



Discerning Genetic Diversity in Soybean (Glycine max L.) Genotypes Using Morphological Descriptors and Molecular Markers
Abstract

Background: Soybean is an important oilseed crop of India with 56% share in total oil production, whose improvement relied on the availability of diverse germplasm.
Aim: In order to find diverse genotypes of soybean for future breeding programs, a diversity study was conducted with 24 soybean genotypes using qualitative, quantitative traits and SSR markers. 

Study of Design: The experiment was laid out at Crop Research Centre, Govind Ballabh Pant University of Agriculture and Technology in randomized block design with three replications during kharif 2017. 

Methodology: The experimental material was planted in five rows per plot, each with a length of four meters spaced at 45 cm. Plant-to-plant distance was maintained at 5-7 cm after thinning.

Result: Among nine qualitative characters, hilum colour categorised genotypes into four groups. The estimated values of the PCV were higher than GCV with a narrow difference for all the characters studied. Harvest index showed the highest PCV (29.37%), GCV (28.07%), and genetic advance as per cent mean (55.30%) while days to maturity (93.44%) showed the highest heritability in a broad sense (h2b). SSR characterization furnish total of 61 alleles, including unique alleles where the highest alleles and PIC values were found in 12 (Satt 281) and 0.922 (Satt 228), respectively. Based on qualitative traits, the UPGMA dendrogram categorised 24 genotypes in four major clusters, where genotypes PS1024 showed the highest diversity with Shilazeet, PK262, PS19 and UPSM534. Dendrogram of quantitative traits showed the maximum D2 distance between genotypes of cluster IV and I. SSR dendrogram produced five clusters where the following genotypes (Alankar and PS23, PK1029 and PS20, PS20 and UPSM534) showed maximum diversity with each other. The clustering pattern did not have congruency at qualitative, quantitative and SSR characterisation levels. Nevertheless, few genotype pairs, i.e. Bragg and UPSM534, PS20 and PK1029, PS20 and UPSM534, PS1347 and UPSM534, shared a distinct clustering group in all three clustering patterns.

Conclusion: The combined morphological and molecular characterisation identified genetically diverse parental lines that can be effectively utilised in soybean breeding programmes aimed at yield improvement and genetic enhancement..
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1. Introduction

Soybean is a rich source of protein (37-42%), oil (17-24%), and carbohydrate (35%) and serves as an important oilseed crop in India with 56% share in total oil production (Ibanda et al., 2018; Kumar et al., 2020). Soybean productivity is hovering around 930 kg per hectare (https://ipad.fas.usda.gov/countrysummary/Default.aspx?id=IN&crop=Soybean, USDA Foreign Agriculture Service 2024), which is lower in comparison to other soybean producing countries across the world (Singh et al., 2020). This may be attributed to the self-pollinating nature, reduced genetic base and less diverse parental lines (Mukuze et al., 2020). Therefore, broadening genetic diversity is imperative for achieving desirable genetic gain. Information on diversity provides insight into the genetic structure and evolutionary relationships that inform the selection of potential parents for the soybean improvement program (Sendege et al., 2015). Genetic diversity can be studied using morphological traits (qualitative and quantitative) and molecular markers (Saharia and Sarma 2022; Shrestha et al., 2023). For quantitative traits, the level of diversity in the soybean population is estimated by calculating the coefficients of variance (phenotypic, genetic, and environmental) and heritability, and genetic advance as a percentage of the mean. D2 statistics are also used to characterise the diversity present in the plant population (Sahu et al. 2024; Saharia and Sarma 2022; Shilpashree et al., 2021). Morphological traits are influenced by environmental factors, leading to less reproducible and biased results (Kumar et al., 2022; Wang et al., 2023).  Unlike morphological markers, DNA markers, particularly simple sequence repeats (SSR), can distinguish two closely related genotypes, less influenced by the environment, highly polymorphic, co-dominant and reproducible (Mirzaei 2021). SSR characterisation of Indian soybean has been found to show significant variation in soybean lines (Wang et el., 2023). An integrated approach using morphological and molecular markers provides a robust framework for more accurate diversity assessment. Despite several studies describing the details of diversity in soybean using either morphological or molecular markers, reports of integrating both morphological and SSR markers with locally adapted genotypes are scarce. Therefore, the present investigation is aimed at assessing diversity in 24 Indian soybean genotypes using qualitative, quantitative and SSR markers. The novelty of the present study lies in the integration of all parameters, viz., morphological variability, genetic divergence (using D2 statistics) and SSR diversity, identifying genetically diverse parents for future soybean improvement programs.
2. Materials and Methods
2.1 Experiment material and field evaluation

