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Abstract  Original Research Article 
 

This study was carried out on the evaluation of yield performance and molecular diversity in F2 population of soybean 

genotypes using SNP markers. The aim of the study was to assess the growth performance of the F2 soybean population 

and to also assess the genetic diversity among the soybean genotypes based on SNP markers with a view of devising a 

breeding strategy for selection for further improvement. The field experiment was laid out in a randomized complete 

block design with three replications. The result showed that mean square due to genotypes were highly significant for all 

the characters except number of branches per plant. Genotypes and year of planting interacted significantly (P≤0.05 and 

P≤0.01) for plant height at flowering, plant height at harvesting, number of pods, total pod weight and seed yield. The 

genotypes recorded higher mean values of all the characters in the second year than the first year indicating that variation 

in environmental conditions influenced the performance of the genotypes. At the molecular level, SNP markers were 

used to assess the extent of polymorphism among the F2 populations and the markers showed remarkable genetic 

diversity among the soybean genotypes. 
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author and source are credited. 

 

INTRODUCTION 
Soybean, Glycine max (L.) Merrill belongs to 

the family Fabaceae [1]. It is the most important 

leguminous seed crop among the oil crop plants, which 

accounted for 56% of global oil production in the 

international market in 2011 [2]. In the international 

trade markets, it is ranked number one in world oil 

production among the major crops such as cotton seed, 

peanut, sunflower seed, rape seed, coconut and palm 

kernel. Presently, soybean is a world crop, cultivated 

widely in the United States of America, Brazil, 

Argentina, China and India [3]. Soybean, grown 

primarily for the production of seed, has several uses in 

the food and industrial sectors, it represents one of the 

major sources of edible vegetable oil and proteins for 

livestock feed [4]. Among the grain legumes, soybean 

currently ranks third after groundnut and cowpea in 

terms of production and utilization [5]. Soybean seed 

contains about 38.50 - 45.80 % protein, 15.84 – 30.00 % 

carbohydrate and 17.40 – 24.00% oil [6]. It is also rich in 

minerals particularly calcium, phosphorus, iron and 

vitamins (thiamin, riboflavin and niacin) [7]. Currently, 

it is used in preparing weaning foods for infants to 

prevent kwashiorkor (protein malnutrition) in children 

[8]. It is used to fortify various traditional foods such as 

gari, stew, sauces, banku, and kenkey to improve their 

nutritional levels without changing their taste or cooking 

time [9]. Consumption of foods containing soybean and 

soybean constituents has been associated with reduced 

heart disease risk factors, reduced osteoporosis, 

alleviation of menopausal symptoms, reduced cancer 

risk and reduced diabetes. Soybean works in the 

prevention of heart problems and stroke by lowering 

cholesterol [10, 11].  

 

Crop improvement through successful selection 

programme is only achieved using valid information 

about the correlation and genetic variability of traits of 

interest knowing fully well that improvement in any crop 

is dependent on the amount of genetic variability in the 

population [12]. Duzyaman and Vural [13], reported 

that, phenotypically varied genotypes most probably of 

diverse source are often regarded as more effective in 

obtaining capable crosses. Collection of germplasm and 

assessment of genetic variability is a basic step in any 

crop improvement program [14]. Plant breeders often 

look for desirable genes and gene complexes [15]; 

Identification of promising individuals is very important 

in any breeding program and great efforts have been 

directed to improve yield level and quality properties in 

crop plants [16].  
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The conventional method used by plant 

breeders for selection is the phenotypic selection where 

morphological/phenotypic agronomic traits such as plant 

height; seed yields, etc are taken into account [17]. These 

can be called as phenotypic markers or morphological 

markers. In phenotypic markers, the extent of variation 

available is also limited [18]. Moreover, use of 

morphological markers excludes the analysis of 

noncoding sequences of genomes, which in higher plants 

often account for more than 95% of the total genome 

[19]. In the field they are subjected to environmental 

hazards also. In some cases, a trait may not express if 

suitable environmental condition is not available 

particularly in the case of stress related genes; These 

constraints make the use of phenotypic markers limited 

[20]. 

 

A molecular marker is a DNA sequence that is 

readily detected and whose inheritance can be easily 

monitored [21]. The uses of molecular markers are based 

on the naturally occurring DNA polymorphism, which 

forms basis for designing strategies to exploit for applied 

purposes [22]. Molecular markers as new tools in crop 

improvement have demonstrated usefulness especially 

with genes controlling quantitative traits [23]. It is also 

evident that molecular markers offer several advantages 

over the morphological markers as they provide data that 

can be analyzed objectively given new dimension to 

breeding especially with respect to the time required for 

developing new improved crop varieties [24]. Molecular 

Marker has proven to be powerful tools in the assessment 

of genetic variation and in elucidation of genetic 

relationship within and among species [25]. Such 

markers have been used to improve quantitative traits in 

plant breeding via Marker assisted selection [26]. 

Molecular markers have been extensively used for the 

identification and authentication of plant taxonomy and 

these markers are not influenced by age, physiological 

condition of sample and environmental factors [27]. The 

development of molecular techniques for genetic 

analysis has led to a great argumentation in our 

knowledge of crop genetics and our understanding of the 

structure and behavior of various genomes [28]. These 

molecular techniques in particular, the applications of 

molecular marker have been used to scrutinize DNA 

sequence variation in and among the crop species and 

create new sources of genetic variation by introducing 

new and favourable traits from landraces and related 

crop species [29]. Molecular markers allow a breeder for 

rapid screening of large number of line to select the 

promising ones [30]. 

 

In recent years, a novel class of markers named 

SNP has emerged as an important tool in genomics and 

are increasingly being used as molecular marker in 

various laboratory for different applications. Markers 

based on SNPs have rapidly gained the centre stage of 

molecular genetics during the recent years due to their 

abundance in the genomes and their amenability for high 

throughput detection formats and platforms [31]. 

