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Abstract: Knowledge of the genetic diversity of the available germplasm is an important foundation
for crop conservation, management, and improvement. Successful breeding strategies rely on a
sound understanding of the genetic diversity of the crop germplasm. This study was conducted to
evaluate and compare the genetic diversity of 49 soybean [Glycine max (L.) Merrill] genotypes using
SSR markers as well as to evaluate parental potential of these genotypes in cultivar improvement.
The bulk of the genotypes were developed in the national soybean breeding program in Zimbabwe
between 1940 and 2013. The genetic diversity and relatedness were estimated using 30 SSR markers
and produced 5 clusters that generally matched the pedigree information of the germplasm. The
SSR analysis detected a total of 135 alleles. The polymorphic information content ranged from 0.10
to 0.77 with a mean of 0.45. The SSR primer, Satt012 was the most informative. The SSR marker
analysis showed a wide genetic diversity in the germplasm. To date, there are no reports regarding
the genetic diversity analysis of soybean germplasm in Zimbabwe. The genotypes, EL41 and EL7;
EL41 and EL1; as well as EL41 and EL42 were the most divergent thus, indicating their potential use
as parental lines in the genetic improvement of soybean in the region.

Keywords: Diversity; Genotype; Soybean germplasm; SSR markers

1. Introduction

Soybean [Glycine max (L.) Merrill] is an important grain legume with an immense economic
value in many parts of the world including southern Africa. There has been a dramatic increase in
demand due to the growing need for protein rich food and feed [1]. Soybean is fast becoming a major
source cash income. Soybean has huge potential to raise and improve rural income [2]. Numerous
studies have documented the capacity of soybean to fix nitrogen and holds considerable potential for
arresting the declining soil fertility in the smallholder farming systems [2]. Despite the rise in
demand, soybean production in Zimbabwe has been characterised by frequent and pronounced
fluctuations (Figure 1). Over 2006 to 2022 period, the average annual production was 67 005 metric
tonnes (MT) resulting in a production gap of 172 995 MT translating to a shortage of 72.1% soybean
commodity. Precisely, Zimbabwe is a net importer of soybean [3]. Figure 1 also showed that the grain
yield ranged from 0.67 to 1.66 t/ha with an average yield of 1.28 t/ha, lower than the global average
(2.7 t/ha) [4,5]. The major challenge is that there is a wide gap between the on-farm yields and
potential yield realised from research fields. The low yields are attributable to poor performing
varieties in the smallholder sector, lack of access to certified seed in affordable packs, limited
application of fertilisers and rhizobial inoculants in soils with no history of soybean and low adoption
of best practices of management such as late planting, low plant populations, recycling seeds etc.
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[4,6]. Inefficient and traditional production technologies also resulted in low productivity [2].
Furthermore, there are limited options of high yielding varieties available to farmers impacting yield
[7]. Previous studies showed that soybean varieties with appreciable yield performance are needed
to sustain production, but their improvement has been slowed down by the low genetic diversity
[6,8]. Essentially, soybean is an autogamous crop i.e. self-pollinating and probably correlated with
genetic diversity. Soybean production and nutritional values can be addressed by broadening
germplasm diversity [8]. Determining the genetic diversity is critical for the development of new
varieties with desirable traits or matching farmer and market preferred traits. In the same vein, the
genetic diversity can be exploited to mitigate the effects of climate change through the development
of climate smart varieties. This will aid the breeders to achieve sustainable improvement in yield and
nutritional quality as soybean is poised to dominate crop production due to its multiple benefits [9].
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Figure 1. Trends in soybean production, area and yields in Zimbabwe, 2006 to 2022. Source: Ministry
of Lands, Agricultures, Fisheries, Water and Rural Development, 2023.

