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Abstract Sixteen polymorphic Simple sequence repeat
(SSR) markers were used to determine the genetic diversity
and varietal identification among 38 soybean (Glycine max
(L.) Merr.) genotypes which are at present under seed multi-
plication chain in India. A total of 51 alleles with an average of
2.22 alleles per locus were detected. The polymorphic infor-
mation content (PIC) among genotypes varied from 0.049
(Sat_243 and Satt337) to 0.526 (Satt431) with an average of
0.199. The pair wise genetic similarity between soybean va-
rieties varied from 0.56 to 0.97 with an average of 0.761.
These 16 SSR markers successfully distinguished 12 of the 38
soybean genotypes. These results suggest that used SSR
markers are efficient for measuring genetic diversity and
relatedness as well as identifying varieties of soybeans.
Diverse genetic materials may be used for genetic improve-
ments of soybean genotypes.

Keywords Genetic diversity - Molecular markers - Soybean -
Varietal identification

Abbreviations
SSR Simple sequence repeat
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RAPD Random amplified polymorphic DNA
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Introduction

The genetic diversity is of great significance for planning an
efficient breeding programme for the improvement in any
crop (Chandra et al. 2013). Soybean (Glycine max (L.) Merr.)
is one of the world’s most important economic legume crops.
Thousands of breeding lines and number of varieties are devel-
oped yearly through soybean hybridization programmes
all over the world. At present, the number of extant variety in
India is >100. Intensive breeding is engaged with increased
genetic uniformity in the frame of species. Generations of new
and improved cultivars can be enhanced by new sources of
genetic variation; therefore criteria for parental stock selection
need to be considered not only by agronomic value, but also for
genetic dissimilarity. Therefore, evaluation of genetic variation
is a very important task not only for population genetics but also
for plant breeders. To protect a variety under Protection of Plant
Variety and Farmers Right Act 2001, the candidate variety
should have distinctiveness from other varieties, uniformity in
expression of distinguishing traits among the plants in the
population and stability in expression of distinguishing traits
over the location and year.

Evaluation of genetic divergence and relatedness among
breeding materials has significant implications for the im-
provement of crop plants. Knowledge on genetic diversity in
soybean could help breeders and geneticists to understand the
structure of germplasm, predict which combinations would
produce the best offspring and facilitate to widen the genetic
basis of breeding material for selection. In India, soybean is
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known for a low level of genetic diversity base in morpholog-
ical expression of distinguishing traits due to narrow genetic
base. It makes examination of distinctiveness difficult.
Among various markers available for genetic analysis in
plants, molecular markers are more efficient, precise and
reliable in discriminating closely related species and cultivars.
Simple sequence repeats (microsatellites) are sequences of
short tandem repeats distributed over the genomes. The
hyper-variable number of repeat sequences makes them an
excellent tool for genotype differentiation, pedigree analysis,
evaluation of genetic distances among organisms and identi-
fication of particular genotype etc. In particular, SSRs have
been used successfully in identification of genetic diversity
and relationships among soybean genotypes in different pop-
ulations (Guan et al. 2010; Wang et al. 2010).

The present investigation was carried out with an objective
to study the diversity level among the genotypes.
Identification of marker for particular genotype was another
thrust area of the present study. Genetic distances will further
help in identifying genetically diverse genotypes, which then
can be utilized in creating valuable selectable variation.

Materials and methods

The plant material comprises of soybean varieties in active
seed multiplication chain along with all the varieties devel-
oped and released by JNKVYV, Jabalpur. The seeds were
obtained from the institutes developed the variety (Table 1).

DNA isolation

Genomic DNA was isolated from bulk young leaves of 10
plants from each genotype following the Cetyl Trimethyl
Ammonium Bromide (CTAB) method of Saghai-Maroof
et al. (1984). DNA was quantified by comparing the intensity
of ethidium bromide-stained DNA bands on 0.8 % agarose
gels. Final concentration was adjusted to 50 ng I ™" for further
uses in PCR analysis.

