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Abstract: Toll-like receptors play an essential role in how the innate immune systemreacts to pathogens. These receptors help
theinnateimmune systemrecognise the antigenic structure of pathogens and initiate the inflammatory response. TLR4 is one of
these receptors, and ithas beenidentified as a candidate molecular marker for resistance to mastitis in cattle. This study aimed
to describe G-1539A (Bgll) in promoter and G+265C (Mspl) in 5-UTR polymorphisms in the TLR4 gene using Zavot (n=60), East
Anatolian Red (EAR, n=49), Anatolian Black (AB, n=59), South Anatolian Red (SAR, n=42), Turkish Gray (TG, n=60) and Holstein
(n=218) cattle breeds. For this purpose, we used polymerase chain reaction and restriction fragment length polymorphism
(PCR-RFLP) to genotype a total of 488 cattle. Two alleles (A and G) and three genotypes (GG, GA and AA) were examined by
digestion of the PCR product with Bgll restriction enzyme. The frequency of the G allele was higher in all investigated breeds
except Zavot. The GA genotype was found to be the most common genotype in the EAR, SAR, TG, AB, Holstein, and Zavot
breeds. Two alleles (C and G) and three genotypes (GG, GC and CC) were examined by digestion of the PCR product for the
G+265C SNPwiththe Msplrestriction enzyme. The most prevalentinterms of frequency wasthe C allele in allbreeds with regard
to G+265C SNP. All examined breeds were within the Hardy-Weinberg equilibrium (p>0.05). Consequently, the existence of two
SNPs ofthe TLR4 gene has been reported for the first time in six cattle breeds raised in Turkey. The study demonstrated that the
investigated breeds continue to exhibit variation in terms of these two SNPs. It might be possible to utilise these polymorphisms
in efforts to breed herds resistant to significant breeding diseases, such as mastitis.
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Introduction

As an effect of antagonistic genetic correlations
between milk yield and immunity, a decline
in resistance to disease has been observed in
highly productive herds (1, 2). The goal of high
profitability has complicated the issue of selecting
the most appropriate method for production as
well as fertility management, udder health, and
resistance to disease while maximising profit
without compromising animal welfare. Recent
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studies have shown that creating herds resistant
to serious breeding diseases, such as mastitis,
tuberculosis, and brucellosis, could increase the
profitability of livestock enterprises (3, 4). However,
creating healthy herds with genetic improvement
programmes in dairy populations takes a long
time. Nowadays, it is thought that some genes,
such as toll-like receptor genes, could be used to
increase immune resistance in livestock.

In mammals, the immune system is divided
into the innate and adaptive immune systems.
Toll-like receptors (TLRs), an essential component
of the immune system, activate innate immune
reactions, which then cause adaptive immune
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responses (5, 6). The genes coding the proteins
involved in TLRs belong to an ancient gene family
that is found in vertebrates, invertebrates, and
even plants (7). In mammals, the TLR family plays
a crucial role in the recognition of pathogen-
associated molecular patterns (PAMPs) in the
proteins of pathogenic organisms (8).

The mucosal defence is the most critical part
of the innate immune system. Mucosal barriers
are the initial line of protection against antigens.
They play a critical role in preventing infections.
One part of this preventative function is a class of
cell surface receptors called ‘pattern recognition
receptors’ (PRRs), which recognise specific PAMPs
on bacteria (9). TLRs are the best-known members
of the PRR family. After PAMP recognition by TLRs,
the innate immune response genes are induced via
activation of cellular signalling pathways, including
inflammatory cytokines (6). In mammals, there
are thirteen members of the TLR family, and each
member recognises specific PAMPs (10). Some of
the TLRs are located on the cell surface, whereas
some parts are intracellular (11). TLR4 is a cell
surface receptor that recognises the broad class
of PAMPs, and it plays a crucial role in pathogen
defence through the activation of innate and
adaptive immunity, especially against endotoxins
of gram-negative bacteria (9, 12, 13, 14).

