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Anil Kumar®, S. K. Lal” and Akshay Talukdar® 

ABSTRACT 

Poor genetic variability is often considered as a serious bottleneck in improving 
the productivity of soybean in India. In this study, an accession of wild type (G soja) soybean 
(DC2008-1) was crossed with a cultivated North Indian soybean variety (DS9712) to create 
genetic variability and introgressing useful gene(s). Seeds of the F, and subsequent 
generations were advanced through single seed descent (SSD) approach to isolate 206 
recombinant inbred lines (RIL) in F,, generation. Enormous genetic variability was observed 
among the RILs for plant type, seed size, seed color, maturity duration, growth habit, yield 
and other agro-morphological traits. Promising and early maturing transgressive segregants 
bearing more than 450 pods plant were identified. Genetic polymorphism studied with 317 
simple sequence repeat (SSR) markers spanning uniformly all over the 20 chromosomes 
(@16 markers chromosome™') indicated higher level of polymorphism (64.98 %). Distribution 

of the polymorphism was not uniform across the genome; some chromosome showed higher 
polymorphism than others. Highest level of polymorphism (90%) was observed on chromosome 
number 10 and 20 (linkage group “O” and “I”) and the least (50%) was on chromosome 
number 1 and 11 (linkage group “D1a” and “B1”). Molecular genotypic data of the 206 RILs 
segregated in expected 1:1 ratio. The polymorphic markers identified and the genetic 
variability created in this study will be useful in mapping QTL and genetic improvement of 
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soybean through molecular breeding. 
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INTRODUCTION 

Soybean [Glycine max (L.) Merr. (2n = 40)], also 
known as “Miracle Bean”, is the most important oilseed 
crop of the world. It contains high quality protein (~40- 

45%), oil (~18-22%), and phytochemicals essential for human 

health. India is occupying the 5% position in the world in 
terms of production and area, which is increasing ever since 

its commercial introduction during 1968-70. Currently, 

soybean is occupying an area of about 12.03 m ha with an 
average production of 12.45 m t (Annonymous, 2015). 
Despite its large scale cultivation in India, its productivity 
is still remains very low (1.0 tha™") as compared to the world 

average (2.58 tha™'). Besides others, the key factor for low 

yield in soybean includes poor genetic diversity in the 
existing cultivars and rare use of wild type soybean in 

breeding program (Yashpal er al., 2015). 

Cultivated soybeans [Glycine max (L.) Merr.] have 

much lower genetic diversity than their wild [Glycine soja 
Sieb. & Zucc.] counterparts (Carter et al., 2004; Hyten et al., 

2006). Both the species differ in a number of agro- 

morphological traits (Table 1 and 2). The cultivated soybean 

tion) 

genotypes are of determinate growth habit with stout 

primary and secondary branches; bears large seeds in non- 

shattering pods. The wild type genotypes are primarily 

climbing vine, procumbent with many small branches, 
bearing small, coarse black seeds. Seeds of the cultivated 

type are permeable (soft-seeded) but often short-lived. On 

the other hand, seeds of the wild type are poorly permeable 

(hard seeded), but lives longer. Both the species also differ 

for the yield and domestication-related traits (DRTS) (Bailey 

etal., 1997; Funatsuki et al., 2006), but cross-compatible as 

it belongs to the primary gene pool of Glycine (Hymowitz, 
2004). Therefore, wild type soybean can be utilized as a 

resource of genes for adaptation, protection and production 

of soybean. 

Yield is a quantitative trait and governed by a 

number of minor genes usually called as quantitative trait 

loci (QTL). In soybean, yield is the final product of several 

component traits such as number of primary and secondary 
branches plant’, number of pods plant, number of seeds 
pod, seed weight, etc. Therefore, analyzing and mapping 
QTL for yield and yield-related trait through conventional 
approach is cumbersome. In recent past, molecular markers 

1&3. Ph. D. Scholars, Division of Genetics, ICAR-Indian Agricultural Research Institute (IART), New Delhi-110012 

drrathod75 @gmail.com 

2. Scientist, Division of Genetics, IARI, New Delhi-110012 

4,5&6. Senior Research Fellow, Pulse Res. Lab, Division of Gen. IARI, New Delhi 

T&S8. Principal Scientist, Division of Genetics, IARI, New Delhi-110 012 aksay.talukdarl @ gmail.com



have been deployed to map QTL for yield and yield related 
traits (Kumar et al., 2015). As reported in the SoyBase 

(www.soybase.org), more than 3624 QTLs for various agro- 

morphological traits, and 3621 molecular markers consisting 

of RFLP, AFLP, RAPD, SSR, SNP etc. have so far been 

mapped in soybean. 

However, limited genetic studies have been carried 

out to map and understand the genetic basis of the DRTs 

(Liu et al., 2007). In this study, therefore, attempt was made 

to create genetic diversity through distant hybridization 

and perform molecular assessment for seed yield (SY) and 

domestication-related traits (DRTs) in soybean using SSR 

markers. 

MATERIALS AND METHODS 

The plant material used in the study comprised of 
206 recombinant inbred lines (RILs) in F,, and F,, 
generations, which were developed from an inter-specific 

cross involving a wild type (G. soja) accession (DS2008-1) 
and a popular North Indian (G max) cultivar (DS9712) of 

soybean (Fig. 1). Phenotypically, both the parental 

genotypes were highly diverse; salient features are 

presented in table 1. Segregating plants from F, and 

subsequent generations were advanced through single seed 

descent (SSD) method. 

