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ABSTRACT: Improving local chicken production in Ethiopia will be a priority toward achieving “zero
hunger”, food security, and sustainability. Chickens provide an excellent source of protein that can satisfy
growing human needs. Indigenous chickens in Ethiopia are not selected and improved, so they have low
productive and reproductive performance. The present study aimed to investigate the genetic diversity and
population structures of three Ethiopian local chicken ecotypes using 16 SSR markers, and the Koekoek
breed was used as a comparison. A total of 97 alleles have been detected, with an average value of 6.062
alleles per locus. Polymorphic information content ranged from (0.54) MCW0183 to (0.85) LEI0166, with
an average value of 0.67 per locus. Across all studied populations, the mean observed heterozygosity and
expected heterozygosity were 0.026 and 0.60, respectively. The Shannon information index varied from (I =
0.83) MCW 0098 to (I = 1.57) LEI0166. AMOVA showed that genetic variance varied by 3% within
individuals, 82% within populations, and 15% between breeds. According to UPGMA, the Horro and Tilili
populations were grouped, while the Jarso population was distinct and the Koekoek breed was distinct as
expected. The studied population showed high genetic diversity within populations, and the Jarso ecotype
showed the highest genetic diversity and a number of unique alleles. The SSR markers used in this finding
were polymorphic and useful for determining the genetic variation of Ethiopian local chicken
ecotypes. The information obtained will be used for genetic conservation and national breeding program

efforts.
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INTRODUCTION

In Ethiopia, chickens are the ideal prevalent livestock
species, accounting for 57 million and having the
largest percentages of indigenous, hybrid, and exotic
chickens (78.85%, 12.02%, and 9.111%, respectively)
(Sime and Edea 2022). They offer high levels of animal
protein in terms of meat and eggs for human diet
(Mohammed, 2018; Pius et al., 2021). Moreover, they
were kept for income and sociocultural roles (Abadula
et al., 2022; Aleme, 2022).

Local chicken is selected over exotic chickens in many
countries due to their flavor, taste,
pigmentation, and leanness (Abdulwahid and Zhao 202
2). They tend to adapt to local environmental
conditions, can survive well under harsh conditions,
and are resistant to some diseases (Perini et al., 2020;
Tolasa, 2021). To enhance the production of native
chickens, selective breeding is preferred over cross-
breeding with exotic strains that are unadapted. High
levels of inbreeding and genetic dilution can result from
random mating or unplanned crossing of local chickens
within exotic breeds to improve the low productivity of
local chickens (Chebo et al., 2022).

It is essential to possess prior knowledge of the
prevailing genetic diversity in order to identify unique
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and valuable genetic resources for breed improvement,
assess their genetic potential, and contribute to future
strategies for sustainable management (Pius et al.,
2021). The main strategies being considered for the
genetic advancement of local Ethiopian chicken breeds
include the introduction of exotic breeds, selection
within breeds or lines, and cross-breeding (Shapiro et
al., 2015; Yonas, 2020).

Morphological characterization helps distinguish
animals based on their apparent phenotypes. However,
they are exposed to environmental influences, have low
polymorphism, and provide no basis for differentiating
animals that look similar or have similar expression
traits, thereby reducing the accuracy of evaluation or
selection. In addition, the evaluation of quantitative
traits, or the contribution of each gene to a trait and its
location in the genome using morphological markers,
has limitations (Tongsiri et al., 2019; Marwal and Gaur
2020). Similarly, estimates of genetic variation within
and between chicken populations were made using
protein polymorphisms and biochemical markers, but
they didn't provide enough information.

It is wvital to combine simultaneous genetic
characterization with phenotypic characterization,
which is impacted by the environment, to conserve and
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utilize genetic resources (Yadav etal., 2017; Simm
et al., 2020). Molecular markers indicate the presence
of DNA sequence variation that exists at specific
locations in the genome and its heritability. Variation
identification relies on DNA assays (Reshma and Das
2021). This is important for future monitoring of gene
flow, parental definitions, genetic traceability, and
effective  evidence-based  decision-making  for
successful conservation and selection breeding efforts
(Habimana et al., 2020). SSR markers are highly
polymorphic and codominant throughout the genome;
as a result of their high levels of polymorphism and
codominance inheritance, they are abundant and
uniformly distributed (Fathi et al., 2017; Okumu et al.,
2017; Yacouba etal., 2022). Therefore, the present
study aimed to investigate genetic diversity and
population structures among three Ethiopian local
chicken ecotypes using 16 SSR markers, and the
Koekoek breed was used as a comparison.

MATERIALS AND METHODS

A. Study animals, sampling, and DNA extraction

A total of 95 blood samples were collected from
unrelated chickens from four populations, including
Horro (n = 25), Tilili (n = 25), Jarso (n = 25), and
Koekoek (n = 20), with vacutainer tubes containing
EDTA as an anticoagulant. Each breed was selected
purposefully, and individuals from each population
were selected randomly. Genomic DNA was extracted
from whole blood using the salting-out method (Nasiri
et al., 2005) with some modifications. A 300 ul blood
sample was added to a 2 ml Eppendorf tube and 800 pl

of lysis buffer (0.3M sucrose, 0.01 MTris HCI, pH
7.5,5mM MgCI and 1% triton X 100) was added to
each tube and centrifuged at 10,000rpm for 5 min and
the supernatant was removed (this step repeated until
we get white pellet), then 60pl of 10mM tris-HCI pH 8,
was added to the pellets, vigorous vortex and centrifuge
for 2 min at 10,000 rpm and the supernatant was
removed and 66upl 10mM tris-HCI, 66ul laundry
powder solution, glass beads added to the pellets, and
vortex for 20 sec, 50pl of 6M NaCl was added and
vortex again for 20 sec, then centrifuge for 5 min at
13,000 rpm and the supernatant transferred to fresh
tubes and then 150ul of 97% ethanol was added to
precipitate the DNA and centrifuge for 3min at
13,000rpm, then the pellet was washed twice with
100ul of 70% ethanol by centrifugation for 2min at
12,000rpm, finally 40ul Elution buffer was added. The
concentration of DNA was checked by adding 2pl
DNA samples to the Nanodrop machine. Furthermore,
the quality of the genomic DNA was tested with 0.8%
agarose gel electrophoresis that was run for 45 min at
85 voltages (primarily by loading a 5ul sample of DNA
with 2l loading dye having gel red).

