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ABSTRACT
A SDS-PAGE electrophoretic study of three species of Basella Linn. and a form of the genus was investigated to explore the taxonomic relationship among them. A comparative protein banding profile of the leaves and seeds were carried out using the method of Laemmle (1970) described by Agueguia et al. (1994) and Tokpo et al. (2006). The band protein profile showed that Band 0.8 is common to both seed and leaves and could therefore be referred to as the genetic band suggesting common evolutionary origin. Apart from Band 0.8, the leaves have the bands 1.3, 1.5, 2.8, 3.3 and 3.5 common to the four forms, which indicate generic affinity among them. On a general note the seeds have a total of 46 bands while the leaves have 112 bands. Both leaves and seeds have more intermediate and slowing moving bands, indicating that the protein molecules in Basella species are of heavy molecular weight. No two species have the same set, number and intensity of bands. Coefficient of similarity between the forms was 9.52-31.25 for the seeds and 22.73-43.559 for the leaves. The less than 50% coefficients of similarity show that the species and a form of Basella are distinct species and possess sufficient diagnostic bands for identification and authentication. This study confirmed that the species Basella rubra; Basella alba Linn., Basella cordifolia Lamk. and Basella alba round are distinct species occurring in the study areas. The Flora of West Tropical Africa on the Genus Basella needs to be revised to accommodate the species not listed.
Keywords: Basella, generic affinity, protein bands, SDS-PAGE electrophoresis
INTRODUCTION
Taxonomic classification of plant species is basically dependent on the morphology and the anatomical characters; these features are changeable and sometimes difficult to observe. Therefore it is necessary that they are supported by molecular techniques. Shailaja et al. (2018) and Pandey (2019) noted that species and varietal characterizations based on morphological data are difficult because they are influenced by the environment and their inability to provide reliable information on genetic distance and validity of pedigree. Oladejo et al. (2019) also pointed out that most morphological and phenological traits are multigeric, quantitative or continuous characters and their expression is mainly influenced by environmental conditions.

Several scientific reports showed that that total protein and izozymes are better diagnostic parameter in detecting genetic variability due to the action of biochemical markers and as such they are free from genotype and environmental interactions (Tokpo et al., 2006). Pandey et al. (2019) noted that proteins are important in taxonomic characterization of plants because they are useful for identification and estimation of molecular weight.   Seed protein profiles have been used to verify polymorphism in seed proteins, because it is an easy and more useful method for cultivar distinction (Nevo et al., 1993), not susceptible to environmental stress and useful for identification of species, sub species and varieties (Neto et al., 2002; Omonhinmin and Ogunbodede, 2013).  Omonhinmin and Ogunbodede (2013) reported that seed proteins are physiologically stable, easy to handle and operate at the level of gene product where environment has little influence; these proteins are expressed form of genome and can be used as biomarkers, properly traced between specimens which may lead to the identification of proteins of industrial, medicinal and nutritional prospective applications. According to them, these genomic or proteomic studies are considered more reliable than morphological or cytological evidences. 

Gel electrophoresis is a useful tool for the determination of the molecular weight of the proteins and characterization of nucleic acids (DNA, RNA). The recognition of proteins and nucleic acids using electrophoresis is necessary and valuable for taxonomic studies of plants (and animals, microorganisms and the viroids (Alfenas, 1998). According to Teniola et al. (2021) protein electrophoresis is a useful tool in resolving systemic problems where morphological parameters are considered in sufficient. Protein electrophoresis is reliable, practical, reproducible and independent of environmental fluctuations (Shailaja et al., 2018). According to Swapnil et al. (2018) seed storage proteins are genetic markers obtained by electrophoresis to resolve taxonomic and evolutionary problems.
Sodium Doecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) of total seed proteins has been widely applied in resolving systematic relationships and for inter specific and intra specific studies (Yousaf et al., 2008). SDS-PAGE of total seed protein has also been used successfully to resolve taxonomic and evolutionary problems in some plant species (Ladizinsky and Hymowitz, 1979; Juan et al., 2007; George et al., 2013; Omonhinmin and Ogunbodede, 2013; Swapnil et al., 2018). It is quick and accurate protein based polymorphism method among different species. The profile obtained by the SDS-PAGE of seed proteins provides interesting information that will doubtless help in the clarification of complex genus. Juan et al. (2007) noted that seed proteins in Amaranthus are useful characters to discriminate between species and also show low environmental and evolutionary variability. Oladejo et al. (2019) reported on SDS-PAGE characterization of some elite cowpea Vigna unguiculata L. Walp. varieties.

