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Abstract

The natural resistance-associated macrophage protein 1 (NRAMP1) gene in chickens, which exists on chromosome 7, is
thought to play a significant role in disease resistance. Variations in this gene have been documented and have played
crucial roles in the variations in the resistance and/or susceptibility that is expressed by individuals and different groups
of animal species. In this study, the NRAMP1 gene was studied for single nucleotide polymorphism (SNP) variability
between indigenous and exotic chicken breeds. The gene was amplified using the polymerase chain reaction (PCR)
method and sequenced and analyzed. Six SNPs, both synonymous and non-synonymous (C3700T, G3702C, A3712C,
C3714G, C3693G, and G3705T), were detected in the gene in both indigenous and exotic chicken types. One allele
form was detected among all the sample animals that were studied. A phylogenetic tree revealed that the indigenous
chicken type and the exotic broiler chicken type are genetically similar with respect to this gene. However, the exotic
layer chicken type is genetically suggested to be distantly related to both the indigenous and broiler chicken types, indi-
cating that the gene has probably been evolving both within and among different poultry species.
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Introduction

An important factor that negatively influences animal
husbandry is disease. Resistance to different diseases
varies among poultry breeds and types. This is highly
determined by either the genotype or the presence of a
specific allele type [1]. Several studies have suggested
the strong influence of genetic factors in the control of
resistance and susceptibility of poultry to infections.
The natural resistance-associated macrophage protein 1
(NRAMP1) gene’s role has been significantly implicated
among many poultry types [1–5].

The NRAMP1 gene has been identified as a functional
candidate gene that has disease resistance activity in a
number of animal species [3] and in human populations
[6, 7]. It has also been implicated in the control of host
resistance to pathogenic infections in some animals such
as chicken (Gallus spp), guinea fowl (Numida
meleagris) and turkey (Meleagris gallopavo) [4, 8].
NRAMP1 is produced in intracellular vesicular
membranes; in the presence of pathogens, it is
transferred to the pathogen’s membrane. The gene
functions by removing iron ions from macrophages and
thus influences the growth of intracellular pathogens [9,

10]. In chicken, the NRAMP1 gene exists on
chromosome 7, comprises about 5kb of the genomic
DNA, and contains 15 exons. The chicken NRAMP1
polypeptide is said to encode a 555-amino-acid residue
membrane protein with 12 putative transmembrane
domains, two N-linked glycosylation sites, and an
evolutionary conserved consensus transport motif [2,
11]. Among chicken, mouse, and human NRAMP1
genes, the peptide sequence similarity is 68% [2]. This
gene also contains one major and two minor
transcription initiation sites, a classical TATAA element
and consensus sequences for binding the myeloid
specific PU1 factor, several lipopolysaccharides (NF-
IL6 and NF-κB), and interferon-γ-inducible response
elements, which are also contained in the gene’s
promoter region [2, 11]. Polymorphisms in the gene in
poultry have been associated with different exhibited
immune traits [1]. Different genotypes of this gene
influence the microglia cell-mediated anti-microbial
function. A genotype may show resistance, and another
genotypic form may be susceptible to certain infections
[8, 12]. Girard-Santosuosso et al. [13] showed that
different chicken populations display different
heritability of susceptibility to infection due to the
existence of genetic polymorphism in the NRAMP1 gene.
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The comparison of indigenous chicken types with exotic
types reveals a reservoir of diverse economically
important traits, including hardiness and resistance to
different avian pathogenic infections, and genes [14].
According to the Food and Agriculture Organization of
the United Nations (FAO), global poultry conservation
programs, especially those for indigenous breeds, are
few, and the FAO has shown concern over the total
replacement of indigenous breeds with exotics [15, 16].
Therefore, the conservation of poultry’s innate
immunity to disease is an essential tool for future
development of the poultry industry [17, 18]. Hence, in
this study, the NRAMP1 gene was considered to explore
variations in the gene between indigenous and exotic
poultry types.

Material and Methodology

Study population. A total of 257 indigenous (reared to
reproduce, for flesh (meat), and for egg production) and
exotic (Broiler: reared for flesh (meat) production and
Layer (Isa brown: reared primarily for egg production))
chicken types of reproductive age were used for this study.

Whole blood was collected from the wing vein of each
bird using a 1-mL syringe. The blood was then transferred
into a systematically labeled ethylenediamine tetraacetic
acid (EDTA) tube that contained anticoagulants.

