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The aim of the study was to determine butyrophilin, thyroglobulin and fatty acid binding protein genes
in East Anatolian Red cattle breed and South Anatolian Red cattle breed. In the study, unrelated 50
South Anatolian red and 50 East Anatolian red cattle were used. Genomic DNA was isolated from whole
blood using standart salt-out protocol. The polymerase chain reaction technique was used for gene
amplification. Allele and genotype distribution and Hardy-Weinberg equilibrium was calculated by using
PopGene32 software program. For BTN1A1 gene, A allele frequency was higher in East Anatolian red
(EAR) and South Anatolian red (SAR) cattles. In TG gene, T allele frequency was higher in SAR breed
but this frequency was lower in EAR cattle breed. For FABP3 gene, G allele frequency was lower in SAR
breed but it was higher in EAR breed. The presented results should be confirmed in future investi-
gations, taking into consideration all possible genotype at different loci and using other restriction
enzymes for recognizing the variants.
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(PCR-RFLP).

INTRODUCTION

Since the improvement of cattle linkage maps, many
researchers have managed to identify quantitative trait
loci (QTL) affecting economically important traits. At the
beginning, investigations focused on identifying QTL
affecting milk production traits, however traditional selec-
tion ways have been effectual in development milk pro-
duction in dairies without the DNA marker information

(Ashwell et al., 2004).

BTN1A1l is a candidate gene which is very important for
milk yield and composition. It is a type 1 transmembrane
glycoprotein placed between plasma membrane and sur-
face of fat droplets, synthesed from 526 amino acids and
conserved in B30.2 domain in the cytoplasmic tail. It was
identified as a main component of the milk fat globule
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polymorphism.




membran (MFGM), that is important in secreting and
stabilizing milk-fat droplets in milk. It is highly expressed
only during the lactation and last period of pregnancy.
The butyrophilins (BTN) belong to the immu-noglobulin
family of transmembran proteins. BTN groups were
identified that are not all conserved between mamalian
species (Afrache et al., 2012). BTN1Al gene has been
found in mammalian species (Jack and Mather, 1990;
Tetsuya et al., 1995; Taylor et al., 1996a) cattle, human
and mice. The bovine butyrophilin gene located to
chromosome 23, consists of 8 exon and 7 intron and 893
bp long gene fragment (Ashwell et al., 1996; Komisarek
and Dorynek, 2003). BTN1A1 was mapped to the long
arm of chromosome 23 (Jack and Mather, 1993; Frank et
al., 1981). This gene expression is regulated at the
transcription level by lactogenic hormones (Banghart et
al., 1998). QTL candidate attempt to characterize the
influence of particular polymorphic variants of this gene
on production traits, content of individual milk compo-
nents in milk or somatic cell count (Komisarek and
Dorynek, 2002).

In the thyroid gland, TG is the most abundant protein
that is the precursor of the thyroid hormones T3 and T4
(Baas et al., 1986). In dairy cattle, lots of studies have
showed that QTL affects milk fat yield and milk fat
percentage in bovine chromosome 14 (Khatib et al.,
2007). TG gene, located at the centromeric end of chro-
mosome 14, contains 37 exons and encodes an 8,7 kb
MRNA. The association of a C/T single nucleotide poly-
morphism (SNP) in the 5’ untranslated region of TG with
marbling in beef cattle has been reported (Barendse et
al., 1997).

Milk lipids are synthesized from fatty acids which bind to
specific proteins; fatty acid binding proteins (FABPS).
They are family of small cytoplasmic proteins; nine of
them have been determined as FABP1-FABP9
(Chmurzynska, 2006). They play an important role in fatty
acid uptake, transport and metabolism. FABP3 is present
in tissues such as heart muscle, skeletal muscles, lac-
tating mammary gland, liver or adipose tissues (Roy et
al., 2003). It was mapped to bovine chromosome 2 where
QTLs affects milk fat yield and content. It contains 4
exons. The association of a A/G single nucleotide poly-
morphism has been determined (Calvo et al., 2004,
Khatkar et al., 2004).

Although Turkey is a rich country in total numbers of
dairy cows, annual milk production per animal is not en-
couraging. As a general opinion, the underlying causes of
poor milk yield are poor environmental conditions and
poor husbandry practices as well as poor genotype (Bakir
and Kaygisiz, 2003). However, up to date, there is no
published investigation on the presence of potential QTLs
in East Anatolian red (EAR) and South Anatolian red
(SAR) cattles. SAR cattle are commonly produced in
Southern Anatolia. Other than that, varieties of SAR are
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raised in Syria, Israel and Egypt. Average lactation period
of SAR cows is 215 to 280 days. Annual milk production
may vary from 1000 to 1500 kg. It has been reported that
milk production may be increased up to 5000 kg if the
environmental conditions and nutritional factors are
optimized. EAR breed cattle are common in Eastern
Anatolia. The average lactation period is 210 to 270 days
and annual milk production is between 1000 and 1200
kg. The well-known feature of both cattle breed is their
adaptation ability to poor conditions (Bakir et al., 2003;
Kaymakci et al., 2004). The objective of the present study
was to determine the genotype and allele frequency of
BTN1A1, FABP3 and TG genes which are claimed to be
marker genes used for selection of breeding dairy cows
in SAR and EAR cattle.

