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Abstract
Background

Soybean (Glycine max L.Merr.) is an important crop for protein and oil production, and its genetic
improvement relies on the availability of diverse germplasm. In this study, 20 soybean genotypes,
including one locally adapted conventional cultivar (AARI-21) and nineteen exotic accessions from the
USDA germplasm collection, were evaluated using morphological traits and validated 13 simple
sequence repeat (SSR) markers to determine genetic diversity in oil composition and yield. This study
was conducted to identify genetically diverse lines to be used in future soybean improvement programs.

Results

Significant phenotypic variation was observed, with PI-548512 and PI-556554 showing thicker stem
diameters, while PI-556487 produced more branches and a distinct flowering pattern. Principal
component analysis (PCA) indicated that the principal contributors to Dim1 were the stem diameter,
cotyledon length, flowering days, seeds per pod, and the principal contributors to Dim2 were plant height,
nodes, pods per plant, and 100-seed weight. On the molecular scale, SSR markers were highly
polymorphic, with a mean PIC of 0.53. Markers like SR. SS001, SR.PR.1, and SR.OL4 were very
informative (PIC > 0.5), and this indicates that they have high discriminatory ability. The genotypes were
clustered according to the SSR banding patterns in a cluster analysis that identified three distinct
clusters, indicating that there is a lot of genetic variation. Some of the most genetically variable identified
lines were AARI-21 (local) and Pl 232998 and Pl 559393 (introductions).

Conclusions

The results reveal significant morphologgical and molecular diversity between the studied germplasm,
which can be utilized in molecular-assisted breeding to enhance the adaptation, quality traits and yield
potential of soybean.

INTRODUCTION

Soybean (Glycine max L.) is one of the most significant legume crops in the world. It is enriched with
protein (35 to 42%) and oil (18 to 22%) [31]. Soybeans are used in food, feed, and biofuel processing due
to their nutritional importance [9, 39, 55]. It is referred to as the golden bean, the queen of pulses, and the
wonder crop [1, 27, 30], which possesses a fine source of key vitamins, including E, K, riboflavin,
thiamine, niacin, and choline. Moreover, soybean consists of various bioactive compounds, such as
isoflavones, chlorogenic acid, and ferulic acid [12, 36]. Currently, Brazil leads the world in soybean
production as well as productivity [47]. Whereas other leading soybean-producing countries have
recorded substantial growth in their yield over the past decades, Pakistan has not experienced growth,
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which places it miles behind [37]. Soybean is cultivated on an area of over 120 million hectares all over
the world [17] in comparison, the size of the land devoted to soybeans in Pakistan is pathetic [34].
Although many agro-ecological factors in the country allow its cultivation to be very successful, soybean
has never been able to occupy a certain position in the state's cultivation pattern, mainly because of
socioeconomic restrictions and insufficient policy support [4, 25).

Soybean was first cultivated in Northeast China about 1700-1100 B.C., and later expanded to Asia,
Europe, and the United States [7, 8]. Currently, its main producers are Brazil, the United States of America,
Argentina, China, and India, with the output as 169, 118.84, 49, 20.65, and 12.58 million metric tons,
respectively [49]. In Pakistan, during the 1960s, the production of soybeans was initiated, but
commercial attempts failed due to low return on investment, inadequate production practices, and
unsuitable varieties. Lack of high-yielding, climate-resistant, and pest-resistant cultivars continues to be
a key limitation [3, 24, 38].

It is estimated that the pressure of soybean diseases will only increase and become harder to control in
the future, and such a problem is worsened by anthropogenic climate change. Over time, the world has
experienced a warming rate of about 0.18°C per decade since the 1980s [32], and the high-emission
scenarios project global warming of up to 6°C by the century's end [20]. Although some areas might have
high temperatures and total precipitation, this will be typified by an increase in hydroclimatic variability. It
involves increased rates of severe weather phenomena and more intense and extended droughts, which
result in less predictable and more unpredictable growing conditions, contributing to the further
evolution and propagation of pathogens [16)].

