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Abstract

The aim of this study was detection of polymorphisms in leptin (LEP) and pituitary
specific transcription factor (Pit-1) genes and their evaluation as a genetic markers
affected milk performance traits in population of Slovak Simmental cows. The
analyzed SNP of LEP gene is located in intron 2 on bovine chromosome 4 and SNP
of Pit-1 gene in exon 6 on bovine chromosome 1. The total numbers of blood
samples were taken from 288 samples of Slovak Simmental cows. Bovine genomic
DNA was isolated by phenol-chloroform extraction method and used in order to
estimate LEP/Sau3Al and Pit-1/Hinfl genotypes by means of MULTIPLEX PCR-
RFLP method with using Sau3Al restriction enzyme for LEP and Hinfl restriction
enzyme for Pit-1. In the population of Slovak Simmental cattle were detected
genotype AA (390 and 32 bp), genotype AB (390, 303, 88 and 32 bp), genotype BB
(303, 88 and 32 bp) for LEP gene and genotype AA (260 bp), genotype AB (260, 190
and 70 bp), genotype BB (190 and 70 bp) for Pit-1 gene. The predominant alleles
were A with observed frequency 0.8385 and B with 0.7743 for LEP and Pit-1,
respectively. In both analyzed polymorphisms were frequent animals with dominant
homozygous genotype. Frequency of SNP LEP/Sau3Al AA genotype was 0.7014
and SNP Pit-1/Hinfl BB genotype was 0.6007. The statistical analysis show
significant effect only between LEP/Sau3Al genotype and milk yield in standard
length of lactation (P<0.05), with A as a desirable allele. In genotype comparison
produced AA genotype cows significantly more milk, with difference amounting 457.9
and 293.9 kg and therefore this animals might have potentially positive effect on milk
yield. The other results from the statistical association analysis between LEP/Sau3Al
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and Pit-1/Hinfl genotypes and milk production parameters — milk, protein and fat yield
(kg) in standard length of lactation were not significant.

Keywords: cattle, genetic polymorphism, leptin, multiplex PCR-RFLP, specific
pituitary transcription factor

Detailed abstract in native language

Cielom naSej prace bola detekcia jednonukleotidovych polymorfizmov v génoch
kédujucich leptin a Specificky transkripény faktor hypofyzy a hodnotenie ich vplyvu
ako potencialnych genetickych markerov pre produkciu mlieka v populacii krav
slovenského simentalskeho plemena. Okrem environmentalnych vplyvov sa
podielaju na vySke produkcie mlieka a hodnotach jej ukazovatelov aj genetické
predispozicie a preto je vhodné, zaclenit ich v podobe genetickych markerov do
tradiCnych selekénych metdd v chovoch mliekového dobytka. Jednym z vyznamnych
hormonov nielen pre mliekovu uZitkovost' ale aj pre produkciu masa a reprodukciu je
leptin. Leptin je bielkovina, syntetizovana najma v tukovom tkanive, ovplyvAujuca
viacero procesov v organizme. Je zapojeny do udrziavania energetickej rovnovahy
prostrednictvom regulacie prijmu krmiva, v riadeni reprodukénych funkcii a imunitne;j
odpovede. Okrem toho sa jeho ucinok prejavuje aj v placente, mlie€nej Zlaze,
kostrovych svaloch, mozgu a hypofyze. Hlavnou funkciou leptinu je informovat
centralny nervovy systém o hromadeni tuku a udrziavani energetickej rovnovahy v
tele. Zaroven sa podiela aj na vyvine mlie€nej Zlazy, kedy reguluje jej rast a funkciu
pomocou interakcie s prolaktinom. U prezuvavcov je produkovany aj bunkami
mlieCnej Zlazy pocas gravidity a v priebehu laktacie. Gén kodujuci leptin bol
lokalizovany na bovinnom chromozéme 4. Nami sledovany polymorfizmus
LEP/Sau3Al bol identifikovany vo vnutri sekvencie druhého intrénu, kde vyvolava
zamenu dusikatych baz (C za T). Na aktivacii exresie génov rastového hormonu,
prolaktinu a tyreotropinu sa podiefa Specificky transkripény faktor Pit-1. Tento
transkripny faktor je zodpovedny u prezuvavcov aj za vyvoj hypofyzy a riadenie
expresie sekreCnych horménov. Pit-1 obsahuje dve domény, ktoré su nevyhnutné
pre zabezpecenie vysokej afinity DNA pri vazbe promaétorov génov rasového
horménu a prolaktinu. Gén Pit-1 bol zmapovany na bovinnom chromozéme 1.
Jednonukleotidovy polymorfizmus Pit-1/Hinfl vznika v exdéne 6 ako ticha mutacia