MATERIALS AND METHODS

Our study was conducted on a total of 100 cattle from two different
native breeds: 50 cattle from South Anatolian Red cattle breed
(SAR) and 50 cattle from East Anatolian Red cattle breed (EAR).
From each animal, about 2 mL of blood was collected into vaccum
tubes coated with ethylene diamine tetra-acetic acid (EDTA).
Genomic DNA was isolated by using salt-out method (Miller et al.,
1998). The polymerase chain reaction (PCR) volume of 25 pl
contained; 1 U Taq DNA Polymerase (Fermentas Life Sciences,
Canada), 2 to 2.5 pl 10X PCR buffer, 1.5 mM MgCl,, 50 to 100 ng
genomic DNA, 100mM dNTP (TaKaRa Biotechnology
Co.,Ltd.,Japan), and 10 pmol of each primer.

The primer sequences designed for genotyping these candidate
genes were: Butyrophilin (BTN1A1), 893 bp fragment, Hae Il
restriction site, forward 5 TCCCGAGAATGGGTTCTG 3 and
reverse 5’ACTGCCTGAGTTCACCTCAZJ’ (Taylor et al. 1996a), fatty
acid binding protein (FABP3), 243 bp fragment, Aci | restriction site,
forward 5 GTGAGTTGAGGAAGGGGCTGTG-3' and reverse 5'-
TAGGTCTCCACCTCTTGTCCTTCAG-3', thyroglobulin (TG), 242
bp  fragment, Bst Yl restriction site forward
5" GGGGATGACTACGAGTATGACTG 3’and reverse
5"GTGAAAATCTTGTGGAGGCTGTA 3" (Wu et al., 2005).

For BTN1A1l, the amplification conditions included; initial
denaturation 95°C for 5 min, followed by 33 cycles at 95°C for 30 s,
59°C for 5 min and 72°C for 2 min followed by a final extension at
72°C for 7 min. For FABP3 and TG, the amplification conditions
used were, pre-denaturation at 95°C for 10 min, 30 amplification
cycles were performed, denaturation at 94°C for 30 s, annealing at
63°C for 30 s and extension at 72°C for 30 s, followed by a final at
72°C for 5 min.

For restriction fragment lenght polymorphism (RFLP) analysis, 10
pl of the PCR products were digested overnight with 10 units of
restriction enzyme at 37°C. The digested DNA fragments were
seperated by electrophoresis in 2% agarose gel. Genotype and
allele frequencies of each polymorphisms were calculated by using
the PopGene 32 software program and also the chi-square tests
(xX®) was used to check whether the polpulations were in Hardy-
Weinberg equilibrium using PopGene32 software (Yeh et al., 2000).

RESULTS AND DISCUSSION

As a result of digestion of 893 bp site in BTN1ALl gene
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Figure 1. BTN1Al genotyping by polymerase chain
reaction-restriction fragment lenght polymorphism (PCR-
RFLP) method. Lane 1, DNA marker (100 bp); lanes 2, 4
and 9, AA genotype; lanes 3, 6 and 8, AB genotype; lane
5, BB genotype.

with Haelll restriction enzyme AA (371, 231, 185, 83 and
32 bp), BB (338 and 83 bp) and AB (371, 231, 185, 83
and 32 bp), genotypes were determined (Figure 1).
Then, the TG 5’ flanking region (242 bp) was digested
with Bst YI restriction enzyme CC (295, 178 and 75 bp),
TT (473, 75 bp), CT (473, 295, 178 and 75 bp) genotypes
determined. FABP3 gene with Acil restriction enzyme
(243 bp) was digested. AA (438 bp) , GG (299 and 139
bp), AG (438, 299 and 139 bp) genotypes were
determined.

Information on product size, genotype frequencies and
allele frequencies for BTN1Al, FABP3, TG genes are
listed in Table 1. For BTN1Al gene, the obtained results
indicate that B allele frequency was lower in EAR and
SAR. For TG gene, it was found that T allele frequency
was higher in SAR breed but C allele frequency was
higher in EAR cattle breed. For FABP3 gene, G allele
frequency was lower in SAR breed but it was higher in
EAR breed.

The aim of the genetic studies on livestock animals was
to identify, map and determine the polymorphisms of
genes which are important in metabolic pathways
affecting animal growth. The EAR and SAR cattle breeds
are the most common breeds in Turkey, and also

investigations on the QTL of these animals have been
going on (Iraz et al., 2012).

In BTN1A1 gene, five Hae Il restriction sites, the
butyrophilins were determined that were the most
important proteins in the milk fat globule membrane (Sadr
et al.,, 2008). The studies reported that they were
produced in the end of pregnancy. It was also found that
the BTN1Al gene was affective during the process of
lactogenesis (Bhattacharya et al., 2005; Frank et al.,
1981; Ogg et al., 2004).