Simple sequence repeats (SSR) analysis

A total of 50 SSRs primer pairs, distributed across the
integrated linkage map of soybean (Cregan et al. 1999)
were used and synthesized by Integrated DNA
Technologies. Most of the SSR markers that are included
had an (ATT)n motif due to their abundance and poly-
morphic nature in soybeans and their easily interpretable
allele patterns (Narvel et al. 2000). DNA was amplified by
PCR using our previously standardized method (Sahu
et al. 2012) in a total volume of 10 pul containing 25 ng
template DNA, 1x buffer (75 mM Tris.HC1 (pH 9.0),
50 mM KCI, 20 mM (NH4)2S04), 2 mM MgCI2,
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Table 1  Soybean genotypes and their pedigree used in the study

S.No. Varieties Parentage

1. Bragg Jackson x D49-2491

2. Harasoya (Ankur x Himso 330) x Bragg

3. JS2 EC 14437 x Bragg

4. JS 20-29 JS 97-52 x JS 95-56

5. JS 20-34 JS 98-63 x PK 768

6. JS71-5 Selection from Lee type Exotic
Material

7. JS 72-280 EC 14437 x Bragg

8. JS 72-44 D 60-9647 x EC 7034

9. JS 75-46 Improved Pelicon X Semmens

10. JS 76-205 Bragg x Kalitur

11. JS 335 JS 78-77 x IS 71-05

12. JS 80-21 JS 75-1 x PK 73-94

13. JS 90-41 PS 73-7 x Hark

14. JS 93-05 Secondary selection from PS 73-22

15. JS 95-60 Secondary selection from PS 73-22

16. JS 97-52 PK 327 x L 129

17. MACS 450
18. MAUS 158
19. MAUS 61
20. MAUS 71

Bragg x MACS 111
Pb—-1xDS - 87-14
JS 71-1 x PK 7394
JS 71-05 x JS 87-38

21. MAUS 81 KB 74 x JS 335

22. NRC 2 Mutant of Bragg

23. NRC 7 Selection from S-69-96
24. NRC37 JS 72-44 x Punjab 1

PUSA 16 x JS 335
MALS-450 x Monetta
D-69-3881

25. Pratap Soya 1 (RAUS 5)
26. Pratap Soya 2 (RKS 18)
27. PS 73-22

28. PS 1042 (Pant Soya) Bragg x PS 416

29. PS 1092 PK 327 x PK 416

30. PS 1225 (PK 1225) PK 515 x PK 327

31. PS 1241 PK 1039 x PK 327

32. PS 1347 PK 472 x PK 1024

33. PUSA 9712 (DS 9712) -

34. PUSA 9814 (DS 9814)  Bragg x DS 93-MN-39
35. Shivalik Selection from PK 7355
36. SL 525 PK 416 x PK 1023

37. TAMS38 Monett x PK 472

38. VLS 47 Selection from KHSF —3-1-1

200 uM of each ANTP, 5 pmol SSR primers, and 1 unit
DNA polymerase (Fermentas). PCR reactions were car-
ried out in an ESCO thermocycler. Cycling parameters
were initial denaturation step at 94 °C for 5 min, followed
by 94 °C, 30 s, 52-58 °C, 30 s and 72 °C, 30 s. This cycle
was repeated 35 times, followed by 5 min final extension
at 72 °C. The amplified products were separated on 3.5 %
agarose gels and detected by ethidium bromide staining.
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Allele sizes were estimated in comparison with 100 bp
DNA ladder (Fermentas).

Data scoring

The PCR products from SSR were analyzed by scoring qual-
itatively for presence or absence. A genetic similarity between
the cultivars was measured by the similarity coefficient. In
case of SSRs, Polymorphism Information Content (PIC) was
calculated according to Anderson et al. (1993) using the
following equation: PIC;=1—-} P2 Where, i = the i allele
of the j™ marker, n = the number of alleles at the j™ marker and
p = allele frequency.

