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Abstract

The characterization and preservation of local plant genetic resources are crucial for
maintaining agrobiodiversity and enhancing crop improvement initiatives. This study
aimed to evaluate the genetic diversity and identify potential duplicates among 21 local
common bean (Phaseolus vulgaris L.) accessions stored in the Gene Bank of the Faculty
of Agriculture and Food Sciences at the University of Sarajevo. A total of 26 SSR
(single sequence repeat) markers were utilized to genotype the accessions, revealing an
average of 4.0 alleles per locus. The observed heterozygosity (Ho) averaged 0.043,
while the expected heterozygosity (Hg) was 0.536. The polymorphic information
content (PIC) values ranged from 0.171 to 0.859, with 11 loci classified as highly
informative (PIC > 0.5). Cluster analysis based on Jaccard’s distance and the UPGMA
method indicated that no two accessions shared identical allele profiles, confirming the
absence of genetic duplicates within the analyzed group. These findings highlight the
significance of conserving and further characterizing local common bean germplasm as
a vital resource for breeding programs focused on improving yield, stress resilience, and
adaptation. Additionally, several SSR loci, especially PVat007, BM143, and GATS91,
were identified as highly informative and suitable for future diversity and selection
studies.
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INTRODUCTION

The common bean (Phaseolus vulgaris L.) is a crucial food legume globally, serving as
a key source of dietary protein, minerals, and vitamins, particularly in traditional
farming systems. In Bosnia and Herzegovina (B&H), the common bean is cultivated
across a range of agroecological zones, where farmers have historically preserved
diverse landraces that are well-adapted to local environmental conditions and cultural
practices. These traditional varieties represent a valuable reservoir of genetic diversity,
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which is vital for food security, especially in the context of climate change and resource-
limited agriculture (Grahi¢ et al., 2013; Grahi¢ et al., 2018). According to the 2023
report "Harvested area and yield of major crops", issued by the Agency for Statistics of
Bosnia and Herzegovina, the dry common bean was harvested from 2,782 hectares, with
an average yield of 3.51 t/ha (Agency for Statistics of B&H, 2023). These figures
underscore the continued importance of this crop within smallholder and traditional
farming systems across the country. Despite its significance, the genetic diversity of
common bean landraces in B&H has not been extensively characterized using molecular
markers. Previous studies have mainly focused on morphological traits (Grahi¢ et al.,
2013) and their effectiveness in determining the origins of gene pools (Grahi¢ et al.,
2018). While these methods provide valuable insights, their resolution is limited.
Microsatellite markers (SSRs) are recognized for their efficacy in characterizing genetic
diversity and remain an important tool for identifying distinct and potentially duplicated
accessions (Carovi¢-Stanko et al., 2017; Savi¢ et al., 2021).

SSR markers are highly effective for characterizing common bean germplasm due to
their considerable polymorphism, reproducibility, and codominant inheritance. They
have been extensively employed in the Balkans and Europe to differentiate between
landraces and commercial varieties of different agricultural crops, detect admixed
genotypes, and inform conservation strategies (Maras et al., 2015; Carovi¢-Stanko et
al., 2017; Pipan and Meglic, 2019). A recent study focusing on B&H common bean
germplasm, utilizing SSR analysis, confirmed the presence of both Andean and
Mesoamerican gene pools within the national collection, shedding light on historical
hybridization events and significant intraspecific diversity (Bajri¢ ef al., 2021). Given
the increasing threat of genetic erosion due to the replacement of traditional varieties
with commercial cultivars, it is essential to characterize and conserve local landraces.
The Gene Bank at the Faculty of Agriculture and Food Sciences, University of Sarajevo,
has successfully gathered and preserved a substantial number of common bean
accessions from across Bosnia and Herzegovina. However, there remains uncertainty
regarding the extent to which these accessions represent genetically distinct materials
and the potential existence of duplicates.