Members of this genus Basella are twinning sub succulent herbs with long, much branched stem. They are annual or biennial herbs. Leaves are alternate, lamina ovate, with cordate base, margin entire. The inflorescence is axillary spike, rachis long, bracts adnate, ovoid, oblong and opening very little in anthesis, fleshy and enclosing fruit after flowering. Flowers are sessile, perianths segments short, fleshy, blunt ridged on the back, hardly opening at anthesis, not winged in fruit. Stamens included. Filament inserted near apex of perianth tube, very short, erect in bud, anthers dorsifixed or versatile, style 3.  Stigma is linear, utricle globose, fleshy, embryo spiral cotyledon large and thin (Hutchinson and Dalziel, 1958).

The genus Basella belongs to the family Basellaceae. A species, B. alba was described in the Flora of West Tropical Africa (FWTA) (Hutchinson and Dalziel, 1958). Basella  rubra was used as a synonym to B. alba in the Flora.  A number of authors assigned different taxonomic group the members of the genus. Adeyemi (2007) and Roy et al. (2010) described the members as cultivars; Bittrich and Sperling 1993and Adenegan-Alakinde and Akinloye (2015) described three species and a form- Basella rubra; Basella alba Liin.; Basella cordifolia Lamk and Basella alba round. They are distinguished as follows: The most common type has dark green ovate or nearly ovate leaf (synonym B. alba). A second type which is less popular, commonly planted as ornamental has red ovate or nearly round leaves and stems (synonym B. rubra). The third type has heart - shaped dark green leaves, (synonym B. cordifolia). The fourth type identified as Basella alba round has leaves that are green, simple, margins entire, apex round; leaves are glabrous, succulent, the shape is round and the base is acute, leaves are arranged alternately on the stems. Bolaji et al. (2022a) and Oyeniyi et al.  (2026) described the green and the red stemmed Basella as morphotypes not different species.
All the members of the genus are useful as pot herbs and have ethno-botanical uses; mostly medicinal because of rich constituents in phytochemical and nutrients (Adenegan-Alakinde and Adedeji, 2014; Adenegan-Alakinde and Ojo, 2018, 2025). Bolaji et al. (2022a) noted that there are inconsistences in the taxonomy of the genus. There is the need to find out stable characters that will be used in distinguishing between the forms.  This study attempts to resolve the taxonomic confusion in the genus.  For the purpose of this study, the term form was used for the different Basella available. According to Eleonor (2008) in Herderson’s Dictionary of Biological Terms, a form is a taxonomic group whose status is not clear but may be a species or sub species.

Using SDS-PAGE electrophoresis will enhance our understanding of the genetic variation occurring among the 	members of the genus Basella in the study area.  The aim of this study is to determine the taxonomic and genetic variation within the Basella species. The specific objectives are to:
1. Extract and characterize total soluble proteins from the leaves and seeds of Basella accessions collected from the study areas; 
2. Compare the protein banding patterns and intensities of the bands;
3. Calculate the similarity coefficients from the presence and absence of protein bands to quantify genetic related among Basella accessions and
4. Assess the potential of seed versus leaf proteins as more reliable biochemical markers for taxonomic studies of Basella species.

MATERIALS AND METHODS
Plant collection
Plants were collected from areas listed in Table 1.
Permission
Permission to access the study area was granted by the ‘Baales’ (Local custodians) and rulers of the selected areas. Plants were collected with the full consent of the people or head of households.
Table 1:  Collection sites for Basella accessions  
	Basella accessions       
	Accession number        
	Location
	Description

	B. rubra                
	Taiwo 024              

	Emure-Ule near Owo, Ondo State.   Backyard of a house, on trellis. Seeds collected.
	Purple pigment on stems, petioles and leaves, the margins and veins are pigmented. Seeds  were collected

	B. rubra                
	Taiwo 026              

	Owo, Ondo State.   Backyard on  trellis
	Purple stems, petioles and leaves. Leaves ovate

	B. rubra                
	Taiwo 027              

	Okeigbo. Backyard on  trellis
	Purple pigment on stems, petioles and leaves, the margins and veins are pigmented.