Results and discussion

The assessment of genetic diversity is not only important for
crop improvement efforts but also for the efficient manage-
ment and protection of available genetic variability. Molecular
profiling has been the preferred choice of breeding as these are
more reliable & authentic and less influenced by environmen-
tal fluctuations (Vinu et al. 2013). The molecular marker in the

other hand can be utilized for identification of marker for
specific trait. Such diversity studies are helpful in categorizing
the population into diverse group and that will help in devel-
opment of gene pool.

A total of 50 SSR primer pairs, distributed on 10 of 20
linkage groups of soybean (Cregan et al. 1999), were used to
amplify specific SSR loci from bulked DNA of each soybean
genotype. Among these SSR primers, only 23 markers lacated
on 9 linkage groups were amplified scorable loci. Sixteen
primer pairs produced clear single-locus polymorphic bands
for the analysis (Table 2) and remaining seven were
Monomorphic. The high percentage of polymorphic SSR loci
(78.4 %) detected in this study was consistent with previous
studies (Maughan et al. 1995; Rongwen et al. 1995; Diwan
and Cregan 1997; Narvel et al. 2000; Kumar et al. 2009; Singh
et al. 2010). A total of 51 alleles from 23 SSR markers were
detected across all 38 genotypes. The number of alleles per
primer pair (locus) ranged from 1 for all monomorphic
markers (Satt183, Satt229, Satt269, Satt294, Satt326,
Satt399 and Sct_187) to 5 for Satt 373 and Satt 431 with an
average of 2.21 (Table 3).

Unique alleles specific for PS 1241, JS90-41, JS93-05,
MACS450, JS72-280, JS75-46, Harasoya, NRC2, JS97-52,
JS76-205, JS20-34 and Bragg were observed in this study and

Table 2  SSR markers with their sequences selected for the study (http://www.soybase.org)

Sr. Primer Forward sequence (5'-3") Reverse sequence (5'-3") Linkage group
1 Sat_183 GCGTCCAGCCTGACCATTTTA GCGTTCCAATGTCTGATTATTT Di1b
2 Sat_243 GCGATGTCGAATGATTATTAATCAAAATC GCGGCAACCGCTTAAAAATAATTTAAGAT K
3 Sat_366 GCGGCACAAGAACAGAGGAAACTATT GCGGACATGGTACATCTATATTACGAGTATT J

4 Satt177 CGTTTCATTCCCATGCCA ATA CCCGCATCTTTTTCAACCAC A2
5 Satt229 TGGCAGCACACCTGCTAAGGGAATAAA GCGAGGTGGTCTAAAATTATTACCTAT L
6 Satt244 GCGCCCCATATGTTTAAATTATATGGAG GCGATGGGGATATTTTCTTTATTATCAG J

7 Satt245 AACGGGAGTAGGACATTTTATT GCGCCTCCTGAATTTCAAAGAATGAAGA M
8 Satt264 CCTTTTGACAATTATGGCATATA GCATAGAAGGGCATCATTCAGAT K
9 Satt269 GCGTGCCAGGTAGAAAAATATTAG GCGGTTTTTCACTTTTCAAAATTC K
10 Satt285 GCGACATATTGCATTAAAAACATACTT GCGGACTAATTCTATTTTACACCAACAAC J
11 Satt288 GCGGGGTGATTTAGTGTTTGACACCT GCGCTTATAATTAAGAGCAAAAGAAG G
12 Satt294 GCGGGTCAAATGCAAATTATTTTT GCGCTCAGTGTGAAAGTTGTTTCTAT Cl
13 Satt308 GCGTTAAGGTTGGCAGGGTGGAAGTG GCGCAGCTTTATACAAAAATCAACAA M
14 Satt326 AGATTCTCCTTTGCTTCTTAGT GTTAGTTCACCTTCCAGTATTTGA K
15 Satt337 GCGTAAATCTGATATATGTTACCACTGA GCGTAATACGCAAAACATAATTAGCCTA K
16 Satt373 TCCGCGAGATAAATTCGTAAAAT GGCCAGATACCCAAGTTGTACTTGT L
17 Satt399 AAGCCAACCTTATAATTCTTTCAT ATATGGGCTTACTTACCCATCATAGA Cl
18 Satt406 GCGTGAGCATTTTTGTTT TGACGGGTTTAATAGCAT J
19 Satt414 GCGTATTCCTAGTCACATGCTATTTCA GCGTCATAATAATGCCTAGAACATAAA J
20 Satt431 GCGTGGCACCCTTGATAAATAA GCGCACGAAAGTTTTTCTGTAACA J
21 Satt440 TGAGAACGTTTGAAAAGAGAT GAAGAGATTAAGCATAAAGAATACTT I
22 Satt562 GCGGATTCACTAGGATGTTTAT GCGGCGGCAGCTTAAATGGATTGA I
23 Sct_187 CATGCTCCCATTCTCT AACATTGGCTTTTTACTTAG G
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Table 3 Major allele frequency,

