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ABSTRACT Local village chicken, or "Ayam kam-
pung" as it’s known in Malaysia, is considered a premium
chicken breed with a higher price than other chicken
breeds. As a result of their comparable appearances and
sizes, colored broiler chickens are often sold as village
chickens, which is a form of food fraud that can result in
a 3- to 4-fold rise in profit. Therefore, developing a breed-
specific authentication method is crucial for preventing
food fraud in the poultry industry. This study aims to
investigate the genetic diversity of village chickens from
other commercial chicken breed populations available in
the market (broiler [Cobb], colored broiler [Hubbard|, and
layer [DeKalb|) to identify breed-specific DNA fragments
as biomarkers for village chicken authentication. The
Whole-genome sequencing and mutation calling of 12

chickens (3 chickens/breed) led to the identification of a
total of 73,454,654 single nucleotide polymorphisms
(SNP) and 8,762,338 insertion and deletions (InDel)
variants, with more variants detected in the village
chicken population (6,346,704 SNPs; 752,408 InDels)
compared to commercial breeds. Therefore, this study
revealed that village chickens were more genetically vari-
able compared to other breeds in Malaysia. Furthermore,
the breed-specific genomic region located on chromosome
1 (1:84,405,652) harboring SNP (C—T) with high discrim-
ination power was discovered and validated which can be
considered as a novel breed-specific biomarker to develop
a method for accurate authentication of village chickens
in Malaysia. This authentication method offers potentialw
applications in the chicken industry and food safety.
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INTRODUCTION

Globally, the most widely consumed poultry meat is
deemed to be chicken. The past several decades have seen
a rise in the demand for chicken because of its health ben-
efits, superior choice, and affordability compared to red
meat, ease of processing, and lack of religious restrictions.
In Asian nations, there has been a noticeable popularity
for village chickens, where their cost are 2 to 4 times
greater than commercial chickens (Feng et al.,2018). The
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demand for village chicken is particularly high because of
its special flavor and superior flesh quality. The average
live weight of a village chicken is between 1 and 1.5 kg,
and its market age is approximately 4 to 5 mo (Tan et
al., 2021; Azhan, 1994).

Underage-colored broilers are frequently offered as vil-
lage chickens at a higher price to defraud people for
financial benefit. Because of the size similarity of the
entire carcass between the chicken breeds, manipulating
the market age of chickens sold on the market could ele-
vate the potential for food fraud and counterfeiting
(Tan et al., 2021).

Moreover, consumers find it difficult to identify the breed
of chicken according to retail cuts of breast meat and other
chicken parts. While this kind of food fraud does not pose a
health risk, finding a solution to protect consumer rights
and promote fair trade is crucial (Fontanesi, 2017).

There are noticeable number of analytical methods
applied in food authentication for species/breed detection
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and identification; In which omics-based studies including
genomics can compensate for the limitations of previous
authentication methodologies (Bohme et al., 2019). The
approach of whole genome re-sequencing has proven to be
a powerful tool for genetic evaluation and genetic relation-
ship exploration among different chicken breeds. For
instance, Sun et al. (2022a) investigated the genetic diver-
sity and selection of Guangxi indigenous chickens using
whole genome resequencing data. Moreover, Boschiero et
al. (2018) assessed the genome-wide genetic variants and
putative regions under selection in meat and egg-type
chicken lines through whole-genome resequencing. Zang et
al. (2020) performed a genome-wide population genetic
analysis of commercial, indigenous, game, and wild chick-
ens.

On the other hand, in some prior studies, microsatel-
lite markers and mitochondrial DNA sequence variants
have been widely used in the genetic diversity, genetic
structure, and origin analysis of local chicken breeds
(Soglia et al., 2017). However, the coverage of these
DNA markers in the whole chicken genome is extremely
small. For example, there are only about 30 chicken
microsatellite markers, and the D-loop region of chicken
mitochondrial DNA is only about 1,200 bp in length.
Furthermore, the available commercial chicken SNP
arrays in the market are mostly driven from abroad com-
mercial layers and broilers, lacking the specific genome
variation information of Malaysian village chickens (Liu
et al., 2019). Moreover, the universal primer sets which
are commonly used for chicken identification in food
products have a great limitation in the application for
Malaysian village chicken authentication.

Therefore, in this study, in order to gain a greater knowl-
edge of the genetic differences between village chickens and
commercial chickens (broiler, colored broiler, and layer), a
deep catalog of genetic variants (SNP and InDel) was pro-
duced by whole genome sequencing (WGS) of 12 chickens
(3 chickens per breed). As far as we know, there are cur-
rently no recognized biomarkers or analytical methods that
can differentiate village chickens from other commercial
breeds in Malaysia. Therefore, the main aim of this study is
to provide breed-specific genetic sits based on the whole-
genome SNPs and InDels molecular marker identification
which can be used as a breed-specific biomarker for village
chicken differentiation and authentication for the first time
in Malaysia. Furthermore, this discovered breed-specific
biomarker can be applied to develop an authentication
method for village chicken authenticity by the local authori-
ties and industries. Therefore, this study aimed to develop
the PCR assay kit based on the specificity of the discovered
breed-specific biomarker and novel primer sets to differenti-
ate village chicken from other commercial breeds available
in the local market.