This study employs 26 SSR markers to assess genetic diversity and identify possible
duplicates among 21 local common bean accessions held in the Sarajevo Gene Bank.
The results will enhance the efficient conservation, management, and utilization of local
common bean genetic resources for breeding programs, thereby promoting sustainable
agricultural development.

MATERIALS AND METHODS
For molecular analysis, 3 to 5 seeds from each of the 21 common bean (Phaseolus
vulgaris L.) accessions stored in the Gene Bank of the Faculty of Agriculture and Food

Sciences University of Sarajevo were individually sown in pots filled with commercial
substrate. Genomic DNA was extracted from the young green leaves of the resulting
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seedlings using the peqGOLD Plant DNA Kit (Peqlab, Germany), following the
manufacturer's instructions.
A total of 26 primer pairs were utilized for SSR marker amplification (as detailed in
Table 1). The PCR reactions were conducted using a Veriti™ Thermal Cycler (Applied
Biosystems®, Foster City, California, USA), according to the protocol described by
Carovi¢-Stanko et al. (2017). Each 20 uL PCR reaction mixture contained 2 pmol of a
tailed forward primer, 8 pmol of a reverse primer, 8 pmol of a FAM-labeled M 13 primer,
1x PCR buffer, 4 pmol of each dNTP, 0.5 U of Tag™ HS DNA Polymerase (Takara
Bio Inc.), and 5 ng of genomic DNA.

Table 1. Microsatellite markers used in this study The table shows the marker name,
sequence, and their repetitive motifs.

: AATCTCGCCTCTCTCTCTTT

. Repetiti
Markers Forward and reverse PCR primer epet!tlve
motifs
F: ACTTAACAAGGAATAGCCACACA
BMI157 R: GTTAATTGTTTCCAATATCAACCTG (GAs
BMI72 F: TGTAAACGACGGCCAGTATGCCTGTAGCTCAAACAGGGCACT (GA)
R: GCAATACCGCCATGAGAGAT 2
BM143 F: TGTAAACGACGGCCAGTATGCGGGAAATGAACAGAGGAAA GA)
R: ATGTTGGGAACTTTTAGTGTG 3
GATS9] | F-IGTAAACGACGGCCAGTATGCGAGTGCGGAAGCGAGTAGAG GA)
R: TCCGTGITCCTCTGTCTGTG 7
F: TGTAAACGACGGCCAGTATGCGAGGGTGTTCACTATTGTCACTGC
Pyet00l I T TCATGGATGGTGGAGGAACAG (CTD(T(CTDs
BM210 F: TGTAAACGACGGCCAGTATGCACCACTGCAATCCTCATCTTTG ot
R: CCCTCATCCTCCATTCTTATCG (CT)ss
BMA20 F: TGTAAACGACGGCCAGTATGCGTTGCCACCGGTGATAATCT (TA)
R: GTGAGGCAAGAAGCCTTCAA °
BMdL2 F: TGTAAACGACGGCCAGTATGCCATCAACAAGGACAGCCTCA (AGC)
R: GCAGCTGGCGGGTAAAACAG 7
BMIS1 F: TGTAAACGACGGCCAGTATGCCACAACAAGAAAGACCTCCT 10)
R: TTATGTATTAGACCACATTACTTCC 1
PVas00] | F-TGTAAACGACGGCCAGTATGCCAATCCTCTCTCTCTCATICCAATC GA)
8 R: GACCTTGAAGTCGGTGTCGTTT (GAu
pva007 | E-TGTAAACGACGGCCAGTATGCAGTTAAATTATACGAGGTTAGCCTAAATC AT
@ R: CATTCCCTTCACACATTCACCG (ADn
BMdd2 F: TGTAAACGACGGCCAGTATGCTCATAGAAGATTTGTGGAAGCA aT)
R: TGAGACACGTACGAGGCTGTAT s
BMdaS F: TGTAAACGACGGCCAGTATGCGGTTGGGAAGCCTCATACAG (AG)
R: ATCTTCGACCCACCTTGCT 5
F: ATCCTAGGGAGTCATGAAGG
BMb247 R AGAATTGTAACCACACCGAC (AT
F: CATAAAGCACGTCACTTCAA
BMDb96 R: GCCTTGGACACTACCATTT (€A
F: GGTCACTTCCGGAGCATTC
BMd22 R CGGGAAATGGAAGTCACAGT (TC)s
F: TTGAGACAAATGACTCACCA
BMbS08 R GTGTTCCTTTAAACAATCC (CAn
BMdAT F: TGTAAACGACGGCCAGTATGCACCTGGTCCCTCAAACCAAT AT)
R: CAATGGAGCACCAAAGATCA ’
F: CATTCATGTGAACCTTTCATT
BMb460 I A TTGTTTGGTTTGTGCTTCT (AGA)10
F: GGCTGACAACAACTCTGCAC
BMd46 R: CTGGCATAGGTTGCTCCTTC (TCDs
F: TGGACTGGTCGATACGAAGC
BM197 R: CCCAGAAGATTGAGAACACCAC (G
BMb267 E: TGAGCATCCTCTACTTGGTT (GAA)
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BMd53 F: TGTAAACGACGGCCAGTATGCTGCTGACCAAGGAAATTCAG GTA
R: GGAGGAGGCTTAAGCACAAA ( )s

