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1. Introduction
It is believed that the world population will be more than 9 
billion and this increase in population is becoming a major 
concern to the present-day’s world regarding how to feed 
this high population (Alexandratos and Bruinsma, 2012; 
Baloch et al., 2023). Climate change is predicted to become 
more severe in the coming years and there is a need to take 
urgent steps to lower the emission of greenhouse gases into 
the atmosphere (Stagnari et al., 2017). Biotic and abiotic 
stresses associated with climatic change individually or 
as a combination are heavily threatening the agriculture 
production system (Teshome et al., 2020). Keeping these 
challenges in view, there is a present-day requirement 
to develop strategies that can bring sustainability to the 
production and consumption of food (Stagnari et al., 
2017). Under this pressing scenario for agriculture, the 
universally acclaimed contribution of legumes in cropping 
system by improving biological nitrogen fixation, 
reduction in energy and input cost, and improving soil 

physical conditions is needed more than ever (Courty et al., 
2014; Peix et al., 2014). Therefore, legumes are considered 
an important pillar of our agriculture system that can 
bring sustainability under changing climatic conditions. 
Legume seeds are full of high-quality nutrition (proteins, 
carbohydrates, water-soluble vitamins, and minerals) and 
their utilization on daily basis may prevent various chronic 
diseases (Amarowicz, 2020). 

There are more than 50 edible legumes; however, 
the common bean is one of the most important food 
legumes cultivated all over the world and serving a 
source of nutrition for millions of people (Nadeem et 
al., 2021a,b). It is considered a “grain of hope” due to its 
nutritional potential (Nadeem et al., 2021a). Mesoamerica 
is considered the origin center of this crop, while its 
domestication resulted in the formation of two gene pools, 
i.e. Mesoamerican and Andean gene pools (Bitocchi et al., 
2012). Common bean was introduced to the old world 
during Colombian Exchange, and Europe is considered 
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the second genetic diversity center of this crop (Santalla 
et al., 2002). The Ottoman traders played a significant 
role in the further distribution of this crop to other parts 
of the world (Nadeem et al., 2018). Currently, common 
bean is cultivated all over the world and in 2019, around 
27 million tons of green beans and 29 million tons of dry 
beans were produced globally, indicating a 36% increase 
in total common bean production in the last 10 years 
(FAO, 2019). In the year 2020, common bean production 
all over the world reached 27,545,942 tons (FAO, 2020).

Turkey is considered a “country of continents”, 
the center of origin, domestication, and distribution 
of various crops due to its key geographic position 
(Nadeem et al., 2018; Baloch et al., 2017). Turkey 
received common bean from Europe and harbor a good 
number of common bean germplasm that is present in its 
actual form compared to Europe (Nadeem et al., 2018). 
In 2019, annual common bean production was 212.758 
tons making Turkey the 3rd largest producer of the bean 
in the world and the 1st producer in the Mediterranean 
region (Yeken et al., 2019). Common bean becomes an 
integral part of Turkish cuisine and it is used in the form 
of fresh pods or dry seeds (Nadeem et al., 2020a,b). 

It is very important to understand the effect of 
genotype, environment, and interaction of both 
factors as the same plant can be affected hugely by its 
surroundings (Shrestha et al., 2012; Misra et al., 2020). 
The information obtained can be helpful for the effective 
breeding of crops with better phenotypic performance 
(Falconer et al., 1996). Screening of germplasm facilitates 
the breeding community to identify the most superior 
genotypes and to explore the novel variations that can 
be very helpful for the breeding perspectives (Nadeem et 
al. 2020a,b). Common bean represents huge variations in 
their phenotype, especially in pod and seed traits. Seed 
traits are considered important key traits that contribute 
significantly to common bean yield (Lei et al., 2020). A 
good number of studies have been conducted to explore 
the agronomic trait diversity in common bean including 
seed traits (Ekbic et al., 2019; Yeken et al., 2019; Mazhar 
et al., 2013; Boros et al., 2014; Bozoglu and Sozen, 
2011). Karikari et al. (2020) stated that yield traits, 
especially seed traits, are polygenic traits and more than 
200 quantitative trait loci (QTLs) have been reported 
for seed traits in common bean. Keeping this in view, 
the present investigation aimed to investigate marker-
trait association for seed traits in common bean and to 
confirm whether the identified markers in our study fall 
within the same genetic region or whether identified 
markers are new QTLs for seed traits available in Turkish 
common bean germplasm. 

