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Abstract

Arabica coffee originated and diversified in Ethiopia, yet its considerable genetic diversity remains underutilized. This study
assessed the genetic diversity and population structure of 50 Arabica coffee genotypes representing five populations (Sidama,
Amaro, Jinka, Guji, and improved varieties) using inter-simple sequence repeat (ISSR) markers. The populations produced 74
distinct bands, with improved varieties showing the highest number of private bands (8) and lowest common bands (<50%) at 6.
Band frequency ranged from 8.62% (Guiji) to 25.86% (improved varieties), averaging 17.93%. Genetic diversity parameters,
including number of alleles per population, effective alleles, Shannon’s information index, observed diversity, and unbiased
diversity, ranged from 0.276-0.672, 1.063-1.149, 0.052-0.12, 0.036-0.082, and 0.039-0.092, respectively. AMOVA revealed
significant genetic variability, with 67% among populations and 33% within. Principal coordinate analysis explained 42.96% of
total variation across three axes. UPGMA cluster analysis grouped the genotypes into four clusters (1-1V) containing 20%, 28%,
12%, and 40% of the genotypes, respectively, with genotypes from the same populations clustering together. Overall, the study
demonstrated substantial genetic variation and population structure among South Ethiopian Arabica coffee genotypes,
highlighting the potential for conservation and breeding efforts. Future studies should incorporate high-resolution markers and
broader accession sets to better capture the genetic landscape of Ethiopian Arabica coffee.
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1. Introduction

Coffea arabica is the only allotetraploid (2n=4x=44) and  crossing [26, 28]. It is evergreen plant, which grows within
self-fertile species in the Coffea genus, whereas the rest spe-  the belt lies equidistant from the equator (23.5N) in the north
cies are diploid, highly self-incompatible and allogamous (out ~ and (23.5<5) in the south, typically in tropical regions of

“Corresponding author: habteline@gmail.com (Habtamu Gebreselassie)
Received: 15 September 2025; Accepted: 29 September 2025; Published: 30 October 2025

@ Copyright: © The Author(s), 2025. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/cbb
http://www.sciencepg.com/journal/112/archive/1121302
http://www.sciencepg.com/
https://orcid.org/0000-0002-7495-8997
https://orcid.org/0000-0002-4506-197X

Computational Biology and Bioinformatics

http://www.sciencepg.com/journal/cbb

Africa, Asia, Oceania, South America (Brazil and Colombia),
Central America and Mexico [23, 24]. It is the most important
agricultural commaodity upon which the economy of more
than 80 producer countries depend on [6] and a foreign cur-
rency earner. It plays a key role in creating direct employment
for 125 million people in worldwide [14]. It is a vital and
delightful beverage that is frequently drank due to its stimu-
latory effects, desirable aroma, and flavor. Its beverage con-
tains antioxidant phenols, which may provide health benefits
such as a lower risk of cancer, cardiovascular disease, diabe-
tes, and Parkinson's disease [11, 19, 24, 40].

Coffee Arabica has enormous economic, tourism, social,
and cultural value in Ethiopia [17, 22]. From smallholder
coffee growers to coffee exporters, the coffee industry pro-
vides employment and boost economic growth [37]. Coffee
tourism allows the tourists to explore the birthplace of coffee,
strongly connect with the country's rich cultural heritage,
witness vibrant and ritualistic traditional coffee ceremonies,
and drink the flavorsome brews captured the world's attention
[59, 60]. The Ethiopian coffee ceremonies bring people to-
gether; promote unity, and create a sense of togetherness
among individuals [17].

Ethiopia is the original homeland and center of genetic
diversity of coffee Arabica [12, 27, 57]. Many different types
of coffee trees can be found within small areas [62]. Even
though Arabica coffee has much important and it has high
genetic diversity, Ethiopian coffee improvement program is
solely dependents on conventional breeding approach and
needed to be supplemented with modern molecular breeding
techniques [9, 13].

The genetic diversity of Coffea arabica arises from its

origin as an allotetraploid hybrid between C. canephora and C.

eugenioides, which introduced a novel genetic combination
[28]. Although C. arabica is predominantly self-pollinating,
significant variation persists, especially in Ethiopia, maight be
due to its outcrossing by insects and humanmade activities.
This diversity is maintained by natural selection across di-
verse agro-ecological zones, traditional farming practices that
promote seed propagation and genetic recombination, and
long-term in situ conservation by smallholder farmers [25].
Human-mediated selection for yield, quality, and resilience
has further shaped this diversity over generations [4, 5]. De-
spite the species’ narrow genetic base compared to outcross-
ing crops, these combined factors contribute to the rich ge-
netic variability observed in Arabica coffee.