Millions of SNPs have been generated in Soybean [32], 

Arabidopsis [33] and Rice [34, 35] in order to enhance 

studies on marker assisted breeding or selection. The 

present study was aimed to assess the growth 

performance of F2 population of soybean genotypes with 

a view to devising a breeding strategy for selection for 

further improvement and to also assess the genetic 

diversity among the soybean genotypes based on SNP 

markers. 

 

MATERIALS AND METHODS 
The experimental materials for the present 

study consisted of seven genotypes collected from the 

soybean germplasm collection of the international 

institute of tropical agriculture, Ibadan, Oyo – State, 

Nigeria. The experiment was carried out in phases. The 

first phase was the generation of the F1s from the 

crossing of the parental lines. The F1 seeds were later 

planted to generate the F2 generations through 

self-pollination. The second phase of the experiment was 

the molecular analysis using SNP markers. The field 

experiment was carried out on the Teaching and 

Research Farm of the Federal University of Technology, 

Akure, Ondo – State, Nigeria in year 2014 and 2015 

respectively. The experiment was laid out in a 

randomized complete block design (RCBD) with three 

replications. A single row plot was adopted. Fifteen 

plants were maintained per plot with an inter and intra 

row spacing of 60cm and 20cm respectively. Standard 

agronomic and plant protection treatment were carried 

out uniformly across the plots for the duration of the 

experiment. Standard agronomic and plant protection 

treatment were carried out uniformly across the plots for 

the duration of the experiment. Data were collected on 

ten competitive mid – plants on the following agronomic 

characters: days to flowering (DTF), plant height at 

flowering (PHTF), days to maturity (DTM), plant height 

at maturity (PHTM), number of branches per plant 

(NBP), number of pods per plant (NPP), number of seeds 

per pod (NSP), pod length per plant (PL), total pod 

weight (TPW) and seed yield per plant (SYP). 
 

DNA EXTRACTION 

Total genomic DNA was extracted using the 

modified mini preparation protocol described by 

Dellaporta et al., [34] as follows: 
 

Approximately 200mg (0.2g) of lyophilized 

leaf sample was ground into fine powder. To each tube 

700ul of hot (65
o
C) plant extraction buffer (PEB) 

[containing 637.5ml of double distilled water (ddH20), 

100ml of 1M Tris-HCl (pH 8.0), 100ml of 0.5M ethylene 

diamine tetraacetic acid (EDTA) (pH 8.0), 100ml of 5M 

Nacl2 and 62.5ml of 20% sodium dodecyl sulphate 

(SDS)] was added. One percent b-mercaptoethanol was 

added to the pre- warmed PEB just before use. The tubes 

were capped and inverted gently 6-7 times to mix the 

sample with buffer. 
 

The solution was incubated at 65°C in water 

bath for 20 mins with occasional mixing to homogenize 
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the samples. After 20 mins, samples were removed from 

the water bath and uncapped. The tubes were allowed to 

cool at room temperature for 2 minutes after which 500ul 

of 5M of potassium acetate (CH3COOK) was added to 

each tube and recapped. The tubes were then mixed by 

gently inverting 6-7 times and incubated on ice for 20 

minutes. 

 

After 20 minutes of incubation on ice tubes 

were spun at 12,000 rpm for10 minutes at 4°C. The 

supernatant was transferred into new 1.5ml eppendorf 

tubes using wider bore pipette tips (1000 µl) and making 

sure debris were not taken along with the supernatant. 

700µl chloroform isoamylalcohol was added to the 

supernatant and spun at 10,000 rpm for 10 minutes. 

 

The supernatant was transferred again into a 

new correspondingly labeled tubes and 700µl ice-cold 

isopropanol was added to each tube and mixed by gently 

inverting the tubes 6-10 times. The tubes were allowed to 

stand undisturbed in a rack and stored in a freezer 

(-20°C) for at least 1 hour or overnight to precipitate the 

DNA. 

 

After 1-hour precipitation in the freezer, the 

tubes were centrifuged at 12,000 rpm for 10 minutes at 

4°C. The supernatant was carefully discarded with great 

care to disallow the pellet from dislodging from the 

bottom of the tube. The tubes were allowed to drain 

inverted on clean paper towels for 1 hour or more. The 

DNA pellets were washed twice in 100µl, cold 70% 

ethanol for 20 minutes and air dried completely. After 

drying, 60µl of 1×TE [10mM Tris-HCL (pH 8.0), 1mM 

EDTA (pH8.0)] was added to the pellets, followed by 

2µl of 10ng/ml Rnase to remove the RNA. The solution 

was incubated for 40 minutes at 37°C with gentle mix at 

10 minutes intervals. 

 

SNP ANALYSIS 

SNP genotyping was done at Inqaba 

Biotechnical Industries (Pty) Ltd Pretoria, South Africa 

on the MassARRAY system from Agena Biosciences 

using the iPLEX reagents which included the iPLEX 

PCR, SAP, and iPLEX Extend following the iPLEX 

Gold Application Guide from Agena Biosciences 

(http://www.sequenom.com/Files/Genetic-Analysis—G

raphics/iPLEXApplication/iPLEX-Gold-Application-G

uide-v2r1) [37-39]. The procedure of iPLEX PCR is the 

same as the normal PCR. Briefly, 10 ng genomic DNA 

was amplified in a 5µl reaction containing 1 x HotStar 

Taq PCR buffer (Qiagen), 1.625 mM MgCl2, 0.5 mM 

each dNTP, 0.1µM each PCR primer, and 0.5 U Hot Star 

Taq DNA polymerase (Qiagen). The reaction was 

incubated at 94
o
C for 4 min followed by 45 cycles of 

94
o
C for 20 s, 56

o
C for 30 s, 72

o
C for 1 min, and then 

followed by 3 min at 72
o
C. After iPLEX, excess dNTPs 

were removed from the reaction by adding 2 µl shrimp 

alkaline phosphatase (SAP) enzyme solution (1.53 µl 

water (HPLC grade), 0.17 µl SAP buffer (10x), 0.30 µl 

SAP enzyme (1.7 U/ µl)) into each sample well and 

mixed, and then incubated at 37
o
C for 20 minutes 

followed by 5 minutes at 85
o
C to deactivate the enzyme 

– called SAP procedure in iPLEX.  

