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			Abstract | Soybean is nutritionally rich source of proteins and fats. It is grown in many countries of world including US, China, Brazil and India. Pakistan grows soybean on a very limited land owing to lack of farmers interest and government attention. Soybean lines; B24G14, B23G5, B20G16, B21G2, B21G9, B6G23, B23G16 and B29G11 were grown for one month and analyzed for morphological and molecular variations. In order to analyze genetic variations, Single sequence repeat (SSR) markers were used. The line B20G16 showed the highest morphological growth parameters of plant height, total number of leaves, leaf width, leaf length and leaf weight, while line B29G11 revealed the lowest. The maximum plant height (128.03 cm) was found for line B20G16. A maximum number of 48 leaves with leaf width of 2.34 cm, leaf length of 3.34 cm leaf and leaf weight of 156.11 mg were recorded in line B20G16. The line B29G11 grew with the least plant height (51.01 cm), number of leaves (24), leaf width (1.13 cm), leaf length (2.14 cm) and leaf weight (136.67 mg). Five SSR primers (Soy satt 001, Soy satt 005, Soy satt148, Soy satt160, Soy satt171) which were previously reported to be highly polymorphic and mapped on different linkage groups, were used for analyzing genetic variations in soybean. All the primers were amplified with two different-sized alleles against each primer. Dendrogram was constructed using software SAS by Neighbor-Joining method which clustered the soybean lines into two groups. Maximum genetic dissimilarity (7) was found between line B24G14 and line B23G16. From the results of the study, it was clear that B20G16 had maximum morphological growth, while B29G11 revealed minimum growth among the tested lines, although these two lines were clustered into the same cluster interestingly. It can be concluded that line B20G16 may be further analyzed and might be useful in breeding programs.

		

		
			Received | July 13, 2020; Accepted | January 14, 2021; Published | March 25, 2021	

			*Correspondence | Mudassar Nawaz Khan, Genomics and Bioinformatics Division, Institute of Biotechnology and Genetic Engineering, The University of Agriculture Peshawar, Khyber Pakhtunkhwa, Pakistan; Email: mnkhan@aup.edu.pk 

			Citation | Malik, M. and M.N. Khan. 2021. Analysis of genetic variations in soybean using simple sequence repeat (SSR) markers. Sarhad Journal of Agriculture, 37(2): 331-339.

			DOI | http://dx.doi.org/10.17582/journal.sja/2021/37.2.331.339

			Keywords | SSR, Soybean, Morphology, Genetic variations, Lines

		

		
			Introduction

			Soybean (Glycine max (L.) Merr.) belongs to family Leguminoseae, sub-family Papilionaceae, with the genome size of 1.1 kb (Newell and Hymowitz, 1983). Soybean had originated in North and Central China and emerged as domestic crop in 11th century B.C. in the eastern half of Northern China; migrated to Southern China, Korea, Japan and South-East Asia probably between 11th to 13th centuries B.C (Hymowitz, 1970). In both South and North hemisphere geographical locations, soybean has wide range of latitudinal adaptation, thus reflecting subsequent breeding history and a very complex domestication origin (Carter et al., 2004). The soybeans can germinate on well-drained soils with maximum crop production on fertile loam soils. Soybean shows no sensitivity to acidic soils as many other legumes. For crop growth, the suitable soil pH is 6-7. There is enough availability of calcium and magnesium in this range of pH. Soybean is a high-quality food owing to its rich protein and oil content in comparison with other plants (Anderson and Bush, 2011). Soybean contains 40-42% protein and 18-22% oil varying with environmental and genetic factors (Krishnan, 2001). Soybean is blessed with 8 essential amino acids necessarily required for human proteins synthesis (Fukushima, 2001). 