In Zimbabwe, the soybean breeding program commenced in 1940 and produced many breeding
lines and commercial cultivars over the years [10,11]. Some of the germplasm from the program was
introduced successfully into neighboring countries such as Malawi and Zambia and further afield
[12]. However, the diversity of the soybean germplasm could be under threat due to the frequent use
of the same genetic resources resulting in narrowing of the genetic base [13]. Previous studies
involving pedigree analysis revealed that 35 ancestors contributed more than 95% of the alleles and
only five lines of the germplasm that was released between 1947 and 1988 in North America
accounted for more than 55% of the genetic background of public cultivars [14]. Similarly, in the
Chinese germplasm released from 1923, <15.0% of the ancestral cultivars accounted for >50.0%
genetic material [15]. Based on SSR markers, a low diversity among soybean genotypes was reported
in other countries including Brazil and India [16,17]. These studies indicated that intensive breeding
and selection contributed to the reduction in diversity hence the need to introgress new parental stock
in the breeding pools.
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In general, genetic diversity studies are important for understanding the evolutionary
relationships among accessions or identifying diverse parental combinations for creating progenies
with maximum genetic variability for further selection [18]. To overcome the effects of environmental
factors on quantitative traits in assessing genetic diversity in soybean, molecular markers were
applied widely in previous studies [19,20]. In Zimbabwe, there is no adequate information regarding
the diversity in the soybean germplasm. Most importantly, there is lack of information at the
molecular level for genetic relationships of the Zimbabwe germplasm. The use of DNA markers to
evaluate diversity aids in the effective utilization of germplasm for crop productivity improvement
and conservation [21]. During the 70-year period of its existence, the breeding program introduced
exotic genetic material from several countries including the United States of America and South
Africa as well as Nigeria and Taiwan. There are more than 10 000 improved and landrace cultivars
in the Gene-banks. The breeding program primarily emphasized the mating of elite-by-elite parental
lines that might have resulted in recombining the genes from a limited number of ancestral materials
thus narrowing the genetic base of the gene pool [22]. Therefore, this study was designed to examine
(i) the genetic diversity among 49 soybean genotypes as determined by SSR markers and (ii) the
parental potential of these genotypes in future cultivar breeding and development.

2. Materials and Methods
2.1. Genetic Material

A total of 49 soybean genotypes were used in the study (Table 1). This sample of genetic material
represented a collection of all the cultivars that were introduced, developed, and released in
Zimbabwe from 1940 to 2013 [23]. Some of these cultivars were also registered in Malawi and Zambia
(Table 1). The germplasm included all the cultivars from Crop Breeding Institute (Zimbabwe) and
two commercial seed companies (Seed Co and Pannar Seed) and all based in Zimbabwe. The elite
lines from Seed Co came from the cold store that located at Rattray Arnold Research Station,
Mukwene Farm Enterprise, Arcturus, Harare; the other elite lines were from Crop Breeding Institute,
5th Street Extension, Harare and rest were from Pannar Seed domiciled at 164 Chihombe Road, Ruwa,
Harare. The study was conducted during the summer season of 2011/2012, which stretched from
November 2011 through to April of 2012.

Table 1. List of soybean genotypes used in the study.

Genotype Code Designated Name Growth Habit Year of Release / Country
Registration
EL1 Hernon 147 Indeterminate 1940 Zimbabwe
EL2 Rhosa Indeterminate 1966 Zimbabwe
EL3 Bragg Determinate 1972 Zimbabwe
EL4 Oribi Determinate 1973 Zimbabwe
EL5 Buffalo Determinate 1974 Zimbabwe
EL6 Impala Indeterminate 1977 Zimbabwe
EL7 Kudu Determinate 1977 Zimbabwe
EL8 Sable Indeterminate 1980 Zimbabwe
EL9 Duiker Indeterminate 1982 Zimbabwe
EL10 Roan Determinate 1985 Zimbabwe
EL11 Gazelle Indeterminate 1988 Zimbabwe
EL12 Nyala Indeterminate 1989 Zimbabwe
EL13 Nondo Determinate 1992 Zimbabwe
EL14 Soma Indeterminate 1992 Zimbabwe
EL15 SCS1 Determinate 1995 Zambia, Zimbabwe
EL16 Sonnet Determinate 1994 Zimbabwe
EL17 Sonata Determinate 1997 Zimbabwe