 

Extension Reaction 
Extension Primers were synthesized at Inqaba 

Biotechnical Industries Pty Ltd. Pretoria South Africa. 

They were diluted to a stock concentration of 500 µM. 

This stock was split into a four-tier concentration 

grouping of 7µM, 9µM, 11µM and 14µM according to 

extension primer mass from smallest to largest. This 

four-tier system was used for Oligovalidation and peak 

optimisation on the Maldi-Tof Then, the iPLEX extend 

was carried out with a final concentration of between 

0.625 and 1.5 l µM for each extension primer, depending 

on the mass of the probe, iPLEX termination mix (Agena 

Biosciences) and 1.35µM iPLEX enzyme (Agena 

Biosciences) and conducted a two-step cycles program; 

94
o
C for 30 s followed by 40 cycles of 94

o
C for 5 s, then 

followed 5 cycles of 52
o
C for 5 s, and 80

o
C for 5 s within 

the 40 cycles, then 72
o
C for 3 min in the 40 cycles. The 

reaction was then desalted by addition of 6 mg resin to 

each well followed by mixing and centrifugation to settle 

the contents of the tube. The extension product was 

spotted onto a 96- well spectrochip before being flown in 

the MALDI-TOF (Matrix – Assisted Laser Desorption 

Ionisation Time of Flight) mass spectrometer (Agena 

Biosciences). 

 

STATISTICAL ANALYSIS 
Analysis of variance was conducted using 

individual plot means for each year and combined across 

years. Statistical analysis was computed using the GLM 

(General linear model of Plant Breeding tools software). 

The presence and absence of bands were scored 1 or 0 

respectively. 

 

RESULTS 

The result of the mean square estimates of all 

the characters studied is presented in Table-2. The two 

years of study differed significantly with respect to all 

the characters studied with the exception of pod length. 

The results showed highly significant differences 

(≤0.01) for genotypes in all the characters studied with 

the exception of number of branches per plant. Highly 

significant differences were observed for genotype x 

year interaction for plant height at flowering, plant 

height at harvesting, number of pods per plant, seed yield 

per plant and total pod weight.  

 

The mean performance of the F2 population for 

the characters under study is presented in Table-3. The 

result revealed that the estimates of the characters were 

higher in the second year than the first year. In the first 

year, DTF ranged from 40.41days to 44.94days for 

TGx1835 – 40E x TGx1989 – 21F C and TGx1835 – 40E 

x TGx1989 – 21F B respectively. The shortest day to 

flowering (37.55days) was recorded in TGx1830 – 20 E 

x TGx1990 – 57F B while the longest day (44.94days) 

was recorded in TGx1835 – 40E x TGx1989 – 21F B. In 

http://www.sequenom.com/Files/Genetic-Analysis—
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the second year, the shortest day to flowering 

(45.39days) was recorded in TGx1990 – 37F x TGx1830 

– 20E A while the longest day to flowering (64.80days) 

was recorded in TGx1990 – 37F x TGx1989 – 21F B. In 

the first year, the highest number of pods (177.90) was 

recorded in TGx1989 – 21F x TGx1830 – 20 E C while 

the lowest (103.96) was recorded in TGx1835 – 40E x 

TGx1990 – 3F C. In the second year, the highest number 

of pods (251.68) was recorded in TGx1990 – 55F x 

TGx1830 – 20E C while the lowest (134.78) was 

recorded in TGx1990 – 55F x TGx1990 – 37F B. For 

seed yield, the mean value ranged from 12.21g 

(TGx1990 – 37F x TGx1990 – 57F C) to 38.17g 

(TGx1990 – 55F x TGx1830 – 20E A) in the first year 

whereas in the second year, the highest seed yield was 

recorded in TGx1835 – 40E x TGx1830 – 20 E B 

(85.95g) while the lowest was recorded in TGx1990 – 

55F x TGx1990 – 37F B (24.57g). As regards total pod 

weight, in the first year, the highest value was recorded 

in TGx1989 – 21F x TGx1830 – 20E B (63.27g) while 

the lowest was recorded in TGx1990 – 37F x TGx1990 – 

57F C (22.59g) whereas in the second year, the highest 

total pod weight was recorded in TGx1835 – 40E x 

TGx1830 – 20E B (98.51g) while the lowest was 

recorded in TGx1990 – 55F x TGx1990 – 37F B 

(35.26g). 

 

The levels of polymorphism for the F2 

population of Soybean by SNP markers are presented in 

Table-4. 32 SNP primers were used to differentiate 

among the F2 population. A total of 322 bands were 

recorded. 214 of them were polymorphic (66.45%) and 

108 were monomorphic (33.55%). the number of 

amplified band per primer ranged from 3 to 15 bands a 

maximum number 15 bands were amplified by BARC – 

030337- 06857, BARC –040459 – 07745 and BARC –

041267- 07957 while a minimum number of 3 bands was 

amplified by the primer BARC –018933 – 03040. The 

highest polymorphism % (100%) was recorded by 

primer BARC – 014847 – 01910 and BARC –030337 – 

06857 and lowest (0%) was recorded in BARC –018933 

– 03040 and BARC –041819 – 08107. 

 

The distribution of the polymorphic SNPs 

across the soybean genotypes is shown in Figure-1. From 

the figure, the highest number of markers were found to 

be associated with 41 and 42 polymorphic soybean 

genotypes respectively. 2 of the markers recorded no 

polymorphism with the soybean genotypes while 2 

markers recorded 100% polymorphism with the 

genotypes. 25% of the markers recorded polymorphism 

with 62 out of the 63 Soybean genotypes. (BARC 

021831-04219, BARC 024333-04850, BARC 

040459-07745 and BARC 041267-07957). 

