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For the mapping of quantitative trait loci associated with a particular trait or introgression of desirable traits
into a variety from donor parent through marker-assisted backcross breeding, parental polymorphism survey is
the first prerequisite. In the present study, a total of 695 simple sequence repeats (SSR) markers spanning over
20 linkage groups were surveyed for parental polymorphism in 5 parental combinations comprising 7 soybean
genotypes, namely NRC151, PS1476, 1C275, 1C574373, AVKS215, JS20-34, and JS20-98, with varying
levels of phosphatidylcholine (PC), protein, and lipoxygenase-2. Five different parental combinations, namely
NRCI51 x IC275, PS1476 x IC275, NRC151 x 1C574373, JS20-34 x AVKS215, and JS20-98 x AVKS215,
exhibited 40.43%, 43.02%, 36.26%, 39.42%, and 41.29% parental polymorphisms, respectively. Polymorphic
markers identified in these parental combinations can be utilized for genotyping of second filial generation (F,)/
recombinant inbred lines (RILs) population generated for the identification of genomic regions associated with
PC, protein content, and for the recovery of recurrent parent genome content of respective recurrent parent for
development of lipoxygenase-2 free high-yielding soybean genotypes.

1. INTRODUCTION

Soybean is the leading oilseed crop with a total production of
339.0 million metric tons in 2019-20 [1]. Crude oil extracted
from soybean seeds is the source of most concentrated natural
phospholipids, as it contains 1.5%-3.0% phospholipids, which
is higher than any other oil. Phospholipids from crude soybean
oil are removed during the degumming process and commercially
known as lecithin, which is a mixture of phosphatidylcholine
(PC), phosphatidylethanolamine (PE), phosphatidylserine (PS),
phosphatidylinositol (PI), phosphatidic acid (PA), and a fraction
of crude vegetable oil [2]. Among different phospholipids present
in lecithin, PC is the major component and has widespread
uses in food, cosmetics, pharmaceuticals, plastic, and rubber
industries [3,4]. PC also provides several health benefits as it
helps in fetal brain development, reduces risk of cardiovascular
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disease and symptoms of ulcerative colitis, and improves liver
health and lipolysis [5]. Therefore, soybean genotypes with high
concentration of PC are desired.

After extraction of oil from soybean grains, soymeal left is high
in protein. Among all the protein sources used as animal feed,
soymeal accounts for approximately 69%, followed by rapeseed
meal (13%), cottonseed meal (6%), sunflower meal (5%), and
peanut meal (2%) [6]. In general, soybean seeds contain 38%-—
40% protein content on dry weight basis. Soymeal from Argentina,
Brazil, China, and USA contains 46.7%, 49.3%, 45.1%, and 47.3%
protein, respectively, while average protein content of Indian
soymeal is 49.5% [7]. Increment in protein content in soymeal
requires high protein soybean genotypes as protein content in
soymeal depends upon its level in the seeds.

In recent years, due to high protein content and nutraceutical
properties, soybean is highly recommended for human
consumption. One of the major obstacles in utilization of soybean
for human consumption is off-flavor generated due to the presence
of lipoxygenase isozymes. Among three lipoxygenase isozymes,
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lipoxygenase-2 isozyme is a major contributor to the off-flavor.
Although it is heat labile, heat inactivation adversely affects
solubility and functionality of proteins. So, breeding programs
aiming to develop soybean genotypes free from off-flavor
generating lipoxygenase-2 isozymes are desired. Protein and PC
are quantitative traits, while lipoxygenase-2 activity is controlled
by a single dominant gene. Mapping of quantitative trait loci
(QTL) associated with PC and protein content is important to
develop soybean genotypes with high PC and high protein content.
For this purpose, parental polymorphism survey (PPS) is the first
prerequisite. PPS is also desired for the introgression of null allele
of lipoxygense-2 in desirable genetic background through marker-
assisted backcross breeding as it helps in the identification of
recovery of recurrent parent genome. At ICAR-Indian Institute of
Soybean Research, Indore, Madhya Pradesh, India, high protein
genotype NRC151 was developed. Similarly, high PC and low PC
soybean genotypes were identified. AVKS215, a lipoxygenase-2
free advance breeding line, was also developed at same institute.
In the present study, five different parental combinations, namely
NRC151 x IC275, PS1476 x IC275, NRCI151 x IC574373, JS20-
34 x AVKS215, and JS20-98 x AVKS215, were selected for PPS,
which comprise seven soybean genotypes with difference in PC
content, protein content, and presence and absence of off-flavor-
generating lipoxygensase-2 isozymes.