EL18 Viking Indeterminate 1999 Zimbabwe
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EL19 Solitaire Indeterminate 1998 Zambia, Malawi,
Zimbabwe
EL20 Soprano Determinate 1998 Zambia, Malawi,
Zimbabwe
EL21 Bimha Determinate 1999 Zimbabwe
EL22 Mhofu Determinate 1999 Zimbabwe
EL23 Nyati Indeterminate 1999 Zimbabwe
EL24 Scorpio Indeterminate 2000 Zimbabwe
EL25 Storm Determinate 2000 Zambia, Malawi,
Zimbabwe
EL26 Safari Indeterminate 2001 Zambia, Zimbabwe
EL27 Score Indeterminate 2003 Zambia, Zimbabwe
EL28 Santa Determinate 2005 Zambia, Zimbabwe
EL29 Siesta Determinate 2005 Zimbabwe
EL30 Serenade Indeterminate 2005 Malawi, Zimbabwe
EL31 Sirocco Indeterminate 2006 Zambia, Malawi,
Zimbabwe
EL32 Scribe Indeterminate 2007 Zambia, Zimbabwe
EL33 Satellite Indeterminate 2007 Zambia, Zimbabwe
EL34 Squire Determinate 2007 Malawi, Zimbabwe
EL35 Saga Determinate 2008 Zimbabwe
EL36 Sequel Indeterminate 2008 Zimbabwe
EL37 Sputnik Indeterminate 2008 Zimbabwe
EL38 Sovereign Indeterminate 2008 Zimbabwe
EL39 S810/6/10 Determinate 2010 Experimental line
EL40 Semeki Indeterminate 2012 Zambia, Zimbabwe
EL41 Spike Determinate 2012 Zambia, Zimbabwe
EL42 PN 1867 Determinate 2012 Zimbabwe
EL43 PN 1856 Determinate 2013 Malawi, Zambia,
Zimbabwe
EL44 PN 891 Indeterminate 2005 Zimbabwe
EL45 Duocrop Indeterminate 1999 Exotic line
EL46 Tulumayo Determinate 2013 Zimbabwe
EL47 SB88 Indeterminate 2013 Exotic line
EL48 SB90 Determinate 2013 Exotic line
EL49 SB92 Determinate 2013 Exotic line

2.2. Plant Material and DNA Extraction

Viable seed of the genotypes was grown in pots in a greenhouse and each pot consisted of four
plants from which DNA was extracted subsequently. DNA Landmarks, Canada, supplied the DNA
kit. It is important to report that DNA sampling was done according to the protocol that was
provided. Fresh leaf tissue was harvested from the young leaves (four weeks after planting) from
each plant, hence, four leaf discs were sampled and bulked together to represent each genotype. The
four sampled leaf discs were placed in a single hole of the 96-well block or plate. After sampling all
the genotypes, the entire plate was sealed with air pore tape and placed into a plastic bag together
with 50 g of silica gel in order to facilitate drying the leaf discs for 48 hours. The extracted DNA was
transferred for profiling in the laboratory (by DNA Landmarks, Canada).