Traditionally, genetic variation in soybeans has been investigated based on morphological characters,
including flower color, leaf shape, and growth habit. These descriptors are, however, very much
dependent on the environment, as they do not demonstrate actual genetic variation [46, 21]. To visualize
actual variation, molecular markers are utilized nowadays. Diversity assessment in soybeans has been
established using several different molecular markers, including random amplified polymorphic DNA
(RAPD), amplified fragment length polymorphism (AFLP), restriction fragment length polymorphism
(RFLP), inter-simple sequence repeats (ISSR), and single-nucleotide polymorphism (SNP), all of which
come with disadvantages in terms of their low reproducibility and redundancy [2]. Simple sequence
repeats (SSRs) are, however, more reliable for analysis because they are co-dominant, highly
polymorphic, reproducible, and abundant throughout the genome [6, 43, 52]. Such properties make SSRs
particularly useful in DNA fingerprinting, diversity surveys, and marker-based breeding in soybeans. DNA
fingerprinting using SSRs offers accurate data on genetic diversity and helps to identify elite alleles in
breeding programs [22, 26, 54]. However, the use of such molecular tools is relatively limited in Pakistan,
leaving a gap in advancing enhanced soybean varieties.

The current research utilized a panel of validated 13 SSR markers that had been previously described as
being linked to important seed quality measures, like the concentration of oil, protein content, and the
abundance of specific fatty acids such as oleic, linolenic, and stearic acid. Such markers, being adjacent
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to trait-associated genomic regions, provide an accurate means of identifying genotype-specific allelic
variations. By targeting functional regions of the soybean genome, these SSRs enable both the
assessment of genetic diversity and the identification of valuable lines with desirable nutritional profiles,
thus enhancing the effectiveness of molecular breeding strategies. This study aims to evaluate the
genetic diversity of 20 soybean genotypes using both morphological and SSR markers to identify
genetically diverse lines that could be valuable in future soybean breeding programs.

MATERIALS AND METHODS
3.1. Plant Materials:

This study was carried out at the Farm at the University for Agriculture, Faisalabad (Geographic
Coordinates: 31.4815 N, 73.0667 E) and in the Soybean Laboratory, Center for Advanced Studies in
Agriculture and Food Security (CAS-AFS), University of Agriculture, Faisalabad. Twenty soybean
genotypes (one local-adapted Pakistani cultivar (AARI-21) and nineteen introductions from the United
States Department of Agriculture (USDA) soybean germplasm collection with a wide genetic
representation were used in this research. The germplasm was imported from USDA in 2016 and
followed all the quarantine measures. Seeds were sown in the Farm research area of University of
Agriculture, Faisalabad following Randomized Complete Block design with three replications in spring
2024. Row to row and plant to plant distance was maintained at 18 and 3 inches and all the
recommended agronomic practices were followed. One bag of SOP and half a bag of DAP were applied
as basal dose while 20 Kg of urea was applied at the three leaf stage, flowering stage, and pod formation
stage. Complete characterization information of all the accessions is provided in Supplemental Table 1.
For DNA extraction, young and healthy leaf samples were collected from the field, instantly placed in
liquid nitrogen and then taken to the Soybean Laboratory to extract genomic DNA.

3.2. Genomic DNA Extraction and SSR Analysis:

Genomic DNA from the young leaves of all genotypes was extracted using the GeneJET Plant Genomic
DNA Purification Mini Kit (ThermoFisher Scientific, Cat. No. KO791), according to the manufacturer's
instructions. The quality of the extracted DNA was validated by loading it onto a 1% TAE agarose gel,
which was visualized under a UV transilluminator. Finally, the DNA was quantified with the help of a
spectrophotometer, and the measurements were taken at 280 nm.

3.3. PCR Analysis

In the present experiment, 12 SSR primer pairs were designed using Primer3 software, and one primer
set from the previous study (soysat001) was used. The list of primers, along with their sequences and
descriptions, is provided in Supplemental Table 2 (Table S2). Polymerase Chain Reaction (PCR) was
carried out using a thermocycler in a 20 pl total reaction volume, consisting of 2 pl template DNA (50 ng/
ul), 0.5 pl of forward and reverse primer each (5 pmol), 7 pl of 2X DreamTaq Green PCR Master Mix
(Thermo Fisher Scientific, Cat. No. K1081), and 10 pl of nuclease-free water. The amplification profile

Page 5/23



was set as an initial denaturation at 94°C for 3 minutes, followed by denaturation (94°C, 1 min), a primer-
specific annealing temperature for 1 min, and extension at 72°C for 1 min. A final elongation step was
carried out at 72°C for 8 minutes for 35 cycles. PCR amplicons were resolved on 2% agarose gels
(Thermo Fisher Scientific, Cat. No. R0611), and a 1 kb DNA ladder (Thermo Fisher Scientific, Cat. No.
10416014) was used as a molecular weight standard, and bands were visualized under a ChemiDoc MP
imaging system (Bio-Rad, USA).