			Soybean seeds were released commercially in Pakistan in the 1970s along with sunflower and safflower (Khurshid et al., 2017). Soybean cultivation is over a vast range of agro-ecological zones including rain-fed land. Lack of genetic breeding work on soybean has not popularized soybean among the farmers despite suitable soil and climatic conditions of Pakistan (Arshad et al., 2006). From the late 1990s to 2002, soybean cultivation area in the country increased to more than 6,000 hectares; however, the area under cultivation decreased in the recent years (Khurshid et al., 2017). Reports showed that Pakistan imported 2.2 million tons of oilseeds in year 2019 (USDA, 2020). Keeping in the mind the above mentioned facts, Pakistan should grow oilseeds crops at large area to cut its import bill. 

			The low genetic diversity due to less genetic pool in soybean is a challenge for breeders (Carter et al., 2004). Simple sequence repeats (SSRs), also called microsatellites, are polymerase chain reaction (PCR)-based markers. SSRs are the random repeats of nucleotide units dispersed through the genome of eukaryotic organisms (Schlotterer and Tautz, 1992). SSR is considered as one of the most efficient and powerful tool for analyzing genetic diversity due to its abilities of co-dominant inheritance, reproducibility, easy detection by PCR, affluence, far-reaching genome coverage and multiple alleles (Moe et al., 2012). The variability and large number of repeat sequences makes them an excellent tool for pedigree analysis, genotype differentiation, particular genotype identification, and genetic distance evaluation among organisms.

			SSR markers have been used in rice (Temnykh et al., 2001), wheat (Roder et al., 1995), tomato (Broun and Tanksley, 1996), sorghum (Schloss et al., 2002) and soybean (Cregan et al., 1999; Tantasawat et al., 2011). Cultivated soybean has multiple origins from dissimilar wild soybean populations; this was revealed through chloroplast DNA’s Haplotype analysis (Xu et al., 2002). Koutu et al. (2019) profiled 8 soybean varieties with 54 polymorphic SSR primers and detected 216 alleles with 4 alleles per locus. All analyzed loci were polymorphic. Tiwari et al. (2019) analyzed genetic diversity in 148 soybean lines using 26 SSR markers. The study detected a total of 71 alleles with an average of 2.8 alleles per locus. Seventy-five soybean genotypes of soybean were analyzed for genetic variability using 21 SSR markers (Hipparagi et al., 2017). A total of 60 alleles were amplified with an average of 2.85 alleles per locus. In a study conducted in India (Bisen et al., 2015), 38 soybean genotypes were analyzed for genetic variations using 16 SSR markers. Fifty-one alleles with an average of 2.22 alleles per locus were detected. In China as well as in Japan, for studying of genetic variations and flow of gene among wild soybean and cultivated soybean, the SSR markers were used (Kuroda et al., 2006; Jin et al., 2003). SSRs in soybean were revealed to be remarkably polymorphic (Diwan and Cregan, 1997; Akkaya et al., 1992). In U.S genetic pool, SSRs were used for the evaluation of the diversity of 43 commercial and ancestral cultivars (Akkaya et al., 1992). All these studies confirmed tremendous potential of SSR in unraveling genetic diversity in soybean germplasm. 

			Reduction in genetic base can occur by intensive selection which will have serious consequences for progress of future breeding. The local and international varieties grown need to be analyzed for their genetic variability. Knowledge regarding the genetic variations of the grown varieties/lines would be helpful to develop high-yield soybean varieties that can fit within the local climate, tolerate abiotic and biotic stresses, as well as give high yields. The soybean lines used in the study were B24G14, B23G5, B20G16, B21G2, B21G9, B6G23, B23G16 and B29G11. The current study was designed to analyze morphological and SSR-based genetic variations in the above-mentioned eight soybeans lines.

				

			Materials and Methods

			Plant materials and germination

			Seeds of eight soybean lines were surface sterilized with ethanol, acetone and then rinsed with water three-times. The eight soybean lines were provided by the department of Plant Breeding and Genetics and grown in green house at Institute of Biotechnology and Genetic Engineering, The University of Agriculture Peshawar. The studied soybean lines included B24G14 (Line 1), B23G5 (Line 2), B20G16 (Line 3), B21G2 (Line 4), B21G9 (Line 5), B6G23 (Line 6), B23G16 (Line 7) and B29G11 (Line 8). Soybean lines were grown in triplicates as each pot consisted of 3 seeds of single line, using complete randomized design. Standard agronomic practices such as irrigation and weeding were carried out for the plants during its growth. 