genetic diversity, heterozygosity Marker Major allele frequency Genetic diversity Hetero-zygosity PIC

and PIC value of the amplified

SSR markers in soybean Sat 243 0.9737 0.0512 0.0000 0.0499
Sat_366 0.8947 0.1939 0.0000 0.1850
Satt177 0.6053 0.4778 0.0000 0.3637
Satt183 1.0000 0.0000 0.0000 0.0000
Satt229 1.0000 0.0000 0.0000 0.0000
Satt244 0.7632 0.3615 0.0000 0.2962
Satt245 0.5789 0.4875 0.0000 0.3687
Satt264 0.6842 0.4972 0.0000 0.4641
Satt269 1.0000 0.0000 0.0000 0.0000
Satt285 0.9474 0.0997 0.0000 0.0948
Satt288 0.4474 0.6053 0.0000 0.5212
Satt294 1.0000 0.0000 0.0000 0.0000
Satt308 0.9211 0.1454 0.0000 0.1349
Satt326 1.0000 0.0000 0.0000 0.0000
Satt337 0.9737 0.0512 0.0000 0.0499
Satt373 0.5395 0.5717 0.0789 0.4890
Satt399 1.0000 0.0000 0.0000 0.0000
Satt406 0.6316 0.4654 0.7368 0.3571
Satt414 0.9474 0.0977 0.0000 0.0948
Satt431 0.5526 0.5931 0.2368 0.5263
Satt440 0.5526 0.5821 0.0263 0.5055
Satt562 0.9474 0.0997 0.0000 0.0948
Sct_187 1.0000 0.0000 0.0000 0.0000
Mean 0.8244 0.2339 0.0469 0.1998

may be useful for DNA fingerprinting. Presence of unique
band helped in the identification of specific genotype. Such
markers are highly reliable in the establishment of genetic
relatedness among the genotypes. Similar results were reported
by Jain et al. (1994), Srivastava et al. (2001), and Vinu et al.
(2013) in different crop species. PIC value is a measure of the
allelic differentiation. The highest PIC value was observed for
the marker Satt431 (0.5263) and the lowest (0.0499) for the
markers Sat 243 and Satt337 with the average PIC value of
0.1998 (Table 3). Eight SSR markers (Satt177, Satt245,
Satt264, Satt288, Satt373, Satt406, Satt431 and Satt440) had
PIC value greater than 0.3 and hence were the most informative
for distinguishing among the soybean genotypes. These
markers occurred on 7 separate LGs, indicating that
molecular polymorphism was spread across different regions
of the genome. The SSR diversity detected among soybean
genotypes in this study was moderate compared to that from
most previous reports. Diwan and Cregan (1997) detected an
average of 10.10 alleles per locus and an average marker
diversity of 0.80 when 20 SSR markers were used to
distinguish the 35 North American soybean genotypes.
Narvel et al. (2000) calculated an average of 10.20 alleles per
locus among 39 soybean elite genotypes and 40 PIs from seven
different countries using 74 SSR markers.
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The study revealed that the allele frequency was highest
(0.9737) in Sat 243 and Satt337 and lowest in Satt288
(0.4474) with the mean of 0.8244. Only one marker Satt288
had allele frequency less than 0.50(0.4474). Genetic diversity
showed the probability that two randomly chosen alleles are
different from the population varied from 0.0512 (Sat 243,
Satt337) to 0.6053 (Satt288) with an average of 0.2339. The
heterozygosity among the 23 amplified SSR markers was low.
Only four markers i.e., Satt373, Satt406, Satt431 and Satt440
showed heterozygosity that ranged between 0.0263 (Satt440) to
0.7368 (Satt406) with an average of 0.0469 (Table 3). Unique
alleles were obtained in eight markers viz., Sat 243, Sat 366,
Satt285, Satt337, Satt373, Satt414, Satt440 and Satt562. These
markers can be used to discriminate particular genotype. The
highest range (310400 bp) of allele size was found in Satt 244.
Whereas, lowest (150—180 bp) in Satt288 (Table 4).