	B.rubra
	Taiwo 028
	Isua Akoko
	Purple stems, petioles and leaves. Fruiting

	B. rubra   
	Taiwo 030                
	Orita Odigbo, Odigbo LGA, Ondo State
	Purple stems, petioles and leaves.

	B. rubra                  
	Taiwo 031               
	Omoluorogbo Area, Ile Ife
	Purple stems, petioles and leaves. Fruit black drupe

	B. rubra                  	
	Taiwo 032              
	Losunla Qrts, Ondo
	Purple stems, petioles and leaves. Fruit black drupe. Leaves are ovate.

	B. rubra                  	
	Taiwo 032              
	Losunla Qrts, Ondo
	Purple stems, petioles and leaves. Fruit black drupe. Leaves are ovate.

	B. alba               
	Taiwo 011               
	Unity sec school Ondo.
	Green stems and leaves. Leaves ovate with cordate base. Pink flowers 

	B. cordifolia               
	Taiwo 012              
	Ifore Qrts, Ondo                                   

	Green stems and leaves. Leaves lanceolate to elongated heart shape. Procumbent. Just at flower initiation. Cordate base. 

	B. alba              
	Taiwo 013              

	Ayeoba near Ile- Ife.   Backyard, supported on make shift bathroom. 
	Green stems and leaves. Leaves ovate with cordate base. Pink flowers



	Basella accessions        
	Accession number        
	Location
	Description

	B. alba                           
	Taiwo 014              

	Ayekoka near Ile- Ife.   Backyard, supported on make shift bathroom
	Green stems and leaves. Leaves ovate with cordate base. Pink flowers present

	B. alba                          
	Taiwo 015

	Ayekoka near Ile- Ife.   Backyard, supported on Vernonia amydalina plant
	Green stems and leaves. Leaves ovate with cordate base. Pink flowers present

	B. alba                             
	Taiwo 016

	Agbado, Ikere Ekiti. Supported on bath room made with palm frond
	Green stems and leaves. Leaves ovate with cordate base. Pink flowers present

	B. alba                            
	Taiwo 024

	Oke-Oka, Ondo State. Backyard on trellis
	Green stems and leaves. Leaves ovate with cordate base. Pink flowers present. Seeds and seedling were collected

	B. alba  round                          
	Taiwo 029

	Irele, Ondo sState
	Green stems and leaves. Leaves oval to round with cordate base.

	B. alba  round                           
	Taiwo 033

	Otagbala  Qrts, Ondo
	Green stems and leaves. Leaves oval to round with cordate base.

	B. alba  round                           
	Taiwo 034

	Eweje market garden, Ondo.
	Green stems and leaves. Leaves oval to round. Has whitish flowers


	B. cordifolia                           
	Taiwo 035

	Eweje market garden, Ondo.
	Green stems and leaves. Leaves lanceolate to elongated heart shape with cordate base.




ELECTROPHORETIC STUDIES OF THE SEEDS AND LEAVES
Electrophoretic study of the protein variations from the seeds and young leaves of the forms of                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Basella was carried out using 12% polyacrylamide gel. The forms were screened for total protein band patterns using a modified method of Laemmli (1970) described by Agueguia et al. (1994) and Tokpo et al. (2006). Seeds and young leaves  (0.8 g) were washed separately in distilled water and macerated with sterile mortar and pestle in 0.8% phosphate buffer–saline (PBS) containing 0.4 M NaCl at pH 8.0. The extract was centrifuged at 5000 rpm for 10 minutes. Fifteen (15) µl of each supernatant was electrophoresed in 12 % polyacrylamide – biscrylamide gel. Gels were stained with 0.3% Coomassie Brillant blue for 18 hours. Destaining was done in a mixture of methanol, acetic acid and distilled water (1.3v/v). This was done overnight in order to visualize the protein bands for subsequent scoring. The gel was scanned with HP3320 scanner and the images were stored for scoring. Sokal and Sneath (1963) Coefficient of similarity was used to show the level of similarity of the protein profile of the forms of Basella studied. 
                        (Cs) =                   a                           
                                                 a + b + c
Where a is number of bands present in the taxa being compared.
b is the number of bands present in the taxon 1and absent in taxon 2.
c is the number of bands absent in the taxon 1 and present in taxon 2. 

