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Summary
This study was conducted to assess the population and genetic diversity of TNFRSF1A
and zyxin genes among the Nigerian indigenous (Naked neck, Normal and Frizzle
feather) and Nera Black chickens (exotic chicken). Blood samples were collected from 400
chickens belonging to the genotypes described above and genomic DNA extracted using
commercially available kit. Genomic regions containing zyxin and TNFRSF1A genes were
amplified, sequenced and analyzed using Bioedit, DnaSP, MEGA and PANTHER software.
The results from analysis revealed that Naked neck and Normal feather chickens had the
highest mean value of nucleotide substitutions per sites (Dxy) (0.081), while Frizzle and Nera
Black local chickens had the lowest Dxy value of 0.065 for TNFRSF1A gene sequences. The
results from the analysis of zyxin gene sequence revealed that Frizzle and Normal feather
chickens had the highest Dxy (0.6551), while Normal feather and Naked neck chickens had
the lowest Dxy (0.0739). Nera Black chickens TNFRSF1A gene sequence had the highest mean
values of haplotype diversity and average number of nucleotide difference (0.923 and 3.967
respectively). In zyxin sequences, the highest average number of nucleotide difference (3.143)
and nucleotide diversity (0.00489) were detected in the Frizzle feather chicken. The analyses
of these two genes sequences revealed high nucleotide divergence and haplotypes diversity.
The results of divergence, haplotypes diversity and phylogenetic tree indicated a historically
restricted gene flow among the genotypes.
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Introduction
The indigenous chicken in Nigerian have developed over the
years certain valuable genetic traits such as their capacity to survive
on low quality feed, climatic stress and tolerance to infectious
diseases (Adenaike et al., 2018). Chickens are important pools
of useful genes and genetic improvement of indigenous chicken
is crucial. Many breeds of livestock in third world countries
may lose their germplasm due to extensive crossbreeding as
well as uncontrollable mating in extensive management systems
(Groeneveld et al., 2010).
Nigerian chickens have been classified into three major genes
(Naked neck, Normal and Frizzle feather) based on the presence
or absence of the feather distribution and feather structure
genes with reported implications on productive and adaptative
traits (Fassil et al., 2010; Adeleke et al., 2015). To obtain better
understanding of genetic variation among indigenous chickens
and formulate conservation policies, better knowledge of their
genetic annotation and diversity should be pursued. This would
enable breeders and researchers to resourcefully strike a balance
between genetic improvement and conservation of native
germplasm of our indigenous chicken.
TNFRSF1A is a multifunctional pro-inflammatory cytokine
that belongs to the tumour necrosis factor superfamily and has
beneficial properties (Um et al., 2005). TNFRSF1A encodes 55kDa
TNF-α receptor. TNF-α binds to TNFRSF1A as a key mediator in
the inflammatory response with pleiotropic activities including
increased expression of adhesion molecules, induction of cytokine
secretion, activation of leukocytes as well as host defense against
intracellular pathogens (Rezaei, 2006). Zyxin encodes a protein
that functions as a component of focal adhesion complexes,
tumour metastasis and wound healing (Moon et al., 2006).
The activities of these two genes were further corroborated
by Hong et al. (2009) who reported their immunological
function and involvement in protective immunity to coccidiosis
in chicken. Based on available information on these genes,
studying their variation in Nigerian indigenous chicken will
provide useful information for selective breeding programs and
conservation planning, which allows chicken populations to
adapt as environmental conditions change. We sequenced zyxin
and TNFRSF1A loci from Nigerian indigenous and Nera Black (an
exotic but locally adapted to Nigeria) chickens in order to produce
genomic resources for understanding evolution of the genes and
determine the extent of genetic diversity between and within the
chicken populations.

Materials and Methods
Experimental Animals
Nigerian local chickens comprising Naked neck, Frizzle and
Normal feather were sourced (based on feather structure and
distribution) from different villages in the southwest of Nigeria
to form the foundation stock which was maintained at the
University Farms. The same genotypes were mated using artificial
insemination to generate 100 progenies each from the pure
mating of the Naked neck, Normal and Frizzle feather. A total of
100 chicks of Nera Black chicken were purchased and raised with

them for this study at the Poultry Breeding Unit of the Teaching
and Research Farm of the Federal University of Agriculture,
Abeokuta, Nigeria.

