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Abstract

Work was carried out to resolve the existing intraspecific taxonomic relation and protein richest
accessions of Solanum melongena by using SDS-PAGE with the reference of their genetic diversity.
Phylogenetic relatedness within samples was studied by cluster analysis using an Unweighted Pair Group
Method with Arithmetic Mean (UPGMA) to construct a dendrogram. Electrophoretogram of accessions No.
(1-19) 018477, 018482 (Faisalabad), 18484 (Sahiwal), whereas accessions from 20 - 40 from D. | Khan
(18504, 18500, 18505, 14466(3), Sahiwal (20344) and Batgram (20509) was unique in protein banding
position. Largest dendrogram of cluster 1 divided into 6 (6a,b), 7 (7a,b), 8 (8a,b) and 9 (9a,b) sub clusters
including accessions 20425 - 4745(3). The results demonstrated that accessions have low level of genetic
diversity and almost similar protein contents. No relationship was found between genetic divergence and
genetic status of the samples.

Introduction

Solanum melongena L. (Eggplant/Brinjal), belonging to Solanaceae is a common and popular
vegetable grown in the tropics, subtropics, and temperate regions (Lai 1993). It is a warm weather
crop grown extensively in India, Bangladesh, Pakistan, China, Japan, and Philippines (Agnieszka
et al. 2007). This vegetable is very sensitive and insect infestation is very common.

Scientists are forced to introduce such species, which have high protein contents and
genetically resistant in characteristics (Neilyn et al. 1995). Genetic diversity among the species of
S. melongena is the best source for the plant breeders and hybridized specie of S. melongena
(Lantican 1993). The breeder can produce very unique species by the combination of hybridized
and genetically diverse specie of it (Welsh 1981). Morphological diversity ranges from wild and
weedy to semi or fully-cultivated forms of inter- and intraspecific landraces (Lester and Hassan
1991, Karihaloo et al. 2002).

Molecular markers have been used to explore genetic diversity (Clain et al. 2004). SDS-
PAGE which is a simple, cheap and rapid technique (Leisner et al. 2001) provides a valid source
of taxonomic evidence for addressing taxonomic relationships at the generic and specific level
(Harborne and Turner 1984). Seed protein profiling by SDS-PAGE (Quicke 1993, Abou-EI-Enain
1995) is helpful for identification of inter- and intraspecific protein richest species. The work was
aimed at resolving the existing intraspecific taxonomic problems and to determine the protein rich
accessions of S. melongena by using SDS-PAGE method.

Materials and Methods

The experiment was designed to evaluate taxonomic confusion among the genetically diverse
40 accessions of Solanum melongena by protein markers through SDS-PAGE. Seed flour of 5 to
12 cotyledons was prepared by pestle and mortar. Soluble proteins were extracted by soaking
0.01 g of seed protein flour in 0.5 ml H,O in a centrifuge vial. The suspension was centrifuged and
100 pl of protein solution (supernatant) was incubated with 100 pl of tris-HCI buffer (pH 6.8)
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consisting of 20% glycerol and 5 mM mercaptoethanol. Bromophenol blue (0.1 ml w/v) was
added into the samples as a tracking dye. Seed flour was thoroughly mixed with buffer by
vortexing. The extracts were then centrifuged at 15,000 rpm for 5 min. The crude proteins were
recovered as supernatant, transferred into a new 1.5 ml Eppendorf tube and stored at —20°C until
further analysis (Kamel 1996). Proteins in the supernatants were quantified by protein markers.

