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ABSTRACT
The success of the breeding programmes depends on the dimension of genetic variability. Simple
sequence repeats (SSR) have been extensively used in the studies including genetic
characterization of many plant species. The objective of this study was to investigate the genetic
variation in 22 faba bean genotypes, 18 of which were originated from International Center for
Agricultural Research in the Dry Areas (ICARDA) and 4 of which were cultivated genotypes in
Turkey, using SSR markers. Of 41 SSR markers used, 25 produced bands. As a result of SSR
amplification, a total of 39 bands, 25 of which were polymorphic and 14 of which were
monomorphic, were obtained. The mean gene diversity and polymorphism information content
values were 0.27 and 0.24, respectively. The faba bean genotypes cultivated in Turkey had greater
genetic diversity than those that originated from ICARDA. The faba bean genotypes FLIP10- and
FLIP03- were successfully separated, using the un-weighted pair group method with arithmetic
average dendrogram constructed via Jaccard similarity coefficients. These results were further
supported by factor analysis substantially. The results indicated that there is sufficient genetic
diversity among the tested faba bean genotypes (especially cultivated in Turkey) and could be
used in faba bean breeding programmes.

KEYWORDS
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Introduction

Faba bean (Vicia faba L.) was one of the oldest cultivated
crops in the Near East region and has been grown for
both its fresh pods and dry seeds. Its high protein con-
tent (mean 25%) makes faba bean a valuable food for
human and animal nutrition [1]. The leading faba bean
producer countries are China, Etiyopya, France and
Egypt. On the other hand, in Turkey it occupies third
rank in food legume, following chickpea, lentil and com-
mon bean [2]. Faba bean does not take well-deserved
place due to the consumer habit. Actually, the number
of registered varieties has been very limited depending
on the insufficient faba bean breeding programmes.

One of the two fundamental rules in plant breeding is
to create or to exploit genetic variation and the other is
selection of appropriate plants. The most efficient way to
overcome the biotic and abiotic limitations to faba bean
production is to develop the varieties suitable to the
environments in which faba bean is cultivated. It is
undoubted that the genetic variation/diversity made by
introduction, hybridization or mutation must be revealed
to select the genotypes resistant to both pests and

disease or adapted to environmental conditions such as
temperature and soil.

A number of various markers have been used for
revealing the genetic diversity in crop plants. Despite
being used for a long time [3], the morphological and
biological markers are sensitive to the environmental
conditions and have some limitations [4]. That is why
various DNA markers such as random amplified polymor-
phic DNA, restriction fragment length polymorphism,
amplified fragment length polymorphism (AFLP) and
simple sequence repeats (SSR) have been developed.
Molecular markers are rapid, are not influenced from
environmental conditions and are secure for selecting
the important agricultural characteristics. Therefore, they
have been used in faba bean breeding to detect genetic
variation or similarities [5–7].

SSR markers or microsatellites have been used in many
crops since they are highly polymorphic, polymerase
chain reaction (PCR) based and easily transferable [8].
These markers have been successfully used in faba bean
to build gene map [9], to assess resistance to Orobanche
crenata and to determine genetic diversity [10,11].
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Furthermore, determination of genetic similarity and phy-
logenetic relationships among Vicia species and varieties
has been successfully accomplished.

This study was carried out to determine the genetic
profile of 22 faba bean genotypes, 18 of which were
originated from International Center for Agricultural
Research in the Dry Areas (ICARDA) and 4 of which were
cultivated genotypes in Turkey based on SSR markers in
order to measure the extent of genotypic differences,
genetic relationship and to assist in broadening the
germplasm base of future faba breeding programmes.

Materials and methods

Plant material

A total of 22 faba bean genotypes, 18 of which were
originated from ICARDA and 4 of which from Turkey,
were used in this study. The four faba bean genotypes
originated from Turkey comprised of two nationally reg-
istered cultivars (Kıtık-2003 and Eresen-87) and two local
landraces (Antakya and Yaylada�gı). The names, pedigree
and origin of the faba bean genotypes used in this study
are presented in Table 1.