MATERIALS AND METHODS
Ethics Statement

The Institutional Animal Care and Use Committee
(IACUC) at Universiti Putra Malaysia (UPM) gave

their stamp of approval to all the animal experiments
performed in this study (approval number: UPM/
TACUC/AUP-R022/2019), and all the experiments
were conducted following the guidelines set by this com-
mittee.

Experimental Population and Sample
Preparation

In this study, 4 female chicken breeds were investi-
gated, which varied in growth performance and other
commercially essential features. Local farms which are
located in Ladang Bukit Mertajam, Permatang Tinggi,
and Butterworth, provided female broilers (Cobb,
n = 15), colored broilers (Hubbard JA57, n = 15), and
layers (DeKalb, n = 15) at their market age of 6, 10, and
48 wk (not functional for laying eggs), respectively. The
Ladang Pahang Tua farm supplied the village chicken
(Ayam Kampung, n = 15) population at the age of
4.5 mo. Chickens were selected on their market ages,
and each line was raised under their specific environment
and feeding regimes.

Genomic DNA was extracted from breast muscle (pec-
toralis major) using a Qiagen Tissue and Blood extrac-
tion kit according to the kit instruction, the gel
electrophoresis analysis, and Qubit were used for check-
ing degradation and concentration of extracted DNA,
respectively. The extracted DNA was stored at —80 °C
for further analysis.

It should be noted that a total number of 12 samples
(3 female chickens/breed) were used for library prepara-
tion, NGS, and genetic differentiation. Subsequently,
after high putative region (0 > 0.99) identification, a
total number of 15 female chickens/breed were used for
breed-specific biomarker validation.

Library Preparation and Sequencing

The high-quality genomic DNA was fragmented to an
average size of ~350 bp and subjected to DNA library
creation using NEBNext Ultra II DNA library prep kit
for Illumina according to the manufacturer’s protocol, fol-
lowed by a quality control test that included size distribu-
tion by Agilent 2100 Bioanalyzer (Agilent Technologies,
CA), and molarity measurement using RT-PCR (Kanzi
et al., 2020). In the current study the sequencing was per-
formed on the Mllumina NovaSeq 6000 platform (Illumina
Inc., San Diego, CA) to generate 2x150-bp paired-end
reads with a 30x sequencing depth per sample.

Raw Data and Sequencing Quality Control

The original image data (raw binary file) from the
sequencer in the form of .bcl file were converted into
sequenced reads (raw reads) via base calling using Con-
sensus  Assessment of Sequence and Variation
(CASAVA) v1.8.2. Then, raw data were stored in
FASTQ (. fq) format files, which contain both raw
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sequencing reads and corresponding base quality scores
(Cock et al., 2009).

Sequencing Data Filtration

The sequencing raw reads were subjected to quality
control (QC) to filter low-quality and unstable sequenc-
ing reads using fastp v0.20.0 with the parameters as “ -g
-q5-ub0-n15-1150 —min_trim length 10 —overlap -
diff limit 1—overlap diff percent limit 10”. In this
study, the quality data filtration criteria include: (1)
remove the paired reads when either read contains
adapter contamination; (2) discard the paired reads
when uncertain nucleotides (N) constitute more than 10
percent of either read; (3) discard the paired reads when
low-quality nucleotides (base quality less than 5, Q < 5)
constitute more than 50 percent of either read. The out-
put from this step is a “cleaned” FASTQ file (Cock et al.,
2009; Chen et al., 2018).

Sequencing Alignment and Mapping
Statistics

Subsequently, filtered, and effective sequencing reads
were aligned to the reference genome (Gallus gallus-
GRCg6a) using Burrows-Wheeler Aligner (BWA) soft-
ware v.0.7.8-r455 (parameters: mem -t 4 -k 32 -M). The
alignment results were used to calculate mapping rates,
which reflect the degree to which each individual’s
genome is similar to the reference genome, as well as
depth and coverage, which reflect the degree to which
each individual’s genome is evenly distributed and simi-
lar to the reference genome (Li and Durbin, 2009).

Genetic Variants Detection and Annotation

Once alignment was complete, the original BAM files
from BWA were sorted and indexed using SAMtools
v.1.3.1 and then Picard v.1.111 was used to merge the
BAM files from the same samples. In this step, muta-
tions that do not match the reference genome are called
from the BAM file; these calls are presented in the form
of a text-based file in Variant Call Format (VCF) file.

SNPs and InDeLs identification were performed using
SAMtools v.1.3.1, with the following parameter “ mpi-
leup -m 2 -F 0.002 -d 1000” (Li et al., 2009). In order to
reduce the variant detection error rate, the filtered crite-
ria were applied as follows: (1) the number of support
reads for each SNP should be more than 4; (2) the Map-
ping Quality (MQ) of each SNP should be higher than
20. Subsequently, the annotation of detected SNPs was
done through ANNOVAR (Dec 14 2015) (Wang et al.,
2010).

