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Abstract Molecular identity of dominant cultivars of
soybean needs to complement the morphological descrip-
tors, which are insufficient and influenced by environment,
for protecting the interest of breeders and maintaining the
genetic purity. In the present investigation, genomic DNA
of six commercial Indian soybean varieties viz. JS95-60,
JS93-05, NRC7, JS97-52, NRC37, JS335 was amplified
using ten simple sequence repeat (SSR) markers, which
were selected based upon the relatively higher polymorphic
information content (PIC) value observed after polymor-
phism survey of 46 soybean genotypes through 58 SSR
markers. PCR analysis showed nine polymorphic SSR
primers which could differentiate unambiguously all the
six varieties. Maximum similarity was observed between
NRC7, JS93-05 and JS95-60. Two unique alleles amplified
in each of the two varieties namely JS335 and NRC37 and
four unique alleles in JS97-52 unambiguously differenti-
ated them from the remaining varieties. Morphologically
similar varieties JS93-05 and JS95-60 could be differenti-
ated distinctly by primer pair Satt181, while NRC7 could
be distinguished from both JS93-05 and JS95-60 through
Sct_199. Results also showed that these nine polymorphic
markers could distinguish the dominant cultivars from six
non-trading varieties, which further confirmed the utility of
nine SSR primers for protecting the breeders’ rights and
maintaining the purity of dominant cultivars during seed
production programme.
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Introduction

In the backdrop of Protection of Plant Varieties and
Farmers’ Rights Act, it is important to maintain the identity
of commercial cultivars of the crops during production and
seed processing. Morphological traits/descriptors like
growth-type, days-to-flowering, flower colour, leaf shape,
leaf colour, plant height, pod pubescence, stem pub-
escence, pod colour, days-to-maturity, seed size, seed coat
colour, seed hilum colour, seed luster traditionally used for
identification of varieties are limited in number and have
very low variability. Further, some of these morphological
traits are influenced by the environment [1]. The elec-
trophoresis patterns of isozymes or contents of biochemical
components of the seed are also not the perfect tools due to
the influence of environmental factors on their de novo
synthesis [2]. DNA fingerprinting technique is very handy
to distinguish morphologically similar cultivars precisely,
distinctly and rapidly. The International Union for the
protection of new varieties of plants (UPOV) has already
declared the results based upon DNA markers as the legal
basis for variety protection and the guidelines for molec-
ular profiling for identification of varieties adopted by
UPOV have also been documented [3]. As per the UPOV
guidelines, various DNA fingerprinting techniques viz.
random amplified polymorphic DNA (RAPD), amplified
fragment length polymorphism (AFLP), simple sequence
repeat (SSR), inter simple sequence repeat (ISSR) and
sequence tagged sites (STS) can be employed in cultivar
identification. Of these molecular tools, simple sequence
repeat markers (SSR) have been widely preferred for
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identification of varieties, owing to their abundance, co-
dominance, polymorphism and reproducibility; and more
importantly, they are easy to be handled through poly-
merase chain reaction. SSR fingerprinting technique for the
identification of cultivars has been employed in several
crops viz. potato [4], wheat [5], rice [6], cotton [7], chick
pea [8], maize [9], onion [10], common bean [11], grapes
[12], and chrysanthemum [13].

Reports on application of SSR markers in varietal
identification in soybean, which is the leading oilseed crop
and emerging functional food, are limited [14, 15]. Glob-
ally, India ranks fifth in soybean production. Ever since the
commencement of commercial cultivation in 1970, 102
soybean varieties have been released for farmers. These
varieties have played a pivotal role in raising the soybean
production from 0.014 mt in 1970 to 14.6 mt in 2012,
thereby contributing 47 % of 30.8 mt of total oilseed
production in the country [16]. Six soybean cultivars
namely JS95-60, JS93-05, NRC7, JS97-52, NRC37, JS335
dominate the commercial trading of soybean in India;
popularity of which can be gauged by their share in the
total breeder’s seed indent which is 36, 21, 2, 1, 4 and
29 %, respectively [17]. Morphological descriptors alone
cannot distinguish these varieties. It is important to gen-
erate the molecular identity of these varieties, in order to
effectively address the future intellectual property rights
issues. The present investigation was undertaken to finger-
print these dominant varieties using SSR markers.