Conventional coffee breeding in Ethiopia was started in
1952 with the major objectives of collection and conservation
of coffee germplasm, development of cultivars that combine
high yield, disease resistance, improved cup quality, and
wider environmental adaptable [6]. Since then, a number of
achievements reported in germplasm collection and conser-
vation, development of high yielder and CBD resistant having
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good cup quality selections and heterotic hybrids varieties.
Despite its many merits, conventional coffee breeding in
Ethiopia faced a number of challenges. Firstly, it takes long
time (at least 21 years) to develop a new coffee cultivar [9].
Secondly, highly influenced by growing environmental fac-
tors [1, 7, 15, 32, 33] and growth stage of the plant [58].
Thirdly, the coffee Arabica genetic diversity is low due to its
narrow genetic base associated with autogamy, evolutionary
history, and domestication [5, 34, 48, 51, 52, 59]. Fourthly,
phenotypically similar individuals may be genetically distinct,
which reduces the selective efficiency.

Use of molecular markers associated with important traits
can make coffee breeding more precise, rapid, allow the de-
tection of variations in DNA level, overcome environmental
factors and growth stage of the plant, and probably cost ef-
fective in comparison to phenotypic selection [21, 39, 53].
Some of the DNA based markers that have been extensively
used in coffee genetic diversity studies includes Restriction
Fragment Length Polymorphism (RFLP), Amplified Frag-
ment Length Polymorphism (AFLP), Randomly Amplified
Polymorphic DNAs (RADP), Sequence-related Amplified
Polymorphism (SRAP) and Simple Sequence Repeats (SSR),
single-nucleotide polymorphisms (SNPs) markers [10, 29, 35,
42,47, 61]. Inter Simple Sequence Repeat (ISSR) markers are
widely used in assessing genetic diversity in Coffea arabica
due to their simplicity, cost-effectiveness, and ability to gen-
erate high polymorphism without prior genomic information
[46].

Eeventho many studies were conducted on Arabica coffee
genetic diversity, the coffee genetic study program, particu-
larly the south Ethiopian coffee populations, has not benefited
a lot from the development of the recent molecular markers.
Because of this, little is known about the genetic structure and
pattern of south Ethiopian coffee [13], which in turn has lim-
ited the use of its diverse gene pool in the improvement pro-
gram [13]. Accordingly, the present study was conducted
estimate the genetic diversity and population genetic structure
of South Ethiopian coffee Arabica genotypes for successful
conservation of genetic resources for future improvement
using ISSR markers.

2. Materials and Methods

2.1. Plant Material

The study employed fifty Arabica coffee genotypes that
were collected from four growing zones (Sidama, Gujji,
Amaro, Jinka) and improved varieties (Table 1). The coffee
trees of the genotypes were ex-situ conserved at the field gen
bank of Awada Agricultural research sub-center, Ethiopia.


http://www.sciencepg.com/journal/cbb

Computational Biology and Bioinformatics http://www.sciencepg.com/journal/cbb

Table 1. Description of Arabica coffee germplasm used for molecular genetic diversity study.