One-dimensional SDS-PAGE was performed according to the modified Laemmli method
(1970) to carry out protein analysis by vertical slab gel (12.5 or 15%) in the discontinuous buffer
system, tris-HCI at pH of 6.8 and 8.8, respectively were used. The stacking gel (2.5%) was loaded
upon resolving gel for 40 min until polymerization started. The 100 pl protein buffer was loaded.
Ammonium persulphate (10%) initiated polymerization and TEMED was used as a catalyst. The
20 pl sample solution of each accession was loaded into each well. The electrophoresis at 5°C
with a constant current of 30 mA for 5 hrs was set. Gels were stained by 44% methanol, 6% acetic
acid, 500 ml dH,O and 2.25 g of Coomassie brilliant blue (Sigma Aldrich Chemie, Germany) for
45 min. The destaining solution contained 20% methanol, 5% acetic acid and 750 ml of dH,0
until the background color disappeared and protein bands were clearly visible (Yousaf et al. 2006).
The destained gel was dried in drying processor at 60 - 70°C for 1 hr (Yousaf et al. 2006).
Wet/dried gel photographs were scanned on the flat bed HP Scanjet 4°C with a resolution of 100
or 300 dots/inch to resolve the band 1 mm apart (Figs 4 - 7). Dissociated polypeptide weight can
be determined by plotting a standard curve of log 10 molecular weight of standard polypeptide
against the calculated relative mobility (Ry) value of each protein (Fig. 1).
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Fig. 1. Standard graph for analysis of protein gel bands.

Table 1. Protein standards with molecular weight, log size and their Rf value.

Standard proteins Molecular Log Rf
weight (Kda)  size value

Albumin, bovine plasma 66 4.82 0.23
Albumin, egg ovalbumin 45 4.65 0.35
Pepsin porcine stomach mucosa 34.7 4.54 0.48
Trypsinogen, bovine pancreas 24 4.38 0.52
B-lactoglobulin, bovine milk 18.4 4.26 0.62
Marker (dye at the end) 0.85

A standard curve was used to determine the log molecular weight. Unknown protein value
was determined by antilog of this number. The protein ladder consisted of albumin (66 kDa), egg
oval albumin (45 kDa), pepsin from porcine, the stomach mucosa (34.7 kDa), trypsinogen from
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bovine pancreas (24kDa) and f-lactoglubulins (18.4 kDa) (Sigma Chemical Company, USA)
(Table 1).

The genetic diversity among the accessions was evaluated by using cluster analysis. Protein
bands were scored depending on their presence (1) or absence (0). The principal components of
data were used as input variables for cluster analysis using the UPGMA. Using the
‘Graphics’option, the computed UPGAM data were used to construct a dendrogram.

Results and Discussion

the degree of relationship and phylogenetic variations of Solanum melongena accessions have
been explored by 12.5% SDS-PAGE. The electrophoretic banding patterns of seed proteins of
eggplant (S. melongena L.) accessions were representing morphological groups and geographical
origins (Figs 2 - 7). The protein bands ran as separate groups with distinct MW ranging from 15 -
50 kDa (Figs 4 - 7). For convenient description, all bands were classified into three groups
designated as oo (MW < 20 x103), (20 x 103 < MW < 50x103) and y (50 x103 < MW > 80 x
103) according to MW protein markers. Eighteen resolving bands of 40 accessions with molecular
weight ranged between 80 - 21 KDa in electrophoretogram (Figs 2 and 3) were used to evaluate
the genetic variability. The banding patterns revealed variations in the numbers, positions, width,
staining intensities, molecular weight and presence or absence of bands in different accessions.
Each accession or group exhibited a unique banding pattern. The intensity of bands is represented
by three different colors categorized into major (dark color) and minor bands (light color)
(Figs4-7).

Electrophoretic analysis of soluble seed proteins used for identification of cultivar, breeder,
plant varieties and accessions to check the pedigree (Thanh et al. 2006) and systematics of sub-
specie level (Quake 1994). Seed protein profiles are known for stability, uniformity and additive
nature (Rao et al. 1990, Stegemann et al. 1992, Youpsanis et al. 1992). It is common for the
agricultural cultivar seed protein banding pattern to be very stable during commercial seed
production, but the pattern may alter slightly when an accession is multiplied, particularly if it is
regenerated from a very small sample size (Gardiner and Forde 1988). Kamel (1996) had studied
some relationship between certain taxa, species and tribes of certain families. Abou El-Enain
(1995) had determined the taxonomic and phylogenetic relationship of S. melongena seed protein
by SDS-PAGE.