DNA extraction

A bulk of 2-week-old leaves from each faba bean geno-
type were employed for extracting DNA as reported by
Dellaporta et al. [12] and Doyle [13] with minor modifica-
tions. Genomic DNA was quantified on nanodrop (ACT-
Gene UVS-99, USA), at 260/280 nm. The quality of
extracted DNA was confirmed on 0.8% agarose gel
electrophoresis.

SSR primers and SSR PCR amplification

The sequences of the 25 SSR primers are listed in Table 2.
PCR analysis was performed in a final volume of 20 mL
containing 30 ng of template DNA, 2.5 mmol/L MgCl2,
2 mmol/L primer, 1 unit of Taq polymerase and 2 mmol/L
deoxynucleotide triphosphates (dNTP) in 10£ reaction
buffer. DNA amplifications were accomplished by the
Multi Gene Thermal Cycler (Labnet International, USA),
and commenced with denaturation for 5 min at 95 �C,
followed by 35 cycles of 30 s denaturation at 94 �C and
30 s annealing at 50–60 �C, 1 min extension at 72 �C, and
final extension for 10 min at 72 �C. After amplification, the
reaction products were electrophoresed on 3% Nu Micro-
por agarose (Prona, Spain) agarose gels containing 1£
Tris-borate-Ethylenediaminetetraacetic acid (EDTA) buffer.
The genomic DNA was stained with 1 mg/mL ethidium
bromide. The gels were run at 140 V for 80 min. Gel photos
were taken under UV light using the DNR MiniLumi (DNR
Bio-Imaging Systems, Israel) gel documentation system.

Statistical analysis

Data scores were obtained according to the presence/
absence criterion, which regarded presence of band as ‘1’
and absence of band as ‘0.’ The pair-wise similarity matrix
was built using Jaccard coefficient calculated according
to the formula Jij D a/a C b C c, where Jij is the similarity
between two individuals i and j, a is the number of bands
present in the both individuals, b is the number of bands
observed only in the individual i and c is the number of

Table 1. The names, pedigree and origin of faba bean
genotypes.
Genotype names Pedigree Origin

FLIP03-35FB F6/1444/03/HBP/bot £ bot/Fam 665-3 ICARDA
FLIP03-38FB F6/1462/03/HBP/bot £ bot/Fam 676-7 ICARDA
FLIP03-39FB F6/1551/03/HBP/bot £ bot/Fam 712-2 ICARDA
FLIP03-41FB F6/1589/03/HBP/bot £ Ascot/Fam 734-9 ICARDA
FLIP03-43FB F6/1591/03/HBP/bot £ Ascot/Fam 734-3 ICARDA
FLIP03-45FB F6/1594/03/HBP/bot £ Ascot/Fam 735-1 ICARDA
FLIP03-47FB F6/1597/03 – 2/HBP/bot£ Ascot/Fam 735-2 ICARDA
FLIP03-48FB F6/1598/03/HBP/bot £ Ascot/Fam 735-3 ICARDA
FLIP03-49FB F6/1605/03 – 1/HBP/bot£ Ascot/Fam 736-8 ICARDA
FLIP03-50FB F6/1605/03 – 2/HBP/bot£ Ascot/Fam 736-8 ICARDA
FLIP03-62FB F6/1796/03/HBP/C.spotXAscotXOro/784-1 ICARDA
FLIP10-51FB F6/HBP/S0C/2005 (Cold £ Bot.)/159 – 2 ICARDA
FLIP10-52FB F6/HBP/S0C/2005 (Cold £ Bot.) /159 – 3 ICARDA
FLIP10-56FB F6/HBP/S0C/2005 (Cold £ Bot.) /175 – 2 ICARDA
FLIP10-57FB F6/HBP/S0C/2005 (Cold £ Bot.)/181 – 3 ICARDA
FLIP10-58FB F6/HBP/S0C/2005 (Cold £ Bot.) /181 –- 4 ICARDA
FLIP10-59FB F6/HBP/S0C/2005 (Cold £ Bot.) /181 – 1 ICARDA
Rebaya-40 ILB 365 Egypt
Kıtık-2003 – Turkey
Eresen-87 – Turkey
Antakya – Turkey
Yaylada�gı – Turkey

