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ABSTRACT

	
Aims: The overall objective of this research work was to characterize and compare the leaf and seed storage protein profiles of three elite Solanum lycopersicum (L.) varieties, which are Roma VF, Tropimech, and UC82B, in order to assess their biochemical diversity and genetic relatedness, which can be explored in breeding and improvement of tomatoes.
Study design:  The experiment was laid out in a Randomized Complete Block Design (RCBD) with five replications
Place and Duration of Study: The study was carried out in the screen house and laboratory facilities of the Department of Botany, Obafemi Awolowo University, Ile-Ife, Nigeria, during the 2021 growing season.
Methodology: Three elite Solanum lycopersicum (L.) varieties, i.e., Roma VF, Tropimech, and UC82B, were cultivated in a Randomized Complete Block Design with five replications. At maturity, leaves and seed samples were collected, processed, and used for protein extraction. The storage proteins were separated by Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) on a 12% resolving gel at the Biotechnology Laboratory, Department of Animal Science, Obafemi Awolowo University,Ile-Ife, Nigeria. Protein banding patterns were analyzed for genetic relatedness and diversity.
Results: The SDS-PAGE analysis revealed the predominance of fast bands in the protein profile of the leaf (61.76 %) and the seed (74.36%), signifying the high molecular weights of the protein bands. It also revealed the presence of generic bands at 0.6 cm - 1.0 cm, 5.2 cm, and 5.8 cm - 6.5 cm. for the leave and 4.2 cm - 4.5 cm, 4.5 cm - 4.9 cm, 5.2 cm - 5.4 cm, 5.8 cm - 6.0 cm, 6.2 cm - 6.3 cm, 6.3 cm - 6.5 cm for the seed protein indicating their common ancestry, and supporting their taxonomic grouping as members of same taxon. Unique bands were identified in the leaves (4.8 cm - 5.1 cm for Roma-VF, 3.3 cm and 4.4 cm for Tropimech; 1.0 cm, 4.1 cm, 4.2 cm, 4.4 cm, 4.6 cm, 5.4 cm and 5.6 cm for UC82B), and seeds (0.6 cm - 0.8 cm, 1.3 cm - 1.6 cm, 2.7 cm, and 4.7 cm - 4.9 cm for Roma-VF; 2.1 cm, 2.5 cm, and 3.0 cm for Tropimech; 2.2 cm for UC82B) which serve as distinctive biochemical fingerprints for each variety, and are useful for cultivar identification and purity testing of the varieties.
Conclusion: The variations in the leaf and seed proteins identified in this study confirm the existence of genetic diversity among the elite tomato varieties, which could serve as valuable biochemical markers for the identification and selection of the different varieties. These results, therefore, validate the use of SDS-PAGE as a useful tool in tomato breeding programs for improving nutritional and genetic quality.
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1. INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the world's most economically important and widely consumed vegetable crops, renowned for its culinary versatility and substantial contribution to human nutrition (Rai et al., 2022). It serves as a rich source of essential nutrients, including vitamins (A, C and folate), minerals, dietary fiber, and a well-documented spectrum of bioactive antioxidants such as lycopene, β-carotene, and flavonoids (Gerszberg and Hnatuszko-Konka, 2022). However, the nutritional profile of the fruit is not static but is profoundly influenced by genotypic variation, agronomic practices, and post-harvest handling (Liu et al., 2023).
In recent decades, intensive breeding programs have developed elite tomato varieties with enhanced agronomic traits like high yield, disease resistance, and extended shelf-life. There is now a growing paradigm shift towards "nutrition-sensitive agriculture," where breeding objectives explicitly include the enrichment of macro- and micronutrient content (Tigist et al., 2021). Consequently, a new generation of elite varieties has emerged, promising not only improved productivity but also potentially superior nutritional value. Despite this, systematic data comparing their protein characteristics remains fragmented. Such comprehensive profiling is necessary for validating and informing breeding priorities, and supporting strategies for nutritional improvement.
Therefore, this study aimed to conduct an integrated comparative analysis of three elite tomato varieties (Roma VF, Tropimech, and UC82B). The specific objectives of this study were carry out SDS-PAGE characterization of the three elite tomato varieties in order to determine their seed protein diversity and genetic relatedness. The findings provide a holistic assessment of the nutritional and biochemical potential of these three tomato varieties, offering valuable insights for their utilisation in food processing, biofortification programs, and germplasm conservation.