Sample Collection and DNA Isolation
2.5ml of whole blood was collected through the wing web
from a total of 400 Nigerian local and Nera Black chickens.
Genomic DNA was extracted from the bloods using the Qiagen
DNA easy© blood kit-Animal blood following manufacturer’s
Protocol. The concentration and purity of the DNA extracted was
determined using a Nanodrop.

PCR Amplification and DNA Sequencing
Polymerase chain reaction (PCR) was performed to
amplify a 608-bp fragment of TNFRSF1A gene using forward
(5ʹ-CAGAGATTCAGAAGGGGTTGC-3ʹ)
and
reverse
(5ʹ-TAATTGCTTTTTGCTACTTCTGCT-3ʹ)
primers.
A
561-bp fragment of zyxin gene was amplified with forward
(5ʹ-ACCCCAGGGACCCGTATGAC-3ʹ) and reverse (5ʹGGGTCCTTGCGCTGCTGTG-3ʹ) primers. Amplifications for
the TNFRSF1A and zyxin primer sets followed Hong et al. (2009)
using annealing temperatures of 55 and 58 respectively. The PCR
products were sequenced directly and unidirectionally using
forward primers that were used to amplify the amplicons with an
ABI 3730 DNA analyzer (Applied Biosystem, Foster City, CA) in
Cornell Core Laboratory, Cornell University, Ithaca, New York
USA.

Data Analysis
After sequencing, sequences that have poor quality were
excluded from the analyses. CodonCode Aligner was used to trim
the sequences and remove contaminants (low complexity regions
can provide an artifactual basis for cluster membership) from
each of the sequences. Zyxin and TNFRSF1A nucleotide sequences
were aligned and analyzed in Bioedit program (version 5.0.9; Hall,
1999) and translated into the corresponding amino acid sequences
using the NCBI ORF Finder along with MEGA software package
(Tamura et al., 2013). The DNA sequences of the zyxin and
TNFRSF1A were aligned using the Clustal-X multiple sequence
alignment program (Thompson et al., 1994). The MEGA 6.1
program (Tamura et al., 2013) was used to estimate relative rates
of non-synonymous (dN) and synonymous substitutions (dS)
according to Nei and Gojobori (1986), using Jukes and Cantor’s
(1969) correction for multiple hits. To test the type of selection
in operation at the locus of each gene, the relative abundance of
synonymous and non-synonymous substitutions using a Z-test
(Nei and Kumar, 2000) was compared. The variance of dN and
dS was estimated using the bootstrap method implemented in
MEGA, with 1000 replications (Schneider et al., 2000).
In silico functional analysis of non-synonymous mutations
was obtained using Panther (Thomas et al., 2003), a program
that estimates the likelihood that a particular non-synonymous
(amino acid change) coding SNP will cause a functional impact
on the protein. It calculates the substitution Position-Speciﬁc
Evolutionary Conservation (subPSEC) score based on an
alignment of evolutionarily-related proteins. The probability that
a given variant will cause a deleterious effect on protein function
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is estimated by P deleterious , such that a subPSEC score of -3
corresponds to a P deleterious of 0.5 (Brunham et al., 2005).
The subPSEC score is the negative logarithm of the probability
ratio of the wild-type and mutant amino acids at a particular
position. Panther subPSEC scores derived from the probabilities
of observing the variant amino acids in a Panther Hidden Markov
Model are continuous values from 0 to -10. When subPSEC =0, the
substitution is interpreted as functionally-neutral, whereas more
negative values of subPSEC predict more deleterious substitutions
(Brunham et al., 2005).
MEGA was also used to perform phylogenetic analyses of
the genes separately. Two independent phylogenetic methods
(neighbour-joining and maximum parsimony) were used to
confirm the reliability of the observed phylogenetic patterns. The
neighbour-joining tree was constructed using Jukes and Cantor
(1969) genetic distances. Bootstrap re-sampling of 1000 multiple
data sets provided estimates of relative confidence for nodes in
the phylogenetic trees. The evolutionary distances were computed
using the Maximum Composite Likelihood method and are in the
units of the number of base substitutions per site. All positions
containing gaps and missing data were eliminated.