2. Materials and methods
2.1. Plant materials
During this study, a total of 177 common bean landraces 
were collected from 19 provinces of Turkey and six 
commercial cultivars (Akman, Goynuk, karacasehir, 
Onceler, Goksun, Akdag) were used as plant material. 
Detailed information about studied germplasm can be 
traced from our previous studies (Baloch et al. 2022, 
Nadeem et al., 2020a; Nadeem et al., 2018)
2.2. Phenotypic trait evaluation
This study was performed according to augmented block 
design at Bolu and Sivas provinces of Turkey. A total 
of three experimental years in Bolu (2016, 2017, and 
2018) and two in Sivas (2017, 2018) were taken as five 
environments for analytical purposes, as this is a common 
approach in agricultural experimentations (Gomez and 
Gomez, 1984). Detailed information about experimental 
design, sowing dates, and agronomic practices performed 
during this study can be obtained from our previous study 
(Nadeem et al., 2020a). Harvesting was performed at 90% 
pod maturity. Seed width (cm) was recorded for randomly 
selected ten seeds from each accession using a digital 
Vernier caliper. Seed yield/plant (SYP) was evaluated by 
weighing total seeds resulting from a single plant and 
recorded in grams. Hundred seed weight (HSW) was 
measured with the help of electronic seed counter taking 
by randomly selected fully matured and undamaged seeds 
in triplicate. 
2.3. Statistical analysis
Detailed information about how the analysis of variance 
and heritability was calculated is provided in our previous 
study (Nadeem et al., 2020a). Mean, range, Pearson 
correlation coefficients, and province-based diversity for 
studied traits were calculated through XLSTAT software 
(www.xlstat.com). Most stable accessions for seed traits 
were evaluated through ‘‘STABILITYSOFT’’ (Pour-
Aboughadareh et al., 2019). The constellation plot for 183 
common bean accessions was constructed through JMP 
14.1.0 statistical software (2018, SAS Institute Inc., Cary, 
NC, USA).

Marker-trait association (MTA) analysis was 
performed similarly to what we performed in our previous 
studies (Baloch and Nadeem, 2022, Nadeem et al. 2021). 
During MTA analysis, the kinship (K) matrix reported by 
Bradbury et al. (2007) was investigated through TASSEL 
5.0.5 (https://tassel.bitbucket.io) software. The population 
structure of the studied germplasm was reported in our 
previous study (Nadeem et al. 2018), and Q-matrix for 
each sample was evaluated from our reported structure 
analysis. 

A mixed linear model (MLM, Q + K) methodology was 
used to investigate the DArTseq loci having an association 

http://www.xlstat.com
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with seed traits. To investigate highly significant associated 
DarTseq loci, both FDR and Bonferroni thresholds (p = 
0.01) were used during the MTA analysis. Manhattan plots 
were developed through R 3.4.1 statistical software (http://
www.r-project.org/) using the qq-man R Package (Turner, 
2014). Detailed information about the development of 
physical map and functional analysis for the investigation 
of putative candidate genes is provided in our previous 
studies (Baloch and Nadeem, 2022; Nadeem et al. 2021). 

3. Results
During this study, ANOVA was computed within and 
across the environments for all studied traits to understand 
the effect of genotypes and genotype by interaction (G 
× E) on studied traits. During this study, genotypic and 
environmental effects were found significant within each 
environment (data not shown). The results of ANOVA 
across the environments revealed significant effects of 
genotypes and G × E for all studied traits except HSW, 
where G × E was found nonsignificant (Table 1). The 
present investigation reflected a good range of variations 
for studied traits in Turkish common bean germplasm 
(Tables 2 and 3). Seed width ranged from 5.110 to 9.730 
mm for Goksun and Malatya-18 accessions, respectively, 
while the mean seed width during this study was 7.038 
mm (Table 3). A good range of variation was observed for 
SYP which varied between 5.88 and 59.24 g for Bitlis-69 
and Bitlis-76, respectively, while the mean SYP during 
this study was 21.815 g (Table 3). Hundred seeds weight 

