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ABSTRACT: This experiment was carried out to determine the evolution of the TLR3 gene in Nigerian indigenous and 
exotic turkeys. A total of 150 turkeys i.e. 100 exotic and 50 indigenous were used for this study. Birds were allotted 
treatments and fed formulated grower diets that meet the NRC—Turkey grower nutritional requirements. Genomic DNA 
was isolated from each blood sample, and the concentration and purity of each DNA sample was determined using a 
Nanodrop Spectrophotometer. After DNA extraction and quantification, three DNA samples from each genetic group (or 
breed) were taken for TLR3 gene discovery and polymerase chain reaction (PCR). The source sequence and the retrieved 
sequences were trimmed and edited while the amino acid sequences of the new turkey TLRs were predicted based on 
the open reading frames of the expressed nucleotide sequences, and the nomenclatures of turkey TLRs were based on 
the best hits of the proteins in the database. From the findings of the study, the SNP (172N>N) detected at position 516 
was synonymous in both exotic and local turkey breeds, and this resulted in amino acid changes from Alanine to Threonine 
in exotic turkeys and Cysteine to Tyrosine in local turkeys. Also, in this study, the SNP (7 Q>*) detected in exon 4 was 
non-synonymous, resulting in amino acid changes from Cytosine to Threonine in the exotic turkey. Positive Tajima's D 
values were the same for exotic and local turkey breeds. The findings of this study suggest significant instances of purifying 
selection acting on the gene. Based on the results of this research, the populations of local and exotic turkeys showed a 
low level of heterozygosity at TLR3 locus and may be homogenous. Also, there was low genetic diversity in the TLR3 
gene of both local and exotic turkey breeds. This suggests potential vulnerabilities and challenges for their long-term 
health and adaptability. Strategies that aim to increase genetic diversity, like cross-breeding should be implemented. 
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INTRODUCTION 
 
Poultry production, especially of domestic turkeys, like 
Nigerian Indigenous turkey (NIT), occupies a central 
position in the nation's attainment of animal protein 
sufficiency (Uberu et al., 2021). This is because the NIT is 
mainly involved in improving the livelihood of rural people, 
thereby contributing substantially to the nation's gross 
domestic product. The NIT are resilient birds that can 
survive any prevailing local environmental conditions 

(Ajayi, 2010). The origin of each strain or ecotype of NIT is 
the product of mutation, genetic drift, adaptation, and 
evolution. The different selection pressures imposed on 
these turkeys include diet, variation in climate, endemic 
parasites, and diseases. Indigenous animals are both 
functionally and genetically valuable because they contain 
genetic materials that may be harnessed for improvement 
(Ajayi, 2010).  
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Local turkey has been reported to thrive better under arid 
conditions, has better heat tolerance, ranges farther, and 
has better meat quality (Yakubu et al., 2013). Nigeria has 
a local turkey population of about 1.05 million, the smallest 
compared to other poultry species (FAOSTAT, 2010). 
They are nondescript, have multi-coloured plumage, and 
sometimes appear black or white (Ngu et al., 2014). 
However, local turkey is one of Nigeria's least studied 
poultry species, and more effort needs to be directed at 
characterizing them using evolutionary analysis.  

Toll-like receptors (TLR) play a crucial role in host 
immune response via recognition of pathogen-associated 
molecular patterns (PAMPs), such as lipopolysaccharides, 
lipopeptides, flagellins, double-stranded RNA, or CpG 
DNA motifs (Temperley et al., 2008). So far, at least ten 
members of the chicken TLR family have been identified, 
including TLR1 type 1 and type 2, TLR2 type 1 and type 2, 
TLR3, TLR4, TLR5, TLR7, TLR15, and TLR21 (Temperley 
et al., 2008). Toll-like receptors (TLRs) play a crucial role 
in the host's innate immune response via the recognition 
of pathogen-associated molecular patterns (Jin and Lee, 
2008). TLRs recognize PAMPs efficiently and non-self-
reactively to initiate pro-inflammatory mediators, 
culminating in adaptive immune response (West et al., 
2006). In addition, TLRs also react to damage-associated 
molecular patterns (DAMPs) released after cellular 
damage and, thus, play a crucial role in initiating the innate 
immune response (Tizard, 2009). Genetic variations found 
in the genes encoding TLRs have been associated with 
disease susceptibility and resistance in a variety of animal 
species (Ogorevc et al., 2009).  

