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Phaseolus vulgaris L. (family Leguminosae), is a leguminous crop widely distributed in all parts of the 
world. In Ethiopia, common bean is cultivated as a source of protein for local consumption and for 
export. Mostly, it grows in the warm and lowland areas of the country. The aim of this research was to 
investigate the genetic diversity of P. vulgaris accessions from Ethiopia. Twelve accessions of P. 
vulgaris were used to estimate the genetic diversity among and within accessions using inter simple 
sequence repeat (ISSR) markers. Seven selected ISSR primers yielded 69 reproducible bands from 96 
individuals studied. All the loci were found to be polymorphic. The total genetic diversity (H) and 
Shannon’s diversity information index (I) for the entire accessions showed 0.35 and 0.53, respectively. 
Individuals from Shinile site showed the highest level of gene diversity (H = 0.29, I = 0.43); while the 
lowest variability was shown by accessions from Metekel (L) (H = 0.10, I = 0.15). Variation within 
accessions was higher (62.55%) as compared to that of inter accessions (37.45%) based on AMOVA. In 
PCoA, majority individuals of Metekel (L) tended to form separate group. The result of the study 
confirmed the presence of genetic diversity that can be exploited to improve the productivity. This calls 
for a conserted efforts in the collection, conservation and sustainable use of P. vulgaris.  
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INTRODUCTION 
 
Common bean (Phaseolus vulgaris L.) is a diploid (2n=22) 
annual leguminous plant that belongs to the genus 
Phaseolus, and it is characterized by pinnately compound 
trifoliate leaves. There are about 50 species under the 
genus Phaseolus (Hedberg and Edwards, 1989). P. 
vulgaris was derived from wild ancestors distributed from 
Northern Mexico to Northwestern Argentina (Ibarra-Perez 
et al., 1997; Debouck, 1999). The ancestors of P. vulgaris 
appear to have formed two distinct gene pools one in 

Mesoamerica (Mexico and Central America) and the 
other in the Southern Andes, a mountain range in South 
America (Zeven, 1997; Gepts and Bliss, 1988; Blair et al., 
2007; Burle et al., 2010). An ancestral wild form is still 
found at the boundary between temperate and sub-
tropical dry climatic regions (Debouck, 1999). They were 
brought to Europe and Africa during the 16th century by 
returning Spanish and Portuguese explorers (Gepts and 
Debouck, 1991; Ibarra-Perez et al., 1997). Since that time, 
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Table 1. Passport data of P. vulgaris accessions and their respective codes collected from Ethiopia (IBC). 
  

Number 
Accessions 

name 
Regional state Zone (woreda) 

Accessions 
code 

Latitude Longitude Altitude 

1 241739 SNNP North Omo A 06-52-59-N 37-47-56-E 1715.00 
2 241737 SNNP Hadiya  B 07-31-51-N 38-01-94-E 1740.00 

3 211362 Benishangul Metekel (Dangure)  C 11-41-15-N 35-37-19-E 1000.00 

4 211331 Somali Shinile D 09-28-33-N 41-01-49-E 1850.00 
5 211327 Oromiya Harerge E 09-05-00-N 40-45-00-E 1850.00 

6 208703 Oromiya West Wellega F 08-32-26-N 34-49-18-E 1846.00 

7 211356 Benishangul Metekel (Dibate) G 10-21-32-N 36-19-30-E 1250.00 
8 208702 Oromiya West Wellega H 08-31-17-N 34-44-09-E 1880.00 

9 208698 Oromiya West Wellega I 08-30-59-N 34-46-28-E 1880.00 

10 208695 Oromiya West Wellega J 08-32-00-N 34-46-52-E 1880.00 

11 211329 Oromiya Harerge K 09-02-00-N 40-44-00-E 1870.00 

12 211361 Benishangul Metekel (Dangure) L 11-32-59-N 36-37-19-E 1300.00 
 
 
 