Acc. Population Region Loction Specific location Altitude Mainainer
Ak-4 Guijji Oromiya Dole Mendere 1746 AARSC/EIAR
Ak-5 Gujji Oromiya Dole Mendere 1741 AARSC/EIAR
Ak-6 Gujji Oromiya Dole Akoku 1755 AARSC/EIAR
Ak-10 Gujji Oromiya Obadola kumina 1698 AARSC/EIAR
Ak-12 Gujji Oromiya Obadola kumina 1720 AARSC/EIAR
Ak-13 Gujji Oromiya Obadola kumina 1709 AARSC/EIAR
Ak-23 Gujji Oromiya Chembe keca eba 1655 AARSC/EIAR
Ak-25 Guijji Oromiya Dida guda rohe 1519 AARSC/EIAR
Ak-27 Gujji Oromiya Chembe keca eba 1563 AARSC/EIAR
Ak-23 Guijji Oromiya Qebesa Sageji Ela Bedessa 1962 AARSC/EIAR
Ak-9 Amaro South Ethiopia Golbe Golbe 1880 AARSC/EIAR
Ak-10 Amaro South Ethiopia Golbe Golbe 1880 AARSC/EIAR
Ak-16 Amaro South Ethiopia Kerma Dogodo-2 1660 AARSC/EIAR
Ak-23 Amaro South Ethiopia Danobulto Shashe 1500 AARSC/EIAR
Ak-37 Amaro South Ethiopia Kele town Kele-02 1600 AARSC/EIAR
Ak-38 Amaro South Ethiopia Kele town Kele 1600 AARSC/EIAR
Ak-44 Amaro South Ethiopia Sharo Angushi 1600 AARSC/EIAR
Ak 47 Amaro South Ethiopia Darba mane na 1700 AARSC/EIAR
Ak 52 Amaro South Ethiopia Tifata Tsilalo omo 1680 AARSC/EIAR
Ak 57 Amaro South Ethiopia Tifata Abetu kotsare 1700 AARSC/EIAR
Ak-1 Gamogofa South Ethiopia Genamer Woyiki 1640 AARSC/EIAR
AK-5 Gamogofa South Ethiopia Genamer Genamer 1600 AARSC/EIAR
AK-8 Gamogofa South Ethiopia Tolta Tolta 1630 AARSC/EIAR
AK-14 Gamogofa South Ethiopia Metser Zelet 1643 AARSC/EIAR
AK-42 Gamogofa South Ethiopia Alga Wozader 1500 AARSC/EIAR
AK-43 Gamogofa South Ethiopia Koibe Alkaido 1390 AARSC/EIAR
AK-58 Gamogofa South Ethiopia Banata Meso 1400 AARSC/EIAR
AK-59 Gamogofa South Ethiopia Aykamer Beso 1400 AARSC/EIAR
AK-61 Gamogofa South Ethiopia Aykamer Beso 1400 AARSC/EIAR
AK-63 Gamogofa South Ethiopia Aykamer Beso 1450 TARC/EIAR
Aw-31 Sidama Sidama Dara Aleme Kancha 1800 AARSC/EIAR
Aw-79 Sidama Sidama Bensa Hedamo 1800 TARC/EIAR
AK-77 Sidama Sidama Dale Loya 1750 ARC/EIAR
AK-43 Sidama Sidama Chicho Bedecha 1830 AARSC/EIAR
AK-53 Sidama Sidama Debeka Gerari 1770 MARSC
AK-14 Sidama Sidama Weto Metero 1800 JARC/EIAR
AK-91 Sidama Sidama Mamena Gona 1760 JARC/EIAR
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Acc. Population Region Loction
AK-121 Sidama Sidama Bedelicho
AK-123 Sidama Sidama Bedelicho
AK-122 Sidama Sidama Foka

Koti Improved Variety

74112 Improved Variety

Angafa Improved Variety

CH-1 Improved Variety

Rori Improved Variety

Mechara-1  Improved Variety

J-19 Improved Variety

J-21 Improved Variety

74140 Improved Variety

74110 Improved Variety

Harussa Improved Variety

Dessu Improved Variety

Gesha Improved Variety

Mocha Improved Variety

75227 Improved Variety

Odicha Improved Variety

Specific location Altitude Mainainer

Bedelicha 1980
1800

1770

JARC/EIAR
JARC/EIAR
AARSC/EIAR
AARSC/EIAR
JARC/EIAR
AARSC/EIAR
AARSC/EIAR
AARSC/EIAR
MARSC
TARC/EIAR
TARC/EIAR
AARSC/EIAR
JARC/EIAR
JARC/EIAR
JARC/EIAR
JARC/EIAR
MARSC
JARC/EIAR
AARSC/EIAR

Bedelicha
Kisho

JARC =Jimma Agricultural Research Center; EIAR=Ethiopian Institute of Agricultural Research; AARSC=Awada Agricultural Research
Center; TARC= Tepi Agricultural Research Center; MARSC= Mechara Agricultural Research Center.

2.2. Sample Collection

Young and healthy leaf samples were collected from
growing tips of a single tree of each genotype using Eppen-
dorf tube. Four discs leaf samples were directly placed into an
Eppendorf tube, and transported to a molecular laboratory of
South Agricultural Research Institute, Hawassa, Ethiopia and
stored under refrigerator until DNA extraction was done.