Material and Methods

Genomic DNA was extracted from the 10-15 days old
young and tender leaves of six dominant soybean varieties
viz. J§95-60, JS93-05, NRC7, JS97-52, NRC37, and JS335
and six non-trading varieties viz. Pusal6, Co Soya-2,
Improved Pelican, Punjabl, PK262, and Bragg. The pedi-
gree, year of release and the breeding centre of the
respective variety is given in Table 1. The crude DNA was
purified through standard protocol. Fifty eight SSR markers
were screened for randomly selected 46 soybean

genotypes. The sequences of these SSR markers were taken
from the list of soybean SSR loci mapped by Agricultural
Research Services, United States Department of Agricul-
ture and are available at http://bldg6.arsusda.gov/cregan/
soymap.htm. The synthesis of the oligonucleotide sequen-
ces of 58 SSR primer pairs was outsourced to Sigma
Aldrich, Bangalore. Ten distinct and stutter free SSR pri-
mers viz. Satt538 (LGp A2), Satt577 (LGp B2), Satt267
(LGp Dla), Satt146 (LGP F), Satt352 (LGp G), Sct_199
(LGp G), Satt541 (LGp H), Satt181 (LGp H), Satt229
(LGp L), Satt009 (LGp N) (Table 2) exhibiting relatively
high PIC value (0.5 or more) were finally used for PCR-
based amplification of the genomic DNA of 6 soybean
varieties. The PCR reactions were performed in a Ther-
mocycler model PTC100 and the reaction mixture (10 pl)
contained 2 pl DNA (20 ng/ul), 1 pl PCR (10x) buffer,
1.1 pl MgCl, (25 mM), 0.1 pl dANTPs (25 mM), 0.4 pl
each forward and reverse SSR primers (30 ng/ul), 0.068 pl
Tag DNA polymerase (3 U/ul), and 4.932 pl distilled
water. Initially, DNA was denatured at 94 °C for 1 min.
followed by 30 cycles, each cycle comprising of denatu-
ration at 94 °C for 2 min, primer annealing at 50 °C for
2 min., primer elongation at 72 °C for 3 min. Finally,
elongation was carried out at 72 °C for 10 min. PCR
products were resolved on 3 % metaphore gel. DNA ladder
(50 bp) was also loaded to assess the size of the amplicons
generated through each SSR primer in six popular varieties.
Oligonucleotide sequences of the selected 10 SSR markers
are given in Table 2. Polymorphic information content
(PIC) of SSR markers were calculated as under.

PICi=1-) " P;

where i denotes the SSR marker while pij is frequency of
Jjth allele.

Amplicons were scored as 1 and O for the presence and
absence of alleles, respectively. Similarity coefficients
between varieties were computed using Jaccard’s similarity
coefficient using SIMQUAL module. Unweighted Pair
Group Method with Arithmetic Average (UPGMA) cluster
analysis was carried out using NTSYS 2.02 [18].

Table 1 Six dominant varieties along with their pedigree, year of release and breeding Centre

Variety Pedigree Year of release Breeding centre

NRC7 Selection from S69-96 1997 NRC for Soybean
JS93-05 Secondary selection from PS73-22 2003 JNKVV, Jabalpur
JS97-52 PK327 x L129 2008 IJNKVV, Jabalpur
NRC37 Gaurav x Punjab 1 2001 NRC for Soybean
JS335 JS78-77 x JS71-5 1994 INKVYV, Sehore