B. Polymerase chain reaction (PCR) and SSR markers
A total of 16 SSR markers were used for genetic
characterization (Table 1). The PCR amplification was
carried out in a 10ul reaction volume containing Sul
DreamTaq PCR master mix 2X, 10pM forward primer
(0.25ul), 10uM reverse primer (0.25ul), 20ng templates
DNA (0.5ul), and nuclease-free water (4ul). Touch-
down PCR was used in the PCR condition.

Table 1: List of SSR markers used in this study.

Markers C’Z\‘f:)r F:\;g':ﬁt Forward Primer 5°- 3’ Ex(pber;:)t ed T/:nr”]%(;galtnl?re
wowze | s | o e oA | |
vy | 5 | emeene | podposeacasasaeerel | weww | w
wowns | 5 | aow SILeSTSRS RSeS| |
wows | 5 | o ASSCACACIoT | |
oz | 1 | onu OSSN s |
wowsr | o | onu AT T, | o | =
wowss | % | ons ASIATSRISTANS e | w
MCWO0206 2 (ATIGT)15 ; é??gggﬁg¢gligé§$$m¢g 221-249 60
o | 5 | cammon. DSOS | wen | @
wownse | 2 | o e I e I
MCWO0098 4 (TTTTA)s (TG)s (TG); F'; ggﬂgggﬂiﬁf}%%%i 261-265 58
oz | 5 | rons kO R I
wowss | 7 | om. R S Nl
MCWO0104 13 (TG)19 (TG)1s RF: gﬁ;;?gi;%{fﬁi@i?&?c 190-234 58
wowzo | 1 | (OB R e R
MCWO0014 6 (CA)18 RF ’ gAAZZEBFgS;\%TGA'\F(;(;g:%;(ZL% 164-182 57
Tekle etal., International Journal on Emerging Technologies 15(1): 35-44(2024) 36




Sul PCR product and 2pl of 6X loading dye (containing
gel red) were loaded onto 2% agarose gel and run with
1X TAE buffer for 50 min at 85 constant voltage. A
100-bp base-pair mixed DNA ladder (SIMOBIO,
DM2100) was loaded in the peripheral wells to estimate
the molecular weight of each amplified product. An
amplified product was visualized under UV light using
the BioDOC-IT TM Imaging system (Cambridge, UK)
to capture gel images for downstream analysis.

M123 456 7 89 1011121314 151617 1819 20

Fig. 1. PCR product of selected chicken populations
using SSR marker.

C. Data analysis

PyElph 1.4 software was used to score the genotypes of
selected chicken populations using amplified bands that
were clearly visible (Pavel et al.,, 2012). Genetic
variation was measured by estimating observed (Ho)
and expected (He) heterozygosity by Nei (1978). In
AMOVA, the fixation indices (Fis, Fir, and Fsr) and
pairwise Fst values (Weir and Cockerham, 1984) were
computed using GenAlex v6.5 software (Peakall and
Smouse 2015). The observed heterozygosity was
computed using Levene's (1949) algorithm with the
POPGEN software package (Yeh et al., 1999), version
1.31. Polymorphic information content (PIC), the total
number of observed alleles (Na), and the frequency of
major alleles were computed using Power Marker 3.25
(Liu and Muse, 2005).

An agglomerative hierarchical clustering technique
with unweighted pair groups with an arithmetic mean
and Darwin 6.0 were used to illustrate the evolutionary
relationships between ecotypes. Using the dendro
UPGMA online application (Garcia-Vallve and Puigbo,
2015), trees have been designed and displayed (Page,
1996). A confidence statement about the breeds was
established by bootstrapping 1000 replicates to
establish cluster dependency.

The rarefied allelic richness and the private rarefied
allelic richness were calculated using HP Rare 1.1
software (Kalinowski, 2005). Structure 2.3.4 software
(Pritchard et al., 2000) was used to estimate the genetic
structure of the populations. In this finding, population
structures (1-10K) were analyzed using independent

alleles and admixture models (burns of 100,000,
followed by 100,000 iterations with MCMC).
According to the K value computed by the Structure
Harvester program, the 95 genotypes were partitioned
into three clusters. The number of clusters used to
calculate each one's optimal K value was K=3.
Kopelman et al. (2015) developed the CLUMPAK tool
to determine the best alignment. The number of clusters
used to calculate each one's optimal K value was K=3.
Kopelman et al. (2015) developed the CLUMPAK tool
to determine the best alignment from the structural data.

RESULTS

A. SSR marker polymorphism

In total, 97 alleles were detected, with a mean of 6.062
alleles per locus, ranging from 4 (MCW0020),
(MCW0016), and (MCW0104) to 12 (LEI 0166). PIC
values ranged from 0.54 (MCWO0183) to 0.85
(LEIO166), with an average of 0.67. Observed
heterozygosity (Ho) varied from 0.00 (MCWO0067),
(ADL0268), (MCW0081), (MCW0183), (MCW0222),
(MCW0098), (MCW0165), (MCWO0034), (MCW0026),
(MCW0206), (ADL0278), (MCWO0104), (MCW0078),
(MCWO0014) to 0.398 (LEIO166), whereas expected
heterozygosity (He) varied between 0.44 (MCW0098)
and 0.733 (LEIO166), with observed and expected
heterozygosity (Ho=0.026).