Principal Component Analysis

The principal component analysis (PCA) analysis
was performed based on the exonic genetic variants
(VCF file) in all chicken populations using a vcf2PCA.

Two principal components and their linear discrimi-
nants were extracted as horizontal and vertical coordi-
nates using Plotly.

Population Differentiation

According to the produced quality-controlled exonic
SNPs and InDels datasets, the fixation index (Fst)
(Weir and Cockerham pairwise) (Weir and Cockerham,
1984) was calculated among village chicken and com-
mercial chicken populations using VCFtools. Fst calcu-
lates the proportion of genetic variation that can be
explained by population structure using Wright’s F-sta-
tistics (Luo et al., 2019). The Fst value has a range from
0 to 1, where 0 reveals that the chicken breed population
are not differentiated, whereas 1 indicates the highly
and completely differentiated populations (Luo et al.,
2019; Zhang et al., 2020). Accordingly, in order to
achieve a greater understanding of the genetic differen-
ces between village chicken and commercial chicken
groups using the deep catalog of genetic variants (SNPs,
InDels), firstly there was a need to merge all separate
BAM files belonging to the commercial chicken group
(Broiler [Cobb|, Colored-broiler [Hubbard|, and Layer
[Dekalb]) to re-arrange and create the 1 merged VCF file
named commercial chicken group and another file
named village chicken using Strelka software. Subse-
quently, Fst value calculation was performed using
VCFtools v.0.1.15 software with SNPs (n = 1,103,949)
and InDels (n =29,791) datasets.

It should be noted that in the current study, the Fst
values were only calculated between village chicken
(VC) and commercial chicken groups to evaluate the
level of genetic differentiation between these 2 chicken
groups.

Breed-Specific Biomarker Identification

The population differentiation followed by finding
genetic variants with high Fst value (>0.99) to empower
the significant differentiation of village chickens, pro-
vided a comprehensive array of genetic variants with
high Fst value on autosomal, sex, and mitochondrial
chromosomes that can be effectively used for the authen-
tication of village chickens. Subsequently, further vali-
dation of the differentiation power of these genetic
variants was performed using PCR, Sanger sequencing,
HRM, and allele-specific PCR by randomly selecting
variants (Fst > 0.99) on various autosomal chromo-
somes to identify and validate a significant breed-specific
genomic region as a biomarker for village chicken
authentication. The steps of breed-specific biomarker
identification and validation were as follows:

Primer design for sanger sequencing based on the
genomic region of identified specific genetic variants, the
breed-specific primer sets were designed using primer 3.0
software. All the primers used in this study were pro-
vided by Apical Scientific Sdn Bhd and the sequences
were presented in Table 1.
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PCR amplification and detection PCR amplification
of the target regions was performed at the total volume
of 25 ul: 1 ul DNA template, 12.5 of ul 2 x PCR Taq
master mix (ABM, Canada), 1 ul forward primer, 1 ul
reverse primer, and 9 ul of Ranse/DNase free water.
The PCR amplification procedure was performed at
thermocycler as follows: predenaturation at 94°C for
3 min, denaturation at 94°C for 30 s, suitable annealing
temperature and time was applied according to the
primer sets, extension at 72°C for 1 min/1 kb template,
35 cycles, and final extension at 72°C for 5 min. The
PCR products were first run through gel electrophoresis
to check the specificity and sensitivity of the designed
primer set to target the region of interest. Subsequently,
the PCR products revealed the single and strong band
on the gel for both chicken populations (VC and com-
mercial chicken) were sent for sanger sequencing.

Sanger sequencing The purified and validated PCR
products were sent for Sanger sequencing using 1st
BASE Sequencing service. Subsequently, the produced
electrogram or sequencing trace file can be viewed and
checked for quality value by Biosystem Sequence Scan-
ner 2.0 software. The samples with clear peaks and with-
out background noise at the region of interest were
considered for further validation.

High-resolution melting temperature (HRM) The
highly trusted genomic region approved by PCR and
Sanger sequencing was gone through the next validation
method using High-resolution melting temperature
(HRM) which is a highly sensitive method allowing dis-
crimination of DNA sequencing differing of only 1 nucle-
otide substitution or 1 base pair InDels. The HRM assay
was done in a total volume of 20 ul, containing 10 ul of
HRM master mix (WisPure), 2 ul of each reverse and
forward breed-specific primer (Table 1), 2 ul DNA tem-
plate, and 4 ul of Ranse/DNase free water. The HRM
analysis was carried out using LightCycler 480 (Roche,
Switzerland) and the LightCycler version 1.5.1.62SP3
software was used to analyze the HRM data. In this soft-
ware, normalized melting curves and temperature-
shifted differential plots were acquired from the pro-
gram’s gene scanning module. The Conditions for the
thermal cycling were as follows: predenaturation at 95°C
for 5min followed by 45 cycles of amplification at 95°C
for 10s and annealing at 60°C 30s and a final extension
at 72°C for 10s. Subsequently, amplicons were subjected
to HRM analysis followed by melting analysis in the
same instrument using the temperature range of 75°C to
95°C with 15 acquisitions per every 1°C increment.