For phenotypic evaluation, the RILs inF,  and F, 

generations along with the parental genotypes were 

evaluated in two consecutive years i.e. kharif 2014 and 

kharif 2015 in the experimental field of the Division of 

Genetics, ICAR-IARI, New Delhi following augmented block 

design (Federer, 1956). Geographically, IARI, New Delhi 
campus is located in 28°38°23" N and 77°09'27"E with an 

altitude of 228.61m above mean sea level. It represents sub- 

tropical climate with moderate annual rainfall 708.7 mm that 

spans nearly over 3 months (July-Sept.). The temperature 
and light duration during kharif season remain fairly 

optimum for growing soybean. Each RIL was grown in 3.0 m 

long row with a row-to-row spacing of 45cm and plant-to- 

plant spacing of 10 cm. Standard packages of practices were 
followed to raise a healthy crop. For collection of phenotypic 

data, 3 plants were selected from each row avoiding 
bordering plants, and averaged it. The morphological traits 

under study were days to flower, days to 50% flowering, 

days to maturity, plant height (cm), number of primary 

branches, number of nodes on main stem, maximum 

internodal length (cm), number of pods plant’, 100-seed 

weight (g) and yield plant' (g). The DRTs considered for 

the study were pod shattering, seed size and twining habit. 

The data were subjected to statistical analysis by using 

SPAS software of IASRI, New Delhi. 

DNA extraction and SSR analysis 

Genomic DNA was extracted from young leaves of 

the two parents and each F,, lines derived from 206 RILs 

using CTAB (Cetyl-Tetra Methyl Ammonium Bromide) 

method (Murry and Thompson, 1980). The DNA was 

quantified against a lambda DNA on 1.0% agarose gel 
stained with Ethidium Bromide and diluted to 10 ngil" 

concentrations. Based on the sequences published on the 

Soy Base website (http://soybase.org), 317 SSR primer pairs 
were synthesized for genotyping the 206 F,  RIL 
populations. The polymerase chain reactions (PCR) were 

carried out using sterile 96 well PCR plates obtained from 

Axygene Scientific Inc. Union city, CA, USA. The master 
mix consists of 25ng of genomic DNA, 0.2 U of Tug DNA 
polymerase, 1X PCR assay buffer with 1.5 mM MgCl,, 12ng 

each of forward and reverse primer and 200uM of ANTP mix. 

The reaction volume was made up to 10yl using sterile 

double distilled water. The entire exercise was carried out 

over ice and the PCR plate was immediately loaded in the 

thermal cycler (Applied Biosystems, USA). The details of 
the PCR cycles are as follows: 

Initial Denaturation oC Smin 

Cycles 1-35 Denaturation wC 1 min 

Primer annealing ~ 49°C 1 min 

Primerextension  72'C I min 

Final primer extension 72°C 7 min 

At the end of the run, PCR plate were taken out 

and kept at 4°C for electrophoretic separation. The PCR 

amplified fragments products were separated on 3% 
MetaPhor ® agarose gel and visualized by Eethidium 
Bromide (EtBr) staining dye at the rate 2.5ul100ml"'. 

Electrophoresis was carried out in 1x TBE buffer at 80 volts 

for 3.5 hours. For sizing the fragments 50bp ladder (MBI 
Fermentas, Lithuania) was run alongside the samples. Gels 

were photographed using CCD camera attached to gel 

documentation system (Alfa Imager™). Polymorphic marker 
scoring was done manually. 

RESULTS AND DISCUSSION 

Morphological characterization of the parental genotypes 

and RILs 

The parental genotypes (DS9712 and DC2008-1) 

varied significantly for the traits under consideration. Brief 

statement about the morphological variations between the 
two parental genotypes is given in table 2. The RILs also 
found to vary significantly for a number of agro- 

morphological traits under consideration. Morphological 
variation between the RILs and seeds is shown in fig. 2. 

The analysis of variance (ANOVA) of the data was calculated 

following procedure for augmented design (Rathor ef al.. 
2005). The ANOVA indicated that there are significant 

variations between the RILs and the parental lines for the 

yield and domestication-related traits under consideration 

(Table 3). The summary descriptive statistics of yield and 
domestication-related traits (DRTs) for kharif 2014 and 

kharif2015 is presented in table 4, respectively. Trait-wise, 



performance of the RILs and their parental lines is presented 

below: 

Days to flowering (DF): 

Days to flower or flowering time was estimated by 

counting the actual number of days required from the date 

of sowing to the initiation of first flower in each entry. DS 

9712, a cultivated variety, took 44 days to flower during 

kharif 2014, while it took only 42 days during kharif 2015. 

However, the G soja accession DC-2008-1 took 68 and 67 

days to flower during kharif 2014 and 2015, respectively 
(Table 4). The range for days to flower in the RIL population 

was 30-97 days with a mean of 62 days in kharif 2014. 

Similarly, the range for days to flower during kharif 2015 
was 29-75 days with a mean of 56 days. Thus, the flowering 

range was more dispersive during kharif 2014, Transgressive 
segregation was observed for days to flower. More number 
of transgressive segregants was observed during 2015 
(55.16%) than 2014 (51.61%). RILs that matured earlier to 

early parent (DS9712) and later to late parent (DC2008-1) 

were observed. More transgressive segregates were 

recorded for earliness than lateness. 

Days to 50% flowering (DFF): 
The number of days required from sowing date to 

start of flowering in 50% of the plants in a RIL was recorded 
and presented as days to 50% flowering. The parental line 

DC-2008-1 came to 50% flowering in about 73 days during 

Kkharif 2014, while it took about 76 days during kharif2015. 
Similarly, the other parental genotype DS9712 came to 50% 

flowering stage in about 59 and 55 days during kharif 2014 

and kharif 2015, respectively. The RILs attained the 50%- 
flowering stage in 35-101 days (average 67 days) during 

kharif2014 and 33-79 days (average 60 days) during kharif 

2015. 