RESULTS 
Seed protein electrophoresis
The gel of the protein electrophoresis of the seeds of the four forms of Basella studied is shown in Plate 1B. The protein banding pattern of the seeds of the Basella forms revealed a total of 46 bands (Table 3). The pattern of protein banding in each form of Basella is specific because no two forms have completely the same number and combination of bands. There are distinctness in the number of bands, combination of bands and intensities of the bands. The result also showed there are nine (19.6%) fast moving bands (Table 3). Twenty one bands (45.7%) are slow moving while sixteen (35.6%) are intermediate moving bands. Generic band occur at 0.8 with the same intensity for all the forms (Table 2). 
Apart from the generic bands, interspecific bands were observed in the forms (Table 2). Bands 0.7, 0.95 and 3.7 were observed in B. alba and B. alba round. Bands 1.0 and 3.4 are common to B. rubra and B. cordifolia.  Band 1.2 and 4.5 are common to B. rubra, B. alba and B. cordifolia.  Band 1.8 is common to B. rubra, B. alba and B. alba round. Band 5.4 is common to B. alba and B. cordifolia. B. alba and B. alba round have the highest number of interspecific bands (0.7, 0.95 and 3.7). 
Each of the forms has unique bands. B. rubra has the highest number of unique bands (7), which are 0.6, 0.75, 2.1, 2.2, 3.2, 3.6 and 5.2. B. alba has three unique which are 3.1, 3.3 and 3.5. B. alba round has these unique bands 1.1, 3.05, 3.35 and 5.3. B. cordifolia has 1.3, 1.85, 3.75 and 4.8. B. alba round and B. cordifolia have four unique bands respectively.
There is generally low level of similarity in the seed protein profile of the Basella forms (Table 4). This is because the forms have different protein bands. However the highest level of similarity occurs between B. alba and B. alba round (31.25%).                                             

 A[image: band][image: band]                                                   B
                              BCl         BARl       BOl       BRl              BCs         BARs   BOs   BRs
 Plate 1:  Protein profile of leaves and seeds of the Basella forms studied
 LEGENDS:
A - Protein profile of leaves
BCl- B. cordifolia leaf
BARl- B. alba round leaf
BOl- B. alba leaf
BRl- B. rubra leaf
B - Protein profile of seeds
BCs- cordifolia  seed
BARs- B. alba round seed
BOs- B. alba seed
BRs- B. rubra seed













	                          
	                                                        Bands (Length of bands in cm)

	Basella forms
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10
	B11
	B12
	B13

	B. rubra
	0.6
+
	0.75
+
	0.8
+
	1.0
+
	1.2
+
	1.8
++
	2.1
+
	2.2
+
	3.2
+++
	3.4
+
	3.6
+
	4.5
+++
	5.2
++

	B. alba 
	0.7
+
	0.8
+
	0.95
+
	1.2
+
	1.8
++
	3.1
+
	3.3
+
	3.5
+
	3.7
+
	4.5
+++
	5.4
++
	
	

	B. alba round
	0.7
+
	0.8
+
	0.95
+
	
	1.8
++
	2.6
+
	3.05
++
	3.35
+
	3.7
+
	5.3
++
	
	
	

	B. cordifolia
	0.8
+
	0.9
+
	1.0
+
	1.2
+
	1.3
+
	1.85
+
	2.6
+
	3.4
++
	3.75
+
	4.5
++
	4.8
++
	5.4
++
	



Table 2: Seed protein profile and band intensity in the Basella forms

Legend:  
+         - very faint band 
++      -   faint band
+++  - thick band.
B1 – B13 – Length of Bands



Table 3: Seed protein band distribution in the four forms of Basella          
	Basella forms
	Slow bands
(0 -1.8 cm)
	Intermediate bands
(1.9 -3.7 cm)
	Fast bands
(3.8 - above    cm)
	Total number of bands
	Unique bands

	B. rubra
	6
	5
	2
	13
	7

	B. alba 
	5
	4
	2
	11
	3

	B. cordifolia
	5
	3
	4
	12
	4

	B. alba round
	5
	4
	1
	10
	4

	Total
	21
	16
	9
	46
	18




Table 4:  Sokal and Sneath Coefficient of Similarity of the Seed Protein Profile of the   
                   Four Forms of Basella.
	Forms
	B. rubra
	B. alba 
	B.cordifolia
	B.alba round