it has been developed into many different forms through 
selective breeding by local farmers. About 30% of the current 
world production comes from Mexico, Central and South 
America, and significant quantities are grown in Asia and 
Africa (Ibarra-Perez et al., 1997; Burle et al., 2010). In 
Ethiopia, common beans are concentrated in the dry and 
warmer parts of the country mainly along the Rift Valley 
(for example Alemu Demelash and Bekele Adam, Ethiopia, 
unpublished paper). They are adapted to the low and mid 
altitude areas at an altitudunal range of 900-2100 m.a.s.l. 
Besides, common beans grow in areas with annual rainfall 
range of 200 to 600 mm (IFPRI, 2010). Common bean is 
largely a self-pollinated plant though cross pollination is 
possible (Ibarra-Perez et al., 1997). The seeds are non-
endospermic and vary greatly in size and color from the 
small black wild type to the large white, brown, red and 
spotted types (Cobley and Steele, 1976). It shows variation 
in growth habits from determinate bush to indeterminate 
extreme climbing types. The bushy type is the most predo-
minant bean grown in Africa (Buruchara, 2007). Nutri-
tionally, common bean contains high protein content, a good 
source of energy and also provides folic acid, dietary fibre 
and complex carbohydrates (Edje et al., 1980; Sousa and 
Delgado, 1993; Svetleva et al., 2006). For the poor, it plays 
a strategic role in alleviating malnutrition and for other health 
related functions. Even though it is an important crop as a 
food security, production of the crop is inconsistent due to 
biotic and abiotic stresses. There was no genetic diversity 
study on Ethiopian P. vulgaris, particularly using molecular 
markers. In this study, we assess the genetic diversity of 
common bean accessions collected from different parts 
of Ethiopia. Common bean was considered for this research 
because of its economic importance in the country serving 
as a cash crop for smallholder farmers. It can be cultivated 
at times of irregular rainfall and previous reports also indi-
cated that it can grow in the lowlands of Ethiopia where 
soils are relatively affected by salt (Alemu and Seifu, 

2003). The aim of this study was therefore to investigate 
the genetic diversity of P. vulgaris accessions collected 
from Ethiopia using ISSR markers on accessions collected 
from different parts of Ethiopia. This will provide information 
on the overall genetic variability of P. vulgaris accessions 
which may assist in the identification and selection of the 
genetic materials for conservation for different regions of 
Ethiopia. 
 
 
MATERIALS AND METHODS 
 
This study was conducted from September 2011 to August 2012 at 
Addis Ababa University, Ethiopia and the following materials and 
methods were employed. 
 
 
Plant materials 
 
The common bean accessions were obtained from the Institute of 
Biodiversity and Conservation (IBC), Addis Ababa, Ethiopia. Each 
of the 12 landrace accessions was represented by eight individuals 
making the total number 96. The individual samples were sown in 
the greenhouse to obtain young leaves for DNA extraction. The 
accessions were collected from different lowland areas of Ethiopia 
(Table 1 and Figure 1).    
 
 
DNA extraction 
 
About 300 mg young leaves from each representative plant sample 
were ground in liquid nitrogen and total template DNA was isolated 
by using Cetyl Trimethyl Ammonium Bromide (CTAB) method of 
Borsch et al. (2003) extraction protocol with slight modifications in 
the extraction fraction.Quality of the DNA was checked by electro-
phoresis of the samples on 1% (w/v) agarose gel and staining with 
ethidium bromide. Then, the template DNA samples were diluted 
with sterile double distilled water in 1:20 ratio, for PCR amplification.  
 
 
PCR amplification and electrophoresis 
 
Nineteen ISSR primers (Sigma-Aldrich) were screened using



 

3640          Afr. J. Biotechnol. 
 
 
 

 
 
Figure 1.  Map of Ethiopia showing sites where accession of P. vulgaris were collected. A = North Omo; B = Hadiya; C = 
Metekel (Dangure); D = Shinile; E = Harerge; F=West Wellega; G= Metekel (Dibate); H=West Wellega; I= West Wellega; J 
=West Wellega K= Harerge; L= Metekel (Dangure). 