Genomic DNA extraction. Genomic DNA extraction
was done by following a modified protocol of Sambrook
et al.’s work [19]. The procedure was as follows:

Genomic DNA were extracted from 50 µl of blood. In a
1.5-ml tube, 700 µl of lysis buffer (10mM Tris –HCl pH
= 8.0, 100mM NaCl, 1 mM EDTA, pH = 8.0, 0.5 %
Sodium Dodecyl Sulphate) were added to the blood
with a gentle shake and incubated at 58–60 ℃ for 60–70
minutes. A volume of 330µl of phenol-chloroform-
isoamylalcohol (P:C:I = 25:24:1) mix was added and
centrifuged at 12,000 rpm for 5 minutes at 4 ℃. The
supernatant was collected in a new, labelled tube, and
300–330 µl of P:C:I mix (P:C:I/supernatant) were added
for the second wash and centrifuged at 12,000 rpm for 5
minutes at 4 ℃. The supernatant was transferred into a
new, labelled tube, and 360µl of ice-cold isopropanol
were added to allow the DNA to precipitate (if no pre-
cipitation occurred, the set was left at -20 ℃ overnight).
The solution was centrifuged at 10,000 rpm for 5
minutes at 4 ℃, the liquid phase was decanted, and the
DNA was washed with ice-cold 70% alcohol and spun
for 5 minutes at 10,000rpm (4 ℃). The liquid was
drained and dried at room temperature, and the DNA
was dissolved in 40 µl of 1x low salt Tris EDTA (TE).

Gene amplifications (PCR). A polymerase chain
reaction (PCR) was performed in a total volume of 25

µl, containing 5 µl of DNA, 1 µl of each primer (10
µM), and 12.5 µl of the PCR master mix (One Taq
Quick-load 2x master mix with standard buffer, New
England BioLab, USA). Amplification of the NRAMP1
fragment was done using the primer: forward
5’GGCGTCATCCTGGGCTGCTAT3’ and reverse
5’AGACCGTTGGCGAAGTCATGC3’. The PCR
conditions were 95 ℃ for 5 min before the first cycle,
then 94 ℃ for 30 sec, 60 ℃ for 30 sec, and 72 ℃ for 40
sec for 35 cycles, followed by 72 ℃ for 10 min at 4 ℃.

Gel electrophoresis. The PCR amplicons were
analyzed by electrophoresis with 2% agarose gel at 90
volts for 45 minutes, after which the band patterns were
observed under UV light.

Nucleotide sequencing. The PCR products were
sequenced using the ABI 3500XL Genetic Analyzer
(Inqaba Biotech South Africa).

Nucleotide sequence reads analysis. The obtained
sequences were first checked manually and verified by
using BLAST to ascertain that they were of the
NRAMP1 gene. The related sequences from the
identified reference species were retrieved from
Genbank (www.ncbi.nlm.nih.gov). Corresponding
regions were cut and saved. Subsequently, all the
sequences were aligned by CLUSTALW, and variations
among the nucleotide sequences were estimated using
Molecular Evolutionary Genetic Analysis (MEGA
Version 7.0).

The genetic distance between bird types based on nu-
cleotide sequence variability in the gene were estimated
as the Kimura 2-parameter distance using MEGA soft-
ware. Phylogenetic trees were constructed using cumu-
lative nucleotide sequence variability in the genes with
the neighbor joining method (MEGA Version 7.0).
Support of the clusters was evaluated by bootstrap as a
percentage recurrence of clusters based on 1,000 boot-
strapped replications with MEGA Version 7.0.

Results

The fragment size of the NRAMP1 gene, when ampli-
fied, was 900bp. Among all the chicken breeds, the
NRAMP1 gene was found to be non-polymorphic, and
only one allele form was detected.

A sequence analysis of the NRAMP1 gene among the
studied chicken types revealed six single nucleotide
polymorphisms (SNPs) at various positions: C3700T
and G3702C, with an amino acid change from leucine to
phenylalanine, A3712C and C3714G, with the same
amino acid change from isoleucine to leucine, and
C3693G and G3705T, with no amino acid change.
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Figure 1. A Phylogenetic Tree Based on Nucleotide Sequence Variation in the NRAMP1 Gene

The phylogenetic tree that was based on the NRAMP1
gene fragment nucleotide sequence revealed that both
the indigenous and exotic broiler chicken types are ge-
netically similar; both were in the same node of a clus-
ter, but the exotic layer chicken type was completely
separate from all other breed and poultry species, in-
cluding the helmeted guinea fowl (Numida meleagris),
the turkey (Meleagris gallopavo) and chickens (Gallus
gallus) of both the exotic and the indigenous types.
However, the gene appears to vary within the Gallus
breeds or types because different clusters with groups of
Gallus were revealed. Furthermore, the gene was re-
vealed to be similar within species, as shown by differ-
ent species in separate clusters (Figure 1).