Advances in whole genome sequencing and annotation 
in recent times have led to the identification of TLRs in 
several vertebrates, including fish, amphibians, birds, and 
mammals (Medzhitov et al., 1997). However, the present 
knowledge of the avian TLR family is mainly based on 
chicken studies and few reports on duck, turkey, and zebra 
finch.  

Chicken TLR repertoire consists of ten genes (TLR1LA, 
ILB, 2A, 2B, 3, 4, 5, 7, 15, and 21) (Boyd et al., 2007; 
Temperley et al., 2008). Recently, the whole genome of 
Turkey has been sequenced and available in the public 
domain that, has analyzed immune genes including TLRs 
and antimicrobial peptides (Dalloul et al., 2010). 
Polymorphisms of TLR may profoundly influence the 
response of a host to a wide range of pathogens and are 
associated with resistance and susceptibility to diseases 
(Misch and Hawn, 2008). The TLR1 gene family cluster, 
including TLR1, TLR6, and TLR10, is associated with 
susceptibility to bacterial infections in humans and mice. It 
was found that variation in the inflammatory responses to 
bacterial lipopeptides is regulated by a common TLR1 
transmembrane domain polymorphism that could affect 
the innate immune response and clinical susceptibility to a 
broad spectrum of pathogens. The hypermorphic genetic 
variation in TLR1 is associated with increased 
susceptibility to organ dysfunction, death, and gram- 
positive bacterial infections in sepsis (Wurfel et al., 2008). 

 
 
 
 
In addition, the human TLR1 variant is associated with a 
decreased incidence of leprosy (Johnson et al., 2007), and 
the response to N-palmitoyl-Sdipalmitoylglyceryl, a 
synthetic ligand for TLR1 (Misch and Hawn, 2008). 
Furthermore, human TLR6 polymorphism was associated 
with lower left ventricular wall thickness and inflammatory 
response in hypertensive women (Sales et al., 2010). 

The main objective of this study was to determine the 
evolution of the TLR3 gene in Nigerian indigenous and 
exotic turkeys.  In the course of ascertaining polymorphic 
variations within the TLR3 gene among both indigenous 
and non-native turkey populations in Nigeria, the 
objectives encompass the prediction of amino acid types 
and variations present in the TLR3 gene across these 
indigenous and non-native turkey groups. Additionally, it 
was aimed to compute neutrality test statistics for the TLR3 
gene sequence in the context of Nigerian and non-native 
turkey breeds. Finally, this study investigation extends to 
elucidating the evolutionary dynamics of the TLR3 gene 
within the turkey species and its comparative evolution vis-
à-vis other poultry species. The causative agents for these 
diseases, such as Salmonella, Escherichia coli, and 
Pasteurella multocida, are resident opportunistic 
microorganisms that are difficult to eradicate from flocks. 
TLR polymorphisms are associated with host susceptibility 
to diseases. Although it is well known that the susceptibility 
of Nigerian indigenous turkeys with different genetic 
backgrounds to pathogenic infection varies, little is known 
regarding the genetic factors contributing to the 
susceptibility of turkeys to diseases. Therefore, genetically 
improving Nigerian indigenous turkeys' resistance to these 
opportunistic pathogens may be considered an alternative 
control measure against these bacterial infections. Hence, 
there was a need to carry out this study to investigate the 
evolutionary analysis of the Toll-like three receptor gene, 
which may be periodically used to control disease 
outbreaks in turkey production. 
 
 
MATERIALS AND METHODS 
 
Experimental site  
 
The experiment was carried out at the Turkey Unit, 
Teaching and Research Farms of the College of Animal 
Science and Livestock Production, Federal University of 
Agriculture, Abeokuta, Ogun state, Nigeria in accordance 
with the guidelines of the Animal Care Committee of the 
University. The farm is located on latitude 7°13’35.48°N, 
longitude 3°25’39.01°E with an elevation of 415 ft and 700 
ft (Google Earth, 2021, Climatesdata.org). 
 
 

Experimental birds and management  
 
A total of 150 day-old turkey birds comprised of 100 exotic 
and 50 indigenous turkeys procured from a reputable farm 
were   used   for   this   study.  The    pens   were   thoroughly   



 

 
 
 
 
washed and fumigated before the arrival of the birds. Also, 
drinkers and feeders were cleaned and disinfected before 
the arrival of the birds. On the arrival of the birds, the initial 
body weight of the birds was recorded. They were fed 
formulated grower diets that meet the NRC Turkey grower 
nutritional requirements (NRC, 1999). Biosecurity 
measures recommended vaccination programs were 
strictly adhered to, and water was given ad libitum.  