Diffusion of crop from its primary center of diversity to secondary regions (Behera et al.
2006), where primitive cultivars and weed (Daunay 2008) caused the diversification and evolution
(Prohens et al. 2005) of crop due to micro-evolutive factors like mutation, selection (natural and
artificial), genetic drift, gene flow and recombination.

Protein profile of 1 - 20 accessions indicated that 18 (21 kDa) and 7 (49 kDa) band showed
exclusive similarity in banding position (Figs 2, 4 and 5). In electrophoretogram of all 40
accessions (Figs 2 and 3) bands 1 (80 kDa), 5 (52 kDa), 8 (44 kDa), 15 (27 kDa), and 16 (26 kDa)
was highly constant, uniform and might be the species-specific and remained same generation
after generation and not affected by environmental stresses. This result was similar with the earlier
findings that diverse accessions of cultivated eggplant still possess essentially the same major seed
protein profiles (Pearce and Lester 1979). Karihaloo et al. (2002) concluded that most of the
accessions had identical band patterns, supporting the interbreeding complex with limited genetic
differentiation. So these bands may be an important marker for the identification of S. melongena.
Minor bands contributed to determining the variation in this experiment. It might be possible to
divide the genotypes into different groups and cultivars.
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Fig. 2. Electrophoretogram of 1 - 20 accessions of Solanum melongena based on 12% acrylamide gel. (1: 018473,
2: 018474, 3: 018475, 4: 018476, 5: 018477, 6: 018478, 7: 018479, 8: 018481, 9: 018482, 10: 018484, 11:
018485, 12: 018489, 13: 018491, 14: 018494, 15: 018495, 16: 018496, 17: 018497, 18: 018498, 19: 018499,
20: 018500).
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Fig. 3. Electrophoretogram of 21 - 40 accessions of Solanum melongena based on 12% acrylamide gel. (21: 018502,
22: 018504, 23: 018505, 24: 019868, 25: 020257, 26: 020281, 27: 020295, 28: 020344, 29: 020452, 30:
020480, 31: 020507, 32: 020509, 33: 020537, 34: 4466(3), 35: 4745(3), 36: 4792(3), 37: A-58, 38: MK-95,
39: White-egg, 40: XISANGZUE-6).
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Fig. 4. The electrophoresis profile of seed storage proteins of 1-10 accessions. (1: 018473, 2: 018474, 3: 018475, 4:
018476, 5: 018477, 6: 018478, 7: 018479, 8: 018481, 9: 018482, 10: 018484). M: molecular mass markers are
bovine (66Kda), ovalbumin (45Kda), pepsin (34.7 Kda), trypsinogen (24 Kda), B-lactoglobulin (18.4 Kda).
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Fig. 5. The electrophoresis profile of seed storage proteins of 11-20 accessions (11: 018485, 12: 018489, 13:
018491, 14: 018494, 15: 018495, 16: 018496, 17: 018497, 18: 018498, 19: 018499, 20: 018500). M: molecular
mass markers are bovine (66Kda), ovalbumin (45 Kda), pepsin (34.7 Kda), trypsinogen (24 Kda), B-
lactoglobulin (18.4 Kda).
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Fig. 6. The electrophoresis profile of seed storage proteins of 21-30 accessions (21: 018502, 22: 018504, 23:
018505, 24: 019868, 25: 020257, 26: 020281, 27: 020295, 28: 020344, 29: 020452, 30: 020480). M: molecular
mass markers are bovine (66Kda), ovalbumin (45 Kda), pepsin (34.7 Kda), trypsinogen (24 Kda), B-
lactoglobulin (18.4 Kda).
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Fig. 7. The electrophoresis profile of seed storage proteins of 31-40 accessions (31: 020507, 32: 020509, 33:
020537, 34: 4466(3), 35: 4745(3), 36: 4792(3), 37: A-58, 38: MK-95, 39: White-Egg, 40: XISANGZUE-6).
M: molecular mass markers are bovine (66 Kda), ovalbumin (45Kda), pepsin (34.7 Kda), trypsinogen (24
Kda), B-lactoglobulin (18.4 Kda).
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The approximate number of deeply stained major bands was 36 in 40 accessions belong to
Faisalabad, Sahiwal, Punch, D.l Khan, Bahawalpur, T.T Singh, Swat and Vehari. But only two
accessions were lightly stained i.e. 18489 (Acc.) and 18494 (Acc.) from Punch and D.lI Khan,
respectively.