Table 2. The name and sequences of 25 SSR primers used in the
study.
Primer
name Forward (5’–3’) Reverse (5’–3’)

DMA014 TTGATATTAGGCTTCGGCTCTC TATCTTTGTGTGGGTGTCTTGC
DMA030 TCTAAAACCTCTCCGGTAACCA CCTCATCCATTAGAGCCCAGTA
DMA042 TGGTACTGGAGGATGTACTGGA CATTATTATTACACCCGCCTCAT
DMA043 GAAGGCTTCTTCGATGAATTTG GCAAAAGCTTCTTCTTGAGCTT
DMA044 CATGAAGTTGAATCCGTTATGC AGCAAATCTCGATGAGGTGATT
DMA045 AAGCAGCTGAAAAGCCTCTAAA GGTTCTTGTCAGGGTGAAGAAG
DMA051 TATTCTCTCCCTCTTCCTCCAC GTTGTTGTTGTCAAAACCTCCA
DMA065 TGGAACATTTTCTTCGTGTGTC TCTAGAGCAGCATTTTGTTGGA
DMA067 TGGTGAGCAGATAGACCTTGAA ATCCACTCTCATCTCGTCTTCC
DMA070 TCATCGTTTCGAGGGAGATAAT GTACCTCCTCGTTTGTCCTCAC
DMA089 GGCCTCCTATTTGATGCTTATC TCTCTCTCAATCTGGAATGCAA
DMA093 ACTTCAAAGGACGGTGTTTGTT ATGCCACAAAAAGAGGTCAGAT
DMA099 TTTTTCTCTCCTTCGTGAAAGC CCCATCAACAACAATTACCAGA
DMA101 CTGCTGGTGCACTAGAAACTGT AATTCAAAACGACGCAGTACAA
DMA102 GGACTCACGGTCTCTCTCTCTC ATTTTATAGTTCCGGGCCATTC
DMA103 ATACCCTTTGATCCCAAAACCT GTTGGTGGTGTTGAACTTCTGA
DMA107 CAACTTCAAACCTCTCTCTCTTCC AGCACCCATGATTCTTCTGTTT
DMA110 GAAGAAGAACACCGACATGGAT GGTTCGGGAGAGTAACTCAATG
DMA112 CACCGGGTAAAGTAACCTCATC CGGAAGGTGTGGTTACAGAAAG
M9 AATCACAAGCGACGACGAC GCGGAATATGCAGACCAAAT
M10 CCATGGTTACTGCAGTCGAA GCCGTCGATTGATTCGTATT
M14 ACCCGCACTCGTATGTTTTC TTCCTTTACCTGAAGGCGTTT
M17 CTCCAACGAAGGCAGAGAAG CATGATTCCCATAGCCTTGC
M46 GGATGGATTGATTCTCCAACA GCATAACTAACACATTATGCAGGA
M20 CTTGTTTGAGTCTGTCGCTG TTTCCCTCCCAATGTCTGTA
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bands observed only in the individual j. Dendrogram was
constructed by the un-weighted pair group method with
arithmetic average (UPGMA) method [14] using NTSYSpc
v2.1 software. Polymorphism information content (PIC) for
each primer was calculated according to the formula [15],
where PIC is polymorphism information content, pi and
pj represent frequency of i. and j. Alleles, respectively.
Both the PIC and Nei’s (1973) gene diversity of the pri-
mers were calculated by the program Powermarker v3.25
[16]. Nei’s (1973) gene diversity and Shannon index [17]
values of the faba bean genotypes were calculated by
using Popgen v1.32 [18] program. Exploratory factor anal-
ysis (FA) was performed on SSR data by Statistica v10 sta-
tistic program. The principal axis method was used to
extract the factors followed by a varimax rotation. Only
the factors whose eigenvalues were greater than 1 were
retained for rotation.

