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fattening traits

Ilona Miceikiené, Nijole Peciulaitien¢, Natalija Makstutiené, Lina Baltrénaité, Kristina Morkiiniené,
Kristina Liucvaikiené,and Ramuté MiSeikiené

Institute of Biology Systems and Genetics, Veterinary Academy, Lithuanian University of Health Sciences, Tilzés 18,
LT-47181 Kaunas, Lithuania.
e-mail: nijole@lva.lt

This article presents data about growth hormone and leptin gene polymorphism and its influence on cattle fattening traits. A total of 163
animals were genotyped, belonging to the breeds Lithuanian Black and White (LBW), Lithuanian Red (LR), Hereford (HE), Limousin
(LT), Simmental (SI), and Charolais (CH). The records of daily weight gain were obtained from the feeding control station of Siluté bulls
feeding. The research method of polymerase chain reaction (PCR) and restriction length polymorphism (RFLP) were used to GH and LEP
genotype polymorphisms. In the control group, the growth hormone gene allele A was found, with maximum frequency (0.875) in Simmental
breed, and allele B (0.283) in the Lithuanian Red breed. Similarly, Leptin gene allele A was found with maximum frequency (0.875) in
Simmental breed, and allele B (0.283) in the Lithuanian Red breed. The AA genotype growth hormone, with the highest frequency of 90%,
was found in Hereford cattle, AB genotype in 34.8 % of Lithuanian Red and BB genotype in 37.5 % of the Simmental genotype. While,
the leptin gene AA genotype with the highest frequency, was found in Simmental and Limousin cattle, AB genotype in the Charolais and
BB genotype in Lithuania Red cows. The research on genetic effects on the weight gain of animals in different fattening periods showed
that the leptin gene had a significant influence on the weight gain during the first two fattening quarters. Leptin gene varied from 0.1 to
4.4 %. Leptin gene A allele increased cattle weight gain. Cattle with AA genotype growth hormone had the greatest weight gain, but the

differences were not statistically significant.
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Currently, with the help of new molecular methods,
genetic evaluation of cattle is carried out directly
through the DNA analysis, which contains all the genetic
information of animal’s inherited characteristics. These
methods allow detailed research of bovine genome and
determination of genes, how they operate and influence
on the quantity and quality of meat or milk, what genetic
factors influence on cattle health, genetic diversity and
also, genetic relationships among breeds (Miceikiené
et al., 2006). The genetic markers, properly used in
animal genotyping, increase significantly the selection
efficiency as they help to carry it out by one or more
features, due to the presence of one or more bonded
genes (Jakari et al., 2009). There are several genes
affecting meat production, which are growth hormone
(GH), growth hormone receptor (GHR), myostatin
(MSTN), leptin (LEP). Various researches show that a
new gene identification technology allows investigating
the genotype of the animal and determining the genes
encoding the productivity and quality traits, and use them
in the selection process as genetic markers (Buchanan
et al. 2002, Stasio Di et al. 2002, Choudhary et al.
2005, Curi et al. 2005, Silveira et al. 2008, Jakari et al.
2009 and Zukiewicz et al. 2012). Genetic markers can
be used both for the identification of a single gene and
a gene group with traits of economic interest. Another
advantage of the genetic markers used in breeding is the
reliance of livestock evaluation. It also allows to identify
the genes by controlling the selective and technological
value of livestock in a young age, to assess the genetic

variability and genetic defects of farm animals, and
avoids the appearance of unwanted traits on time.
The use of genetic markers in selection can greatly
accelerate the breeding process, improve the quality of
agricultural production, reduce its production costs and
make production more competitive with foreign markets
(Miceikiené et al. 2006).

The aim of the present study was to analyze growth
hormone and leptin gene polymorphism and their
influence on cattle fattening traits.

Materials and Methods

Selected animals. A total of 163 animals were
genotyped, belonging to the Lithuanian Black and
White (LBW), Lithuanian Red (LR), Hereford (HE),
Limousin (LI), Simmental (SI) and Charolais (CH)
breeds. Offspring of 18 bulls were genotyped. The data
on daily weight gain records were obtained from Siluté
control bulls feeding station.

Research methods. Blood samples were extracted
from the jugular vein to a vacuum test-tube (Venoject,
Belgium) with EDTA (K3). The DNA was extracted
using the standard phenol-chloroform purification
method (Miller et al, 1988). Hair root samples for
genotyping DNA were extracted using the van Haeringen
laboratory (Holland) method and deep—frozen sperm
using standard phenol-chloroform purification method
according Dr. J. Kantanen MTT (Finland).

The method of polymerase chain reaction (PCR)
and restriction length polymorphism (RFLP) were used
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to GH and LEP genotype polymorphisms. All PCR
reactions were performed using Applied Biosystems
2700 Thermal Cycler. The PCR based on the detection
of polymorphisms was carried out using primary
sequencies, polymerase chain reaction conditions and
endonucleases restrictions according to the growth
hormone gene (Sadeghi et al., 2005), for leptin gene
(Choudhary et al., 2005) techniques and procedures
used at the Janusauskas Laboratory of Animal Genetics,
Lithuanian Veterinary Academy. Different GH and
LEP genetic types were visualized using agarose gel
electroforesis after dying the gels with ethidium bromide,
according to the documentation system of Heliorab
video.