The experimental material in the present study comprised 24 genotypes including released variety and advanced breeding line from Pantnagar and germplasm line (UPSM 534) (Table1). The field experiment was conducted during the Kharif season of 2017 at the Norman E. Borlaug Crop Research Centre of G.B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand, India. The experiment was laid out in randomized block design with three replications. 
Table 1: Soyabean cultivar, pedigree and year of release
	S.No
	Entries
	Pedigree
	Year of release
	Kind of release

	1
	Bragg
	(Jackson × D 49-2491)
	1968
	CVRC

	2
	Ankur
	A composite of 22 crosses
	1974
	CVRC

	3
	Alankar
	(D 63-6094 × 61-4249) × BORRCHETT
	1977
	SVRC

	4
	Shilazeet
	Single plant selection from EC
	1979
	CVRC

	5
	PK262
	UPSM 97 × Hardee
	1982
	SVRC

	6
	PK327
	UPSM 82 × Semmes
	1982
	CVRC

	7
	PK416
	UPSM 534 × Ankur
	1985
	CVRC

	8
	PK472
	Hardee × PB-1
	1986
	CVRC

	9
	PK564
	(UPSM 534 × Ankur) × Bragg
	1990
	SVRC

	10
	Pant Soybean1024
	PK 308 × PK 317
	1994
	SVRC

	11
	Pant Soybean 1042
	Bragg × PK 416
	1996
	CVRC

	12
	Pant Soybean 1029
	PK 262 × PK 317
	1997
	CVRC

	13
	Pant Soybean 1092
	PK 327 × PK 416
	1999
	SVRC

	14
	Pant Soybean 1241
	PK 1039 × PK 327
	2003
	SVRC

	15
	Pant Soybean 1347
	PS 1024 ×PK 472
	2006
	CVRC

	16
	Pant Soybean 1225
	PK 515 × PK 327
	2007
	SVRC

	17
	Pant Soybean 19
	PK 416 × PK 695
	2010
	SVRC

	18
	Pant Soybean 20
	PS 1241 × PS 1042
	2015
	SVRC

	19
	Pant Soybean 21
	PS 1029 × PS1241
	2015
	SVRC

	20
	Pant Soybean 22
	PS 1029 × PS1241
	2015
	SVRC

	21
	Pant Soybean 23
	PS 1029 × PS1241
	2015
	SVRC

	22
	Pant Soybean 24
	JS 335 × PS1024
	2017
	CVRC

	23
	Pant Soybean 1556
	(PS1042 × MACS450) × (PS1024 × PS1241)
	
	

	24
	UPSM534 (Taiwan germplasm line)
	PI 171443
	
	

	*CVRC: Central Varietal Release Committee ٭٭SVRC: State Varietal Release Committee


2.2 Morphological Characterisation
The observations were recorded on five randomly selected plants of each genotype from each replication for plant height, number of primary branches per plant, number of pods per plant, number of seeds per pod, hundred seed weight, dry matter weight, harvest index and seed yield. On the whole plot basis, the observations were recorded for days to 50 per cent flowering and days to maturity. Different qualitative characters were studied, namely germination, hypocotyl pigmentation, flower colour, leaf shape, pubescence colour, plant growth type, pod colour, seed coat colour and hilum colour, which were recorded as per DUS guidelines of PPV & FRA 2012 (Distinctiveness, Uniformity, Stability, Government of India) (Ramteke and Murlidharan, 2012). 
2.3 Statistical analysis of quantitative traits