a spbésobuje zamenu dusikatych baz (G za A). Na vyhodnotenie genotypove;j
Struktury populéacie, vznikajucej ako désledok tychto polymorfizmov, bolo pouzitych
celkovo 288 krvnych vzoriek. Gendmova DNA bola izolovana metddou fenol-
chloroformovej extrakcie. Jednotlivé alely a genotypy LEP/Sau3Al a Pit-1/Hinfl
polymorfizmov sme identifikovali pomocou multiplex PCR-RFLP metddy, kedy boli
vyuzité restrikéné enzymy Sau3Al pre LEP gén a Hinfl pre Pit-1 gén. Po restrikcnom
Stiepeni PCR produktov LEP génu sme zistili pritomnost genotypov AA (390 a 32
bp), AB (390, 303, 88 a 32 bp) a BB (303, 88 a 32 bp). Podobne boli vSetky tri
genotypy identifikované aj pre Pit-1 gén — AA (260 bp), AB (260, 190 a 70 BP) a BB
(190 a 70 bp). V analyzovanej populacii simentalskych krav bola dominantna

v pripade LEP génu alela A s frekvenciou 0, 8385 a pre Pit-1 gén to bola alela B

s frekvenciou 0,7743. Pri obidvoch sledovanych polymorfizmoch prevazovali

v populacii dominantni homozygaoti. Frekvencia vyskytu jedincov s genotypom
LEP/Sau3Al AA bola 0,7014 a Pit-1/Hinfl bola 0,6007. Statisticka analyza preukazala
signifikatné rozdiely iba v pripade hodnotenia asociacného vztahu medzi
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LEP/Sau3Al genotypmi a produkciou mlieka za obdobie normovanej laktacie. Pri
porovnavani vplyvu genotypov sme zistili, Ze kravy s AA homozygotnym genotypom
produkovali preukazne viac mlieka, pri¢om rozdiel tvoril 457,9 and 293,9 kg. Na
zaklade tychto udajov je mozné povedat, Ze takéto zvierata maju potencialne
pozitivny vplyv na produkciu mlieka a po zhodnoteni ostatnych kritérii uzZitkovosti by
bolo vhodné zaradit' ich do dalSej plemenitby. Vysledky dalSieho Statistického
hodnotenia vztahu medzi LEP/Sau3Al a Pit-1/Hinfl genotypmi a ukazovatelmi
mliekovej uzitkovosti neboli signifikantné.

Krucové slova: geneticky polymofizmus, hovadzi dobytok, leptin, multiplex PCR-
RFLP, Specificky transkripény faktor hypofyzy

Introduction

Genetic and environmental factors are known to influence production traits in dairy
cattle. Selection of animals with higher production or better reproductive performance
is of great significance to breeders and consumers. Current technologies enable
scientists to improve on the accuracy and efficiency of traditional selection methods
by applying genetic markers trough marker-assisted selection. Therefore, genetic
polymorphisms that are significantly associated with certain traits of interest are very
useful. Polymorphisms detection in genes related to production traits and the
identification of the allele which results in a phenotype of interest can allow for
marker assisted selection (Zhao et al., 2004; Gutiérrez-Gil et al., 2008). In the last
years the understanding of the genetic basis of mammary gland development and
function received an increased attention, because the improvement of milk
production should not compromise animal’s health (Carsai and Balteanu, 2010). The
variations in milk production cannot be attributed just to one gene because the
secretion activity of mammary gland is controlled by a cascade of hormones,
transcription factors, enzymes, affected by mutations over the years, which are
probably the cause of these variations.