Major allele frequency varied between 0.22 (LEI0166)
and 0.59 (MCWO0183), with a mean of 0.4 per locus.
MCWO0098 and LEI0166 loci had an effective number
of alleles of 2.09 and 4.17, respectively, with a mean of
2.14 per locus. The Shannon’s information index (I)
varied between 0.83 (MCWO0098) and 1.57 (LEI0166),
with a mean of 0.83.The unbiased expected
heterozygosity (uHe = 0.79) and fixation index (F =
0.77) were recorded. The mean of allelic richness (AR)
was 4.25, with a range from 3.5 (MCWO0016),
(MCW0183), and (MCW0222) to 7 (LEI0166), and the
private alleles (PA) also ranged from 0.00 (MCW0222),
(MCWO0020), (MCWO0098), (MCW0165), (MCWO0104),
and ADL0278 to 0.75 (MCWO0183), and (LEI0166)
with a mean of 0.25 per locus. Out of 97 alleles, 1
(1.03%) of PA was unique to specific breeds with a
mean gene diversity of 0.71 across all loci, and the gene
diversity (GD) varied from 0.59 (MCW0183) to 0.86
(LEI0166). All of the markers were found to differ
considerably (P<0.001) from the proportions predicted
by HWE. The 16 SSR markers revealed a highly
substantial and significant deviation (P<0.001) from the
Hardy-Weinberg equilibrium (Table 2).

Table 2: Genetic diversity indices for 95 genotypes across 16 SSR loci.

SSR Loci Diversity Indices
f;\”ﬁ:)e No | Na | MAF | Ne | AR | PA | Ho | He | Ht | uHe | NM | Fis | Fit | Fst | PIC | P | P(HWE)
ADL0268 |110-140| 6 | 425 | 031 | 310 | 122 | 425 | 025 | oo | 064|079 | 06621 481 1 | 019 | 077 | 0.00 o
Mcwoos1 |110-140| 6 | 425 | 032 | 323 | 123 | 425 | 025 | oo | 067 | 073|068 491 1 | 012 | 073 | 000 o
LEI0166 |360-410| 12 | 7 | 022 | 7| 15T | 7 |o75 | 039 | 078 | g6 | 0749 | 146 | 046 | 05 | 015 | 085 | 0.00 | xex
MCW0183 | 290-325| 6 35 | 059 | 224|091 | 35 | 075 | 00 | 05 | 059 ] 0508 g 1 1 | 014 | 054 | 0.00 o
MCW0222 |218-230] 4 35 | 047 | 271 [ 1.08 [ 35 0 0.0 | 062 065] 0639 [ 557 [ 1 1 [ 004 ] 059 000 o
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MCWO0014 |166-180| 6 | 4 | 053 | 228|098 | 4 |25 | oo | 051|064 | 05290 598 | 1 | 1 |o020| 060|000 we
MCW0020 |174-186] 5 | 375 | 053 | 246 | 098 1 395 | o | 001 | %5 | 065 | ©%6% | 131 | 0.98 | 0.98 | 016 | 061 | 0.00 | e
MCwo0098 | 255-270| 5 | 3.75 | 053 | 20| 08 | 375 | o | 00 | %% | o062 | %8 | 050 | 1 | 1 |o030| 057|000 e
MCW0067 |170-190| 6 | 3.75 | 0.44 | 231 | 09 | 375 | 05 | 00 | %% | 063 | %% | 132 | 1 | 1 |o030| 056 | 000 | we
Mcwoies |114-126| 4 | 375 | 036 | 280 | 113 1375 | o | o0 | %% | 071 | %8° | 237 | 1 | 1 |o016| 065 | 000 | we
MCwo034 |220245| 6 | 4 | 023 | 28| 1121 4 lo25 | 00 | 962|077 | 984 | 102 | 1 | 1 |o009| 073|000 | e
Mcwo016 |160-220] 5 | 35 | 043 | 256 | 108 | 35 | o5 | 00 | %60 | 065 | 9622 | 334 | 1 | 1 | 007|058 | 000 | e
MCwo0206 |220-250| 8 | 5 | 023 | 31| 128 | 5 | 05 | 00 | %% | 083|963 | 097 | 1 | 1 |o020| 080|000 *
ADL0278 [114-135| 8 | 625 | 023 [ 397 | 150 | 625 | o | 00 |70 | o0g3 | %9 | 138 | 1 | 1 |o015| 081|000 |
mcwoios | 1902201 4 375 | 039 | 28| 113 1375 | o | 00 |96 | 071 |96 218 | 1 | 1 |o010]| 066 | 000 | e
Mcwoo78 |128-150] 6 | 4 | o048 | 250 | 1051 4 o025 | 00 | 958 | 068 | 0% | 157 | 1 | 1 |o014| 063|000 | e
Mean 6.06 04 | 214 | 083 | 425 | 0.25 | 0.026 | 0.60 | 071 | 079 | 178 | 096 | 097 1015 | 567 1 g0

Key: * P <0.05, ** P <0.01, *** P <0.001,

Allele size range (in bp), allelic richness (AR), private allele (PA), major allele frequency (MAF); number of observed alleles (No); mean number of alleles (Na); number
of effective alleles (Ne); Shannon's information index or Shannon's diversity index( I); observed heterozygosity (Ho); expected heterozygosity or gene diversity (He);

unbiased expected heterozygosity (uHe); fixation index (F); gene flow (Nm); polymorphic information content (PIC);

B. Genetic diversity among the population's

The gene diversity of the four examined chicken
populations was compiled in Table 3 based on their
geographical origin. The Horro and Jarso chicken
populations showed the highest average number of
alleles (Na) (4.75) among the local chicken ecotypes,
while the Tilili chicken ecotype showed the lowest
(4.69). The population of chickens in Koekoek had an
average of 2.81 alleles. Similarly, in the local chicken
population, the number of effective alleles (Ne) was
highest in the Jarso chicken population and lowest in
the Tilili chicken population. The average record was
2.82. The average allelic richness across all populations
was 4.25, with higher allelic richness found in Jarso and
Horro (4.75) and lower allelic richness found in
Koekoek (2.81). Likewise, the Jarso chicken population
had the highest number of unique alleles (0.5), followed
by Tilili and Horro (0.19).