Days to maturity (DM): 

Days to maturity was recorded by counting the 

days from date of sowing to the days when the seeds 
attained physiological maturity. The DC2008-1 was relatively 

alate maturing genotype and showed physiological maturity 

only in about 134-140 days during kharif 2014 and 124-139 

days during kharif 2015. Similarly, the DS9712 matured in 
118-120 days during kharif 2014 and 109-118 days during 

kharif 2015. The days-to-maturity among the RILs ranged 

from 56 to 124 days and from 85.50 to 134 days with mean 

days-to-maturity of 110 and 112 days during kharif 2014 
and kharif 2015, respectively. 

Plant height (PH): 

Height of a plant was measured at the maturity 

stage. It was recorded from base of the plant at ground to 
the tip of the main stem. The plant height of DS9712 ranged 

from 62 to 84 cm across the two years. On the other hand, 

height of the wild type genotype DC2008-1 was much 

variable and attained about 117 cm and 150 cm during 2014 

and 2015, respectively. Height of the plants in the RILs was 

more during 2014 than 2015 (Table 4). The weather during 

2014 was more favorable with optimum rain during kharif 
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season. It might have affected overall growth and height of 
the plants. Transgressive segregates with shorter plant type 

were observed. The skewness and Kurtosis was positive 
and normal. 

Number of primary branches (PB) plant': 

Branches coming out of the main stem were 

counted and recorded as the number of primary branches 

plant!. In DS9712, there were a few branches plant’; it 

ranged from average 2.14 to 3.33 over both the years. On 
the other hand, the number of primary branches plant” in 
DC2008-1 varied from 6.67 to 11.13 during the years 

of testing. In the RILs, the number of primary branches 

plant ranged from 0.67 to 23 with an average of 6.09 during 
kharif 2014. Similarly, during kharif 2015, the account of 

branches plant! was 0.33-14.33 with a average of 5.72 (Table 

4). 

Number of pods plant "' (NP): 

Average number of pods plant” in DS9712 was 82- 

144 while in DC2008-1, it was 52-78 over both the years 

(Table 4). Among the RILs, a huge variation was observed 

for the number of pods plant”. It exhibited transgressive 

segregation both for higher (451 during 2014, 551 during 

2015) and fewer (7 during 2014, 24 during 2015) number 

of pods plant". During kharif 2014, the number of pods 
plant” ranged from 7 to 451 with an average of 210.29. There 

was more pods plant" during kharif 2015, which ranged 
from 24.03 to 515.67 with an average of 224.78 number of 
pods plant'. 

100-sced weight (SW): 
Seeds of the cultivated genotype DS9712 were 

larger than that of the wild type DS2008-1. Range of weight 

of 100-seeds of DS9712 was 7.90-9.50 gand 7.40 - 8.97 g 

during 2014 and 2015, respectively. Similarly, the 100-seed 
weight for DC2008-1 seeds ranged from 0.52 g to 0.56 g 

during 2014 and 0.57 g to 0.58 g during 2015. The RILs 

showed huge variations for seed weight. During kharif2014, 
100-seed weight of the RILs was 1.09-12.20 g with a mean of 

2.65 g. Similarly, during kharif 2015, the seed weight ranged 

from 1.17-12.10 g with a mean of 2.65 g. 

Yield plant’ (YP): 

The mean seed yield plant” for DC 2008-1 was 

comparatively less variable and it ranged from 0.59 g to 0.84 
g across the years, while seed yield for the other parent 
DS9712 ranged from 9.33 g t0 23.20 g and, 9.40 g 10 24.09 g 
during kharif 2014 and kharif 2015, respectively. Among 
the RILs, the seed yield ranged from 1.09g to 29.33 g and 

from 1.50 gto 16,00 g with a mean of 6.96 g and 7.57 g during 
kharif 2014 and kharif 2015, respectively. 

Number of nodes (NN): 

Mean number of nodes on the main stem for DC 

2008-1 was comparatively higher than that in DS9712. Tn 
DC2008-1, it ranged from 15 to 27, while the same in DS9712 

ranged from 9 to 16 across the years. Among the RILs, large 
variations were observed for this trait. On average, the 



number of nodes on main stem of the RILs ranged from 3.00 

10 33.00 and from 7.30 to 29.33 with mean of 16.68 and 16.83 

during kharif 2014 and kharif 2015, respectively. 

Maximum inter-nodal length (MIL): 

The length of the internodes was more in the wild 

type genotype DC2008-1 as compared to the DS9712. Tt 
ranged from 21 to 31 cm in DC2008-1 and in DS9712, it ranged 

from 2.90 to 4.40 cm. The RILs also showed variations for 

this trait. During 2014, it ranged from 2.00 to 9.50 cm with a 

mean value of 5.28 and during 2015 it ranged from 1.67 to 

10.80 cm with mean of 5.61 cm. 

Enormous phenotypic and genotypic variability 
was observed among the RILs (Fig. 2). It varied significantly 

for all the traits under study (Tables 2, 3 and 4). Transgressive 

segregates were observed for 5 of the 10 traits. RILs with > 

451 number of pods plant’ were observed in this study, 
which is a record by itself. Lines with erect plant type and 

synchronous maturity have also been identified. 