An analysis of variance (ANOVA) was conducted to test for significant differences among genotypes for quantitative traits at the genotypic level. PCV, GCV, ECV, heritability, and genetic advance as per cent mean were estimated using the formula of Burton (1952) and Allard (1960). Mahalanobis D2 statistics were used to assess the divergence among genotypes based on quantitative traits using Tocher’s method (Rao, 1952). The UPGMA statistical software used was PAST version 4.03 (Hammer et al., 2001; Natural History Museum, University of Oslo, Norway).
2.4 SSR characterization

The genomic DNA was isolated from young leaves using the CTAB protocol of Doyle and Doyle (1990) with slight modifications. The concentration and quality of DNA were estimated using the EppendorfTM UV Bio-photometer. Out of 20 SSR primers (Supplementary Table 1) (Song et al., 2004) used for characterisation, only ten showed polymorphism. PCR amplification was performed using standard reaction conditions. The amplified product was resolved on 3% agarose gel. The size of the band was estimated using a 100 bp ladder.
The polymorphic products obtained were scored in binary format, i.e. for presence (1) and absence (0) for each marker allele-genotype combination. Using the SAHN program Jaccard’s coefficient data in NTSys program (version 2.11s 2000) were used to develop a UPGMA dendrogram. The polymorphism information content (PIC) for each marker was calculated using the formula of Botstein et al (1980).

3. Result ad Discussion
3.1 Morphological Characterisation of Genotypes

 
Based on the frequency distribution of qualitative characters, all the 24 genotypes were categorised into various groups where a maximum of four groups were observed in case of hilum colour (Figure 1, Supplementary Table 2). ANOVA based on ten quantitative characters revealed that the mean squares among the genotypes were highly significant for all characters at 5% (p≤0.05) level of significance (Table 2). 
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Figure 1: Bar graphs showing frequency distribution of genotypes across different qualitative traits

Table 2: Analysis of variance foe seed yield and other characters in soybean

	Source of variation
	Degree of freedom
	Days to 50% flowering
	Days to maturity
	Plant height (cm)
	No. of pods per plant
	No. of primary branches
	No. of seed per pod
	100- seed weight (g)
	Dry matter weight per plant (g)
	Seed yield per plant (g)
	Harvest index (%)

	Replication
	2
	0.89
	2.42
	2.80
	18.54
	0.38
	0.87
	0.83
	0.12
	0.51
	5.78

	Treatment
	23
	14.17٭٭
	109.56٭٭
	63.22٭٭
	261.75٭٭
	1.85٭٭
	0.19٭
	1.62٭٭
	410.23٭٭
	16.91٭٭
	158.30٭٭

	Error
	46
	1.16
	2.50
	4.19
	12.62
	0.11
	0.11
	0.32
	13.63
	0.57
	4.82

	cm: centimeter, g:gram, %:percentage; * P=0.05, **P=0.01


The Days to maturity exhibited the highest range from 101.50±0.91 to 123.00±0.91 days with a general mean (GM) of 116.88±0.91. The coefficient of variation (PCV and GCV), broad-sense heritability (%), genetic advance, and genetic advance as a percentage of the mean are given in Table 3. The estimated values of the PCV were higher than the GCV with a narrow difference for all the characters studied. This implies that characters are slightly influenced by the environment with predominance of genetic factors. The environment coefficient of variation (ECV) is lower than GCV and PCV. Harvest index showed the highest PCV (29.37%) and GCV (28.07%). The highest heritability in a broad sense (h2b) was obtained for days to maturity (93.44%), the lowest for number of seeds per pod (21.88%). This indicates that there is a higher chance of transmission of quantitative characters to the next progeny. The genetic advance varied from 0.052 to 22.55. When genetic advance was computed as a percentage of the mean at 5% and at 1%, the harvest index exhibited the highest value (55.30% at 5% and 70.86% at 1%) while a number of seeds per pod represented the lowest value (2.27% at 5% and 2.91% at 1%). The current investigation showed that dry matter weight per plant, number of pods per plant and harvest index exhibited high genetic advance and heritability. 
Table 3:
General Mean (GM), Range, Standard Error mean (SEM), Variability parameters, Heritability and Genetic advance in soybean