Genetic relationships among soybean genotypes

Similarity matrices of all the 38 varieties were generated using
Power Maker version 3.25 (Liu and Muse 2005). The allelic
diversity data was used to produce a dendrogram (cluster tree
analysis, Power Maker) to explain the genetic relationships
among the varieties (Fig. 1). All genotypes were grouped into
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Table 4 Number, polymorphic

and unique alleles and allele size Markers Number of alleles Polymorphic alleles Unique alleles Allele size range (bp)

in soybean involving SSR

markers Sat 243 2 2 220-250
Sat_366 3 3 2 200-235
Satt177 2 2 - 180200
Satt183 1 - - 195
Satt229 1 - - 225
Satt244 2 2 - 310-400
Satt245 2 2 - 180-210
Satt264 4 4 - 200-240
Satt269 1 - - 195
Satt285 2 2 1 220-235
Satt288 3 3 - 150-180
Satt294 1 - - 215
Satt308 2 2 - 180-200
Satt326 1 - - 210
Satt337 2 2 235-245
Satt373 5 3 2 190225
Satt399 1 - - 195
Satt406 2 2 - 250-300
Satt414 2 2 1 220-235
Satt431 5 3 - 205-230
Satt440 4 4 1 185-215
Satt562 2 2 1 210-230
Sct_187 1 - - 215
Total 51 40 10 -
Average 2.2174 1.7391 - -

two clusters. Cluster I was the largest and the most diverse
cluster consisting of 36 varieties. This cluster was further
divided into 2 sub-groups; sub-group ‘A’ contains 28 varieties
and sub-group ‘B’ 8 varieties. Cluster II includes two varie-
ties. The first tertiary group has 28 varieties of different origin
viz. Bragg, Harasoya, Pratap Soya, NRC2, NRC7, NRC37
and PUSA9814. Variety Pratap Soya 2 and PS1042 are very
closely related (0.975). The second tertiary groups constituted
of varieties MAUS71, MAUS81, MAUS158, MAUS61,
NRC7, NRC2, NRC37, PUSA9814, PUSA9712, SL525,
TAMS38, and VLS47. This subgroup A consisted of seven
varieties viz. Harasoya, MACS 450, PS 1042, Pusa 9814, JS
2, JS 72-280, JS 76-205 having common parent ‘Bragg’.
From these seven varieties, JS76-205 and JS72-280, Pusa
9814 and PS 1042 showed highest (87.80 %) whereas,
Harasoya and JS 72-280 showed least (58.53 %) similarity.
Three varieties viz. PS1042, PS1092 and SL525 have one
common parent PK 416 in their pedigree, out of which
PS1042 and PS 1092 showed 92.68 % similarity. Further in
this sub-group A, TAMS 38 and PS 1347 had 90.24 % sim-
ilarity with common parent PK 472. Also TAMS 38 and
Pratap Soya 2 as well as MAUS 71 and JS335 showed
80.48 and 73.17 % similarity along with common pedigree