 
 
Data collection  
 
Blood collection  
 
About 1 ml of whole blood sample from each bird was 
aseptically collected from the brachial vein, separately into 
vacutainer tubes (SARSTEDT Monovette®) containing 
Ethylene-diamine-tetra-acetic acid (EDTA) as 
anticoagulant, using sterile needles.  

 
 
DNA extraction  
 
Genomic DNA was isolated from each blood sample using 
the Zymo Quick-g DNATM Miniprep kit (D3024, Zymo 
Research Corporation, Irvine, CA, USA) following the 
manufacturer's instructions. The equipment is a unique 
extraction technology that uses clean spin-column 
technology to easily isolate ultra-pure DNA from whole 
blood (and other DNA sources) in less than 15 minutes. 
The concentration and purity of each DNA sample were 
determined using a Nanodrop Spectrophotometer. 

 
 
PCR amplification  
 
After DNA extraction and quantification, three DNA 
samples from the two genetic groups were taken for TLR3 
gene discovery and polymerase chain reaction (PCR). The 
primers for PCR amplification of the target gene Turkey 
TLR3 (tuTLR3) were designed using the Primer3 and 
BLAST options at the NCBI database 
(www.ncbi.nlm.nih.gov). Polymerase chain reactions 
(PCR) were performed in a 50 μl reaction volume 
containing ten μl of 5X FIREPol® Master Mix (Solis 
BioDyne, Tartu, Estonia), 2.5 μl each of forward and 
reverse primers, 31 μl of nuclease-free water and four μl 
sample DNA template. FIREPol® Master Mix reagent 
composition includes FIREPol® DNA polymerase, 0.4 M 
Tris-HCl, 0.1 M (NH4)2SO4, 0.1 % w/v Tween-20, 12.5 Mm 
MgCl2, 1 Mm dNTPs (200 Μm each of Datp, Dctp, Dgtp, 
Dttp), blue dye, yellow dye and compound that increases 
sample density for direct loading. PCR conditions consist 
of 1 cycle of 95°C for 4 minutes of initial denaturation, 35 
cycles each of 95°C for 30 seconds of denaturation, 62°C 
for 30 seconds of annealing, 72°C for 1-minute elongation, 
followed by 72°C for 10 minutes final elongation.  
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Gel electrophoresis  
 
The amplified product from each sample was separated 
electrophoretically on 1% gel containing ethidium bromide 
in 1XTAE buffer at 120V for 11/2 h. DNA bands were 
observed on a UV-transilluminator and photographed by a 
Gel Cam Polaroid camera. 
 
 
Sequence analysis  
 
The source sequence and the retrieved sequences were 
trimmed and edited using the bio edit package before 
using other bioinformatics packages such as MEGA 10 for 
the alignment and phylogenetic analysis, DnaSP for the 
genetic diversity analysis, and RasMol for protein structure 
prediction. 
 
 

Detection of amino acid  
 
The amino acid sequences of the new turkey TLRs were 
predicted based on the open reading frames of the 
expressed nucleotide sequences. The protein sequences 
were used as queries to search the SWISS-PROT protein 
database for homologous hits with blastp. The 
nomenclatures of turkey TLRs were based on the best hits 
of the proteins in the database. 
 
 

RESULTS 
 
The polymorphism and resultant amino acid changes 
detected at the TLR 3 gene of the Exotic turkey are 
presented in Table 1. The study detected four 
polymorphisms in exon 4 of TLR3 of hybrid converter 
turkey. The resultant amino acids showed that three 
mutations are non-synonymous, while only one is 
synonymous. Amino acid substitution at position 7 resulted 
in a stop codon. At exon 516, it could be observed that a 
synonymous substitution occurs at the locus in exotic 
turkey with an amino acid change of 172N>N. However, 
no change was observed in 19 exons. At exon 953 of the 
TLR 3 gene of the exotic turkey breed, a non-synonymous 
single nucleotide polymorphism (318Q>R) was detected, 
which resulted in the transition of Glutamine and Arginine. 
Also, at the exonic position 1532, there was a non-
synonymous polymorphism (511A>T), which resulted in 
the transition of Alanine to Threonine.  