To divide the accessions into distinct groups, variation in the staining intensities of minor
bands was not enough. Syed and Isa (1998) worked on the accessions of different regions of world
to evaluate the similarity and differences among accessions. Results of electrophoretic banding
pattern showed a great deal of genetic variation within and between groups in terms of number,
size, position, staining intensities and presence or absence of bands in the profile of round and
elongated fruits (Karihalo and Rai 1995).

Protein profile 2 and 7 (1 - 40 accessions) showed specific protein banding pattern of
S. melongena, which indicated the soil and environmental impact on the accessions. The band 2
(70 kDda) of Mandi Bahiddin (18481), Sahiwal (18485), D.l Khan (18499, 18504), Swat (20344)
and Batgram (20509) and band 7 from Faisalabad (18477, 18482), D.I Khan (18496, 18499,
18500, 18505) and Bahawalpur (4466-3) indicated that their soil has similar characteristics. Anu
and Peter (2003) analyzed seed protein of 29 accessions of Capsicum annum L. by polyacrylamide
gel electrophoresis. They observed distinct genotypic bands but certain bands were shared by
several genotypes.

Table 2. List of 40 accessions of Solanum melongena used in this study.

Cluster  Accession No. Geographical position

1 20509 Batgram

2 18499, 18481 D. I. Khan, Mandibahauddin

3 18477 Faisalabad

4 18502, 18484 Sahiwal

5a 18476, 18475 Faisalabad

5b 18495, 18494 D. I. Khan

6 18473, 18479, 18474 Faisalabad

Ta 20452, 20344 Vehari, Sawat

7b 18504, 18485 D. I. Khan, Sahiwal

8a 4466(3), 18505, 18496 Bahawalpur, D. I. Khan

8b 18500, 18482 D. I. Khan, Faisalabad

%a 18497, 18478, 20537, 20480, 18491, 18498, 18489 Faisalabad, D. I. Khan, Kohat, Punch

9b 20295, 18868, 4745(3), 20507, 20281, A-58, T. T. Singh, Bahawalpur, Rahim Yar
4792(3), XIANGZUE-6, white-egg, MK-95 Khan, Mansehra

The electrophoretogram of (1 - 20 accessions) (Fig. 2) band 13(36 kDa) was considered
accession (018484) specific band (minor band) due to weak staining because the seeds were
poorly filled as a result of the hybrid origin from the original source, whereas accessions 20 - 40
(Figs 2 and 3) categorized as major bands. But this band did not provide enough data to identify
and divide the species into groups. The results were verified by UPGMA. Variability of the
protein banding pattern made it possible to divide the genotypes into different cultivar and groups.
Nunome et al. (2001) proved that Solanum melongena accessions have minor variation and low
frequency of polymorphism.
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Diversity and relationship of cultivated species facilitate the establishment of conservation
strategies, genetic resources in breeding programs and crop evolution (Singh et al. 2006, Maria
etal. 2012).

Cluster analysis helps to characterize the accessions into several distinct and significant
groups (sub-species, botanical or variety group, cultivar and population). So accessions collected
from different areas are intermixed showed no genetic barrier (Table 2).