Results
The TNFRSF1A sequences with accession numbers KY494915
- KY494922 and zyxin sequences with accession numbers
KY560190 - KY560196 have been deposited in GenBank.

Polymorphism and Genetic Diversity within TNFRSF1A
gene of Four Chicken Genotypes
The results of DnaSP analyses indicated that the selected
region (1- 920bp) of the 132 sequences from the four genotypes
(Normal feather = 34, Naked neck = 40, Frizzle feather = 26
and Nera Black = 32) had 531 nucleotide sites excluding sites
with gaps (389). There were non-variable and variable sites that
included 56 single variable sites and parsimony informative sites.
The haplotype diversity (0.954) and average number of nucleotide
diversity (k=36.667) for all chicken TNFRSF1A sequences were
higher than the highest values in Nera Black (Hd=0.923, k=3.967).
The genetic diversity of TNFRSF1A gene in four chicken genotypes
is shown in Table 1. The number of haplotypes ranged from 5 to

11. Nera Black chicken TNFRSF1A gene had the highest values of
haplotype diversity and average number of nucleotide difference
(0.923 and 3.967 respectively). Frizzle chicken TNFRSF1A
gene had the lowest values of number of haplotype, haplotype
diversity, average number of nucleotide difference, nucleotide
diversity, number of polymorphic sites, singleton variable sites
and parsimony informative sites (5, 0.733, 1.033, 0.002, 4, 2 and
2 respectively). Haplotype diversity (11), nucleotide diversity
(0.009) number of polymorphic sites (21), singleton variable sites
(12) and parsimony informative sites (9) were estimated in Naked
neck local chickens.

Polymorphism and Genetic Diversity within zyxin gene
of Four Chicken Genotypes
The results from DnaSP analyses indicated that the selected
region (1-1193bp) of the 120 sequences from the four genotypes
(Normal feather =38, Naked neck =36, Frizzle feather = 20 and
Nera Black =26) had 514 nucleotide sites excluding sites with gaps
(678). There were non-variable and variable sites that included 325
singleton variable sites and 104 parsimony informative sites. The
haplotype diversity (Hd=0.996) and average number of nucleotide
diversity (k=272.5) for all chicken Zyxin sequences were higher
than the highest values in Frizzle feather local chicken (Hd= 0.857,
k=3.143 respectively).
The genetic diversity of the zyxin gene in the four chicken
genotypes used in this study is presented in Table 2. The number
of haplotypes ranged from 5 to 11. The highest haplotype diversity
(0.876) and number of haplotype (11) were found in the Normal
feather local chicken. The highest average number of nucleotide
difference (3.143) and nucleotide diversity (0.00489) were detected
in the Frizzle feather local chicken. The Naked neck chicken had
the highest values of number of polymorphism sites (15), singleton
variable sites and parsimony informative sites (5) while the lowest
values of number of polymorphic site (5), singleton variable sites
(3), parsimony informative sites (2), nucleotide diversity (0.0016)
and average number of nucleotide difference (1.026) were found
in the Nera Black. The lowest value of haplotype number (5) was
found in the Nera Black and Frizzle feather local chickens while
the lowest value of haplotype diversity (0.619) was estimated in
the Naked neck local chicken.

Table 1. Genetic diversity of the TNFRSFA1 gene in the Nigerian Local and Nera Black Chickens
Chicken genotypes

Diversity parameters
N

H

Hd

K

π

πs

πa

S

SP

PIP

Nera Black

14

9

0.923

3.967

0.008

0.000

0.000

17

10

7

Normal feather

16

6

0.817

2.225

0.005

0.000

0.000

7

2

5

Naked neck

27

11

0.815

3.670

0.009

0.000

0.000

21

12

9

Frizzle feather

16

5

0.733

1.033

0.002

0.000

0.000

4

2

2

N: Number of sequences; H: Number of haplotypes; Hd: haplotype diversity; K: average number of nucleotide differences; π: Nucleotide diversity; πs: Synonymous
nucleotide diversity; πa: Non-synonymous nucleotide diversity; S: Number of polymorphic sites; SP: Singleton variable sites; PIP: Parsimony informative sites.
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Table 2. Genetic diversity of the zyxin gene in the Nigerian Local and Nera Black Chickens
Diversity parameters