	

	Character 
	GM
	Range
	SEM (±)
	PCV (%)
	GCV (%)
	ECV (%)
	h2b

(%)
	GA(E)
	GA(E) as % of mean

	Days to 50% flowering
	52.99
	47.80 - 56.36
	0.622
	4.42
	3.92
	2.03
	78.83
	3.80
	7.19

	Days to maturity
	116.88
	101.50 – 123.00
	0.913
	5.28
	5.11
	1.35
	93.44
	11.89
	10.18

	Plant height (cm)
	52.91
	42.43 - 61.73
	1.182
	9.23
	8.38
	3.87
	82.43
	8.29
	15.68

	No. of pods per plant
	95.63
	73.63 - 108.00
	2.050
	10.22
	9.52
	3.71
	86.81
	17.49
	18.29

	No. of primary branches
	5.118
	3.76 - 6.76
	0.195
	16.19
	15.28
	5.35
	89.06
	1.51
	27.99

	No. of seeds per pod
	2.32
	2.13 - 2.48
	0.596
	5.03
	2.35
	4.44
	21.88
	0.052
	2.27

	100- seed weight (g)
	9.822
	8.83 - 11.60
	0.327
	8.84
	6.70
	5.76
	57.45
	1.02
	10.47

	Dry matter weight per plant (g)
	55.93
	37.60 - 78.93
	2.131
	21.58
	20.55
	6.60
	90.64
	22.55
	40.32

	Seed yield per plant (g)
	11.32
	7.86 - 15.86
	0.437
	21.67
	20.61
	6.69
	90.44
	4.57
	40.38

	Harvest index (%)
	25.47
	8.30 - 41.23
	1.267
	29.37
	28.07
	8.62
	91.38
	14.08
	55.30

	PCV= Phenotypic coefficient of variation, GCV= genotypic coefficient of variation, ECV= Environmental coefficient of variation, h2b = Heritability in the broad sense, GA(E) = Genotypic advance(expected) and GA(E) (%) Genetic advance in % of mean.


The above findings are in agreement with the several past reports (Dhaka et al., 2020; Saharia and Sarma 2022; Shrestha et al., 2023). They categorized soybean genotypes based on qualitative tratis viz., hilum colour, pubescent density and pubescent colour. The slightly higher PCV than GCV was found and  indicating that the environmental factor has less effect on the expression of traits. ECV is lower than PCV and GCV, which implies that environmental factors have the least interference on the expression of these traits and are predominantly governed by genetic factors. ECV is higher than GCV for the number of seeds per pod, which is also reported by Kumar et al. (2024), describing that the number of seeds per pod is governed by several microclimatic factors, resulting in higher ECV than GCV. In addition to this, these reports also mentioned high heritability, high genetic advance as per cent mean for harvest index, dry matter weight and seed yield indicating that these traits are governed by additive gene action and can be improved via direct selection. On the contrary, the traits like plant height, number of primary branches, 100-seed weight, number of seeds per pod, days to 50% flowering, days to maturity and seed yield exhibited comparatively lower genetic advance and moderate heritability indicating limited additive gene action or presence of non-additive gene effects. These traits can be improved via indirect selection.
3.2 Cluster based on qualitative and quantitative traits
UPGMA dendrograms were prepared using Euclidean distance based on for qualitative characters (Supplementary Table 2), dividing 24 genotypes at 2.75 Euclidean distance into four major clusters (Figure 2). Cluster III consists of a maximum of eleven, while cluster IV two genotypes (Figure 2). The maximum Euclidean distance of 4.36 was shown by genotypes PS1024 with Shilazeet, PK262, PS19 and UPSM534 indicating that these genotypes were highly diverse. Three genotypes, namely PS20, PS21 and PS22 showed zero Euclidean distance with PK564 and PS PS1241, indicating that these genotypes least diverse.
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Figure 2: Dendrogram showing distribution of Soybean genotypes based on qualitative traits

