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Abstract: Breeding programs for chickens will benefit from the identification of genes
which may increase resistance to a variety of diseases because pathogenic diseases are
the source of major losses for the global chicken industry. For breeding programs which
involve the native Philippine chickens, screening variability in their disease resistance
related genes would be extremely valuable, for very little is known about their genetic
variability or disease resistance genes. Breeding in the Philippine chicken will benefit
from a study that consolidates the information on genes across diseases and determines
those that are involved in immune response to several diseases and have substantial data
in the information repositories. 75 papers were collected providing 428 unique genes that
were implicated in at least one disease. Gene ontology analysis on themes indicated that
many of the gene products are localized to extracellular regions, with functions related to
immune response, stress response, cell signaling and cytokines. Only 6 of the 428 genes
were related to 5 or more of the 15 diseases suggesting disease responses were pathogen
specific. Of these genes, TLR4 and IFNG were chosen for evaluation given the number of
sequences available from different laboratories. The variation of these two genes are

recommended for investigation in Philippine chicken populations.
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1. INTRODUCTION

The chicken industry is an important
component of the economy, providing several products
such as eggs and meat. The United States and Brazil are
two of the major chicken product exporters. Similarly,
China is also a major chicken exporter however is lesser
in scale (Wen et al., 2019). In the Philippines, chickens
are an important resource as they provide a source of
livelihood through the selling of its meat and eggs,
which can also be harvested for personal consumption.
Chicken farming is a large sector of the livestock
industry in the Philippines producing 1.81 million metric
tons of dressed chicken and 605.79 thousand metric tons
of eggs as of 2020 (Mapa, 2021).

The industry, however, has always faced
challenges with disease. This has generally increased
due to practices of overcrowding and the developing
risk of antibiotic resistance. There have been several
cases of antibiotic-resistant bacterial strains found in the
gut of poultry both within the Philippines and beyond it
(Sison et al., 2014; Gundran et al., 2019; Murray et al.,
2021). In order to combat this, genetics-based breeding
programs can be designed to create disease-resistant
chickens with less reliance on antibiotics.

Gene variation has been found to confer
increased disease tolerance or resistance in animals
(Bishop, 2015; Kutzer & Armitage, 2016). In line with this
relationship, interest has been growing in using such
genetic variations in improving chicken defense against
diseases. Several studies have investigated genes
involved in disease response in chickens with said
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objective in mind (Cheng et al.; 2008; Li et al., 2013;
Wang et al., 2014; Psifidi et al., 2016).

Some genes expressed as an immune response
to infection have been widely correlated with each other
across diseases (Lynch et al., 2005; Keestra et al., 2013).
Some genes are known to be disease specific (Young et
al,, 1993). Breeding for a gene that is involved in
multiple diseases will be beneficial in protecting
commercial populations from multiple pathogen attacks.
Breeding efforts will also benefit from knowing the
extent of variation in the gene across different breeds.

Indigenous breeds of livestock animals are
often a source of novel genetic variants. Their
adaptation to the local environment has resulted in the
selection of traits that are desirable in such a location,
such as resistance against common endemic diseases
and tolerance to extreme temperatures (Tian et al.,
2020; Weng et al., 2020).

Philippine native chickens are no exception and
represent a potential reservoir for advantageous genes
related to disease resistance, but they lack genetic
characterization. Most genetic studies on Philippine
chickens have been limited to studies on their
phylogenetic relationships and genetic diversity
assessments (Dominguez et al., 2016; Godinez et al.,
2019).

Native chickens, however, have slowly
decreased in the share of the country’s total poultry
inventory as they are replaced by commercial breeds
(Philippine Statistics Authority, 2020). Commercial
breeds have been genetically selected for superior
growth rate and size as compared to native chickens
(Tixier-Boichard et al., 2012). However, this selection
has also resulted in exceedingly low genetic diversity
(Malomane et al., 2019). Low genetic diversity decreases
the resilience of populations to disease and
environmental changes.

The vulnerability of commercial breeds
highlights the importance of conserving indigenous
Philippine breeds that are much higher in genetic
diversity. These breeds may hold genetic resources
important in improving the resilience of commercial
breeds in the face of a growing demand for poultry,
especially since some breeds of Philippine chicken have
been reported to be resistant to certain pathogens
according to the Domestic Animal Diversity Information
System (DAD-IS, 2021). However, in order to utilize
them effectively, their genetic resources must first be
characterized.
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The effort for characterization will benefit from
focusing on specific genes that control economically
attractive traits, such as disease resistance. This can be
done with the aid of sequence repositories and GO
analysis which can provide insights into the biological
functions of the genes. Of prime importance is GenBank,
a free, publicly available sequence repository which
hosts data coming from all over the world. Deciding on
which genes to evaluate for variability across breeds and
with the Philippine population will depend on
availability of sequences, the quality sources of the
information and their commonality across diseases.