	B.rubra                        
	-
	-
	-
	-

	B. alba 
	20
	-
	-
	-

	B. cordifolia
	20
	21.05
	-
	10

	B. alba round
	9.52
	31.25
	-
	-



Table 5: Leaf Protein Profile and Band Intensity in the Basella Forms

	
	                                     Bands (Length of bands in cm)

	Basella forms
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	88
	B9
	B10
	B11
	B12
	B13
	B14
	B15
	B16
	B17
	B18
	B19
	B20
	B21
	B22
	B23
	B24
	B25
	B26
	B27
	B28
	B29
	B30

	B. rubra
	0.7 +
	0.8 +
+
	0.89  +
	0.99 +
	1.15 +
	1.3 +
	1.4+
	1.5+
	1.65 ++
	1.8+
	2.0++
	2.05 +
	2.2 ++
	2.3 +
	2.4++
	2.6 ++
	2.75++
	2.8 +
	3.0 +
	3.3 ++
	3.4 +
	3.5 +
	3.65 +
	3.75 +
	3.85+
	4.0+
	4.3 +
	4.5 +
	4.9 ++
	5.3 ++

	B.alba
	0.7 +
+
	0.8 +
+
	1.0+
	1.1 +
	1.2 +
	1.3 +
	1.4 +
	1.5 +
	1.6 +
	1.7 +
	1.8 +
	2.09 ++
	2.1 +
	2.25 ++
	2.3 +
	2.45  +	
	2.6 +
	2.8+
	2.9 +
	3.3 ++
	3.5 +
	3.6 +
	3.9 +
	4.1 +
	4.3 +
	4.95++
	5.1 +
	5.3 ++
	
	

	B.alba Rd
	0.8  +
	1.0 +
	1.1 +
	1.3 +
	1.5 +
	1.65 +
	1.7 +
	1.85 +
	2.05 +
	2.1 +
	2.25 +
	2.35 +
	2.45 +
	2.65 +
	2.8 +
	2.89 +
	3.0 +
	3.2 +
	3.3 ++
	3.5 +
	3.6 +
	3.9 +
	4.1+
	4.3 +
	4.6 +
	4.9+
	5.1 +
	5.3 +
	
	

	B.cordifolia
	0.7 +
+
	0.8 +
+
	1.15 +
	1.3 +
	1.5 +
	1.65 +
	1.8 +
	2.0 +
	2.1 +
	2.2 +
	2.3 +
	2.4+
	2.6 +
	2.7+
	2.8 +
	3.1 +
	3.3 ++
	3.5 +
	3.6 +
	3.85+
	4.1 +
	4.45 +
	4.6 +
	4.8 +
	5.0 +
	5.25 +
	
	
	
	


Legend:  + - very faint band; ++ - faint band; +++ - thick band.
 rd – round; 
B1 – B30 – Length of Bands













Leaf protein electrophoresis
The gel of the protein electrophoresis of the leaves of the four forms of Basella studied is shown in Plate 1 A. The protein banding pattern of the seeds of the Basella forms revealed a total of 112 bands (Table 5). The pattern of protein banding in the leaves of each form of Basella is specific because there are differences in the number of bands, combination of bands and intensities of the bands. The result also showed there are twenty seven (24.1%) fast moving bands, forty nine bands (43.8%) are slow moving while thirty six (32.1%) are intermediate moving bands (Table 5). Generic bands occur at 0.8, 1.3, 1.5, 2.8, 3.3 and 3.5. Bands 0.8, 1.3, 1.5, 2.8 and 3.5 have the same intensity (very faint) for all the forms but 3.3 has faint intensity for B. rubra and B. alba while in B. cordifolia and B. alba round the intensity is very faint (Table 5). 
Apart from the generic bands, interspecific bands were observed in the forms. Bands 0.7, 1.8, and 2.3 were observed in B. rubra, B. alba and B. cordifolia. Bands 1.0, 1.1, 1.7, 2.25, 2.45, 3.9 and 5.1 are common to B. alba and B. alba round.  Band, 1.15, 2.0, 2.2 and 2.4 are common to B. rubra and B. cordifolia.  Band 1.65 is common to B. rubra, and B. alba round.  B. rubra and B. alba round have four common bands (2.05, 3.0, 3.85 and 4.9). B. alba, B. alba round and B. cordifolia have three common bands (2.1, 3.6, 4.1).  B. rubra, B. alba and B. alba round have two bands common to them (4.3 and 5.3) while B. alba round and B. cordifolia have one common bands (4.6). The highest number of interspecific bands 1.0, 1.1, 1.7, 2.25, 2.45, 3.9 and 5.1 are common to B. alba and B. alba round.
Each of the forms has unique bands. B. rubra has the highest number of unique bands (8); 0.89, 0.99, 2.75, 3.4, 3.65, 3.75, 4.0 and 4.5. B. alba ovate has five unique bands; 1.2, 1.6, 2.09, 2.9 and 4.95. B. alba round has four unique bands; 1.85, 2.65, 2.89 and 3.2. B. cordifolia has seven unique bands; 2.35, 2.7, 3.1, 4.45, 4.8, 5.0 and 5.25.  
There is generally low level of similarity in the leaf protein profile of the Basella forms (Table 7). However the highest level of similarity occurs between B. alba and B. alba round (43.59%). The next highest level of similarity occurs between B. rubra and B. cordifolia (40.00%). 