2.3. Selection of Primers and Polymerase Chain Reaction Amplification

Thirty SSR markers were used to genotype the cultivars (Table 2). The markers were selected
because of their uniform distribution across the soybean genome and amplification quality [24].
Although previous studies have also shown that there is a high correlation between RFLPs, AFLPs
and SSRs, the SSRs were found to generate hyper variable polymorphisms [25,26]. The assumption
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in selecting the primers was that 10 to 30 highly polymorphic markers would suffice to provide
quality or precise data [27]. DNA samples were used for polymerase chain reaction (PCR)
amplification with 30 SSR markers. The PCR amplification reactions was accomplished in a total
volume of 5ul containing 0.40ul of 2.5mM MgCl2, 1.50ul of 10X assay buffer, 1.00ul of 2mM dNTPs,
0.10p of 5 U/ul Taq polymerase (Thermo Fisher Scientific), 0.06ul of 20uM forward, 0.06ul of 20pM
reverse of primers, 1.00ul of each DNA (50 ng) and remaining 0.88ul of pure water. Amplification
was performed in PTC Thermal Cycle 100 (M] Research Inc., 1987) programmed for an initial
denaturation of 94°C for three minutes, followed by 35 cycles of 1 minute denaturation at 94°C, one
minute annealing at 49°C and extension of Iminute at 72°C. Final extension was done to a period of
10 minutes at 72°C and the product was then stored at 4°C. Data were scored on a scale of -1 to 1
where, -1 denoted missing alleles, 0 represented allele absence and one allele presence.

Table 2. The SSR primer sequences used for soybean genotyping.

