween Czech Fleckvieh and other Central European 
cattle breeds was also studied by Č í t e k  et al. (2006); 
however to our knowledge the differences between the 
production population and the GR population have 
not yet been studied at all. Therefore the results of 
the present study cannot be compared with previous 
investigations.

CONCLUsION

Artificial insemination brought a great advantage 
for animal breeding with a higher emphasis on bull 
selection. The rigorous selection proved a great genetic 
progress, but it also decreased animal variability in 
the population. The existing variability among cattle 
breeds may cause that efficient approach in one breed 
may not be ideal for another. Therefore the effort 
should be made to gain knowledge across the cattle 
breeds and their variability.

The differences in genotype frequencies between 
Czech Fleckvieh cattle and other dairy breeds were 
described, as well as differences between the produc-
tion population and the GR population in the Czech 
Republic. The Czech Fleckvieh cattle production 
population shows different spread of genotypes in 
comparison to Holstein cattle. These results could 
suggest a need for customized arrays for a genomic 
breeding approach in the Czech Fleckvieh cattle. 
Our results also reveal the need for further studies 
to discover if the differences between the Czech 
Fleckvieh cattle and the other breeds are presented 
also in other loci.

The study of genetic variability between the pro-
duction population and the GR population showed 
differences in all the studied parameters in benefit to 
the GR population. The higher level of heterozygos-
ity and genetic variance in the GR population can 
indicate that despite the low number of animals, the 
genetic variability in the studied SNP was preserved. 
The results also indicate a selection pressure in C963T 
Leptin SNP in the production population; therefore the 
importance to save the variability in the GR population 
is increasing because the loss of variability in more 
loci can be supposed. The study brought a novel, so-
far unstudied knowledge about genetic diversity and 
variation in Czech Fleckvieh important for further 
breeding in the Czech Fleckvieh cattle and suggests 
the significance of the national GR program. 

aCkNOWLeDgemeNT

The authors wish to thank Ms. Stipkova for pro-
viding data information, Ms. Arseneau-Nicklin for 
language correction, and the National Reference Centre 
for the preservation of genetic resources of farm ani-
mals for providing genetic material samples. 

ReFeReNCes 

Banos G, Woolliams JA, Woodward BW, Forbes AB, Coffey MP 
(2008): Impact of single nucleotide polymorphisms in leptin, 
leptin receptor, growth hormone receptor, and diacylglycerol 
acyltransferase (DGAT1) gene loci on milk production, feed, 
and body energy traits of UK dairy cows. Journal of Dairy 
Science, 91, 3190–3200. doi: 10.3168/jds.2007-0930.

Brickell JS, Pollott GE, Clempson AM, Otter N, Wathes DC 
(2010): Polymorphisms in the bovine leptin gene associated 
with perinatal mortality in Holstein-Friesian heifers. Journal 
of Dairy Science, 93, 340–347. doi: 10.3168/jds.2009-2457.

Chessa S, Nicolazzi EL, Nicoloso L, Negrini R, Marino R, Vi-
cario D, Marsan PA, Valentini A, Stefanon B (2015): Analysis 
of candidate SNPs affecting milk and functional traits in the 
dual-purpose Italian Simmental cattle. Livestock Science, 
173, 1–8. doi: 10.1016/j.livsci.2014.12.015.

Čítek J, Panicke L, Řehout V, Procházková H (2006): Study of 
genetic distances between cattle breeds of Central Europe. 
Czech Journal of Animal Science, 51, 429–436.

Clempson AM, Pollott GE, Brickell JS, Bourne NE, Munce 
N, Wathes DC (2011): Evidence that leptin genotype is 
associated with fertility, growth, and milk production in 
Holstein cows. Journal of Dairy Science, 94, 3618–3628. 
doi: 10.3168/jds.2010-3626.

Czerneková V, Kott T, Dudková G, Sztankóová Z, Soldát J 
(2006): Genetic diversity between seven Central European 
cattle breeds as revealed by microsatellite analysis. Czech 
Journal of Animal Science, 51, 1–7.

EFABIS. Europian farm animal biodiversity information sys-
tems. [online]. [2015-19-10]. 

Ensembl. Gene: OB ENSBTAG00000014911. Ensembl [online]. 
[2015-29-04]. 

Excoffier L, Lischer HEL (2010): Arlequin suite ver 3.5: A new 
series of programs to perform population genetics analyses 
under Linux and Windows. Molecular Ecology Resources, 
10, 564–567. doi: 10.1111/j.1755-0998.2010.02847.x.

Frühbeck G, Jebb SA, Prentice AM (1998): Leptin: physiology 
and pathophysiology. Clinical Physiology, 18, 399–419. doi: 
10.1046/j.1365-2281.1998.00129.x.