Shannon's information index was relatively high for the
Jarso chicken ecotype (1.32). Similarly, the observed

number of heterozygosities (Ho) was higher in the Jarso
population (0.035), lowest in the Horro population
(0.005), and average overall (0.026). In the Jarso
chicken population, both expected heterozygosity (He)
gene diversity and unbiased heterozygosity (uHe) were
the highest at 0.68 and 0.67, respectively, while the
lowest levels were observed in the Tilili population (He
= 0.60 and u = 0.616). The Koekoek chicken population
had (He = 0.51 and u = 0.52). The mean values of
expected heterozygosity (He) and unbiased expected
heterozygosity (uHe) in all populations were 0.6 and
0.616, respectively.

C. Analysis of molecular variance and gene flow

The AMOVA analysis showed 15% genetic variation
between breeds, 82% within populations, and 3%
within individuals. The analysis also confirmed the
presence of gene flow (1.474) between populations
(Table 4).

Table 3: Summary of genetic diversity parameters among chicken populations using 16 SSR loci.

Breeds Genetic diversity parameters
N Na Ne PA | Ho He TNA AR % PI

Horro 25 4.75 2.96 0.19 1.2 0.005 0.62 76 4.75 100.0%
Tilili 25 4.69 2.74 0.19 1.155 0.028 0.6 75 4.69 100.0%
Jarso 25 4.75 3.45 0.5 1.32 0.035 0.68 76 4.75 100.0%
Koekoek 20 2.81 2.14 0.12 0.833 0.034 0.51 45 2.81 100.0%
Mean 4.25 2.82 0.25 1.13 0.026 0.60 68 4.25 100.0%
SE 0.199 0.122 0.042 0.013 0.017 0.00%

N, number of alleles; Shannon's information index; Ho, observed heterozygosity; He, expected heterozygosity gene diversity;
uHe, unbiased expected heterozygosity;%PI, percentage of polymorphic loci. TNA, total number of alleles; NA, mean number of
alleles; AR, allelic richness; Ne is the effective number of alleles.

Table 4: Analysis of molecular variance in the studied chicken populations

Source df SS MS Est. Var % of variations F- statistics P-Value
Among pops 3 154.368 51.456 0.87 15% Fst =0.145 0.001
Among Indiv 91 918.585 10.094 4.947 82% Fis = 0.961 0.001
Within Indiv 95 19.000 0.200 0.200 3% Fit= 0.967 0.001
Total 189 1091.953 6.020 100%
NM 1.474
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D. Genetic distance and genetic identity

There was a range of 0.162 to 0.445 pairwise distances
between the local chicken populations (Table 5). Jarso
chicken ecotypes and Horro chicken populations had
the highest genetic distance (0.445), while Horro

chicken ecotypes and Tilili chicken populations had the
lowest (0.162). A significant genetic distance of (0.676)
was observed between the indigenous chicken
population of Ethiopia and the Koekoek chicken breed.

Table 5: Gene flow (upper diagonal) and gene differentiation (lower diagonal).

Breeds Horro Tilili Jarso Koekoek
Horro 0.00 0.85 0.641 0.568
Tilili 0.162 0.00 0.732 0.582
Jarso 0.445 0.312 0.00 0.509

Koekoek 0.565 0.542 0.676 0.00

E. Cluster analysis of the genotypes

In an unweighted neighbor-joining cluster analysis of
95 chicken genotypes (C-1, C-11, and C-I111), three major
clusters were identified. Each cluster is made up of
21.05 percent C-lI, 31.58 percent C-Il, and 47.37
percent C-111 of the total population. In the first cluster,
20 genotypes were found only in the Koekoek chicken
population; in the second cluster, 30 genotypes were
found, excluding Koekoek chicken populations; and in
the third cluster, 45 genotypes were found in all chicken
populations except Koekoek chicken populations.

There are only Koekoek genotypes in cluster one (C-I),
Jarso (22%), Tilili (7.37%), and Horro (2%) are the
most common genotypes in cluster two (C-II), and the
largest cluster was C-111, which contains 47.37 percent
genotypes from Horro (24.277%), Tilili (18.82%), and
Jarso (4.2%). UPGMA was used to implement
clustering to identify the genetic relationship between
the four populations (Fig. 2). Three clusters (C-I, C-II,
and C-llIl) have been detected by analysis of the
populations of Horro, Tilili, Jarso, and Koekoek. A
subgroup of Horro and Tilili formed within the third
cluster. Chicken Populations from geographically
distant regions were also found to cluster together,

C-I

despite the pattern of clustering displayed by
populations from geographically neighboring areas
(Horro vs. Tilili).