Chicken genotypes

N

H

Hd

K

π

πs

πa

S

SP

PIP

Nera Black

13

5

0.628

1.026

0.00160

0.00000

0.000

5

3

2

Normal feather

21

11

0.876

2.300

0.00372

0.00000

0.000

14

10

4

Naked neck

21

7

0.619

2.133

0.00352

0.00000

0.000

15

10

5

Frizzle feather

7

5

0.857

3.143

0.00489

0.00000

0.000

8

4

4

N: Number of sequences; H: Number of haplotypes; Hd: haplotype diversity; K: average number of nucleotide differences; π: Nucleotide diversity; πs: Synonymous
nucleotide diversity; πa: Non-synonymous nucleotide diversity; S: Number of polymorphic sites; SP: Singleton variable sites; PIP: Parsimony informative sites.

Average Number of Nucleotide Substitutions per site (Dxy)
of the TNFRSF1A Gene

Phylogenetic Relationship between Nigerian Local Chickens and Nera Black Chickens using TNFRSF1A Gene Sequences

The average number of nucleotide substitutions per site
(Dxy) of the TNFRSF1A gene between the chickens’ genotypes
is presented in Table 3. The smallest Dxy value (0.06542) was
estimated between Nera Black and Frizzle feather local chickens
while the highest Dxy value (0.08133) was found between Naked
neck and Normal feather local chickens. Nera Black and Normal
feather local chickens; Nera Black and Naked neck chickens had
the same value of Dxy (0.06729).

Phylogenetic relationship of Nigerian local chickens and Nera
Black chickens using sequences from TNFRSF1A gene is shown in
Figure 1. The optimal tree with the sum of branch length = 0.1447
is shown. Nera Black and Frizzle feather lineage are associated
with low bootstrap value.






 

 
 

Table 3. Average number of nucleotide substitution per site (Dxy) between chicken genotypes for TNFRSF1A
Genotype

Nera Black

Frizzle feather

Frizzle feather

0.06542

Normal feather

0.06729

0.07290

Naked neck

0.06729

0.06716









Figure 1. Phylogenetic tree based on consensus sequences of three Nigerian local and Nera

Normal feather

Black chickens TNFRSF1A sequences using UPGMA. The tree is drawn to scale
with branch lengths in the same units as those of the evolutionary distances used
to infer the phylogenetic tree which are the number of base substitutions per site.

Phylogenetic Relationship of Nigerian Local and Nera
Black Chickens using zyxin gene

0.08133

Average Number of Nucleotide Substitutions per site
(Dxy) of the Zyxin Gene
The average number of nucleotide substitutions per site (Dxy)
of the Zyxin gene between chicken genotypes is shown in Table 4.
The highest value of Dxy (0.65517) was observed between Frizzle
feather and Normal feather local chickens while the lowest value
of Dxy (0.07394) was obtained between Normal feather and Naked
neck local chickens.

The evolutionary history was inferred using the UPGMA
method. Figure 2 shows a neighbor-joining phylogenetic tree
with the bootstrap value for zyxin gene sequences representing
the major zyxin gene sequences lineages from the Nigerian local
and Nera black chickens. The optimal tree with the sum of branch
length = 2.2571 is shown. Naked neck and Normal feather lineage
are associated with high bootstrap value. The phylogenetic analysis
did not show support for the basal branching order between the
characterised Nera Black, Naked neck and Normal feather lineage.