Allele-specific primer design to target novel biomarker
Ultimately, the validated genomic region employing 3
validation methods can be considered as the novel
breed-specific biomarker for village chicken authentica-
tion. As the last validation method, the allele-specific
primer set was designed, with the help of the primer 5.0
software, to specifically target the discovered breed-spe-
cific biomarker which enable us to specifically differenti-
ate village chickens from other breeds (Table 1).
Subsequently, the allele-specific PCR was carried out at
a total volume of 25 ul: 1 ul DNA template, 12.5 of ul
2 x PCR Taq master mix (ABM, Canada), 1 ul forward
primer, 1 ul reverse primer, and 9 pul of Ranse/DNase
free water. The PCR amplification procedure was per-
formed at thermocycler as follows: predenaturation at
94°C for 3 min, denaturation at 94°C for 30 s, annealing
at 60°C for 20 s, extension at 72°C for 20 s, 35 cycles,
and final extension at 72°C for 5 mins.

RESULTS AND DISCUSSION

Genetic Variants Identification and
Annotation

A genome-wide SNP and InDels identification in the
village chicken, broiler-Cobb, colored broiler-Hubbard,
and layer-DeKalb was conducted to gain a detailed map
of genetic variation in these lines as well as find genomic
regions with high discrimination power to differentiate
among VC and commercial chicken breed populations
(Surya et al., 2019).

Through WGS and after quality control, a total of
1,828,405,668 clean raw reads were obtained from 4
breeds of chicken (3 female chickens/breed), correspond-
ing to an average depth between 15.24x to 19.84x and
coverage of more than 98%. Besides, the overall mapping
rate was greater than 98%.

A genome-wide SNP and InDels identification in the
VC and commercial chickens led to the identification of
a total of 73,454,654 SNPs and 8,762,338 InDels from all
12 samples (3 female chickens/breed), in which the vil-
lage chicken harbored a higher number of genetic var-
iants as compared to commercial chicken groups, while
layer revealed the lowest number of genetic variants.
Moreover, village chicken showed a higher heterozygos-
ity rate compared to other breeds, in which the higher
heterozygous genetic variants in VC revealed its broad
genetic backgrounds. Globally, the genetic characteriza-
tion of different indigenous chicken breeds to investigate

Table 1. Sequence of primer sets used for biomarker identification and validation.

Primer sequence Type Product size Experiment
5-GTCATGTAGCAGTTATGGGAGG-3’ F 393 Sanger sequencing
5-AGGCTCATGCATGCTTTTCT-3’ R

5-CCTTACCCTCAAGCAGGTATGA-3’ F 108 HRM
5-TCGCAGTTAAAATGACTTAGGC-3’ R

5- AGGTATGAGATAGCATCCTACT-3’ F 318 Allele-specific PCR
5-AGGCTCATGCATGCTTTTCT-3’ R

Abbreviations: F, forward; R, reverse.
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their population structure and diversity revealed the
higher genetic diversity of indigenous chickens compared
to commercial broilers (Buttie Machete et al., 2021; Ren
et al., 2022; Yacouba et al., 2022), as well as high genetic
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5,986,925
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Overall, indigenous chickens seem to be more geneti-
cally variable compared to commercial breeds (Boschiero
et al., 2018; Li et al., 2020; Zhang et al., 2020; Wang et
al., 2021; Sun et al., 2022b) since they have long breeding
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Table 3. Statistics of InDels detection and annotation.
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Abbreviations: COB, broiler (cobb); CB, colored broiler; LA, layer; VC, village chicken.
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chickens, broilers-Cobb, colored broilers-Hubbard, and
Layers-Dekalb were analyzed using PCA. As can be
seen, the PCA demonstrated (Figure 1) genetic differen-
ces between the village chicken and commercial chicken
populations and revealed that all individuals are well
clustered by breed, showing a consistent genetic rela-
tionship within the population. However, the village
chickens were clustered more loosely together, indicating
greater genetic variation within the population.

The result showed the top 2 principal components
accounted for 1.58 % (PC1) and 1.37% (PC2) of the total
variability (Figure 1). Accordingly, the differentiation
between village chickens and commercial chicken breeds
was clearly displayed on the x-axis, which showed 1.58 %
of the total genetic variance. The village chicken popula-
tion was clearly separated from other chicken breeds, con-
firming the results of Fst values measurement.

At the same time, the layer chicken population can
also be differentiated via the second eigenvector (1.37%
of total variance), revealing the genetic differentiation
between the layers and the broiler breed populations. As
previously mentioned, the layer population had the low-
est genetic variation compared to other breeds, in which
the PCA result was consistent with the result of genetic
characterization. Furthermore, the broiler and colored
broiler breeds were closely clustered together, exhibiting
similarity in their genetic structure and lower genetic
differentiation between these 2 breeds.