F. Principal coordinate
population structure
Principal coordinate analysis was used to ascertain the
relationship between the chicken populations and the
individual genotypes. Results showed that the first three
most informative coordinates explained 25.34 percent
of the overall variation. From the total variation, the
first, second, and third coordinates are described as
10.03 percent, 8.72 percent, and 6.59 percent,
respectively. A clear geographical location clustering of
populations and a significant pattern of grouping were
seen in the genotype distribution in a two-dimensional
plot. PCoA analysis verified the NJ cluster analysis
result (Fig. 3). STRUCTURE software was used to
infer the 95 samples representing the four populations’
admixture model-based population structure. The best
number of genetic clusters is three, according to a study
of the structure output performed using the Structure
HARVESTER tool (Earl and VonHoldt 2012), which
used the AK method of Evanno et al. (2005).

analysis (PCoA) and
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Fig. 2. Hierarchical clustering of selected chicken populations using dendrogram.

Tekle etal.,

International Journal on Emerging Technologies 15(1): 35-44(2024)

39



Horro L(K) (mean +- SD)

C-III —2500
- Tilil % o
| Jarso é —3000 o
C1 Koek E‘—mo °
Fig.3. Dendrogram showing the genetic diversity and
similarity of three indigenous chicken populations in o
Ethiopia and the Koekoek chicken population. e . . . , ‘

Fig. 1. Evolution of the mean estimate in probability
of data with the number of cluster (K) in studied
chicken populations.

Deltak = mean(|L"(K)|) / sd(L(K))

250
200

150

Delta K

100

50

2 3 @ 5 3 7 g B

Fig. 2. Results of the STRUCTURE analysis of four chicken populations, highest peak at k =3.

Table 6: Evanno population structure parameters.

K Reps Mean LnPiK) Stdev LnP{K) Ln‘{K) [Ln"(K) Delta K

1 10 -4419.450000 0.317105

10 -3941.670000 17 512221 A77 780000 63.130000 3.604911

3 10 -3627 020000 892935 414 650000 230.000000 267 577472
4 10 -3342.370000 16.887606 184 650000 51.970000 3.077405
=] 10 J205 a0l Hd4_ 442905 132660000 24 dpUJol 0541117
6 10 -3047 550000 15.404419 162.140000 38.530000 2.501230
7010 1 15 915773 123.610000 £5.950000 1.218536
8 10 -2856, 280000 113.881135 B7.BE0000 87 . 110000

9 10 -2701.510000 14 B93570 154 770000 72.830000
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Fig. 3. Population structure of four chicken populatidns obtained by Structure analysis ( K=3) where each color
represents a different cluster.
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DISCUSSIONS

A. Genetic diversity

The average value of PIC is the best index for assessing
allelic polymorphism (Azimu et al., 2018). This shows
that when PIC > 0.5, more information can be retrieved
from the loci, while 0.25 < PIC < 0.5 indicates a
moderately informative locus, while PIC < 0.25
indicates a moderately informative locus, and PIC <
0.25 indicates a vaguely informative locus (Habimana
et al., 2020). Most of the 16 SSR markers used for
assessing genetic variation in livestock breeds had a
PIC > 0.5, exceeding the FAO recommendation of five
alleles per locus (FAO, 2011; Madilindi et al., 2019).
The three most effective markers out of 16 were
LEI0166, ADL0278, and MCW0206. It was found that
MCW00165, MCW0222, and MCW0104 were the least
effective markers for maintaining different chicken
breeds. Markers with a PIC value between 0.54 and
0.85 were found across populations for MCW0183 and
LEI0166. In the present study, the average PIC value
(0.67) indicated that the markers were highly
informative and that their allelic distribution across the
genomes of the populations was significant. The PIC
values that we reported in this study are also higher
than those reported earlier (Hassen et al., 2009; Bekerie
et al., 2015).

In this study, a total of 97 alleles were found with the
use of 16 SSR markers, with an average of 6.062 alleles
per locus. The alleles we report here are more than
those found by Hassen et al. (2009) in seven native
chickens from northwest Ethiopia, three South African
chicken lines, and two commercial strains, with an
average of 6.05 alleles per locus. Four indigenous
chicken ecotypes from South and Western Ethiopia
were studied for their genetic diversity and population
structure by Bekeri et al. (2015). A total of 74 alleles
with a mean of 4.80 were found across all populations
of four indigenous chicken ecotypes from South and
South Western Ethiopia across 10 loci, based on genetic
diversity and population structure. A lower estimate of
(1.726) was produced using eight local Kenyan
chickens across eighteen markers (Okumu et al., 2017).
In this study, more alleles were detected than in
previous reports. This might be because of the larger
genotypes, the genetic diversity of selected genotypes,
and the different markers.

B. Genetic diversity analysis along with populations

Heterozygosity can be considered an estimate of the
degree of genetic variation present in a population
(Hariyono et al., 2019; De Kort et al.,, 2021). The
average level of heterozygosity in a population
indicates the level of stability of the population.The
population's low heterozygosity is an indication of its
high genetic stability. In the current study, He ranged
from 0.51 to 0.68 with an overall mean of 0.60, while
Ho ranged from 0.005 to 0.034 with an overall mean of
0.026. With the exception of the observed
heterozygosity, the mean heterozygosity values found
in our study indicate that most intrapopulational genetic
diversity and SSR markers are able to resolve
heterozygosity and homogeneity (Terefe et al., 2023).
The number of samples per population and the total
Tekle etal.,

population might be the cause of the differences
between Ho and He numbers.

The Shannon information index (1), another measure of
gene variety, indicates the presence of variation in the
studied populations. The values obtained in this study
ranged from | = 0.83 to | = 1.57, with a mean value of
0.83. This finding is somewhat in agreement with the
findings of Burkina Faso (0.97), obtained from four
local chicken ecotypes in Burkina Faso using 20
microsatellite markers (Yacouba et al., 2022).

