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Abstract: Genetic diversity in 19 local dry bean populations (Phaseolus vulgaris 1..) originated from the region
of Macedoma (Greece, GR and Formal Yugoslavic Republic of Macedonia, FYROM) was investigated using
RAPD (Random Amplified Polymorphic DNA) markers in 10 individual plants from each population. A total of
11 random primers detected 56 polymorphic bands, with an average of 5.1 polymorphic bands/primer. The
individual plants were grouped in 14 clusters on the basis of the Jaccard coefficient (Unweighted Paiwr Group
Method and Anthmetic Average-UPGMA). The average taxonomic distances between the 19 populations were
calculated on the basis of gene frequencies. These distances were used for grouping the populations, by
TUPGMA and Principal Coordinates Analysis (PCQ), resulting in four and 10 groups, respectively. In general,
there was a noticeable similarity in the grouping of the individuals and populations with the two methods.
According the UPGMA and PCO procedures, the populations were clustered based on geographical origin. Tt
was concluded that RAPD markers could be exploited as alternative or supplementary tools to already

established methods for the evaluation and classification of bean genetic resources.
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INTRODUCTION

The genus Phaseolus includes five grain legumes of
regional economic importance (Debouck, 1991), with dry
bean (Phaseolus vulgaris 1..) being an important source
of dietary protein for many people worldwide.

Objective descriptors based on morphophysiological
characters are routinely used for the evaluation of genetic
resources (Hunter, 1993). However, the majority of such
characters are phenotypic, being influenced both by the
environmental conditions and the growth stage of the
plant. Furthermore, the evaluation procedures are time
consuming and relatively expensive. A more efficient
procedure for germplasm evaluation has been sought by
employing biochemical markers, in particular isozymes
(Nielsen, 1985). Even in this case, however, isozyme
expression is dependent on environment, development
and tissue type (Tsaftaris, 1987). DNA-based markers
such as RFLPs, RAPDs, AFLPs and SSRs have been used
for germplasm 1dentification and characterization. Such

markers are phenotypically neutral, environmentally
independent and not influenced by epistatic interactions
(Koutita et al., 2005).

RAPD  markers were  described m 1990
(Williams et al., 1990) and due to their simplicity and
inexpensiveness they have been widely used for a number
of applications in plant breeding and genetic studies
(Kumar, 1999). In phaseolus species, rapd markers have
been employed to intraspecific  genetic
relationships among genotypes (Schmit ef al, 1993;
Freyre Rios ef al., 1996, Alvarez et al., 1998, Galvan et af .,
2006, Marotti et al, 2007), mterspecific genetic
relationships  between  cultivars, accessions and
landraces (Skroch and Nienhuis, 1995; Fofana et af., 1997,
Briand et al., 1998; Duarte et al., 1999; Métais et al., 2000,
Galvan et al., 2001, Maciel et al., 2001; Ocampo et al.,
2005; Tiwari et al., 2005) and molecular changes during a
selection process (Tertivanidis et al., 2003).

Common bean was brought to Greece at the late of

estimate

the 16th century and since then the long-term cultivation
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at distinct microenvironments, combined with the
genetic  heterogeneity, led
landraces with particular genetic and morphological traits
(Papoutsi-Costopoulou and Gouli-Vavdimmoudi, 2001).
According to Beebe ef al. (2001) most of the bean types
cultivated in Europe belong to Andean genetic pool

extensive to various

(large-seeded race Nueva Granada). In some regions of
Greece and FYROM dry bean local populations are still
cultivated, mainly with traditional methods (e.g.,
harvesting by hands). Compared to commercial varieties,
these populations are less productive and more variable,
but better adapted to the specific pedoclimatic conditions
of these restricted areas. Moreover, their product has
market desirable quality traits (i.e., easy cooking, tasteful,
thin peel). Such local populations constitute valuable
genetic resources that could be commercially exploited
following appropriate evaluation and selection.

The present investigation was aimed at assessing the
genetic diversity in 19 populations of local dry bean
material in Greece and FYROM, based on RAPD molecular
markers.