3.4. Morphological Characterization and Yield Component
Analysis

The various morphological traits were recorded at the two-week stage of the plant, i.e., seedling height
(SI, in cm), hypocotyl length (HL, in mm), cotyledon length (CL, in mm), plant height (PH, in cm), number
of branches (NoB), stem diameter at maturity (StD, in cm), number of leaflets (NoL), flowering days (FD,
in days), number of pods per plant (NoPP), number of seeds per pod (NoSP), seed diameter (SeD, in
mm), and 100 seed weight (SW, in grams).

3.5. Data Analysis:

The data from the experiment were carefully documented and then analyzed with a set of statistical
methods chosen because of their suitability for the experimental design. In this detailed analysis,
analysis of variance (ANOVA) (Steel et al., 1997), t-tests, and the principal component analysis (PCA)
(Pearson, 1901) of different parameters were applied, and the polymorphism information content (PIC)
was calculated. The data were further interpreted by visualization in heatmaps depicting the profile of
markers in the genotypes and the results using cluster analysis. All the analytical methods were carried
out using the principles of established statistics.

RESULTS

This study assessed the genetic variability of 20 soybean genotypes (one local Pakistani cultivar and 19

accessions from USDA soybean germplasm collection) by analyzing both phenotypic characteristics and
SSR-based molecular markers. The outcomes are described separately for morphological and DNA-level

data.

4.1. Phenotypic Diversity:
Analysis of Morphological and Yield Related Traits:

Graphical representation of the average data revealed significant inter-genotypic differences for most
morphological traits. Pl 543855 exhibited the highest seedling height, differing significantly from all
other genotypes. Hypocotyl length was notably high in PI-556519, whereas genotypes such as PI-
556737, PI-556554, PI-548530, PI-548512, and PI-538774 showed no significant variation. Cotyledon
length remained statistically similar among the genotypes, while cotyledon width showed significant
divergence, with the local Pakistan line PI-546480 displaying the maximum value (Figure 1). Figure H2.
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Variation in seedling traits among 20 soybean genotypes, including seedling height, hypocotyl length,
cotyledon length, and cotyledon width.

Plant height was highest in PI-548530, while the stem diameter at maturity showed significant variation
in PI-548512 and PI-556554. Similarly, Pl 548530 also demonstrated significant differences in seed
diameter and number of nodes on the main stem. The locally adapted line AARI-21 showed the minimum
node count on the main stem. The highest number of branches was observed in PI-556487, while leaflet
number remained uniform across all genotypes (Figure 2).

Pod number per plant varied significantly among genotypes, including PI-548530, PI-639284, PI-559933,
and PI-556784. In contrast, the number of seeds per pod showed no significant differences among
genotypes. Flowering days were significantly higher in PI-556487. Notably, the indigenous line PI-546480
and the exotic line PI-556487 recorded the highest 100-seed weight, suggesting superior yield potential
(Figure 3).

Principal Component Analysis of Morphological and Yield-Related Traits:

Principal component analysis (PCA) was used to assess the contribution of morphological and yield trait
variability among soybean genotypes (Figure 4). The first two components, Dim1 and Dim2, accounted
for 34.8% and 22.9% of the total variation in morphological traits, while for yield traits, Dim1 and Dim2
explained 37.8% and 33.3% of the total variation, respectively.

Among the morphological traits, stem diameter (StD), cotyledon length (CL), and flowering days (FD)
were strongly aligned with Dim1, indicating that these traits were major contributors to the first principal
component. Their longer vectors and horizontal orientation reflected their importance in genotype
differentiation along this axis. The number of nodes on the main stem (NNMS) and plant height (PH), on
the other hand, were more in line with Dim2, indicating that these characteristics were primarily
responsible for the second component. Traits such as seedling height (SH), cotyledon width (CW), and
hypocotyl length (HL) were located near the origin of the plot, indicating minimal influence on overall
variability among genotypes (Figure 4a).

In yield traits, seed diameter (SD) and 100-seed weight (100SW) were strongly associated with Dim1,
reflecting their higher discriminatory power along the horizontal axis. On the other hand, the number of
pods per plant (NPP) and the number of seeds per pod (NSP) were aligned more with Dim2, suggesting
that these traits were the major contributors to variability along the vertical axis (Figure 4b).

