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ABSTRACT ARTICLE HISTORY
Ethiopia is the center of origin and genetic diversity of arabica Received 3 December 2019
coffee. Forty-two commercial arabica coffee varieties were devel- Accepted 27 July 2020

oped by Jimma Agricultural Research Center (JARC) of Ethiopian
Institute of Agricultural Research (EIAR) and released for produc-
tion under diversg ag.ro—ec_ologies of the country. Information on origin; hybrid coffee;
the level of genetic diversity among these varieties is scarce. Out landraces; polymorphism;
of the 42 varieties, the genetic diversity of 40 widely cultivated similarity coefficient
commercial varieties was assessed using 14 simple sequence

repeat (SSR) markers. These markers revealed polymorphism

among the varieties. High average number of polymorphic alleles

(7.5) and polymorphic information content (PIC = 80%) per locus

were detected among the varieties. The genetic similarity among

varieties using the Jaccard’s similarity coefficient ranged from

0.14 to 0.78, with a mean of 0.38. The range of genetic similarity

coefficient values in 92% of the possible pair-wise combinations

varied from 0.14 to 0.50, indicating the presence of distant

genetic relatedness among the varieties. Unweighted pair

group method using arithmetic mean (UPGMA) clustering

showed six major clusters and three singletons. Coffee varieties,

belonging to the same geographic origin, were distributed across

clusters. This study represents the first evidence of the presence

of a high level of genetic diversity in Ethiopian commercial ara-

bica coffee varieties. Divergent varieties with complementing

traits could be crossed to develop productive hybrid coffee

varieties.

KEYWORDS
Genebank; geographic

1. Introduction

Coffea arabica L. is a perennial crop, which belongs to the family Rubiaceae.
Of the 124 species of the genus Coffea (Davis 2011), Coffea arabica and
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Coffea canephora are economically important and most cultivated species in
the world. C. arabica is the only tetraploid (2 n = 4x = 44) species in the
genus and is self-fertile, whereas other species are diploid (2 n = 2x = 22) and
genetically self-incompatible (Clarindo and Carvalho 2008). The southwest
highlands of Ethiopia are the center of origin and center of genetic diversity
for Coffea arabica (Lashermes et al. 1996; Anthony et al. 2001; Tesfaye et al.
2014) and it is the only Coffea species cultivated throughout the country. In
Ethiopia, coffee is the most important commodity that earns foreign
exchange and provides a source of income for more than 15 million people,
whose livelihoods depend directly or indirectly on its production, processing
and marketing.

Since the beginning of coffee research program in Ethiopia in the 1970s
(Bellachew and Labouisse 2006; Fekadu et al. 2008), considerable progress
has been made by the national coffee breeding program, resulting in success-
ful development and release of 42 commercial varieties for production (Chala
et al. 2012; Tadesse 2014). The presence of agro-morphological variability
among the varieties has been reported by different investigators (Bellachew,
Atero, and Tefera 2000; Chala et al. 2012; Tadesse 2014). Morphological
variation does not reflect true genetic variation that exists at the DNA level
because morphological markers are confounded by environmental, pleiotro-
pic and epistatic effects. Besides, assessment of genetic diversity using mor-
phological markers in perennial plants, such as coffee, often requires
a lengthy and expensive evaluation during the entire vegetative growth
period (Weising et al. 2005).

Detecting and quantifying genetic variation in crop species is important
for successful conservation of genetic resources and improvement of desir-
able characteristics in a breeding program. The importance of DNA-based
markers in accurately detecting genetic factors in coffee was reported by
Lashermes et al. (1996). Several researchers have reported the presence of
a low level of genetic diversity and a narrow genetic base of commercial
varieties of arabica coffee using different molecular markers, such as ampli-
tied fragment length polymorphisms (AFLPs) (Steiger et al. 2002; Maluf et al.
2005), restriction fragment length polymorphisms (RFLPs) (Anthony et al.
2002), random amplified DNA polymorphisms (RAPDs) (Maluf et al. 2005;
Silvestrini et al. 2008; Mishra et al. 2012), inter simple sequence repeats
(ISSRs) and sequence-related amplified polymorphisms (SRAPs) (Mishra
et al. 2012; Jingade et al. 2019) and SSR markers (Anthony et al. 2002;
Maluf et al. 2005; Silvestrini et al. 2007; Teressa et al. 2010; Geleta et al.
2012; Al-Murish et al. 2013).