MATERIALS AND METHODS

Plant material: Plants from 19 local dry bean populations
were used in this study (Table 1), collected mainly from
the Greek Prefecture of Florina including the coastal area
of the lakes Large Prespa and Small Prespa (North Greece),
as well as from this coastal area inside FYROM.
Additionally, two local populations from Chalkidiki
(Central Macedonia, Greece) and one population from
Kavala (Easter Macedomia, Greece) were included in the
study. Ten plants from each population, grown in a
greenhouse, were sampled (2-3 leaves from every plant) at
the three to four-leaf stage and samples were stored in a
deep freezer at -80°C.

DNA extraction: Total genomic DNA was isolated from
each 1individual plant by a shghtly modified CTAB
method (Rogers and Bendich, 1988). Compared to the
aforementioned authors’ method, extraction CTAB buffer
without p-mercapthoethanol and smaller amount of
starting material (200 mg) was used for genomic DNA
1solation. The plant material was frozen in liquid mtrogen
and ground inte a fine powder, to which one ml of
preheated CTAB buffer was added and the mix was
mcubated for 30 mm at 65°C. The mix was centrifuged for
10 min at 12000 g and 500 pL of supematant was
incubated with two pl. of RNase A solution (10 mg mL™")
for 15 min at 37°C. Chloroform extraction was carried out
as follows: 200 L chloroform/isoamylalcohol (24:1)
was added and the extract was centrifuged for 10 min at

Table 1: The 19 dry bean local populations used in the sudy
Code Local name Region of origin
Cl - Galarinos (Chalkidiki, GR)

2 - Galarinos (Chalkidiki, GR)
F1 Plake Alona (Florina, GR)

F2 Plake Alona (Florina, GR)

F3 Plake Korestia (Florina, GR)

F4 Plake Triantafilia (Florina, GR)
FYl Plake Nakolets (FYROM)

Fy2 Plake Liuboino (FYROM)

K1 Plake Chrisoupoli (Kavala, GR)
Pl Plake Kalithea (Prespes, GR)

P2 Plake A. Germanos (Prespes, GR)
P3 Plake Lefkonas (Prespes, GR)

P4 Plake Lemos (Prespes, GR)

Ps Plake A. Germanos (Prespes, GR)
Po Boboni A. Germanos (Prespes, GR)
P7 Strogilo Lemos (Prespes, GR)

P8 Plake A. Germanos (Prespes, GR)
Po Plake A. Germanos (Prespes, GR)
P10 Plake Lemos (Prespes, GR)

12000 g. After centrifugation, two volumes of CTAB
precipitation buffer were added to the upper phase and
the mixture was mncubated for 60 min at room temperature.
The pellet, collected by centrifugation at 12000 g for 5 min,
was dissolved in 350 pl. of 1.2 M NaCl solution for 15 min
at room temperature. A chlorophorm/isoamylalcohol
extraction step was performed and 0.6 volume of
1sopropanol was added to the supernatant. DNA was
collected by centrifugation for 10 min at 11500 g. The
DNA pellet was washed with 70% (v/v) ethanol and
dissolved m 100 pL. TE buffer solution. DNA
concentration was estimated by agarose gel stamed with
ethidium bromide.

RAPD analysis: For RAPD analysis random 10-mer
primers (Operon Technologies Inc., Alameda, CA) were
used. Amplification was carried out in 25 pl reaction mix
containing about 25 ng genomic DNA, 0.2 mM of each
dNTP, 0.2 pM of primer, 2 mM of MgCl, and 1 U of Taq
DNA polymerase (Biotools) with supplied buffer. DNA
amplification was performed in a PTC 200 thermal cycler
(MT Research) according to the following thermal profile:
imtial denaturation at 94°C for 3 min, followed by 40
cycles of denaturation at 94°C for 45 sec, annealing at
35°C for 1.5 min and extension at 72°C for 1.5 min,
followed by final extension at 72°C for 3 min.
Amplification products were separated in 1.5-2% agarose
gel and detected by staimng with ethidium bromide
(Sambrook et al., 1989). The gels were photographed
under UV light. Each PCR reaction was run in duplicate
and only well defined and reproducible bands were
analyzed.