Based on Mahalanobis D2 quantitative traits, all the twenty- four genotypes were grouped into five clusters (Figure 3). Cluster I is the largest cluster, comprising ten genotypes, while cluster IV consists of only one genotype.  The inter-cluster mean D2 value was highest (322.75) between clusters I and IV which suggests that genotypes of these clusters possess the highest genetic divergence. Further, these genotypes can be exploited as potential parents for a breeding program intended to achieve high heterosis and broader variability. In contrast, the minimum was found between cluster I and III (157.10), indicating the highest genetic similarity among genotypes of these clusters (Figure 4). This clustering pattern revealed significant variability for yield and yield contributing traits. Saharia and Sarma (2022) also categorized genotypes based on qualitative and quantitative traits into different clusters using Euclidean distance and D2 statistics and support the above-mentioned results. It implies that genotypes in various distinct clusters possess unique trait combinations. Genotypes belonging to widely separated clusters can be utilized for generating heterosis and broad genetic base in segregating population.
Clustering based on morphological traits provides preliminary idea of morphological distinction among genotypyes. However, these traits are highly influenced by environmental factors and do not reflect actual genomic diversity.
[image: image9.png]-

A —
5 o
2 e — 11

iR





Figure 3: Dendrogram showing clustering pattern of genotypes by Tocher method based on quantitative traits.
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Fig. 4: Mahalanobis D2 distance of genotypes comprising inter and intra-cluster

3.3 SSR Characterization
Ten markers out of twenty found to be polymorphic (Table 4). The number of bands generated by ten markers for all the twenty-four genotypes was 61, which gives an average of 6.1 alleles per marker. A maximum number of alleles were identified with Satt 281 (12) (Supplementary Figure 1) while minimum with Satt 228 (3). Amplified alleles varied in size from 140 to 190 bp. Unique alleles were amplified by SSR markers like Sat 184, Sat 187, Satt 200, Satt 267, Satt 268, Satt 281 and Satt 586 in different genotypes (Table 5). The PIC values ranged from 0.922 (Satt 228) to 0.974 (Satt 281) with mean values of 0.948. 

Table 4: Summary of Molecular profile generated by SSR markers
	S.No.
	Polymorphic marker
	Reference
	Number of amplified alleles
	Allele frequency
	Band size (bp)
	Polymorphic band
	Monomorphic band
	PIC value

	1
	Satt 184
	Ha Bo-Keun et al, 2007
	6
	0.173
	140-180
	6
	0
	0.964

	2
	​Satt 187
	Liu et al., 2016
	8
	0.140
	200-280
	8
	0
	0.969

	3
	Satt 200
	Su et al., 2019
	6
	0.138
	220-270
	6
	0
	0.972

	4
	Satt 228
	Kopisch-Obuch et al., 2008
	3
	0.277
	230-250
	3
	0
	0.922

	5
	Satt 267
	Xin et al., 2008
	6
	0.138
	200-250
	6
	0
	0.973

	6
	Satt 268
	Lee et al., 2013
	5
	0.158
	200-250
	5
	0
	0.971

	7
	Satt 281
	Singh et al., 2008
	12
	0.118
	180-400
	12
	0
	0.974

	8
	Satt 300
	Rodrigues et al., 2016
	4
	0.239
	220-250
	4
	0
	0.935

	9
	Satt 508
	Yang et al., 2017
	5
	0.200
	250-290
	5
	0
	0.939

	10
	Satt 586
	Neupane et al., 2019
	6
	0.167
	150-200
	6
	0
	0.954


Table 5: Unique alleles generated by SSR markers
	Polymorphic marker
	Unique alleles
	Allele size (bp)
	Genotype