TLR4 has an especially important role in the
immune recognition of mycobacteria that cause
significant breeding diseases (15, 16). The TLR4
gene was mapped in Bos taurus chromosome 8 (17).
Some mutations in the TLR4 gene may reduce the
immune response to microbial cell wall components,
including lipopeptides and lipopolysaccharide
(15, 16, 18). Due to its role in the development of
immunity against bacteria, it has been suggested
that the TLR4 gene is a potential candidate gene for
resistant-to-breeding diseases, such as mastitis,
tuberculosis, brucellosis, paratuberculosis, etc.
(10, 19, 20, 21, 22).

A healthy mucosal epithelium and heathly
PRRs are the first lines of defence against bacteria
in the development of mastitis in the mammary
gland (12, 23). Differences in the TLR4 gene
expression profile in the mammary gland are
associated with mastitis in dairy cattle (23). In this
regard, several studies have shown a relationship
between TLR4 gene polymorphism and mastitis,
somatic cell score (SCS) and lactation persistency
in cattle (12, 19, 24, 25). These data demonstrate
the importance of polymorphisms in the TLR4

gene and indicate it could serve as a molecular
marker for mastitis sensitivity, and might be used
in marker-assisted selection (MAS) programmes
in dairy herds (19).

Turkey has several native cattle breeds,
which are significant not only in terms of genetic
resources but also in terms of yields and are
described as follows: The Anatolian Black (AB)
breed is raised in a broad area in the middle of
Turkey for meat. The East Anatolian Red (EAR)
breed is reared mostly in Northeast Anatolia
primarily for meat, but there is also some milk
production. The Turkish Gray (T'G) breed is raised
in the northwest region of Turkey, again primarily
for meat but it is also used for milk production.
The South Anatolian Red (SAR) breed is bred in
South Anatolia, but it is also raised in Iraq, Syria,
Lebanon, and Jordan. It is bred primarily for milk
production. The Zavot breed is raised in Northeast
Anatolia. It is a hybrid created by crossing Brown
Swiss, Simmental, and EAR. It is reared primarily
for meat yield. In this context, the objective of the
present study was to identify Single Nucleotide
Polymorphisms (SNPs) within the TLR4 gene in
some Turkish native cattle breeds (Zavot, EAR,
AB, SAR, and TG) and Holsteins raised in Turkey.

Materials and methods
Sampling and DNA Extraction

Blood samples were collected from 488 cows,
using the tail vein, and placed in sterile vacuumed
tubes containing K3 EDTA. They were stored at
-20°C until analysis. A total of 488 blood samples
were examined from different breeds such as
Zavot (n=60, Ardahan), AB (n=59, Ankara and
Cankiri), SAR (n=42, Sanliurfa and Adana), TG
(n=60, Edirne and Balikesir), EAR (n=49, Erzurum
and Kars) and Holstein (n=218, Burdur). The
extraction of genomic DNA was performed using
phenol:chloroform:isoamyl  alcohol (25:24:1)
and a DNA extraction kit (GeneJET Genomic
DNA Purification Kit). Genomic DNA samples
were analysed using NanoDrop 2000 (Thermo
Scientific) for quantity and quality controls.

This study was approved by the Local
Ethics Committees on Animal Experiments at
Mehmet Akif Ersoy University (approval no:
03.12.2012/07) and Erciyes University (approval
no: 11.12.2013/157).
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Table 1: Primer sequence, PCR product size, primer annealing temperature (Ta) and Restriction Endonucleases

(RE) (26)
SNPs Primer (5’-3’) Forward, Reverse PCR Ta RE RFLP Profile
AA: 546
SNP1 5-TTC TTC AAC CCA ACC CAC CT-3’
) , | 546bp | 59.1°C | Bgll GG: 423+123
(G-15394) 5-GCC CTG GCT CAC CAC AAC TA-3 GA: 546+423+123
GG: 370+65+42
SNP2 5-GGG TAT TTT GTT ATG GCT GG-3¢
p ] 477bp | 54.5°C | Mspl CC: 245+125+65+42