Data analysis: Each polymorphic band in every sample
was scored as a binary character (1 for presence and 0 for
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absence) and a data matrix was created. DNA bands of
identical gel migration were assumed to represent the
same allele at a locus. Only reproducible and clearly
visible bands were scored. The bands detected in all plant
samples at the same position (monomorphic) as well as
bands not directly comparable between individuals
because of very similar migration, were excluded from the
analysis.

Genetic similarities between individual plants were
calculated using the following coefficients:

+ Simple matching coefficient: Sij = (at+d)/(atbtct+d),
» Dice coefficient Sij) = 2af(atbtct+d),
¢ Jaccard coefficient Sij = a/(atbtctd).

Where, Sij is the similarity between two individuals i
and ], a 18 the number of bands scored in the both
individuals, b is the number of bands detected only in the
individual i, ¢ is the number of bands detected only in the
mdividual j and d 1s the number of bands absent in the
both individuals (Rohlf, 2000). The pair-wise similarity
matrices produced were used to construct dendrograms
based on the Unweighted Pair Group Method and
Arithmetic average (UPGMA) method of the software
NTSYS pe version 2.1 (Rohlf, 2000) wherein modules Sahn
and Tree of were used for clustermg and graphical
representation in a form of hierarchical dendrogram in
which clusters were visually identified. Finally a number
of clusters closest to the square root of the number of
individuals was accepted. In order to test the goodness of
fit of the cluster analysis to the data the cophenetic value
was calculated by using Coph module (NTSY S pc version
2.1). POPGENE software (Yeh et al., 1997) was used to
calculate gene frequencies. A pair-wise dissimilarity matrix
was created from gene frequency data using average
taxonomic distance coefficient (Simint module, NTSYS pe
version 2.1). Then, this matrix was used to construct a
dendrogram based on the UPGMA clustering procedure
of the same software. The abovementioned matrix
was also used to perform the Principal Coordinates
Analysis (PCO).

The analysis of molecular variance (AMOVA)
procedure was conducted to estimate the variation within
and between populations, within and between groups
formed by UPGMA analysis of 190 individuals and finally
within and between the regions from where the
populations had been collected. AMOVA was performed
using GenAlEx software (Peakall and Smouse, 2001).

RESULTS
A set of 40 different random primers was tested with

five individual DNA samples and 29 of them were rejected
from further analysis due to poor amplification and

monomorphic or non-reproducible pattern. The remaining
11 priuners were used in PCR amplification reactions with
all 190 individuals tested. A total of 118 bands ranging in
size from 200 to 2500 bp were detected. The number of
bands obtained for each primer ranged from 6 to 14, with
amean of 10.7 bands/primer. Excluding all monomorphic
bands from analysis, a total of 56 polymorphic bands were
finally scored. Each primer produced 1 to 9 such bands,
with a mean of 5.1 polymorphic bands/primer. The
percentage of polymorphic bands, averaged over all
markers, was 47.5% (Table 2). Figure 1 shows a
representative picture of RAPD fragments amplified by
random primers OPAMI1 (A) and OPAGIR (B) in
individuals of the accession CI.

The three dendrograms constructed by cluster
analysis, according the genetic smmilarity matrices
produced on the basis of the three different coefficients,
were very similar. The cophenetic values for each
dendrogram were equal to 0.86 for Simple matching,
0.87 for Dice and 0.89 for Jaccard coefficient. Due to the
highest cophenetic value, the Jaccard coefficient was
accepted as more appropriate and used for further
analysis. Pair-wise genetic simmilarity estimates for
190 individuals plants based on RAPD analysis ranged
from 0.20 to 0.97 (data not shown). A dendrogram based
on UPGMA analysis of the genetic similarity matrix was
produced, in order to determine the extent of distinct
clusters individuals from different populations form. All
the 190 individuals analysed were grouped in 14 clusters
based on the square root of the mumber of individuals
criterion (Fig. 2). Clustering results are presented in
Table 3. Tn general, individuals from the same population
were grouped together. Two out of the 14 clusters, namely
cluster I and cluster III, mcluded individuals of four
(P2, P5, P9, P10) and five (P1, P3, P8, F3, F4) populations,

Table 2: Polymorphism detected by the use of 11 random primers on 19
dry bean local populations