Leptin is a protein produced primarily by white adipose tissue and involved in
regulation of feed intake, feeding behaviour, energy expenditure, growth and body
composition, as well as immune system functions and several aspects of
reproduction (Houseknecht et al., 1998). Nutrition is a key determinant of productive
potential in cattle and other mammals. Therefore, responses of the productive
system to changes in nutrition and metabolic status influence reproductive and
economic efficiency of food-producing species in variety of context (Wiliams et al.,
2002). As the hormone leptin is involved in regulation of nutritional status and
reproductive function this hormone is an interesting protein to investigate during the
periparturient period in dairy cattle (Liefers et al., 2005). Leptin binds to a receptor
mainly localized on Neuropeptid — Y — neurons, which in hypothalamus also appear
to play a key role in the integration of feeding behaviour with internal signals of body
energy status (Wayne et al., 1995). Leptin is supposed to be the signal to the
reproductive system that enough total energy, in from of fat, is present to support the
added energy demands of a successful conception and pregnancy. Leptin may help
regulate ovarian development and steroidogenesis and serve as either a primary
signal initiating puberty or as a permissive regulator of sexual maturation (Lindersoon
et al., 1998). Leptin is supposed necessary by the mammary growth, development
and function, when mammary fat cell leptin expression requires prolactin which then
cooperates with leptin to influence mammary activity (Feuermann et al., 2006). The
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ruminant mammary epithelial cells also synthesize leptin during pregnancy and
during established lactation (Leury et al., 2003). In dairy cattle, the increase in milk
yield has been accompanied by a more negative energy balance during early
lactation and a decrease in fertility (Liefers et al., 2005). During pregnancy leptin
levels are high and they decline rapidly towards parturition. Eliminating the energetic
costs of lactation by preventing milk delivery in cows caused an increase in plasma
leptin levels together with an increase in energy balance (Block et al., 2001). This
indicates that the fall in circulating leptin levels towards and during lactation is due to
the energetic coast of milk production (Brogan et al., 1999). The leptin (LEP) gene is
highly conserved across species, and is located on bovine chromosome 4932. Its
DNA sequence has more than 15,000 base pair and contains three exons, which are
separated by two introns (Stone et al., 1996). The coding region of the LEP gene
(501 nucleotide length) is contained in exon 2 and 3, which are separated by introns
of approximately 2 kb. The LEP gene promoter regions spans are approximately 3 kb
(Liefers et al., 2002). The Sau3Al polymorphism detected inside the intron 2 as a
cytosine to thymine transition results in amino acid change (arginine to cysteine) at
position 2059 of the protein chain. The polymorphism in LEP gene was associated
with milk performance (Liefers et al., 2002; Madeja et al., 2004; Javanmard, 2010),
increased perinatal mortality in dairy (Brickell et al., 2010), calf birth and weaning
weights in beef and dairy (Almeida et al., 2003; Nkrumah et al., 2005) and
reproductive performance in dairy cattle (Nkrumah et al., 2005).

Bovine Pit-1, a 291 amino acid protein with DNA binding POU domain (De Mattos et
al., 2004), is a specific pituitary transcription factor that is responsible for pituitary
development and hormone secreting gene expression in mammals (Cohen et al.,
1997). Pit-1 is the cellular specific transcription factor for activating expression of
growth hormone, prolactin and thyrotropin 3-subunit genes in anterior pituitary gland
(Tuggle and Trenkle, 1996) but also is a regulatory factor in differentiation and
proliferation of cells of pituitary gland (Hoggard et al., 1993). An approximately 33
kDa pituitary specific protein contains two domains termed POU-specific and POU-
homeo, which are both necessary for high affinity DNA binding to promoters of the
growth hormone and prolactin genes (Rosenfeld, 1991). The gene encoding Pit-1
was chosen as a candidate gene to investigate its association with lactation
performance, growth and carcass traits in several cattle breeds (Renaville et al.,
1997; Woollard et al., 1994; Moody et al., 1995). The Pit-1 gene was located in
centromeric region of bovine chromosome 1 (Moody et al., 1995). The Pit-1 gene is
controlled by several factors that interact with its 5' regulatory the Pit-1 gene itself
also occurs as there are two Pit-1 bindings site in the 5' flanking region. Pit-1 is also
involved expression of gene coding for thyrotropin releasing hormone (TSH)
(Radovick et al., 1992), a key hormone involved in thyroid gland activity. The
inhibition of Pit-1 synthesis leads to a marked decrease of growth hormone, prolactin
and TSH synthesis (Beigi Nassiri et al., 2010) and therefore is considered a highly
valuable genetic marker for improving milk production (Renaville et al., 1997). In the
bovine Pit-1 gene, the restriction fragment length polymorphism (Hinfl restriction
enzyme) was detected (Moody et al., 1995). Molecular basis of this polymorphism
was the silent mutation (G—A) located within the exon 6 of the Pit-1 gene (Diekers et
al., 1998). Hinfl polymorphism of Pit-1 gene was associated with growth (Yang et al.,
2010, Carrijo et al., 2008, Zhao et al., 2004), milk composition and production
(Renaville et al., 1997; Dybus et al., 2003; De Mattos et al., 2004) and reproduction
(Edriss et al., 2009) traits.
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The objective of our study was to establish LEP and Pit-1 genes allele and genotype
frequencies and significance of association between these polymorphisms and milk
production traits in standard length of lactation — milk protein and fat yield in Slovak
Simmental cattle.