2.3. DNA Extraction

The genomic DNA extraction of coffee samples was per-
formed using a modified cetyltrimethylammonium bromide
(CTAB) protocol [49]. The leaf samples were crushed using a
plastic micro pestle and 400 ul of CTAB buffer added to the
Eppendorf containing the crushed samples and vortex for 10
seconds before incubating under a water bath at 60<C for 30
minutes. The solution was incubated in a water bath at 60<C
for 30 minutes. During the incubation process the solution
was homogenized every 10 minutes. Following incubation, 60
ul of chloroform-isoamyl alcohol was added to the mixture
and centrifuged at 10,000 rpm for 5 minutes. The supernatant
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was transferred to a new Eppendorf tube and the chloroform
isoamyl alcohol step was repeated and centrifuged again at
10,000 rpm for 5 minutes. Stages using chloroform isoamyl
alcohol were performed three times to separate DNA from
proteins, polysaccharides, and other impurity compounds.

The supernatant was transferred to a new 1.5 mLtube and
cold isopropanol was added to 2/3 of the supernatant. The
solution was homogenized and incubated at -25<C for 30
minutes. The solution was then centrifuged at 10,000 rpm for
5 minutes to form a pellet and supernatant. The pellet con-
taining DNA was washed three times using 70% ethanol and
centrifuged at 10,000 rpm for 5 minutes. The DNA pellet was
re-suspended with TE-RNase and stored at -25<C. The DNA
quantity and purity was measured by both a nano spectro-
photometer (IMPLENNP80) and gel electrophoresis. The
concentration (ng/uL) and purity of DNA was observed by
nanophotometer at A260/A280. The quality of extracted DNA
was observed on a 1% agarose gel. DNA was visualized under
UV light using gel documentation (UVITEC).

2.4. PCR Amplification with ISSR Primers

The polymerase chain reactions (PCR) were performed to
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investigate the suitability of the extracted DNA for amplifi-
cation. The PCR reaction was carried out using 1 g of primer,
1.5 g of template DNA, and 10.5 U of H,O (grade), for a
total volume of 13 . The amplifications were carried out for
35 cycles of 96<C for 3 minutes, 96<C for 30 seconds, 49C
for 30 seconds, 72<C for 30 seconds, followed by a final ex-
tension step of 72<C for 5 min [50]. The amplified DNA

products were loaded in agarose gel. Gel electrophoresis was
carried out on a 1.2% agarose gel in 100 ml of 1< TAE buffer
at 80 volts for 90 minutes. Amplified products were visual-
ized using gel documentation system. A total of 9 universal
ISSR primers were used to determine the molecular diversity
of the genotypes under examination; of which 4 primers
showed high percentage of polymorphism (Table 2).

Table 2. List of ISSR primers used in this study.

Sample No ISSR primers name Primer Sequences Length of (bp) Annealing T (T)
1 UBC825 (AC) 8T 17 52
2 UBCB826 (AC) 8C 17 47
3 UBCB842 (GA) 8CG 18 52
4 UBC854 (TC) 8RG 18 49
5 UBC835 (AG)8YC 18 48
6 UBC868 (GAA) 6 18 55
7 UBCB879 (CTTCA)3 15 51
8 UBC888 BDB (CA) 7 17 52
9 UBC889 DBD (AC) 7 17 48

The reproducible profiles with template DNA’s are detailed below; B = (C, G, T), i.e,, not A; D= (A, G, T),i.e, notC; R= (A, G), Y=(C, T);

UBC = University of British Colombia, Canada

2.5. Agarose Gel Analysis and ISSR Data
Scoring

The integrity of DNA was judged by agarose gel analysis
using the following steps: 0.8% agarose gel was prepared in
100 ml 1X TBE (Tris-borate EDTA) buffer containing 2.5 (i
of ethidium bromide. The gel was cast in the tray and allowed
to solidify until the wells were properly formed. 20 ul of DNA
samples along with 5 (4 a DNA ladder were individually
loaded into each well after mixing them with a drop of gel
tracking dye. The gel was run at 80 V for 90 minutes. After the
gel was run to about 3/4th of the tray, the gel was removed
from the cast and visualized under UV light. The presence of a
single compact band at the corresponding band of the DNA
ladder indicates that the DNA isolated is of high molecular
weight.