Cluster 9 was the largest one comprising most of the accessions. It was divided into two main
sub-clusters 9a and 9b. Sub-cluster 9a contained seven accessions 18497, 18478, 20537, 20480,
18491, 18498, 18489 while 9b comprised of 11 accessions 20295, 19868, 4745(3), 20507, 20281,
A-58, 4792(3), XIANGZUE-6, 20257, white-egg, MK-95. In sub-group 9b accessions comprised
genetic variability up to 2 - 26%, collected from T.T. Singh, Bahawalpur, Rahim Yar Khan and
Mansehra (Fig. 8).
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Fig. 8. Cluster analysis dendrogram of 40 accessions of Solanum melongena based on seed protein gel

electrophoresis (0.30 - 0.95%).

Cluster 8 has also been divided into two sub-clusters 8a and 8b. Sub-groups 8a included three
accessions 4466(3), 18505, 18496 collected from (Bahawalpur, D.l. Khan) and in 8b two
accessions (188500, 18482) from D.l. Khan, Faisalabad. (Fig. 3) This showed genetic variability
up to 27%. Cluster 7 was divided into two sub-clusters 7a and 7b which showed genomic variation
2-32 % (Fig. 8). Sub cluster 7a containing 20452, 20344 collected from Vehari, Swat. Sub clusters
7b containing 18504, 18485 from D.l. Khan, Sahiwal showed more similarity than 7a accessions.
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Cluster 5 was divided into two sub-groups 5a (18476, 18475) and 5b (18495, 18494), whereas
cluster 6 containing three sub-clusters (18473, 18479, 18474) showed that geographical areas were
not contributing to genetic variation in accessions. Cluster 4 contained 18502, 18484 and cluster 3
contained only one accession 18477. Cluster 2 comprised of 18499 and 18481 accessions,
Clusterl contained one accession 20509 (Fig. 8). Tumbilen et al. (2011) studied the genetic
variability of 67 Turkish eggplant accessions with 30 morphological traits. Dendrogram of high
genetic similarity in related Solanum species ranged from 0.30 to 0.95 whereas 0.68 to 0.95
indicating low genetic diversity. Behera et al. (2006) worked on closely related species of
Solanum clustered along S. melongena accessions, being crossable with cultivated species,
constitute important sources of genes that can be introgressed by backcross breeding. Molecular
markers can be employed to identify the hybrids and also to monitor introgression of useful genes.

Refernces

Abou-El-Enain MM 1995. Cytotaxonomy of some taxa of Solanaceae. Ph. D. thesis. Faculty of Sci, Ain
Shams University, Cairo, Egypt.

Agnieszka S, Stanisaw C and Edward K 2007. Cultivated eggplants origin, breeding objectives and genetic
resources, a review. Folia Horticulture Annals. 19(1): 97-114.

Anu A and Peter KV 2003. Analysis of seed protein of 29 lines of Capsicum annuum L. by polyacrylamide
gel electrophoresis. Genetic Research and Crop Evolution 50(3): 239-243.

Behera TK, Sharma P, Singh BK, Kumar G and Kumar R 2006. Assessment of genetic diversity and species
relationships in eggplant (Solanum melongena L.) using STMS markers. Science Horticulture 107:
352-357.

Clain C, Silva DD, Fock I, Vaniet S, Carmeille A, Gousset C, Sihachakr D, Luisetti J, Kodja H and Besse P
2004. RAPD genetic homogeneity and high levels of bacterial wilt tolerance in Solanum torvum Sw.
(Solanaceae) accessions from Reunion Island. Plant Science 166(6): 1533-1540.

Daunay MC 2008. Eggplant. In: Prohens J, Nuez F, editors. Handbook of Plant Breeding - Vegetables II.
New York: Springer. 163-220.