 

Table-1: The Names and Source of Soybeans, Glycine max Genotypes 

Parental No Genotype Name Source 

1  TGx 1835 – 40E International Institute 

2  TGx 1990 – 55F of Tropical Agriculture 

3  TGx 1990 – 3F (IITA) Ibadan, Oyo, State Nigeria 

4  TGx 1990 – 37F  

5  TGx 1989 – 21F  

6  TGx 1830 – 20 E  

7  TGx 1990 – 57F  

 
Table-2: Analysis of Variance for Characters under Study in F2 population of Soybean, Glycine max Across Two Cropping 

Years 
SOV Df DTF 

(days) 

PHTF (cm) NBP DTM 

(days) 

PHTH 

(cm) 

NPP NSP PL 

(cm) 

TPW (g) SYP (g) 

Year  1 12630.9

0** 

6093.09** 160.74

* 

124579.

40** 

108102.30*

* 

200137.40*

* 

5.12*

* 

3.78 42194.04*

* 

24544.38*

* 

Block 

(Year) 

4 4.72 281.52** 35.10*

* 

4.61 171.10** 6826.95** 0.65*

* 

1.32*

* 

2735.13** 697.70** 

Genotype 62 32.75** 147.34** 1.65 33.05** 357.84** 682.05** 0.10*

* 

0.26*

* 

279.86** 194.34** 

Genotype x 

Year  

62 6.58 78.53** 2.14 6.45 42.27** 369.68* 0.06 0.13 156.36** 124.04** 

Error 24

8 

5.48 14.42 1.63 5.44 19.49 279.55 0.05 0.12 90.95 62.00 

*,** significance at 5% and 1% level of probability respectively 

SOV= Source of Variation; DTF= Days to flowering (days); PHTF= Plant Height at Flowering (cm); NBP= Number of Branches per 

Plant; DTM = Days to Maturity (days); PHTH = Plant Height at Harvesting (cm); NPP = Number of Pods per Plant; NSP = Number of 

Seeds per Plant; PL=Pod Length per Plant (cm); SYP = Seed Yield per Plant (g); 
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Table-3: Mean Performance of Characters under Study for F2 population of Soybean, Glycine max Across Two Cropping Years 
GENO YEAR DTF PHTF NBP DTM PHTM NPP NSP P.L SYD TPW 

1 X 2A 1 44.36 k-t 27.46k 9.03abc 87.03gh 57.61c 115.57hij 2.08ab 2.46ab 22.89g-k 31.62g-l 

 2 57.86 a-f 32.79g-k 10.41abc 127.89a-f 84.13ab 165.82d 2.34ab 2.65ab 34.71d-k 43.92c-l 

1 X 2B 1 39.39t 33.41g-k 8.71bc 81.72h 68.76bc 142.49g 2.18ab 2.92a 29.26d-k 39.92d-l 

 2 50.86f-r 35.06f-k 9.37abc 120.85f 89.03ab 213.38a 2.49ab 3.02a 63.03abc 76.14a-d 

1 X 2C 1 39.21t 32.53g-k 10.21abc 81.04h 67.30bc 143.53g 2.28ab 2.76a 27.50f-k 44.47c-l 

 2 51.64c-k 40.34d-k 10.98abc 121.64c-f 87.07ab 194.67b 2.49ab 2.99a 47.49a-j 66.16a-h 

1 X 3A 1 41.54st 30.32ijk 9.37abc 83.75h 77.72b 134.39gh 2.38ab 2.28b 27.02f-k 37.27d-l 

 2 53.78b-h 41.71d-k 11.36ab 123.79b-f 101.27a 160.26d-f 2.44ab 2.97a 28.52f-k 39.95c-l 

1 X 3B 1 44.78k-t 23.98k 9.09abc 87.51gh 59.00 117.52hij 2.18ab 2.43ab 20.74ijk 31.62g-l 

 2 55.92a-g 30.32ijk 9.44abc 125.94a-f 85.92ab 161.70d-f 2.29ab 2.65ab 30.38d-k 42.30c-l 

1 X 3C 1 40.04st 31.50h-k 7.91c 82.00h 52.83cd 103.96ijk 2.17ab 2.49ab 17.16ijk 26.92g-l 

 2 52.03c-l 32.79g-k 9.44abc 122.03c-f 86.33ab 173.96cd 2.28ab 2.54ab 28.50f-k 47.68c-h 

1 X 4A 1 38.30t 31.50h-k 7.08c 79.98h 62.59bc 144.83fg 2.60a 3.00a 30.72d-k 39.73d-l 

 2 55.92a-g 38.28d-k 9.37abc 125.94a-f 86.94ab 191.50b 2.78a 3.23a 65.01abc 79.80abc 

1 X 4B 1 40.54st 30.67ijk 9.66abc 82.59h 56.82c 140.24g 2.54a 2.66ab 29.41e-k 40.77e-l 

 2 52.61c-l 68.13a 9.77abc 122.61c-f 90.00ab 189.90b 2.68a 3.14a 47.57a-j 60.09a-i 

1 X 4C 1 41.15 st 27.94jk 10.21abc 83.29h 61.66bc 172.03cd 2.63a 2.89a 36.81d-k 51.94b-l 

 2 51.71c-k 32.68g-k 13.11a 121.05c-f 83.88ab 205.39a 2.78a 3.31a 60.44abc 81.12abc 

1 X 5A 1 44.29k-t 33.85g-k 9.09abc 86.94gh 65.09bc 124.89h 2.34ab 2.39ab 23.23g-k 30.31g-l 

 2 57.65a-f 42.46d-k 9.93abc 127.68a-f 100.89a 169.76d 2.58a 2.60ab 33.97d-k 44.14c-l 

1 X 5B 1 44.94k-t 32.68g-k 9.39abc 87.70gh 73.27b 136.05gh 2.41ab 2.55ab 26.56f-k 36.78e-l 

 2 56.68a-g 50.37ab 10.98abc 126.70a-f 110.15a 178.31c 2.68a 2.94a 39.13c-k 48.62c-h 