			Morphological measurements 

			Morphological plant growth parameters such as plant height, total number of leaves, leaf width, leaf length and leaf weight were measured and recorded.

			Molecular characterization

			DNA extraction

			The DNA extraction was carried out from leaf samples by CTAB method (Doyle and Doyle, 1990). Approximately one gram of fresh leaves was collected from plants and were crushed in 700 µL of CTAB buffer that consisted of 100 mM Tris HCl, 1.4 M NaCl, 20 mM EDTA (pH 8). The extracts were incubated in water bath for 1 hour at 60 C°. After incubation, equal amount of Phenol: Chloroform: Isoamyl alcohol (24:25:1) was added to each sample tube. The samples were centrifuged at the speed of 12,000 rpm for 7 minutes. The aqueous phase was isolated in new tubes. Then equal amount of ice-cold isopropanol was added and the tubes were kept at -20 °C for overnight. The precipitated DNA was then centrifuged at 12,000 rpm for 7 minutes and the pellets were washed with 70% ethanol and centrifuged again. The pellet was kept for drying for about 1 hour and then the extracted DNA was suspended in 30µL of Tris-EDTA buffer (10 mM Tris-HCl, 1 mM EDTA, at pH 7.4). 

			DNA quantification and SSR primers optimization

			In order to determine the quality and quantity of extracted DNA, Nano Drop (NanoDrop-200Oc, Thermo Scientific) spectrophotometer was used. The analysis performed at optical density of 260/280 showed us the purity of DNA. The recorded observations were compared with standard. Purity ranged from 1.7 to 2.0 at 260/280. The genomic DNA was diluted to a working concentration of 100 ng/µL and stored at 4 ºC. The five primers used in the molecular analysis (Table 1) were selected based on the findings of Cregan et al. (1999). All the primers were tested to obtain an optimum annealing temperature for the primer (Table 1). 

			Polymerase chain reaction and data analysis

			For the amplification of the SSRs, PCR was carried out. In a 10 µl reaction mixture, 5μl PCR mix, 3μl of double distilled water, 0.5μl of each SSR primer and 1μl of template were mixed. The PCR was carried out in Thermocycler (Applied Biosystems 2720) using 95 ºC for denaturation, followed by 95 ºC for 20 seconds, annealing temperature vary for each primer (Table 1), was set for 10 seconds and extension step was carried out at 72 ºC for 2 min, the cycle is repeated 40 times. PCR products obtained were resolved on a 1% agarose gel in 1X TBE buffer for approximately 1 hour at 100 volts. Ethidium bromide (1μg/mL) was used for staining. After running the gel, the results were visualized using gel documentation system (Alphalmager EC). The amplified PCR products was scored qualitatively with scoring as present (1) and absent (0) for each primer. Jaccard’s coefficient was used to find out similarity coefficient among the verities. UPGMA clustering algorithm method was used further for the analysis of similarity matrix. Soybean lines were clustered into groups by constructing dendrogram using software SAS by Neighbor-Joining method. 

			Results and Discussion

			Morphological parameters

			Plant height

			Average plant height (cm) from triplicate grown eight soybean lines was recorded and standard deviation was calculated (Figure 1). The maximum plant height (128.03 cm) was recorded in line B20G16 while minimum plant height (51.01 cm) was recorded in line B29G11. The variations in plant height among the lines were statistically significant (p<0.05) when determined by One-way ANOVA. 

			Number of leaves

			Average number of leaves from triplicate grown 8 soybean lines was recorded (Figure 2). The maximum number of leaves (48) was found in line B20G16 and minimum numbers (24) were reported in line B29G11. The variations among the lines were statistically significant (p<0.05) when determined by One-way ANOVA. 