	1. Satt 184
	1
	145
	PS24

	​2. Satt 187
	1
	200
	PS1556

	
	1
	230
	Shilazeet

	3. Satt 200
	1
	220
	PK416

	
	1
	270
	UPSM534

	5. Satt 267
	1
	200
	UPSM534

	
	1
	210
	PS1556

	6. Satt 268
	1
	220
	Shilazeet

	7. Satt 281
	1
	180
	PS1092

	
	1
	190
	Bragg

	
	1
	220
	PS1241

	
	1
	280
	PS1556

	
	1
	320
	Bragg

	
	1
	350
	Alankar

	10. Satt 586
	1
	150
	PK1029

	
	1
	160
	UPSM534

	
	1
	200
	Shilazeet


3.4 Genotype clustering based on molecular data
The UPGMA cluster tree based on Jaccard’s similarity co-efficient, divided 24 genotypes into primarily five clusters (Figure 5) indicating broad range of molecular diversity. A minimum Jaccard similarity coefficient of 0.28 was found between following genotypes (Alankar and PS23, PK1029 and PS20, PS20 and UPSM534), revealing that these genotypes are highly diverse. The Mantel’s test having a co-phenetic correlation coefficient value of (r) 0.839 indicate a good fit of genotypes in dendrogram clusters. The UPGMA clustering was further corroborated with PCA results showing consistency in grouping of genotypes. 
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Figure 5: Dendrogram showing the clustering pattern of twenty-four genotypes of soybean on the basis of SSR marker results 
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Figure 6: PCA diagram showing the clustering pattern of twenty-four genotypes of soybean based on SSR marker results

Kumar et al. (2022) reported that out of 35 SSR markers, only 14 were polymorphic with an average no. of 2.43 alleles per primer and an average PIC value of 0.331. They classified 29 genotypes into two major cluster which were further categorised into four subclusters. Similar findings were reported by Rani et al. (2023), Wang et al. (2023), and Sahu et al. (2024). Both Kumar et al (2022) and Rani et al. (2023) reported unique alleles and confirmed their UPGMA cluster with PCA groups. These findings support the present findings which indicate a high value of polymorphism present in the population. The unique alleles can be assumed to be generated through natural mutation which can further be used for the categorisation of soybean genotypes. 

Above clustering patterns of genotypes based on qualitative, quantitative and molecular data revealed that they are least congruence with each other. This may be attributed to the varied expression of genetic factors, environmental factor and the environment-neutral SSR markers. Additive gene action governs both qualitative and quantitative traits and is affected by selection pressure, whereas SSR markers assess neutral genomic regions. Nevertheless, few genotypes pair i.e. Bragg and UPSM534, PS20 and PK1029, PS20 and UPSM534, PS1347 and UPSM534, shared a distinct clustering group with a significant amount of diversity in all the above three clustering pattern indicating genuine genetic divergence. These genotypes could serve as a potential parent for future soybean breeding programs. The qualitative and quantitative traits are governed by different gene systems, resulting in poor correlation between the categorisation pattern of genotypes in morphological and SSR clusters (Saharia and Sarma 2022; Sahu et al., 2024). Saharia and Sarma (2022) also found gentoypes which share different clusters with a significant amount of diversity in qualitative, quantitative and molecular cluster which justifies our findings as we also found such genotypes.

The present study is primarily aimed at assessing diversity study of genotypes rather than yield stability and genotype×environment interaction. Through qualitative, quantitative traits and SSR markers diversity parameters were sufficiently addressed.

4. Conclusion

The present investigation revealed the existence of adequate genetic diversity among twenty four genotypes through qualitative and quantitative traits and SSR markers. The highest variability, heritability and genetic advance were observed for harvest index, seed yield per plant and pod per plant. These traits have additive gene action, which in turn can be improved through direct selection. Distinct clustering patterns identified by divergence analysis suggest possible exploitation of genotypes for heterosis through a hybridisation program. SSR characterisation revealed high polymorphism along with unique alleles, confirming sufficient molecular diversity among genotypes. The divergent genotypes consistently displayed high divergence across all three analytical methods, indicating true genetic differentiation. Hence, the integrated approach of morphological and molecular markers has furnished a robust and reliable assessment of genetic diversity. The identified diverse genotypes can be potential parents for soybean improvement.
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Supplementary Table 1: List of SSR primers used in SSR characterization of Soybean
	S.No.
	Primer
	Ends
	Sequence
	Tm[image: image14.png]