 
 
 
different individuals of common bean accessions, and then seven 
ISSR primers, 825, 827, 834, 836, 841,866 (Bold), that produced 
polymorphic and clear band pattern were selected for further study 
(Table 2 ). DNA amplification was carried out in a total volume of 25 
µl reaction mixture containing 2 µl template DNA, 17.07 µl of H2O, 
0.2 µl of 100 mM with each dNTPs (Himedia, India), 2.5 µl PCR 
buffer B (Himedia, India), 2.5 µl of 25 mM MgCl2, 0.5 µl primer (20 
pmol/l) and 0.2 µl of 5 U/l firepol Taq DNA Polymerase (Solisbiodye, 
Estonia). Amplification was performed using Techne, Model 
FTC41H2D Thermal Cycler. ISSR amplication was carried out for a 
cycle of 5 min at 94°C, followed by 40 cycles of 30 s at 94°C, 1 min 
at 49/45°C, and 2 min at 72°C and a final cycle of 7 min at 72°C. 
The amplification products were resolved by electro-phoresis using 
1.7% (w/v) agarose gel with 1 X TAE buffer. 10 µl of each 
amplication product were loaded with 2 µl of 6x loading dye. Gels 
were stained with ethidium bromide and band detection was 
performed using a BIO-RAD Gel Doc. 
 
 
Data scoring and analysis 
 
Each ISSR band was considered as an independent locus and 
polymorphic bands were scored as present (1) or absent (0) for all 
the 96 individual samples. Only clearly reproducible bands were 
scored and differences in band intensity were not considered. Data 

analysis was conducted using only the polymorphic bands. Analysis 
of Molecular Variance (AMOVA) was used to calculate variation 
among and within accessions using Areliquin version 3.01 (Excoffier 
et al., 2006). NTSYS (Numerical Taxonomy and Multiware Analysis 
System) - pc version 2.02 (Rohlf, 2000) and Free Tree 0.9.1.50 
(Pavlicek et al., 1999) software’s were used to calculate Jaccard’s 
similarity coefficient. The Unweighted Pair Group Method with 
Arithmetic mean (UPGMA) (Sneath and Sokal, 1973) was used to 
evaluate and compare individual samples and accessions, and 
generates dendrogram using Numerical taxonomy and multivariate 
analysis system (NTSYS)- pc version 2.02 (Rohlf, 2000). The 
Neighbor Joining (NJ) method (Saitou and Nei, 1987; Studier and 
Keppler, 1988) was used to compare individual genotypes and 
evaluate patterns of genotype clustering using Free Tree 0.9.1.50 
Software (Pavlicek et al., 1999). A principal coordinate analysis was 
performed based on Jaccard (1908) for all individuals and a plot 
was generated using 3D coordinates. 
 
 
RESULTS 
 
ISSR primers and their banding patterns   
 
The total number of scored bands varied from six for primer



 

Dagnew et al.          3641 
 
 
 

Table 2. List of total primers, primer sequence and annealing temperatures used during the 
selection of polymorphic primer in P.vulgaris genetic analysis. 
 

Primer code Primer Sequence Annealing temperature 

CR 2 CACACACACACACACAAG 49 

809 AGAGAGAGAGAGAGAGG 49 

810 GAGAGAGAGAGAGAGAT 45 

812 GAGAGAGAGAGAGAGAA 45 

818 CACACACACACACACAAG 45 

824 TCTCTCTCTCTCTCTCG 45 

825 ACACACACACACACACT 49 

827 ACACACACACACACACG 49 

834 AGAGAGAGAGAGAGAGYT 49 

836 AGAGAGAGAGAGAGAGYA 49 

841 GAGAGAGAGAGAGAGAYC 49 

857 ACACACACACACACACYG 49 

860 TGTGTGTGTGTGTGTGRA 49 

866 CTCCTCCTCCTCCTCCTC 49 

872 GATAGATAGATAGATA 45 

873 GACAGACAGACAGACA 45 

878 GGATGGATGGATGGAT 45 

880 GGAGAGGAGAGGAGA 45 

881 GGGTGGGGTGGGGTG 45 
 

Single-letter abbreviations for mixed base positions: Y = (C, T).  
 
 
 
825 to 13 and 12 for primers 836 and CR-2 respectively 
(Table 2). The remaining primers, 827,834, 841 and 866, 
showed eight, 11, ten and nine polymorphic bands, respect-
tively, with a mean of 9.85 bands per primer and the size 
of the bands ranged from 100 bp to 800 bp. Figure 2 
shows the amplification pattern of primer 836. All the primers 
showed 100% polymorphism. Among the 12 accessions, 
the highest gene diversity was obtained for Shinile (H = 
0.29); while Metekel (L) was the least diverse (H=0.10). 
In addition, similar values in gene diversity were found for 
North Omo (H = 0.28) and Metekel (C) (H = 0.26). The 
overall gene diversity for the total accession was 0.35 
(Table 3). Relatively, similar gene diversity patterns were 
also observed in Shannon Diversity Index (I) (Table 3).  
 