No. of No. of Proportion of

amplified polymorphic  polymorphic Products
Primer products™ bands** bands length (bp)
OPR11 14.0 7.0 0.50 600-2000
OPR12 12.0 6.0 0.50 200-2500
OPAB10 6.0 1.0 0.17 600-1400
OPAB14 8.0 6.0 0.75 300-1800
OPAGS 9.0 2.0 0.22 600-2000
OPAGI18 10.0 3.0 0.30 700-2000
OPAH13 11.0 2.0 0.82 300-2500
OPAK7 9.0 5.0 0.56 300-1800
OPAL12 12.0 2.0 0.17 200-2000
OPAL19 14.0 8.0 0.57 500-2000
OPAMI11 13.0 7.0 0.54 600-2500
Total 118.0 56.0
Mean 10.7 5.1 0.46

*: Total number of scorable bands detected, **: Total number detected as
polymorphic in at least one sample
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Fiz. 2: Dendrogram showing the results of clustering on 190 indraduals of 19 local drybean populations (cophens tic

sale o= 0.89)

respectively. In case of the populations P2 and F4 rane
individuals were clustered together. The cluster II
consisted of rane individuals from both populations Fl
and F2, while the clusters IV, ¥, VI, WII, VIIL X, ZT and
ZIV included eight to 10 mdividnals of one popalation.
Finally, three clusters (T3, ZIT and ZIIT) ive lnde d ondy one
to three mdizaduals.

The 14 shovetnentioned clusters showed sitadlatityin
the range of 24-57% armong thern, Al individuals from
popalation 1 formed the most divergent cluster ZIV,
showing about 24% similanty with the rest clusters.
Individuals of popalations C1 and C2 {originated from
Chalkidiki), belonging to clusters 20 2T and X1, showed
3T.5% amilarity with the indrdduals of popnlatons
originated frorn the areas of Prespes, Florna and FYROM
Indraduals of C1 and C2 {except of C1-T) were grouped
in clusters & and EI, which were 52.3% similar o
each other.

Individuale frorn the popalations orginated frorm
Flotina and coastal avea of Prespes Lakes, including the
area ingide FYROW, were gromped in nine clusters,
showing 43%% sitnilarity, Tleaningfully, 10 indtiduals of
population F¥1 formed the cluster WV, while mine
indrviduals of popalation FY 2 comprised the cluster W1
These two clusters, including almost all indraduals from
FYROW were by 56.5% simdlar.

& ore-way AMOVL  was  performed to test
differentiation between and within the 19 popalations
{(Table 4. The results revealed sigraficant differences
(p=0.010) ard 20% of total variation was found between
populations. Avother SOV A was perfoned to estiznate
the differentiation arnong and within 1 2 groupe formed by
UPGLIA analysis of 158 indndduals (Table 5). Two
groupe ([ and HII) consisted of one individual
(FY2-3 and C1-7, respectrvelsy) were excluded from this
analysis. It was found that despite of lagh wariation
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within groups (61%0), these groups were significantly
different (p<0.010).

The same RAPD data on 190 mdividuals were
analyzed by AMOVA to test the differentiation of the five
different regions from which the populations were derived
(Table €). Significant differentiation (p<0.010) was found
between these regions. The within regions variation (75%)
was higher compared to that between regions (25%). Gene
frequencies were determined from the presence or
absence of a particular amplified fragment across the

Table 3: Description of clusters produced by UPGMA analysis of RAPD
data from 190 individuals of dry bean
Group Individuals included
1 All individuals of P2
All individuals of PS5
P6-7, P6-10
All individuals of P9
All individuals of P10
F4-2
I F1-1,F1-2,F1-3,F1-6,F1-7, F1-8, F1-9, F1-10
F2-1,F2-2,F2-3,F2-4, F2-5, F2-6, F2-8, F2-9, F2-10
m All individuals of P1
All individuals of F3
All individuals of P3
F4-1, F4-3, F4-4, F4-5, F4-6, F4-7, F4-8, F4-9, F4-10
P8-1, P8-2, P§8-3, P8-4, P8-6, P8-7, P8-8, P8-9, P8-10
v Ps-1, P6-2, P6-3, P-4, P6-5, P6-6, P6-8, P6-9
v All individuals of FY1
VI FY2-1,FY2-2, FY2-4,FY2-5,FY2-6, FY2-7,FY2-8,
FY2-9,FY2-10

