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Comparative analysis of seed and leaf proteins by SDS-PAGE gel electrophoresis within seed Morphotypes of Winged bean
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ABSTRACT 

	The importance of winged bean in nutrition, pharmaceutical fields, and agriculture is well known. It improves soil fertility as it helps to fix nitrogen into the soil. However, there are a lot of factors militating against its development. Some of these factors like temperature, delay in flowering, susceptibility to insect infestation etc. needs to be worked upon if the promising benefits of winged bean will be fully harnessed. It is thus necessary to focus on its genetic diversity. In this study, proteins of seed and leaves of the three seed morphotypes of winged bean were extracted and screened for total protein banding patterns using gel electrophoresis. Results showed the presence of banding patterns unique to each of the morphotypes and those common to them. The highest level of common bands was observed between black seeds of winged beans and deep brown seeds. Sokal and Sneath coefficient of similarity ranges from 19.05 – 33.33 for seed protein profile and 0.36 – 0.42 for the leaf protein profile. The study concluded that there exists a high level of genetic variations which could be exploited for crop improvement of this germplasm and to delimit each of this morphotypes.
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1. INTRODUCTION 

The genus Psophocarpus belongs to the family Fabaceae commonly known as legumes and subfamily Palilionaideae (Tanzi et al., 2019, Lepcha et al., 2017).This family consist of 800 genera and 20000 species making it only second to poaceae in terms of its economic benefits (Hasanuzzaman et al., 2020). The family has a wide range of distribution in Europe, Asia and America (Sheikh, 2006). Winged bean has been reported to be a worthy alternative to Soya-beans in the Tropical regions of the world (Lepcha et al., 2017).  Morphologically, winged bean has been reported to exhibit tuberous roots, thinning habits with perennial and annual properties (Tsoutsoura et al., 2022). Egleton 2019 reported that flower colouration in winged bean varies from white to blue and deep purple. Leaves are trifoliate in form but ovate in shape (Tsoutsoura et al., 2022). It exhibits growth which could be up to 4m tall (Lepcha et al., 2017). Winged bean produce underground tubers (Nazri et al., 2011).They have a diploid genome (2n=2x=18). (Harder 1992). When compared to other legumes, they are less tolerant to water shortage (Tanzi et al., 2019). It has high sensitivity to light and temperature during its developmental stages (Tanzi et al., 2019). From the data available in literature, winged bean possess a lot of economic potential. It is often referred to as ‘one species supermarket’ (TSoutsoura et al., 2022). Essentially all its parts are useful. The seeds, immature pods, leaves, flowers are all edible providing vitamins, proteins, minerals and other essential nutrients (Cheng et al., 2019; Amoo et al, 2006). Winged bean helps to fix nitrogen into the soil hence serving as a great tool for mixed cropping with other non-legumes. To further stress the multifarious application of this crop, Lepcha et al 2017 reported its medicinal importance. It has been used to cure smallpox, boils, ulcers e.t.c due to its antimicrobial, anti-oxidant properties (Stopp 1962; Perry & Metzger 1980; Latha et al., 2007; Khalili et al., 2013). They are used in the production of soups and curries (Sri et al., 1984; Mckee 1928), peanuts, snacks etc. (Erskine, 1979).
Despite all of these advantages, research on genetic diversity and crop improvement practices on winged beans is still sparse. The few in literature are largely molecular based and have been largely inconsistent and complicated. For example Chen et al., 2015 reported that the genetic diversity studies of 45 accessions of winged beans using ISSR analysis showed little variations as there was no correlation between the accessions studied and the level of genetic variation detected.  There is therefore the need to try other alternatives as inferring genetic diversity from  geographic origins or phenotype of plant materials must be avoided Tanzi et al., 2019 Electrophoresis offers a lot of advantages in this regards as it is not affected by environmental effects, year of production, place where the plant material was raised (Ham et al., 2001).Different researchers over the years have been able to use electrophoretic analysis to elucidate the level of genetic diversity within the plant genome (Folorunso, 2002; Oladipo and Illoh, 2012; Ochiai et al. 1983,; Osei et al; 2018).Electrolysis is a tool used in plant taxonomy, genetics; crop improvement, molecular biology etc.  It is fast, simple and easy to use and can be used for the analysis of large numbers of samples (Forde and Slack, 1996). Understanding the genetic variance and diversity using electrophoresis will likely provide a great insight to the level of variation and this can be exploited for crop improvement. This will ultimately help remove some constraints in harnessing the full potentials present in this crop. Information from electrophoresis can be used in the identification of useful proteins, understanding its benefit and protein-protein interaction. This research was undertaken to (1) characterize the seed and leaf of different accessions of three distinct seed morphotypes of winged beans using electrophoresis. (2) determine the level of variations within the protein bands in order to provide insight for crop improvements (3) Understand the level of protein richness in them. This is the first known report of leaf and seed electrophoresis of black, deep brown and light brown seeds of winged beans.