A lower estimate of the number of effective alleles (Ne)
was found in this study (2.14), as obtained in Burkina
Faso (2.304) using 20 microsatellite markers from four
different chicken breeds (Yacouba et al., 2022), and in
China (4.6), based on genetic diversity and population
structure analysis of eight local chicken breeds in
Southern Xinjiang across 20 loci. This variation in the
average number of alleles per locus and the actual
number of alleles may be related to the number or type
of markers used, the sample size, and the genetic
resources studied.

In Ethiopia, sixteen SSR markers were used to measure
genetic variation for local chicken ecotypes, and the
results revealed a Fis value (0.97) indicative of
inbreeding. Using five microsatellite markers, Hassen et
al. (2009) reported a Fis value of 0.07, which was lower
than the Fis value found in this study. FST levels can
represent low (0-0.05), medium (0.05-0.15), high
(0.15-0.25), and very high (FST >0.25) genetic
variation between populations (Demir and Balcioglu,
2019; Nemera et al., 2022).

The Fsr value estimated from this study (0.15) was high
er than that of the Sinai and Norfa chicken diversity
revealed using 20 microsatellite markers (Fst = 0.062)
(Soltan et al., 2018). It is somewhat consistent with the
findings of the assessment of population structure and
genetic diversity of 15 Chinese indigenous chicken
breeds using 29 microsatellite markers, with a FST of
0.16. Gene flow and animal exchange might be
responsible for this FST variation. Populations isolated
from each other have a higher FST (Chen et al., 2008).

C. Analysis of molecular variance

Molecular variance analysis of this finding revealed a
15% variation in breed, an 82% variation in
populations, and a 3% variation in individuals. The
results of this finding were inconsistent with population
variation analyses in other works (Bekerie et al., 2015).
The genetic variation within the population was higher
than among populations. This might be due to gene
flow, inter-population, sexual recombination, and
mutation.

The lowest observed genetic distance between local
ecotypes was 0.162 (between Tilili and Horro), and the
largest was 0.445 (between Horro and Jarso). This
might be due to the geographical location and the type
of population used. The Koekoek chicken population
had a greater genetic distance or less genetic similarity
to the Ethiopian chicken ecotypes, and the Koekoek
chicken breed was relatively high (0.676). This showed
that there is still no dilution of the local Ethiopian
chicken population and Koekoek chicken breeds
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through agricultural extension programs or the national
and regional poultry breeding institutions.

D. Cluster analysis, PCoA, and population structure

In clustering, a dendrogram of cluster analysis based on
the NJ algorithm using UPGMA categorized the four
chicken ecotypes into three clusters based on
geographical location (C-1, C-lI, and C-Ill) with
different subgroups.The divergence may be due to the
number of markersused, breeds, and sample size. The
clustering model showed that there was a relationship
between the patterns of genetic diversity and the
geographical origins of the sample collection. It was
found that the samples collected from Horro and Tilili
were strongly related. Horro and Tilili chickens were
close to each other, and the existence of gene flow
between the neighboring populations seems possible.
Furthermore, this result was reflected in the population
structure, which showed a low level of genetic mixing
between populations. This indicates the presence of a
sub-structure (k = 3) in four chicken populations.
Previously, Bekeri et al. (2015) also reported a
population structure with k = 3, with four local chicken
populations representing South and South Western
Ethiopia and two exotic chickens. There were genetic
admixtures among local chicken populations. This
might be due to chicken movement, uncontrolled
mating and exchange reproduction, or migration from
one area to another. PCoA clustering corresponds to
clustering dendrogram-based, which showed consistent
results obtained from the UPGMA analysis.

CONCLUSIONS

SSR markers give important insights into the genetic
diversity and population structures of local chickens.
According to the results of this study, a high level of
genetic variation was detected in populations, their
geographical origins were sorted, and distinct alleles
were observed in specific populations. These findings
support the notion that ecotypes are genetically distinct
and the reliability of the results. However, within-
ecotype variation is found to be very high, which is
supported by the high heterozygosity level of
microsatellite markers tested in all ecotypes. The
evaluation of genetic diversity among indigenous
chicken populations studied in the current study was
efficient and yielded reliable results. The conservation
of diverse native chicken breeds will protect genetic
resources from extinction and contribute to the genetic
pool of chickens as a whole. Some indigenous (local)
chickens possess major genes that allow for survival in
unfavorable environments. In the near future, finding
indigenous chickens will be more difficult due to
unintentional cross-breeding between exotic and
indigenous kinds. We are losing agronomically
important adaptation traits, so the national breeding
program should take quick measures.

Abbreviations. AMOVA: Analysis of molecular
variance, AR: Allelic richness, F: fixation index, HWE:
Hardy Weinberg equilibrium, Shannon information
index, MAF: major allele frequency, NJ: Neighbor
joining tree, PA: Private alleles, PCOA: principal
coordinate analysis, PIC: polymorphic information
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content, SSR: simple sequence repeat markers; UPGM:
unweighted pairwise group method.

Data availability. The corresponding author will make
the datasets generated or analyzed during the current
investigation available upon reasonable request.

Ethical Approval. In this study, the authors did not use
laboratory animals or experimental animals; instead,
they collected blood samples only from the wing veins
of selected chicken ecotypes. Additionally, the
manuscript does not contain any clinical studies or
patient data.

Authors’ contributions. SHT, DM, WA, and SHK
wrote up and designed the study. BA and GT read and
edited the manuscript. Finally, all the authors
commented on the early and final responses to the
manuscript.

Acknowledgments. The authors would like to thank Wolkite
University and the National Agricultural Biotechnology
Research Centre for providing laboratory equipment, primers,
and sample collection materials.