JS95-60 Selection from PS73-22 2006 INKVV, Jabalpur
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Table 2 Ten SSR primer pairs with their sequences, alleles and PIC employed for PCR amplification of genomic DNA of dominant soybean

varieties

S. no Primer pair LGp Sequences of forward and reverse primers Alleles PIC

1 Satt538 A2 F 5-GCAGGCTTATCTTAAGACAAGT-3' 2 0.277
R 5-GGGGCGATAAACTAGAACAGGA-3'

2 Satt577 B2 F 5-CAAGCTTAAGTCTTGGTCTTCTCT-3' 3 0.500
R 5"GGCCTGACCCAAAACTAAGGGAAGTG-3’

3 Satt267 Dla F 5'-CCGGTCTGACCTATTCTCAT-3’ 2 0.277
R 5'-CACGGCGTATTTTTATTTTG-3'

4 Satt146 F F 5-AAGGGATCCCTCAACTGACTG-3' 2 0.444
R 5"GTGGTGGTGGTGAAAACTATTAGAA-3’

5 Satt352 G F 5-GCGAATGTATTTTTGTTTCTCCATCAA-3’ 3 0.611
R 5"TGATAAGCCAAAAAATGGAAGCATAG-3'

6 Sct_199 G F 5-GCGACAATGGCTATTAGTAACAATCA-3’ 3 0.612
R 5-GCGATTTTCTATTTTCCTCACAGTG-3'

7 Satt541 H F 5-GCGAATCCATCACACATAAA-3' 3 0.500
R 5"GCGGTACTCCCTCCAGAAAATAACC-3'

8 Satt181 H F 5-TGGCTAGCAGATTGACA-3' 2 0.450
R 5-GGAGCATAGCTGTTAGGA-3'

9 Satt229 L F 5-TGGCAGCACACCTGCTAAGGGAATAAA-3’ 1 0.000
R 5-GCGAGGTGGTCTAAAATTATTACCTAT-3’

10 Satt009 N F 5'-CCAACTTGAAATTACTAGAGAAA-3' 3 0.611

R 5'-CTTACTAGCGTATTAACCCTT-3'

Results and Discussion

PCR amplification of the genomic DNA of six soybean
varieties obtained through 10 SSR markers is depicted in
Fig. 1 (Satt577, Satt267, and Satt009), Fig. 2 (Satt352,
Sct_199, and Satt181) and Fig. 3 (Satt538, Satt229, Sat-
t146, and Satt541). Figure 4 summarizes the details of
PCR fragments generated through 10 SSR markers in six
soybean varieties. Out of 10 primer pairs, one primer pair
Satt229 was monomorphic, generating a single allele of
size 200 bp in all the six varieties. For the remaining nine
primer pairs, polymorphic information content ranged
from 0.277 to 0.612, with five primer pairs showing PIC
value >0.5 (Table 2). Of the total number of 24 alleles,
five SSR primer pairs viz. Satt577, Satt352, Sct_199,
Satt541 and Satt009 generated 3 alleles each, while 4
SSR primer pairs viz. Satt538, Satt267, Sattl46 and
Satt181 produced two alleles each. In total, eight unique
alleles were generated, two each in three varieties namely
JS335, JS97-52 and NRC37. Two unique alleles viz. 125
and 150 bp amplicon from Satt538 and Satt541, respec-
tively, were amplified in JS335. Four unique alleles viz.
100, 170, 160 and 210 bp amplicon by Satt577, Satt352,
Satt541 and SattO09, respectively, were generated in
variety JS97-52. NRC37 could be differentiated with 110
and 220 bp size amplicon generated by Satt577 and
Satt267, respectively.