	1.
	Sat_183 Forward
	Left end
	GCGTCCAGCCTGACCATTTTA
	59.8

	
	Sat_183 Reverse
	Right end
	GCGTTCCAATGTCTGATTATTT
	54.7

	2.
	Satt184 Forward
	Left end
	GCGCTATGTAGATTATCCAAATTACGC
	61.9

	
	Satt184 Reverse
	Right end
	GCCACTTACTGTTACTCAT
	52.4

	3.
	Satt177 Forward
	Left end
	CGTTTCATTCCCATGCCAATA
	55.9

	
	Satt177 Reverse
	Right end
	CCCGCACTTTTTCAACCAC
	56.7

	4.
	Satt187 Forward
	Left end
	GCGTTTTAATTTATGATATAACCAA
	53.1

	
	Satt187 Reverse
	Right end
	GCGTTTTATCTCTTTTTCCACAAC
	57.6

	5.
	Satt 200  Forward
	Left end
	GCGATAAATGGTTAATGTAGATAA
	54.2

	
	Satt 200 Reverse
	Right end
	GCGAAAGGACAGATAGAAAGAGA
	58.9

	6.
	Satt244 Forward
	Left end
	GCGCCCCATATGTTTAAATTATATGGAG
	62.2

	
	Satt244 Reverse
	Right end
	GCGATGGGGATATTTTCTTTATTATCAG
	60.7

	7.
	Satt 228 Forward
	Left end
	TCATAACGTAAGAGATGGTAAAACT
	56.4

	
	Satt 228 Reverse
	Right end
	CATTATAAGAAAACGTGCTAAAGAG
	56.4

	8.
	Satt264 Forward
	Left end
	CCTTTTGACAATTATGGCATATA
	53.5

	
	Satt264 Reverse
	Right end
	GCATAGAAGGGCATCATTCGAT
	58.4

	9.
	Satt267 Forward
	Left end
	CCGGTCTGACCTATTCTCAT
	57.3

	
	Satt 267 Reverse
	Right end
	CACGGCGTATTTTTATTTTG
	51.2

	10.
	Satt 268 Forward
	Left hand
	TCAGGGGTGGACCTATATAAAATA
	57.6

	
	Satt 268 Reverse
	Right hand
	CAGTGGTGGCAGATGTAGAA
	57.3

	11.
	Satt 285 Forward
	Left end
	GCGACATATTGCATTAAAAACATACTT
	57.4

	
	Satt 285 Reverse
	Right end
	GCGGACTAATTCTATTTTACACCAACAAC
	62.4

	12.
	Satt 288 Forward
	Left end
	GCGGGGTGATTTAGTGTTTGACACCT
	64.8

	
	Satt 288 Reverse
	Right end
	GCGCTTATAATTAAGAGCAAAAGAAG
	58.5

	13.
	Satt 281 Forward
	Left end
	CCGGTCTGACCTATTCTCAT
	57.3

	
	Satt 281 Reverse
	Right end
	CACGGCGTATTTTTATTTTG
	51.2

	14.
	Satt 300 Forward
	Left end
	GCGCCCACACAACCTTTAATCTT
	60.6

	
	Satt 300 Reverse
	Right end
	GCGGCGACTGTTAACGTGTC
	61.4

	15.
	Satt 294 Forward
	Left end
	GCGGGTCAAATGCAAATTATTTTT
	55.9

	
	Satt 294 Reverse
	Right end
	GCGCTCAGTGTGAAAGTTGTTTCTAT
	61.7

	16.
	Satt 326 Forward
	Left end
	AGATTCTCCTTTGCTTCTTAGT
	54.7

	
	Satt 326 Reverse
	Right end
	GTTAGTTCACCTTCCAGTATTTGA
	57.6

	17.
	Satt 308 Forward
	Left end
	GCGTTAAGGTTGGCAGGGTGGAAGTG
	68.0

	
	Satt 308 Reverse
	Right end
	GCGCAGCTTTATACAAAAATCAACAA
	58.5

	18.
	Satt 373 Forward
	Left end
	TCCGCGAGATAAATTCGTAAAAT
	55.3

	
	Satt 373 Reverse
	Right end
	GGCCAGATACCCAAGTTGTACTTGT
	63.0

	19.
	Satt 508 Forward
	Left hand
	GCGGCCTCCTCAAAATAATAATAAT
	58.1

	
	Satt 508 Reverse
	Right hand
	GCGGTTAGGAATAGAAGATAGTTACATT
	60.7

	20.
	Satt 586 Forward
	Left end
	GCGGCCTCCAAACTCCAAGTAT
	62.1

	
	Satt 586 Reverse
	Right end
	GCGCCCAAATGATTAATCACTCA
	58.9


Supplementary Table 2: Distinguishing morphological characters in different genotypes
	Sl. No.
	Genotypes
	Germination
	Hypocotyl pigmentation
	Flower colour