(G+265C) 5“CCA TCA TCC TGG CAT TTT-3 GC: 370+245+125+65+42

Polymorphism Detection and Genotyping

PCR was performed on a total volume of 25 pL
consisting of MgCl, (2 mM for SNP1 and 2.5 mM
for SNP2), dNTP (200 puM), primers (5 pmol) (Table
1), 1X buffer, Tag DNA polymerase (1 U/pL), and
DNA (~100 ng). Under PCR conditions, there is an
initial denaturing step at 95°C for 5 min, followed
by 35 cycles at 94°C for 30 sec. for SNP1 and 32
cycles at 94°C for 30 s for SNP2, 59.1°C for 30 s
for SNP1 and 54.5°C for 35 s for SNP2, and 72°C
for 45 s for SNP1 and for 30 s for SNP2, with
the last cycle at 72°C for 10 min. PCR reactions
were performed using the Amplitronyx Series 6
thermal cycler, and amplification products were
electrophoresed on 2% agarose gel stained with
ethidium bromide. In PCR products, the TLR4
gene was obtained using fast digestive enzymes
(Table 1) in accordance with the manufacturer’s
instructions (Fermentas, Vilnius, Lithuania). The
products were electrophoresed on 3% (SNP1) and
4% (SNP2) agarose gel, after which they were
imaged using an UV-transilluminator.

Statistical Analysis

Direct calculation was used to predict genetic
variants of the TLR4 gene, allele frequencies,
and genotype. A chi-square statistic was used to
examine whether or not populations were in HWE;
other statistical checks were performed using
PopGene32 software (27).

Results

In this study, two alleles (A and G) and three
genotypes (GG, GA and AA) were examined by
digestion of PCR amplification products with
the Bgll restriction enzyme (Figure 1). Allelic
frequency values for Zavot, AB, SAR, TG, EAR

and Holstein breeds were identified as 0.44, 0.53,
0.52, 0.57, 0.52, and 0.68, respectively, for the G
allele, and 0.56, 0.47, 0.48, 0.43, 0.48, and 0.32,
respectively, for the A allele. The GA genotype was
the most common genotype in the Zavot, AB, SAR,
TG, EAR, and Holstein breeds. All examined breeds
were in HWE for TLR4 G-1539A polymorphisms
(p>0.05).

Two alleles (C and G) and three genotypes
(GG, GC and CC) were examined by digestion of
PCR amplification products with Mspl restriction
enzyme (Figure 2). Allelic frequency values for
EAR, SAR, TG, AB, Zavot and Holstein breeds
were identified as 0.12, 0.06, 0.29, 0.31, 0.15,
and 0.56; respectively for the G allele, and 0.88,
0.94, 0.71, 0.69, 0.85, and 0.44, respectively for
the C allele. All examined breeds were in HWE for
TLR4 G+265C polymorphisms (p>0.05).

Discussion

Earlier studies suggested an interaction
between TLR gene polymorphisms and greater
susceptibility to bacterial infections in different
tissues and in different animals (10, 28, 29). It
was reported that TLR4 plays a crucial role in the
host defence mechanism against gram-negative
bacterial and viral agents (30).

It has also been reported that there could be
a relationship between TLR4 gene polymorphism
and many significant diseases, such as mastitis,
brucellosis, and paratuberculosis in cattle (10,
22, 26, 29). Therefore, it is essential to investigate
TLR4 gene polymorphism in indigenous cattle
breeds. Because indigenous cattle breeds are
specific examples of the bovine species, the genetic
polymorphism of G+265C and G-1539A SNPs of
the TLR4 gene in five Turkish native (EAR, SAR,
TG, AB, and Zavot) cattle breeds were investigated.
These SNPs are located in the promoter region of
the TLR4 gene, and genotypes were detected using
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BTLR4 6-1539A BTLR4 6+265C
Figure 1: Agarose gel images for TLR4 G-1539A Figure 2: Agarose gel images for the TLR4 G+265C
polymorphisms. Line M: 100 bp ladder polymorphisms. Line M: 100 bp ladder

Table 2: Genotype and allele frequencies of the G-1539A (SNP1) single nucleotide polymorphism in some cattle
breeds raised in Turkey

