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The current study is the first comprehensive investigation to address the native chicken ecotypes of the Taif region to unravel the
genetic diversity using a dense panel of 40 microsatellites (SSR). Blood samples were collected from 25 hens randomly sampled from
a village farm at Taif governorate. A total of 147 alleles were detected, with an average of 3.7 alleles per locus. The overall mean of
polymorphic information content (PIC) was 0.43. The average observed heterozygosity (H , ) of 0.28 was lower than the expected
heterozygosity H,) 0f0.48. Out 0f 401 ocionly11 loci showed insignificant deviation from Hardy Weinberg expectation. The ecotypes
showed low genetic diversity (Hg = 0.65) and a high level of inbreeding (F ;= 0.75). The high FIS is indicative of the endangerment
potentiality of this ecotype. Nine SSR showed an inbreeding coefficient of one. The significant estimate of the inbreeding coefficient
of the present study calls for an immediate breeding plan to preserve such endangered ecotypes. Results of the present study will
provide an initial guide to design further investigations for the development of sustainable genetic improvement and conservation

programs for the Taif ecotype genetic resources.
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The importance of chicken ecotypes is not only limited to the
rural economy and smallholder livelihood but also important
in the maintenance and conservation of genetic sources.
These ecotypes have been locally adapted for decades.
Raising local ecotype/breed, in other words indigenous, is
preferred because of their small cost of production and their
adaptability to harsh environmental conditions. Also, it has
special significance particularly in remote areas where they
consider as a source of revenue for underprivileged families.
The adaptive privilege they gained over time allowed them
to survive harsh local conditions including scarcity of water
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and food, and disease epidemics (Muchadeyi et al., 2007,
Nxumalo, 2020, Habimana et al., 2020).

Ecotypes represent a valuable genetic resource as they have
been used as a framework in diversity studies. Although many
definitions are proposed for ecotypes, however, the most
common description of ecotypes is the exclusive population
that adapted to their local environment and represents a
reservoir for genes affecting productive adaptability. For
instance, native chicken in Saudi Arabia carries different
heat tolerance genes which are crucial in hot climate zones
and has the potential in breeding programs. Almost a quarter
of local chicken breed populations are globally classified as
endangered, hence their genotypes could be lost (Morrison,
2012, Strillacci et al., 2017, Radwan, 2020).

Preservation of these genetic resources comprises a
comprehensive knowledge of activities related to the
identification, and documentation of native breeds. The



importance of ecotypes as evolutionary conservation
objectives emerges from their ability to exhibit phenotypic
differences in relation to environmental heterogeneity.
Many studies have investigated ecotypes in village chicken
populations. Indigenous chicken at Taif governorate
(1700 m above sea level) are well adapted to the harsh
environmental conditions of high altitudes (Muchadeyi et
al., 2007, Rudresh et al., 2015, Abdel-Hameed and Bazaid,
2017).

Elevation above sea level is generally known for extreme
environmental conditions, including low oxygen content,
reduced partial pressure of oxygen, and temperature
fluctuations. The genetic makeup of Taif ecotypes is
understudied with very limited information available on its
adaptability. Advances in molecular markers applications
have given a reliable opportunity to evaluate genetic
variation at the DNA level. One of the most widely used
genetic markers for genetic diversity investigations is
microsatellites (SSR). Microsatellites are commonly
utilized in genetic diversity assessment since they are
codominant, highly polymorphic, abundant, and highly
reproducible (Groen et al.1994, Hillel et al., 2003, Huang
et al., 2016; Nxumalo et al., 2020).

Such efficiency has made SSR markers the most common
genetic markers for the assessment and characterization
of genetic diversity in many commercial and indigenous
chicken populations. Numerous SSR markers are accessible
in chickens and have been used to construct linkage maps
in many populations. The current study is the first to use
a dense panel of microsatellites to assess Taif chicken
ecotypes genetic diversity in an attempt to highlight the
possible effects of inbreeding (Groen et al., 1994, Nones
et al., 2005, Seo et al. 2013, Abebe et al., 2015, Nxumalo
et al. 2020).