1 X 5C 1 40.41st 39.36d-k 9.62abc 82.43h 78.14b 135.07gh 2.33ab 2.54ab 23.65g-k 36.28e-l 

 2 52.32c-l 43.14d-k 10.98abc 122.32c-f 97.35a 173.91cd 2.38ab 2.68ab 32.77d-k 48.49c-h 

1 X 6A 1 37.55t 27.62k 8.70bc 79.11h 59.60c 149.51fg 2.65a 2.73a 33.21d-k 43.04c-l 

 2 49.11f-r 32.08g-k 9.50abc 119.09f 81.30ab 189.36b 2.88a 3.34a 47.50a-j 62.17a-i 

1 X 6B 1 39.83t 32.31g-k 9.92abc 81.77h 58.26c 148.00fg 2.62a 3.18a 32.70d-k 50.89b-l 

 2 50.77f-r 36.49f-k 14.19a 120.76ef 90.00ab 228.58a 2.78a 3.26a 85.75a 98.51a 

1 X 6C 1 38.38t 32.42g-k 9.24abc 80.08h 55.13c 143.96g 2.44ab 2.82a 26.95f-k 37.84d-l 

 2 50.08f-r 36.21f-k 10.67abc 120.07ef 80.76ab 235.60a 2.58a 3.02a 64.27abc 88.32ab 

1 X 7A 1 38.96t 31.20 h-k 9.17abc 80.75h 54.43cd 137.32gh 2.56a 2.33ab 24.11g-k 34.05f-l 

 2 49.60f-r 31.90 h-k 10.98abc 119.58f 84.29ab 154.71f 2.68a 3.11a 29.35e-k 38.96d-l 

1 X 7B 1 39.38t 32.10 g-k 9.80abc 81.24h 62.19bc 157.70ef 2.58a 2.72a 35.39d-k 55.20b-l 

 2 51.71d-t 36.15 f-k 9.97abc 121.05c-f 86.33ab 189.93b 2.78a 3.26a 49.15a-j 59.43b-i 

1 X 7C 1 39.21t 31.67 h-k 9.76abc 81.04h 47.46 118.10hij 2.25ab 2.63ab 20.90ijk 30.68g-l 

 2 51.71d-t 34.74 f-k 9.77abc 121.05c-f 85.11ab 175.17c 2.38ab 2.83a 35.09d-k 57.36b-i 

2 X 3A 1 42.29st 29.25jk 8.03bc 84.62gh 61.20bc 134.39gh 2.54a 2.68ab 29.85e-k 36.98e-l 

 2 61.64a 32.69g-k 8.50bc 131.56ab 89.40ab 183.59bc 2.68a 3.21a 45.96a-k 60.39a-i 

2 X 3B 1 40.87st 26.25k 8.43bc 82.97gh 56.62c 121.03h 2.43ab 2.70a 24.63g-k 36.36e-l 

 2 59.81a-d 45.99d-k 9.44abc 129.85ab 101.27a 175.47c 2.58a 2.92a 47.82a-j 60.89a-l 

2 X 3C 1 42.53st 26.78k 9.90abc 84.91gh 55.22c 140.15g 2.41ab 2.44ab 22.89ijk 32.17g-l 

 2 61.75a 44.57d-k 13.18a 131.80ab 90.00ab 161.53d-f 2.58a 2.82a 27.12f-k 41.50c-l 

2 X 4A 1 42.62st 29.36jk 9.30abc 85.00gh 62.08bc 147.85fg 2.59a 2.61ab 32.25d-k 43.67c-l 

 2 55.04a-g 36.15 f-k 10.70abc 125.06a-f 72.41b 177.42c 2.68a 3.22a 39.72c-k 49.55b-l 

2 X 4B 1 38.79t 25.56k 9.70abc 80.56h 58.41c 116.70hij 2.41ab 2.10b 17.26ijk 22.67g-l 

 2 52.03c-l 31.02h-k 10.98abc 122.03c-f 82.66ab 134.78gh 2.48ab 2.65ab 24.57g-k 35.26f-l 

2 X 4C 1 40.12st 33.41g-k 10.84abc 82.10h 63.59bc 157.12ef 2.53a 2.88a 30.52d-k 45.80c-l 

 2 51.06d-m 35.06f-k 11.93ab 121.70c-f 94.90ab 220.25a 2.68a 3.16a 52.89a-h 80.99ab 

2 X 5A 1 40.96st 33.29g-k 9.03abc 83.07gh 66.37bc 140.24g 2.46ab 2.31ab 26.60f-k 35.83e-l 

 2 53.37b-h 33.85g-k 11.45ab 123.38b-f 90.62ab 162.15d-f 2.58ab 3.00a 26.91f-k 37.36f-l 

2 X 5B 1 40.37st 31.20h-k 9.23abc 82.39h 76.33b 142.39g 2.47ab 2.57ab 28.09e-k 47.47e-l 

 2 52.42c-l 46.00d-k 12.21ab 122.42c-f 100.30a 180.44bc 2.58a 2.89a 40.61c-k 51.05b-l 

2 X 5C 1 41.06st 35.03f-k 9.31abc 83.19gh 66.41bc 103.00ijk 2.21ab 2.70a 18.18ijk 25.96g-l 

 2 52.72c-l 52.84ab 13.00a 122.72c-f 104.70a 191.61b 2.48ab 2.71a 44.27b-k 63.32a-i 

2 X 6A 1 38.21t 28.20k 8.98bc 79.88h 56.42c 154.88ef 2.73a 2.91a 38.17c-k 48.17c-l 

 2 49.87f-r 34.03g-k 9.84abc 119.86f 83.47ab 201.92a 2.08ab 3.53a 58.00a-d 73.78a-e 