To assess the genetic relatedness among these 6 soybean
varieties, UPGMA cluster analysis based upon the Jac-
card’s similarity coefficient classified the six soybean
varieties into two major groups viz. class I and II, sepa-
rating at 21 % similarity (Fig. 5). Class I comprised of two
varieties namely JS97-52 and NRC37 with 33.33 %
genetic similarity. JS335 of class Ila separated from three
varieties namely JS95-60, JS93-05 and NRC?7 of Class IIb
by a similarity level of 0.33. The pair- wise genetic simi-
larity values ranged from 0.176 to 0.666. Maximum simi-
larity (66.66 %) was observed between JS95-60, JS93-05
and NRC7. As evident from the pedigree data given in
Table 1, JS93-05 and JS95-60 have been developed
through selection from the same genotype i.e. PS73-22.
Further, both these varieties are early maturing and similar
in major morphological characters like growth habit (de-
terminate), leaf shape (lanceolate), height (short-statured)
and seed coat colour (yellow). Primer pairs Satt538, Sat-
t577, Satt267, Sattl46, Sct_199, Satt541, Satt229 and
Satt009 generated amplicon of same size in both the vari-
eties, which confirms the similarity between the two. These
two varieties could be distinguished unambiguously by
SSR marker Satt181 which generated a fragment of size
210 bp in variety JS93-05 while PCR fragment of 180 bp
size in variety JS95-60. A 30 bp difference in the size of
the PCR fragments generated distinct bands for the
molecular identification of these two varieties. Satt352 also
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L123456L 123 456

Satt577 Satt267 $att009

Fig. 1 PCR amplification pattern of six soybean varieties using
Satt577, Satt267 and Satt009. Lanes 1, 2, 3, 4, 5, 6 are loaded with
amplicons from varieties NRC7, JS93-05, JS97-52, NRC37, JS335,
JS95-60 respectively, while lane L denotes the DNA ladder (50 bp)

Satt 352 Sct_199 Satt181

Fig. 2 PCR amplification pattern in six soybean varieties using
Satt352, Sct_199 and Satt181. Lanes 1, 2, 3, 4, 5, 6 are loaded with
amplicons from varieties NRC7, JS93-05, JS97-52, NRC37, JS335,
JS95-60 respectively, while lane L denotes the DNA ladder (50 bp)

generated PCR fragments of 180 and 185 bp in JS93-05
and JS95-60, respectively. A 5 bp differing amplicon may
be little difficult to distinguish in metaphore agarose gel;
however, it can be resolved quite distinctly in polyacry-
lamide gel. NRC7 could be distinguished from JS93-05 and
JS97-52 through Sct_199, which generated 190 bp ampli-
con in NRC7 but not in JS93-05 and JS97-52.

JS335 is one of the most resilient soybean variety and
adaptable to diverse agro-climatic zones in the country.
Satt538 was the most robust polymorphic SSR marker for
distinguishing this variety from the other five soybean
varieties. In variety JS335, this SSR marker generated an
amplicon of 125 bp in size, which was 15 bp longer than
the amplicon generated (110 bp) in all the remaining five
soybean varieties. Similarly, an amplicon of 150 bp size
generated by Satt541 in variety JS335 was 10 bp shorter
than the fragment amplified in variety JS97-52 (160 bp)
while 20 bp shorter than the fragment (170 bp) produced in
four varieties viz. NRC7, JS93-05, NRC37, JS95-60. SSR
analysis has been applied in the identification of 15 certi-
fied soybean varieties of Thailand [15]. Recently, RAPD
markers have been employed in diversity analysis of Ser-
bian soybean varieties [19].