Comparative studies using RFLPs, RAPDs, AFLPs and SSRs have indicated
that SSR markers detect a higher level of polymorphism than other markers
(Bandelj et al. 2004). This has also been confirmed in previous studies on
genetic diversity in wild coffee accessions and commercial varieties of arabica
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coffee (Anthony et al. 2002; Maluf et al. 2005; Dessalegn, Herselman, and
Labuschagne 2009). However, the level of genetic diversity among the 42
Ethiopian commercial arabica coffee varieties has not been assessed using
molecular markers. Hence, we used SSR markers in the present study to
generate information on the level of genetic diversity and relationship among
40 widely cultivated commercial arabica coffee varieties grown in Ethiopia
and identify divergent parents for crossing to exploit hybrid vigor.

2. Materials and methods
2.1. Genotypes and sample collection

A total of 40 Ethiopian commercial arabica coffee varieties, widely cultivated
at different altitude ranges of coffee-producing regions of the country, were
used in this study (Table 1). The coffee trees of these varieties are available in
the field gene bank at Jimma Agricultural Research Center (JARC), Ethiopia.
Young and healthy leaf samples were collected from growing tips of a single
tree of each variety using a sampling tube containing silica gel. Leaf samples
were transported to a molecular laboratory at the Holetta Biotechnology
Research Center (HBTRC) of Ethiopian Institute of Agricultural Research
(EIAR) and dried well until DNA extraction was done.

2.2. DNA extraction

Approximately, 0.5 g of dried leaf of each variety was ground to a fine
powder using Retsch MM400 Mixer Mill (Haan Town, Cologne City,
Germany). Total DNA was extracted following a modified version of
CTAB method (Borsch et al. 2003). The extracted DNA was purified using
the QIAGEN PCR purification kit following the manufacturer’s instructions
(QIAGEN 2006). Quality and concentration of the extracted DNA were
determined using a Nanodrop ND-1000 spectrophotometer (Saveen
Werner Company, Malmé City, Sweden). The DNA samples were diluted
to a working concentration of 10 ng/uL and used for polymerase chain
reaction (PCR) amplification with SSR markers.

2.3. Polymerase chain reactions (PCRs) with SSR markers

In the present study, 17 SSR primer-pairs, labeled with 6FAM, NED, PET or
VIC fluorescent dye at 5’-end of the forward primers, were used. Annealing
temperature of each primer was determined by performing gradient PCRs.
All primer sets were initially screened for good amplification, polymorphism,
specificity to their target loci and suitability of the allele size for multiplexing,
using eight morphologically distinct coffee varieties. As a result, two primer
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pairs amplified monomorphic alleles across all genotypes and one primer
pair showed nonspecific amplification. Therefore, these three primer sets
were excluded and detailed analyses were performed using 14 polymorphic
primer sets (Table 2).

Depending on the annealing temperature of each primer set, four multiplex
panels of 2-5 SSRs each were used for genotyping the coffee varieties. The PCRs for
each multiplex panel were performed in a total sample volume of 10 pL, which
consisted of 5 uL 2x AccuPower® Taq PCR Master Mix (BiONEER), 0.1 pL of
50 mM MgCl,, 0.3 pL (3 mM) of each forward and reverse primer of one mix,
2.0 pL sample gDNA (10 ng/pL) and 0.5 puL double distilled water. The reactions
were performed using the GeneAMP PCR system 9700 thermocycler. The PCR
conditions followed were: 3 min initial denaturation at 94°C, followed by 30 cycles
of denaturing at 94°C for 30 sec., annealing at 58°C to 62°C (depending on the
multiplex group) for 1 min., and extension at 72°C for 2 min, with a final extension
step at 72°C for 20 min. Amplification of each multiplex was confirmed by running
3 pL of the PCR products plus 1 uL loading dye on 1.8% agarose gel containing 1 pL
GelRed".

Then, 1 pL of the PCR product of each multiplex group was added to 8.8 pL
highly deionized (Hi-di™) formamide and 0.2 pL of the Applied Biosystems
GeneScan™ 500 LIZ® Size Standard. The mixed samples were then heated to 95°
C for 5 min and chilled on ice for 2 min. Allele size of each variety was separated
and detected by capillary electrophoresis using an ABI PRISM® 3100 Genetic
Analyzer (capillary electrophoresis instrument, Applied Bioscience, Foster City,
CA, USA).