Results and discussion

Assessment of genetic diversity and revealing of the
genetic relationships in the faba bean germplasm are
required to exploit these genetic resources in crop
breeding programmes. Because of the difficulties to
achieve interspecific crosses or to produce transgenic
lines with V. faba, only natural variability or mutation is
available to breeders [19]. Taking increasing number of
faba bean genotypes into account, discrimination of
them by only morphological characters is troubled due
to the fact that these characters can be affected by envi-
ronmental conditions [7]. Therefore, numerous studies
based on molecular markers have been conducted
worldwide to reveal genetic relatedness in faba bean.
On the other hand, according to our knowledge, there
have not been any accessible studies concerning DNA
markers except for protein marker in faba bean in Turkey
[20]. SSR markers or microsatellites have higher effi-
ciency for within-population diversity and similar effi-
ciency for among-population diversity in comparison to
dominant markers [21]. Furthermore, they are powerful
tool to determine genetic diversity and polymorphism

[22,23]. Therefore, we analysed genetic diversity and
population structure among 22 faba bean genotypes by
using 25 SSR markers, so that they can facilitate selection
of different parents for future crossing programmes.

SSR marker system was successfully used to deter-
mine genetic diversity among ICARDA and Turkish faba
bean germplasm. Forty-one SSR primers were screened
in a preliminary study. Sixteen of them did not yield clear
bands; therefore, the remaining 25 primers (Table 2)
were employed in this study. Taking into account that
the primers DMA093, M46, DMA042, DMA101, DMA107,
M10, DMA099, M17, DMA043 and M14 did not produce
polymorphic bands, the mean value of Nei’s (1973) gene
diversity (h), PIC value, the number of polymorphic
bands (npb), the number of monomorphic bands (nmb)
and polymorphism (%) were calculated by excluding
these primers. Total number of allele was 39 and the
number of allele per primer or locus was 1.6 ranging
from 1 to 3 depending on the SSR primers across the 22
genotypes studied. A sample amplification pattern of
the primer DMA045 is shown in Figure 1.

Gene diversity or expected heterozygosity often indi-
cates genetic diversity in a population [24]. The Nei’s
(1973) gene diversity (h) showed a significant level of
variation. The mean Nei’s (1973) gene diversity (h) of the
loci producing polymorphic bands in the 22 faba bean
genotypes was 0.42. The primers DMA030 and DMA070
showed the highest gene diversity with the values of
0.70 and 0.66, respectively, which was supported by
high number allele (Table 3). On the other hand, the
remaining primers showed lower diversity. Ovesna et al.
[25] also reported that high number of allele was in
accordance with high gene diversity in the study aiming
to identify of Czech garlic varieties using 14 SSR markers.
The number of allele and gene diversity in the present
study coincided with Ma et al. [26], who found the for-
mer between 2 and 9, and the latter between 0.0476
and 0.8304 in the study employing 32 accessions of V.
faba and 21 microsatellite markers. Moreover, Gong
et al. [27] stated the number of allele varying from 1 to 3,
and expected heterozygosity from 0 to 0.64 in the study

Figure 1. A sample SSR amplification pattern of the primer DMA045 across faba bean genotypes. The numbers show the faba bean
genotypes listed in Table 1.
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comprising 29 faba bean genotypes and 11 microsatel-
lite markers, which was very similar to ours.

The PIC value can be used to estimate usefulness of
SSRs for identifying cultivars [28]. The PIC value per
primer varied from 0.00 to 0.64 with an average of 0.37.
The 10 primers had a PIC value of zero due to producing
only one monomorphic band. The primers DMA030,
DMA070, DMA044 and M20 showed the highest PIC val-
ues in this study (Table 3). Akash and Myers [29], who
developed faba bean expressed sequence tag (EST)-SSR
markers using 13 V. faba and seven Vicia species to study
their transferability among seven related Vicia spp., also
found the PIC values of the primers DMA030 and
DMA070 to be high (0.72 and 0.69, respectively). How-
ever, they reported the lower PIC values for the primer
DMA044 with a value of 0.20 in comparison to our study.
Gong et al. [11] reported PIC values varied from 0.0644 to
0.4278 with an average of 0.2919 in their study in order
to investigate the genetic variation of 29 faba bean culti-
vars from China and Europe using 11 EST-SSR markers.
This mean PIC value was similar to ours. Zeid et al. [10]
found PIC values ranging from 0.16 to 0.72, which exten-
sively overlapped our results. Taking the gene diversity,
the PIC value and the number of alleles into consider-
ation, the most two informative markers were DMA030
and DMA070. The polymorphism (%) of the primers var-
ied from 0% to 100% with an average of 87.8%, which
indicated high variability in faba bean genotypes.