Allele F. Genotype F. (%) Heterozygosity
Breed n Ne X (df=1)
G A GG GA AA Ho He
EAR 49 0.52 0.48 28.6 46.9 24.5 0.47 0.50 1.99 0.24 s
SAR 42 | 0.52 0.48 23.8 57.1 19.1 0.57 0.50 1.99 0.75Ns
TG 60 | 0.57 0.43 28.3 56.7 15.0 0.56 0.49 1.97 1.27 1
AB 59 0.53 0.47 25.4 55.9 18.7 0.56 0.50 1.99 0.78 N
Holstein | 218 | 0.68 0.32 44.9 45.9 9.2 0.46 0.44 1.77 0.54 N
Zavot 60 | 0.44 0.56 16.7 55.0 28.3 0.55 0.50 1.97 0.68 N

F.: Frequency, Ne: effective number of alleles, NS: Nonsignificant

Table 3: Genotype and allele frequencies of the G+265C (SNP2) single nucleotide polymorphism in some cattle
breeds raised in Turkey

Allele F. Genotype F. (% Heterozygosit
Breed n type F. (%) YEOSTY Ne | 2 (df=1)
G (@] GG GC CcC Ho He
EAR 49 0.12 1 0.88 | 2.0 20.4 77.6 0.20 0.22 1.27 0.191s
SAR 42 0.06 | 0.94 | 0.0 11.9 88.1 0.12 0.11 1.13 0.131Ns
TG 60 0.29 | 0.71 | 8.3 41.7 50.0 0.42 0.42 1.70 0.00 s
AB 59 0.31 | 0.69 | 8.4 45.8 45.8 0.46 0.43 1.76 0.18 N8
Holstein 218 | 0.56 | 0.44 | 30.3 51.4 18.3 0.51 0.49 1.97 0.35 N8
Zavot 60 0.15|0.85| 0.0 30.0 70.0 0.30 0.26 1.34 1.75 %

F: Frequency, Ne: effective number of alleles, NS: Nonsignificant
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PCR-RFLP analysis. These polymorphisms were
first reported in Chinese Holsteins, and these
polymorphisms could potentially be used as a
candidate for the application of molecular marker-
assisted selection programmes in Holstein cattle
by Li et al. (26).

Li et al. (26) genotyped G+265C and G-1539A
polymorphismsin 421 Chinese Holstein cattle, and
they identified all three genotypes with different
frequencies of two SNPs. At locus G-1539A, which
is in the promoter region of the TLR4 gene, the GG
genotype frequency was higher (52%) than other
genotype frequencies. However, the GA genotype
frequency value was higher than other genotypes
in five Turkish domestic cattle breeds examined
in our study. However, among the cattle breeds
examined, the GG genotype frequency (44.9%)
was highest in Holstein cattle bred in Turkey.
It was also close to the GA genotype frequency
(45.9%). An association analysis was performed
between the TLR4/G-1539A/Bgll polymorphism
and 305-day milk yield in Chinese Holstein
cattle, and a significant association was detected
between 305-day milk yield and the GG genotype.
However, the homozygote GG genotype frequency
was lower than the GA genotype in all examined
cattle breeds. Nevertheless, the five native cattle
breeds showed that GA genotype is more frequent
than the other two genotype (GG and AA) groups.
However, the observed genetic variation continues
in the six cattle breeds examined in Turkey. In the
light of these results, it can be speculated that
increasing the genotype frequency value of the
GG genotype at the TLR4/G-1539A locus may be
responsible for increasing milk yield in Holstein
cattle in Turkey and Turkish native cattle.

For the TLR4/G+265C site, Li et al. (26)
found that the frequency of other genotypes
in the Chinese Holstein population was lower
than the GC genotype. Similar to our results,
the GC genotype frequency (51.4%) was higher
than other genotypes in the Holstein population
raised in Turkey. For this polymorphism, unlike
the Holstein breed, we found that the frequency
of other genotypes in the five examined Turkish
native cattle breeds was lower than the CC
genotype. All breeds in the current demonstrated
Hardy-Weinberg equilibrium for two SNPs at the
TLR4 gene.