2 X 6B 1 38.84t 30.85jk 9.76abc 80.62h 54.25cd 147.86fg 2.70a 3.11a 34.68d-k 49.41c-l 

 2 51.06d-m 31.30h-k 15.29a 121.05c-f 82.38ab 232.67a 2.88a 3.39a 84.77a 97.92a 

2 X 6C 1 39.21t 28.54k 9.90abc 81.00h 58.61c 126.69h 2.45ab 3.11a 26.84f-k 36.69e-l 

 2 51.06d-m 33.64g-k 12.59ab 121.05c-f 86.58ab 251.68a 2.48ab 3.13a 68.64ab 95.47a 

2 X 7A 1 39.87t 33.15g-k 8.71bc 81.72h 60.00c 120.64h 2.40ab 2.62ab 26.83f-k 35.48f-l 

 2 51.83c-k 37.44f-k 9.30abc 121.73c-f 93.92ab 159.97ef 2.58a 2.91a 33.25d-k 43.07c-l 

2 X 7B 1 39.54t 27.48k 10.57abc 81.43h 59.41c 162.97d-f 2.59a 2.49ab 35.88d-k 47.43c-l 

 2 51.45d-t 46.94d-k 11.74ab 121.44c-f 102.74a 175.66c 2.68a 2.88a 37.48c-k 50.83b-l 

2 X 7C 1 39.63t 28.28k 9.97abc 81.52h 57.21c 139.27g 2.44ab 2.83a 25.62f-k 37.34d-l 

 2 51.06d-m 38.28d-k 12.46ab 121.05c-f 83.01ab 205.94a 2.58a 2.88a 43.64b-k 73.51a-e 

3 X 4A 1 39.04t 23.66k 8.16bc 80.85h 57.81c 137.42gh 2.54a 2.48ab 29.85e-k 37.95d-l 

 2 57.57a-f 29.61jk 8.24bc 127.60a-f 79.72b 165.53d 2.68a 3.02a 34.27d-k 44.41c-l 

3 X 4B 1 38.63t 26.78k 8.56bc 80.37h 47.26 125.32gh 2.30ab 2.63ab 21.69ijk 31.22g-l 
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GENO YEAR DTF PHTF NBP DTM PHTM NPP NSP P.L SYD TPW 

 2 49.11f-r 31.26h-k 8.62bc 119.09f 85.11ab 211.72a 2.48ab 2.92a 59.32a-d 74.18a-e 

3 X 4C 1 39.21t 31.90h-k 9.84abc 81.04h 55.82c 145.80fg 2.44ab 2.55ab 24.09g-k 34.01f-l 

 2 51.06d-m 35.62f-k 11.19ab 121.05c-f 86.74ab 173.65cd 2.58a 3.27a 31.99d-k 52.40c-h 

3 X 5A 1 42.78st 35.62f-k 9.57abc 85.20gh 75.53b 118.88hij 2.43ab 2.43ab 23.59g-k 30.95g-l 

 2 55.24a-g 44.57d-k 11.45ab 125.25a-f 104.70a 163.87d-f 2.58a 2.47ab 31.38d-k 41.56c-l 

3 X 5B 1 42.20st 35.98f-k 10.51abc 84.52gh 85.09ab 158.19ef 2.57a 2.47ab 30.07e-k 48.07c-l 

 2 54.73 b-h 42.46d-k 9.09abc 124.74a-f 97.08a 167.70d 2.68a 2.57ab 32.58d-k 40.00c-h 

3 X 5C 1 41.12st 37.57f-k 10.04abc 82.97gh 73.94b 122.88h 2.21ab 2.21b 20.26ijk 30.43g-l 

 2 53.22 b-h 49.85a-g 11.29ab 123.22b-f 103.61a 203.33a 2.38ab 2.77a 42.44c-k 67.50a-h 

3 X 6A 1 38.05t 31.50g-k 9.17abc 79.69h 61.60c 150.29f 2.63a 2.64ab 33.87d-k 44.97c-l 

 2 49.84f-r 42.17d-k 12.52ab 119.83f 88.78ab 183.95bc 2.68a 2.75a 53.02a-g 64.19a-h 

3 X 6B 1 37.71t 29.43jk 8.90bc 79.30h 57.81c 147.46fg 2.64a 2.64ab 32.36d-k 45.57c-l 

 2 49.31f-r 32.69g-k 11.93ab 119.29f 87.07ab 211.91a 2.78a 2.93a 65.99abc 77.80abc 

3 X 6C 1 39.21t 31.90g-k 9.97abc 81.04h 59.21c 121.61h 2.48ab 2.48ab 27.25f-k 37.01d-l 

 2 51.06d-m 32.88g-k 11.93ab 130.93ab 83.04ab 242.20a 2.68a 3.18a 63.34abc 94.78a 

3 X 7A 1 39.54t 31.11g-k 8.98bc 81.43h 61.40c 152.63f 2.63a 2.44ab 27.30f-k 37.49d-l 

 2 51.48d-m 44.57d-k 10.11abc 121.48c-f 98.17a 159.48ef 2.78a 2.63ab 33.54d-k 46.60c-l 

3 X 7B 1 40.87st 35.62f-k 10.04abc 82.97h 52.63cd 136.05gh 2.44ab 2.44ab 25.76f-k 36.31e-l 

 2 53.00b-h 37.44f-k 10.51abc 123.00b-f 94.90ab 165.43d 2.58a 2.51ab 27.40f-k 48.50b-l 

3 X 7C 1 38.30t 30.31ijk 8.97bc 79.98h 65.78bc 161.04d-f 2.65a 2.55ab 36.06c-k 46.02c-l 

 2 50.38f-r 35.44f-k 10.03abc 120.36f 88.54ab 166.78d 2.78a 2.65ab 37.82c-k 50.44b-l 

4 X 5A 1 43.12l-t 34.91f-k 8.14bc 85.58gh 72.94b 132.15gh 2.50a 2.50ab 28.00f-k 35.00f-l 

 2 55.62a-g 46.47a-g 9.23abc 125.64b-f 103.23a 178.78c 2.78a 2.58ab 41.54c-k 52.30c-h 