A total of 25 hens were randomly sampled for DNA
extraction during January 2021 from a village chicken farm
in Taif (21.28 °N, 40.42 °E), Saudi Arabia, representing
the Taif chicken ecotype. Blood samples were collected
from hens and prepared for DNA extraction using the
procedure described in Hoelzel (1992). Genomic DNA was
extracted from the whole blood using a DNA extraction
kit (QIAGEN, USA). DNA quality was checked using
electrophoresis and further determined using NanoDrop
2000C spectrophotometer (Spectronic Genesys, Thermo
Electron Corporation). DNA samples were stored at -20°C
until microsatellites genotyping.

Microsatellite selection and genotyping: A total of 40
microsatellite markers were used for sample genotyping
(Table 1). These markers were chosen according to the
recommendation by Choi et al. (2015), details of SSR
markers are provided in Tablel. Polymerase chain reaction
(PCR) was carried out according to Seo et al. (2013) and
Ibrahim et al. (2015) in a final volume of 25 puL containing
1uL (20 ng) of genomic DNA, 12.5uL of Go Taq® Green
Master Mix, Promega, USA, 1uLof each primer (20 pM),
deionized distilled water (to a total volume of 25 pL). The

PCR reactions were performed in C1000TM Thermo Cycler
Bio-Rad, Germany, using the following conditions; initial
denaturation at 94°C for 5 min; 40 cycles of denaturation
at 94°C for 30 sec., primer annealing at 52°C for 45sec
and primer extension at 72°C for 1 min; final extension at
72°C for 7 min.

Table 1. Marker name, chromosome number (Chrom.),
and allele size (bp) of 40 SSR markers used in Taif ecotypes

genotyping.

Marker Chrom. | Allele Marker Chrom, Allele
size size
MCWO0248 1 205-225 | MCWO0029, 5 |139-189
LEIO141 2 220-242 | MCWO0014| 6 |164-182
MCWO0087 2 267-283 | MCWO0183] 7 |296-326
MCWO0063 2 132-150 | ROS0019 7 119-143
LEI0234 2 217-315 | ADL0278 8 114-126
MCW0206 2 226-240 | GCTO0016 9 |108-154
MCWO0288 2 108-122 | ADL0259 9 106-146
MCWO0264 2 224-240 | MCWO0067 10 [175-184
MCWO0127 3 227-241 | MCWO0228| 10 |221-239
MCWO0016 3 134-146 | MCWO0216, 13 [139-149
MCWO0037 3 152-156 | MCWO0104, 13 189-225
MCW222 3 221-225 | MCWO0213] 13 |288-316
LEIO166 3 354-370 | MCWO0123, 14 79-89
MCWO098 4 261-265 | ADL0293| 17 |105-119
LEI0094 4 254-280 | MCWO0330, 17 |254-286
ADLO0317 4 178-204 | ADL0304| 18 [137-159
MCWO0295 4 88 -106 | MCWO0165 23 |114-118
ROS0013 5 220-242 | LEIOO74| 26 |224-240
MCWO0078 5 135-147 | MCWO0069, 26 158-176
ADL0292 5 110-138 | LEIO135 28 |131-142

To confirm successful amplification, PCR products were
separated on 2% agarose/TBE gel and visualized on UV
Transilluminator. To determine allele sizes, the genotyping
mixture was carried out as follows; 1uL of diluted
PCR products, 10 pL of Hi-Di™ Formamide (Applied
Biosystems, USA), and 0.1 pL of GeneScanTM-500 LIZ
™ size standard marker (Applied Biosystems, USA).
Genotyping reaction mixture was denatured for 2min at 95
°C and fragment analysis was performed using capillary
array using Genetic analyzer 3130x1 (Applied Biosystems,
USA). GeneMapper ver.3.7 (Applied Biosystems, USA)
was used for allele size estimation.