Molecular characterization of parental lines and RIL 

population 

For surveying the level of genetic polymorphism 
between the two parents i.e. DC2008-1 and DS9712, a set of 

317 simple sequence repeat (SSR) markers were selected at 

random from across the soybean genome with about 16 
markers chromosome™ from soybase genome website 
(Cregan et al., 1999). Among the 317 SSR markers tested, 

206 were found to be polymorphic between the parents i.e. 

the level of genetic polymorphism between the two parents 

were 64.98%. Such higher level of polymorphism was 
observed due to existence of genetic diversity between the 

two species. However, distribution of the polymorphic 

markers was not uniform across the chromosome; some 

chromosome had more polymorphic markers than others. 

Distribution of the markers over the chromosome and level 

of polymorphism is given in table 5. Chromosome numbers 
10 and 20 had the highest level of polymorphism (90.91%), 
while the chromosome number one had the least (50.00%). 

Power of the SSR markers in detecting the 

polymorphism level found to vary with the type of motif 

and the number of repeats in a particular motif. The tri- 

nucleotide motifs were more polymorphic (54.06%) than 
dinucleotide (37.79%) or polynucleotide motifs (8.13%). The 

pi-diagram showing variations in polymorphism level with 
respect to SSR motif size is depicted in fig. 3. Further it was 

observed that the level of polymorphism detected between 
the two species also varied with the number of times a 

particular motif is repeated. Out of 111 monomorphic SSR 
markers, 66 had repeat motif with less than 20 repeat units. 

On the other hand, among 206 polymorphic markers, 111 

had motifs with 20-30 or more repeats. Thus, it appeared 

that the SSRs with 20-30 repeats, i.e. say ATT20, ATT25, 

ATT30, etc. are relatively more polymorphic than others. 

Similar finding was also reported earlier by Yashpal et al. 
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(2015). A representative gel picture showing amplification 

pattern of the markers between the two parental genomes is 

presented in fig. 4. 

In India, soybean was adopted as a commercial 

crop only during 1968-70s. Barring a few local germplasm 
available in the Northern hilly states, most of the soybean 

genotypes available in India are introduced from China 

(Taiwan) and USA. Basically, soybean is domesticated 
nearly ~6000-9000 years ago in China (Kim et al., 2010) and 

introduced to India nearly ~ 4000 years ago through Indo- 

China silk route which posses single gene pool. Tt is 
therefore considered that the genetic variability among the 

soybean genotypes in India is very low. Further, the soybean 

breeders were biased in involving only a few genotypes in 
hybridization programs keeping the variability at low. It thus, 
makes sense to involve diverse genotypes along with the 

wild types in the breeding program so as to widen the genetic 
base of Indian soybean. The wild type genotypes also harbor 
genes/alleles useful for various traits including biotic and 

abiotic challenges. Wide hybridization not only can widen 

the genetic base, but can enrich the gene pool with useful 

gene/alleles too (Concibido e al., 2003). In this study, huge 

genetic variability was created through wide-hybridization. 
Lines with some important traits have also been identified. 

Advanced lines with more than 450 pods plant™ have been 

obtained from the segregating lines. Such line will contribute 
towards enhancement of yield of soybean. 

It is expected that in F, or F, generation RILs, the 

lines would be homozygous at all the loci and would 

segregate at 1:1 ratio. In this study, 47.25% of the alleles in 

F,, and F,, generations resembled G soja and 47.88% 

resembled G. max parents. Thus, the alleles segregated in 
the expected 1:1 ratio. Average heterozygosity content of 

the RIL population was 1.01% corresponding to 1.2 cM 

genetic length across twenty chromosomes, which is less 
than expected heterozygosity content of F, generation. It 

indicated that the population has got nearly stabilized and 

is fit for mapping QTL for the important traits. Similar kind 

of results on heterozygosity in RILs was reported by Liu et 

al. (2007) in a set of 96 RIL population developed from 

interspecific crosses using wild accession. In three different 

independent studies involving G soja as donor parent and 
with three different max recurrent parents, polymorphism 

level was reported to range from 18 to 39% (Mansur et al., 

1993; Lark ez al., 1994; Maughan et al., 1996) 

Lines with improved traits developed in this study 

will pave the way for identification of high yielding soybean 
genotypes. Similarly, the polymorphic SSR markers identified 

in this study will be useful in mapping, analysing and 

deployment of QTL for genetic improvement of soybean. 
Further assessment and utilization of these lines in breeding 

program would be improving yield, quality and stability in 
soybean.
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Polynuleotide 

5.1% 

Dinucleotide 

40.76% 
Trinucleotide 

54.14% 

Fig. 3. Pi-diagram showing power of SSR marker motifs in detection of 

polymorphism.(The trinucleotide repeat motifs could detect more polymorphism than others) 

Fig. 4. Amplification pattern of 12 SSR markers between the two parental genotypes. In each 

pair of lanes, left and right side lanes represent DS9712 (G max) and DC2008-1 (G soja) genotypes 

respectively. The markers in the gel image includes (from left to right) Satt418 , Satt063 , Satt601, 

Satt663, Satt070, Satt656, Sat_238, Satt460, Satt685, Satt618, Satt308, and Satt687. M - 100bp ladder.