Table 4. Average number of nucleotide substitution per site (Dxy) between chicken genotypes for zyxin gene



Genotype

   

Frizzle feather

Nera Black

Frizzle feather

Normal feather

0.61607



Normal feather

0.63727

0.65517

Naked neck

0.59259

0.65010

  

  









Figure 1. Phylogenetic tree based on consensus sequences of three Nigerian local and Nera

0.07394

Black chicken zyxin sequences using UPGMA. The tree is drawn to scale with
branch lengths in the same units as those of the evolutionary distances used to
infer the phylogenetic tree, which are the number of base substitutions per site.
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Nucleotide Synonymous and Non-synonymous Substitutions per site in TNFSRF1A
Synonymous and non-synonymous substitutions of TNFSRF1A
sequences are presented in Table 5. The rate of non-synonymous
to synonymous substitutions per site in all genotypes was not
significantly different (p>0.05). With respect to Naked neck and
frizzled feather local chickens, the non-synonymous substitutions
per site were greater than the synonymous substitutions per site
while the non-synonymous substitutions per site were greater
than the synonymous substitutions per site in Nera Black and
Normal feather local chickens. The probability of rejecting the null
hypothesis of strict-neutrality (dN = dS) in favour of the alternative
hypothesis (dN > dS) (in the probability column) is shown. Values
of p less than 0.05 are considered significant at the 5% level. The
test statistic (dN - dS) is shown in the statistic column. dS and dN are
the numbers of synonymous and nonsynonymous substitutions
per site, respectively. The variance of the difference was computed
using the bootstrap method (1000 replicates). Analyses were
conducted using the modified Nei-Gojobori.

Nucleotide Synonymous and Non-synonymous Substitutions per site in zyxin gene
Nucleotide substitutions per synonymous and nonsynonymous sites in zyxin gene are presented in Table 6. The rate
of non-synonymous to synonymous substitutions per sites in
Nera Black and Naked neck local chickens was not significantly
different (p>0.05) but it was significantly different (p<0.05) in
the Frizzle feather and Normal feather local chickens. The nonsynonymous substitutions per site were approximately equal to
synonymous substitutions per site in all chicken genotypes.

Discussion
The results of genetic diversity within each selected genotype
for all TNFRSF1A sequences were higher than the value in
Naked neck chickens. Divergence of the genotypes could be
inferred from high genetic diversity of the TNFRSF1A gene.
The highest haplotype diversity found in Nera Black suggests an
abundant genetic diversity at the TNFRSF1A locus. This might
not be unconnected with the composition of Nera Black being an
admixed strain of chicken - Rhode Island Red hybrid breed and
higher genetic diversity in Nera Black are most likely useful for
its natural selection. The lower haplotype diversity in the Frizzle
feather TNFRSF1A indicated that Frizzle feather local chicken
expansion occurred more recently. The lowest values for haplotype
number, nucleotide diversity, average number of polymorphic
sites and parsimony informative sites showed that Frizzle feather
chickens are less variable at the TNFRSF1A locus.
The results of genetic diversity within each selected genotype
for all zyxin sequences were higher than the values in Naked neck
chickens. The highest haplotype number, haplotype diversity,
singleton variable sites, number of polymorphic sites and
parsimony informative sites showed that zyxin gene in Naked neck
chickens had the highest genetic diversity within the chickens.
The average number of nucleotide substitutions per sites (Dxy)
of the TNFRSF1A gene between two genotypes is the index of
DNA divergence between or among the sequences. The larger the
Dxy is, the smaller the genetic distance is. The largest Dxy (0.081)
displayed the earliest differentiation between Normal feather and
Naked neck chickens. The lowest Dxy (0.065) displayed the most
recent differentiation between Frizzle feather and Nera Black.

Table 5. Synonymous and Non-synonymous Substitutions per site of TNFSRF1A gene
Genotype

Codons

dN (+ SE)

Nera Black

210

0.0027 + 0.007

Normal feather

210

Naked neck
Frizzle feather

dS (+ SE)

dN/ dS

Z-statistic

P value

0.0042 +0.002

0.643

1.075

0.142

0.0017 + 0.001

0.0020 +0.001

0.850

-1.460

1.000

210

0.0036 + 0.007

0.0035 +0.001

1.020

0.423

0.337

210

0.0045 + 0.006

0.0040 +0.001

1.125

1.330

0.093

dN: Non-synonymous substitutions per site; dS: Synonymous substitutions per site; SE: Standard Error dN/dS: Ratio of non-synonymous substitutions per site to
synonymous substitutions per site.