Genetic diversity analysis: Microsatellite diversity for Taif
ecotype was estimated using observed (H , ) and expected
H,) heterozygosity (Nei, 1987), the fixation index FIS was
also calculated. The informativeness of each marker was
assessed based on polymorphic information content (PIC),
(Botstein et al. 1980). All loci were tested for deviations
from the Hardy-Weinberg equilibrium (HWE). Exploratory
data analysis and graphical representations of the results
were carried out under R statistical environment, R Core
Team (2019). Genetic diversity and population genetics
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parameters were estimated using the adegenet package
(Jombart 2008).

To assess the genetic diversity of the studied ecotype,
different genetic diversity estimates were obtained including
the number of alleles per locus, polymorphic information
content (PIC), and observed (H , ) and expected (Hexp)

obs

heterozygosity (Table 2). A total of 147 alleles were
identified across 40 loci. The number of alleles per locus
varied among loci between one and eight with an average
of 3.7 allele/locus. The lowest number of alleles per locus
was attributed to MCWO098 with one allele, while ADL259
had the maximum number of alleles/locus of eight. The
monomorphic pattern observed for MCWO098 might be
associated with the low sample size and/or the presence of
null alleles (Choi et al., 2015).

Table 2. Number of alleles (N) polymorphic information content (PIC), observed heterozygosity
(H,,), and expected heterozygosity (Hexp) for 40 microsatellite markers used in Taif ecotypes

genotyping.
Marker N PIC H, H,,
MCW248 2 0.14 0.00 0.15
LEI141 3 0.57 0.44 0.65
MCWO087 3 0.56 0.24 0.64
MCWO063 3 0.50 0.44 0.57
LEI234 4 0.52 0.20 0.56
MCW206 3 0.40 0.60 0.46
MCW288 2 0.19 0.00 0.21
MCW264 3 0.59 0.60 0.66
MCW127 2 0.19 0.16 0.21
MCWO016 4 0.55 0.64 0.62
MCWO037 7 0.71 0.60 0.75
MCW222 2 0.36 0.00 0.48
LE1166 3 0.34 0.52 0.41
MCW098 1 0.00 0.00 0.00
LEI094 6 0.49 0.36 0.52
ADL317 5 0.70 0.16 0.75
MCW295 3 0.49 0.00 0.56
ROS013 4 0.27 0.04 0.28
MCWO078 2 0.37 0.12 0.50
ADL292 3 0.47 0.64 0.54

Marker | N PIC | H, | H_
MCW029 | 7 0.67 | 052 | 071
MCWO014 | 5 025 | 012 | 026
MCWI183 | 2 0.19 | 016 | 021
R0S019 | 7 0.69 | 056 | 0.74
ADL278 | 2 033 | 020 | 042
GCTO016 | 5 0.58 | 0.00 | 0.63
ADL259 | 8 0.80 | 036 | 0.82
MCW067 | 2 032 | 0.00 | 040
MCW228 | 5 0.61 | 036 | 0.67
MCW216 | 2 0.07 | 0.08 | 0.08
MCW104 | 4 045 | 036 | 048
MCW213 | 5 058 | 020 | 0.6l
MCW123 | 5 022 | 012 | 022
ADL293 | 3 0.54 | 052 | 0.60
MCW330 | 5 0.62 | 040 | 0.68
ADL304 | 4 052 | 044 | 058
MCW165 | 3 0.14 | 0.00 | 0.5

LEI074 | 3 0.53 | 0.64 | 0.60
MCW069 | 3 039 | 020 | 044

LEII35 | 2 0.19 | 0.00 | 021

The average number of allele/locus in the current study was
lower than its native chicken counterpart reported in South
Africa, Zimbabwe, Egypt, and Sweden. The polymorphic
information content (PIC) is a common index to infer the
allelic polymorphism. PIC ranged between 0.0 and 0.8
with an average of 0.43 (Table 2). Most of the studied loci
(45 %) were highly informative (PIC> 0.50), while 32.5 %
were reasonably informative (0.5 >PIC > 0.25), and only
22.5 % were slightly informative (PIC<0.50). The relatively
low PIC of the studied markers might be associated with the
lower number of alleles per locus where 58% of the studied
markers, 23 out of 40 markers, had a maximum of three
alleles (Van-Marle-Koster and Nel, 2000, Muchadeyi et al.,
2007, Ramadan et al. 2012, Abebe et al., 2015).