Six non-trading soybean varieties viz. Pusal6, Co Soya-
2, Improved Pelican, Punjab1l, PK262, Bragg, which are not
in the commercial cultivation, were also surveyed by the
nine SSR markers found to be polymorphic with six domi-
nant cultivars. The details of PCR fragments generated are
presented in Fig. 6. Pusal6 was distinguished from the other
5 non-trading varieties and six dominant varieties through
115 bp amplicon generated by Satt538 in this variety. In
dominant varieties, alleles of either 110 or 125 bp appeared
at Satt538. Co Soya-2 was quite distinct from other non-
trading varieties and all the dominant varieties except JS97-
52 in generating an amplicon of 160 bp through Satt541.
Further, JS97-52 and Co Soya-2 could be distinguished from
each other through SSRs Satt577 and Satt538, which gen-
erated amplicon of 100 and 110 bp in JS97-52 but amplified
120 and 125 bp alleles in Co Soya-2, respectively. Improved
pelican could be distinguished from other non-trading
varieties and all dominant varieties except JS97-52 through
amplicon of 170 bp generated by Satt352. Identification
between JS97-52 and Improved pelican can be made by
allele of 170 bp at Satt541, which appeared in Improved
Pelican but not in JS97-52. Punjab 1 could be distinguished
from other non-trading varieties by allele of 290 bp at

Satt538 Satt229

Satt541

Sattl46

Fig. 3 PCR amplification pattern in six soybean varieties using Satt538, Satt229, Satt146 and Satt541. Lanes 1, 2, 3, 4, 5, 6 are loaded with
amplicons from varieties NRC7, JS93-05, JS97-52, NRC37, JS335, JS95-60 respectively, while lane L denotes the DNA ladder (50 bp)
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Variety

JS97-52

Fig. 4 Amplicon profile as Size of
generated by 10 SSR primer Primer pair | amplicon
pairs in six dominant soybean bp
varieties. Solid cells indicate the 110
presence of allele Satt538

Satt577

Satt267

Satt146

Satt352

Sct_199

Satt541

Satt181

Satt229

Satt009

Fig. 5 UPGMA dendrogram
showing similarity coefficients
and genetic relationships of six
soybean varieties based on SSR
profile

- JS93-05

JS95-60

JS335

JS97-52

NRC37

Satt146. The same allele was helpful in distinctly identify-
ing this variety from six dominant varieties, wherein
amplicon of different size (310 or 320 bp) appeared at this
locus. PK262 and Bragg could be distinguished from all the
six dominant varieties using SSR Sct_199, which generated

T
P E o

Coefficient

an amplicon of 210 bp in these two varieties but alleles of
190, 200 or 220 bp size appeared in six dominant varieties.
Among a set of six non-trading varieties, PK262 and Bragg
were distinct in generating amplicon of 310 and 240 bp at
locus Satt146 and Satt267, respectively.
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Fig. 6 Amplicon profile as Size of Variety
generated by nine SSR primer Primer pair | amplicon Improved .
pairs (nine found to be P I;)p Pusal6 | Co Soya-2 P(Ii)lican Plll’ljabl PK262 Bragg
polymorphic with dominant
varieties) in six non-trading
soybean varieties. Solid cells Satt338
indicate the presence of allele

Satt577

Satt267

Satt146

Satt352

Sct 199

Satt541

Satt181

Satt009

Future Perspective

Further, molecular analysis along with the morphological data
of proposed varieties has become mandatory while submitting
the proposal for their release as varieties in All India Co-
ordinated trial of several field crops including soybean. In this
context, the use of SSR markers in DUS testing for released
soybean varieties is being deliberated. Already, in countries
like Brazil [20] and Argentina [21] SSR marker generated
amplicons are being employed in the DUS testing of soybean
crop. In Brazil, the dispute over soybean variety Conquista
grown in 3 million ha and newly released variety Pioneira—
which was suspected to be very similar to Conquista—could
be resolved using molecular markers. Nine polymorphic SSR
primers which could differentiate the six dominant varieties as
well as six non-trading varieties can be used for DNA bar-
coding of all the 102 released varieties of soybean.

Conclusion
Amplicon profile obtained with nine SSR markers could

differentiate all the six dominant soybean varieties of India,
which can be employed to address any intellectual property

@ Springer

rights’ issue related to these varieties. Besides, the appli-
cation of these SSR primer pairs would be very handy in
establishing the genetic purity of these six soybean vari-
eties during seed production and maintenance under DUS
(Distinctness-Uniformity-Stability) trial.
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