In this study, in the SAR and EAR cattle, the highest
frequency was observed for AA genotype and A allele
whereas the lowest frequency was found for BB genotype
and B allele. Such type of polymorphic informations were
also reported in cattle by Sadr et al. (2008), Taylor et al.
(1996a) Husaini et al. (1999) and Komisarek and
Dorynek (2003). The high frequency of the A allele
indicates that this allele might have been supported by
selection for dairy production (Komisarek and Dorynek,
2003; Taylor et al., 1996a; Sadr et al., 2008; Husaini et
al., 1999). The results determined in this study suggest
that the BTN1A1 gene is polymorphic in this population.

TG is one of the main gene which affect lipid
metabolism and mapped to the centromeric region of
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Table 1. Loci, product size, genotypes and allele frequencies for polymorphisms in three candidate genes.

Locus Breed n Product size (bp) Genotype frequency Allele frequency Chi square1
BTN1A1 (Hae IlI)
AA  AB BB A B 51.02378%
SAR 50 893 26 0 24 0.52 0.48  27.03446™
EAR 40 26 4 10 0.71 0.29
TG (Bst YI)
T CT ccC T C
SAR 50 242 28 2 20 0.58 0.42  43.11022°
EAR 50 6 12 32 0.25 0.75  6.02907
FABP3 (Aci 1)
AA AG GG A G
SAR 50 243 45 0 5 0.90 0.10  55.05618™
EAR 50 4 30 16 0.38 0.62  3.04372°

"Hardy-Weinberg equilibrium; SAR, South Anatolian Red; EAR, East Anatolian Red; **P < 0.001.

bovine chromosome 14 (Moore et al., 2003). Many
studies reported that a QTL for fat yield and percentage
in milk of dairy cattle was mapped to a similar region on
bovine chromosome 14 (Coppieter et al., 1998; Heyen et
al., 1999; Riquet et al.,, 1999). For that reasons, the
previous studies focused on this region to find out the
relation between the genes located on chromosome 14
and milk production traits. Khatkar et al. (2004) reported
that several QTL affected milk fat and fat percentage on
bovine chromosome 14 in the region of TG. Khatip et al.
(2007) investigated the association between TG and milk
production traits and they did not find any significant
association. Moore et al. (2003) also investigated the
correlation between the backfat thickness which is one of
the major quantative traits that affects carcass quality.
They reported that there was no significant association
between TG and backfat and also they supposed that
other alleles or genes in the region of TG were related
with fat metabolism (Moore et al., 2003).

In the present study, the EAR cattle breed, the T allele
frequency and TT genotype frequency were determined
to be lower than the frequencies of C allele and CC
genotypes, similar to the results determined by Moore et
al. (2003), Khatib et al. (2007) and Casas et al. (2005).
High T allele and TT genotype frequency were found in
SAR cattle breed. We suggest that the low frequency of
these genotypes in EAR cattle which support the
previous studies are not enough to verify the association
between the TG genes and production traits in cattles.

The genes encoding fatty acid binding proteins are
candidate genes for milk. They are intracellular proteins
included in fatty acid transport from the plasma

membrane to the beta oxidation, triacylglycerol or
phospholipid synthesis (Veerkamp and Maatman, 1995;
Veerkamp et al., 1993). Genetic variation at the FABP3
loci was observed by Kulig et al. (2010).They reported
that the FABP3, single nucleotide polymorphism (SNP)
affected fat and protein content in the milk of Jersey cows
with A as a constructive allele for developing these traits.
They determined that the AA genotyped cows had higher
protein content and milk fat content than the AG and GG
genotyped cows. They also suggested that chromosomal
location of FABP3 might be considered as candidate
gene for milk production traits (Kulig et al., 2010).

In another study, Cho et al. (2007) investigated the
association between subcutaneous fat thickness in beef
cattle and polymorphisms in FABP3 gene; they
determined the low A allele frequency and low AA
genotypes frequency. In order to determine the relation
between SNP in the FABP3 gene and carcass weight
and backfat thickness, Cho et al. (2007) reported that
FABP3 was not associated with carcass weight and
backfat thickness.

The findings of SAR cattle breed in this study are
similar to the report of Kulig et al. (2010), which found
higher A allele frequency and AA genotype frequency in
SAR but in EAR cattle breed, we found higher G allele
frequency and GG genotype frequency which are similar
to the results of Wu et al. (2005) that indicated the
association between FABP3 gene and subcutaneous fat
thickness. The presented results suggest that the FABP3
genotypes might be used to increase fat and protein
content in milk and AA genotype cows should be
preferred in selection for improving the traits.
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As a conclusion, it might be suggested that AA
genotype frequency for BTN1A1 Hae Il polymorphism
which is effective on milk production traits of the two
breeds, was found equal to each other. This may be
advantageous for improving the milk production traits of
both Turkish cattle breeds. The A allele frequency and
AA genotype frequency for FABP3 Aci | polymorphism
showed a relationship in which the economically
important traits were found to be higher in SAR cattle
breed. We recommend that further studies be conducted
on genotypes and allele frequencies of BTN1A1, FABP3
and TG genes in native Turkish cattle breeds using
linkage analysis.
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