However, the majority of the SSR markers were adequate
for the appropriate estimation of the genetic diversity of
Taif ecotype populations. The average PIC for SSR in
Taif ecotype is lower than that of PIC obtained in different
chicken breeds. For instance, Ramadan et al. (2012)

reported an average PIC of 0.65 in Egyptian native breeds,
while Seo et al. (2013) estimated the PIC of 0.77 in native
Korean lines. Choi et al., (2015) reported a PIC of 0.68 in
the commercial Korean breeds. One of the highest PICs
reported in recent studies was obtained in Sinai and Norfa
Egyptian native chicken breeds (PIC= 0.84) as reported by
Soltan et al. (2018).

In the present study, about 18 markers had PIC exceeded 0.50
(Figurel) which is indicative of relative informativeness in
studying genetic diversity. The observed proportion of
heterozygosity (H_, ) ranged between 0.0 and 0.64 with an
average of 0.28, Table 2. Hexp ranged between 0.68 and
0.24 with an average of 0.48. The elevated level of genetic
diversity is a crucial factor for species’ constant survival and
adaptability to a different environment. In the current study,
Taif ecotype showed low genetic diversity H , _compared to
H,. The lower Hobs as compared to H__ is indicative of
the probable effect of random genetic drift and inbreeding
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that shaped Taif ecotype heterozygosity (Botstein et al.,
1980, Ibrahim et al., 2015).

Figure 1: Polymorphic information content (PIC) for 18
microsatellite loci with PIC> 0.50 of Taif ecotype.
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Different evolutionary forces may act differently on various
parts of the genome, hence changing the magnitude of
heterozygosity. Most of the studied loci showed significant
deviation from Hardy Weinberg expectation (Table 3) which
might be associated with one or more factors including
inbreeding, presence of null alleles, and/or small sample
size (Nei, 1978, De La Rua et al., 2001).

Genetic diversity (H) and coefficient of inbreeding (F )
across 40 microsatellite loci of Taif ecotype are presented
in Table 4. Genetic diversity represents the magnitude of
genetic variability within the population. In the present
study, HS ranged between 0.52 and 0.92 with an average
of 0.75. Also, the coefficient of inbreeding (F ) ranged
between 0.10 and 1.00 with an average of 0.65. The F ¢ in
the present study is higher than that reported in other local
chicken breeds (e.g.,0.02 in Egyptian local breeds), 0.01in
Korean local breeds, 0.19 in Swedish breeds, and 0.41 in
Sinai and Norfa Egyptian chicken breeds (Ramadan et al.,
2012, Seo et al., 2013, Abebe et al., 2015, Soltan et al.,
2018).

The coefficient inbreeding (F,) is indicative of the risk

Table 3. Deviation from Hardy Weinberg equilibrium for 40
loci of native Saudi ecotype (loci in HWE are typed in italics
and P-values marked withNS).