(HSW) ranged from 24.97 to 67.140 for Malatya-13 and 
Bingol-53, respectively, while the mean HSW was 42.1 
g (Table 3). Frequency distribution revealed normal 
distribution for all studied traits (Figure 1). Pearson’s 
correlation coefficient revealed a significant and positive 
correlation of seed width with SYP and HSW (Figure 1). 
It was very important to understand the seed trait diversity 
at the provinces level. Therefore, variations for agronomic 
traits were evaluated and accessions from Elazığ were 
found poor in seed width, while accessions from Tokat 
reflected maximum seed width (Figure 2). Accessions 
from Kahramanmaraş and Bilecik were found poor and 
rich in SYP, respectively. Accessions from Elazığ and Bolu 
reflected minimum and maximum HSW, respectively. 
During this study, stability analysis was also performed to 
investigate the most stable common bean accessions for 
seed traits and a total of 10 accessions were evaluated as 
the most stable for seed traits (Table 4). The constellation 
plot was constructed to understand the relationship 
among studied germplasm. The whole germplasm was 
divided into two populations A and B. Population A was 
found bigger than population B (Figure 3). 
3.1. Marker-trait association, physical map of identified 
markers and putative genes for seed traits
During the present investigation, DArT-3373385 present 
on chromosome Pv08 showed a significant association for 
seed width (Table 5; Figure 4) DArT-8215545 showed a 
significant association for SYP and this marker was also 

Table 1. Summary of Analysis of variance (ANOVA) for seed traits in Turkish common bean germplasm.

Analysis of variance for seed width
Df Sum Sq Mean Sq F value Pr(>F)

Genotypes 182 988.1950717 5.284465624 6.795030475 6.15E-35****
G × E 183 548.9493399 2.919943298 3.754609284 1.00E-18***
Residuals 183 146.2067817 0.777695647 NA NA
Analysis of variance for seed Yield/plant

Df Sum Sq Mean Sq F value Pr(>F)
Genotypes 182 55491.1242 296.7439797 9.763840281 1.61E-46****
G × E 183 20302.22329 107.9905494 3.553239656 1.98E-17**
Residuals 183 5713.721914 30.39213784 NA NA
Analysis of variance for 100-seed weight

Df Sum Sq Mean Sq F value Pr(>F)
Genotypes 182 169482.6711 906.3244445 8.427789402 1.08E-41****
G × E 183 18896.66046 100.5141514 0.934667607 0.678152268
Residuals 183 20217.51938 107.5399967 NA NA

Statistically significant (p < 0.05), ≠ Environment, ** (p < 0.01); *** (p < 0.001), **** (p < 0.0001).
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Table 2. Seed traits variations in Turkish common bean germplasm.

Genotype SWd (mm) SYP (g) HSW (g)
Bingol-1 5.64 16.28 35.3
Bingol-6 6.95 8.32 40.74
Bingol-7 6.82 16.21 33.3
Bingol-11 6.58 22.2 34.39
Bingol-16 7.4 24.4 51.01
Bingol-18 8.34 36.41 56.93
Bingol-25 7.76 28.65 54.72
Bingol-33 6.64 13.78 66.33
Bingol-36 6.68 33.2 38.69
Bingol-44 6.69 20.97 61.05
Bingol-45 6.91 40.75 40.09
Bingol-52 5.53 30.98 50.17
Bingol-53 6.34 17.71 67.14
Bingol-58 6.59 12.82 43.93
Bingol-60 6.32 30.22 42.28
Bingol-61 6.09 20.84 28.91
Bingol-63 7.3 13.25 42.19
Bingol-65 6.5 17.5 57.59
Hakkari-7 7.2 17.07 54.8
Hakkari-11 5.51 41.99 29.78
Hakkari-12 6.81 45.63 40.65
Hakkari-13 7.21 36.72 38.92
Hakkari-16 5.78 28.41 28.07
Hakkari-20 7.15 14.37 38.76
Hakkari-23 5.98 10.87 26.19
Hakkari-28 8.05 17.25 61.6
Hakkari-31 6.71 13.75 45.07
Hakkari-37 6.59 28.76 37.45
Hakkari-38 7.22 16.58 41.04
Hakkari-39 8.77 22.09 54.46
Hakkari-43 7.51 24.94 48.12
Hakkari-44 7.13 22.07 37.17
Hakkari-51 6.92 17.4 37.86
Hakkari-55 7.29 12.54 30.59
Hakkari-63 5.83 10.18 34.92
Hakkari-65 7.15 21.59 32.62
Hakkari-69 7.17 27.89 30.92
Hakkari-71 8.76 36.28 44.01
Hakkari-76 7.21 24.05 38.62
Tokat-83 8.44 17.32 51.78
Maras-92 7.09 9.83 48.21
Bitlis-5 9.49 41.06 46.57
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Table 2. (Continued)