2. MATERIALS AND METHODS

Seven soybean genotypes, namely NRCI151, PS1476, IC275,
IC574373, AVKS215, JS20-34, and JS20-98 with different
characteristics were selected for the PPS. NRCI151 is a high
protein (48%) and high PC (8.8 mg/g soy flour) soybean genotype
developed at ICAR-Indian Institute of Soybean Research, Indore,
Madhya Pradesh, India. PS1476, 1C275, and IC574373 are
soybean germplasm accessions. PS1476 is high PC (8.4 mg/g
soy flour) soybean genotypes, while IC275 is low protein (35%)
and low PC (2.04 mg/g soy flour) soybean genotype. IC574373
is also low protein (37%) soybean genotypes. AVKS215 is
lipoxygenase-2 free (Lox-2 —ve) soybean genotype, while JS20-
34 and JS20-98 are high-yielding soybean varieties in which
lipoxygenase-2 isozyme is present (Lox-2 +ve). From these seven
soybean genotypes, five parental combinations, namely NRC151
x JC275 (parental combination 1), PS1476 x IC275 (parental
combination 2), NRC151 x IC574373 (parental combination 3),
JS20-34 x AVKS215 (parental combination 4), and JS20-98 x
AVKS215 (parental combination 5) were made for PPS.

Genomic DNA from tender leaves of each soybean genotype
was extracted following cetyl trimethyl ammonium bromide
method [8]. Concentration of purified DNA was quantified using
spectrophotometer (Perkin Elmer, Model Lambda 35, MA, USA)
and adjusted to approximately 25 ng/ml. Subsequently, DNA was
subjected to polymerase chain reaction (PCR) amplification in 10
pul reaction mixture composed of 2 ul DNA, 1 ul 10x PCR buffer,
1.1 ul MgCl, (25 mM), 0.1 pl deoxynucleotide triphosphates
(dNTPs) (25 mM), 0.5 pl of forward and reverse SSR primers (30
ng/ml), 0.068 pl Taqg DNA polymerase (5 U/ul), and 4.732 ul PCR
grade double-distilled water. For the amplification of genomic
DNA, a thermocycler (HiMedia, LA948 Prima duo) was used.
Initially, DNA was denatured at 94°C for 5 minutes, followed by

Table 1: PPS of five parental combinations using 695 SSR markers.

D No. of polymorphic
Parental combination monomorphic - o1 porymorp
markers*
markers
1 NRC151 x IC275 414 281 (40.43%)
2 PS1476 x 1C275 396 299 (43.02%)
3 NRCI151 x IC574373 443 252 (36.26%)
4 JS20-34 x AVKS215 421 274 (39.42%)
5 JS20-98 x AVKS215 408 287 (41.29%)

 Values in parenthesis indicate the percentage of the total 695 SSR markers.

35 cycles each comprising denaturation at 94°C for 55 seconds,
primer annealing at 55°C for 55 seconds and elongation at 72°C
for 55 seconds. After completion of 35 cycles, final elongation step
was carried out at 72°C for 7 minutes. Amplified PCR products
so obtained were resolved on 3% DNA grade agarose (HiMedia,
Catalogue no. MB080) and gel was stained with nucleic acid stain
(Gbioscience, LabSafe™ Nucleic Acid Stain, catalogue no. 786-
409). Gel was analyzed in gel documentation system (Syngene,
Cambridge, UK). For PPS, a total of 695 SSR marker pairs were
selected across all the 20 linkage groups (LGp) [9] at an average
density of 5 cm.