Li et al. (26) genotyped this SNP in Chinese
Holsteins, and they reported an association
between TLR4/G+265C polymorphism and SCS

in the examined Holstein population. A previously
conducted study reported that it could be a
correlation between another SNP named T4CRBR1
in the TLR4 gene and SCS and mastitis in Chinese
Holstein cattle (12). They also reported that this
correlation was not found in Simmental and
Sanhe cattle breeds (12). Another study by this
group of researchers found a new SNP, which was
an association with SCS in Holstein, Simmental
and Sanhe cattle breeds (29). Another study found
a relationship between an SNP in the TLR4 gene
and bovine brucellosis (22). These investigations
show that SNPs in the TLR gene could be used to
increase disease resistance in cattle.

The data from this study has demonstrated
that TLR4 polymorphisms exist in both Holstein
cattle breeds and all indigenous cattle breeds
raised in Turkey. Maintaining the variation in
the gene pool is essential for genotyping cattle
breeds and is a criterion for selection against
various infections and development of yield traits
in cattle. Further research should be conducted
to investigate the relationship between resistance
to important breeding diseases, such as mastitis,
and yield traits in commonly raised cattle breeds,
such as Holstein and native cattle breeds.
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RAZISKOVANJE ENOJNIH NUKLEOTIDNIH POLIMORFIZMOV G+265C IN G-1539A GENA
RECEPTORJA TLR4 PRI NEKATERIH PASMAH KRAV, GOJENIH V TURCWJI

O.Korkmaz Agaoglu, B. Akyiiz, E. Zeytiinli, A.R. Agaoglu

Povzetek: Toli¢nireceptorjioz. receptorji TLR (izangl. Toll-like receptors) igrajo bistveno viogo pri reakciji prirojenega imunske-
gasistemana patogene. Tireceptorji pomagajo prirojenemuimunskemu sistemu prepoznati antigensko strukturo patogenovin
sprozitivnetni odziv. TLR4 je bil izmed skupine toli¢nih receptorjev prepoznan kot kandidatni molekularni oznacevalec za odpor-
nost na mastitis prigovedu. V Studiji smo zeleli opisati G-1539A (Bgll) v promotorju in G+265C (Mspl) v 5-UTR polimorfizmih gena
TLR4 prirazli¢nih pasmah goveda: pasmi Zavot (n=60), vzhodno anatolskem rdeCem govedu (EAR, n =49), anatolijskemu €rne-
mu govedu (AB, n=59), juzno anatolskemu rde¢emua govedu (SAR, n=42), turSkem sivem govedu (TG, n=60) in govedu pasme
Holstein (n=218).Vtanamen smo uporabili verizno reakcijo s polimerazo in polimorfizem dolzin restrikcijskih odsekov (PCR-RF-
LP) za genotipizacijo 488 govedi. Z restrikcijsko cepitvijo produktov PCR z restrikcijskim encimom Bgll smo pregledali dva alela
(AinG)intrigenotipe (GG, GAin AA). Pogostost alela G je bila vecja privseh raziskanih pasmah, razen pasmi Zavot. Ugotovljeno
je bilo, da je genotip GA najpogostejSi genotip pri pasmah goveda EAR, SAR, TG, AB, Holstein in Zavot. Dva alela (C in G) in trije
genotipi (GG, GC in CC) so bili pregledani z restrikcijsko cepitvijo produkta PCR za SNP G+65C z restrikcijskim encimom Mspl.
Alel C je bil najbolj razsirjen pri vseh pasmah. Vse pregledane pasme so bile znotraj Hardy-Weinbergovega ravnotezja (0> 0,05).
V raziskavo torej poro¢amo prvié o obstoju dveh SNP gena TLR4 pri $estih pasmah govedi, vzrejenih v Turgiji. Studija je pokazala,
daso pripreiskanihpasmahvidnerazlike vteh dveh SNP. Te polimorfizme bibilo mogoce uporabiti priprizadevanju zavzrejo ¢red,
odpornihnapomembne bolezni prigovedu, kot je mastitis.

Kljuéne besede: govedo; PCR-RFLP; promotor; SNP; TLR4