Bitlis-14 7.43 19.62 42.13
Bitlis-16 6.98 8.58 47.98
Bitlis-22 7.83 39.78 55.96
Bitlis-25 6.93 20.21 33.75
Bitlis-35 5.88 9.3 26.38
Bitlis-40 7.27 34.7 43.74
Bitlis-46 6.33 21.3 36.81
Bitlis-48 6.28 10.61 44.21
Bitlis-53 6.58 14.29 54.44
Bitlis-66 8.44 24.24 38.45
Bitlis-69 6.76 5.88 51.46
Bitlis-76 7.94 59.24 46.25
Bitlis-79 6.71 14.72 32.92
Bitlis-81 6.96 35.5 42
Bitlis-90 6.44 16.47 33.68
Bitlis-94 7.39 12.59 39.96
Bitlis-97 6.87 26.64 43.09
Bitlis-103 5.41 16.69 33.57
Bitlis-105 7.48 20.77 41.87
Bitlis-111 7.81 31.73 41.18
Bitlis-114 6.15 23.45 45.58
Bitlis-115 6.59 30.6 34.28
Bitlis-117 7.08 30.54 37.49
Bitlis-118 6.48 28.81 33.79
Bitlis-119 5.88 34.38 39.03
Bitlis-120 5.86 37.4 31.86
Bitlis-121 7.49 28.28 46.09
Bitlis-124 8.72 28.26 39.14
Malatya-3 6.96 18.04 51.72
Malatya-13 5.75 14.78 24.97
Malatya-14 6.89 14.23 34.98
Malatya-18 9.73 43.64 44.81
Malatya-25 5.66 7.5 32.13
Malatya-28 8.72 24.1 38.12
Malatya-32 7.06 28.29 38.53
Malatya-33 6.16 35.4 38.63
Malatya-45 6.18 23.53 35.56
Malatya-50 7.7 20.49 42.55
Malatya-51 7.25 23.73 37.36
Malatya-52 8.41 27.25 45.98
Malatya-59 5.43 10.08 33.33
Malatya-71 8.24 28.2 39.32
Tunceli-1 8.04 26.81 42.56
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Table 2. (Continued)

Tunceli-5 8.65 26.39 46.04
Tunceli-11 7.56 22.42 44.25
Van-1 5.92 29.87 31.65
Van-11 7.07 18.53 49.4
Van-13 6.21 32.63 29.63
Van-17 8.87 46.41 41.45
Van-19 7.09 17.63 37.24
Van-25 8.03 33.45 57.44
Van-27 7.74 22.31 51.24
Van-33 6.11 26.44 38.82
Van-36 8.04 30.65 52.36
Van-42 7.98 45.66 47.47
Van-47 6.14 13.88 43.65
Van-51 6.29 29.39 28.91
Van-59 8.02 26.2 53.85
Van-64 6.64 15.63 54.92
Van-65 8.74 19.06 59.16
Van-68 6.32 20.76 36.01
Elazig-2 6.97 38.26 44.75
Elazig-7 5.82 17.35 30.46
Elazig-9 5.36 12.22 33.71
Elazig-10 6.14 10.62 41.79
Elazig-14 7.7 31.15 44.54
Elazig-16 5.99 13.7 37.41
Elazig-25 5.7 42.68 30.2
Elazig-27 5.61 10.16 32.94
Elazig-29 5.57 21.77 31.23
Elazig-30 6.28 17.1 40.7
Elazig-34 5.97 12.98 37.96
Elazig-36 7.42 25.91 43.59
Elazig-39 6.64 22.22 32.06
Mus-1 7.58 29.96 33.16
Mus-2 7.81 19.42 57.59
Mus-7 7.03 22.39 36.38
Mus-10 7.47 18.55 40.38
Mus-15 7.56 19.14 36.34
Mus-18 8.73 34.32 45.55
Mus-22 8.5 26.13 53.23
Mus-27 8.32 25.58 43.23
Mus-28 7.07 12.81 33.99
Mus-34 7.48 25.68 37.36
Mus-39 6.54 28.65 30.22
Mus-41 7.89 17.43 53.59
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Table 2. (Continued)