2. material and methods 
Seeds of three elite tomato varieties (Roma VF, Tropimech, and UC82B) were obtained from Everything Propagule, Ibadan (7º31.48’N;4º31.46’E) and NIHORT, Ibadan (724’18.9’’N;350’59.8’’E). The seeds were sown in perforated polythene bags filled with sterilized top soil and placed in the screen house at the Department of Botany, Obafemi Awolowo University, Ile-Ife, Nigeria (Latitude: 7.520767°N, Longitude: 4.530315°W). The experiment was laid out in a Randomized Complete Block Design (RCBD) with five replications, while following standard agronomic practices for irrigation, weeds and pest management.
2.1 Sample Preparation
At the mature fruiting stage, fully ripe, blemish-free fruits were harvested. Seeds were manually separated from the pericarp. Composite samples were created from fruits across all replications for each variety.  Both leaves (collected at three-leaf stage) and seeds were rinsed with distilled water, air-dried, and subsequently oven-dried at 60°C to constant weight. Dried samples were ground into a fine powder and stored in airtight containers at -20°C until analysis. All analyses were performed in triplicate.
2.2 Protein Characterization via SDS-PAGE
The electrophoresis was conducted at the Biotechnology Laboratory, Obafemi Awolowo University, Ile-Ife, Nigeria. The leaf and seed storage proteins were characterized using SDS-PAGE (Laemmli, 1970). Protein extraction was performed using a 50 mM phosphate buffer (pH 6.5). Extracts were mixed with sample buffer, heated, and loaded onto a 12% resolving gel. Electrophoresis was performed at 120V. Gels were stained with Coomassie Brilliant Blue R-250. Protein band patterns were analyzed using the Sokal and Sneath coefficient of similarity (Sokal & Sneath, 1963). The coefficient of similarity among the bands was calculated as follows;
Coefficient of similarity (CS) =	
where 
a = bands common to two varieties, 
b = bands unique to the first, and 
c = bands unique to the second. 
The protein migration was divided into three parts as follows: Slow-moving bands ranging between 0.0cm – 2.2cm; intermediate-moving bands ranging between 2.3 cm – 4.2 cm; and fast moving band ranging between 4.3 cm – 6.2 cm.


3. results and discussion

The results obtained in this study revealed that the seed protein and leaf protein samples of the Solanum lycopersicum varieties studied differ in their protein concentration. A close examination of the bands (Fig. 1 and 2) reveals that there are variations in the position, thickness and number of bands in the protein profiles of the varieties studied.  
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Fig. 1.	Protein profile of the seed and the leaf protein of the three varieties of Solanum lycopersicum studied.
Legends: M: Standard; A: Leaf protein bands of Roma-VF variety; B: Seed protein bands of Roma-VF variety; C: Leaf protein bands of Tropimech variety; D: Seed protein bands of Tropimech variety; E: Leaf protein bands of UC82B variety; F: Seed protein bands of UC82B
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Fig. 2.	Electrophoretic diagram of seed and leaf protein samples of three varieties of Solanum lycopersicum studied. 
Legends: M-Protein Standard; A: Leaf protein bands of Roma-VF variety; B: Seed protein bands of Roma-VF variety; C: Leaf protein bands of Tropimech variety; D: Seed protein bands of Tropimech variety; E: Leaf protein bands of UC82B variety; F: Seed protein bands of UC82B.