Statistical analysis. The frequency of alleles and
genotypes were used to assess the genetic variability
of the studied populations for GH and Leptin genes.
Associations between different polymorphic sites and
daily weight gain in GH and LEP genes of Lithuanian
cattle were analysed using ANOVA model of mixed
effects with R package (Gentlemen and lhaka, 1997).
The general linear models were used for calculations:

Daily gain, S — M+ GH, + LEP, + breed -+ bull,

e.

lJ]51211in gain, S — M T GH, + LEPj + breed, +
progenitor, + €m

Fixed effects: GH - growth hormone gene (3 classes);
LEP — leptin gene (3 classes); breed — breed of animal
(6 classes). Random effect: progenitor — progenitor of
animal (18 classes).

Results and Discussion

In recent years, there is a significant increase
of interest in beef cattle breeding based on genetic
technologies. Quantitative traits, such as animal growth
rate, feed conversion efficiency, carcass and internal fat
mass are controlled by multiple loci in the chromosomes.
Genes candidates are selected on the basis of known
relationships among physiological and biochemical
processes and its properties, where sequence alterations
may be used as genetic markers (Asalkar e al. 2005 and
Passos et al. 2007).
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Frequencies of alleles and genotypes of the growth
hormone GH and leptin LEP genes were calculated for
each tested breed. According to this study and other
scientists, the growth hormone GH gene showed two
alleles, A and B, with a predominance of A allele in all
breeds (Silveira and Oliveira 2008, Mullen et al. 2010,
Bujko et al. 2011, Zukiewicz et al. 2012 and Mullen
et al. 2013). In this study, the frequency of A allele of
the growth hormone GH gene varied from 0.563 in
Simmental breed to 0.900 in Hereford breed. In Europe,
selection is carried out regarding B allele and specific
herds of cattle are formed. Great attention is paid to the B
allele because it is associated with improvement of meat
properties (Dario et al. 2004). The highest frequency of
GH B allele was found in Simmental cattle and the lowest
in Hereford. The data offered in this study agree with
other scientists testing results. The highest frequency
of GH B allele was identified in Slovak Simmental
(Carnicela et al. 2003) and Jersey (Moravcikova et al.
2012) breeds and the lowest frequency in Hereford breed
(Silveira and Oliveira 2008). According to the results,
two alleles, A and B, of the leptin gene were found.
The frequency of A allele of LEP gene in the studied
cattle ranged from 0.717 in the Lithuanian Red breed
to 0.875 in Simmental breed. The results of this study
were similar to those found in the literature. These results
suggest that selection forces may act against the LEP
gene B allele or the selection environment was more
favourable to A allele. These results show that cattle
breeds bred in Lithuania usually have the same LEP
alleles, as the European cattle breeds (table 1).

Three different genotypes — AA, AB and BB — were
found in both the growth hormone GH and leptin LEP
genes loci. The AA genotype of the growth hormone
GH gene in the lowest frequency (0.500) was found in
Simental cattle and the highest (0.900) in Hereford cattle
breed. Meanwhile, the GH AB genotype with lowest
frequency (0.111) was found in Limousin cattle breed,
the highest (0.348) in the Lithuanian Red cattle breed.
GH AB genotype was not identified, in the Hereford
breed. The BB genotype of the growth hormone had
the highest frequency (0.375) in Simmental breed. The

Table 1. Frequencies of growth hormone GH and leptin LEP gene alleles in 10 cattle

breeds bred in Lithuania

Frequency of GH gene alelles

Frequency of LEP gene alelles

Breed
A B A B

LBW 0.823 0.177 0.855 0.145
LR 0.739 0.261 0.717 0.283
HE 0.900 0.100 0.850 0.150
SI 0.563 0.438 0.875 0.125
CH 0.850 0.150 0.775 0.225
LI 0.639 0.361 0.861 0.139
Tested group 0.752 0.247 0.822 0.177
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AA genotype of leptin gene ranged from 0.522 to 0.750
frequencies. Meanwhile, LEP AB genotype ranged from
0.222 in the Limousin breed to 0.450 in the Charolais.
LEP BB genotype was not found in Hereford, Simmental
and Charolais cattle breeds. According to Bonvillani et
al. (2000), the LEP gene BB genotype was not detected
in Simmental and Hereford breeds, which showed the
highest frequency of genotype AA as well as in this
study (table 2).

In order to highlight the influence of the growth
hormone and leptin genes and eliminate other factors
contributing to one of the cattle fattening indicators —
the weight gain, a multifactor analysis was performed.
The linear mixed model was applied for the analysis of
individual factors such as GH growth hormone and LEP
leptin genes, effects of breed, progenitor, and factors
combined with the liveweight gain of animals. The breed
and progenitors affected significantly the liveweight gain
rates in all the fattening periods. Breed influence was
of at about 16.4 % and the progenitor influence was of
17.6 %, regarding the characteristics of the weight gain.
Both, growth hormone and leptin genes, had a great
influence on liveweight gain indicators only during the
first half of fattening period. Growth hormone gene
influenced on 2.4 % rate of liveweight gain per day, and
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leptin gene 4.2 % (table 3).