Gene ontology (GO) analysis, on the other
hand, is done to identify shared terms found in a set of
genes implicated in disease. These terms refer to
different biological aspects of a gene product
(Ashburner et al., 2000; Carbon et al., 2021). Terms
which are found to be shared between genes implicated
in a disease can be reasonably assumed to also be
important in the disease.

In line with this, the study reviewed the current
information on the genes related to immune response in
Gallus gallus to determine those that are shared across
different diseases, retrieved the sequences for the genes
that met the criteria of numbers and quality, and
evaluated their variation in preparation for a comparison
with the native Philippine chicken. This study provides
future researchers with a general direction for the study
of variation and breeding for disease resistance in
Philippine chicken genetics.

2. METHODOLOGY

2.1 Literature Search for Disease and Gene
Curation

The candidate diseases and genes for disease
response were collected by searching through literature
on PubMed and Google Scholar. Searches were limited
to genetic studies on chickens, and search terms used
included keywords such as “disease resistance”,
“disease response”, and the names of diseases in poultry.
Diseases included in the study were selected based on
the availability of published papers that discussed genes
implicated in the response or resistance of chickens to
diseases. Another criterion considered is that only
publications that discussed differentially expressed
genes (DEGs) and SNPs were included. Publications
that discussed quantitative trait loci (QTLs) were
excluded.



2.2 Gene Analysis

Gene ontologies were developed using
g:Profiler, an online functional enrichment analysis tool.
The tool g:Profiler was chosen over other functional
enrichment analysis tools due to its ability to recognize
several types of gene identifiers (Raudvere et al., 2019).

Collected genes from literature were scored
based on the presence of studies that showed that the
variation of these genes affected the response and/or
resistance to a certain disease. Two types of variation
were considered: structural variation, i.e., the presence
of polymorphisms in the gene, and variation in gene
expression. The list of genes by disease were tabulated
in Microsoft Excel and the same program was used to
procedurally record the number of diseases each gene
was involved in. Genes were given a point for every
disease they were confirmed to be involved in based on
the literature. Points were totaled and genes were
ranked from highest to lowest. From the ranking, the top
5 genes were taken as genes of interest for further study.

2.3 Haplotype Analysis

One hundred forty-two (142) and one hundred
fifty-two (152) published sequences of Gallus gallus
TLR4 and IFNG, respectively, were retrieved from
GenBank. These sequences came from different regions
and laboratories globally.

The sequences were trimmed and aligned in
MEGA version X using the MUSCLE codon algorithm
(Kumar et al., 2018). The alignments used for Gallus
gallus IFNG and TLR4 were used to identify SNPs and
haplotypes. DnaSP was used to detect haplotypes
(Rosaz et al., 2017). SNP-sites were used to tabulate the
SNPs of each haplotype (Page et al., 2016). A R-based
workflow by Toparslan et al. (2020) was used to
visualize haplotype data and networks.

Sequences, accession codes, and other relevant
data for this study may be found in Hernandez &
Suficiencia (2022).
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3. RESULTS AND DISCUSSION

3.1 Nature of Diseases in the Study

Chickens have around 30 or so prominent
diseases globally, and this is comparable to other raised
livestock. Of these 30 diseases, 15 are included in this
study. The list of diseases was obtained from 73 unique
papers. Half of the diseases in this list are bacterial in
origin. (Figure 3.1).

Pathogen Type

= Bacterial = Viral Protozoan

Figure 3.1 Pathogen types across diseases

Gastrointestinal, lymphatic, and respiratory
systems are the most commonly affected systems.
Detailed information on the chosen diseases, including
the nature of the pathogen, transmission, pathogenesis,
and clinical manifestations are detailed in Hernandez &
Suficiencia (2022). Majority of the diseases have been
reported in the Philippine chicken population, except
for lymphoid leukosis and necrotic enteritis (Nagaoka et
al., 1994; Tateyama et al., 1999; Sison et al., 2014;
Tapdasan et al., 2015; Caceres et al., 2017; Peters et al.,
2018; Bautista & Mendoza, 2018; Elumba et al., 2018;
Ybafiez et al., 2018). Though lymphoid leukosis and
necrotic enteritis have not been reported for Philippine
chickens, these diseases are included in the research
given the possibility of future infection and the
economic burden should future infections occur.