3. RESULTS AND DISCUSSION

For PPS of all the five parental combinations, 695 SSR marker
pairs were assessed across the 20 LGp. Out of these, the number of
polymorphic markers observed in parental combinations 1, 2, 3, 4,
and 5 were 281, 299, 252, 274, and 287, respectively. Percentage
polymorphism observed for parental combination 1, 2, 3, 4, and 5
was 40.43%, 43.02%, 36.26%, 39.42%, and 41.29%, respectively
(Table 1). Similar results were reported by Kumar ef al. [10] in
five parental combinations, namely NRC7 x PI1542044, JS97-
52 x PI1542044, MACS450 x PI542044, JS93-05 x PI542044,
and DS97-12 x PI542044 exhibiting 43.38%, 45.04%, 48.14%,
44.00%, and 46.48% polymorphisms, respectively. The authors
developed these parental combinations for introgression of null
allele of Kunitz trypsin inhibitor from donor parent PI1542044
into NRC7, JS97-52, MACS450, JA93-05, and DS97-12 through
marker-assisted backcross breeding. Rawal et al. [11] also
observed 49.24% parental polymorphism in parental combination
JS97-52 x PI1596540, which was developed to introgress null
allele of lipoxygenase-2 gene in recipient parent JS97-52 from
donor parent P1596540.

Thirty-five SSR markers from different LGp were polymorphic
across all the five parental combinations (Table 2). The highest
number of seven SSR markers was detected polymorphic on LGp
A2, followed by five on LGp Al, while only one polymorphic
marker (Fig. 1) was observed on LGp Bl, LGp B2, LGp E,
LGp F, LGp G, LGp I, and LGp M across all the five parental
combinations. Non-uniform distribution of polymorphic SSR
markers has also been reported in earlier studies [10,11].

The number of polymorphic markers observed in each of the five
cross combinations is presented in Table 3. Varied numbers of
polymorphic markers were found on different LGps in different
parental combinations. For parental combinations 1 and 2, the
maximum number of polymorphic markers was observed on LGp
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Table 2: Details of common polymorphic SSR markers for all five
parental combinations across different LGps.

Sat 267; Sat_407; Satt236; Satt619;

Al > SOYNOD26A
A2 7 AW132402; Sat_129; Sat_199; Sat_294;
Sat_383; Satt409; Satt424

Bl 1 Sat 128

B2 1 Satt416

Cl 2 Al794821; Satt338

C2 4 Sat_062; Sat_076; Satt277; Satt357
Dla 3 Sat_106; Sat_332; Satt531
Dl1b 4 Sat_069; Satt005; Satt266; Satt282
D2 3 Sat_220; Sat_292; Satt389

E 1 Satt212

F 1 Satt586

G 1 Satt688

I 1 Satt354

M 1 Satt590

A2 (26) and F (27), respectively. For parental combination 3, the
maximum number of polymorphic markers was observed on LGp
A2 (22), LGp D1b (22), and LGp D2 (22), while for the parental
combination 4 and 5, the maximum number of polymorphic
markers 24 and 29 was detected on a single LGp G, respectively.

In parental combination 1 (NRCI51 x IC275) and parental
combination 3 (NRC151 x IC574373), NRC151 is a high protein
(48%) soybean genotype, while 1C275 (35%) and I1C574373
(37%) are low protein soybean genotypes. Therefore, crossing
between these two parental combinations would generate mapping
population (F/RILs) for identification of QTLs associated with
high protein content. Besides, NRC151 has high PC content (8.8
mg/g of flour), while IC275 has very low PC content (2.04 mg/g
of flour). Therefore, mapping population generated from NRC151
x IC275 can also be utilized for tagging QTLs associated with PC
content. Polymorphic SSR markers (252) observed for parental
combination 3 can be used for genotyping the mapping population
(F/RILs) generated for identification of QTLs associated with
PC content in soybean, while polymorphic SSR markers (281)
identified for parental combination 1 can be used for genotyping
the mapping population (F/RILs) generated for identification
of QTLs associated with both PC content and protein content in
soybean.