2. material and methods 

Seeds of twenty-five accessions of traditional cultivars of Psophocarpus tetragonolobus were collected from International Institute of Tropical Agriculture (IITA), Ibadan, Oyo State, Nigeria in the month of June, 2023. The mature seeds of Psophocarpus tetragonolobus collected were selected. The mature seeds were visually sorted into the three distinct morphotypes which are black seeds, Deep brown seeds, Light brown seeds. Each of these were sown in buckets filled with sterilized topsoil and raised at the screen house of the Department of Botany, Obafemi Awolowo University, Ile-Ife, Nigeria. The experiment was laid out in an utterly randomised design while regular agronomic practices like weeding and watering were carried out  regularly. Electrophoretic study of the protein variations from the leaves and seeds of the three morphotypes studied were carried out using 12% polyacrylamide gels. The morphotypes were screened for total protein banding patterns by using the method described by Aguegia et al., (1994); Omitogun et al.(1999) and Tokpo et al., (2006). Young leaves (0.8 g) of the plants were washed with distilled water and macerated with sterile mortar and mixed with the sample buffer (loading buffer). It was then heated in boiling water for 10 minutes and loaded into wells preventing overflows. Don't forget to load the protein marker into the first lane. Then cover the top and connect the anodes. SDS-PAGE running continued till when the down-most sign of the protein marker (the standard) almost reached the foot line of the glass plate. Generally, about 1 hour for a 120V voltage and a 12% separating gel. 
The proteins of the blended seeds of each winged bean morphotype studied were extracted by separation technique. One gram of each sample of seeds was homogenized in a 9 ml sample buffer (0.1 M sodium phosphate with pH 7.2, 1% SDS and 2-mercaptoethanol) separately. This was centrifuged at 4 °C at a speed of1000 rpm for 30 minutes. The supernatant obtained was boiled at 100 °C for 3-4 minutes and electrophoresis was then run according to Weber and Osborn (1975). About 0.5 ml of the protein samples, 0.02 ml tracking dye, 0.1 ml glycerol and 0.01 ml 2-mercaptoethanol were mixed together and layered on the 10% final acryl-amide gel concentration. Electrophoresis of the sample extract was run with current of 8mA per gel. The process was stopped when the tracking dye is almost getting to the end of the gel. The gel was removed from the tubes and stained in Comassie Brilliant Blue R250 for 2 hours after which the gel was destained in a destaining solution of methanol, glacial acetic acid and water. Gels were stained with 0.3% Coomassie Brilliant blue for 18 hours. The gels were scanned with HP 3320 scanner and the images stored for scoring.
Sokal and Sneath similarity coefficient was then calculated as follows:
a× 100 
a+b+c

Where
a is the number of common bands in a pair of species
b is the number of unique bands in one of the pair of species
c is the number of unique bands in the other pair of the species


3. results and discussion

The gel of the seed protein electrophoresis of the three seed morphotypes of accessions of winged beans studied is presented in Fig 1 while that of the leaf protein electrophoresis is presented in figure 2. The seed and leaf protein profile has all the band distribution. The use of the SDS-PAGE method for identification of the different protein profiles in both seeds and leaves was very successful. However, there were more protein bands in the seed than in the leaves.  The Schematic diagrams of both the seed and the leaf protein electrophoresis are shown in fig 3 and 4 respectively. A total number of 46 proteins bands were observed in seed electrophoresis profile (Table 1) while a total of 28 bands was observed for the leaf electrophoresis (Table 2). There was a close similarity in the intensity of bands, number of bands and combination of bands within the seed morphotypes. From the 
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         Figure 2:  Leaf Electrophoresis of accessions of Winged bean Studied
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Figure 3: Schematic diagrams of 
Seed  Electrophoresis
 of accessions of   Winged bean Studied
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Figure 4:  Schematic diagrams of Leaf Electrophoresis of accessions of Winged bean Studied
)






















	
	
Table 1: Seed Electrophoresis Profile of the Winged Bean Studied
	Seed colour
	Slow bands (0-1.9)
	Intermediate bands (2.0-3.8)
	Fast bands (4.0-5.8)
	Total Number of Bands
	Unique Band

	DBS
	4
	7
	5
	16
	3

	BKS
	4
	6
	5
	15
	4

	LBS
	5
	5
	5
	15
	7




Table 2: Leaf Electrophoresis Profile of the Winged Bean Studied
	Seed colour
	Slow bands (0-1.9)
	Intermediate bands (2.0-3.8)
	Fast bands (4.0-5.8)
	Total Number of Bands
	Unique Band