Marker HWE | P-value Marker | HWE | P-value
MCW248 0.001 0.00 MCWO029 | 0.041 0.03
LEI141 0.062 | 0.06NS| MCWO014 | 0.002 | 0.00
MCWO087 0.000 0.00 MCWI183 | 0.267 | 0.32Ms
MCWO063 0.009 0.01 ROS019 | 0.000 | 0.00
LEI234 0.000 0.00 ADL278 | 0.014 | 0.02
MCW206 0.282 | 0.28"8 GCTO016 | 0.000 | 0.00
MCW288 0.000 0.00 ADL259 | 0.000 | 0.00
MCW264 0.000 0.00 MCWO067 | 0.000 | 0.00
MCW127 0.281 0.28N | MCW228 | 0.000 | 0.00
MCWO016 0.085 | 0.07% | MCW216 | 1.000 | 1.00™s
MCWO037 0.000 0.00 MCW104 | 0.001 | 0.00
MCW222 0.000 0.00 MCW213 | 0.000 | 0.00
LE1166 0.096 | 0.108 | MCWI23 | 0.001 0.00
MCW098 1.000 1.00MN8 ADL293 | 0.000 | 0.00
LEI094 0.013 0.00 MCW330 | 0.001 | 0.00
ADL317 0.000 0.00 ADL304 | 0.124 | 0.11™
MCW295 0.000 0.00 MCW165 | 0.000 | 0.00
ROS013 0.000 0.00 LEIO74 | 0.239 | 0.25™8
MCWO078 0.000 0.00 MCWO069 | 0.000 | 0.00
ADL292 0.338 | 0.30™ LEI135 | 0.000 | 0.00

breed is potentially endangered; when F _ is between 0.15

for a particular breed and urge for proper conservation
plans (Simon and Buchenauer, 1993). Different thresholds
have been set to determine the endangerment status of a
specific breed (Ramadan et al., 2012, Soltan et al., 2018).
For instance, the breed is considered not at risk when F ¢
is below 0.05; when F ¢ falls between0.05 and 0.15, the

and 0.25, the breed is slightly endangered, and when F ¢
is between 0.25 and 0.40, the breed is endangered and
more than 0.40, the breed is severely endangered. In the
current study, a total of 31 (77.5%) of SSR loci had F g
greater than one, indicative of a significantly endangered
breed. The significant magnitude of inbreeding of the Taif
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ecotype provides evidence of a severely endangered breed
that requires immediate breeding and conservative actions
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to be considered in order to preserve such an endangered
ecotype.

Table 4. Gene diversity within population (H,) and coefficient
of inbreeding F  across 40 microsatellite loci of native Taif
ecotype.
Marker H, Fy Marker H, F
MCW248 0.60 1.00 MCWO029 | 0.86 | 0.40
LEI141 0.83 0.47 MCWO014 | 0.65 | 0.82
MCWO087 0.84 0.71 MCWI183| 0.62 | 0.74
MCWO063 0.77 0.44 ROSO19 | 0.86 | 0.35
LEI234 0.80 0.75 ADL278 | 0.73 | 0.72
MCW206 0.67 0.10 GCTO016 | 0.85 1.00
MCW2388 0.63 1.00 ADL259 | 0.92 | 0.61
MCW264 0.83 0.28 MCWO067 | 0.73 1.00
MCW127 0.62 0.74 MCW228 | 0.84 | 0.57
MCWO016 0.76 0.16 MCW216 | 0.56 | 0.84
MCWO037 0.85 0.29 MCW104 | 0.74 | 0.51
MCW222 0.77 1.00 MCW213| 0.83 | 0.76
LE1166 0.67 0.22 MCWI123| 0.63 | 0.81
MCW098 0.52 1.00 ADL293 | 0.76 | 0.32
LEI094 0.77 0.53 MCW330| 0.86 | 0.53
ADL317 0.90 0.82 ADL304 | 0.78 | 0.44
MCW295 0.81 1.00 MCW165| 0.60 1.00
ROS013 0.67 0.94 LEIO74 | 0.78 | 0.18
MCWO078 0.77 0.85 MCWO069 | 0.74 | 0.73
ADL292 0.75 0.15 LEII35 | 0.63 1.00
current study highlights the significant magnitude of
Figure 2: Boxplot of gene diversity within a population (H,) inbreeding in Taif ecotype that could severely impact
and coefficient of inbreeding (F ) across 40 microsatellite trait fixation in the populations. The results of the current
loci of native Taif ecotype, (lines above and beneath each study may be used as an initial guideline to design further
box refer to max and min values, line within each box refer conservation programs for the development of sustainable
to median value). genetic improvement plans for Taif ecotype conservation.
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