12 

areyplog 
[rews 

A71s 
pa2§ 

POpads 
1Jos 

POpads 
pIeH 

$SQUPIPIAS 
prey 

¥2-01 
00T 

-00'1 
@) pRIA 

M
M
 

oding 
INO[0D 

JOMO[] 

skep 
0ZI-011 

SKep 
Gp1-GE1 

Anyew 
01 sKeq 

0r1-0TI 
SL—¢S 

Joquinu 
pog 

wo 
() p> 

M
o
 

wo 
6< 

YSIH 
S
u
d
]
 
[epouau] 

qjqndeosng 
JURISISAY 

ssang 

€T 
01-L 

saypueIq 
U
 

M
g
 

asnjoig 
Sumpuerg 

€1-01 
0€-ST 

Joqunu 
dpoN 

aqndoosng 
JUEISISOY 

UONILAIASLISI 
MO[[OX 

yoerg 
IN0[0D 

180D 
PAAS 

JURISISY 
9iqndeosng 

Suuoneys 
pod 

umorg 
Yoerg 

In0J[02 
pod 

SKep 
G 

— 6 
sAep 

08-0L 
Sutemoly 

9505 01 skeq 
arex 

K1op 
Ju3sald 

douaosaqnd 
pog 

00°01-00'8 
09°0 

-LS°0 
(8)1yBrom 

paos-0 1 
ABAQ 

[eAQ 
adfy yearp 

Suong 
P LETYN 

walg 

wd 
08-09 

wd 
OS1-0TT 

S
y
 

ueld 
10219 

JUAqUINOOI 
Jqey 

IMmoID 

Q
e
U
I
I
L
I
N
J
 

QJRUTULIDNOPUL 
odKyjuelg 

e
d
 

v
a
s
n
 

2
0
m
o
g
 

p
a
w
A
D
n
)
 

PIM. 
u
o
n
e
I
N
S
A
W
O
 

X
D
 

D 
vlog 

O 
saroadg 

TIL6 
SA 

1-800C 
DA 

SHeL], 

uonezZIpLIqAY 
OpIM 

up 
Pasn 

(ZIL6 
SA) 

PAILANIND 
Pue 

([-8007I() 
204} 

Pl 
spuaed 

Jupseapuod 
om) 

Jo 
SaINYEay 

JUILIS 
T 
AquL



13 

“(I3US] 
[2POU-IAUL 

WNWIXBIA 
A
l
 

‘WIS 
UIRW 

UO 
SIPOU 

JO"ON 
N
N
 

“(3) 
quepd 

parx 
paag 

:dA 
‘(8) 

yStom 
paas-00[ 

:MS 
‘Iuefd 

spod 
Jo 

"ON 
:dN 

‘seyoueiq 
L
r
e
w
i
d
 Jo 

‘0N 
:gd 

‘(wo) 
ySiay 

jueld 
:Hd 

K
u
m
e
w
 

01 
sKe( 

{NQ 
‘SuLOMO[J 

956 
01 
S
R
 
(
A
 

‘SuLomofy 
01 

sKe( 
;
I
 
O
w
n
 
SULIDMOL] 

;1 
:90urdjIuIs 

JO 
[949] 

1udd 
19d 

[()°() 
pue 

§°() 
18 

JueoLyIusts 

#*%59°9 
sv'e 

6S°€lL 
T
I
N
 

P
S
U
S
 

[epOU-1djUL 
“IXBIN 

ol 

wxClY 
cTel 

1€°€T 
N
N
 

S
3
p
o
u
 Jo 

1quInN. 
6 

wxlL'L 
Tr6T 

¥TT 
dA 

(3) 
| yueld 

paik 
pasg 

38 

*%85°6 
LSOl 

290 
M
S
 

(8) 
y
S
r
o
m
 
p
a
s
s
-
0
0
 [ 

L 

#x0L'TL 
8Tl 

0018 
dN 

spod 
jo 

saquinn 
9 

%
V
 

1T 
8C'1 

8
t
L
 

qad 
s
o
y
o
u
e
l
q
 
A
r
e
w
d
 jo 

"oN 
S 

*xbTTE 
1
9
 

9t 
°€0T 

Hd 
(Hd) 

W3rey 
e
l
 

¥ 

##L6'8S 
0°601 

o'LEL 
W
a
 

A
u
m
j
e
w
 

0y 
sAecy 

£ 

#x0F 
61 

8t 
HS 

00'L6 
A4a 

BULIDMO[ 
,0¢ 

01 
SAB(] 

z 

a
w
n
 

#x08°E€S 
0
0
t
 

0068 
Ld/4a 

Sunamold/1amoly 
o) 

skeq 
I 

[EZTT5)) 
(pfos 

")) 

T
I
L
6
-
S
A
 

1
-
8
0
0
2
D
0
A
 

d
w
r
e
u
 

“ON 

I
n
j
e
a
-
)
 

j
u
d
a
e
q
 

J
o
y
s
 

sypeay, 
IS 

uoneZIPLIGAY 
IPIM 

UI 
Pasn 

(SLYA) 
SMeq) 

pajepa-uonednsawop 
pue 

ppRIL 
10y 

sadfjousd 
[eyuared 

usam)aq 
suoneriey 

7 
dJqeL



QouedIIIUSIS 
10 

19A1 
1WA2Id 

1
N
 

PUB 
CN'N 

18 
1IIUBICQ 

oo 
© 

SE0 
€€°0 

8T0 
S
0
 

9T0 
o
 

910 
9T0 

€S0 
YI0T 

iy 

SE0 
0€0 

8T°0 
6£°0 

o
 

60°0 
90°0 

9€'0 
950 

1
0
T
 

¥y 
d<d 

6L'1 
S
 

I 
6L°0 

Stl 
€e'l 

8L'T 
PLl 

9’1 
s
l
o
c
y
y
 

6L'1 
€
l
 

1
1
 

9L’0 
P9l 

LST 
e
 

48! 
9¢'1 

rLoc 
4y 

d 

It'11 
10T'L 

S
R
 

8T201L 
I
l
 

P
E
T
 

80°¢ 
19°¢ 

[Gad 
sloz 

yy 

1
1
1
 

L8°9 
870 

8T'1T 
or't 

0
r
o
r
 

816 
1€¢ 

[
 

1
0
T
 

4y 
SINd 

(11 
“uawiean) 