2.6. Data Analysis

Statistical Analysis

Among the tested nine ISSR markers data only four pol-
ymorphic molecular markers were considered and fragments
were scored based on a binary scoring matrix for the presence
(1) or absence (0) visually based on the presence and absence
of bands. Number of alleles (Na), number of effective allele
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(Ne), observed (Ho) and expected (He) heterozygosity,
Shannon’s information index (1), Diversity (h), Unbiased
Diversity (uh), Band Frequency (p), No. Bands, No. Bands
Freq. >= 5%, No. Private Bands, No. LComm Bands (<=25%),
and No. LComm Bands (<=50%) as well as analysis of mo-
lecular variance (AMOVA) were computed with
GenAlExver.6.503 software [44].

Cluster analysis was carried out using DARwin software
version 6.0.021 [45]. A dendrogram was generated based on
the dissimilarity matrix as input data to visualize pattern of
cluster within and among the genotypes. Principal coordinate
analysis (PCoA) was computed by GenAlex version 6.503
software [45].

3. Results and Discussions

3.1. ISSR Analysis

Among the nine ISSR primers included in this study, the
four universal primers, UBC 826, UBC 835, UBC 842, and
UBC 889, provided a clearly amplified product and con-
spicuous banding pattern whereas the remaining primers were
considered unsuitable due to poor amplification. The four
ISSR markers are efficient in estimating the genetic diversity
of coffee Arabica genotypes. The ISSR markers have been
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also applied to characterize coffee germplasm in Ethiopia [2,
8, 55, 56].

DTS

i

Figure 1. Sample picture of banding pattern of UBC835 and
UBC842 primers on improved varities.

3.2. Polymorphism of ISSR and Genetic
Diversity

The 4 ISSR markers used in this study detected 74 different
bands with a frequency >= 5% for Gujji, Amaro, Jinka, Im-
proved variety, and Sidama collections (Figure 2). The
number of private bands (unique alleles) was higher for im-
proved variety and Sidama collection 8 and 4 respectively.
Private bands (unique alleles) are genetic variants found ex-
clusively within a single population, not present in other
populations being analyzed [54]. It can be crucial for a spe-
cies' long-term survival and adaptation to changing environ-
ments. They might carry genes that confer resistance to new
diseases, tolerance to drought, or other beneficial traits that
are not found in the more common alleles [20, 30]. A high
number of private bands among improved variety and Sidama

collection suggests that the presence of many rare and unique
alleles within the improved variety and Sidama coffee popu-
lation being studied. Accordingly, improved variety and
Sidama coffee populations with a high number of private
alleles are considered particularly important for conservation
efforts.

Improved variety and Sidama collection were found to show
highest value of the lowest number of common bands (<50%), 6
and 5 respectively, whereas the other populations showed the
lowest value (1) (Figure 2). Common bands refer to alleles that
are present at a high frequency across the entire sample set of
populations being analyzed. They are alleles that are widespread
within the population. The highest value of lowest number of
common bands suggests a higher overall genetic diversity,
presence of many rare alleles, reduced impact of selection bot-
tlenecks, and heterogeneous population structure [24, 46]. Ac-
cordingly, improved variety and Sidama collection having
highest value of lowest humber of common bands points to a
more diverse and less homogenous coffee population, with a
greater presence of rare or less frequent alleles.

Band frequency varied from 8.62% (Guijji) to 25.86% (Im-
proved varieties) with average of 17.93% (Table 3). The ob-
served high band frequency for improved varities indicates the
presence of higher genetic diversity and a wider range of allele
combinations among improved varities than the other popula-
tions. The detected polymorphic band in this investigation is
relatively low as compared to [3, 36] report; where as high as
compared to Gichuru (2012) and Panaligan et al., (2020) [18,
43]. Even though the genetic variability of Arabica coffee has
been low due to the narrow genetic basis and self-fertile nature
of the species, the existed genetic variation among the studied
population is a promising result for coffee improvement pro-
gram through selection of parental lines and hybridization.

Band patterns across populations

30

25 -

20 -

15 -

Number

10

Popl Pop2 Pop3 Pop4

Populations

0.120

- 0.100

- 0.080 mmm No. Bands

B No. Bands Freq. >=5%
- 0.060
I No. Private Bands

Heterozygosity

- 0.040 B No. LComm Bands (<=25%)
 No. LComm Bands (<=50%)
- 0.020

—— Mean h

- 0.000

Pop5

Figure 2. Band patterns across populations.