Mus-42 6.88 19.75 40.75
Mus-43 6.79 28.85 38.9
Mus-46 9.02 20.15 40.85
Mus-48 7.49 30.58 36.05
Mus-49 6.55 14.51 30.13
Mus-50 6.88 20.19 29.3
Mus-51 5.8 12.55 34.96
Mus-52 7.57 26.03 44.8
Mus-53 8.73 19.94 45.82
Sivas-3 7.97 9.81 43.33
Sivas-4 6.81 12.15 41.48
Sivas-7 7.65 10.71 44.95
Sivas-12 7.28 13.41 30.92
Sivas-13 6.69 11.78 38.47
Sivas-16 5.84 7.59 35.26
Sivas-17 7.28 13.27 49.3
Sivas-18 8.16 20.17 59.09
Sivas-44 7.9 14.23 38.66
Sivas-62 7.27 12.17 51.98
Sivas-68 5.66 9.56 31.66
Sivas-69 7.29 12.54 49.1
Sivas-70 7.12 10.87 42.17
Bilecik-1 7.39 28.6 30.39
Bilecik-2 6.06 22.92 30.84
Bilecik-6 7.95 38.47 40.57
Bilecik-7 6.63 12.62 49.16
Bilecik-10 8.88 52.67 44.56
Balikesir-3 7.15 7.64 33.53
Balikesir-4 6.36 13.66 43.54
Balikesir-5 8.45 12.58 50.53
Balikesir-6 5.93 10.62 47.49
Balikesir-17 6.6 34.13 31.8
Balikesir-18 6.61 10.07 48.15
Balikesir-19 7.39 20.72 43.81
Balikesir-20 7.5 15.29 49.31
Duzce-1 7.26 13.85 48.11
Duzce-9 8.04 23.2 46.57
Yalova-13 7.37 11.8 56.21
Yalova-20 7.13 21.93 38.42
Yalova-21 7.41 30.51 45.41
Erzincan-1 6.47 12.48 43.18
Erzincan-3 6.75 16.15 55.63
Erzincan-4 6.5 9.25 49.92
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Table 2. (Continued)

Erzincan-5 6.04 12.83 44.3
Bursa-1 6.61 15.52 49.38
Bursa-22 6.55 12.2 46.52
Nigde- Dermasyon 7.15 14.35 42.25
Nigde-Derinkiyu 8.68 29.69 67.13
Civril-bolu 7.32 17.77 59.9
Akman 6.62 13.34 34.97
Goynuk 6.4 14.24 44.96
karacasehir 5.32 19.32 36.22
Onceler 6.7 14.29 48.29
Goksun 5.11 18.74 26.89
Akdag 6.26 12.69 52.07

SWd: Seed width, SYP: Seed yield/plant, HSW: 100-seed weight

Table 3. Range of studied traits in Turkish common bean germplasm.

Trait Minimum Maximum Mean Std. deviation

SWd (mm) 5.110 9.730 7.038 0.921
 SYP (g) 5.880 59.240 21.815 9.871
HSW (g) 24.970 67.140 42.100 8.773

SWd: Seed width, SYP: Seed/per plant, HSW: 100-seed weight

Figure 1. Frequency distribution and Pearson’s correlation of seeds traits in Turkish common bean germplasm.
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Table 4. Most stable common bean landraces for seed traits evaluated from five environments and two locations.

Genotype Wᵢ² σ²ᵢ s²dᵢ bᵢ CVi

Bitlis-105 1.109 0.248 0.137 0.984 74.196

Tunceli-11 1.681 0.537 0.034 1.048 74.586

Mus-42 1.857 0.626 0.186 0.970 76.121

Malatya-50 2.382 0.891 0.340 1.000 74.764

Bitlis-14 3.925 1.671 0.560 0.997 76.340

Balikesir-19 3.935 1.676 0.385 1.045 76.863

Mus-27 4.377 1.900 0.613 0.988 67.893

Tunceli-5 4.867 2.147 0.371 1.061 69.202

Mus-52 6.852 3.151 0.724 1.054 71.232

Mus-10 6.896 3.173 0.735 0.947 75.655

SWd: Seed width, SYP: Seed/per plant, HSW: 100-seed weight

present on chromosome Pv08 (Table 5; Figure 5). A total 
of four DArTseq markers showed association with HSW, and 
all of these markers were present on different chromosomes 
(Table 5; Figure 6). A physical map was constructed for the 
identified markers for the studied traits (Figures 7–9). A total 
of seven putative genes were predicted from the sequences 

reflecting homology to identified DArTseq markers for seed 
traits (Table 5).
4. Discussion
In recent years, climate change has become a serious threat 
and the world is witnessing extreme weather and climatic 
events that are contributing to a significant decrease 