‘¢y00[q 
‘Wopaaly 

jo 
2a159p) 

pajsnfpe 
Yooig 

14 

680°0 
18 

€£10000°0 
S10T¥Y 

PUE 
600°0 

1 
0100000 

Froc 
iy 

d<d 

€6°€l 
909 

6T6 
BIS 

SN 
818 

196 
1861 

89°6T 
e
 

S10T 
¥ 

€ELTI 
90°€ 

L8FT 
80'18 

8€1T 
¥To1 

8T91 
86'9T 

9L'E€T 
1
0
T
 

7y 
d 

L
y
 

8T'¢ 
8Tt 

91°6T 
vL'T 

0z'C 
(43S 

<10z 
yy 

N
N
 

(
8
 

€
0
 

PEFS 
L9°0 

9161 
76T 

0
T
 

e
 

1
0
T
 

¥ 
SWNA 

€C11 
*ST8Y 

«PE6 
#x9S'80CTT 

 1T°9 
#xCS 

6V 
S10T 

¥y 

peel 
*L8°C1 

or'8 
9S9r9 

+£0°6 
##xS0'LY 

vIOT 
W 

S
N
 

dA 
M
S
 

Nd 
ad 

Hd 
W
a
 

J4a 
ad 

A
R
 

(6 
10110 

17 
JUSUNEAI) 

°C 
1YOO[q 

‘WOP3SI] 
JO 

93150p) 
pajsnfpe 

juawrear], 

ST0T 
J1vyy 

pue 
pLOg 

fuvyy 
Supmp 

STRY 
Ul 

sped) 
juepodu 

19Yjo 
pue 

pIL 
10) 

(VAQNY) 
dUELIEA 

JO 
SISA[euY 

*¢ 
J[qRL,



15 
3
u
a
j
 

[epou-1ayut 

w
n
w
i
x
e
p
 
~
I
A
 

‘Wajs 
urew 

uo 
sapou 

jo 
o
N
 
-
N
N
 

‘(8) 
Juerd 

porx 
pasg 

-dx 
“(8) 

w
S
r
o
m
 
pass-001 

-mS 
*
u
e
r
d
 

spod 
 jo 

'oN 
-dN 

‘soyouelq 
A
r
e
w
n
d
 

jo 
‘oN 

-gd 
‘(wo) 

W
S
y
 

wueld 
-Hd 

‘
K
u
n
m
e
w
 

01 
s
e
 

-]Nd 
‘SULIOMO[) 

9
0
6
 

01 
s
K
e
-
J
A
 

‘Own 
S
U
L
I
O
M
O
L
]
-
I
 

:3ION 

€07 
19°¢ 

08°01 
L1 

117071620 
00°LZ-00'1T 

S10T 
4y 

P9l 
8TS 

056 
00T 

0P 
+0-06'20 

00 
1€-00tT 

PI0T 
4¥ 

TN 
681 

€891 
€€6T 

0€'L 
8TSI-S1°60 

00'92-00°ST 
S10T 

4y 
65t 

8991 
00°€E 

00°€ 
0091-00'60 

00°LZ-00LT 
P10T 

¥ 
NN 

(X3 
LSL 

0091 
0s'1 

60'+Z-0F'60 
1870076500 

S10T 
4y 

L8 
96'9 

€€°6T 
60’1 

0T 
€T-EE60 

£8°00-89°00 
F10T 

4y 
dA 

881 
©T 

o1zl 
LT 

L6'80-0F'L0 
8€°00-LS00 

S10T 
4y 

L8] 
9T 

07Tl 
60’1 

0S'60-06'L0 
9$°00-2$00 

F10T 
4y 

MS 
87801 

8LYTT 
LYSIS 

00T 
00'1Z1-00'68 

00'8£-00'SS 
S10T 

4y 
rE'86 

6T01T 
00'1$T 

00°L 
00771008 

00°$L-00TS 
¥10T 

4y 
dN 

€LT 
ws 

€€t 
€€°0 

60°€0-F1°20 
€1'T1-09'L0 

S10T 
41 

LLT 
609 

00'€T 
L9°0 

€E'E0-E€T0 
€€°01-L990 

F10T 
4y 

dad 
1€0T 

99°LS 
€€C1 

Lot1 
00780079 

00 
TFI-00'LIT 

S10T 
4y 

6T°0T 
8L'8S 

LY'LYT 
€691 

00'78-00'99 
00°0S1-00°0ZT 

F10T 
4y 

Hd 
96 

00TI1 
00°PE1 

0068 
00'811-00°601 

00'6€£1-00+Z1 
S10T 

4y 
658 

00011 
00Z1 

009§ 
000Z1-00'811 

0001-00€T 
PI0T 

¥ 
Wa 

80°L 
0009 

00°6L 
00°€€ 

00'19-00°SS 
00°68-00'9L 

S1oz 
iy 

LE8 
00°L9 

00°101 
00's€ 

007790068 
00 

16-00°€L 
F10T 

Y4y 
44d 

€89 
0098 

00'SL 
00'6T 

00'T$-00°Th 
00'18-00'L9 

S10T 
4y 

PS8 
0079 

00°L6 
00°0€ 

00" 
1§00+ 

00°6L-00'89 
¥10T 

4y 
14 

“
X
B
\
 

‘
U
l
 

Fpas 
u
e
I
 

oBury 
71L6Sd 

1-800200 

(907=u) 
STIY 

sjuaaeq 
Jedx 

spreay, 

STOT 
fuvyy 

pue 
pIOT 

fupyy 
SuLnp 

STRA 
Ul 

(SLAQ) 
SHED) 