3.2 Gene Ontology

A total of 523 gene names were identified to be
implicated in disease resistance or response of the 15



diseases chosen. Four hundred twenty-eight (428) genes
were left after pruning duplicate genes between
diseases, redundant gene identifiers (i.e., two different
gene symbols referring to the same gene). Genes with
inconsistent records in databases were also excluded.
The abundance of genes detected in the literature
review indicate the potential variety in response
mechanisms to a pathogen and the complexity of the
gene expression processes that are involved with
disease in chickens.
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Figure 3.2 Number of GO Terms by Category of the First
8 Diseases
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Figure 3.3 Number of GO Terms by Category of the
Remaining 7 Diseases

Gene ontology analysis was done to identify
shared terms found in a set of genes implicated in
disease for characterization. Majority of these genes
were involved in the immune system. It is also important
to note the variation in the abundance of significant
terms per disease (Figure 3.2 and 3.3). This may be due
to two reasons. First, the genes implicated in a disease
may be considerably unique from each other, thereby
reducing the number of shared terms between them. On
the other hand, it may be that the terms the genes share
truly are limited in number, due to their similarity. A
more detailed gene ontology analysis of the data can be
found in Hernandez & Suficiencia (2022).
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3.3 Gene Scoring

Of the 428 genes culled from the 73 papers,
only 55 or 12.9% were found to be common in at least 2
diseases. Only 6 genes or 1.4% of total genes were
involved in 5 or more diseases (Table 3.1). The full
scoring table for the top 55 genes by disease can be
found in Hernandez & Suficiencia (2022).

Table 3.1 Top 10 Genes Shared Across Diseases

Number of Diseases

Gene Symbol  Gene Name Implicated In
TILSL2 Interleukin 10
8-like 2
IL6 Interleukin 6 7
IL10 Interleukin 10 5
IL1B Interleukin 1 5
Beta
IFNG Interferon 5
Gamma
TLR4 Toll-Like 5
Receptor 4
CCL4 C-C Motif 4
Chemokine
Ligand 4
IL12B Interleukin 12 4
Beta
AvBD1 Avian 3
Beta-Defensin 1
AvBD4 Avian 3

Beta-Defensin 4

There are a few key genes that may be studied
for further analysis due to their involvement in more
than two diseases. The relative scarcity of genes
involved in several diseases may be due to the presence
of different types of pathogens considered in the study
(i.e., viral, bacterial, protozoan). Pathogen types,
whether they be bacterial, viral, or parasitic, have
differing mechanisms of infecting chickens and as such
would cause different responses within the host. The
number of pathogens and mechanisms for response will
require an array of genes/pathways to be investigated for
immune response.



Targeting genes involved in multiple diseases
as opposed to those known only to affect one disease
may be beneficial in improving overall resistance to
multiple diseases but will generally be less effective for
specific diseases.

Such genes may be utilized in breeding
programs of chicken lines to improve disease resistance.
Currently, it is the paradigm in commercial breeding
programs to mainly focus on improving economic traits
like meat quality and shortening time to full maturity
(Saxena & Kolluri, 2018; Okeno, Kahi, & Peters, 2013),
with less focus on disease response and resistance.
Indeed, there is no known breeding program using
candidate genes involved in disease resistance.
However, the growing threat of epidemics may
encourage new breeding programs based on enhancing
immunity.

Table 3.2 Top 6 Genes and Number of Published
Sequences in GenBank

Gene No. of Published Sequences in GenBank
1L8L2 1
IL6 9
IL10 4
IL1B 145
IFNG 153
TLR4 142

Only two genes were selected for further
analysis, namely IFNG and TLR4 due to the substantial
number of published sequences (Table 3.2). The
remainder of the top 5 genes were either lacking in
published sequences or in the case of IL1B, only had
sequences originating from a single paper (Downing et
al., 2009).

In Philippine native chickens, there must then
be more in-depth investigations in the genetic variation
of these immune-response genes. In terms of breeding
programs involving native Philippine chickens, on one
hand, breeding could be done with multiple genes
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conferring attractive disease response traits for a
maximal increase in disease resistance. On the other
hand, breeding could also be done with focus to a single
gene with an attractive disease response trait, although
this would have a lower impact on disease resistance
improvement.

3.4 Haplotype Network

Toll-like receptor 4 (TLR4)

TLR4 has 94 haplotypes with 30 SNPs spread
across the gene. Among the haplotypes, haplotype 40
and 41 have a bootstrap value between 70-85%.
Haplotypes 7 and 4 have the next highest bootstrap
value between 50-70% (Figure 3.4). The remaining
haplotypes have a low bootstrap value of below 50%.
Low bootstrap values mean that there is low confidence
in the relationship among haplotypes. Generally,
branches with bootstrap values of >70% can be regarded
with high confidence as being true in nature (Hillis &
Bull, 1993).