The effective number of alleles (ne), Nei’s (1973) gene
diversity (h) and the Shannon Index (I) varied depending
on the genotypes of faba bean. The genotypes Eresen-
87, FLIP03-38FB and Yaylada�gı showed the highest
genetic diversity with regard to these parameters across
the faba bean genotypes (Table 4). Indeed, this was not
surprising since the breeding lines from ICARDA were
selected for resistance or tolerance to chocolate spot dis-
eases. In addition, the ICARDA derived lines named with
Flip10 and Flip03 prefixes were explicitly separated in
this respect. The mean Nei’s (1973) gene diversity (0.40)
in the faba bean genotypes was similar to that obtained
by Yahia et al. [30], who reported a mean value of 0.43,
using 16 Tunisian faba bean local populations and 16
polymorphic SSR markers. In the present study, mean
effective number of alleles (1.67) was lower than that
(2.25) obtained by Yahia et al. [30] and relatively similar
to Wang et al. [31], who studied genetic diversity and
relatedness of 802 faba bean genotypes using 11 inter-
simple sequence repeat (ISSR) primers and found a
mean value of 1.3888. This might be due to different
number and origin of faba bean genotypes used in the
three studies. Compared to the study of Zong et al. [6],
which investigated molecular variations of 243 faba
bean germplasm originated from different geographical
areas using 10 AFLP primer pairs, results of this study
also revealed the pattern of genetic variation across the
faba bean genotypes. They obtained lower range of

Table 3. Nei’s (1973) gene diversity (h), PIC value, the number of polymorphic bands (npb), number of monomorphic bands (nmb), the
number of allele (na) and polymorphism (%) obtained from amplification of the SSR primers across 22 faba bean genotypes.

Primer name Gene diversity (h) PIC value
Number of polymorphic

bands (npb)
Number of monomorphic

bands (nmb) Number of allele (na) Polymorphism (%)

DMA102 0.30 0.25 1 0 1 100
DMA110 0.17 0.15 1 1 2 50
DMA070 0.66 0.61 3 0 3 100
DMA065 0.35 0.29 2 0 2 100
DMA030 0.70 0.64 2 1 3 67
DMA067 0.46 0.36 1 1 2 50
DMA051 0.46 0.39 2 0 2 100
DMA093 0.00 0.00 0 1 1 0
DMA045 0.43 0.39 2 0 2 100
M46 0.00 0.00 0 1 1 0
DMA042 0.00 0.00 0 1 1 0
DMA044 0.55 0.51 2 0 2 100
DMA101 0.00 0.00 0 1 1 0
DMA103 0.43 0.39 2 0 2 100
DMA107 0.00 0.00 0 1 1 0
M10 0.00 0.00 0 1 1 0
DMA099 0.00 0.00 0 1 1 0
M17 0.00 0.00 0 1 1 0
DMA112 0.17 0.15 1 0 1 100
DMA089 0.24 0.21 1 0 1 100
M9 0.46 0.39 2 0 2 100
DMA043 0.00 0.00 0 1 1 0
M14 0.00 0.00 0 1 1 0
DMA014 0.35 0.29 1 1 2 50
M20 0.57 0.51 2 0 2 100
Meana 0.42 0.37 1.67 0.27 1.6 87.8
Total 25 14 39

Note: aThe primers DMA093, M46, DMA042, DMA101, DMA107, M10, DMA099, M17, DMA043 and M14 were excluded from calculation of the average values
except for the number of allele since they did not produce polymorphic bands.
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Nei’s (1973) gene diversity (0.0433–0.1724) and Shannon
Index (0.0639–0.2535) than ours, which might be
explained by the different DNA markers used. Ouji et al.
[32] investigated molecular diversity of nine faba bean
populations using seven isozyme systems and found
that Nei’s (1973) gene diversity was 0.204. Among the 22
genotypes, the ones originated from Turkey exhibited
the highest level of variability in terms of Nei’s (1973)
gene diversity (h) and Shannon Index (I) with the mean
values of 0.44 and 0.63, respectively, whereas the geno-
types named with Flip10 prefix showed the lowest level
of variability (Table 4).