PIIUPI-UOHEINSIWOP 
pue 

PRIA 
10 

sanspess 
aandLsaq 

 IAGEL



16 

8619 
90T 

11 
L1€ 

[e10L 

66T 
18S 

“0TH 
18S 

T9TNES 
"$TE 

18S 
TETNES 

0LENES 
GHONES 

‘6ETNES 
*“LOENES 

“TSHNES 
1606 

o1 
€ 

T 
/
0
7
 

1O 

SPTIBS 
“O00NES 

“ORT 
18S 

€11 1BS 
“[RPNES 

‘0ST 
1B 

“PRTNES 
‘YIFNBS 

L
R
I
 LS 

TSONES 
“TRINES 

"SOF 
1B 

<43 
i 

€ 
L1 

(D/61 
D
 

88TNES 
“LISNES 

“TIONES 
“6611ES 

"€TC 
IBS 

"€0t 
1BS 

0EIVES 
CETNES 

[F1 
1ES 

01T 
18 

‘EONES 
 €CEL 

1 
T 

<1 
©)/81 

1) 

0TT 
18 

"9TE 
18S 

100 
18S 

"FIFILS 
“€9€ 

18S 
"8EE 

I8S 
“TIENLS 

T60 
18S 

PSTNES 
 STI¢ 

6 
6 

91 
@
@
/
L
r
m
d
 

PPTIBS 
P6E 

18S 
HTT 

1BS 
"0TONES 

"99€ 
1BS 

T00 
108 

"SST 
1BS 

"6TSNES 
“989NES 

9Or0 
10§ 

FLONES 
 1L'H9 

1 
9 

L1 
/91 

1) 

€8YNES 
LOT 

1BS 
"TITNES 

"0TLNES 
“T69NLS 

TIT 1BS 
€8¢ 

L 
< 

4 
@/st 

£90MBS 
0 TONES 

"0ET 
1BS 

“TO9INES 
BITHES 

"EGONTS 
'L8T 

1S 
“LIFNES 

L999 
8 

t 
a 

(@/irr 

TTENES 
"$8I 

1S 
PIINES 

“TSTHES 
STENTS 

06E 
1eS 

€68 
L 

t 
Tl 

@rer 

P
E
P
N
E
S
 

[SINES'LIENES 
‘91T 

1ES 
‘SLIIES 

‘9LONES 
‘[FSUES 

‘THPNES 
‘76 

INES 
‘€SENES 

COFS0/1 
F
I
T
 S 

‘999Nes 
S
T
I
8
 

€1 
€ 

91 
(
H
/
T
1
 

B 
_ 

€90MES 
“0ZONES 

"0€T 
1BS 

“109MES 
"89THES 

“EQONTS 
“L8T 

1BS 
“LIFNES 

"ECHNES 
€71 

IES 
‘CYINES 

S IFNES 
GFI 

IES 
LOINES 

(ISTVES 
19T 

1BS 
000§ 

8 
8 

91 
a@/11 

1D 

061 
78S 

€T 
18S 

"FLT 
1BS 

I8SNES 
"TEENLS 

TRT 
1S 

16T 
1BS 

LEENES 
‘TOEHNES 

8sents 
1606 

o1 
€ 

11 
©)/o1 

)
 

961NES 
TSE 

IUS 
“€FT 

1BS 
09THS 

“GOPITS 
“CF0 1US 

‘91T 
1BS 

“LECHTS 
“IRENLS 

SLINLS 
‘611 

1S 
L8O 

1S 
0§°L8 

¥I 
€ 

91 
OD/6 

D
 

GTYNBS 
‘REENTS 

“GOPNTS 
“LLE 

18S 
‘661 

188 
TOPCELMY 

‘SIT 
1BS 

“IST 1
S
 

“ SFIOCSE 
“68S1PS 

“L90 
PS 

L
9
 

I 
9 

Ll 
(@v)/8 

D
 

S0ENTS 
"9LT 

1US 
"YIINBS 

“ITI 
18S 

"9T 
18S 

'8F1 
1US 

"SHTNES 
"€OFNES 

PHT 
1BS 

 t6'TS 
6 

9 
L1 

/
L
 
D
 

TET 
1LS 

"€9T 
1BS 

O9HNLS 
 §ET 

IBS 
“LLTNES 

“9STNLS 
“OLINES 

“OKINES 
0009 

6 
< 

<1 
@)/9 

D
 

LT IBSTCTTNES 
“TISNES 

9ETNTS 
00TNES 

“HLINES 
“SHENES 

"GIINES 
“9SE™ IS 

“[6SNPS 
“E65HES 

1119 
1 

8 
81 

av)/s 

FTSNES 
“SET 

I8S 
161 

108 
TTE 

1BS 
‘199£LCMY 

0T 
1BS 

'BILWES 
“TOINES 

“L9E 
1BS 

“96ENES 
“0691ES 

1
9
 

T 
L 

81 
T
/
 

1w 

TTONES 
“6HSIES 

"997 
18S 

"SLT 
IBS 

991 
1BS 

FRSNES 
FTINES 

“0ESHES 
“600NES 

‘6LE 
1B 

788 
o1 

L 
L1 

(N/g 
D
 

T6171ES 
“9rENes 

“T8TNLS 
99TNES 

“96TNES 
‘CIFICSIY 

"PST 
 TIBS 

PEINBS 
“TOLNES 

SGINES 
‘TIT W

8
S
 

SFECLIHE 
‘€CIICOAT 

 LItS 
€l 

6 
te 
@
D
 

PIEIBS 
"S8TISLMV 

‘0117 18S 
"E8ENBS 

* 10T 
1BS 

“THENLS 
TYHNLS 

‘BIENLS 
“TECNES 

 00°0€ 
o1 

o1 
0T 

Cray/ 

(%) 
sivprew 

sivprew 
(ON) 