 
Analysis of molecular variance (AMOVA)  
 
Analysis of molecular variance on 12 accessions (with 
out grouping samples by region or geographic location) 
revealed that highest percentage of variation is attributed 
to variation within accessions (62.55%). Variation among 
accession accounted for the 37.45% of total variation. 
Generally, the result of AMOVA revealed patterns of genetic 
diversity and it supports the larger genetic diversity found 

within the accessions but low genetic diversity was found 
among accessions (Table 5).  
 
 
Cluster analysis 
 
NJ tree showed that there were three major distinct 
clusters and two subclusters within the third major cluster 
(Figure 3). In some cases, individuals from each 
accession tended to form their own cluster; while few 
individuals from each accession were distributed all over 
the tree. Among the twelve accessions, Metekel (L) 
(major cluster I), North Omo (A) (major cluster II) and 
Harerge (E) (major cluster III, sub-cluster I) showed a 
relatively clear grouping UPGMA based analysis resulting 
in the separation of the twelve common bean accessions 
into two main clusters. Accession from Harerge (K) was 
an outlier whereas, the rest 11 accessions together 
grouped into clusters II (Figure 4). Jaccard similarity 
coefficient based pair wise comparisons showed that 
Harerge (E) and West Wellega (F) have a similarity 
coefficient value of 0.53; whereas Harerge (K) with 
accessions of Hadiya, Shinile and West Wellega (F) 
showed a distant relation with similarity coefficient of 
0.28, 0.29 and 0.29, respectively (Table 6). 
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Primers 834  

Primers 836 

Primer CR-2 

 
 
Figure 2. 12 ISSR fingerprints generated using primer 836, 834, CR-2. J1- J8, H1-H8 are 
both accessions from W.Wellega. 
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Table 3. Number of scorable bands (NSB), number of polymorphic loci (NPL), percent polymorphism (PP), genetic 
diversity (H), and standard deviation (SD) and Shannon diversity index (I) for each primer. 
 

Primers NSB  NPL  PP  H±SD  I±SD  

825 6 6 100 0.23± 0.13 0.38± 0.16 
827 8 8 100 0.32± 0.12 0.12± 0.16 
834 11 11 100 0.34± 0.12 0.52± 0.14 
836 13 13 100 0.39± 0.10 0.57± 0.12 
841 10 10 100 0.31± 0.14 0.48± 0.17 
866 9 9 100 0.44± 0.10 0.62± 0.12 

CR-2 12 12 100 0.40± 0.08 0.58± 0.09 
Average 9.85 9.85 100 0.35±0.11 0.47±0.14 
Over all 69 69 100 0.35±0.12 0.53± 0.15 

 
 
 

Table 4. Number of polymorphic loci (NPL), percent polymorphism (PP), and genetic diversity (H), Shannon Index 
(I) and standard deviation (SD) for all accessions. 
 

Accessions NPL PP (%) H±SD I±SD 

North Omo (A) 49 71.01 0.28 ± 0.20 0.41± 0.28 
Hadiya (B) 39 56.52 0.21 ± 0.21 0.31± 0.30 
Metekel (Dangure)(C) 49 71.01 0.26± 0.19 0.39± 0.27 
Shinile (D) 51 73.91 0.29± 0.20 0.43± 0.28 
Harerge (E) 27 39.13 0.16± 0.21 0.24± 0.30 
W.  Wellega (F) 30 43.48 0.18± 0.22 0.27± 0.31 
Metekel (Dibate) (G) 29 42.03 0.18± 0.22 0.26± 0.31 

W.  Wellega (H) 44 63.77 0.24±  0.20 0.36± 0.29 

W. Wellega (I) 48 69.57 0.24± 0.19 0.36± 0.27 
W. wellega (J) 49 71.01 0.23± 0.19 0.35± 0.26 
Harerge (K) 32 46.38 0.17± 0.20 0.25± 0.29 
Metekel (Dangure) (L) 19 27.54 0.10± 0.19 0.15± 0.27 

 
 
 

Table 5. Analysis of molecular variance (AMOVA) among accessions of P. vulgaris without grouping the populations. 
 