F: TCACGTACGAGTTGAATCTCAGGAT
R: GGTGTCGGAGAGGTTAAGGTTG

F: TTGAAACAAATCAGACCCTC
BMbI74 I A TACATAGATGCAAGAGCGA (TTA)
F: TGTAAACGACGGCCAGTATGCGCAGATCGCCTACTCACAAA

BMd25 R: CGTTGACGAGAAGCATCAAG (GAT)s

PVag003

(AG)s

To calculate genetic diversity parameters, including the number of alleles per locus
(Na), observed heterozygosity (Ho), and expected heterozygosity (Hg), SpaGeDi v.1.2
software was employed (Hardy and Vekemans, 2002). The polymorphic information
content (PIC) was calculated using Cervus v.3.0.7 (Kalinowski et al., 2007).

Genetic distance among accessions was visualized using the Jaccard distance and
clustered by the UPGMA method (Unweighted Pair Group Method with Arithmetic
Mean) in the MEGA 6 software (Tamura et al., 2013). All input data for statistical
analysis were prepared using MADC v.2.0 software (Grahi¢ and Grahi¢, 2017).

RESULTS AND DISCUSSION

A total of 26 microsatellite loci were successfully amplified from 21 local common bean
accessions collected from various regions of Bosnia and Herzegovina (B&H), covering
a wide range of agroecological zones, including continental lowlands, hilly regions, and
mountainous rural areas. This geographic diversity ensures that the genetic variation
assessed in this study accurately reflects the traditional cultivation range of common
beans within the country. The SSR markers demonstrated significant genetic variability
among the accessions, highlighting the effectiveness of SSRs for studying diversity in
Phaseolus vulgaris.

Table 2. Characterization of the 26 microsatellite loci used on 21 common bean
accessions