Primer name Forward 5 —» 3 Reverse 3' —» 5

Satt012 GCAATTAGTTTTAAAATGTTTC AGAATAGAGCCTACATATAATCATA

Satt148 AATCCGGGAC- TGCAAATTCCCTAATTAACACCCTTTATAC
GCAAAATTATTATTAA

Satt156 CGCACCCCTCATCCTATGTA CCAACTAATCCCAGGGACTTACTT

Satt172 AGCCTCCGGTATCACAG CCTCCTTTCTCCCATTTT

Satt180 TCGCGTTTGTCAGC TTGATTGAAACCCAACTA

Satt182 GGTCCACATGAAATGAAGGT TCTCAGCCTGCAAAGAAAA

Satt184 GCGCTATGTAGAT- GCCACTTACTGTTACTCAT
TATCCAAATTACGC

Satt215 GCGCCTTCTTCTGCTAAATCA CCCATTCAATTGAGATCCAAAATTAC

Satt242 GCGTTGATCAGGTCGAT- GCGAGTGCCAACTAACTACTTTTATGA
TTTTATTTGT

Satt294 GCGGGTCAAATGCAAATTATTTTT GCGCTCAGTGTGAAAGTTGTTTCTAT

Satt372 CAGAAAAGGAATAA- GCGAAAACATAATTCACACAAAAGACAG
TAACAACATCAC

Satt387 GCGTTACGTTTCAC- GCGGCAGGCTAGCTACATCAAGAG
TATTTATTTAACAT

Satt394 GCGTTTTTTCAATTTAAAGA- GCGTAACTTGCATGTGGTATATCGAGATG
GAATTGAC

Satt397 TCTCGGGATCCTTGTTAGAT GCGAAGAAGAAGAGAACATGTGAA

Satt414 GCGTATTCCTAGTCACATGC- GCGTCATAATAATGCCTAGAACATAAA
TATTTCA

Satt429 GCGAC- TCCCCATCATTTATCGAAAATAATAATT
CATCATCTAATCACAATCTACTA

Satt434 GCGTTCCGATATACTATA- GCGGGGTTAGTCTTTTTATTTAACTTAA
TAATCCTAAT

Satt441 AAACCCACCCTCAAAAATAAAAA AAATGCACCCATCAATCACA

Satt459 TCGTGTTAGAT- AACTGCATACCCTTTGTTTGAA
TTTTACTGTCACATT

Sattd77 GTTGGGAAAAGGTTACTAC- GGTCCGTATGCAATTCTTGACTAATA
CATATC

Satt490 GCGGCACGAG- GCGGAAGAAGATTTTCGTTTTTAT
TCAACTTTCTGTTTCCT

Satt509 GCGCTACCGTGTGGTGGTGTGC- GCGCAAGTGGCCAGCTCATCTATT
TACCT

Satt511 GCGACTTTACTGAAAACCTGGAAAGCTTCAAACCAACAAACAACTTA

Satt522 GCGAACTGCCTAGGTTAAAA TTAGGCGAAATCAACAAT

Satt530 CATGCATATTGACTTCATTATT CCAAGCGGGTGAAGAGGTTTTT

Satt577 CAAGCTTAAGTCTTGGTCTTCTCT GGCCTGACCCAAAACTAAGGGAAGTG
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Satt590 GCGCG- GCGCGAGTTAGCGAATTATTTGTC
CATTTTTTAAGTTAATGTTCT
Satt598 CGATTTGAATATACTTACCGTC- CACAATACCTGTGGCTGTTATACTAT
TATA
Sct_034 AATTCTCACTCTCACAACTTC CCATGGGAATAGTTGGGT
Sct_067 CTCCCCATCTCTCTCTAAC GGATTTTGTTATTTATTTATTTGA

2.4. SSR Data Analysis

The binary data matrix was used to calculate the genetic similarity matrix using Dice Similarity
Coefficient [28] with the help of the Numerical Taxonomy Multivariate Analysis System for personal
computer (NTSYS-pc) version 2.1 [29].The resultant similarity distance matrix data was used to
construct a dendrogram using the agglomerative hierarchical un-weighted pair-group method with
an arithmetic average (UPGMA). Powermarker V3.25 was used to determine major allele frequency,
gene diversity, observed heterozygosity and polymorphic information content (PIC) values for each
SSR marker used in the study [30]. The expected heterozygosity (He) and observed heterozygosity
(Ho) were used to evaluate the genetic diversity within the set of genotypes. Expected heterozygosity,
i.e. the probability that two alleles from the same locus would be different when selected at random
was estimated for each SSR locus according to the following equation [31];

He=1-Xpt, 9

where X stands for summation over all alleles; p; is the expected frequency of the ith allele at
a locus for individual p.

Observed heterozygosity was estimated by dividing the number of heterozygous individuals by
the number of individuals scored. Polymorphic information content for the SSR markers in the
sample DNA was calculated as follows:

PIC =1-Yp?, )
where p; is the expected frequency of the ith allele at a locus for individual p.

3. Results and Discussion

A total of 135 alleles were recorded and the number of alleles scored per locus ranged from two
to nine, with a mean of 4.57 alleles per locus (Table 3). In addition, the gene diversity ranged from
0.10 to 0.79 with an average of 0.50 for the genotypes studied. The polymorphic information content
(PIC) estimated for all loci ranged between 0.10 and 0.77 of which primer (Sct_034) showed a
minimum of 0.10, and Satt012 showed a maximum of 0.77. The PIC was average of 0.45. Results also
showed that the means for the major allele frequency and observed heterozygosity (Ho) were 0.63
and 0.11 respectively. Among the primers that were used, Satt012, Satt414 and Satt372 were highly
informative with PIC values of 0.77%+, 0.71% and 0.68% respectively.

The pair wise genetic similarity coefficients among the 49 genotypes varied from 10% to 98%
(Table 4). The highest similarity coefficient was observed between genotypes EL20 and EL19, while
the lowest similarity coefficient was between genotypes, EL41 and EL7 and EL41 and EL1 implying
that genetic distance (dissimilarity coefficient) was 90%. Clustering analysis grouped the cultivars
into 5 clusters at 46% dice similarity (Figure 2). The closest distance was between genotypes EL25 and
EL26 while the greatest genetic distance (dissimilarity) was between genotypes EL41 and EL7; and
EL41 and EL1. Cluster 12 consisted of the majority of genotypes (17) accounting for 40% of the total
population.
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Table 3. Details of polymorphisms and genetic analysis of 49 soybean genotypes using 30 SSR