Table 2. List of primer-pairs and sequences used to amplify the simple sequence repeat (SSR)
loci of the arabica coffee varieties along with their annealing temperature (Ta).

Primer sequence (5' to 3')

Code Locus name Forward + Dye Reverse Ta [°C]
P1 AJ-250254"  GGCTCGAGATATCTGTTTAG-VIC TTTAATGGGCATAGGGTCC 58
P2 AJ-250255" CCCTCCCTGCCAGAAGAAGC-NED AACCACCGTCCTTTTCCTCG 58
P3  AJ-250260" TGATGGACAGGAGTTGATGG-6-FAM TGCCAATCTACCTACCCCTT 58
P4  Sat-237° CAAGAGCAGACGATTCTCAATCT-6-FAM  TTGGGGTTAGGAAATCACAAT 58
Ps  Sat-171% TTCCCCCATCTTTTTCTTTC-VIC TTGTATACGGCTCGTCAGGT 58
P6  CFGA-465  ACCCTTTACTACTTATTTACTCTC-6-FAM ACATCCCCTTGCCATTTCTTC 62
P8  AJ-250257" GACCATTACATTTCACACAC-NED GCATTTTGTTGCACACTGTA 58
P9 Sat-235F TCGTTCTGTCATTAAATCGTCAA-PET GCAAATCATGAAAATAGTTGGTG 58
P10 MR-054* TGATGTGGAAGGCCATTG-VIC GCCCCTATTATGACCCATGC 62
P11 Sat-180° CATGTGTAATACATTCAACAGTGA-NED  GCAATAGTGGTTGTCATCCTT 60
P12 AJ-250258" AAC TCT CCA TTC CCG CAT TC-PET  CTG GGT TTT CTG TGT TCT CG 62
P13 Sat-41* AGTGTAACTTTAGTTCTTGC-PET ATTTAATGGGCATAGGGTC 58
P15 AJ-250253" CTTGTTTGAGTCTGTCGCTG-VIC TTTCCCTCCCAATGTCTGTA 58
P16 MR-336 GAGTCGTCCACACTGCTTGA-6-FAM CATCTGCTTTGGTCCCTGAT 60

TCombes et al. (2000).
*Institute for Research and Development (IRD).
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2.4. Genotyping and data analysis

The allele peaks were visually inspected and then analyzed using
GeneMapper Software 4.0 (Applied Biosystems) based on the GeneScan™
500 LIZ® Size Standard. Each peak was considered an allele of an appropriate
microsatellite locus according to size (bp) and area of the peak. Accordingly,
every allele of each primer across all genotypes was scored and used for the
analysis of different measures of genetic diversity.

Although microsatellites are co-dominant markers, molecular analysis of
SSR loci in previous studies was mostly performed on presence/absence of
amplified alleles in each genotype because of the allotetraploid nature of
C. arabica (Moncada and McCouch 2004; Maluf et al. 2005). This data-
formatting method for SSR markers might result in a loss of information
when genotypes are highly heterozygous (Maguire et al. 2002). However,
with predominantly self-pollinated species like C. arabica, this problem is
likely to be minimal (Powell, Machray, and Provan 1996; Pejic et al. 1998).

Therefore, to calculate the genetic parameters, scored microsatellite alleles
were formatted to present (1) or absent (0) for only polymorphic marker loci
across all coffee varieties (Medini et al. 2005). Number of total (Na) and
polymorphic alleles (Pa) per locus, and rate of polymorphism (Pr) were
calculated, as described by Morgante et al. (1994). Observed Heterozygosity
(Ho) for each SSR primer was calculated according to Hormaza (2002).
Polymorphic information content (PIC) values were also determined based
on allelic frequency using PowerMarker version 3.25 (Liu and Muse 2005).
Rare and genotype-specific alleles were also determined, as described by Jain,
Jain, and McCouch (2004).

A binary data matrix was also generated from the allelic data using
NTSYS-PC 2.11 software (Rohlf 2000) and a pair-wise genetic similarity
matrix was constructed using the Jaccard’s similarity coefficient (Jaccard
1908). The resulting similarity matrix was used for cluster analysis, and the
relationships among varieties were displayed as a dendrogram constructed
based on UPGMA (Sneath and Sokal 1973).