Differences among breeds and progenitors were
statistically significant. Therefore, differences among the
genotypes are presented in the charts after the evaluation
of progenitors and breed influences.

The influence of bovine GH gene polymorphism
on meat properties was studied among Italian Podolian
cattle. Animals with BB genotype showed a lower
growth rate than individuals with the two other genotypes
(Dario et al., 2005). According to Zwierzchowski et
al. (2001), calves with BB genotype had higher daily
liveweight gain than calves with other genotypes. Stasio
Di et al. (2002) found no relationship between the GH
polymorphism and meat production characteristics of
Piedmont cattle. According to this study, calves with
the GH growth hormone AA genotype had 68.9 g,
greater liveweight gain than those with AB genotype
and 44.7 g greater weight gain than those with BB.
No significant differences were found among growth
hormone genotypes (figure 1).

A comparison of different indicators of the average
daily liveweight gain in correspondence with LEP
leptin AA, AB and BB genotypes showed that calves
with leptin LEP AB gene were 32.8 g higher than
those with AA genotype and 6 g higher than those with

Table 2. Frequencies of growth hormone GH and leptin LEP gene genotypes in 10 cattle

breeds bred in Lithuania

Breed GH genotypes LEP genotypes
AA AB BB AA AB BB
LBW 0.731 0.183 0.086 0.742 0.226 0.032
LR 0.565 0.348 0.087 0.522 0.391 0.087
HE 0.900 - 0.100 0.700 0.300 -
SI 0.500 0.125 0.375 0.750 0.250 -
CH 0.750 0.200 0.050 0.550 0.450 -
LI 0.583 0.111 0.306 0.750 0.222 0.028
Tested group 0.671 0.193 0.167 0.669 0.306 0.049
Table 3. Influence of genetic factors to cattle daily weight gain
an an
S R S S A
Genetic o .5 -CE '5 o '5 E = 3 3 S g A’r
factors 8y :2 2; 23 :§ 5~ e =&
EZ =q = = = 824 B
Z5 A8 A A= A% =258 =3
GH 3 2.4% 1.2 2.3 1.2 0.9 0.2
Lep 3 4.2% 4.4% 0.2 1.9 0.2 0.004
Breed 6 [8.2%*%  ]5,0%%* 7 3%k [4.2%%%  10.8%**  18.6%**
Sire 18 26.8%** 25 2%%* 5.4 13.2* 16.5%* 12.8%**
Breed x GH 16 2.1 3.8 7.8 33 4.5 20.4%**
Sire x GH 40 13.4%%%* 6.5 5.3 2.8 9.6 14.1%%*
Breed x Lep 15 1.8 1.8 2.1 3.5 2.7 7.9%
Sire x Lep 35 1.6 22 2.4 24 1.0 3.0

*P<0.05; **P<0.01; ***P<0.001
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Figure 1. Daily weight gain in different fattening periods (quarters) according GH genotypes.

BB. However, the differences were not statistically
significant (figure 2).

According to the analysis, it is possible to conclude
that, in the studied cattle group, the growth hormone
gene A allele was found with a frequency of 0.752
and B allele with 0.247. The A allele was found with
the maximum frequency (0.900) in Hereford breed,
and the allele B (0.438) in Simmental breed. Leptin

34.8% of Lithuanian Red and BB genotype in 37.5 %
of the Simmental genotype. Leptin AA genotype was
found in 66.9% animals, heterozygous genotype AB
in 30.6%, BB genotype in 4.9%. AA genotype with the
highest frequency was found in Simmental and Limousin
cattle, AB genotype in the Charolais and BB genotype
in Lithuanian Red cows. BB genotype was not found
on all in Hereford, Simmental and Charolais breeds.
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Figure 2. Daily weight gain in different fattening periods (quarters) according LEP genotypes

A allele was found with a frequency of 0.822, and the
allele B with 0.177. The allele A was found with the
maximum frequency (0.875) in Simmental breed, and
B allele (0,283) in the Lithuanian Red breed. Growth
hormone allele frequencies between dairy and beef
cattle breeds were not different. The frequency of leptin
B allele in dairy cattle breeds group was higher than in
the group of beef cattle breeds. The growth hormone
gene AA genotype was found in 67.1% of the cattle,
heterozygous AB genotype in 19.3%, BB genotype in
16.7%. AA genotype, with the highest frequency of
90%, was found in Hereford cattle, AB genotype in

The genetic factors on the weight gain of animals in
different fattening periods showed that the leptin gene
had a significant influence on liveweight gain during the
first two fattening quarters. Leptin gene affected from
0.1 to 4.4 % of the variety of these indicators. Leptin
gene A allele increased liveweight gain of cattle. Cattle
with growth hormone genotype AA had the greatest
liveweight gain, but the differences were not statistically
significant.
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