REFERENCES

Abadula, T. A, Jilo, S. A, Hussein, J. A., and Abadura, S. Z.
(2022). Poultry Production Status, Major Constraints,
and Future Prospective. Journal of Veterinary
Physiology and Pathology, 1(1), 22—-28.

Abdulwahid, A. M., and Zhao, J. B. (2022). China as a center
of origin and domestication of chicken: A review
Agricultural Reviews, 43(2), 170-177.

Aleme, M. (2022). Review on the Production and
Reproduction Performance of Indigenous Chickens in
Ethiopia East African Journal of Agriculture and
Biotechnology, 5(1), 90-107.

Azimu, W., Manatbay, B., Li, Y., Kaimaerdan, D., Wang, H.
E., Reheman, A., and Muhatai, G. (2018). Genetic
diversity and population structure analysis of eight
local chicken breeds in southern Xinjiang British
Poultry Science, 59(6), 629-635.

Bekerie, E. M., Goraga, Z. S., Johansson, A. M., and Singh,
H. (2015). Genetic diversity and population structure
of four indigenous chicken ecotypes representing
South and South Western Ethiopia. International
Journal of Genetics, 5(1), 18-24.

Chebo, C., Betsha, S., and Melesse, A. (2022). Chicken
genetic diversity, improvement strategies, and impacts
on egg productivity in Ethiopia: a review in the
World’s Poultry Science Journal.

Chen, G., Bao, W., Shu, J,, Ji, C., Wang, M., Eding, H.,
Muchadeyi, F., and Weigend, S. (2008). Assessment
of population structure and genetic diversity of 15
Chinese  indigenous  chicken  breeds  using
microsatellite markers .Asian-Australasian Journal of
Animal Sciences, 21(3), 331-339.

De Kort, H., Prunier, J. G., Ducatez, S., Honnay, O.,
Baguette, M., Stevens, V. M., and Blanchet, S. (2021).
Life history, climate, and biogeography interactively
affect the worldwide genetic diversity of plant and
animal populations. Nature Communications, 12(1),
516

Demir, E., and Balcioglu, M. S. (2019). Genetic diversity and
population structure of four cattle breeds raised in
Turkey using microsatellite markers Czech Journal of
Animal Science, 64(10), 411-419.

Earl, D. A., and VonHoldt, B. M. (2012). Structure Harvester
is a website and program for visualizing structure

International Journal on Emerging Technologies 15(1): 35-44(2024) 42



output and implementing the Evanno method.
Conservation Genetics Resources, 4(2), 359-361.

Evanno. Regnaut, S., and Goudet, J. (2005). Detecting the
number of clusters of individuals using the software
Structure: a simulation study Molecular Ecology,
14(8), 2611-2620.

FAO (2011). Molecular genetic characterization of animal
genetic resources FAO Animal.

FAO (2011). Recommended microsatellite markers:
https://publication/uuid/1815F6E0-03DF-4283-
ADEE-8EA900C802C2.

Fathi, M. M., Al-Homidan, I., Motawei, M. |., Abou-Emera,
0. K, and El-zarei, M. F. (2017).
Evaluation of the genetic diversity of Saudi native chic
ken populations using microsatellite markers Poultry
Science, 96(3), 530-536.

Garcia-Vallvé, S., and Puigbo, P. (2015). DendroUPGMA: A
dendrogram  construction utility Available at:
http://genomes.urv.cat/ UPGMA/.

Habimana, R., Okeno, T. O., Ngeno, K., Mboumba, S.,
Assami, P., Gbotto, A. A, Keambou, C. T,
Nishimwe, K., Mahoro, J., and Yao, N. (2020).
Genetic  diversity and population structure of
indigenous chickens in Rwanda using microsatellite
markers. PLoS ONE, 15(4), 1-17.

Hariyono, D. N. H., Maharani, D., Cho, S., Manjula, P., Seo,
D., Choi, N., Sidadolog, J. H. P., and Lee, J. H.
(2019).  Genetic  diversity and  phylogenetic
relationships were analyzed using microsatellite
markers in eight Indonesian local duck populations.
Asian-Australasian Journal of Animal Sciences, 32(1),
31

Hassen, H., Neser, F. W. C., De Kock, A., and van Marle-
Koster, E. (2009). Study on the genetic diversity of
native chickens in northwest Ethiopia using
microsatellite  markers.  African  Journal  of
Biotechnology, 8(7)

Kalinowski, S.T. (2005) HP-RARE 1.0: A computer program
for performing rarefaction on measures of allelic
richness Mol. Ecol. Notes 5, 187-189

Kopelman, N. M., Mayzel, J., Jakobsson, M., Rosenberg, N.
A., and Mayrose, I. (2015) Clumpak: a program for
identifying  clustering modes and packaging
population structure inferences across K. Molecular
Ecology Resources, 15(5), 1179-1191.

Levene, H. (1949). On a matching problem in genetics
Annals. Mathematics.Statist, 20, 91-94

Liu, K., and Muse, S.V. (2005). Power marker: an integrated
analysis environment for genetic marker analysis.
Bioinformatics, 21, 2128-2129.

Madilindi, M. A., Banga, C. B., Bhebhe, E., Sanarana, Y. P.,
Nxumalo, K. S., Taela, M. G., and Mapholi, N. O.
(2019). Genetic differentiation and population
structure of four Mozambican indigenous cattle
populations.  Livestock  Research  for  Rural
Development, 31(4)

Marwal, A., and Gaur, R. K. (2020). Molecular markers: a
tool for genetic analysis In Animal Biotechnology (pp.
351-372), Elsevier.

Mohammed, A. (2018). Major Constraints and Health
Management of Village Poultry Production in
Ethiopia: Review School of Veterinary Medicine,
Jimma University, Jimma, Ethiopia. Journal of
Research Studies in Microbiology and Biotechnology,
4(1), 1-10.