			Table 1: Primer sequences used in the study. 
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							CTAAAGCATCACAAAACAGAGC

						
							
							48 ºC
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							CTCCCACACAGTTTTCATATAAT
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							TTGAGGGCTCCCACACAGTT

						
							
							CAAAAGTTTATAACGTGTAGATTAA
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			Figure 1: Plant height variations in soybean lines grown for one-month. 
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			Figure 2: Total number of leaves in soybean lines grown for one-month.

			Leaf width

			Average leaf width (cm) from triplicate grown 8 soybean lines was recorded and standard deviation was calculated (Figure 3). The maximum leaf width (2.34 cm) was recorded in line B20G16 and minimum (1.13 cm) in B29G11. The variations in leaf width among the lines were statistically significant (p<0.05) when determined by One-way ANOVA.

			Leaf length 

			Average leaf length from triplicate grown 8 soybean lines was recorded and standard deviation was calculated (Figure 4). The maximum leaf length (3.34 cm) was recorded in line B20G16 and minimum (2.14 cm) in B29G11. The variations were statistically significant (p<0.05) when determined by One-way ANOVA.
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			Figure 3: Plant leaf width variations in soybean lines grown for one month. 
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			Figure 4: Leaf length variations in soybean lines grown for one-month.

			Leaf weight

			Average leaf weight from triplicate grown 8 soybean lines was recorded and standard deviation was calculated (Figure 5). The maximum leaf weight (156 mg) was recorded in line B20G16 and minimum (136 mg) in B29G11. The variations in weight were statistically significant (p<0.05) when determined by One-way ANOVA.
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			Figure 5: Leaf weight variations in soybean lines grown for one month.

			PCR amplification with selected primers 

			For PCR amplification of SSR markers, primers Soy satt 001, Soy satt 005, Soy satt 148, Soy satt 160, Soy satt 171 were used to detect genetic variability in the selected soybean lines. A total of 8 lines were amplified with different sized 2 alleles against each primer. Allele size ranged from 191 to 200 for PCR amplification product of primers Soy satt 001 (Figure 6A). Allele size ranged from 120 to 129 for PCR amplification product of primers Soy satt 005 (Figure 6B). Allele size ranged from 120 to 126 for PCR amplification product of primers Soy satt 148 (Figure 6C). Allele size ranged from 123 to 129 for PCR amplification product of primers Soy satt 160 (Figure 6D). For primer Soy satt 171, allele size of PCR amplification product ranged from 151 to 158 (Figure 6E). The frequency of each allele among these soybean lines varied from as low as 0.125 to as high as 0.875. The details of allelic frequency for each amplification are given in Table 2. 

			Table 2: Allelic sizes and frequency of PCR amplification product using selected primers.
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							Soy satt 001
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							0.750

						
					

				
			

			[image: G:\Researcherlinks\Year 2021\SJA\02. SJA_MH20200713200724-R2_Malik and Khan\Figure 6.jpg]

			Figure 6: PCR amplification of SSR markers in 8 soybean lines using primer Soy satt 001 (A), Soy satt 005 (B), Soy satt 148 (C), Soy satt 160 (D), Soy satt 171 (E). L represent ladder. Numbers above bands presents soybean lines.

			Genetic relationship among the selected soybean lines

			Dendrogram showed two main clusters or groups for eight soybean lines. Each of them was further divided into sub-groups (Figure 7). The sub-group I consisted of line B24G14, line B6G23 and line B21G2. The sub-group II consisted of Lines B23G5, B21G9, B20G16, B29G11 and B23G16. 

			[image: C:\Users\MUDASSIR\Desktop\Sarhad Journal\Figure 7-min.jpg]

			Figure 7: Dendrogram of soybean lines showing genetic divergence.

			Soybean is leguminous crop rich in protein and oil content (Anderson and Bush, 2011). Keeping in mind the agricultural importance of soybean, current research was designed to analyze the morphological and genetic variations in soybean lines that previously showed better yields in the fields. Eight lines were grown in green house and morphological parameters such as plant height, total number of leaves, leaf width, leaf length and leaf weight were measured. The soybean lines were analyzed at molecular level for genetic variations by using SSR markers mapped at different linkage groups (Cregan et al., 1999). 