Table 6: Leaf Protein Band Distribution in Four Forms of Basella 
	Basella forms
	Slow bands
(0 -1.8)cm
	Intermediate bands
(1.9 -3.7)cm
	Fast bands
(3.8 -above)cm
	Total number of bands
	Unique bands

	B. rubra
	10
	13
	7
	30
	8

	B. alba 
	11
	11
	6
	28
	5

	B. cordifolia
	7
	12
	7
	26
	7

	B. alba round
	8
	13
	7
	28
	4

	Total
	36
	49
	27
	112
	24









Table 7:  Sokal and Sneath coefficient of similarity of the leaf protein profile of the  
                  four forms of Basella.
	Forms
	B. rubra
	B. alba 
	B. alba round
	B. cordifolia

	B.rubra                        
	-
	-
	-
	-

	B. alba 
	28.90
	-
	-
	-

	B. cordifolia
	40.00
	31.71
	22.73
	-

	B. alba round
	26.09
	43.59
	-
	-



DISCUSSION 
Seed protein profile 							
Seed proteins have been used to verify polymorphism in plants, because it is an easy and more useful method for cultivar distinction (Nevo et al., 1993) because it is not susceptible to environmental stress and useful for the identification of species, sub species and varieties (Neto et al., 2002; Omonhinmin and Ogunbodede, 2013).  Omonhinmin and Ogunbodede (2013) reported that seed proteins are physiologically stable, easy to handle and operate at the level of gene product where environment has little influence; these proteins are expressed form of genome and can be used as biomarkers, properly traced between specimens which may lead to the identification of proteins of industrial, medicinal and nutritional prospective applications. According to them, these genomic or proteomic studies are considered more reliable than morphological or cytological evidences. 
This study revealed that none of the Basella forms studied have the same number of bands, combination of bands and intensity. This indicated that the four forms are distinct and this is also a reflection of the biochemical and or the genetic variability among the forms. Azeez and Morakinyo (2004) noted that the degree of variation in the bands of proteins is a measure of genetic divergence. Gel electrophoresis directly equates variation in protein banding to genes coding various proteins (Gottlieb, 1971). This result gives credence to the report of Ladizinsky (1983) that protein profile often shows genetic affinities within a taxon or between different biological entities and that protein profile is species specific.
The low level of the coefficient of similarity recorded for the Basella forms further establish the fact that the four forms are different from each other. The level of similarity (31.25) observed between B. alba and B. alba round suggests the closeness of the two forms. Band 0.8 is common to all the forms i.e a generic band. Azeez and Morakinyo (2004) also noted that the presence of common bands among species may be an evidence evolutionary origin. Gottlieb (1971) noted that the presence of a band in all the individuals of a population indicates that the gene coding the protein does not change. This suggests a common evolutionary relationship among the members of the genus Basella.
The presence of unique bands in all the forms shows that each of the forms is distinct. Calquist (1968) noted that the presence of a character is of great taxonomic importance rather than its absence. Therefore the unique bands occurring in the four forms can be used to characterize and separate them into distinct taxa.
The low level of the coefficient of similarity (10.00 -31.28 and 22.73 -43.59%) recorded respectively for the seeds and leaves of Basella forms further establish the fact that the four forms are different from each other.  This report is at variance with that of Bolaji et al. (2022a) who reported a coefficient of similarity between 50/70%; suggesting that the green stemmed B. alba is not a different species from the red stemmed, B. rubra. The level of similarity observed between B. alba and B. alba round suggests a closer relationship between the two forms. Fewer fast bands were recorded for the seeds and leaves indicating that the proteins present in the Basella forms are of high molecular weight. Bands showed slow and intermediate movements.