The result of the amino change is presented in Table 2. 
At the exonic position 19 of the TLR 3 gene, a non-
synonymous (7Q>*) change was observed, resulting in the 
transition of Cytosine to Thymine. There were two allelic 
transitions of Cytosine to Thymine at exonic position 19 
and 516. There were only two synonymous 
polymorphisms at exonic position 516 and 1747. At the 
exonic position 560 of the TLR 3 gene, a non-synonymous 
(187S>P)  change  was  observed,  which  resulted   in  the 
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Table 1. Resultant amino acid changes detected at TLR 3 gene of the exotic turkey.  
 

S/N   Alleles Exonic position Amino acid Type   

1   C>T 19 7 Q>* Non-synonymous   

2   C>T 516 172N>N Synonymous   

3   A>G 953 318Q>R Non-synonymous   

4   G>A 1532 511A>T Non-synonymous   
 
 
 

Table 2. Resultant of the amino acid change in Nigerian local turkey.  
 

S/N   Alleles Exonic position Amino acid type   

1   C>T 19 7 Q>* Non-synonymous   

2   C>T 516 172N>N Synonymous   

3   T>C 560 187S>P Non-synonymous   

4   A>G 953 318Q>R Non-synonymous   

5   A>G 1747 582E>E Synonymous   
 
 
 

Table 3. The neutrality test for Nigerian local turkey and exotic turkey. 
 

Breed Taj. D Fu & Li’s D* Fu & Li’s F* Fu’s FS Achaz Y 

HCT 0.08612 -0.08318 -0.04196 -3.323 0.34249 

NLT 0.08612 -0.08318 -0.04603 -3.323 0.34249 
 
 
 

Table 4. Adaptive evolution of TLR3 of Nigerian indigenous chicken.  
 

Breed  Ds Dn Dn/Ds Selection type   

HCT  1.47 1.54 1.05 NS Purifying selection   

NLT  0.0 1.438 1.438 NS Purifying selection   
 

Dn, non-synonymous rate; Ds, synonymous rate. 
 
 
 

transition of Thymine back to Thymine. There were two 
transitions of Adenine to Guanine at the exonic position 
953 and 1747 (resulting in 582E> and E318Q>R, 
respectively). The latter resulted in different 
polymorphisms: synonymous at exon 953 and non-
synonymous at exon 1747. The evidence of high allelic 
frequency tending towards fixation suggests the presence 
of inbreeding in exotic turkeys. The occurrence of this 
polymorphism in a population that has been selected 
mainly for improved productive and reproductive 
performance may indicate the involvement of this allele in 
these performance traits but this will need to be 
ascertained through association studies of these 
polymorphisms with the traits. 

The neutrality test for the two breeds is presented in 
Table 3. The Tajima' D value was positive and the same 
for both the exotic and local turkey breeds (0.08612). A 
negative Fu and Li's D value (-0.08318) was observed for 
both the local and exotic turkey. There was a negative Fu 
and Li value observed in the local (-0.04196) and exotic 
turkey (-0.04603). The Fu's FS  value was  also  negative 

(-3.323) for exotic and local turkeys. A positive Achaz Y 
value (0.34249) was also positive for exotic and local 
turkey breeds. 

The result of the type of selection acting on the gene is 
shown in Table 4. The result in local and exotic turkeys is 
insignificant, indicating that purifying selection affects the 
gene.  
 
 
DISCUSSION 
 
Most studies conducted in species other than chicken 
have focused on characterizing particular expressed TLRs 
(Vinkler et al., 2009). In this study, the SNP (7 Q>*) 
detected in exon 4 is non-synonymous, and this resulted 
in amino acid changes from Cytosine to Threonine in the 
exotic turkey that may influence the immune system. 
According to Chu and Wei (2019), non-synonymous 
mutations lead to amino acid changes and changes in 
protein structure and functions, while synonymous 
mutations  cannot  change  the  composition  of  the peptide  



 

 
 
 
 

chain and protein function. However, it is important in the 
translation process, which could alter the programmed 
translational velocity and influence the encoded protein 
folding and function. Overall, it was found that a 
conservative mode of evolution in avian TLRs, with a 
predominance of synonymous substitutions but also 
significant instances of positive selection acting upon a few 
amino acid sites falling in pathogen-recognition domains. 
In this regard, the findings bear similarities to a recent and 
similarly comprehensive survey of TLRs in primates 
(Wlasiuk and Nachman, 2010). It has been shown that 
TLRs are associated with innate immune responses in 
various livestock species (Prakash et al., 2014). Therefore, 
interest in breeding animals resistant to major infectious 
diseases using TLR genes has increased tremendously 
recently (Novak, 2014).  