Analyzed loci | Na | Range (bp) | Ho He PIC
BM157 4.0 96/114 0.048 | 0.603 | 0.546
BM172 4.0 81/109 0.000 | 0.562 | 0.495
BM143 7.0 112/152 0.000 | 0.832 | 0.790
GATS91 9.0 216/258 0.143 | 0.816 | 0.778
Pvctt001 4.0 153/163 0.095 | 0.548 | 0.436
BM210 5.0 162/188 0.048 | 0.710 | 0.645
BMd20 2.0 116/120 | 0.000 | 0.316 | 0.261
BMd12 3.0 151/163 0.048 | 0.554 | 0.465
BM151 4.0 139/149 0.000 | 0.660 | 0.581
PVag001 5.0 150/160 | 0.048 | 0.717 | 0.650
PVat007 11.0 192/224 | 0.095 | 0.893 | 0.859
BMd42 6.0 105/161 0.095 | 0.683 | 0.632
BMd45 2.0 88/126 0.048 | 0.494 | 0.366
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BMDb247 | 4.0 | 131/139 | 0.053 | 0.622 | 0.548
BMb96 5.0 | 114/197 | 0.048 | 0.758 | 0.699
BMd22 2.0 | 116/118 | 0.048 | 0.470 | 0.354
BMDb508 | 3.0 | 244/250 | 0.050 | 0.432 | 0.365
BMd47 3.0 | 150/154 | 0.000 | 0.455 | 0.398
BMb469 | 2.0 | 141/147 | 0.053 | 0.235 | 0.202
BMd46 3.0 | 322/328 | 0.000 | 0.400 | 0.355
BM197 2.0 | 200/202 | 0.095 | 0.251 | 0.215
BMDb267 | 2.0 | 223/226 | 0.000 | 0.193 | 0.171
BMd53 2.0 | 103/106 | 0.048 | 0.494 | 0.366
PVag003 | 2.0 | 163/165 | 0.000 | 0.455 | 0.346
BMb174 | 5.0 | 89/197 | 0.053 | 0.292 | 0.274
BMd25 2.0 | 115/118 | 0.000 | 0.483 | 0.360
Mean 4.0 0.043 | 0.536 | 0.468
Na - number of alleles; Ho - observed heterozygosity; Hg - expected heterozygosity;
PIC - polymorphic information content.

The number of alleles per locus (Na) ranged from 2 to 11, with an average of 4.0 alleles
per locus. The most polymorphic loci included PVat007 (Na = 11), GATS91 (Na=9),
and BM143 (Na = 7), which aligns with their previously reported informativeness in
common bean research (Carvalho et al., 2020; Gioia ef al., 2019; Carovi¢-Stanko et al.,
2017) (Table 2.). Observed heterozygosity (Ho) was low (mean = 0.043), which is
typical for a predominantly self-pollinating species like the common bean. In contrast,
the expected heterozygosity (Hg) was higher (mean = 0.536), reflecting the underlying
allelic diversity present within the collection. Polymorphic information content (PIC)
values varied significantly, ranging from 0.171 (BMb267) to 0.859 (PVat007), with an
average of 0.468. According to Botstein’s classification, markers with PIC values
greater than 0.5 are deemed highly informative. In this study, 11 loci exceeded this
threshold, indicating that nearly half of the SSR markers utilized are suitable for
diversity and differentiation analyses within local common bean germplasm. These
findings are consistent with previous SSR-based studies on common bean landraces in
the Western Balkans (Maras et al., 2015; Savi¢ et al., 2021) and align with recent
research on Bosnian accessions, where similar PIC values and allele ranges have been
reported (Bajri¢ et al., 2021). The presence of multiple alleles per locus reaffirms that
the gene bank collection conserves a broad genetic base, highlighting its importance for
conservation and breeding efforts.

The UPGMA dendrogram, which is based on Jaccard’s genetic distance, categorized
the 21 accessions into several clusters. Notably, no two accessions displayed identical
allele profiles (Figure 1.). This finding strongly indicates the absence of genetic
duplicates within the analyzed set, affirming the authenticity and uniqueness of each
accession. Although a few accessions, such as BH04 and BH09, as well as BH11 and
BH12, formed closely related pairs or subclusters, their profiles still exhibited sufficient
allelic differences to classify them as genetically distinct. This clustering pattern aligns
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with the observations of Grahi¢ et al. (2013), who noted that landraces demonstrated
gradual genetic differentiation rather than strict organization based on geographic
origin. This pattern may reflect historical seed exchange practices among farming
communities within B&H, where traditional landraces were frequently shared between
regions regardless of geographic proximity. Such informal exchange systems could
explain the presence of genetically similar but geographically dispersed accessions,
contributing to a mosaic-like distribution of genetic variation. While specific accessions
were found to be more closely related than others, no highly uniform subgroups
emerged. Similar patterns of diversity have been documented in other studies focusing
on landraces, wherein clustering reflects intricate genetic backgrounds rather than clear-
cut substructuring (Maras et al., 2015).
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Figure 1. UPGMA cluster analysis based on polymorphisms of 26 SSR loci in 21
common bean accessions using Jaccards distance generated in MEGA 6 software
(Tamura et al., 2013). The findings indicate the absence of duplicates