populations (data not shown). Fragments of identical
migration pattern on the electrophoretic gel were assumed
to represent the same allele at a locus. Average taxonomic
distances, calculated on the basis of gene frequencies,
varied from 0.29 (among P5 and P2) to 0.79 (among
P10 and K1), with an average value of 0.55 (Table 7).
These distances were used to construct a dendrogram
based on the UPGMA method (Fig. 3), which divided the
populations into four major clusters. Populations
originated from the areas of Florina and Prespes were
grouped into three clusters (signed A, B, C), whereas the
two populations from FYROM (FY1, FY2) were included
in one of them (B). The remaining three populations that
came from regions of Chalkidiki (C1, C2) and Kavala (K1)
were grouped together in the most divergent cluster (D).

The same dissimilarity matrix was explored by an
ordination method (PCO). The first three principal
coordinates (PC1, PC2, PC3) explained together about
45.67% of the total variation. The first principal coordinate

Table 4: AMOVA among and between 19 local populations of dry bean
Source of Variation

variation df 5S (%) Dpt P
Between populations 18 1836.46 80 0.803 < 0.010
Within populations 171 421.50 20

Table 5: AMOVA among and between 12 groups formed by UPGMA
analysis of 188 individuals of 19 local populations of dry bean

VI Allindividuals of P7 Source of Variation
VII  P4-1, P4-2, P4-3, P4-4, P4-6, PA-7, P4-8, P4-9, P4-10 variation df 88 %) Dpt P
X Fy2-3 Between groups 11 874.73 39 0.386 < 0.010
X Cl-1, C1-2, C1-3, C1-4, C1-5, C1-6, C1-8, C1-9, C1-10 Within groups 176 137841 61
P8-5
X1 All individuals of C2 Table 6: AMOVA ameong and between 5 regions from which 19 local
P4-5 populations of dry bean were originated
X C1-7 Source of Variation
Xm F1-4,F1-5 variation df 88 (%) Dpt P
F2-7 Between regions 4 450.04 25 0.251  <0.010
XTIV All individuals of K1 Within regions 185 1827.91 75
Table 7: Measures of Average taxonomic distances between nineteen dry bean local populations
Cl C2 F1 F2 F3 F4 FY1 FY2 Pl P2 P3 P4 P5 P6 P7 P8 P9 PIO
C1 0.00
c2 049 0.00
F1 056 066 0.00
F2 0.65 0.68 054 0.00
F3 056 072 064 0.69 0.00
F4 062 067 055 0.52 0.55 0.00
FYl 051 0.66 0.60 0.75 0.59  0.60 0.00
Fy2 051 0.69  0.60 0.62 0.63 0.51 0.52 0.00
K1 0.55 0.69 063 0.60 0.69  0.65 0.70 0.61 0.00
P1 057 072 065 0.67 037 053 0.59 0.59 072 0.00
P2 056 072 060 0.70 062 061 0.66 0.64 077 054 0.00
P3 059 076 064 0.66 0.41 0.46 0.54 0.59 073 044 0061 000
P4 0.63 0.67 0.6 0.63 0.69  0.68 0.59 0.65 0.66 066 064 069 0.00
P5 056 073 054 0.58 0.57  0.57 0.63 0.61 074 055 029 059 0.62 0.00
Po 0.51 0.66 055 0.60 048  0.50 0.55 0.53 064 052 058 056 053 052 000
P7 068 074 063 0.47 0.65 0.54 0.66 0.64 064 060 062 060 050 057 056 000
P8 054 069 063 0.59 038 0.55 0.56 0.56 0.6l 053 066 050 065 057 047 054 0.00
P9 058 067 057 0.65 062 053 0.69 0.63 071 064 046 038 070 044 056 068 0.64 000
P10 063 0.75  0.58 0.63 060  0.56 0.68 0.63 079 060 043 054 065 040 058 061 0.63 046 0.00
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Fig. 3: Dendrogram showing the results of clustering using average taxonomic distance on nineteen local dry bean

populations (cophenetic value R = 0.82)