In parental combination 2 (PS1476 x 1C275), PS1476 possesses
high PC content (8.40 mg/g soy flour), while IC275 has low
PC content (2.04 mg/g soy flour). Therefore, polymorphic

Sat_264 (LGp B1)

Satt509 (LGp B1)

Satt070 (LGp B2)

Sct_191 (LGp C1)

Figure 1: PPS using SSR markers. Lane 1-7 represents amplified products of SSR markers of NRC151, IC275, PS1476, 1C574373,
AVKS215, JS20-34, and JS20-38, respectively. L indicates 50 bp DNA ladder.
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Table 3: Number of polymorphic SSR markers for each parental combination across different LGps.

it NRC151 x PS1476 x NRCI151 x JS20-34 x JS20-98 x
IC275 (Parental IC275 (Parental 1C574373 (Parental AVKS215 (Parental AVKS215 (Parental
group combination 1) combination 2) combination 3) combination 4) combination 5)
Al 18 15 14 8 14
A2 26 23 22 15 17
Bl 15 18 14 14 12
B2 15 16 13 14 8
C1 9 11 10 9 8
Cc2 10 14 14 16 10
Dla 16 13 7 13 14
Dlb 18 22 22 12 19
D2 23 21 22 12 11
E 11 9 6 11 11
F 24 27 21 22 28
G 21 19 18 24 29
H 3 14 10 9 7
I 10 10 10 17 12
J 10 16 5 11 16
K 18 12 19 17 17
L 10 5 7 8 9
M 8 12 7 16 15
N 15 14 9 14 14
(¢} 1 8 2 12 16

SSR markers (299) observed for parental combination 2,
besides parental combination 1, and can also be utilized for
genotyping of mapping population (F,/RILs) generated for the
identification of QTLs associated PC content in soybean. In
parental combination 4 and 5, AVKS215 (derived from JS93-
05 x PI596540), a lipoxygenase-2 free soybean genotype, could
be used as donor parent for null allele of lipoxygenase-2 gene,
while JS20-34 and JS20-98 are high-yielding released varieties
having lipoxygenase-2 isozymes (responsible for production of
beany off-flavor in soy food). Therefore, parental combination
4 (JS20-34 x AVKS215) and parental combination 5 (JS20-
98 x AVKS215) can be used for introgression of null allele
of lipoxygenase-2 from AVKS215 into JS20-34 and JS20-98
through marker-assisted backcross breeding. Polymorphic SSR
markers observed in parental combinations 4 and 5 can be used
in background selection for the recovery of recurrent parents’
genome content (i.e., of JS20-34 and JS20-98).

Polymorphism of SSR markers depends upon the type of motifs
present in the SSR marker and number of repeats present in
the motif [12]. In the present study, it has been found that SSR
markers with tri-nucleotide repeats were more polymorphic than
SSR markers with di-nucleotide repeats. Out of 35 common
polymorphic SSR markers among all the 5 parental combinations,
21 markers contained tri-nucleotide repeats, and 14 contained
di-nucleotide repeats. Among the di-nucleotide repeats, SSR

markers with 12-33 repeats, i.e., (AT , ,,), were found to be more
polymorphic than others, while in tri-nucleotide repeats SSR
markers with 9-23 repeats, i.e., (ATT, ), appears to be more
polymorphic than others. These results are in consonance with
previous studies in soybean [10,11].

4. CONCLUSION

Soybean grains with high protein content and PC content are
much sought after raw material as feed and nutraceutical to
improve nutritive value. On the other hand, removal of the off-
flavor generating lipoxygenase-2 from soybean truly enhances
the utilization of this economical source of protein for human
consumption. In the present study, a total of 695 SSR markers
across 20 LGps were surveyed for parental polymorphism in
all the 5 parental combinations varying for protein, PC and
lipoxygenase-2 exhibiting 40.43%, 43.02%, 36.26%, 39.42%,
and 41.29% polymorphisms. Polymorphic markers identified
for parental combinations 1, 2, and 3 can be utilized for
genotyping of F,/RILs population generated for development
and identification of genomic regions associated with high
protein content and PC content. Polymorphic markers observed
in parental combinations 4 and 5 would be used for the recovery
of recurrent parent genome content of respective recurrent parent
utilized for development of lipoxygenase-2 free high-yielding
soybean genotypes.
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