4 X 5B 1 44.28h-t 32.08f-k 8.90bc 86.93gh 67.57bc 140.44g 2.47ab 2.47ab 29.07d-k 39.38d-l 

 2 64.80 a 50.74ab 10.04abc 133.86a 104.21a 174.10cd 2.58a 2.54ab 38.78c-k 50.75b-l 

4 X 5C 1 42.72st 37.00f-k 9.84abc 85.12gh 69.85bc 125.87h 2.25ab 2.25b 19.80ijk 31.75g-l 

 2 56.16 a-g 45.75d-k 14.05a 126.18b-f 98.58a 157.63ef 2.48ab 2.40ab 25.80f-k 36.01c-l 

4 X 6A 1 37.71t 26.35k 7.04c 79.32h 50.64cd 120.35h 2.48ab 2.48ab 26.07f-k 33.61g-l 

 2 45.39h-t 30.58ijk 9.44abc 115.35f 76.12b 158.44ef 2.58a 2.63ab 34.59d-k 42.87c-l 

4 X 6B 1 38.38t 28.25k 9.39abc 80.08h 53.92cd 137.57gh 2.50a 2.27b 26.06f-k 34.77g-l 

 2 50.47 d-m 29.36jk 11.93ab 120.46f 81.19ab 163.87d-f 2.68a 2.50ab 27.63f-k 36.11c-l 

4 X 6C 1 38.30t 23.41 6.25cd 79.98h 40.89 103.37ijk 2.20ab 2.20b 18.88ijk 26.80g-l 

 2 51.06d-m 28.73k 9.10abc 121.05d-f 85.11ab 192.72b 2.28ab 2.85a 33.88d-k 71.20a-h 

4 X 7A 1 37.96t 26.51k 8.70bc 79.59h 61.80c 146.49fg 2.66a 2.66ab 35.17d-k 44.68c-l 

 2 49.60f-r 32.97g-k 10.13abc 119.58f 84.62ab 177.42c 2.88a 2.74a 49.75a-g 61.60a-i 

4 X 7B 1 40.04st 29.04jk 9.31abc 82.00h 56.69c 148.52fg 2.57a 2.57ab 31.64e-k 47.15c-l 

 2 51.74c-l 30.79jk 11.93ab 121.73d-f 86.58ab 198.08ab 2.68a 2.80a 58.08a-d 66.80a-h 

4 X 7C 1 38.38t 35.06f-k 10.03abc 80.08h 59.80c 122.55h 2.60a 2.02bc 12.21kl 22.59g-l 

 2 50.08d-m 36.33f-k 10.44abc 120.07f 85.11ab 156.05ef 2.78a 2.60ab 32.85e-k 48.71c-h 

5 X 6A 1 38.79t 28.89k 8.83bc 80.56h 53.43cd 132.73gh 2.44ab 2.44ab 25.70f-k 34.78g-l 

 2 57.38a-f 35.09f-k 9.47abc 127.40b-f 82.17ab 165.62d 2.58a 2.57ab 40.60c-k 51.95b-l 

5 X 6B 1 39.38t 34.83f-k 9.93abc 81.24h 56.82c 148.15fg 2.57a 2.57ab 30.92f-k 63.27c-l 

 2 58.08a-d 44.57d-k 10.24abc 127.89b-f 97.63a 194.12b 2.68a 2.79a 52.85a-g 45.12a-i 

5 X 6C 1 39.21t 31.37g-k 10.11abc 81.04h 56.32c 177.90c 2.69a 2.64ab 37.15c-k 50.67b-l 

 2 57.86a-f 35.27f-k 12.34ab 127.89b-f 87.28ab 183.73bc 2.88a 2.69ab 39.74c-k 58.47a-i 

5 X 7A 1 38.38t 30.70ijk 9.02abc 80.08h 48.72 130.30gh 2.58a 2.55ab 28.71f-k 38.78d-l 

 2 50.08d-m 36.65f-k 9.19abc 120.07f 89.46ab 165.22d 2.78a 2.58ab 39.31c-k 49.40b-l 

5 X 7B 1 39.38t 31.29g-k 9.84abc 81.24h 53.83cd 156.63ef 2.64a 2.40ab 28.00f-k 37.67d-l 

 2 51.27 c-l 37.71f-k 10.45abc 121.26d-f 93.27a 165.11d 2.78a 2.64ab 33.50e-k 52.69c-h 

5 X 7C 1 40.12st 31.26g-k 9.43abc 82.02h 54.07cd 132.36gh 2.48ab 2.48ab 28.00f-k 41.28c-l 

 2 52.68c-l 35.34f-k 9.91abc 122.68d-f 89.82ab 181.89bc 2.68a 2.61ab 35.22c-k 56.98b-l 

6 X 7A 1 37.88t 25.56k 8.16bc 79.50h 54.83cd 131.37gh 2.53a 2.31ab 24.72f-k 32.22d-l 

 2 49.60f-r 30.85ijk 10.63abc 119.58f 80.82ab 151.54f 2.68a 2.53ab 29.82e-k 37.12f-l 

6 X 7B 1 37.55t 31.20g-k 9.57abc 79.11h 63.79c 158.29ef 2.60a 2.41ab 25.84f-k 34.92c-l 

 2 49.11f-r 34.11f-k 11.17ab 119.10f 87.56ab 163.29d-f 2.78a 2.60ab 32.63e-k 44.82c-l 

6 X 7C 1 38.38t 33.16g-k 10.17abc 80.08h 62.39c 155.36ef 2.63a 2.63ab 33.13e-k 48.74b-l 

 2 50.08d-m 37.48f-k 13.15a 120.07f 86.09ab 210.06a 2.88a 2.85a 48.98a-g 75.31a-e 

 
Means that do not share the same letters are 

significantly different at 95% confidence using tukey 

pairwise comparison 

 