The similarity matrix, estimated from Jaccard coeffi-
cients, was used for building dendrogram by UPGMA
method using 22 faba bean genotypes. The dendrogram
generally agreed with the pedigree and origin of these
genotypes (Figure 2). The faba bean genotypes were
grouped into two main clusters, namely A and B in the
dendrogram. The cluster A was comprised of the two
faba bean genotypes, namely Kıtık-2003 and Antakya,
while the cluster B contained all of the remaining geno-
types. Particularly the breeding lines derived from same
crossing programme of ICARDA were gathered in the
same group. It is noted that the genotypes named with

Table 4. Number of alleles (na), effective number of alleles (ne),
Nei’s (1973) gene diversity (h) and Shannon index (I) values of
faba bean genotypes.
Name of genotype na ne h I

FLIP03-35FB 2 1.66 0.40 0.59
FLIP03-38FB 2 1.88 0.47 0.66
FLIP03-39FB 2 1.72 0.42 0.61
FLIP03-41FB 2 1.72 0.42 0.61
FLIP03-43FB 2 1.66 0.40 0.59
FLIP03-45FB 2 1.66 0.40 0.59
FLIP03-47FB 2 1.78 0.44 0.63
FLIP03-48FB 2 1.60 0.38 0.56
FLIP03-49FB 2 1.60 0.38 0.56
FLIP03-50FB 2 1.60 0.38 0.56
FLIP03-62FB 2 1.54 0.35 0.53
Mean 2 1.67 0.41 0.59
FLIP10-51FB 2 1.78 0.44 0.63
FLIP10-52FB 2 1.60 0.38 0.56
FLIP10-56FB 2 1.54 0.35 0.53
FLIP10-57FB 2 1.54 0.35 0.53
FLIP10-58FB 2 1.54 0.35 0.53
FLIP10-59FB 2 1.60 0.38 0.56
Mean 2 1.60 0.37 0.55
Rebaya-40 2 1.60 0.38 0.56
Mean 2 1.60 0.38 0.56
Yaylada�gı 2 1.83 0.46 0.65
Antakya 2 1.72 0.42 0.61
Eresen-87 2 1.88 0.47 0.66
Kıtık-2003 2 1.78 0.44 0.63
Mean 2 1.80 0.44 0.63
Grand Mean 2 1.67 0.40 0.59

Figure 2. UPGMA dendrogram of 22 faba bean genotypes based on Jaccard similarity coefficients converted from SSR marker data.
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Flip10 and Flip03 prefixes were successfully separated in
the clusters C and D, respectively. However, the variety
Rebaya-40, originated from Egypt, formed a distinct group
in the cluster D and was loosely grouped with the FLIP03
prefixed lines probably due to its different origin, namely
Egypt. It was also revealed by the dendrogram that all the
genotypes originated from Turkey were not grouped in
the same cluster while the genotype Antakya was
grouped with the genotype Kıtık-2003 and Yaylada�gı with
Eresen-87 (Figure 2). This was probably because pedigrees
of the genotypes Eresen-87 and Kıtık-2003 were not com-
mon despite having been developed in different years in
the Aegean Agricultural Research Institute, Turkey. More-
over, the fact that the genotypes Antakya and Yaylada�gı
were local populations with unknown pedigree may cause
that they were separately clustered in the dendrogram.
The least genetic similarity (0.47) occurred between the
genotypes Antakya and FLIP03-38FB, whereas the greatest
one (0.97) occurred between FLIP10-56FB and FLIP10-
52FB (similarity table is not given).