The spread and orientation of vectors in both biplots suggest a wide diversity in trait expression among
the genotypes and identify specific traits with higher discriminatory power for future selection.

Correlation analysis of Morphological and Yield Characteristics:

The correlation analysis was also conducted to identify the relationships between morphological and
yield-related characteristics of soybean genotypes. In the morphological characteristics (Figure 5a),
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hypocotyl length (HL) showed considerable positive correlations with cotyledon length (CL) and
cotyledon width (CW), which relate to the coordinated growth of the early seedling. The height of the
plant (PH) exhibited a positive and significant correlation with the number of nodes on the main stem
(NNMS), the number of branches on the main stem (NBMS), and the number of leaflets (NoL), indicating
that increased vertical growth was accompanied by a more complex structure. Stem diameter at
maturity (StD) was also positively related to PH and NNMS, as it contributes to the vigor and strength of
the plant. Seedling height (SH), in contrast, showed weak relationships with the majority of traits,
meaning that it has very few impacts on overall morphological performance in terms of its elements.

In yield-related characteristics (Figure 5b), one element of this correlation, seed diameter (SD), was
shown to be positively and significantly correlated with 100-seed weight (100SW), validating their joint
contribution to seed size and weight. There was a positive correlation between the number of pods per
plant (NPP) and both the number of seeds per pod (NSP) and SD, implying that those genotypes that
produced more pods also produced more seeds. On the other hand, NSP had a negative relationship with
100SW; an increase in the number of seeds per pod did not significantly lead to an increase in the weight
of individual seeds because of the trade-off effect. In general, the correlation matrices revealed high
levels of interdependence among the trait entities, where PH, NNMS, and StD could be described as
important morphological measures of plant vigor, with SD and 100SW becoming key yield potential
determinants. These are some of the key traits that need to be selected for in soybean improvement
programs.

4.2. SSR Marker Polymorphism: PCR amplification using SSR markers successfully characterized
soybean genotypes, producing a clear and reproducible banding pattern. The amplified fragments
revealed polymorphic variation among the genotypes (Figure 6).

Marker Informativeness (PIC analysis):

The polymorphic information content (PIC) values of the 13 SSR markers ranged from 0.0975 (SR.OL1)
to 0.9375 (SR.SS001), with an average of 0.53. Among them, 46% were highly informative (PIC > 0.50),
31% moderately informative (0.25-0.50), and 23% low informative (PIC < 0.25) (Table S3). The most
informative markers (SR.SS001, SR.PR.1, SR.0L4) exhibited strong discriminatory potential, while
markers such as SR.OL1 and SR.LA1 were the least informative. Since the mean PIC value exceeded 0.5,
the marker set was considered highly informative, demonstrating its effectiveness for diversity analysis
in soybean genotypes.

SSR Marker Principal Component Analysis:

The contribution of the variability of SSR markers of the soybean genotypes was assessed by principal
component analysis (PCA) (Figure 7). Dim1 and Dim2 had 30.3 and 15.3 percent of the overall variation,
respectively. The SSR markers, including SR.LA1, SR.LA2, SR.0A1, SR.SA1, and SR.OAT, had a strong
level of correlation with Dim1, which implies that they were significant contributors to the first major
factor. They had evolved to have longer vectors and lay horizontally in the semi conservation of
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genotypic diversity along this axis. Conversely, SR.SS001 and SR.PR1 had greater associations with
Dim2, postulating that these markers were the major contributors to the second component. Their values
of contribution and vertical orientation accentuated their contribution positions in the diversity pattern
along Dim2. Markers including SR.0A2 and SR.OL3 were found to be close to the origin of the plot and
so would also have limited effects on the overall variability between genotypes. The geometry of
distributions and patterns of vectors in the biplot imply an extensive diversity pattern on a molecular
basis and determines certain SSR markers with greater discriminatory capability in future diversity and
association studies.