DTF= Days to flowering (days); PHTF= Plant 

Height at Flowering (cm); NBP= Number of Branches per 

Plant; DTM = Days to Maturity (days); PHTM = Plant 

Height at Maturity (cm); NPP = Number of Pods per Plant; 

NSP = Number of Seeds per Plant; PL=Pod Length per 

Plant (cm); SYP = Seed Yield per Plant (g); 

 

P1=TGx1835 – 40E; P2=TGx1990 – 55F; P3 = 

TGx1990 – 3F; P4 = TGx1990 – 37F; P5 = TGx1989 – 21F; 

P6 = TGx1830 – 20 E; P7 = TGx1990 – 57F 
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Table-4: Levels of polymorphism for F2 populations of Soybean, Glycine max by SNP- PCR analysis 

PRIMER NAME NUMBER 

OF BANDS 

POLYMORPHIC 

BAND 

MONOMORPHIC 

BAND 

POLYMORPHIC 

% 

MONOMORPHIC 

%  

BARC-013065-00437 9.00 6.00 3.00 66.67 33.33 

BARC-014847-01910 10.00 10.00 0.00 100.00 0.00 

BARC-015973-02029 9.00 6.00 3.00 66.67 33.33 

BARC-016485-02069 10.00 7.00 3.00 70.00 30.00 

BARC-016861-02355 9.00 6.00 3.00 66.67 33.33 

BARC-018933-03040 3.00 0.00 3.00 0.00 100.00 

BARC-019085-03298 10.00 7.00 3.00 70.00 30.00 

BARC-021329-04038 10.00 7.00 3.00 70.00 30.00 

BARC-021827-04218 10.00 7.00 3.00 70.00 30.00 

BARC-021831-04219 12.00 9.00 3.00 75.00 25.00 

BARC-021937-04237 9.00 6.00 3.00 66.67 33.33 

BARC-024043-04709 10.00 7.00 3.00 70.00 30.00 

BARC-024333-04850 12.00 9.00 3.00 75.00 25.00 

BARC-025961-05189 8.00 5.00 3.00 62.50 37.50 

BARC-028309-05824 9.00 6.00 3.00 66.67 33.33 

BARC-028793-06015 13.00 7.00 6.00 53.85 46.15 

BARC-029343-06156 9.00 6.00 3.00 66.67 33.33 

BARC-029859-06448 10.00 7.00 3.00 70.00 30.00 

BARC-030337-06857 15.00 15.00 0.00 100.00 0.00 

BARC-030735-06928 9.00 6.00 3.00 66.67 33.33 

BARC-030807-06945 12.00 6.00 6.00 50.00 50.00 

BARC-031701-07215 9.00 6.00 3.00 66.67 33.33 

BARC-039561-07508 9.00 6.00 3.00 66.67 33.33 

BARC-039593-07509 12.00 6.00 6.00 50.00 50.00 

BARC-040033-07641 9.00 6.00 3.00 66.67 33.33 

BARC-040075-07652 12.00 9.00 3.00 75.00 25.00 

BARC-040339-07714 12.00 6.00 6.00 50.00 50.00 

BARC-040459-07745 15.00 9.00 6.00 60.00 40.00 

BARC-041267-07957 15.00 9.00 6.00 60.00 40.00 

BARC-041819-08107 3.00 0.00 3.00 0.00 100.00 

BARC-042201-08212 9.00 6.00 3.00 66.67 33.33 

BARC-044047-08593 9.00 6.00 3.00 66.67 33.33 

 322.00 214.00 108.00   

 

 
Fig-1: Distribution of Polymorphic SNPs across the 

Soybean Genotypes 

 

DISCUSSION 
Genetic improvement of any crop depends upon 

the nature and extent of genetic variability available [40]. 

This would ensure organized and systematic 

hybridization programme for creating genetic variability 

to be exploited for genetic improvement of the trait under 

consideration [41]. The results from this study indicated 

wide genetic variability among the genotypes for the 

different characters studied. This provides good 

opportunity for selection among the genotypes for the 

agronomic characters evaluated with exception of 

number of branches per plant signifying that the genetic 

variability can be utilized in soybean breeding program 

[42]. This finding corroborates the findings of Rajkumar 

et al., [43] and Reni and Rao [44]. They reported that, 

analysis of variance revealed significant differences 

among the genotypes for days to flowering, plant height, 

number of pods, number of seeds per pod and seed yield. 

The significant variation observed in interaction of 

genotype with year (G x Y) for plant height at flowering, 

plant height at harvesting, number of pods per plant, total 

pod weight and seed yield per plant is an indication that 

the genotypes were sensitive to variations in 

environmental and climatic conditions, and as a result, 

they responded differently [45]. The result obtained 

based on the mean performance of the genotypes differed 

significantly in mean values for seed yield and its 

component characters This result finding is in harmony 

with the findings of Shanti et al., [46]; Shah et al., [47] 

and Nassar [48]. SNP markers have proven to be a 

powerful tool for molecular genetic analysis and plant 

breeding programs to assess genetic diversity for the 

development of improved varieties [49].  

 

CONCLUSION 

It can be concluded from the study that, there 

was a wide genetic variability among the F2 populations 

from the result of the SNP markers analysis. This will 
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provide a good opportunity for selection among the F2 

populations to serve as a possibility for their utilization 

in further soybean breeding program. It can also be 

observed from the study that genotypes TGx1990 – 37F 

x TGx1830 – 20E A, TGx1835 – 40E x TGx1830 – 20E 

A, TGx1990 – 3F x TGx1990 – 37F B and TGx1830 – 

20 E x TGx1990 – 57F B could be utilized when 

breeding for earliness due to their short days to flowering 

recorded. The following genotypes, TGx1835 – 40E x 

TGx1830 – 20E B and TGx1990 – 55F x TGx1830 – 20E 

B also stand out as promising genotypes with regards to 

seed yield and could be considered for future breeding 

programmes. 
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