Fig. 4: Three-dimensional scatter plot of the PCO. The populations studied formed ten distinct groups, as follows:
Group 1: P2, P53, P9, P10, Group 2: C1, Group 3: C2; Group 4: FY1; Group 5: P6, F4, FY2; Group 6: K1; Group 7: P1,

P3, F3; Group 8: P4, F1; Group 9: P7; Group 10: P&

covered 18.09% of the vanation and was mainly related to
bands rapdl1 and rapd42. The second principal explamed
14.93% of the variation and was related to bands rapd49
and rapd54. Finally, for the third principal coordinate,
which explamms 12.65% of the variation, more significant
bands were rapd29 and rapd40.

Since the three first principal coordinates explained
45.67% of total variation, a three-dimensional scatter plot
was created (Fig. 4). Two reference lines for each axis were
used and populations in the same framed cubed space

were grouped together. According to the abovementioned
procedure, the populations formed 10 distinet groups
consisted of one to four populations (Fig. 4).

On the first principal coordinate, explained mainly
by the markers rapdll and rapd42, high negative
correlation was shown by populations K1, C2, F2, P4 and
C1, while the populations P2, P5, P10, P9 and P3
displayed high positive
second principal coordinate, populations P1, P3, P8, F3
and FY1 were negatively correlated,

correlation. In case of the

whereas
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populations P2, P5, P10, F1 and F2 exhibited positive
correlation. Finally, on the third PC, populations P7 and F2
were negatively correlated, while Cl and C2 were
positively correlated.

DISCUSSION

The local dry bean populations of the study are
traditionally cultivated in certain regions of northern
Greece and FYROM, where hard climatic conditions
predominate. Thanks to the traditional type of cultivation
they do not mutually exchange significant genetic
material. Despite their low productivity and high
variability compared to commercial varieties, they are
cultivated almost exclusively m the above regions.
Adaptability to the particular environmental conditions
(climatic, territorial), as well as high quality products,
renders the fact reasonable. Moreover, bean cultivation
constitutes the mam source of rural mcome m these
regions. Hence, as far as commercial exploitation of these
populations is concerned, certification as a product of
protected designation of origin is very important. On the
other hand, these populations could constitute valuable
genetic sources for hereafter breeding programs.
Consequently, estimation of their genetic variability via
molecular approaches constitutes an important issue.

RAPD molecular markers were utilised mn the study
even though doubts have been reported as regards their
reproducibility and suitability for genetic diversity studies
(Mantzavinou et al., 2005). To achieve reproducibility of
RAPD markers each PCR reaction was run m duplicate
and only well defined and reproducible bands were
analysed. Moreover, there are previous reports on the
successful use of RAPD markers in bean germplasm
evaluation due to their advantages (Skroch and
Nienhuis, 1995; Fofana et al., 1997; Alvarez et al., 1998,
Briand et al., 1998; Duarte et af., 1999; Galvan et ai., 2001,
Metais ef al., 2000, Maciel et ai., 2001 ; Tiwari et al., 2005,
Galvan et al., 2006; Marotti ef al., 2007).

In this study 11 out of the 40 random primers tested
showed polymorphism (27.5%). Also, 56 polymorphic
bands were scored from 118 totally detected (47.5%). The
level of polymorphism detected n present study was
similar to that obtained by Galvan ef al. (2001 and 2006).
Nevertheless, it was low according the so far relevant
reports in bean (Skroch and Nienhuis, 1995; Alvarez et al.,
1998; Briand et ai., 1998; Duarte ef ai., 1999, Metais ef al.,
2000, Maciel et al, 2001, Ocampo et al, 2005,
Tiwari et al., 2005; Marotti et ai., 2007).

The level of intraspecies polymorphism depends on
the among genotypes level of divergence.
populations of the study are large seeded (data not

Simce

shown), they can be assigned to Andean gene pool,
according to defimtion of Gepts ef af. (1988). Climbing
habit of the 19 populations, combined with the
abovementioned character, is indicative of a common
ancestor (Andean origin) like Spamish bean cultivars
(Ocampo et al, 2005). The narrow genetic base of the
populations, as well as the fact that primers used for the
analysis were not pre-selected, m combmation with the
number and quality of the amplification, may explain the
relatively low level of polymorphism detected. On the
contrary, authors who reported high level of
polymorphism among common bean cultivars used
strictly pre-selected primers (Duarte et al, 1999
Ocampo et al., 2005).