3. Results and discussion
3.1. SSR-marker polymorphism and genetic diversity

The genetic diversity indices for the 14 SSR markers are summarized in Table 3.
All the markers used were found to be highly polymorphic and they amplified
a total of 105 alleles, of which 103 were polymorphic across the evaluated
commercial arabica coffee varieties. The number of total and polymorphic alleles
per primer ranged from 3 to 10, with a mean of 7.5 and 7.4, respectively. Allelic
polymorphism ranged from 83.3% to a maximum of 100%, with a mean of
98.1% across all coffee varieties. Observed heterozygosity (Ho) values ranged
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Table 3. Levels of genetic information generated by 14 simple sequence repeat (SSR) markers in
40 Ethiopian commercial arabica coffee varieties.

Code Locus name NA® pA* Pr® (%) Ho' PIC*
P1 AJ-250254 10 10 100 0.70 0.94
P2 AJ-250255 3 3 100 0.80 0.75
P3 AJ-250260 9 9 100 0.93 0.84
P4 Sat-237 6 5 83.33 1.00 0.70
P5 Sat-171 6 5 83.33 0.95 0.75
P6 CFGA-465 7 7 100 0.33 0.86
P8 AJ-250257 10 10 100 1.00 0.92
P9 Sat-235 10 10 100 0.50 0.91
P10 MR-054 10 10 100 1.00 0.76
P11 Sat-180 4 4 100 0.98 0.47
P12 AJ-250258 10 10 100 0.63 0.75
P13 Sat-41 9 9 100 0.58 0.89
P15 AJ-250253 8 8 100 1.00 0.90
P16 MR-336 3 3 100 0.50 0.72
Total 105 103

Average 7.5 74 98.1 0.81 0.80

"Number of total alleles.
*Polymorphic alleles.
SPolymorphism rate.

90bserved heterozygosity.
*Polymorphic information content.

from 0.32 to 1.00, with a mean of 0.83 per primer. Similarly, the PIC values
ranged from 0.47 to 0.94, with a mean of 0.80 per primer.

In the present study, the mean values for all genetic parameters calculated
from the allelic data of the 14 SSR markers were much higher than previously
reported values for commercial arabica coffee varieties evaluated elsewhere
using SSR markers (Moncada and McCouch 2004; Maluf et al. 2005;
Silvestrini et al. 2007; Missio et al. 2010; Teressa et al. 2010; Al-Murish
et al. 2013), indicating the presence of a high level of genetic diversity
among commercial arabica coffee varieties currently grown in Ethiopia.

In contrast to the results of our study, Anthony et al. (2002) reported the
presence of a low percent polymorphism and genetic diversity among 15
commercial varieties compared to wild coffee accessions using six SSR
markers. Similarly, Moncada and McCouch (2004) reported a low level of
genetic diversity, with a mean of 2 alleles and 0.22 PIC per primer in 12
Colombian cultivated arabica coffee varieties using 34 SSR markers. A very
low level of genetic diversity, with a mean of 2.87 alleles and 0.33 PIC per
primer in 26 Brazilian commercial cultivars of arabica coffee inbred lines was
also reported by Maluf et al. (2005) using 23 SSR markers. Likewise,
Tornincasa et al. (2006) reported a low level of genetic diversity in 45
commercial arabica coffee varieties obtained from Brazil, Guatemala, India
and Africa, but they reported wide genetic variability among 96 Ethiopian
accessions using 12 SSR markers.
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Using 32 SSR markers, Teressa et al. (2010) also demonstrated low genetic
diversity, with a mean of 2.8 alleles and 32% polymorphism in 55 commercial
arabica coffee varieties obtained from France. Similarly, Geleta et al. (2012)
detected a mean of 2.0 alleles and 42% polymorphism using 12 SSR markers
and reported the presence of a low level of genetic diversity among eight
Nicaraguan commercial arabica coffee varieties. A low level of genetic varia-
tion, with a mean of 2.5 alleles, 0.32 PIC and 0.43 Ho per primer among 17
arabica coffee cultivars grown in Yemen, was reported by Al-Murish et al.
(2013) using 58 SSR markers. The low level of genetic diversity and the
narrow genetic base of the commercial cultivars of arabica coffee were not
only detected by using SSR markers but also by other DNA-based marker
systems, such as RAPDs and AFLPs (Anthony et al. 2002; Maluf et al. 2005),
RAPDs, ISSRs and SRAPs (Mishra et al. 2012), SRAPs and TRAPs (Al-
Murish et al. 2013).