	Pubescence colour
	Leaf shape
	Plant Growth type
	Pod colour
	Seed coat colour
	Hilum colour

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	Bragg
	Fair 
	White 
	White 
	Tawny 
	Broad 
	Determinate 
	Tawny 
	Creamish yellow
	Black 

	2
	Ankur
	Good 
	White 
	White 
	Tawny 
	Broad 
	Determinate 
	Tawny 
	Creamish yellow
	Yellowish brown

	3
	Alankar
	Good
	White 
	White 
	Tawny 
	Broad 
	Determinate 
	Tawny 
	Creamish yellow
	Light brown 

	4
	Shilazeet
	Good
	Purple 
	Purple 
	Tawny 
	Broad 
	Determinate 
	Tawny 
	Yellow 
	Brown 

	5
	PK 262
	Good
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey 
	Yellow 
	Brown 

	6
	PK 327
	Fair
	Purple 
	Purple 
	Grey 
	Broad 
	Determinate 
	Grey 
	Creamish yellow 
	Light brown 

	7
	PK 416
	Good
	White 
	White 
	Tawny 
	Ovate-Lanceolate
	Semi determinate
	Tawny 
	Creamish yellow
	Brown 

	8
	PK 472
	Fair
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey 
	Creamish yellow 
	Yellowish brown 

	9
	PK 564
	Fair
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey  
	Yellow 
	Black 

	10
	PS 1024
	Poor
	White 
	White 
	Tawny   
	Lanceolate  
	Determinate  
	Tawny 
	Yellow 
	Black 

	11
	PS 1042
	Fair
	White 
	White 
	Tawny 
	Broad 
	Determinate 
	Tawny 
	Yellow 
	Brown 

	12
	PK 1029
	Good
	White 
	White 
	Tawny 
	Broad 
	Determinate 
	Tawny 
	Yellow 
	Black 

	13
	PS 1241
	 Fair
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey 
	Yellow 
	Black 

	14
	PS 1092
	Fair
	Purple 
	Purple 
	Tawny 
	Broad 
	Determinate 
	Tawny 
	Creamish yellow 
	Black 

	15
	PS 1347
	Good
	White 
	White 
	Tawny 
	Lanceolate
	Determinate 
	Tawny 
	Creamish yellow 
	Yellowish brown 

	16
	PS 1225
	Good
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey 
	Creamish yellow 
	Yellowish brown

	17
	PS 19
	Good
	White 
	White 
	Tawny 
	Broad 
	Semi-determinate  
	Tawny 
	Creamish yellow
	Brown 

	18
	PS 20
	Fair
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey 
	Yellow 
	Black 

	19
	PS 21
	Fair
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey 
	Yellow 
	Black 

	20
	PS 22
	Fair
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey 
	Yellow 
	Black 

	21
	PS 23
	Good
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey 
	Yellow 
	Black 

	22
	PS 24
	Good
	Purple 
	Purple 
	Tawny 
	Broad 
	Determinate 
	Tawny 
	Creamish yellow 
	Light brown

	23
	PS 1556
	Good
	White 
	White 
	Tawny 
	Lanceolate 
	Determinate 
	Tawny 
	Creamish yellow 
	Brown 

	24
	UPSM 534
	Poor 
	White 
	White 
	Grey 
	Broad 
	Determinate 
	Grey 
	Chocolate with black rings 
	Brown 
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Supplementary Figure 1: Gel picture showing Polymorphism in different 24 genotypes of soybean by using primer Satt 281