Materials and Methods

Samples were collected from total 288 cows of Slovak Simmental breed. Genomic
DNA for genotyping was extracted from whole blood samples with standard phenol —
chloroform extraction method (Miller et al., 1988). DNA concentrations were
estimated by spectrophotometer measuring the optical density at wave length of 260
nm.

A 422 bp fragment of LEP gene and 260 bp fragment of Pit-1 gene containing
analyzed polymorphic site were amplified by multiplex PCR using forward and
reverse primers according to Liefers et al. (2002) and Ozdemir (2012) and analyzed
with using the polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) method. DNA was amplified in a total volume of 25 pl containing: 1 x
PCR buffer (NH4)2S04, 2 mM MgClI2, 200 uM of dNTPs, 0.8 uM of LEP primers, 0.8
MM of Pit-1 primers,1 U Tag DNA polymerase and 50 ng genomic DNA template.
PCR amplification was carried out in C1000TM thermal cycler (Biorad). PCR
conditions were: at 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, 62°C for
30 s and 72°C for 30 s. After 30 cycles, reactions were completed by extension at
72°C for 5 min. The PCR products for each sample were digested with 1 pl of
FastDigest Sau3Al (LEP) and Hinfl (Pit-1) restriction enzymes at 37°C in time 10 min.
The digestion products were separated by horizontal electrophoresis in 3% agarose
gels in 0.5 x TBE (140 V for 45 min) stained with GelRed (Biotium) prior to
visualization under UV light.

Tablel Primer sequences of LEP and Pit-1 locus

Locus Primer sequence

LEP/Sau3Al* F5 -TGGAGT GGC TTG TTATTT TCT TCT- 3’
R5-GTC CCC GCT TCT GGC TAC CTA ACT- 3’

Pitl/Hinfl ? F 5" -ACT CGC TAT TAC ACA ATA GGA GAG CCT- 3’

R5-TCCTGC CAACTCCTCACCTCCC-3
F — Forward, R — Reverse; * Liefers et al. (2002), * Ozdemir (2012)

The allele and genotype frequencies of LEP and LEPR genes were estimated by
direct counting. The effects of genotypes were determined milk production traits —
milk, protein and fat yield in standard length of lactation. Significance of the genotype
effects were estimated using the approximated T-statistic provided by SAS
Enterprise Guide 4.2.

Results and Discussion

The amplified PCR products of LEP (422 bp) and Pit-1 (260 bp) genes were digested
with restriction enzymes Sau3Al and Hinfl and visualized on 3% agarose gele. Figure
1 show representation results from multiplex PCR-RFLP analysis and PCR products
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size and the restriction patterns of observed genotypes of detected genes. In case of
LEP gene the digested AA PCR product exhibited two fragments of 390 and 32 bp,
whereas the BB genotype gave three fragments 303, 88 and 32 bp (32 bp bands not
detected on the gel). For Pit-1 gene the digested AA PCR product exhibited one
fragment of 260 bp. For the BB genotype was exhibited 190 and 70 bp.