In aforementioned previous studies, most researchers analyzed small num-
ber of genotypes derived from the two botanical varieties (“Typica” and
“Bourbon”) and Hybrido de Timor, which is a spontaneous interspecific
hybrid between C. arabica and C. canephora (Goncalves and Rodrigues
1976) (as cited in Lashermes et al. 1993). The narrow genetic base of
Typica and Bourbon and low polymorphism in these two botanical varieties
has also been reported by Anthony et al. (2002), Maluf et al. (2005) and
Lopez et al. (2009), which could be attributable to reduced genetic diversity
favored by the predominant autogamy of C. arabica and several cycles of
selection and backcrossing in the course of developing improved varieties
(Carvalho et al. 1991).

The coffee varieties evaluated in our study, however, were developed from
different batches of coffee germplasm accessions collected from fairly distant
geographical regions of coffee forests and farmers’ fields that harbored the
total gene pool of C. arabica L. The presence of a high level of genetic
diversity in the germplasm collections from which these varieties were
identified has also been reported by different researchers, who did their
investigations using morphological markers (Ermias 2005; Kebede, M., and
B. Bellachew 2008). Therefore, differences in genetic bases of sources of
studied materials, sample size, marker systems used, number and type of
nucleotide motifs of the SSR primers selected (Vuylsteke et al. 1999), played
a significant role in the variations between the results of the aforementioned
investigations and the present study.

Of the 14 primer sets, 11 amplified 32 rare (with a frequency of less than
5%) and 18 variety-specific/exclusive alleles (Table 4) that were distributed
among 28 and 13 varieties, respectively (Table 5). These alleles had also
contributed to the observed high level of genetic diversity in the coffee
varieties evaluated in this study. Six rare and four specific alleles were
detected at locus AJ-250,258, followed by MR-054, with five rare and three
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Table 5. List of genotypes with respective rare and specific allele (bp) of 14 simple sequence
repeat (SSR) markers used in the study.

Locus code and allele size in base pair (bp)

Ser.
No. Variety Rare alleles Specific alleles
1 Elp  p1™-176%, P3-132 p1-176
2 E2 P5-142
3 E5 p1-158, P6-192
4 E6 P3-132, P8-136
5 E8 P15-281
6 E11 P8-122, P9-250, P10-136, P10-144, P12-148 P9-250, P10-136, P10-144, P12-
148
7 E12 P9-254, P12-120
8 E13 P8-122
9 G1 P5-142
10 G3 P9-254
11 M1 P12-136 P12-136
12 T1 P3-112, P4-126, P10-134, P10-142, P10-156, P12- P4-126, P10-142
128
13 T2 p1-158, P10-156, P12-128
14 T3 P12-146 P12-146
15 Hd1 P8-122
16 Hd2 P4-136, P13-157, P15-311 P13-157, P15-311
17 Hd3 p1-176, P3-132, P5-146 p1-176, P5-146
18 Hd5 P12-130 P12-130
19 Hd4 P8-124 P8-124
20 Hdé p1-158, P5-142, P6-192, P15-319 P15-319
21 SR3 P3-120, P10-156 P3-120
22 SR4 P10-134
23 HR1 P8-126, P15-281 P8-126
24 HR3 P8-136, P10-156
25 WR1 P9-256, P15-281 P9-256
26 WR2 P3-112
27 WR3 P4-136, P12-120
28 WR4 P3-112
Locus code.
*Allele size.

specific alleles (Table 4). The number of rare alleles across the 28 coffee
varieties ranged from one to six. The highest (6) number of rare alleles was
detected in variety T1, followed by variety E11, with five rare and four
(highest) specific alleles (Table 5). The presence of rare alleles in the studied
coffee varieties reflected their rich genetic diversity, suggesting the need to
include those varieties in future hybridization programs to identify segre-
gants with desirable traits. Moreover, specific/exclusive alleles detected across
the 13 varieties (Table 5) could also be used as diagnostic (fingerprint)
markers for discriminating the varieties in future breeding programs using
the same sets of primers. Mishra et al. (2012) also detected rare and cultivar-
specific alleles in Indian arabica coffee cultivars, using RAPD, ISSR and
SRAP markers. Unlike the present study, the detected rare alleles did not
show the presence of a high level of genetic diversity; rather, a high degree of
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genetic similarity was observed among the cultivars. This could be attribu-
table to the distribution of the detected rare allele in a small number of
individuals in the evaluated genotypes, whereas rare alleles detected in our
study were distributed among 70% of the evaluated varieties.