			Conventionally, genetic variation in soybean has been based on the changes in agro-morphological traits and pedigree information. This evaluation is significant for breeding programs. Soybean varieties are improved to specific agro-ecological areas and the phenotypes are greatly influenced by environmental factors (Li and Nelson, 2001). In the current study, soybean lines showed noticeable variations regarding morphological parameters. The line B20G16 showed highest whereas, line B29G11 lowest morphological parameters. The maximum plant height (128.03 cm), total number of leaves (48), leaf width (2.34 cm), leaf length (3.34 cm) and leaf weight (156.11 mg) was recorded in line B20G16. The least growth parameters of plant height (51), total number of leaves (24), leaf width (1.13 cm), leaf length (2.14 cm) and leaf weight (136.67 mg) were recorded in line B29G11. Results of the current study were almost in agreement with the findings of Malik et al. (2009), who reported high variability in plant height in the range of 47.67 cm to 90.27 cm. Pankaj (2013) and Awal (2014) reported plant heights lesser than current study (30 cm and 31 cm, respectively) in various soybean genotypes. The variations in plant height might account for genetic make-up as well environmental factors. 

			Leaf is essential for plants because it is the site for photosynthesis. The numbers of leaves per plant and leaf surface have essential characteristics for germplasm classification. In the present study, number of leaves ranged from 24 to 48. Similar results were published by Mudibu et al. (2011) who reported 16 to 44 numbers of leaves per plant. Puech et al. (1974) reported 14 maximum numbers of leaves in his study. The variations in number of leaves per plant are indicating noticeable differences in plant photosynthesis capabilities. Present study showed leaf length ranged from 2.14 to 3.34 cm and leaf width ranged from 1.13 to 2.34 cm. Mudibu et al. (2011)reported mean values for leaf length vary from 5.7 mm to 11.9 mm. Significant variations were also recorded between leaf width, which ranged from 4.6 to 6.9 mm. The results of the current study revealed that lines B20G16, B21G2 and B23G16 revealed comparable higher growth rate as compared to lines B24G14, B23G5, B21G9, B6G23 and B29G11.

			Genetic variation using morphological characters and molecular markers have been reported in many species, particularly in Apium (Castellini et al., 2006), chamomile (Solouki et al., 2008) and coriander (Lopez et al., 2008). Genetic variation using molecular markers have been reported in the Changium smyrnioides through RAPD (Fu et al., 2003), in Carum L. by Papini et al. (2007), in carrot through AFLP by Santos and Simon (2002) and in soybean through SSR (Cregan et al., 1999; Tantasawat et al., 2011). In the current study, all the primers were amplified in each soybean genotype. A size variation of amplification product against each primer was noted as it was evident in genotypes. From the results of dendrogram, it was seen that lines B20G16 and B29G11 were grouped in the same sub-cluster that indicated their closer genetic resemblance. However, there was huge variation in morphological characters among them. Comparable results were found by Solouki et al. (2008), where out of 25 soybean lines, only 11 revealed resemblances in both morphological and molecular results. These findings specified a slight association among the two dendrogram created with markers and phenotype. Hamza et al. (2004) and Liu et al. (2007) revealed a perfect correlation among the morphological characters and genetic variations as discovered by RAPD analysis. Conversely, Schut et al. (1997) and Eshraghi et al. (2006) conveyed a few correlations among the morphological and molecular characters. Similar results for other species have been reported by Ali et al. (2007) and Lopez et al. (2008). Assumed this, the vast variation b/w the lines B20G16 and B29G11 regarding morphological growth parameters and their genetic clustering into the same sub-group in dendrogram point out that these molecular markers might not be linked to the studied growth parameters. 