In the leaf samples, Roma-VF had 12 bands, Tropimech had 8 bands, while UC82B had 14 protein bands (Table 1). The fast bands accounted for 61.76 % of the total number of bands, 23.53 % accounted for intermediate bands, slow bands accounted for 14.7% of the total number of bands, while unique bands accounted for  29.41% (Table 1). Roma-VF had one (1) unique band at 4.8 cm - 5.1 cm; Tropimech had two (2) unique bands at 3.3 cm and 4.4 cm; while  UC82B had seven (7) unique bands at 1.0 cm, 4.1 cm, 4.2 cm, 4.4 cm, 4.6 cm, 5.4 cm, and 5.6 cm (Figure 2). Six (6) bands were common to Roma-VF and Tropimech at 0.6 cm -1.0 cm, 2.0 cm -2.6 cm, 5.0 cm - 5.2 cm, 5.6 cm - 5.8 cm, 6.0 cm, and 6.0 cm - 6.4 cm. Three (3) protein bands were common to Tropimech and UC82B at 0.6 cm to 1.0 cm, 5.0 cm, and 5.8 cm - 6.4 cm. Seven (7) protein bands were common to Roma-VF and UC 82B at 0.6 cm - 0.8 cm, 3.4 cm - 3.6 cm, 5.2 cm, 5.6 cm, 5.8 cm - 6.4 cm, 6.4 cm, 6.4 cm - 6.6 cm (Table 3). Generic bands that cut across the three varieties were observed at 0.6 cm - 1.0 cm, 5.2 cm, and 5.8 cm - 6.5 cm. The coefficient of similarity of the leaf protein (Table 5) revealed that the coefficient of similarity between Tropimech and Roma-VF was 66.67%, between Tropimech and UC82B was 25%, and between UC82B and Roma-VF was 46.67%.
In the seed samples, Roma-VF had 15 bands, Tropimech had 14 bands, while UC82B had 10 protein bands (Table 2). The fast bands accounted for 74.36% of the total number of bands, 15.38% accounted for intermediate bands, while 10.26% of the total number of bands were slow bands. The unique bands were 20.51% of the total bands in the seed protein profile of the Solanum lycopersicum varieties studied (Table 2). Roma-VF had four (4) unique bands at 0.6 cm - 0.8 cm, 1.3 cm - 1.6 cm, 2.7 cm, and 4.7 cm - 4.9 cm. Tropimech had three (3) unique bands at 2.1 cm, 2.5 cm, and 3.0 cm. UC82B had one (1) unique band at 2.2 cm.   Roma-VF and Tropimech had one (1) band in common at 3.4 cm - 3.8 cm; Tropimech and UC82B shared one  (1) band in common at 4.0 cm - 4.4 cm; Roma-VF and UC 82B shared one (1) band in common at 2.2 cm (Table 4). Generic bands that cut across the three varieties were observed at 4.2 cm - 4.5 cm, 4.5 cm - 4.9 cm, 5.2 cm - 5.4 cm, 5.8 cm - 6.0 cm, 6.2 cm - 6.3 cm, 6.3 cm - 6.5 cm (Fig. 2).  Generic bands that cut across the three varieties were observed at 4.2 cm - 4.5 cm, 4.5 cm - 4.9 cm, 5.2 cm - 5.4 cm, 5.8 cm - 6.0 cm, 6.2 cm - 6.3 cm, 6.3 cm - 6.5 cm (Fig. 2). The coefficient of similarity of the seed protein (Table 6) revealed that the coefficient of similarity between Tropimech and Roma-VF was 12.5%, between Tropimech and UC82B was 20%, and between UC82B and Roma-VF was 16.67%. 

Table 1: Relative mobility of bands in the leaf protein of Solanum lycopersicum varieties studied. 
	Protein sample
	Fast bands (4.3cm-6.2)
	Intermediate bands (2.3cm-4.2cm)
	Slow bands (0.0cm-2.2cm)
	Total number of bands
	Unique bands

	Roma-VF
	8
	2
	2
	12
	1

	Tropimech
	5
	2
	1
	8
	2

	UC 82B
	8
	4
	2
	14
	7

	Percentage (%)
	61.76
	23.53
	14.7
	100
	29.41

	Total
	21
	8
	5
	34
	10




Table 2: Relative mobility of bands in the seed protein of Solanum lycopersicum studied.
	Seed protein
	Fast bands (4.3 cm - 6.2 cm)
	Intermediate bands (2.3 cm - 4.2 cm)
	Slow bands (0.0 cm - 2.2 cm)
	Total number of bands
	Unique bands