Where; No. Bands = No. of Different Bands; No. Bands Freq. >= 5% = No. of Different Bands with a Frequency >= 5%; No. Private Bands =
No. of Bands Unique to a Single Population; No. LComm Bands (<=25%) = No. of Locally Common Bands (Freq. >= 5%) Found in 25% or
Fewer Populations; No. LComm Bands (<=50%) = No. of Locally Common Bands (Freq. >= 5%) Found in 50% or Fewer Populations; h =

Diversity = 1 - (p + ).

The number of alleles per populations (Na) varied from

0.276 (Guijji) to 0.672 (improved varieties) with an average of
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0.434 (Table 3). Number of effective alleles (Ne) varied from
1.063 (Gujji) to 1.149 (Jinka). Shannon’s information index (I)
varied from 0.052 (Guijji) to 0.12 (Sidama). Likewise, ob-
served diversity (h) varied among populations from 0.036
(Guijji) to 0.082 (Jinka) with an average value of 0.061. On the

other side, unbiased diversity (hu) ranged from 0.039 (Guijji)
to 0.092 (Jinka) (Table 3). Based on Ne, I, h, and hu values,
Jinka and Sidama population showed relatively high level of
genetic diversity, whereas the results for the genetic diversity
in Gujji and Amaro were convergent.

Table 3. Genetic parameter estimates based on ISSR Marker among collection regions.

Population No. of genotypes Na Ne | h uh %P
Guijji 10 0.276 1.063 0.052 0.036 0.039 8.62%
Amaro 10 0.345 1.07 0.065 0.043 0.048 12.07%
Jinka 10 0.397 1.149 0.118 0.082 0.092 18.97%
Improved variety 10 0.672 1.095 0.105 0.064 0.071 25.86%
Sidama 10 0.483 1.129 0.12 0.079 0.087 24.14%
Grand Mean 10 0.434 1.101 0.092 0.061 0.067 17.93%
Sum 50 2.173 5.506 0.46 0.304 0.337 89.66%

Where:- Na= number of allele; Ne=number of effective allele; I= Shannon’s information index; h = Diversity = 1 - (p? + ¢%); uh = Unbiased

Diversity = (N / (N-1)) * h; p = Percent of polymorphic loci.

3.3. Analysis of Molecular Variance

Analysis of molecular variance (AMOVA) partitioned the
total genetic variation into among and within populations
(Table 4). Of the total genetic variation, 67% of variation was
attributed to the variability among populations and 33% ac-
counted for variability within populations, indicating that the

genetic variation among populations contributed more to
genetic diversity (Table 4). The result is in agreement with
previous works by Aga, [2] who reported that most of the
variability was observed between populations than within
populations. However, other scholars reported the higher
proportion of genetic diversity was observed within the pop-
ulation rather than between populations [8, 16, 31, 38, 41, 56].

Table 4. Analysis of molecular variance between population of Arabica coffee genotypes.

Sources of variation Df SS
Among populations 4 165.240
Within populations 45 88.000
Total 49 253.240

df=degree of freedom; SS=sum of square; MS=mean square

3.4. Principal Component Analysis

The principal coordinate analysis (PCoA) generated by
using genetic distance showed the presence of weak popula-
tion structure and explained 42.96% of the cumulative varia-
tion (Figure 3). The first, second and third axis explained
19.45%, 14.73%, and 8.78% of the total genetic variation,
respectively. As it is observed in two-dimensional plot of

MS Estimated variance Percentage of variation
41.310 3.935** 67%
1.956 1.956** 33%

5.891 100%
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density versus discriminant function, genotypes collected
from the same population often grouped together, and geno-
types from different population differently (Figure 4). In both
analyses, there was no definite clustering of populations, and
showed consistent pattern of genetic relationship and differ-
entiation among the accessions. This suggests gene flow or
shared ancestry among populations, consistent with a weakly
structured but genetically diverse population.


http://www.sciencepg.com/journal/cbb

Computational Biology and Bioinformatics

http://www.sciencepg.com/journal/cbb

Variance explained by PCA

100
I

0w 000
o 0 000
o ©

90
a

Cumulative variance (%)
60
]

50

40

30

15 20 25
Number of retained PCs
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Figure 4. Density vs discriminant function bi-plot.