Discussion

The NRAMP1 gene fragment, when amplified, was non-
polymorphic in both indigenous and exotic chicken
types, which indicated the presence of only one homo-
zygous allele. Indigenous chickens have been reported
to have a higher frequency of the “resistant allele” than

exotic birds do [20]. Lamont et al. [3] and Lamont [21]
reported that polymorphism in the NRAMP1 gene is
implicated with a Salmonella enteritidis (SE) response
in different breeds of chickens; however, some line
broiler sires with specific alleles of the NRAMP1 gene
showed improved resistance to the pathogen. Girard-
Santosuosso et al. [13] showed that genetic variations
exist in the resistance to pathogenic infection in some
exotic flocks, which can be attributed in part to genetic
polymorphism in the NRAMP1 region. Muhsinin et al.
[22] also reported that the NRAMP1 was polymorphic
among the native chickens that they studied. They add-
ed that the homozygous genotype CC was predominant
within their population. These findings indicate that
environment/location may play a significant role in de-
termining the genotypes that are observed within the
population.

However, nucleotide sequence analysis of the gene re-
vealed that SNP showed variations, with some amino
acid changes between the indigenous and exotic breeds.
The SNP substitutions include C to T, G to C, A to C,
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and C to G. These substitutions may have a significant
association with disease resistance in these chicken
types. Different SNPs have been associated with differ-
ent traits in poultry. These are indications that SNPs
play a significant role in gene expression and conse-
quently the manifestation of either the protein or the
trait [13, 23, 24]. Genetic relatedness that has been ob-
served between indigenous chicken and exotic broiler
chicken sequences may suggest the possession of a
similar resistance ability to bacterial and viral infections
that is different from the layer chicken breed, thereby
implicating nucleotide polymorphism in this gene as a
crucial genetic factor in the poultry’s innate disease
resistance ability. Liu et al. [4] reported no significant
effect on the SNP variation among the studied popula-
tion, although they reported that allele C cleared the
infection better than did allele T. Tohidi et al. [10] re-
ported polymorphism in the NRAMP1 gene with signifi-
cant association with clearing the SE burden in the stud-
ied poultry population. Kramer et al. [25] also reported
that the homozygous C/C genotype in the NRAMP1
gene was related to the highest SE load. It is important
to note that there is inconsistency among the results of
different studies about the variations and the effect on
different poultry populations. This may be a result of
different breeds, lines, or types responding differently to
different infections. It may also be due to the effect of
some SNPs being either silent and/or linked to another
gene sequence nearby. The NRAMP1 plays an important
role in innate immunity against infections [26, 27]. Ac-
cording to Tohidi et al. [10], the NRAMP1 gene has
strong potential in disease resistance. Hence, the gene
may play a significant role in selection programs for
increasing genetic resistance against diseases in poultry.

The phylogenic tree that was based on the nucleotide
sequence of the NRAMP1 gene revealed that the differ-
ent poultry spcies branched out to form separate clus-
ters. The exotic layer chicken type in general showed
high genetic distance from the indigenous, exotic broil-
er, and other poultry species. The indigenous and exotic
broiler chicken types showed closer genetic relatedness
than they did with the exotic layer chicken type. This
indicates that there is a higher homology between the
indigenous and exotic chicken types. Furthermore, the
indigenous and exotic broiler chicken types also showed
more genetic relatedness with the guinea fowl (Numida
meleagris) and turkey (Meleagris gallopavo) than with
the exotic layer. Girard-Santosuosso et al. [13] showed
that differences between populations in response to in-
fections may be a result of different genetic structures in
the different populations of the poultry types that were
studied. Hu et al. [1] reported that the genotype of the
NRAMP1 gene in individual populations or species
plays a significant role in their overall disease re-
sistance. However, the gene is similar within species
and may vary between and/or among breeds.

Conclusion

As shown in this study, variations in the gene may play
a significant role in the way that each breed or species
responds to different infections. Hence, the gene may be
a potential selection molecular marker for developing
indigenous hybrids that will possess the desired traits of
resistance to poultry pathogenic infections. Further-
more, extensive studies are necessary to evaluate herita-
bility, polymorphism’s effect on gene expression, and
the molecular mechanism that is caused by polymor-
phisms within the gene among the different poultry spe-
cies. Breeding with the aim of improving natural re-
sistance ability may not completely prevent infectious
disease occurrence or outbreaks in poultry; however,
through marker-assisted selective breeding, improved
innate resistance ability can reduce the morbidity and
economic losses that are caused by poultry infectious
diseases globally. In view of the necessity for rapid im-
provement of the productivity capacity of poultry, it is
pertinent to note that exploration and improvement of
the innate disease resistance characteristics may be of
greater economic value to the poultry industry and glob-
al public health than is the use of antibiotics.
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