Table 2 Frequency of allele and genotypes of LEP/Sau3Al and Pit-1/Hinfl

Cows (n=288) Genotype Allele
LEP/Sau3Al

AA AB BB A B
Number 202 79 7
Frequency 0.7014 02743 00243 0838 0.1615

Pit-1/Hinfl

AA AB BB A B
Number 15 100 173
Frequency 0.0521 0.3472 0.6007 0.2257 0.7743

Table 2 shows frequencies of the detected genotypes of both genes. The observed
frequencies of A and B alleles of LEP gene were in population of 288 cows 0.8385
and 0.1615, respectively. The A allele was predominant. The observed frequencies
of LEP/Sau3Al genotypes were 0.7014 (n=202), 0.2743 (n=79), 0.0243 (n=7) for AA,
AB and BB genotype, respectively. The most frequent genotype in population of
cows was AA. Our findings were similar to results reported for Holstein-Friesian cows
(Liefers et al., 2002), Black-and-White cows (Kulig, 2005), Holstein bulls (Javanmard
et al., 2010) different meat producing breeds of cattle (Passos et al., 2007) and
Slovak spotted cows (Moravcikova et al., 2012).

Dominant allele of Pit-1 gene was B, with frequency 0.7743. The number of
individuals with three genotypes of Pit-1/Hinfl were observed with frequencies 0.0521
(AA), 0.3472 (AB) and 0.6007 (BB). The most frequent Pit-1/Hinfl genotype in
analyzed cow’s population was BB. The high frequency of predominant B allele was
confirmed in other studies of different cattle breed populations. Woolard et al. (1994)
identified similarly allelic frequency for the allele A 0.10 and B 0.85 in group of 214
Holstein dairy cattle. In population of 130 Limousine calves found Dybus et al. (2003)
high frequency of B allele (0.7269) that the most frequent was BB genotype. In
contrary Ozdemir (2012) reported as a dominant in Anatolian Red cattle AB genotype
and in Holstein cattle BB genotype. Generally, in the dairy cattle population is
frequency of B allele and genotype BB highest.

Table 3 Basic statistical variation measurements of milk production traits of milk yield
in standard length of lactation

Trait x S Xmin Xmax n
Milk yield (kg) 5651.74 1479.48 1688.00 9436.00 246
Fat yield (kg) 227.12 62.32 52.00 386.00 246
Protein yield (kg) 190.34 49.20 58.00 313.00 246
JOURNAL
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Table 4 Means and standard deviations of milk production traits in cows of different
LEP/Sau3Al and Pit-1/Hinfl genotypes