Nasiri, H., Forouzandeh, M., Rasaee, M. J., and
Rahbarizadeh, F. (2005). Modified salting-out method:
high-yield, high-quality genomic DNA extraction
from whole blood using laundry detergent. Journal of
Clinical Laboratory Analysis, 19(6), 229-232.

Tekle etal.,

Nei, M. (1978). Estimation of average heterozygosity and
genetic distance from a small number of
individuals. Genetics, 89(3), 583-590.

Nemera, B., Kebede, M., Enyew, M., and Feyissa, T. (2022).
Genetic diversity and population structure of sorghum
[Sorghum bicolor (L.) Moench] in Ethiopia as
revealed by microsatellite markers Acta Agriculturae
Scandinavica, Section B—Soil and Plant Science,
72(1), 873-884.

Okumu, O. N., Ngeranwa, J. J. N., Binepal, Y. S., Kahi, A.
K., Bramwel, W. W., Ateya, L. O., and Wekesa, F. C.
(2017). Genetic diversity of indigenous chickens from
selected areas in Kenya using microsatellite markers.
Journal of Genetic Engineering and Biotechnology,
15(2), 489-495.

Page, R.D. (1996) Tree View: An application to display
phylogenetic  trees on  personal  computers
Bioinformatics 12, 357

Pavel, A. B., and Vasile, C. (2012). PyElph is a software tool
for gel-image analysis and phylogenetics. BMC
Bioinform, 13, 9.

Peakal, R., and Smouse, P. (2015). GENALEX: Genetic
Analysis in Excel Population genetic software for
teaching and research Mol. Ecol. Notes, 6, 288-295.

Perini, F., Cendron, F., Rovelli, G., Castellini, C., Cassandro,
M., and Lasagna, E. (2020). Emerging genetic tools to
investigate molecular pathways related to heat stress
in chickens: A review. Animals, 11(1), 46.

Pius, L. O., Strausz, P., and Kusza, S. (2021). Overview of
Poultry Management as a Key Factor for Solving Food
and Nutritional Security, with a Special Focus on
Chicken Breeding in East African Countries. Biology,
10(8), 810.

Pritchard, J. K., Stephens, M., and Donnelly, P. (2000).
Inference of population structure using multilocus
genotype data Genetics, 155(2), 945-959.

Reshma, R. S., and Das, D. N. (2021). Molecular markers and
their application in animal breeding In Advances in
Animal Genomics (pp. 123-140), Elsevier.

Shapiro, B. I., Gebru, G., Desta, S., Negassa, A., Negussie,
K., Aboset, G., and Mechal, H. (2015). Ethiopian
livestock master plan: roadmaps for growth and
transformation.

Sime, A. G., and Edea, C. (2022). Current Status of
Indigenous  Chicken  Production  Performance,
Opportunity, and Challenges in Ethiopia. SSRN
Electronic Journal, May.

Simm, G., Pollott, G., Mrode, R., Houston, R., and Marshall,
K. (2020). Genetic improvement of farmed animals.
CABI.

Soltan, M., Farrag, S., Enab, A., Abou-Elewa, E., El-Safty, S.,
and Abushady, A. (2018). Sinai and Norfa chicken
diversity was revealed by microsatellite markers.
South African Journal of Animal Science, 48(2), 307—
315.

Terefe, M., Birmeta, G., Girma, D., Geleta, M., and Tesfaye,
K. (2023). Analysis of genetic diversity and
population structure of oilseed crop noug (Guizotia
abyssinica) accessions collected from Ethiopia.
Molecular Biology Reports, 50(1), 43-55.

Tolasa, B. (2021). Current Status of Indigenous and Highly
Productive Chicken Breeds in Ethiopia Advances in
Agriculture, 2021

Tongsiri, S., Jeyaruban, G. M., Hermesch, S., van der Werf, J.
H. J, Li, L, and Chormai, T. (2019). Genetic
parameters and inbreeding effects affect the
production traits of Thai native chickens. Asian-
Australasian Journal of Animal Sciences, 32(7), 930

International Journal on Emerging Technologies 15(1): 35-44(2024) 43



Weir, B. S., and C. C. Cockerham (1984). Estimation of F-
statistics for the analysis of population structure. Evol.
38, 1358-1370.

Yacouba, Z., Isidore, H., Michel, K., Isidore, G. B.,
Boureima, T., Vinsoun, M., Maurice, K., Ousseni, B.,
Moussa, Z., and Valerie, B. Y. M. C. (2022). Genetic
Diversity and Population Structure of Local Chicken
Ecotypes in Burkina Faso Using Microsatellite
Markers. Genes, 13(9), 1523.

Yadav, A. K., Tomar, S. S., Jha, A. K., and Singh, J. (2017).
The importance of molecular markers in livestock

improvement: a review. International Journal of
Agriculture Innovations and Research, 5(4), 614-622.

Yeh, F.C,, and Yang, R. (1999). Microsoft Windows-based
freeware for population genetic analysis, Popgene Ver.
1, 31.

Yonas, K. (2020). Introduction of the exotic breeds and cross-
breeding of local chickens in Ethiopia and solutions to
genetic erosion: A review. African Journal of
Biotechnology, 19(2), 92-98.

How to cite this article: Shibru Tekle, Dejenie Mengistie, Wondossen Ayalew, Shelema Kelbessa, Biruk Alemu and Geremew
Temesgen (2024). Genetic Characterization of Some Selected Ethiopian Indigenous Chickens using Simple Sequence Repeat
Markers . International Journal on Emerging Technologies, 15(1): 35-44.

Tekle etal.,

International Journal on Emerging Technologies 15(1): 35-44(2024) 44