3.2. Genetic similarity among varieties

The Jaccard’s similarity coefficient among all possible pairs-wise combina-
tions of the varieties ranged from 0.14 (SR1 with T1) to 0.78 (E7p with E10),
with a mean of 0.38 (Table 6). Overall, the genetic similarity values among
92% of all pair-wise combinations ranged from 0.14 to 0.50, confirming the
aforementioned results of genetic parameters and the presence of wide
genetic distances among the varieties. Relatively higher similarity values,
ranging from 0.58 to 0.78, were observed between pair-wise combinations
of four CBD-resistant varieties (E7p, E8, E9 and E10) of southwest origin,
indicating they were the most closely related varieties at the DNA level. These
varieties were characterized by compact growth habit, short internodes on
the main stem and primary branches, small and round fruits as well as
narrow leaves, as observed under field conditions. The results of a separate
similarity analysis among local landrace varieties developed for three regions
that produce coffee with unique flavor are shown in Table 7. A low level of
genetic similarity, ranging from 0.18 to 0.42, with a mean of 0.33, was
observed within local landrace varieties of South Ethiopian (SE) origin. The
range of similarity values within varieties from the Western origin (Wollega)
was 0.38 to 0.57, with a mean of 0.47, and from the Eastern (Hararge) origin,
the range was 0.40 to 0.60, with a mean of 0.49, indicating unrelatedness of
commercial varieties of the same geographic origin.

The large amount of heterosis observed for desirable characteristics could
be exploited by crossing distantly related varieties since high genetic recom-
bination is expected in progenies of genetically distant parents (Sneller et al.
2005). In this regard, heterotic arabica coffee F; hybrids with desirable
characteristics have been identified and released for commercial production
from previous hybridization studies in Central America (Bertrand et al. 2011)
and Ethiopia (Ameha and Bellachew 1983; Bellachew 2001; Tadesse 2014).
For example, F; hybrid coffee varieties included in the present study resulted
from the early hybridization program aimed at combining resistance to CBD
and productivity.

In contrast to the results of our study, Steiger et al. (2002) reported genetic
similarity values higher than 0.90 in 86% of all possible pair-wise compar-
isons among 58 arabica cultivars grown in Hawaii Island, U.S.A, using AFLP
markers. Moncada and McCouch (2004) observed a mean similarity coeffi-
cient value of 0.59 between possible pairs of 12 Colombian cultivated vari-
eties of arabica coffee, using 34 SSR markers. Very close genetic relationships,
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Table 7. Jaccard’s genetic similarity coefficient among pair-wise combinations of local landrace
varieties from different geographic origins using 14 simple sequence repeat (SSR) markers.

Origin Variety name 1 2 3 4 5 6 7 8 9 0 M 12
South SR1 (1) 1.00
Ethiopia SR2(2) 0.18 1.00
SR3(3) 0.28 042 1.00
SR4(4) 037 034 039 1.00
East Ethiopia  HR1(5) 0.29 043 054 040 1.00
HR2(6) 0.38 039 037 033 044 1.00
HR3(7) 037 024 033 035 040 0.60 1.00
HR4(8) 049 033 040 047 051 045 051 1.00
West Ethiopia WR1(9) 042 029 028 033 038 035 041 0.38 1.00
WR2(10) 048 032 030 036 031 031 033 037 0.57 1.00
WR3(11) 034 028 033 039 040 034 029 031 042 044 1.00
WR4(12) 031 032 030 030 037 034 027 031 038 054 047 1.00

with average genetic similarity values of 0.96, 0.90 and 0.87, were observed
among all possible pairs of 24 Indian arabica coffee cultivars, using RAPD,
ISSR, and SRAP markers, respectively (Mishra et al. 2012). Genetic similarity
values ranging from 0.69 to 0.90 among 17 arabica coffee cultivars were
reported by Al-Murish et al. (2013) using 58 SSR markers. Majority of the
genotypes evaluated in these studies were descendants of the botanical
varieties Typica and Bourbon, and selections from segregating progenies of
Hybrido de Timor. Thus, the observed high level of genetic similarity
reported by the researchers could be attributed to sharing of a large propor-
tion of common alleles (Cidade et al. 2013) because of the narrow genetic
base of the gene pool, from where the studied genotypes were derived.