Overall, the PCA results presented the genetic differ-
ences among 4 breeds of chicken and disclosed that vil-
lage chickens can be significantly differentiated from
other breeds. Based on the PCA, the presence of 3 dis-
tinct clusters among the 4 chicken populations was
observed: the village chicken population clearly differen-
tiated from other populations (cluster 1) which
approved the results of Fst value with a range of 0.99-1;
revealing the high genetic differentiation between village
chicken and commercial chicken. The layer population
(cluster 2) with lower genetic variation, separating from
the broiler population and cluster 3 in which broiler and
color broilers were grouped together, showing a consis-
tent genetic relationship (Figure 1).

The PCA in other studies also revealed the clear sep-
aration of indigenous chicken breeds. For instance, in
the study of Zhang et al. (2020) the PCA revealed that
indigenous Chinese breeds were clearly separated from
commercial breeds, which may be related to their geo-
graphic location, selection targets, and production per-
formance. Moreover, the Tibetan Silkies one of the
indigenous Chinese breeds showed scattered distribu-
tion, indicating greater genetic variation within the
breed (Zhang et al., 2020). Furthermore, identifying
genetic differences between red jungle fowl and indige-
nous village chickens including Ethiopian, Arabian,
and Seri Lankan domestic chickens presented a signifi-
cant separation of domestic populations from red jun-
gle fowl based on the PCA results (Lawal et al., 2018).
The study of Sun et al. (2022a) also presented the
genetic differentiation of Guangxi indigenous chickens
from commercial chickens according to their clustering
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Figure 1. PCA revealed the clear differentiation of village chicken from other breeds based on the SNPs and InDels datasets. Cluster 1: village
chicken (VC); Cluster 2: layer (LA); Cluster 3: colored broiler (CB) and broiler-Cobb (COB).

trend in PCA analysis. The result of these studies was
consistent with our study, revealing that village chick-
ens were more genetically variable within a population
and can be significantly differentiated from other com-
mercial breeds.

Genetic Differentiation

The Fst statistic, which quantifies genetic differentia-
tion, can be used to quantify the degree of genetic simi-
larity between animal breeds (Hall, 2022). In fact,
different genetic backgrounds and intensive artificial
selection can cause a high degree of genetic differentia-
tion between indigenous and commercial chickens in spe-
cific genomic regions (Zhang et al., 2020).

In this study, F'st values were obtained from quality-
controlled SNPs and InDels datasets separately using an
overlapping sliding window of 20 kb with 10 kb step
sizes. A majority of the windows had low Fst value
(<0.2), while a few windows showed significantly high
Fst values (Fst>0.99). The genomic region revealed Fst
> 0.99 considered as the significant putative regions
which can be considered as a biomarker for village
chicken authentication.

The results of our study support findings from other
studies that applied Fst measurement for chicken breed
differentiation. For instance, the genetic differentiation
estimation among commercial, indigenous, and wild
chicken lines, revealed the average Fst value ranged
from 0.03 to 0.27; the higher chicken Fst values, under-
lined the larger genetic variability of the chicken popula-
tion, in which the Fst of commercial breeds and Chinese
indigenous breeds had the highest differentiation (Zhang
et al., 2020). In another study, 28 microsatellite markers
were used to differentiate between Italian indigenous
chicken breeds, broilers, and layer lines. The data analy-
sis of genetic differentiation using Fst value revealed

moderate to great differentiation between Italian indige-
nous breeds and commercial lines (Soglia et al., 2017).
Furthermore, Li et al. (2020) characterized the genetic
variations and genetic relationships among Chinese
indigenous chicken breeds and commercial lines (broilers
and layers) using 28 SNP markers loci exhibiting that
the 3 native chicken populations, shared close genetic
relationship based on these 28 SNP markers, which is
distinctively different from both commercial broiler and
layer. In another investigation, the genome-wide
weighted Fst distribution was calculated based on the
91,649 and 89,847 SNPs and InDels database between
broiler and layer chicken populations, which revealed
that the Fst value range between 0.3-0.9, in which the
highest Fst value (0.976) was observed on several
regions such as chromosome 8 (GGAS8:28,220,001-
28,240,000). Subsequently, these regions were consid-
ered as the selection signature regions to find genes
potentially related to fat deposition and muscle develop-
ment (Boschiero et al., 2018).

Overall, various marker loci have been applied for
molecular traceability (Soglia et al., 2017), in which
SNP is an applicable genetic marker based on the vari-
ability at the nucleotide level, to characterize the genetic
variations and genetic relationship among the different
populations (Li et al., 2020).

In this study, according to the SNP and InDels data-
sets and further genetic differentiation analysis, 9 geno-
mic regions harboring genetic variants (SNP and InDel)
with Fst value >0.99 and high differentiation power
were discovered (Table 4) based on their visualization
on the integrative genomic viewer (IGV). To further
consider these genetic regions as a novel and strong
breed-specific biomarker for village chicken authentica-
tion, we need to validate these bioinformatically discov-
ered genomic regions in the laboratory through various
methods of genetic variant detection including PCR,
sanger sequencing, HRM, and allele-specific PCR.
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Table 4. Selected genetic variants with Fst > 0.99 on different

chromosomes.