	Roma-VF
	10
	3
	2
	15
	4

	Tropimech
	10
	3
	1
	14
	3

	UC82B
	9
	0
	1
	10
	1

	Percentage (%)
	74.36
	15.38
	10.26
	100
	20.51

	Total
	29
	6
	4
	39
	8




Table 3: Number of common bands between pairs of the leaf protein sample samples of Solanum lycopersicum studied.
	Leaf protein sample
	Roma-VF
	Tropimech
	UC 82B

	Roma-VF
	-
	6
	7

	Tropimech
	6
	-
	3

	UC82B
	7
	3
	-







Table 4: Number of common bands between pairs of the seed protein samples of Solanum lycopersicum studied.
	Seed protein samples
	Roma-VF
	Tropimech
	UC 82B

	Roma-VF
	-
	1
	1

	Tropimech
	1
	-
	1

	UC82B
	1
	1
	-




Table 5. Coefficient of Similarity of the Leaf Protein Samples of Solanum lycopersicum studied
	Varieties
	Roma-VF
	Tropimech
	UC 82B

	Roma-VF
	-
	66.67%
	46.67%

	Tropimech
	66.67%
	-
	25%

	UC 82B
	46.67%
	25%
	-




Table 6. Coefficient of Similarity of the Seed Protein Samples of Solanum lycopersicum varieties studied.
	Varieties 
	Roma-VF
	Tropimech
	UC82B

	Roma-VF
	 -
	12.5%
	16.67%

	Tropimech
	12.5%
	-
	20%

	UC82B
	16.67%
	20%
	-




Gel electrophoresis remains a fundamental and highly valuable technique in plant proteomics, offering cost-effective and reliable insights into protein composition, genetic diversity, and trait selection (Bean and Lookhart, 2000; Sher et al., 2020; Yassen et al., 2022; Zayed e al., 2022; Kiriyama et al., 2023 Pandey et al., 2025).  SDS-PAGE has been used by many researchers in characterizing and delimiting species. It has also been proven to be effective in assessing genetic diversity in various research studies (Kakaei and Kahrizi 2011). The presence of a higher percentage of fast bands in both the leaf profile (61.76 %) and the seed protein (74.36%) implies that the proteins consist of mostly of proteins with high molecular weight. The presence of both shared and unique protein bands within the tomato varieties studied confirms their close genetic relatedness, while simultaneously revealing their specific polymorphisms. The presence of many generic bands that cut across the three varieties studied at specific migration points indicates the presence of conserved genetic regions within their protein and implies their common ancestry, supporting their taxonomic grouping (Folorunsho et al., 2006; Teniola et al., 2021; Hafeez et al., 2023; Bolaji et al., 2025, Pandey et al., 2025) as members of the same taxon. The unique bands serve as distinctive biochemical fingerprints for each variety, and they are useful for cultivar identification, purity testing, and understanding their genetic diversity. Chavhan et al. (2024) noted the usefulness of protein profiling in the identification and authentication of different plant varieties, cultivars and hybrids, with each variety showing a distinct protein profile, allowing for accurate identification. According to Hafeez et al. (2023) by comparing protein profiles, researchers can infer evolutionary relationships among plant species and also classify them into taxonomic groups. Manvannan (2017) noted that electrophoretic patterns could be useful in plant breeding programs and germplasm evaluation of various crops. Although in this study the leaf protein profile revealed that Tropimech and Roma-VF were more similar (66.67%) with respect to their protein profile, the seed protein profile indicated that Tropimech and UC82B  were more similar(20%). This difference may be due to the greater possibility of the phenotypic expression of the leaves to be more susceptible to environmental influence than the seeds. There is a need for further investigation to be carried out at the molecular level to further establish their relatedness and diversity. 
  

4. Conclusion

[bookmark: _GoBack]This study revealed the protein diversity and genetic relatedness of three elite tomato varieties, thereby providing a holistic assessment that demonstrates the usefulness of SDS-PAGE in biochemical fingerprinting and proteomic marker identification. These findings have direct implications for multiple stakeholders, such as breeders, who could utilize this data in appropriate parental selection in programs targeting specific nutritional traits. Future work should be carried out to correlate these biochemical profiles with sensory attributes and agronomic yield to enable the selection of varieties that are both high-yielding and nutrient-dense, thereby contributing meaningfully to food and nutritional security.
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