markers.
Marker Major allele Number of Gene diversity = Observed Polymorphic
frequency alleles heterozygosity information
(Ho) content
Satt394 0.85 5.00 0.27 0.00 0.26
Satt577 0.68 3.00 0.47 0.15 0.40
Satt180 0.74 5.00 0.43 0.08 0.40
Satt459 0.76 3.00 0.38 0.06 0.35
Satt522 0.44 4.00 0.65 0.19 0.59
Satt598 0.67 2.00 0.44 0.13 0.34
Satt242 0.56 5.00 0.57 0.17 0.49
Satt429 0.40 6.00 0.69 0.13 0.64
Satt182 0.91 3.00 0.17 0.08 0.17
Satt397 0.50 2.00 0.50 0.06 0.38
Satt148 0.62 4.00 0.55 0.19 0.50
Satt477 0.84 2.00 0.27 0.09 0.23
Satt530 0.75 7.00 0.43 0.09 0.41
Satt590 0.58 8.00 0.64 0.15 0.61
Satt012 0.34 8.00 0.79 0.11 0.77
Satt172 0.61 3.00 0.53 0.17 0.46
Satt414 0.41 7.00 0.74 0.09 0.71
Satt215 0.78 4.00 0.37 0.06 0.35
Satt387 0.50 3.00 0.55 0.13 0.45
Satt441 0.49 9.00 0.69 0.19 0.66
Satt156 0.65 5.00 0.52 0.11 0.46
Satt184 0.67 4.00 0.51 0.19 0.47
Satt294 0.43 6.00 0.68 0.13 0.63
Satt434 0.75 6.00 0.43 0.09 0.41
Satt511 0.49 4.00 0.67 0.17 0.63
Satt490 0.50 3.00 0.58 0.09 0.40
Satt509 0.65 5.00 0.54 0.06 0.51
Sct_034 0.95 3.00 0.09 0.02 0.10
Satt372 0.35 6.00 0.73 0.21 0.68
Sct_067 0.91 2.00 0.17 0.00 0.16
Total - 135 - - -

Mean 0.63 4.57 0.50 0.11 0.45
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Table 4. The similarity matrix of the 49 soybean genotypes generated by Numerical Taxonomy Multivariate Analysis System for personal computer (NTSYS-pc).