The three similarity coefficients used for UPGMA
analysis (i.e., Simple matching, Dice, Taccard) produced
similar clustering results. The goodness of fit for the
clustering to the similarity matrix, as determined by
cophenetic value, was higher for Jaccard coefficient.
Skroch et al. (1992) and Galvan ef al. (2001) suggested
Simple matching as the most appropriate coefficient
for estimating genetic similarity at intraspecific level in
common bean. However, Alvarez ef al. (1998),
Metais et al. (2000), Maciel et al. (2001) and Tiwari et al.
(2005) used Jaccard coefficient to estimate genetic
similarity in bean genetic material.

The 190 individuals studied were clustered in
14 different groups by UPGMA analysis. In most of the
cases, individuals from the same population were grouped
together. However, some mdividuals were grouped
separately, like the clusters T, TX, X, XI, XIT and XIII.
Such type of clustering 1s mdicative of a predommantly
self-pollinating species in which cross-pollination
can occur in a rate higher than 10% (Debouck and
Thome, 1988).

Generally, based on the dendrograms derived from
individual plants® RAPD data and gene frequencies’
data, populations were clustered according to their
geographical origin. Particularly, the three populations
originated from the more distinct regions (Kavala and
Chalkidiki) formed the most distinct group in the
dendrogam based on gene frequencies data. The
populations origmated from FYROM were grouped
together with those from Florina and Prespes, probably
due to their geographical proximity. Moreover, the
similarity of local bean genetic material from Florina and
Prespes could be comected with the fact that the regions
of Macedomia (Greece) and FYROM were liberated from
Ottoman Empire just about 100 years ago and nationality
migration occurred till the mid of 1960’s. The obtained
clustering results are consistent with the fact of a founder
effect when a new crop 1s imported in a region and a few
individuals are involved.
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AMOVA analysis of RAPD data show that 20% of
the variation was found within populations, whereas
61 and 75% within clusters and within regions of
origin,respectively. The results could be attributed to the
lack of exchange of genetic material between farmers, the
traditional way of cultivation (e.g., no mechanical
harvesting) and the consecutive inbreeding and selection
carried out over the years by each farmer. Tt is suggested
that the traditional way of cultivation might have led to
increased genetic homogeneity within populations, which
was higher than that reported for Spanish bean landraces
(Alvarez et al, 1998) and Greek wheat landraces
(Mantzavinou et al., 2005). In order to explore the within
population diversity 1 a more detailled manner, two
approaches could be applied: 1) screening of a large
mumber of samples from each population (either
individuals or bulked) to overcome the limitation of the
RAPD analysis, suggested by Mantzavinou et al. (2005),
ii) utilization of genetically mapped markers, such as
microsatellites (Metais et al., 2000) or semi-random PCR
(Marotti et al., 2007).

The 19 populations formed 10 distinet groups by PCO
method. The populations from Kavala and Chalkidiki were
grouped again in the most distinct groups. This
observation confirmed that populations fell in three major
groups according to their origin.

In the future breeding programs, crosses between
bean local populations from these three major groups
might lead to high heterosis, despite the theory that in
autogamous species that have undergone evolution
under domestication the dominant and additive alleles
prevail, reducing the advances of F1 heterosis
(Fasoula and Fasoula, 1997). The remarkable spread of
rice hybrids in China thanks to heterosis (Xiao et al.,
1995) and high heterosis that showed crosses between
okra cultivars (Koutsos et al, 2000), mdicate that
heterosis  in  autogamous  species i not rare.
Furthermore, successful hybridization among populations
could be beneficially utilized in pedigree breeding
schemes aiming to exploit additive gene effects via
homozygosity. Galvan et al. (2006) speculated that
genetic diversity can be exploited through breeding
programs to broaden the genetic base of commercial
beans and develop high yielding cultivars. Singh (1989)
proposed for breeding programs in America exploitation
of bean genetic resources from European countries
including Greece, particularly of large seeded white races.
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