Correlation analysis of SSR markers:

The heatmap of the SSR data showed different patterns of clustering of the samples under investigation
(Figure 8). The heatmap showed that some groups have a strong positive correlation (red gradient),
especially SR.LA3, SR.SA1, and SR.LA2, and these groups were clustered together, showing a high level
of similarity. On the same note, SR.OA1 and SR.0OA3 had a significant correlation and clustered in the
same cluster. There was a moderate correlation between SR.OL4, SR.OL1, and SR.LA1, indicating similar
but weakly correlated profiles. SR.PR1 and SR.SS001, on the other hand, had less significant correlations
with the majority of other samples (blue gradient), which puts them further apart in the cluster
dendrogram. In general, the correlation heatmap was a very thorough visualization of the genetic
similarity, as it not only demonstrated associations with high correlation between the groups but also
revealed the dissimilar samples that are distinct and dissimilar from other samples, and thus, the genetic
variability of the samples in the entries that are being studied.

Dendrogram-Based Grouping of Soybean Genotypes:

The dendrogram represents the hierarchical clustering of genotypes derived from the binary scoring of
gel electrophoresis banding patterns (Figure 19). Each genotype was assessed for the presence (1) or
absence (0) of specific bands, and the resulting binary matrix was used to compute genetic similarities.

The clustering reveals the existence of three major groups among the tested genotypes. The first cluster,
located on the left side of the dendrogram, includes introduced genotypes such as Pl 556914, Pl 556520,
and PI 564812, which exhibit a high degree of similarity in their banding profiles. The second group
contains moderately related genotypes like Pl 564261, Pl 564287, and Pl 556737, suggesting a shared
but slightly divergent banding pattern. The third cluster encompasses the most genetically diverse
genotypes, including Pl 559393, AAR-21, and Pl 232998, which may possess unique or less common
bands.

The distinct grouping of genotypes within the dendrogram reflects a high degree of polymorphism
among the studied samples. This genetic variability underscores the effectiveness of the applied
markers in differentiating the genotypes, confirming their applicability for genetic diversity assessment
and utilization in crop improvement strategies. The gel electrophoresis data used for clustering are
provided in supplemental figure 1 (Figure S1).
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DISCUSSION

The phenotypic evaluation revealed statistically significant differences among the analyzed soybean
genotypes, as supported by Student’s t-test results. Morphological traits proved useful in distinguishing
and classifying soybean genotypes. Comparable findings were reported in earlier studies, where
researchers evaluated a set of 70 genotypes based on 17 qualitative traits and another collection of 100
genotypes using 17 phenotypic traits [14, 33]. Notably, seedling height in genotype Pl 543855 varied
considerably compared to the hypocotyl length observed in Pl 556519, indicating genotypic influence on
early plant development. The cotyledon width in genotype PI-546480 was distinct from all other
genotypes, although most displayed comparable cotyledon lengths. Among all, PI 548530 attained the
maximum plant height, along with significant differences in seed diameter and node number, suggesting
its potential for high-yielding traits. Genotypes PI-548512 and PI-556554 were distinguished by their
relatively thicker stem diameters, whereas PI-556487 exhibited the highest branch number along with a
distinct flowering pattern, suggesting better adaptability and growth vigor.

Furthermore, the genotypes Pl 548530, Pl 639284, Pl 559933, and Pl 556784 recorded the highest
number of pods per plant. This finding correlates with a study by Baig and his colleagues [5]. Their
research indicates that the number of pods varies significantly between soybean genotypes. The degree
of variability in the number of seeds per pod was relatively small among the genotypes. It is important to
note that both the local line PI-546480 and the exotic line Pl 556487 had significantly higher seed
weights; thus, both lines would be useful in a breeding program that aims to improve yield. These
findings indicate that certain genotypes have desirable agronomic qualities and are good candidates for
soybean breeding and hybrid development programs.

The PCA findings of the morphological and yield-based traits indicated that the soybean genotypes had
a clear variability, with a separate contribution of the traits along the first two components. The first
principal component was highly related to the stem diameter, cotyledon length, and flowering days,
which means that these traits are very significant to the early morphological development and genotype
differentiation. On the contrary, the height of the plants and the main stem nodes matched more with the
second component, and it showed their contribution to the architectural diversity. On the same note,
seed diameter and 100-seed weight played a significant role as independent variables, in relation to the
first axis, whereas pod number and seeds per pod played a significant role as independent variables, in
relation to the second axis. These findings are consistent with previous research studies by [13] and [15].
Conversely, some of the traits closer to the origin of the plot had minimal influence, implying that they
were less variable among the genotypes. The biplot structure shows the overall high phenotypic diversity
as well as the important traits, which could be used in breeding selection in the future.