	LBL
	3
	2
	3
	8
	2

	BKS
	3
	3
	3
	9
	1

	DBL
	4
	3
	4
	11
	3
































analysis of the seed protein electrophoresis, the ratio of fast to intermediate bands and to slow bands were 15:18:13 respectively while that of leaf protein is 10:8:10 respectively (Table 3 and Table 4). The result further showed that 32.6% were fast bands, 39% were intermediate bands while 28.3% were slow bands for the seed electrophoresis while the leaf protein electrophoresis yielded 35.7% fast bands, 28.6% intermediate bands and 35.7% slow bands. The common bands occurred at 1.2, 3.3, 4.5, 5.1, 5.4, 5.6 cm for the seed electrophoresis (fig 1) while for the leaf proteins, it occurred at 1.9, 3.4, 5.1 and 6.2 cm. The highest number of common bands was found between the deep brown and black seeds morphotypes in both the seed and leaf profile of the protein. Upon further analysis, inter-varietal bands involving two morphotypes occurred at 1.0, 1.6, 1.7, 1.9, 2.2, 2.9, 3.1 and 4.1 for the seed profile(Table 3) while for the leaf profile it occurred at 0.2, 0.5, 0.9, 2.3, 5.4 and 5.9 cm (Table 4). Furthermore, unique bands occurred at 0.9, 1.8, 2.0, 2.1, 2.4 2.5, 2.6, 2.7, 3.4, 3.5, 3.6, and 4.0 for the seeds but for the leaf protein profile it occurred at 0.1, 2.4, 4.0 and 4.1cm.
The Sokal and Sneath coefficient of similarity revealed a generally low level of similarity in the leaf and seed protein bands of the three morphotypes and ranged from 19.05 -33.33 for the seed protein profile and 0.36 – 0.42 cm for the leaf protein profile (Table 5, Table 6).


Table 3: Number of Common Bands Between Pairs of Winged Bean Studied in the Seed Protein Profile
	Seed
	DBS
	BKS
	LBS

	DBS
	-
	-
	-

	BKS
	10
	-
	-

	LBS
	7
	5
	-



Table 4: Number of Common Bands Between Pairs of Winged Bean Studied in the Leaf Protein Profile
	Leaf
	LBL
	BKL
	DBL

	LBL
	-
	-
	-

	BKL
	6
	-
	-

	DBL
	6
	7
	-

















Table 5: Sokal and Sneath Similarity Coefficient among the Winged Bean Studied in Seed Protein Profile
	Seed
	DBS
	BKS
	LBS

	DBS
	-
	-
	-

	BKS
	19.05
	-
	-

	LBS
	26.67
	33.33
	-





Table 6: Sokal and Sneath Similarity Coefficient among the Winged Bean Studied in Leaf Protein Profile
	Leaf
	LBL
	BKL
	DBL

	LBL
	-
	-
	-

	BKL
	0.36
	-
	-

	DBL
	0.42
	0.36
	-

















DISCUSSION
This study brings to scientific perspective the mobility of proteins in the seed and leaf of winged bean. The fact that both the seed and leaf proteins both contained bands showed that the methods used were suitable. The unique bands observed in this study is an indication of differences in the protein composition. Such differences in the composition of protein have been used in literatures to separate members of a population into their respective taxonomic groups (Folorunso and Olorode, 2006) In other words the unique bands at 0.1, 0.9, 1.8, 2.0, 2.1, 2.4 2.5, 2.6, 2.7, 3.4, 3.5, 3.6, 4.0, and 4.1 cm could be useful in delimiting each of the morphotypes from one another. These large number of unique bands even though they are taxonomically the same indicates that there is diversity in the genetic composition in the leaf and seed of winged beans. This finding is further corroborated by the work of Gotlieb 1971, who reported similar occurrence in Moringa Oleifera. Shonde et al., 2023 carried out genetic diversity studies on accessions of winged beans using SSR primers and reported the presence of large variabilities within the accessions studied. Unique bands depict genetic variations and so could be exploited for crop improvement programs of winged beans. Wong et al., 2014, Adeniran and Bolaji., 2024., Bolaji et al., 2023) also reported the use of variations in crop development programmes. Breeders could use these distinct features for the possibility of heterosis (Olomitutu et al., 2022, Olanrewaju, et al., 2021). The fact that none of the morphotypes have the same protein band for both the seed and leaf protein analysis could indicate an ongoing evolution and speciation between the varieties. The unique bands present at 1.3, 2.3 cm and 2.1cm, 3.6cm for both the leaf and seed protein profile respectively could be the proteins that codes for the black pigment observed in the black seeds of winged beans. Olsson 1967 reported that quantitative results from electrophoretic methods are related to biogenetic relationships. The presence of common bands among the morphotypes could be the reason why taxonomists consider them as the same species. It could also depict common evolutionary origin. Gotlieb 1971 reported that the presence of common band among members of a population portends that the genes which codes the enzymes or protein does not vary. Furthermore, it also shows that such bands contain proteins with identical amino acid sequences. Similar assertions have been made by Folorunsho and Olorode., 2006. The higher number of common bands observed between the black and deep brown morphotypes shows a higher phylogenetic closeness than light brown seed morphotypes. This is in line with the morphological closeness observed in them. The presence of fast moving bands informs that the proteins have higher molecular weights while the presence of slow moving bands depicts that the proteins have lower molecular weight.  

4. Conclusion
From the analysis above on the protein profile of winged bean morphotypes (both leaves and seeds); unique bands and common bands were identified among the morphotypes. The seed contains more protein bands than that of the leaves. This data can serve as a great tool for taxonomic and breeding efforts. From this result, it appears there is a broad based relationship between the morphotypes.
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