56



Marker-assisted screening for potential duplicates among common bean Gene bank collection
Markerima potpomognuti skrining potencijalnih genetickih duplikata u kolekciji obi¢nog graha pohranjenoj u Gen-banci

CONCLUSIONS

The results of this study confirm the significant genetic diversity present among local
common bean (Phaseolus vulgaris L.) accessions stored in the Gene Bank of the Faculty
of Agriculture and Food Sciences in Sarajevo. No genetically redundant accessions
were identified within the analyzed subset, indicating that each represents a unique
genotype. These findings underscore the critical importance of preserving and further
characterizing this germplasm, which serves as a valuable genetic resource for future
breeding efforts aimed at improving stress resilience, yield, and adaptability.

In addition to molecular characterization, further evaluation of these accessions should
include detailed phenotypic assessments, particularly for traits related to drought
tolerance, disease resistance, and agronomic performance under low-input conditions.
Such integrated characterization would enhance their practical value and facilitate their
inclusion in targeted breeding programs.

Molecular tools remain essential forprioritizing unique accessions for conservation.
Furthermore, the highly informative SSR loci identified in this study, especially
PVat007, BM143, and GATS91, may prove effective tools for future germplasm
screening and marker-assisted selection programs.
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MARKERIMA POTPOMOGNUTI SKRINING POTENCIJALNIH
GENETICKIH DUPLIKATA U KOLEKCIJI OBICNOG GRAHA
POHRANJENOJ U GEN-BANCI

Sazetak

Detaljna geneticka karakterizacija lokalnih sorti graha od klju¢ne je vaznosti za njihovo
ocuvanje i buduc¢u upotrebu u oplemenjivanju i selekciji. Ova studija imala je za cilj
procijeniti geneticku raznolikost i identificirati moguce duplikate izmedu 21 lokalne
primke obi¢nog graha (Phaseolus vulgaris L.) pohranjene u gen banci Poljoprivredno-
prehrambenog fakulteta Univerziteta u Sarajevu. Za genotipizaciju je koristeno ukupno
26 SSR markera, pri ¢emu je prosjecan broj alela po lokusu iznosio 4,0. Ustanovljena
heterozigotnost (Ho) iznosila je, u prosjeku, 0,043, dok je prosjecna ocekivana
heterozigotnost (Hg) imala vrijednost od 0,536. Vrijednosti polimorfnog informativnog
sadrzaja (PIC) kretale su se od 0,171 do 0,859, pri cemu je 11 lokusa klasificirano kao
visoko informativno (PIC > 0,5). Klaster analiza zasnovana na Jaccardovoj genetickoj
distanci i UPGMA metodi pokazala je da nijedna od analiziranih primki ne dijeli
identi¢an alelni profil, Sto potvrduje odsustvo genetickih duplikata u okviru ispitivane
kolekcije. Dobijeni rezultati isticu znacaj ocuvanja i daljnje karakterizacije lokalnog
sortimenta graha kao vrijednog genetickog resursa za oplemenjivacke programe
usmjerene na pobolj$anje prinosa, otpornosti na stres i adaptabilnosti. Takoder, nekoliko
SSR lokusa, narocito PVat007, BM143 i GATS91, izdvojilo se kao visoko
informativno i pogodno za buduce studije diverziteta i selekcije.

Kljucne rijeci: obicni grah, SSR markeri, geneticki diverzitet, Gen banka, lokalne
sorte, identifikacija duplikata
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