Figure 2. Seeds traits variations at provinces level in Turkish common bean germplasm.
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in global production. If global production will be not 
improved under these climatic conditions, present and 
upcoming generations will face food insecurity. Therefore, 
it is very important to develop cultivars having better 
adaptation to climate change. Keeping these scenarios 
in view, there is a need to characterize the germplasm 
under multiple environments and locations. Such type of 

experiment can be helpful to investigate genotypes having 
better performance and stability in various environmental 
conditions (Nadeem et al., 2021b). Common bean is a 
very important legume crop full of nutrients essential for 
human growth and development. Common bean shows 
diversity in their phenotype and genotype. Common bean 
is sensitive to high temperature due to mid- to high-altitude 

Table 5. Marker-trait association for seed traits in Turkish common bean germplasm.

Trait Marker Chromosome Position p-value MarkerR2 Genetic 
variation Putative gene

SWd 3373385 8 54980534 3.26E-04 0.08267 8.26 Phvul.008G202600 and 
Vigun08g145100

SYP 8215545 8 56563358 1.21E-04 0.08807 8.80 Glyma.02g232900

3372052 9 20132762 1.29E-05 0.11326 11.32 Phvul.009G133400

HSW 3367130 3 52018089 4.15E-05 0.10331 10.33 Vigun03g184800

8214418 11 46685857 5.40E-05 0.10081 10.08 Phvul.008G155800

3375893 1 3824172 8.67E-05 0.09374 9.37 Phvul.001G045100

SWd: Seed width, SYP: Seed/per plant, HSW: 100-seed weight

Figure 3. The constellation plot exploring the relationship among evaluated common bean germplasm upon seed 
traits.
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Figure 5. Manhattan plot for seed yield/plant in Turkish common bean germplasm using 
DArTseq markers.

 Figure 4. Manhattan plot for seed width in Turkish common bean germplasm using DArTseq 
markers.
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origin, and their productivity is limited by various biotic 
and abiotic stresses existing in the different environments 
where it is grown (Beebe et al., 2013). Previous studies 
also confirmed that common bean will face a decline in 
production under changing environmental conditions 
(Caffrey et al., 2013; CIAT, 2015). A good number of 
efforts are ongoing at the national and international levels 
to investigate the adaptation of common bean germplasm 
to the changing environment (Nhemachena & Hassan, 
2007; Di Falco et al., 2011; Teklewold et al., 2013). Besides 

confirming the adaptation to changing climate, it is very 
important to investigate genomic regions associated with 
traits of interest for marker-assisted breeding. Seed traits 
are very important as they contribute significantly to 
yield. Therefore, it is very important to investigate marker-
trait association for seed traits. The present investigation 
aimed to explore the best-performing and most stable 
common bean genotypes and to identify DArTseq markers 
associated with seed traits. 

Plentiful variations were observed for studied traits in 

Figure 7. Physical map displaying the significantly associated marker with 
seed width in Turkish common bean germplasm.

Figure 6. Manhattan plot for 100-seed weight in Turkish common bean germplasm using 
DArTseq markers.
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Turkish common bean germplasm. Analysis of variance 
revealed statistically significant effects of genotype within 
each environment. Genotype and G × E interaction was 
found significant for all traits during this study except 
HSW in which G × E interaction was found nonsignificant 
(Table 1). Previous studies also reported a highly significant 
effect of genotype and G × E interaction for seed traits 
(Gonçalves et al., 2010; Torga et al., 2013). A good range 
of variations was observed for all studied traits (Tables 2 
and 3) and variability among common bean accessions 
confirmed the differences in their performances under 
five environments. These results were found in line with 
previous studies by Barili et al. (2015), Ashango et al. 
(2016), and Bassa et al. (2019). Investigation and selection 
of best-performing genotypes under multienvironmental 
conditions are important goals of agronomic and plant 
breeding studies (Ahmadi et al., 2015; Vaezi et al., 2018). 
Information about phenotypic stability can be very 
beneficial in the section on best-performing genotypes. 
The performance of genotype can be changed under 
diverse and multienvironmental conditions (Ali et al., 
2003). This study also aimed to investigate the most stable 
common bean accessions for seed traits. We used various 
parameters like Wᵢ²: Wricke’s ecovalence, σ²ᵢ Shukla’s 
stability variance, s²dᵢ: Deviation from regression, bᵢ: 

Regression coefficient, CVi: Coefficient of variance, and 
these parameters helped us in the selection of most stable 
landraces. A total of 10 most stable and best-performing 
common bean landraces for studied traits were evaluated. 
Importance should be given to these identified landraces 
for future common bean breeding activities (Table 4). 