parent Monetta and JS 71-05, respectively. The second sub-
group ‘B’ consists of JS90-41, MAUS61, JS97-52,
MACS450, JS93-05, JS95-60, Pratap Soya 1 and JS72-44.
Here, JS95-60 and JS93-05 are derived from same pedigree
(Secondary selection from PS 73-22) showed 90.24 % simi-
larity. Only two varieties PS 1225 and PS 1241 representing
minor group were found to be extremely diverse from the
other varieties under study. The cluster analysis revealed that
the varieties viz., PS1225 and PS1241 can be utilized in
breeding programme due to its diversity and uniqueness from
other varieties. The pairwise genetic similarity between soy-
bean varieties varied from 0.56 (JS 2 v/s NRC 2 and JS72-280
v/s PS1241) to 0.97 (Pratap Soya 2Vs PS 1042) with an
average of 0.761. This was in dichotomy with the result of
Priolli et al. (2002), in which 12 SSR loci were used to
distinguish morphologically similar groups, depicting a mean
similarity coefficient of 0.46; Singh et al. (2010), where the
similarity coefficient based on shared SSR and AFLP bands
revealed that the genetic similarity ranged from 0.220 to 0.765
with an average of 0.446. Further, the result of the present
investigation was in disagreement with the finding of
Tantasawat et al. (2011) who reported pairwise genetic simi-
larity to vary from 0.73 to 1.0 with an average of 0.88. This
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Fig. 1 Dendrogram showing diversity among 38 varieties of soybean based on SSR markers

low level of genetic diversity may be ascribed to the emphasis
on direct introductions, selection from introduced germplasm
and single cross hybrids (some of which shared common
parents) in the soybean breeding programs. Therefore, inclu-
sion of more diverse germplasm in the soybean breeding
programs may provide the genetic variability necessary to
permit continued progress and broad adaptation.

The unique or rare alleles caused by natural mutation and
selection (Mousadik and Petit 1996) can be used not only in
the specific categorization of germplasm collections, but also
in their subsequent utilizations in breeding and plant develop-
ment as unique markers. In the present study, ten unique
alleles were amplified by eight SSR (Sat 243, Sat 366,
Satt285, Satt337, Satt373, Satt414, Satt440 and Satt562)
markers specific for 12 varieties i.e., Bragg, Harasoya, JS20-
34, JS72-280, JS75-46, JS76-205, JS90-41, JS93-05, JS97-
52, MACS450, NRC2 and PS1241 (Table 5) were observed.
These unique alleles can be utilized for the identification of
specific distinguishing genes/alleles for further studies.
Similarly, Tantasawat et al. (2011) and Sahu et al. (2012)
obtained seven unique alleles in their study on soybean geno-
types using SSR markers. Similarly, SSR markers were used
for varietal identification with trait association in rice (Reddy
etal. 2013). The SSR primers, particularly when used together
with multiplex technology, could be useful for accurate and
cost-effective genotyping for soybean variety identification.
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The present investigation resulted with the markers differ-
entiating soybean varieties can be exploited in molecular
breeding by combining with other useful genes to improve
soybean varieties. Information on genetic distances based on
microsatellite markers shall be preferred in creating selectable
genetic variation using genotypes which are genetically apart
(Vieira et al. 2007; Vinu et al. 2013). The diversity analysis
can further be utilized for the development of diverse gene
pool. The hybridization among the diverse gene pool will
result into more heterotic combinations.

Table 5  Allele size of SSR markers in soybean varieties with unique
alleles

Marker  Unique Allele Allele size (bp) Genotype I Genotype 11
Sat 243 1 390 PS1241 NRC2
Sat 366 2 230 JS90-41 PS1241
200 JS93-05 JS97-52
Satt285 1 235 JS90-41 JS76-205
Satt337 1 245 MACS450 —
Satt373 2 210/225 MACS450 -
1907225 JS72-280  JS76-205
Satt414 1 240 MACS450  JS20-34
Satt440 1 185/200 JS75-46 -
Satt562 1 210 Harasoya Bragg
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