EL1 EL2  EL3 EL4  ELS EL6 EL7 EL8 EL9 EL10  ELI1 EL12  ELI3 EL14  ELI1S EL16  EL17 EL18 EL19 EL20 EL21 EL22  EL23 EL24

EL1 1.00

EL2 0.19 1.00

EL3 029 030 1.00

EL4 022 027 0.69 1.00

EL5 065 036 026 0.19 1.00

EL6 030 0.60 046 054 027 1.00

EL7 028 033 056 049 029 042 1.00

EL8 028 040 060 074 026 064 057 1.00

EL9 028 029 053 070 031 0.53 0.43 0.68 1.00

EL10 0.31 038 0.66 067 034 0.53 0.66 0.64 0.64 1.00

EL11 0.16 037 057 077 026 048 049 0.71 0.52 0.55 1.00

EL12 028 030 058 0.6l 0.31 052 051 0.62  0.59 0.56 0.52 1.00

EL13 027 038 049 049 033 052 059 060 0.58 0.56 0.46 0.56 1.00

EL14 022 037 039 043 035 037 036 053 0.58 0.46 0.40 0.61 0.57 1.00

ELI15 0.31 020 056 069 025 047 048 057 0.63 0.54 0.52 0.60 0.62 0.33 1.00

EL16 024 044 058 074 033 058 0.73 0.72  0.68 0.68 0.71 0.66 0.59 0.52 0.61 1.00

EL17 029 024 060 070 023 045 056 055 058 0.67 0.50 0.58 0.54 0.37 0.75 0.62 1.00

EL18 032 039 055 069 033 059 054 058 0.64 0.60 0.59 0.73 0.57 0.48 0.75 0.76 0.62 1.00

EL19 025 036 052 074 034 049 054 0.67 0.68 0.73 0.74 0.59 0.50 0.58 0.54 0.75 0.61 0.67 1.00

EL20 036 025 059 066 024 056 055 0.60 0.55 0.52 0.53 0.58 0.62 0.38 0.83 0.61 0.72 0.71 0.52 1.00

EL21 009 040 053 069 025 044 052 0.60 054 0.66 0.72 0.44 0.48 0.36 0.52 0.70 0.72 0.51 0.70 0.52 1.00

EL22 023 048 057 069 032 054 053 0.67 055 0.61 0.72 0.52 0.52 0.39 0.56 0.72 0.63 0.52 0.67 0.54 0.79 1.00
EL23 022 044 054 060 032 048 052 058 049 0.55 0.63 0.48 0.46 0.33 0.52 0.68 0.60 0.48 0.58 0.47 0.69 0.90 1.00
EL24 022 023 065 079 025 053 048 065 0.69 0.63 0.62 0.73 0.54 0.49 0.81 0.73 0.72 0.78 0.63 0.77 0.58 0.59 0.52 1.00
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EL25 EL26 EL27 EL28 EL29 EL30 EL31 EL32 EL33 EL34 EL35 EL36 EL37 EL38 EL39 EL40 EL41 EL42 EL43 EL44 EL45 EL46 EL47 EL48 EL49

EL25 1.00

EL26 | 0.92 1.00

EL27 | 0.74  0.83 1.00

EL28 | 0.62  0.65 0.67 1.00

EL29 | 0.70 0.69 0.62 0.66 1.00

EL30 | 0.50 049 0.5 0.66  0.67 1.00

EL31 070  0.62  0.52 056  0.67 057 1.00

EL32 | 0.53 052  0.58 069 070 0.67 053 1.00

EL33 056 058  0.57 052 0.63 062 049  0.59 1.00

EL34 | 0.61 0.55 0.51 0.55 0.64  0.53 056 072 049 1.00

EL35 052 045 0.51 0.65 0.53 049 046 0.66 045 0.60 1.00

EL36 | 0.53 052  0.52 062 054 043 037  0.63 0.43 0.53 0.46 1.00

EL37 | 058 057  0.56 0.67  0.61 0.51 0.41 0.58  0.47 0.45 047  0.78 1.00

EL38 | 0.61 0.60  0.52 057  0.58 0.41 044 044 037 0.45 0.40  0.68 0.86 1.00

EL39 | 054  0.53 0.49 0.60  0.58 0.41 037 064 043 056 057 061 0.69  0.62 1.00

EL40 | 047 046  0.39 0.43 044 030 040 050 0.36 044 036 047 047 058 047 1.00

EL41 0.65 0.63 0.59 070  0.80  0.68 0.71 0.65 0.63 0.62 048 0.55 059 056 052 0.52 1.00

EL42 | 0.63 0.56  0.56 0.56  0.63 057 066 049 056 0.59 051 0.43 049 052 043 037  0.69 1.00

EL43 072 0.65 0.67 0.61 066 056 056 059 048 0.66  0.61 046 047 050 050 046  0.60  0.65 1.00

EL44 | 056 049 048 0.43 0.51 069 047 044 049 0.53 0.40 031 038 041 0.35 0.41 052 054 055 1.00

ELA45 0.55 048  0.53 0.67  0.55 052 048 0.68 048 0.62 098 0.45 046 039  0.56 0.35 047 050 0.60 042 1.00

EL46 | 0.46 045 0.47 059 052 040 046 046 034 051 042 040 035 038  0.38 034  0.53 0.45 054 038 044 1.00

EL47 | 0.43 042  0.38 0.35 0.41 030 043 026  0.29 0.33 026 036 037 043 0.40 026 035 034 032 028 029 0.54 1.00
EL48 | 0.41 0.41 0.37 0.38 039 029 041 022 0.28 029 022 035 0.35 0.45 0.35 032 037 033 0.31 027 025 0.55 0.94 1.00
EL49 | 040 039 0.39 0.33 0.41 030 043 027 030 033 026  0.33 034 041 0.37 0.23 0.35 034 0.33 028  0.29 054 098 092 1.00
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Figure 2. Genetic relationships among 49 soybean genotypes evaluated using 30 SSR markers.