Genetic variant Chromosome Position Fst Value
SNP GGA1 14,597,276 0.99
SNP GGA1 84,405,652 0.99
SNP GGA1 38,115,570 0.99
SNP GGA2 4,850,494 0.99
SNP GGA6 28,561,043 0.99
SNP GGAS8 20,027,787 0.99
SNP GGA15 5,487,758 0.99
SNP GGA18 9,780,975 0.99
InDels GGA1l 67,019,463 0.99

Abbreviations: InDels, insertion and deletion; GGA, chromosome;
SNP, single nucleotide polymorphism.

Breed-Specific Biomarker for Village
Chicken Authentication

Sanger Sequencing In this study, 4 breeds of chickens
were divided into 2 separate groups, including the VC
population and the commercial chicken population
(broiler, colored broiler, and layer). Subsequently, the
individual DNA samples of the village chicken group (15
chickens) and the commercial chicken group (15 from
each breed) were separately pooled together, providing 2
sample representatives, VC, and commercial chicken
groups. Furthermore, among all discovered genomic
regions with high Fst values (Fst > 0.99) on different
chromosomes, the total amount of 9 genomic regions,
which significantly showed different genotypes between
VC and commercial chicken populations were consid-
ered randomly (Table 4) from both SNP and InDel.
Then the specific primer sets were designed based on the
genomic sequence of these regions (Table 4). Subse-
quently, after PCR running, the amplicons that repre-
sented the strong bands on the gel electrophoresis for
both chicken groups (VC, commercial chicken) were
sent for Sanger sequencing.

Sanger Sequence Analysis The genomic region in
which its chromatogram exhibited the minimum base-
line noise, evenly-spaced peaks, and clearly showed the

presence of targeted genetic variants in both VC and
commercial chicken groups have been used for further
validation analysis. Among these 9 genomic regions, the
SNP located on chromosome 1 (1:84,405,652) (Figure 2)
exhibited a strong band on the gel (Figure 3) and sharp
peak with clear distinguishable genotypes in VC and
commercial chicken groups on the chromatogram
(Figure 4). Based on this genomic region, the VC popu-
lation had an SNP with a CT genotype, while the com-
mercial chicken population had the same SNP but with
a CC genotype. The PCR results of the amplicon tar-
geted with designed breed-specific primer (Table 1)
according to breed-specific biomarker sequence
(1:84,405,652) for all 4 breeds as well as the Sanger
results of the same region were presented in Figures 3
and 4, respectively. As can be seen in the gel image, all
samples positively produced the expected 393 bp ampli-
cons, which confirmed the existence of genetic marker in
both chicken groups (VC, commercial chicken). Subse-
quently, the chromatogram demonstrated the clear sep-
aration of these 2 chicken groups based on the different
genotypes of targeted SNP. Therefore, this genomic
region was chosen as a putative breed-specific biomarker
among all 9 genomic regions to be further validated with
HRM and allele-specific PCR.

Sanger sequencing of the PCR-generated amplicon
using species-specific primers can be considered one of the
DNA-based approaches for meat species identification by
comparing the obtained sequence to other sequences of
the same targeted DNA region (Fontanesi, 2017). For
instance, the study of Xing et al. (2019) has used a short
segment of 16S ribosomal RNA (16S-rRNA) mitochon-
drial gene as a good DNA metabarcoding for the authen-
tication of animal species in complex meat and poultry
using Sanger and next-generation sequencing. Accord-
ingly, the amplification fragments of 16S rRNA from pig
and chicken were verified by Sanger sequencing and then
were used as a reference sequence for NGS analysis.

As mentioned earlier, in the current study, Sanger
sequencing of genomic loci containing genetic variants
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Figure 2. The representation of genomic region containing breed-specific biomarker on Integrative Genomics Viewer (IGV).
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Figure 3. Representative image of PCR products on agarose gel. Lines 1: DNA ladder (1 kb), Lines 2 to 6: village chicken, Lines 7 to 11: Broiler-
Cobb, Lines 12 to 16: Colored broiler-Hubbard, Line 17 to 21: Layer-Dekalb, 22: No template control (dH20) Product size: 393 bp.

with high discriminating power, led to the discovery of a
novel SNP located on chromosome 1 (1:84,405,652) with
different genotype (CT in village chickens, CC in com-
mercial breeds), which can be considered as a breed-spe-
cific biomarker for village chicken authentication in
Malaysia. Accordingly, different studies tried to find the
breed-specific genetic variant to use as the genotyping
panel for specific chicken breeds. For instance, a novel
chicken 55k SNP genotyping array was developed for

the genetic diversity analysis based on whole genome
sequencing of Chinese indigenous breeds, in which this
discovered SNP dataset was specific to Chinese breeds
(Liu et al., 2019). In other study, the high density 600k
SNP was developed for chicken genotyping based on the
whole genome sequencing of different lines of layer and
broiler chickens which were commercially available to
the public (Kranis et al., 2013). In the current research,
a high-density SNP array for genotyping of local
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Figure 4. Sanger sequencing results for biomarker validation. the commercial chicken population showed CC genotype (Up); Village chicken
showed CT genotype (Down) for the biomarker discovered on chromosome 1 (1:84,405,652).
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Figure 5. High-resolution melting temperature (HRM) validates the differentiation power of biomarker for village chicken authentication. red

line = village chicken group, blue line = commercial chicken group.