Source of variation d.f. Sum of squares Variance components Percentage of variation Significance 

Among accessions 11 287.719 2.70480 37.45 0.00 
Within accessions 84 379.500 4.51786 62.55 0.00 
Total 95 667.219 7.22266 100  

 
 
 
Moreover, individual based UPGMA clustering of an 
overall analysis showed a strong clustering of individuals 
with respect to their accessions, like the two individuals of 
Metekel (G and L), where as some individuals of Hadiya(B)  
were intermixed with Harerge (E) (Figure 5). This result is 
similar to that of individual based NJ analysis. 
 
 
Principal coordinate analysis (PCoA)  
 
The first three coordinates of the PCoA having Eigen 
values of 4.95, 3.41 and 2.25 with a variance of 12.22, 
8.41 and 5.56%, respectively, were used to reveal the 

grouping of individuals (Figure 6).   Most individuals from 
Metekel (L) tended to form their own grouping. The 
remaining individuals from each accession did not show a 
clear assembly rather they were inter-mixed with each 
other. Moreover, mixed individuals did not show separate 
group within each other (Figure 6). 
 
 
DISCUSSION 
 
In this study, all the diversity parameters verify that there is 
medium to high gene diversity in accessions of P. vulgaris. 
Accessions  from  Shinile,  North  Omo,  Metekel  (C) and 
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Figure 3. Neighbor-joining analysis of 96 individuals.  A = North Omo; B = Hadiya; C = Metekel (Dangure); D = Shinile; E = Harerge; 
F=West Wellega; G= Metekel (Dibate); H=West Wellega; I= West Wellega; J =West Wellega K= Harerge; L= Metekel (Dangure). 

 
 
 
 West Wellega (H) having 0.29, 0.28, 0.26 and 0.24 gene 
diversity, respectively, were indeed high. Similarly, the 
result from Shannon diversity index illustrates that 
individuals from Shinile were the most diverse (I=0.43). 
The overall total Nei’s gene diversity and Shanon’s 
diversity index were high, 0.35 and 0.53, respectively. 
This result is in agreement with data obtained from the 
study of other bean species from tropical, subtropical or 
warm temperate regions that have been recently studied 
with ISSR markers, such as Vicia faba (Abdel-Razzak et 
al., 2012), and Dalbergia cochinchinensis (Hien and 
Phong, 2012). Our result is also in line with the reports of 
Sadeghi and Cheghamirza (2012) that accessions of P. 

vulgaris showed high genetic diversity using ISSR 
markers.  

AMOVA showed that there is higher genetic variation 
within accessions (62.55%) than among accessions 
(37.45%). Cruz et al. (2004), studing wild accessions of 
P.vulgaris L. from Mexico using ISSR markers, reported 
similar results, 55 to 60% and 40 to 45% of genetic 
diversity, within and among accession, respectively. A 
number of reasons may contribute for the high levels of 
genetic diversity within accessions. These could be high 
seed exchange among community, human activities 
during harvesting and marketing and presence of large 
accession size. Hence, these may lead to the intermixing 
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Figure 4.  UPGMA based dendrogram for 12 P.vulgaris accessions collected from different areas of Ethiopia (D, 
E), (G, L) and (H, J) show clustering. W.Wellega=West wellega. 

 
 
 
of accessions. In general, in breeding species with more 
or less continuously distributed accessions, the proportion 
of internal variation is often above 70%; while below 30% 

is attributed to inter accession difference (Hamrick et al., 
1992).  

The UPGMA analysis showed that each accession formed
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Table 6. Pairwise Jaccard similarity coefficient based comparisons among 12 accessions of P. vulgaris. 
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A             
B 0.485            
C 0.409 0.418           
D 0.417 0.434 0.436          
E 0.503 0.5 0.443 0.526         
F 0.454 0.527 0.402 0.480 0.531        
G 0.375 0.410 0.414 0.336 0.414 0.413       
H 0.400 0.436 0.363 0.370 0.463 0.435 0.372      
I 0.390 0.382 0.336 0.385 0.424 0.404 0.408 0.394     
J 0.408 0.365 0.370 0.392 0.424 0.377 0.297 0.437 0.36    
K 0.421 0.284 0.392 0.299 0.336 0.296 0.418 0.343 0.385 0.357   
L 0.488 0.437 0.388 0.402 0.527 0.515 0.512 0.406 0.42 0.356 0.367  

 

* W. Wellega =West Wellega.  
 