The correlation analysis of morphological and yield parameters demonstrated that the parameters of
soybean growth and productivity have a significant interdependence. The characteristics of plant height,
stem diameter, and the number of nodes of the plant showed a strong positive correlation, which implied
that these features are combined in the process of promoting morphological vigor. [53] observed strong
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positive relationships between yield and plant height, number of branches, number of pods on a plant,
and number of seeds per pod.

Likewise, seed diameter was significantly positively correlated with the weight of 100 seeds, which
proves the joint effect of the two on yield potential. Conversely, the observed negative correlation
between the number of seeds per pod and 100-seed weight was indicative of a trade-off effect, which is
also apparent in the results of [5], who found that seed number and seed size were both negatively
correlated in soybean. [10] also reported that 100-seed weight, the number of pods per plant, and protein
content all positively correlate with seed yield per plant, but branches per plant and seeds per pod have
negative correlations. This highlights the significance of trait combinations in breeding.

Understanding genetic diversity in a population is very essential for the characterization of the
germplasm and provides important insight into conservation, evolution, and breeding strategies, and
effective utilization [28]. This average PIC value (> 0.5) shows that the markers employed are very
informative and that their use in estimating the degree of genetic differences is significant. The
existence of highly informative markers, together with moderately informative ones, provides adequate
discriminative power between soybean genotypes. Similar results were achieved by Zatybekov and
colleagues, who showed a significantly high use of SSR markers in the analysis of genetic diversity [51].
The clustering by dendrogram has shown that the soybean genotypes have undergone genetic
divergence, giving rise to three groups based on their SSR banding patterns. Genotypes belonging to the
same cluster have similar allele profiles, whereas those belonging to different clusters are distinguished
by significant polymorphism. The second cluster is entirely exotic, as previously reported by [44]. The
high diversity of lines, especially in the third cluster, demonstrates the ability of SSR to capture genetic
variation. Khatab and coworkers reported that distinct genetic groupings were found through clear SSR-
based differentiation and clustering of 24 soybean genotypes based on agro-morphological traits and
SSR markers [23]. This structured organization demonstrates the potential of these markers to define
genetically diverse lines, which can be utilized in broadening the genetic base in soybean breeding
endeavors.

CONCLUSION

This research was conducted to evaluate the genetic diversity and population structure of 20 soybean
genotypes (including local Pakistani and exotic USDA lines) using a combined method of phenotypic
measurements and SSR molecular markers to estimate genetic diversity based on oil composition and
yield. There was a high level of phenotypic variation in some of the important agronomic traits, with
certain genotypes, such as Pl 548530 and Pl 556487, showing better traits in terms of plant architecture
and yield potential, respectively. The quality of the 13 trait-linked SSR markers was proven by the high
average Polymorphism Information Content (PIC) value of 0.53, which indicates a great amount of
revealed molecular genetic diversity. The overall outcomes of principal component analysis, cluster
analysis, and genotypic profiling made a clear distinction between the three genetic groups in genotype,
which showed a distinct distinction between the local and exotic germplasm. This organized diversity,
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along with the discovery of specific allelic differences in lines like AARI-21 and P1 232998, is an
important source of genetic resources. To summarize, the results show that the combination of both
morphological and SSR marker analysis is an effective method for the characterization of soybean
germplasm. The selected genetically superior and agronomically superior genotypes have enormous
potential to be used in the breeding programs of Pakistan with the help of a marker-assisted breeding
program. Their integration can add value to the production of high-yielding, resistant soybean varieties
with improved nutritional composition, thus increasing local production and minimizing reliance on
imports.
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Figure 1

Variation in seedling traits among 20 soybean genotypes, including seedling height, hypocotyl length,
cotyledon length, and cotyledon width
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Figure 2

Variation in morphological traits among 20 soybean genotypes, including plant height (cm), number of
branches per stem, number of nodes per main stem, stem diameter (cm), and number of leaflets
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Variation in yield-related traits among 20 soybean genotypes, including flowering days, number of pods
per plant, number of seeds per pod, seed diameter, and 100-seed weight.
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Principal Component Analysis of (a) morphological and (b) yield-related traits
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Correlation analysis of (a) morphological traits (b) yield-related traits
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PCR based molecular characterization of soybean genotypes through SSR markers
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Figure 8

Correlation analysis of 13 SSR markers
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Figure 9

Dendrogram showing genetic relationships among 20 soybean genotypes based on binary scoring of
agarose gel banding patterns.
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