To infer in the genetic structure of the populations, a dis-
criminate analysis of principal component (DAPC) analysis
was conducted using the 40 accessions and 10 improved var-
ities. The DAPC analysis revealed five genetic clusters and
four discriminant eigenvalues (Figure 5). Each of these clus-
ters corresponded with genotypes derived from population
collected from each collection regions. The DAPC identified
five genetic clusters, with four discriminant eigenvalues
capturing between-group variation. These clusters generally
aligned with regional origins, providing further insight into
the underlying genetic structure shaped by geographic and
environmental factors.

67

[pop1

PCA eigenvalues

Figure 5. Discriminant analysis of principal components (DAPC)
for the 50 arabica coffee genotypes. Dots represent individuals
whereas colours denoting sampling origin.

DA eigenvalues

3.5. Cluster Analysis

The cluster analysis based UPGMA method grouped the 40
Avrabica coffee accessions and 10 improved varities into four
major clusters, indicating the presence of significant genetic
diversity among them (Figure 6). Cluster | consisted 10 gen-
otypes (20%), suggesting a moderately distinct group with
shared genetic characteristics. Cluster Il comprised 14 geno-
types (28%), representing the second-largest cluster, possibly
reflecting a group with closer genetic similarity. Cluster 11l
was the smallest with 6 genotypes (12%), implying a more
genetically distinct or less common group of genotypes that
might possess unique traits. Cluster 1V, the largest group with
20 genotypes (40%), likely includes more genetically related
genotypes. The formation of these distinct clusters and
sub-groups suggests a wide range of genetic variation within
the Arabica coffee genotypes studied.

The clustering of accessions and improved varieties into
four distinct groups has important implications for breeding.
It highlights the presence of significant genetic diversity,
which can be exploited to select genetically distant parents for
crossing, thereby enhancing hybrid vigor and trait improve-
ment. The smaller and more distinct Cluster 111 may harbor
unique alleles valuable for introducing novel traits. The
grouping also suggests potential adaptation to specific envi-
ronments, guiding breeders in developing varieties suited to
diverse agro-ecologies. Moreover, understanding the genetic
structure helps in conserving valuable germplasm and
avoiding redundancy in breeding programs, ultimately sup-
porting the development of improved, resilient, and
high-performing coffee cultivars.
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Figure 6. UPGMA dendrogram representing the genetic relation-
ships among the indicated Arabica coffee genotypes.

4. Summery

Genetic diversity analysis of 50 arabica coffee genotypes
using 4 SSR markers showed the presence of genetic vdiver-
sity among genotypes. The different diversity indices ob-
tained in this study showed that the ISSR markers used were
efficient and informative for Ethiopian Arabica coffee diver-
sity study. High level of genetic diversity among population
of Jinka and Sidama was identified; suggesting that the
germplasm has enormous opportunity in the improvement
program through direct selection. The analysis of molecular
variance (AMOVA) revealed the presence of significant ge-
netic variability; with diversities mainly distributed among
populations. The generated UPGMA dendrogram along with
PCoA confirmed the result from AMOVA. The findings in-
dicate a moderate level of genetic diversity within and among
populations, highlighting the necessity for conservation
measures to preserve unique genotypes that are crucial for
sustainable coffee production. In these population clustering
analyses, genotypes from the same populations were found to
be clustered similarly and vise-versa.

5. Recommendation

Although ISSR markers utilized and proved useful genetic
diversity information in this study, it is limited due to its
dominant, lower reproducibility, and difficulty in pinpointing
specific genomic locations. Therefore, it is strongly recom-
mended that future studies adopt co-dominant marker systems
such as SSR (Simple Sequence Repeats) or SNP (Single Nu-
cleotide Polymorphisms), which are a co-dominant, highly
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reproducible, and can provide precise information about gene
locations, enabling more effective association mapping and
gene discovery for south Ethiopian coffee yield and quality
traits in future research.

While this study provided useful information on genetic di-
versity, it lacks the resolution necessary to pinpoint specific
genes influencing important agronomic traits to facilitate a
more direct and efficient link between phenotypes and geno-
types. Therefore, | strongly recommend a transition to associa-
tion studies breeding strategies to link phenotypes with geno-
types for yield and quality improvement of coffee in south
Ethiopia. The association study will facilitate the identification
of candidate genes underlying important agronomic traits.
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