The SNP (172N>N) detected at position 5'6 was 
synonymous in both exotic and local turkey breeds, and 
this resulted in amino acid changes from Alanine to 
Threonine in exotic turkeys and Cysteine to Tyrosine in 
local turkeys, which may influence growth and skeletal 
muscle development in the population (Dushyanth et al., 
2016). The occurrence of non-synonymous SNPs in the 
two breeds resulting in amino acid changes occasioned by 
base changes or base substitutions within the coding 
region of exon 4 at TLR 3 gene is suggestive of the 
biological significance of this mutation in the gene probably 
for immune-related functions or other critical biological 
processes in the populations. Moreover, the occurrence of 
synonymous SNPs in exon 4 supports the study on the 
selective basis hypothesis of transition and transversion 
substitution, which states that transition rates are much 
higher than expected by chance relative to those of 
transversion, inferring their biological significance by 
favouring natural selection and overall relative fitness 
more than transversion (Jiang and Zhao, 2006; Pauly et 
al., 2017; Lyons and Lauring, 2017). Several authors have 
reported different gene polymorphisms, with some 
associated with growth performance in broiler chickens 
(Bhattacharya and Chatterjee, 2013; Dushyanth et al., 
2016; Zhang et al., 2019). Hu et al. (2013) have also 
reported the occurrence of single nucleotide 
polymorphisms in the upstream regulatory region that alter 
the expression of the TLR gene in chickens. TLR3 
polymorphisms may profoundly influence host responses 
to a wide range of viruses and may be associated with viral 
disease resistance or susceptibility (Misch and Hawn, 
2008).  

The genetic analyses have revealed an excess of 
synonymous over non-synonymous substitutions during 
the evolution of the TLR gene in exotic and local turkeys 
that is compatible with purifying selection. Avian TLR 
genes are, therefore, mainly evolving under functional 
constraints, presumably because of the need to preserve 
a well-established biological function. 

Negative Tajima's D values may suggest that positive 
directional selection may purge deleterious or disadvanta- 
geous mutations  from t urkey  populations. These  findings 
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agree with studies conducted in commercial breeds of 
domestic chickens and wild populations of jungle fowl 
(Downing et al., 2010). However, this result must be 
interpreted cautiously because population structure and 
history can affect Tajima's D values. Therefore, a more 
detailed consideration of other evolutionary factors in the 
two species is needed. Recent findings on genetic 
diversity also show that many of the most frequent non-
synonymous mutations are translated into conservative 
amino acid substitutions. Thus, negative selection (in the 
form of an excess of silent mutations) and positive 
directional selection (in the form of low frequencies of 
deleterious or selectively disadvantageous mutations) 
reinforces the idea that TLRs may be subjected to 
functional solid constraints and species-specific patterns 
of pathogen recognition (Werling et al., 2009). That said, 
spatially varying selection patterns acting on TLRs have 
been described in human populations (Barreiro et al., 
2009), and variable coevolutionary dynamics between 
different species have been described in primates 
(Wlasiuk and Nachman, 2010).  

However, despite a global trend to maintain essentially 
unchanging TLR repertoires in birds, the survey suggests 
significant instances of purifying selection acting on a few 
amino acid sites falling in pathogen-recognition domains. 
These findings would agree with species-specific 
differences during the recognition of related types of 
ligands (Werling et al., 2009). Recent studies have 
emphasized the influence of the number of taxa 
investigated in the power to detect positive selection with 
codon-based approaches. 
 
 

Conclusion 
 

Based on the findings of this study, the following 
conclusions were deduced: 
 

1. The population of local and exotic turkeys showed a 
low level of heterozygosity at the TLR3 locus and, as 
such, may be homogenous.  

2. There was low genetic diversity in the TLR3 gene of 
both the local and exotic turkey breeds. This suggests 
potential vulnerabilities and challenges for their long-
term health and adaptability.  

 
 

Recommendation 
 

In line with the findings of this study, the authors 
recommend that crossbreeding should be practised 
among the local and exotic breeds of turkey. This is 
commonly practised by breeders, especially when the 
desired traits would be beneficial to the offspring, such as 
when its biological fitness is enhanced.  
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