(dnoxn 
(ST0Y) 

sdulp 
paaqui 

yuewiquodds 
9oz 

wisiydiow 
 dydaow 

d
y
d
i
o
w
 

 paysdy 
A
g
e
q
u
I
)
 

Buid£)oudd 
pue 

£3aans 
w
s
i
y
d
a
o
w
 

Sjod 
ryuased 

doy 
pasn 

saasprew 
¥Y§S 

d
y
d
i
o
w
s
j
o
d
 
3y 

jo 
s
w
e
N
 

-Kjod 
-Kjod 

SOUOIAl 
SIBLIRIAL 

 /'ON 
IYD 

sadAjoudd 
[ejuared 

om) 
udIMIIq 

PasIasqo 
wsiydiowk[od 

Jo 
[9Ad] 

puUE 
SIN[IEUI 

YSS 
JO 

UOHNGLISIP 
ISIM 

IWOSOWOIY)) 
*S 

IQE],



REFERENCES 

Annonymous, 2015. Directorate of economics and statistics, 
Department of Agriculture and Co-operation, New Delhi, 
Govt. of India Report. India. pp. 68. 

Bailey, M.A., M.AR. Mian, T. E. Jr. Carter, D.A. Ashley and H.R. 
Boerma, 1997. Pod dehiscence of soybean: identification 
of quantitative trait loci. J. Heredity. 88: 152-154. 

Carter, T.E., R.L. Nelson, C. H. Sneller and Z. Cui, 2004. In Soybeans: 
Improvement, Production Uses. (eds. Boerma, H. R. & 
Specht, J. E.) (American Society of Agronomy, Crop 
Science Society of America, Soil Science Society of 
America) 

Concibido, V. C., B.L. Vallee, P. Mclaird, N. Pineda, J. Meyer and L. 
Hummel, 2003. Introgression of a quantitative trait locus 
for yield from Glycine soja into commercial soybean 
cultivars. Theor. Appl. Genet. 106: 575-582. 

Cregan, P. B., T. Jarvik, A. L. Bush, R.C. Shoemaker, K. G. Lark and 
A.L. Kahler, 1999. An integrated genetic linkage map of 
the soybean genome. Crop Sci. 39: 1464-1490. ( http:/ 
[www.SoyBase.org) 

Federer, W.T. 1956. Augmented designs. Hawaiian Planter Record. 
55: 191-208. 

Funatsuki, H., M. Ishimoto, H. Tsuji, K. Kawaguchi, M. Hajika and 
K. Fujino, 2006. Simple sequence repeat markers linked 
to a major QTL controlling pod shattering in soybean. 
Plant Breed. 125 (2): 195-197. 

Hymowitz, T. 2004. Speciation and cytogenetics. In Boerma HR, 
JE Specht eds. Soybeans: improvement, production, and 
uses, 3rd edn. Madison, WI: American Society of 
Agronomy, Inc., Crop Science Society of America, Inc, 
and Soil Science Society of America, Inc. 97-136. 

VR. Pantaloned, C. E. Sams, A. M. Saxton and E.D. 
Landau, 2006. Impacts of genetic bottlenecks on soybean 
genome diversity. Proc. Natl. Acad. Sci. 103: 16666- 
16671. 

Hyten, D. 

17 

Kim, M.Y., S. Lee, LY. Koi, W.X. Liu, J. Schmutuz and $.H. Lee, 
2010. Whole-genome sequencing and intensive analysis 
of the undomesticated soybean (Glycine soja Sieb. and 
Zuce.) genome. Proc. Nat. Acad. Sci. 107 (51): 22032- 
22037. 

Kumar, S., R. Karthika, J. Kumar and A.B. Michael, 2015. Current 
knowledge in lentil genomics and its application for crop 
improvement. Front. in Plant Sci. Plant Genet. Genome, 
6: 1-13. 

Lark, K.G., J. Orf and L.M. Mansur, 1994. Epistatic expression or 
quantitative trait loci (QTL) in soybean [Glycine max 
(L.) Merr,] determined by QTL association with RFLP 
allele. Theor. Appl. Genet. 88: 486-489. 

Liu, B., T. Fujita, Z. Yan, S. Sakamoto, D. Xu and J. Abe, 2007. QTL 
mapping of domestication-related traits in soybean 
(Glycine max). Ann. Botany, 100:1027-1038 

Mansur, L. M., K. G. Lark, H. Krossand and A. Oliveira, 1993 
Interval mapping of quantitative trait loci for 
reproductive, morphological, and seed traits of soybean 
(Glycine max L.). Theo. Appl. Genet. 86: 907-913. 

Maughan, PJ., M.A. Saghai Maroof and GR. Buss, 1996. Molecular- 
marker analysis of seed-weight: genomic locations, gene 
action, and evidence for orthologous evolution among 
three legume species. Theor. Appl. Genet. 93: 574-579. 

Murray, M.G. and W.E. Thompson, 1980. Rapid isolation of high 
molecular-Weight plant DNA. Nucleic Acids Res. 8: 4321- 
4325. 

Rathor, A., R. Prasad and V.K. Gupta, 2005. Statistical package for 
Augmented Designs. IASRI, New Delhi 

Yashpal, D.R. Rathod, Jyoti Devi, Anil Kumar, Keya Mukherjee, 
Deepika Cheruku, Subhash Chandra, S.K. Lal and Akshay 
Talukdar, 2015. Genomic variation studies in Glycine max 
and Glycine soja using SSR markers. Curr. Sci. 119 (11): 
1929-1931. 

Rec. on 10.11.2016 & Acc. on 15.12.2016