During the present investigation, a good range of 
variation was observed for all studied traits. Range and 
mean seed width obtained in this study was greater than 
those reported by Lei et al. (2020) and Borji et al. (2007) 
and lesser than those reported by Palilo et al. (2018) and 
Yeken et al. (2019). Range and mean HSW was found 
much higher than in previous studies (Bozoğlu et al., 2011; 
Borji et al., 2007) and in line with Sinkovič et al. (2019) 
and Singh et al. (1991). Previous studies confirmed that 
changes in HSW are due to genetic differences in common 
bean genotypes (Merga et al., 2020; Masa et al., 2017). 
Frequency distribution revealed normal distribution for all 
studied traits (Figure 1). Pearson’s correlation coefficient 
revealed a significant and positive correlation of seed 
width with SYP and HSW (Figure 1) and these results were 
found in line with the findings of Lei et al. (2020), Yeken et 
al. (2019), and Kazai et al. (2019).

As studied, germplasm was collected from 19 provinces 
having different geographic and topographic features. 

Figure 8. Physical map displaying the significantly associated marker with 
yield per plant in Turkish common bean germplasm.

Figure 9. Physical map displaying the significantly associated marker with 100 seeds weight in Turkish common bean germplasm.
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Therefore, we analyzed the germplasm at the provinces 
level (Figure 2). It was observed that accessions from 
Elazığ were poor in seed width, while accessions from 
Tokat reflected maximum seed width. Regarding SYP, 
accessions from Kahramanmaraş and Bilecik were found 
poor and rich, respectively. Regarding HSW, accessions 
from Elazığ and Bolu were found poor and rich. It was 
quite understandable for the accessions from Elazığ 
Province to have minimum HSW because they reflected 
minimum seed width. Lei et al. (2020) reported a highly 
significant and positive correlation between seed width 
with HSW. Nadeem et al. (2020a) proposed selection 
criteria for the selection of best-performing common 
bean genotypes and stated that if two traits have a positive 
correlation, the selection of genotypes upon one trait will 
automatically select the other associated traits due to their 
gene linkage or epistatic effects between different genes. 
It can be confirmed from our correlation results that seed 
width has a significant correlation with HSW and these 
results are further confirmed at the province level as Elazığ 
Province has minimum seed width that contributed to low 
HSW in this province.

To explore the relationship among 183 common bean 
accessions, a constellation plot was constructed and the 
whole germplasm was divided into two populations 
A and B (Figure 3). Population A was further divided 
into subpopulations A1 and A2. Subpopulation A1 was 
smaller than subpopulation A2, but clustered accessions 
having HSW >40g. Population B was subdivided into 
subpopulations B1 and B2. Subpopulation B1 clustered 
more number of accessions compared to B2. Subpopulation 
B1 clustered accessions having greater 1HSW compared 
to subpopulation B2. For example, Bingol-53 reflected a 
maximum HSW, which was also present in subpopulation 
B1. 

The present investigation reported one chromosomal 
region (DArT-3373385) present at Pv08 chromosome for 
seed width (Table 5; Figure 4). A previous study reported 
the presence of genomic regions having an association 
with seed width at Pv01, Pv03, Pv04, Pv05, Pv06, Pv07, 
and Pv09 (Lei et al., 2020). Geravandi et al. (2020) 
reported one QTL for seed width on chromosome Pv02, 
and Yuste-Lisbona et al. (2014) reported QTLs for seed 
width on chromosomes Pv02, Pv07, and Pv09. Pérez-Vega 
et al. (2010) reported the presence of QTL for seed width 
on chromosome Pv07. During this study, only one marker 
DArT-8215545 present on chromosome Pv08 showed an 
association for SYP (Table 5; Figure 5). However, Sedlar 
et al. (2020) reported two QTLs for yield per plant on 
chromosome Pv01. Trapp et al. (2015) identified QTLs for 
seed yield per plant on chromosomes Pv01 and Pv02. Their 
findings were contrary to those of this study. The present 
investigation reported a total of four DArTseq markers for 