			Conclusions and Recommendations

			Analysis of eight soybean lines using SSR markers revealed that there was genetic diversity among these lines and also in-terms of growth parameters of plant height, total number of leaves, leaf width, leaf length and leaf weight. The soybean lines B20G16 showed the highest growth parameters among the tested line; whereas, line B29G11 revealed the lowest growth parameters among the tested lines. Furthermore, two different-sized alleles were detected for each primer amplification. It is interesting to note that lines B20G16 and B29G11 revealed extremely contrasting growth rates; however, they were seen clustered in the same sub-group in the dendrogram. This close linkage in dendrogram and contrast in growth parameters could be because these SSR markers might not be linked to the analyzed morphological growth parameters. Based on the findings, it is recommended that these genotypes along with other available germplasm, may be studied on a larger scale to select better genotypes for breeding programs. 
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Analysis of Genetic Variations in Soybean using Simple Sequence

Repeat (SSR) Markers
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Peshawar, Khyber Pakhtunkbhwa, Pakistan.

Abstract | Soybean is nutritionally rich source of proteins and fats. It is grown in many countries of world
including US, China, Brazil and India. Pakistan grows soybean on a very limited land owing to lack of farmers
interest and government attention. Soybean lines; B24G14, B23G5, B20G16, B21G2, B21G9, B6G23,
B23G16 and B29G11 were grown for one month and analyzed for morphological and molecular variations.
In order to analyze genetic variations, Single sequence repeat (SSR) markers were used. The line B20G16
showed the highest morphological growth parameters of plant height, total number of leaves, leaf width,
leaf length and leaf weight, while line B29G11 revealed the lowest. The maximum plant height (128.03 cm)
was found for line B20G16. A maximum number of 48 leaves with leaf width of 2.34 cm, leaf length of 3.34
cm leaf and leaf weight of 156.11 mg were recorded in line B20G16. The line B29G11 grew with the least
plant height (51.01 cm), number of leaves (24), leaf width (1.13 cm), leaf length (2.14 cm) and leaf weight
(136.67 mg). Five SSR primers (Soy satt 001, Soy satt 005, Soy satt148, Soy satt160, Soy satt171) which
were previously reported to be highly polymorphic and mapped on difterent linkage groups, were used for
analyzing genetic variations in soybean. All the primers were amplified with two different-sized alleles against
each primer. Dendrogram was constructed using software SAS by Neighbor-Joining method which clustered
the soybean lines into two groups. Maximum genetic dissimilarity (7) was found between line B24G14 and
line B23G16. From the results of the study, it was clear that B20G16 had maximum morphological growth,
while B29G11 revealed minimum growth among the tested lines, although these two lines were clustered
into the same cluster interestingly. It can be concluded that line B20G16 may be further analyzed and might
be useful in breeding programs.

Received | July 13, 2020; Accepted | January 14,2021; Published | March 25,2021

*Correspondence | Mudassar Nawaz Khan, Genomics and Bioinformatics Division, Institute of Biotechnology and Genetic Engineering, The
University of Agriculture Peshawar, Khyber Pakhtunkhwa, Pakistan; Email: mnkhan@aup.edu.pk

Citation | Malik, M. and M.N. Khan. 2021. Analysis of genetic variations in soybean using simple sequence repeat (SSR) markers. Sarbad Journal
of Agriculture, 37(2): 331-339.

DOI | http://dx.doi.org/10.17582/journal.sja/2021/37.2.331.339

Keywords | SSR, Soybean, Morphology, Genetic variations, Lines

Introduction China; migrated to Southern China, Korea, Japan

and South-East Asia probably between 11* to 13™

oybean (Glycine max (L.) Merr.) belongs to family
Leguminoseae, sub-family Papilionaceae, with
the genome size of 1.1 kb (Newell and Hymowitz,
1983). Soybean had originated in North and
Central China and emerged as domestic crop in
11" century B.C. in the eastern half of Northern

centuries B.C (Hymowitz, 1970). In both South
and North hemisphere geographical locations,
soybean has wide range of latitudinal adaptation, thus
reflecting subsequent breeding history and a very
complex domestication origin (Carter ez al., 2004).
The soybeans can germinate on well-drained soils
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