Traits (meanststandard deviations)
Genotype n Protein

Milk yield, kg N yield, kg N Fatyield, kg N

LEP/Sau3Al

AA 202 5792.5+1436.1% 174 194.5+47.49 174 232.3t59.78 174

AB 79 5334.6+1547.12 65 181.1#51.68 65 216.4+66.57 65

BB 7 5098.6+1536.8% 7 173245996 7 198.5+72.92 7
Pitl/Hinfl

AA 15 5163.8£1402.5 15 175.0#445.42 15 206.3+58.50 15

AB 100 5798.0+1469.9 89 196.3+49.57 89 233.4+60.77 89

BB 173 5611.6+£1489.6 142 188.2449.15 142 225.4+63.48 142

& significance of difference at P < 0.05

Table 3 shows the average values of milk, protein and fat yield in standard length of
lactation of analyzed cow’s population. In subsequent analyses were used only
animals with relevant data of production parameters. A result from the association
analysis shows significant effect (P < 0.05) only between LEP/Sau3Al genotypes and
milk yield. In standard length of lactation produced cows with AA genotype
significantly more milk (kg). In comparison with AB and BB genotype were the
difference amounting 457.9 and 293.9 kg, respectively. The allele A seems to
increase potentially milk yield and therefore animals with AA genotype are useful in
dairy cattle breeding program. Similarly were the yields of milk fat and protein higher
in homozygous AA cows, but no significant. Significant of differences in comparing
average value of these parameters was also affected by number of individuals, when
the differences were very low. Our findings are contrary to other association studies,
generally is associated with higher milk performance traits the B allele or
heterozygous AB genotype. Liefers et al. (2002) reported that heifers with the Sau3Al
AB genotype produce 1.32 kg/day more milk compared with Sau3Al AA genotype.
They suggested that B allele could yield a higher milk production without negatively
affecting energy balance and fertility. Heravi et al. (2006) evaluated the association of
genetic differences in the leptin gene and milk yield, reproduction, body condition
score and plasma glucose level in Holstein cows. A significant association was
detected between the AB genotype and 305-d milk yield. The results demonstrated
that the B allele can yield a higher 305-d milk production with a trend to better
reproductive performance. Javanmard et al. (2010) found association between LEP
Sau3Al polymorphism and milk fat. In evaluated population animal with AA had lower
milk fat production than AB genotype. In other our study of Slovak Spotted and
Pinzgau cattle populations (Moravcikova et al., 2012) was also reported no
significant effect of LEP gene on milk production traits, similarly produced cows with
AA genotype in long-life milk production more milk compared to AB and BB cows.
The results of statistical analysis show statistically non significant differences
between the mean values of milk, protein and fat yield in standard length of lactation
and different Pit-1/Hinfl genotypes (Table 4). Milk, protein and fat yield were higher in
cows with heterozygous AB genotype, but the differences were very low. Also in the
study De Mattos et al. (2004) was heterozygous AB genotype superior for fat milk
production in relation to homozygous BB genotype. Viorica (2006) reported in
Simmental cattle associations between allele A and better milk performance, that
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genotypes favourable for selections were AA and AB. In the study Edriss et al.
(2009) affected genotype BB significant negatively fat and protein yield and positively
birth weight with comparison AA and AB genotype. Similarly in other studies was
demonstrated relationship of Pit-1/Hinfl polymorphisms and growth traits. Yang et al.
(2010) reported in population associations analyse of different cattle breed with
growth traits as a dominant allele B and genotype BB with trend to higher body
weight and body size. Oprzadek et al. (2003) found by evaluation growth, feed
conversation and carcass quality significant effect of Pit1/Hinfl gene polymorphism
only on carcass dimension, when the most frequent was BB. Combination of
molecular and statistical analyses of genes polymorphisms associations with
production traits can be strong tools in future breeding dairy cattle programs. Milk
performance traits of dairy cattle are in relationship with different factors of body
condition, energy balance or animals health and therefore is LEP or Pit-1 interesting
as genetic markers in marker assisted selection. In case of Slovak Simmental cattle
is necessary to verify this relationship in further associations analysis with more
animals in evaluated cattle population.

Conclusion

Single nucleotide polymorphisms in bovine genes encoding leptin and specific
pituitary transcription factor in population of 288 Slovak Simmental cows were
detected. Genotyping was carried by the multiplex PCR-RFLP analysis. In population
of cows were dominant of LEP/Sau3Al polymorphism allele A (0.8385) and genotype
AA (0.7014). In case of Pit-1/Hinfl polymorphism was frequent the B allele (0.7743)
and dominant BB genotype (0.6007). Animals with homozygous AA (LEP/Sau3Al)
and BB (Pit-1/Hinfl) genotype had higher milk, protein and fat yield in standard length
of lactation, but the results were statistically significant only between LEP/Sau3Al
and milk yield. Until now has been confirmed potential effect of polymorphism in Pit-1
and LEP genes on cattle production performance in many studies. The relationships
with reproduction, milk production and growth traits were found for LEP gene. In
contrary to our findings results from associations analyses suggested for milk
performance traits as preferable allele B and genotype AB. Analyses of Pit-1
genotype effect on production shows potential positively effect of B allele occurrence
on growth and negatively on milk production performance. Preferably average values
for milk, growth and reproduction parameters had animals with heterozygous
genotype AB and therefore were favourable for selection in breeding dairy or beef
cattle programs. Based on these findings it can be said that the genotype AB
(LEP/Sau3Al ) and BB (Pit-1/Hinfl ) had potential positive effect on evaluated
parameters and participation of cows with these allele in genotype in future selection
breeding program can increase milk performance traits.
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