Leaf protein profile
This study revealed that the Basella forms studied are distinct in number of bands, combination of bands and intensity of the bands. This indicates that the four forms are distinct and this also reflects of the biochemical and or the genetic variability among the forms. Machado Neto et al. (2002) reported that the presence or absence of bands is useful in differentiating plant materials. Ladizinky (1983) noted that protein profile often shows genetic affinities within a taxon or between different biological entities and that protein profile is species specific.
The low level of the coefficient of similarity recorded for the Basella forms further establish the fact that the four forms are different from each other. The level of similarity (43.59%) observed between B. alba and B. alba round suggests a close relationship between the two forms. Bands 0.8, 1.3, 1.5, 2.8, 3.3 and 3.5 are common to all the forms ( i.e a generic band). Gottlieb (1971) noted that the presence of a band in all the individuals of a population indicates that the gene coding the protein does not change. This further suggests a common evolutionary relationship among the members of the genus Basella. The highest number of interspecific bands 1.0, 1.1, 1.7, 2.25, 2.45, 3.9 and 5.1 are common to B. alba and B. alba round and this reflects the closeness of the two forms.
The presence of unique bands in all the forms shows that each of the forms is distinct. Carlquist (1961) noted that the presence of a character is of great taxonomic importance rather than its absence. Therefore the unique bands can be used to characterize the four forms. 
Generally this study reveals that the protein profile of the seeds and leaves of the Basella are useful in establishing the relationship among the forms and delimiting the forms. Forty-six (46) and one hundred and twelve (112) bands were observed in the seeds and leaves respectively. The differences in the number of protein bands of the seeds and leaves point to the fact that more proteins may be derived from the leaves rather than the seeds. However Neto et al. (2002) reported that in several cultures the electrophoretic pattern can vary according to the type of protein but seed storage protein are the most stable, constant with variation in environmental conditions easy and more useful method of cultivar distinction and for identification of species, sub species and varieties (Nevo et al., 1993; Juan et al., 2007). 
Band 0.8 is common to the seeds and leaves with the same intensity. Thus band 0.8 can be referred to as the genetic band suggesting common evolutionary origin (Azeez and Morakinyo, 2004). The leaves showed more protein bands than the seeds in the Basella forms which indicates that the leaves show more profound protein bands (Teniola et al., 2021; Bolaji et al., 2025). 
Thus seed and leaf proteins are useful in differentiating between the forms with the leaves profiling containing more proteins than the seeds. This study confirms the usefulness of the qualitative and quantitative (number, position and intensity) features of protein as diagnostic tools.
CONCLUSION
The band protein profile showed that Band 0.8 is common to both seed and leaves and could therefore be referred to as the genetic band suggesting common evolutionary origin. Apart from Band 0.8, the leaves have the bands 1.3, 1.5, 2.8, 3.3 and 3.5 common to the four forms, which indicate generic affinity among them. On a general note the seeds have a total of 46 bands while the leaves have 112 bands. Both leaves and seeds have more intermediate and slowing moving bands, indicating that the protein molecules in Basella species are of heavy molecular weight. No two species have the same set, number and intensity of bands. Coefficient of similarity between the forms was 10.00-31.25 for the seeds and 22.73-41.58 for the leaves. The less than 50% coefficients of similarity show that the species and a form of Basella are distinct species and possess sufficient diagnostic bands for identification and authentication. The electrophoretic study of the seed and leaf proteins have proved useful in pointing out the differences in the protein profiling of the Basella forms studied. 
This study confirmed that the species Basella rubra; Basella alba Linn., Basella cordifolia Lamk. and Basella alba round are distinct species occurring in the study areas. The Flora of West Tropical Africa on the Genus Basella needs to be revised o accommodate the species not listed.
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