Table 6. Nucleotide Substitution per Synonymous and Non-synonymous site in zyxin gene
Genotype

Codons

dN (+ SE)

Nera Black

210

0.0127 + 0.004

Normal feather

210

Naked neck
Frizzle feather

dS (+ SE)

dN/dS

Z-statistic

P value

0.0127 +0.003

1.000

1.075

0.412

0.0217 + 0.001

0.0219 +0.009

0.990

1.860

0.021

210

0.0610 + 0.015

0.0609 +0.020

1.001

0.223

0.117

210

0.0125 + 0.010

0.0125+ 0.008

1.000

1.031

0.035

dN: Non-synonymous substitutions per site; dS: Synonymous substitutions per site; SE: Standard Error; dN/dS: Ratio of non-synonymous substitutions per site to
synonymous substitutions per site.
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Based on zyxin gene, the largest Dxy (0.0655) between Frizzle
feather and Normal feather local chickens indicated earliest
differentiation compared to other genotypes. This is in contrast
to the TNFRSF1A gene between Normal feather and Frizzle
feather local chickens. The lowest Dxy (0.074) displayed the latest
differentiation between Normal feather and Naked neck local
chickens. TNFRSF1A gene might be a better candidate gene for
coccidiosis in the crossbred between these two genotypes since
higher heterozygosity in their crossbreed will be a good genetic
marker for coccidiosis disease tolerance or susceptibility.
Results of phylogenetic analysis of TNFRSF1A and zyxin genes
indicated that the chicken genotypes were clearly separated from
one another. In TNFRSF1A gene, Normal feather local chickens
were the most distant among the chicken populations and this
genotype on the evolutionary scale with other genotypes diverged
progressively. The second clades consist of Frizzle feather and
Nera Black as first sub-cluster while Naked neck local chicken
formed the second sub-cluster, respectively. Normal feather local
chicken among these chicken populations appeared to be the
closest to the origin in evolutionary trend, hence the most remote,
as indicated by its distinct and separate cluster. Naked neck local
chicken is the most outbred in term of TNFRSF1A gene being the
farthest from Frizzle feather and Nera Black chickens as a line of
descent with all the other three genotypes. The Frizzle feather and
Nera black chickens are more closely related evolutionary from
the standpoint of the evolutionary tree. This implies that Frizzle
feather and Nera Black TNFRSF1A gene sequences share a more
recent common ancestor than either shared with any of the other
genotypes on the phylogenetic tree. In zyxin gene sequences,
Frizzle feather chickens were the most distant among the chicken
populations. The genotypes were divided into two clades with the
first clade consisting of only Frizzle feather local chickens as a
distinct genotype on the evolutionary scale with other genotypes
diverging progressively. The second clade consists of Naked neck
and Normal feather chickens as first sub-cluster, respectively. The
Frizzle feather local chickens among these chicken populations
appeared to be closest to the origin of the evolutionary trend, hence
the most remote in terms of zyxin gene sequences as indicated by
its distinct and separate cluster. Naked neck and Normal feather
local chicken populations share a more recent common ancestor
than either shares with any of Nera Black or Frizzle feather local
chickens on the phylogenetic tree. Phylogenetic analyses of
TNFRSF1A and zyxin gene observed in this study differed from
the report of Adeleke (2009), who reported from their preliminary
screening of genetic lineage of Nigerian local chickens based on
blood protein polymorphisms that Naked neck local chicken
population appeared to be closest to the origin in the evolutionary
trend and Frizzle feather and Normal feather local chickens shared
a more recent common ancestor. The differences observed in these
results with Adeleke (2009) might be due to the differences in the
genetic markers used in the study. Adeleke (2009) used blood
proteins, while in this study only two gene sequences were used.
Generally, synonymous mutations observed in zyxin and
TNFRSF1A are under evolutionary pressure and they may be
implicated in coccidiosis disease. Several of the mechanisms by
which synonymous mutations alter the structure, function and
expression level of proteins have been elucidated. Holla et al.
(2009) demonstrated that synonymous polymorphisms can affect
messenger RNA splicing, stability and structure as well as protein