Malaysian chickens can be developed, which requires
validation of the discovered breed-specific biomarker in
a larger sample of village and commercial chickens, as
well as investigation of additional breed-specific markers
to create a more reliable authentication panel.

Other investigations used SNPs or InDels datasets
produced through WGS to find biomarkers associated
with specific phenotypic traits or diseases (Shi et al.,
2012; Wei et al., 2013; Boschiero et al., 2018; Zhao et al.,
2018). On the other hand, some studies used the genetic
variant datasets to study the population structure of dif-
ferent chicken breeds to conserve their genetic variabil-
ity and the phenotypic features of these chicken breeds
(Strillacci et al., 2017; Lawal et al., 2018; Zhao et al.,
2018; Zhang et al., 2020).

High-Resolution Melting Temperature Assay After
the  identification @ of the  genomic  region
(GGA1:84,405,652) harboring highly putative genetic
variants with significant genotype variation among VC
(CT) and commercial chicken group (CC), the HRM
assay combined with designing the target-specific pri-
mers for HRM analysis was applied for the further vali-
dation of the genomic region for village chicken

authentication. Since the sensitivity and specificity of
HRM analysis will be affected by the length of the resul-
tant DNA amplicon and shorter amplicons provide melt
profiles that are typically less complex than longer
amplicons (Biosystem, 2010); therefore, in this study a
new primer set targeting the region of interest
(GGA1:84,405,652) was designed (Table 1) with ampli-
con length of 108 pb to guarantee a sensitive detection
of sequence variants between VC (15 female chickens)
and commercial chicken groups (15 female chickens/
breeds).

Subsequently, a qPCR assay using EvaGreen dye cou-
pled with HRM analysis was developed targeting the
region of interest (1:84,405,652) as a potential breed-spe-
cific biomarker to differentiate VC from the commercial
chicken population. The result of HRM demonstrated the
presence of distinct genotypes of region of interest among
VC (CT) and commercial chicken (CC) populations.
According to the normalized melting curves (Figure 5), 2
distinct melting curves were obtained for the targeted
genomic region containing a breed-specific molecular
marker which is based on differences in the melting tem-
perature due to nucleotide substitution (CT genotype in
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Figure 6. The result of allele-specific PCR. Lines 1: ladder; 2 to 16: village chicken; 17 to 27: broiler-Cobb; 28: Ladder; 29 to 38:Colored broiler-
Hubbard, 39 to 48: layer-DeKalb; 49 to 50: Duck; 51 to 52: quail; 53 to 54: Nontemplate Control (NTC). Product s

village chickens and CC genotype in commercial breeds).
In fact, a clear segregation of the melt peaks at 79°C
enabled the differentiation of village chickens from a com-
mercial chicken population. According to the normalized
melting curves and the temperature-shifted differential
plots (Figure 5), 2 distinct melting curves were obtained
for the targeted genomic region containing a breed-spe-
cific molecular marker which is based on differences in the
melting temperature with a level of confidence greater
than 99.2%. Therefore, this genomic region which is

located on chromosome 1 (1:84,405,652) contains the
SNP with mutant genotype (T/T) in village chicken
breeds and wild genotype (C/C) in commercial chicken
breeds were discriminated by changes in the melting tem-
perature, in which this result was consistent with Sanger
sequencing outcome. Therefore, this discovered and vali-
dated genomic region was further used as the novel
breed-specific biomarker to differentiate village chickens
from commercial chicken breeds using the specifically
designed breed-specific primer.
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Figure 7. The specificity of allele-specific primer. Lines 1: ladder, 2 to 11: village chicken, 12 to 14: duck, and 15 to 17: quail. Product size: 318 bp.

Overall, our HRM result further verified the discov-
ered breed-specific biomarker, in which HRM analysis
has been considered a superb tool for the identification
and differentiation of closely related species. Several
studies have applied HRM for animal species/ breed
authentication. For instance, in the study of Fernandes
et al. 2017, the HRM using cytochrome b mini-barcode
with high variability among species was applied for the
Gadidae fish species authentication. The HRM results
revealed the clear discrimination of 4 fish species in dif-
ferent clusters, which can be used as an authentication
method to successfully identify gadoid species in com-
mercial fish-containing foods (Fernandes et al., 2017).
Another study performed HRM analysis for the species
identification of minced meat samples as a method for
meat fraud detection (Gholamnezhad et al., 2021).
Moreover, HRM was considered as the reliable, fast, and
affordable detection method that can be used for dis-
crimination of Common types of meat utilized in the
meat industry by using universal primer pair targeting
mitochondrial 16S rRNA. In this method, separate melt-
ing patterns were produced for each species which
enabled species discrimination (Jafar et al.,2023).
Allele-Specific Polymerase Chain Reaction Allele-
specific polymerase chain reaction (AS-PCR), also
known as PCR amplification of specific alleles, is a PCR-
based approach that can be used to detect recognized
SNPs (Darawi et al., 2013; Liu et al., 2012).