The total number of alleles found among the soybean genotypes and the range of effective allele per marker shows
that the markers were effective in assessing the available genetic diversity. It also suggests that there was allelic
polymorphism in the soybean gene that can be exploited for soybean improvement or germplasm management. The
average number of alleles per locus (4.57) found in this study demonstrated high levels of genetic diversity in the gene
pool and was consistent with the findings reported in other studies [18,32]. The number of effective alleles reported is
partly determined by the number and nature of molecular markers used for genotyping. Genotyping a panel of
germplasm with a higher number of markers could increase the number of effective alleles found. On the other hand,
markers such as single nucleotide polymorphism (SNP) markers can also identify a more effective allele because they
assess polymorphism at one locus while differences identified by SSR markers could be less abundant. While
comparisons between studies are important as a guide, there will always be differences due to the choice and number
of markers used and inherent genetic differences in the germplasm. The expected heterozygosity of (He = 0.11) found
in this study is within range of self-pollinating species. Soybean is a highly autogamous species, which increases
homozygosity and a corresponding decrease in heterozygosity. The strict autogamous nature can be a barrier to
introduction of new gene combinations in the gene pool. Low heterozygosity is a challenge in creating new
recombinants as it shows that most of the tested loci are homozygous. Homozygosity is also a challenge especially when
recessive deleterious alleles occur in the chromosome. Thus, genetic variation may gradually be eroded due to
inbreeding if natural or induced mutations do not occur. The PIC in this study was 0.45 with only 10 markers with PIC
values over 0.50 showing that most of the markers had moderate ability to discriminate the genotypes. The moderate
PIC values are also a reflection of the genetic diversity in the germplasm under investigation. The PIC values are good
indicators of possibilities in finding parental donor alleles in the progeny and can be used to trace parental pedigrees
and marker-trait associations.
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The SSR marker data separated the genotypes into 5 clusters which, concurred with the pedigree information. EL41
was assigned to the same cluster that contained its progeny EL37. Also, genotypes EL19 and EL20 which are sister lines
(full sibs) were grouped together. The results demonstrated that the SSR markers could discriminate the genotypes. The
ability of the SSR markers to detect polymorphisms at molecular level (DNA) justified their effectiveness and power in
differentiating the genotypes (Powell et al., 1996). The genetic relationships that were displayed in this study could
facilitate the selection of parental stock for hybridization purposes in addition to the other breeding lines available in
the program. Selection of the most divergent parents would suggest that unique alleles for the desirable traits could be
exploited. In other studies, SSR markers were used successfully to determine genotypic diversity [33-35]. In soybean,
SSR markers were used for constructing linkage maps and identifying a quantitative trait locus [36]. Genetically distant
and high performing genotypes should be selected as parental lines for genetic recombination to reduce inbreeding
depression and improve genetic gain. Inbreeding depression results in reduced fitness among the offspring. Parents
that have small genetic distances should be avoided because they have low chances of producing transgressive
segregates and the recombinants will be less variable [37]. Ideally, genetically diverse parents will help to accelerate
genetic gains as they are assumed to possess complementary genes. The use of genetic markers is a reliable method to
identify relationships among genotypes to use in breeding programs.

In conclusion, it was evident from this study that there was genetic diversity at the molecular level among the 49
genotypes that were evaluated. The genetic patterns obtained from the study could help the breeders to make better
and reliable choices of distant parents when planning a crossing program to obtain higher genetic variation among
segregates. However, it would be prudent to introduce exotic germplasm in order to further enrich the available
diversity. It is also important to complement the molecular marker analysis with phenotyping to identify genotype
environment interactions. This would also allow an opportunity to identify high performing and adapted genotypes
and establish marker-trait associations for marker assisted selection.
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