HSW and these markers were present in Pv01, Pv03, Pv09, 
and Pv11 (Table 5; Figure 6). Lei et al. (2020) also reported 
one marker (CBS83) on chromosome Pv03. Sedlar et al. 
(2020) reported a total of three putative QTLs for hundred 
seed weight distributed on Pv01 and Pv02. Elias et al. 
(2021) reported QTLs for HWS on Pv07 and Pv08 and 
their findings were contrary to ours. Recently, Delfini et 
al. (2021) investigated two SNPs having an association for 
HSW on Pv03 chromosome and we also identified one 
marker (DArT-3367130) having an association for HSW 
on Pv03 chromosome. Mir et al. (2020) reported nine SNPs 
having an association for HSW on various chromosomes 
of common bean. They identified BM154 as a stable SNP 
for HSW on Pv03 and confirmed that this SNP has already 
been reported by Blair and Izquierdo (2012) for HSW. 
During this study, we identified DArTseq markers having 
an association with seed traits and all of the identified 
markers were found novel to previously reported markers. 
A physical map was constructed for the identified markers 
and it revealed all identified markers within the separate 
region that most probably only belongs to seed traits 
(Figures 7–9). Keeping this in view, we recommend the 
scientific community to conduct studies aiming to validate 
the markers identified previously and ,through this study, 
investigate marker-assisted breeding of common bean. 

The BLAST search against the 3373385 DArTseq marker 
resulted in Phvul.008G202600 and Vigun08g145100 genes. 
Both genes encode F-box family protein and nucleolar 
complex protein. Malik et al. (2020) revealed that F-box 
proteins (FBPs) constitute large families of regulatory 
proteins. They comprehensively explored their role in anther 
and pollen development. Jain et al. (2007) investigated the 
role of this protein family in panicle and seed development 
in rice. Glyma.02g232900 was found to be a putative gene 
for the 8215545 DArTseq marker and this gene encodes 
for zinc finger proteins. Zinc fingers are considered one 
of the largest and most diverse protein families playing a 
vital role in plant development and provide resistance to 
various stresses. Seok et al. (2016) identified AtC3H17 
as a zinc finger protein and concluded that zinc finger 
protein has a vital role in various vegetative stages like seed 
germination and seedling growth, flowering, and seed 
development, and functions as a nuclear transcriptional 
activator in Arabidopsis. The BLAST search of 3372052 
DArTseq marker’s sequence revealed Phvul.009G133400 as 
a putative gene. This gene encodes for albumin-2 protein. 
Souza (2020) published a review article in which they 
comprehensively explored the role of albumin-2 protein 
in plants. He stated that this protein is an important 
group of seed storage proteins that is essential for seeds 
at early and late developmental stages. The BLAST search 
of the 3367130 DArTseq marker’s sequence resulted in 
Vigun03g184800 as a putative gene that encodes for RNA-
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binding protein. Lou et al. (2020) published a review 
article in which they provided the detailed role of RNA-
Binding Proteins in seed development in various plant 
species. The BLAST search of 8214418 DArTseq marker’s 
sequence revealed Phvul.008G155800 as a putative 
gene that encodes for GDSL-like Lipase/Acylhydrolase 
superfamily protein. According to Chepyshko et al. (2012), 
this is a newly discovered family of lipolytic enzymes that 
contributes significantly to plant growth and development 
(Watkins et al., 2019; Ma et al., 2018). Ding et al. (2018) 
revealed that B. napus seed germination and oil contents 
can be improved by regulating the GDSL transcriptional 
level. Phvul.001G045100 was found to be a putative gene 
against the sequence blast of the 3375893 DArTseq marker 
and this gene encodes for protein kinase family protein. 
Protein kinase is among the largest gene family in the 
plant genome and acts as a major regulatory component 
for various cellular functions (Wang et al. 2020). Zhang et 
al. (2020) stated that seed size contributes significantly to 
plant yield and they revealed a key role of protein kinase 
in seed size. 

5. Conclusion
The present investigation aimed to explore the phenotypic 
diversity of seed traits in Turkish common bean 
germplasm and to investigate genomic regions associated 
with studied traits. Malatya-13 and Bingol-53 were 
found to be phenotypically diverse landraces for HSW. 
Accessions from Elazığ and Bolu reflected minimum and 
maximum HSW, respectively. A total of 6 DArTseq loci 
were identified for the studied traits. It is very important 
to validate all of the identified genomic regions (including 
markers identified previously and in this study) using an 
independent population to identify stable chromosomal 
regions for seed traits for marker-assisted breeding of 
common bean. 
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