Bootstrap Percentage (BP)
o To<EPas
o S<BPD

BP0

Figure 3.4 Gallus gallus TLR4 Haplotype Tree



There exists 94 haplotypes for TLR4 implying
different variants of the gene. However, the low
bootstrap values of the majority of the haplotypes
should be noted. Only 4 haplotypes out of 94 had high
bootstrap values This could be indicative of silent
mutations which do not affect the protein produced
hence it is not significant but further tests should be
done to confirm this.

Figure 3.5 Gallus gallus TLR4 Haplotype Network

A haplotype network of TLR4 was developed to
visualize the relationship of its haplotypes (Figure 3.5).
The 94 circles represent the 94 haplotypes detected
within the sequences used in the study. Among the
haplotypes, haplotype 86 has the most individuals
having 14 sequences and represents the origin of the
haplotypes. Majority of the haplotypes for TLR4 had 1-3
sequences under them. In terms of branching, the
haplotype with the most branches is also haplotype 86
with 7 haplotypes branching out from it.

There is an evident linear progression in
haplotypes of TLR4 which implies a fast mutation rate
for TLR4. Evolutionary rates may be associated with its
function in pathogen recognition. TLR4 in chickens
recognizes lipopolysaccharides of gram-negative
bacteria leading to an immune response (Nawab et al.,
2019). Lipopolysaccharides are examples of a PAMP
recognized by pattern recognition receptors (PRRs)
such as TLR4 (Neerukonda & Katneni, 2020). PAMPs
associated with TLRs tend to experience selective
sweeps which TLRs must adapt to accordingly (Downing

et al., 2010).
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Interferon Gamma (IFNG)

The IFNG neighbor-joining tree (Figure 3.6)
indicates that there are 7 haplotypes present among the
sequences. All branches have low bootstrap percentages
with none having a significant bootstrap value. This
indicates that there is low confidence in the
relationships between haplotypes.

—O—OT—0—
H

Bootstrap Percentage (BF)
Q Bpso

Figure 3.6 Gallus gallus IFNG Haplotype Tree

Figure 3.7 shows the haplotype network of
Gallus gallus IFNG. The Gallus gallus IFNG gene had 7
SNPs and 7 haplotypes. The majority of sequences
belonged to Haplotype 2. Haplotype 2 is the probable
origin of the remaining six haplotypes given that all
branch out from said haplotype.

Figure 3.7 Gallus gallus IFNG Haplotype Network

The radiated branching character in the
haplotype network of IFNG contrasts with the linear one
of TLR4. This is indicative of slower mutation rates or
less tolerance to mutation. Mutation rates in IFNG may
be slower given the essential functions of IFNG in the
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avian immune system (Downing et al., 2009). IFNG links
the responses of the innate and adaptive immune system
by promoting MHC II expression, and regulates the
functions of macrophages, natural Kkiller cells, and B
cells (Fensterl & Sen, 2009). Given the wide range of
functions that IFNG has, even slight mutations in its
sequence could cause its effectivity in carrying out these
functions to decrease.

It would be interesting to determine how the
Philippine chicken TLR4 and IFNG genes would figure in
the patterns demonstrated by the samples already studied.
Backyard-raised native chickens in the Philippines often
scavenge for food and water. When given feeds, they are
broadcasted into the ground which gives them more
exposure to potential pathogens (Naldo et al., 2021;
Dusaran & Pabulayan, 2012). This may result in the
selection of more disease-resistant phenotypes controlled
by these two genes.

4. CONCLUSIONS

Diseases in chickens make up billions in
economic costs globally. This is especially experienced
in the case of developing countries like the Philippines
where small-scale poultry farmers have lacking access
to information, treatment, and prophylaxis. Native
chickens have also been lacking in genetic
characterization despite their potential for genetic
resources. Thus, this study aimed to find important
genes implicated in disease response in chickens, their
characterization, and variability for use in the
Philippine chicken.

This study reviewed over 73 unique papers on
genes implicated in disease response across 15
selected diseases of global economic importance. Four
hundred twenty-eight (428) unique genes were found
and 55 of these were implicated in two or more
diseases. This implied the diversity of pathogen
processes and the need for the enhancement of an
array of genes/pathways.

Functional enrichment analysis provided
insights into their shared biological terms of the genes
helping in their characterization. The majority of the
terms were involved in the immune system process.

Of the top 6 genes, TLR4 and IFNG were
chosen for haplotype analysis. Haplotype analysis
showed the differing mutation rates between TLR4 and
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IFNG. TLR4 is experiencing higher rates due to its
function in pattern recognition..

It is further recommended to test the
remaining genes in the top 6 for their variation which
would require an extensive collection of samples and
sequences as online databases lack this with the
exception of IL1B. In addition, it is recommended that
studies be done per pathogen type
(viral/bacterial/parasitic), to garner more specific
insights to genes involved in their disease response.
Finally, lab samples from Philippine native chickens
should also be tested for any variations in these genes.
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