 
 
a discrete cluster based on accessions  from  nearby 
localities, for example, Shinile and Harerge (E), accessions 
from Metekel (G, L) and the two accessions from West 
Wellega (H, J). This clustering may be formed becausof 
seed movement between the areas because of geo-
graphical and cultural factors. On the otherhand, acces-
sions from different localities may tend to form their own 
clustering like Hadiya and W.Wellega (F). This indicates 
that there may be massive seed movements in distant 
geographical areas. This movement is associated with 
response to recurrent drought donation by relief agencies 
such as NGOs and governmental organizations as well 
as during marketing. The separation and formation of a 
cluster between accessions may suggest that accessions 
may have been isolated from each other for a longer 
period in time and as a result there was limited gene flow 
due to long distance. Genetic variability is useful for 
heterotic patterns in hybrid breeding and for relating the 
observed pattern with presence of certain economically 
important traits. Such information can be used to design 
effective germplasm conservation and for setting germ-
plasm collection task as well as to guess or predict the 
risk of genetic erosion in certain areas. So, understanding 
the genetic diversity of P.vulgaris will be valuable for 
further crop improvement through breeding programs and 
for taking appropriate conservation efforts. 

PCoA analysis showed similar result to UPGMA except 
most individuals from Metekel (L) tended to form their own 
grouping. The remaining individuals from each accession 
did not show a clear assembly rather they were inter-
mixed with each other.  The reason for these inter mixing 
could be explained by gene flow from one area to the 
other due to various factors, for example marketing.  

Conclusion 
 
The present study shows that the existence of wide range 
of genetic diversity in common bean accessions of 
Ethiopia which mostly resides within accessions, and this 
indicated that different regions harbor high levels of 
diversity. This is an important landmark both for improve-
ment and conservation programs. Although, the study 
was based on a limited number of markers, this obser-
vation should be taken in to account in planning future 

conservation and research programs of the species. 
Furthermore, the wider molecular variability observed 
represents a good indication for breeding programs. This 
is an encouraging result for further collection activities so 
as to capture more variability from other agroecologies of 
the country. The current common bean collection in the 
Ethiopian gene bank contains predominantly samples 
from South, East and West parts of the country. Thus, it 
would be useful to increase representative samples from 
Northern parts of the country to capture the maximum 
diversity. Furthermore, the present study showed 
accessions from Shinile and North Omo sites exhibited 
higher genetic diversity than accessions from Harerge 
(E). These areas may have a conducive environment for 
better adaptation of the plant.  
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Coefficient
0.31 0.47 0.63 0.79 0.96

1A  1C  5G  1K  2A  7A  3A  4A 
 1G  2G  3G  4G  6G  7G  8G  1L  7L  2L  3L  4L  5L  6L  8L  5A  6A  8A  4B  7B  8B 
 6B  3C  1D  2D  6F  1F  4F 
 2F  5F  1E  2E  6E  4E  8E  5E  3E  7E  1I  2I  2H  3H  5H  8J  5J  6J  6H  7H  5B 
 3F  7F  8F  5D  6D  8D  1B  2B  4C  3B  2C  7C  8C  5C  3D  4H  1J  6I  2J  3I  4I 
 7I  3K  4K  5K  6K  7K  8K  5I 
 2K  4J  3J  7J  6C  4D  7D  8I  1H  8H 

 
 
Figure 5. UPGMA based dendrogram for P. vulgaris individuals using ISSR primers. 
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Figure 6. Three dimensional representation of principal coordinate analysis of genetic relationships among 96 individuals of 
twelve P.vulgaris accessions. W.Wellega=West wellega; A =North Omo; B= Hadiya; C= Metekel; D=Shinile; E=Harerge; 
F=West wellega; G= Metekel; H=West   wellega; I= West wellega; J =West wellega; K= Harerge; L= Metekel.  
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