Giblin L, Butler ST, Kearney BM, Waters SM, Callanan MJ, Ber-
ry DP (2010): Association of bovine leptin polymorphisms 
with energy output and energy storage traits in progeny 
tested Holstein-Friesian dairy cattle sires. BMC Genetics, 
11, 73. doi: 10.1186/1471-2156-11-73.

Glantz M, Mansson HL, Stalhammar H, Paulsson M (2012): 
Effect of polymorphisms in the leptin, leptin receptor and 
acyl-CoA: diacylglycerol acyltransferase 1 (DGAT1) genes 
and genetic polymorphism of milk proteins on bovine milk 
composition. Journal of Dairy Research, 79, 110–118. doi: 
10.1017/S0022029911000859.

Huzzey JM, Mann S, Nydam DV, Grant RJ, Overton TR (2015): 
Associations of peripartum markers of stress and inflam-
mation with milk yield and reproductive performance in 



Scientia agriculturae bohemica, 47, 2016 (2): 54–59 59

Holstein dairy cows. Preventive Veterinary Medicine, 120, 
291–297. doi: 10.1016/j.prevetmed.2015.04.011.

Kadlecová V, Němečková D, Ječmínková K, Stádník L (2014): 
Association of bovine DGAT1 and leptin genes polymor-
phism with milk production traits and energy balance 
indicators in primiparous Holstein cows. Mljekarstvo, 
64, 19–26.

Komisarek J (2010): Impact of LEP and LEPR gene polymor-
phisms on functional traits in Polish Holstein-Friesian cattle. 
Animal Science Papers and Reports, 28, 133–141.

Komisarek J, Antkowiak I (2007): The relationship between 
leptin gene polymorphisms and reproductive traits in Jersey 
cows. Polish Journal of Veterinary Sciences, 10, 193–197.

Kulig H, Kmiec M, Kowalewska-Luczak I, Andziak GK (2009): 
Effect of leptin gene polymorphisms on milk production 
traits of Jersey cows. Turkish Journal of Veterinary & Animal 
Sciences, 33, 143–146.

Liefers SC, Veerkamp RF, te Pas MFW, Delavaud C, Chilliard 
Y, Platje M, van der Lende T (2005): Leptin promoter mu-
tations affect leptin levels and performance traits in dairy 
cows. Animal Genetics, 36, 111–118. doi: 10.1111/j.1365-
2052.2005.01246.x.

Liu K, Muse SV (2005): PowerMarker: an integrated analysis 
environment for genetic marker analysis. Bioinformatics, 
21, 2128–2129. doi: 10.1093/bioinformatics/bti282.

Martens H (2013): Diseases of dairy cows in early lactation. 
Tierarztliche Umschau, 68, 463–476.

Matteis G, Scata MC, Grandoni F, Petrera F, Abeni F, Catillo 
G, Napolitano F, Moioli B (2012): Association analyses of 

single nucleotide polymorphisms in the leptin and leptin 
receptor genes on milk and morphological traits in Holstein 
cows. Open Journal of Animal Sciences, 2, 174–182. doi: 
10.4236/ojas.2012.23024.

Oikonomou G, Michailidis G, Kougioumtzis A, Avdi M (2011): 
Effect of polymorphisms at the STAT5A and FGF2 gene loci 
on reproduction, milk yield and lameness of Holstein cows. 
Research in Veterinary Science, 91, 235–239. doi: 10.1016/j.
rvsc.2011.01.009.

Peakall R, Smouse PE (2006): GENALEX 6: genetic analysis in 
Excel. Population genetic software for teaching and research. 
Molecular Ecology Notes, 6, 288–295. doi: 10.1111/j.1471-
8286.2005.01155.x.

Peakall R, Smouse PE (2012): GenAlEx 6.5: Genetic analy-
sis in Excel. Population genetic software for teaching and 
research – an update. Bioinformatics, 28, 2537–2539. doi: 
10.1093/bioinformatics/bts460.

Pomp D, Zou T, Clutter AC, Barendse W (1997): Rapid com-
munication: Mapping of leptin to bovine chromosome 4 by 
linkage analysis of a PCR-based polymorphism. Journal of 
Animal Science, 75, 1427–1427.

Silva DBS, Crispim BA, Silva LE, Oliveira JA, Siqueira F, Seno 
LO, Grisolia AB (2014): Genetic variations in the leptin 
gene associated with growth and carcass traits in Nellore 
cattle. Genetics and Molecular Research, 13, 3002–3012. 
doi: 10.4238/2014.April.16.9.

Tellam RL (2007): Capturing benefits from the bovine genome 
sequence. Australian Journal of Experimental Agriculture, 
47, 1039–1050. doi: 10.1071/EA06032.

Corresponding Author:

Ing. Kateřina J e č m í n k o v á , Institute of Animal Science Prague-Uhříněves, Přátelství 815, 104 00 Prague 10, Czech Republic, phone: 
+420 720 150 445, e-mail: jecminkova@af.czu.cz