3.3. Clustering pattern among varieties

Based on the Jaccard’s similarity coefficient, the UPGMA cluster analysis
identified six major clusters and three singletons at a genetic distance of
>0.54 (Figure 1). Cluster I consisted of six varieties that were assigned to two
sub-clusters. The sub-cluster Ia contained one CBD-resistant variety from
southwest and one local landrace variety from the south; whereas four
compact CBD-resistant varieties from the southwest were grouped into sub-
cluster Ib. Cluster II comprised four varieties from three categories: two local
landrace varieties from the west, one CBD-resistant and one highland variety
from the southwest. Cluster III consisted of two local landrace varieties from
the western region (recommended for mid- to high-altitude areas) and two
highland varieties from the southwest. Cluster IV, the largest cluster, con-
sisted of 11 varieties from the southwest, which formed two sub-clusters.
Sub-cluster IVa contained one highland and three CBD-resistant varieties,
whereas sub-cluster IVb comprised of all hybrid varieties and one mid-
altitude variety from the southwest that was involved as a male parent in
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Figure 1. UPGMA dendrogram (based on Jaccard’s similarity coefficient) showing genetic rela-
tionship among Ethiopian commercial varieties of arabica coffee based on 14 SSRs markers.

four of the six hybrid varieties. Cluster V consisted of a single CBD-resistant
variety and a single mid-altitude variety from the southwest, and one local
landrace from the south.

The second largest cluster was Cluster VI that contained nine varieties,
which formed three sub-clusters. Sub cluster VIa comprised two lowland
varieties, whereas three eastern varieties and one lowland variety were
grouped in sub-cluster VIb. Two local landrace varieties from the south
and one from the east were grouped into sub-cluster VIc. Three Varieties,
Elp, E6 and El1, were singletons (S) in the dendrogram (mean genetic
similarity of 0.46).

The results of cluster analyses also corroborate the results of genetic
parameters and the estimates of genetic distances. In the present study, the
number of clusters and the genetic distance value, at which the clusters were
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determined (0.46 similarity coefficient), were higher than previously reported
values for commercial varieties of arabica coffee. Three clusters at a genetic
distance, ranging from 0.10 to 0.33, were reported in previous studies by
several authors using RFLPs and SSRs (Anthony et al. 2002), RAPDs and
SSRs (Maluf et al. 2005), EST-SSRs and gSSRs (Missio et al. 2011), RAPDs,
ISSRs and SRAPs (Mishra et al. 2012) and SRAPs, TRAPs and SSRs (Al-
Murish et al. 2013).

The diversity representation in the dendrogram also indicates distribution
of varieties into different clusters regardless of their geographic origin, which
could be attributed to the presence of a high level of genetic diversity within
varieties of the same geographic origins. This could facilitate easy identifica-
tion of divergent parents for hybridization to exploit heterosis to develop
productive hybrid varieties for each region. The grouping of the southwest
and eastern local landrace varieties into different clusters clearly indicated the
presence of high genetic variation between them at the molecular level, which
might be associated with genes responsible for adaption to various environ-
mental conditions. Poor performance of majority of the southwest origin
CBD-resistant varieties in major coffee-producing areas of Eastern part
(Hararge) of the country was reported by Ameha and Bellachew (1987).
The grouping of hybrid varieties into a cluster also indicates sharing of
more common alleles among themselves than with pure line varieties. In
fact, majority of them had Mp2 as the male parent; therefore, a close relation-
ship among them was naturally expected.

4, Conclusion

This study has demonstrated the highly polymorphic nature of the SSRs used
and has clearly revealed the presence of a high level of genetic diversity
among commercial arabica coffee varieties grown in Ethiopia. The selection
of well-known divergent genotypes as parents for crossing could increase the
level of variation present in a segregating population, which should be useful
in a coffee improvement program. The studied materials could serve as
a potential source of genes responsible for broad adaptation in the current
climate-change scenario that threatens coffee production. It may also imply
the need for exploiting the observed diversity by designing a strong crossing
program to develop hybrid varieties that combine high yield, quality and
resilience to climate change. The present fingerprint data could be used to
construct a DNA reference database for the molecular identification of the
varieties in future breeding program.
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