An allele-specific PCR method was developed for fur-
ther validation of discovered breed-specific biomarker
which was approved as a biomarker for differentiation of
VC (15 female chickens) and commercial chicken popu-
lations (15 female chickens/breed). Allele-specific pri-
mers were designed (Table 1) based on different criteria
1) Permit the PCR amplification only if the nucleotide
at the 3’ end of the primer complemented the base at the

homozygous wild-type variant that exists in VC samples
2) A single artificial mismatch nucleotide was placed
within the 3 bases nearest to the 3’end (SNP location),
to overcome low SNP detection efficiency (Liu et al.,
2012). Accordingly, primer design was applied by intro-
ducing 2 types of mismatches in the forward primer
sequence, 1 at the 3’ end and the second site near the 3’
end of the forward primer sequence. Based on the study
of Cha et al. (1992) mismatch sites and mismatch bases
were normally chosen closest to the SNP site. Therefore,
in this study, the mismatch sites are close to the SNP
site and the designed forward primer only can amplify
the DNA samples harboring the mutant-type genetic
variant in the VC population. Furthermore, in the pres-
ent study, the DNA samples from ducks (3 females) and
quails (3 females) as other poultry species have been
used to guarantee the specificity of the discovered breed-
specific biomarker and the designed allele-specific
primer. The allele-specific PCR was carried out on the
conventional thermocycler using the designed allele-spe-
cific primers and DNA templates and detected by aga-
rose gel electrophoresis (Figure 6). As can be seen in
Figures 6 and 7, the allele-specific primer could generate
318 bp amplicon by successfully targeting the SNP (C to
T) at position 84,405,652 in village chicken groups which
led to clear differentiation of village chickens from other
chicken breeds and poultry species (duck and quail).
Therefore, the discovered and validated genomic region
can be considered as the breed-specific biomarker for vil-
lage chicken authentication. In various food authentica-
tion methods, there is a need for designing species/
breed-specific primers to target the species/breed of
interest in food and food products. For instance, 1 study
by designing a specific primer based on the Cytochrome
b (CYTB) gene aimed to authenticate pork in commer-
cial meatballs, in which this primer was validated by
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RT-PCR that has the specificity and sensitivity for pork
identification in the commercial samples (Orbayinah et
al., 2019). Besides, Allele-specific primers have variety of
applications in the chicken industry, for example, an
RT-PCR using an allele-specific primer was done to
genotype the Myxovirus resistance protein (Mx) gene
G2032A SNP (nonsynonymous polymorphism [G to A]),
which was demonstrated to be related to antiviral activ-
ity resistance; in this method, the resistant A allele was
the preferred allele which needs to be detected (Ye et al.,
2010). In our study, the detection of the mutant-type T
allele (village chicken) is the preferred allele of breed-
specific biomarker to be targeted and detected by allele-
specific primer which enables us to authenticate village
chicken.

Even though HRM and allele-specific PCR have some
limitations in meat authentication, such as needing tech-
nical expertise and specialized equipment, these assays
are among the most effective molecular tests to detect
fraudulent meat at a percentage of very small-sized
DNA sequences in the mix and highly processed meat
samples. These molecular test can offer us with precise
and reliable results that could improve food safety and
protect consumer rights (Adenuga et al., 2023; Azad et
al., 2023).

However, as technology continues to advance, this dis-
covered breed-specific genomic region with an improved
primer set is going to be considered as the novel breed-
specific biomarker for developing and fabricating lateral
flow nucleic acid-based assay (LFNAA) strips as an on-
site method for Malaysian village chicken authentica-
tion. The unique aspect of this work will be its novelty
regarding the genomic region that can be considered as a
biomarker to differentiate village chicken from commer-
cial breeds. Moreover, this developed portable lateral
flow assay will be the first assay for the purpose of
chicken breed authentication which can be beneficial for
the industry for on-site detection of chicken breed fraud
in Malaysia.

CONCLUSION

The present study demonstrated the differentiation of
the village chicken population from the commercial
chicken population by genomic approaches using NGS and
further bioinformatics analysis and validation methods.
The WGS and mutation calling revealed that the village
chicken population has more genetic variants (6,346,704
SNPs; 752,408 InDels) compared to commercial breeds.

Moreover, the NGS and further validation methods
contributed to the discovery of a putative genomic
region located on chromosome 1 (1:84,405,652) harbor-
ing SNP (C to T) that can be considered a novel breed-
specific biomarker for village chicken authentication.

In conclusion, the discovered and validated breed-spe-
cific biomarker and novel primer set with high discrimi-
nating power have successfully differentiated village
chickens from commercial breeds. Therefore, this novel
breed-specific biomarker coupled with PCR assay can

serve as an authentication method, which can be applied
as a baseline method for fraud identification in the
Malaysian chicken industry. In addition, our team is in
the process of applying this novel breed-specific bio-
marker to develop LENAA strips to enable rapid and
on-site detection of village chickens in Malaysia.
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