Exploratory FA is thought to exert causal influence on
observed variables and reveal the underlying construct
(the factor) which produces scores on the variables [33].
Therefore, the FA was performed for SSR data to reduce
the variables which accounted for most of the variance.
The FA extracted four factors eigenvalue of which was
greater than 1. The first four factors accounted for 67.43%
of the total variation for SSR analysis (Table 5). As noted
in Table 6, all the faba bean genotypes, except for very
few ones, were separately and considerably placed in the
four factors by the factor loadings greater than 0.45. In
case of FLIP03 prefixed lines apart from FLIP03-49FB, they
had greater loading on factor1 and were grouped
together. On the other hand, factor2 separated FLIP10
prefixed lines except for FLIP10-57FB from the others. In
case of Turkey originated genotypes apart from Eresen-
87, factor3 distinguished them successfully. Finally, the
variety Rebaya-40 had a greatest loading on factor4. Ordi-
nation methods have been frequently used to support
cluster analysis in some researches. Some of them in gen-
eral agreed with cluster analysis [7,31,34] although the
others supported cluster analysis moderately [11,35]. In
the case of this study, the exploratory FA extensively cor-
responded well with the cluster analysis in grouping the

faba bean genotypes. As shown in Table 6, the genotypes
factor loading which was greater than 0.45 in a factor
was similarly clustered also in the dendrogram. However,
the variety Eresen-87 was grouped with the FLIP03 pre-
fixed genotypes in the factor1 in FA despite clustered
with the genotype Yaylada�gı in the dendrogram.

Conclusions

Only a few faba bean cultivars were registered in Turkey.
However, both consumer and farmer preferences encour-
age the faba bean breeders to breed more attractive faba
bean cultivars. Therefore, it is important to know the
genetic diversity in faba bean genotypes to develop the
new faba bean cultivars with both high yield and quality.
The results of the current study showed good enough
genetic diversity in faba bean genotypes, particularly the
ones cultivated in Turkey, and could be facilitated in the
planning of future faba bean breeding programmes.
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Table 5. Both individual and cumulative eigenvalues and vari-
ance explained by the first four factors of SSR data in faba bean
genotypes.

Factor Eigenvalue
Variance
(%)

Cumulative
eigenvalue

Cumulative
variance (%)

1 9.64 43.86 9.64 43.86
2 2.30 10.45 11.94 54.31
3 1.65 7.53 13.60 61.85
4 1.22 5.58 14.83 67.43

Table 6. Factor loadings (varimax) of 22 faba bean genotypes on
the first four factors by SSR data.
Name of genotype Factor1 Factor2 Factor3 Factor4

FLIP03-35FB a0.70 0.15 0.14 0.12
FLIP03-38FB 0.78 0.13 ¡0.03 0.05
FLIP03-39FB 0.77 0.31 0.14 0.15
FLIP03-41FB 0.65 0.33 0.40 ¡0.05
FLIP03-43FB 0.61 0.28 0.16 0.33
FLIP03-45FB 0.81 0.27 0.00 0.29
FLIP03-47FB 0.78 0.18 0.08 0.19
FLIP03-48FB 0.60 0.41 0.17 0.25
FLIP03-49FB 0.30 0.34 0.33 0.53
FLIP03-50FB 0.53 0.36 0.30 0.23
FLIP03-62FB 0.53 0.10 0.07 0.66
FLIP10-51FB 0.14 0.73 0.26 0.15
FLIP10-52FB 0.39 0.75 0.14 0.06
FLIP10-56FB 0.43 0.76 0.00 0.13
FLIP10-57FB ¡0.03 0.54 ¡0.08 0.65
FLIP10-58FB 0.20 0.77 ¡0.03 0.00
FLIP10-59FB 0.18 0.90 ¡0.06 0.17
Rebaya-40 0.41 ¡0.09 0.24 0.67
Kıtık-2003 0.18 ¡0.04 0.80 ¡0.05
Eresen-87 0.46 0.41 0.43 0.05
Antakya ¡0.15 0.15 0.77 0.29
Yaylada�gı 0.44 ¡0.05 0.55 0.15

Note: aBold loadings are>0.45.
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