folding. These changes can have a significant effect on the function
of zyxin or therapeutic targets and often explain the different
responses of individual to a certain medication. Any synonymous
base pair changes in zyxin or TNFRSF1A messenger RNA splicing
motif regions can change the splicing patterns of messenger RNA
transcripts directly or they can alter the penetrance of concurring
mutations elsewhere in the gene. Although Anfinsen’s (1973)
principle holds that the amino acid sequence of protein alone
determines the three-dimensional structure of the protein and
mutations which do not alter amino acid residues would not
affect the tertiary structure of the protein or its function. Simon
et al. (2001) supported Anfinsen’s (1973) principle and stated
that synonymous mutations were evolutionarily silent because
mutations in the genome were selected from the basis of the effect
on the fitness of the animal. Computational and experimental
studies in recent years suggested that neither Anfinsen’s (1973)
principle nor Simon et al. (2001) perceptions may be entirely true
since non-synonymous and synonymous SNPs within regulatory
regions have a greater tendency, relative to their synonymous SNP
counterparts, to affect gene behaviour when analysed in isolation.
The ratios of non-synonymous to synonymous substitution
(dN/dS) of Frizzle feather and Naked neck chicken TNFRSF1A
gene which were greater than one suggested variation at this
gene under positive selection, probably for the recognition of a
wide range of infectious agents. Positive selection is a process
by which new beneficial genetic variants swing a population.
Positive selection in genes can point to the evolutionary basis for
difference among breeds within a species (Andreas, 2007). The
low ratio of dN/dS observed in Nera Black and Normal feather
chicken TNFRSF1A gene implied balanced selection and the dN/dS
of zyxin gene in all chicken genotypes indicated neutral mutation.
This is unique among evolutionary forces in the way that it
promotes adaptation. A neutral mutation is a missense mutation
that alters the amino acid sequence of the protein but does not
change its function. It occurs when one amino acid is replaced
by another that is chemically similar or when the affected amino
acid has little influence on protein function (Benjamin, 2008) This
pattern of evolution (neutral mutation) suggests the action of
natural selection on the zyxin gene, since neutral polymorphism
is not expected to persist very long in a population. Pathogen
recognition may provide selection pressure to maintain particular
zyxin sequences (Minde et al., 2011).
In silico functional analysis using PANTHER revealed relatively
low subPSEC and P deleterious values for this mutation, 0 and
0.267 for p.R21K in Naked neck chicken TNFRSF1A. These values
indicated a likely non-deleterious effect of this missense mutation
because the substitution is functionally neutral.
All mutations in zyxin protein occurred at positions that do not
align to the PANTHER library Hidden Markov Model (HMM),
because substitution occurs at positions that do not appear in the
multiple sequence alignment of PANTHER library; a subPSEC
score was not generated indicating that the mutations observed
in zyxin protein occurred at positions that were inserted relative
to the consensus HMM for the given HMM. These positions were
not modelled by the HMMs because they do not appear in most
of the related sequences; as a result, substitutions at the inserted
positions are not generally likely to be deleterious (Thomas et al.,
2006).
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Genetic differences exist in TNFRSF1A and zyxin genes among
the four chicken genotypes. Our results support significant
diversity at TNFRSF1A and zyxin loci. This knowledge would be
relevant for performing association analysis between TNFRSF1A
or zyxin locus and coccidiosis. Nigerian local chickens, particularly
Frizzle feather and Naked neck chickens should be conserved as
reservoirs of rare genetic chicken resource and these two genotypes
should be encouraged to be integrated into breeding programs.

Conclusion
This study provided the first characterisation of zyxin and
TNFRSF1A genes in Nigerian local chickens and Nera Black
chicken. Based on TNFRSF1A gene in phylogenetic tree, Nera
Black and Frizzle-feathered chickens were generally close to
Naked neck chickens but these three genotypes were genetically
far from Normal-feathered chickens. With respect to zyxin gene
in the evolutionary tree, the Naked neck and Normal-feathered
local chickens were genetically close to Nera Black, but these
three genotypes were genetically far from Frizzle-feathered local
chickens. The high haplotype diversity observed in this study
will help in designing association study involving samples from
genetically distinct chicken population.
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