Gardiner SE and Forde MB 1988. The identification of cultivar of other species gel electrophoresis of seed
protein. Plant varieties and seeds 1: 13-16.

Harborne JB and Turner BL 1984. Plant chemosystematics. Academic Press, New York.

Karihaloo JL and Rail M 1995. Significance of morphological variability in Solanum insanum. Plant Genetic
Research News 103: 24-26.

Karihaloo JL, Kaur M and Singh S 2002. Seed protein diversity in Solanum melongena L. and its wild and
weedy relatives. Genetic Research Crop Evolution 49(9): 533-539.

Kamel EA 1996. Studies on some realtioship between some taxaa in Asteraceae. Ph. D. Thesis Faculty of
Education, Ain Shams Uni Cairo, Egypt.

Lai G 1993. Seed production techniques of tomato and brinjal in the tropics and subtropics. In:AVRDC.
1993. Breeding of solanaceous and cole crops. Asian Vegetable Research and Development Center.
Shanhua, Tainan, Taiwan 92(384): 77-84.

Lantican R 1993. Agronomy 50 syllabus. UP Los Banos. 28

Leisner JJ, Vancanneyt M, Rusul G, Pot B, Lefebvre K, Fresi A and Tee LK 2001. Identification of lactic
acid of bacteria constituting the predominating microflora in an acid-fermented condiment (tempoyak)
popular in Malaysia. International Journal Food Microbiology 63: 149-157.

Lester RN and Hassan SMZ 1991. Origin and domestication of the brinjal egg-plant, Solanum melongena
from S. incanum in Mrica and Asia. In Solanaceae I1l. Taxonomy, Chemistry, Evolution, J.G. Hawkes,
R. Lester and A.D. Skelding (Eds). p. 369-387. London: Academic Press.

Laemmli UK 1970. Cleavage of structural protein during the assembly of the head of bacteriophage T4.
Nature 227: 680-685.



84 UMAR et al.

Maria H, Santiago V, Mariola P, Pietro GH, Hemal F, Ramya F and Jaime P 2012. Diversity and
Relationships of Eggplants from Three Geographically Distant Secondary Centers of Diversity. PLoS
One. 7(7): e41748.

Mufioz-Falcon JE, Prohens J, Vilanova S and Nuez F 2008. Characterization, diversity, and relationships of
the Spanish striped (Listada) eggplants: A model for the enhancement and protection of local heirlooms.
Biomedical and Life Science 164(2): 405-419.

Nasir, J.Y. 1985. Solanaceae. In: Flora of Pakistan. (Eds.): S.I. PMID: 5432063

Neilyn PO, Abella CDV and Dolores AR 1995. Genetic diversity in seed proteins among five Solanum
species from the Phillipines. Philippine Journal Crop Sciences. 20(2): 122-128.

Nunome T, Yoshida IK and Hirai M 2001. Mapping of fruit shape and color development traits in eggplant
(Solanum melongena L.) based on RAPD and AFLP markers. Breeding Science 51: 19-26.

Prohens J, Blanca JM and Nuez F 2005. Morphological and molecular variation in a collection of eggplant
from a secondary center of diversity: implications for conservation and breeding. Journal of American
Society and Horticulture Science 130: 54-63.

Pearce KG and Lester RN 1979. Chemotaxonomy of the cultivated eggplant - a new look at the taxonomic
relationships of Solanum melongena L. In: The Biology and Taxonomy of the Solanaceae. JG Hawkes,
R Lester and AD Skelding (Eds). London: Academic Press. p. 615-628.

Quicke DLJ 1993. Principles and Technique of contemporary Taxonomy. Blackie Academic and
Professional. London. 167-189.

Rao TN, Nerkar YS and Patil YD 1990. Identification of cultivars of cotton by sodium dodecylsulphate
polyacrylamide gel electrophoresis (SDS-PAGE) of soluble seed proteins. Plant Varieties and Seeds. 5:
83-91.

Singh AR, Singh M, Singh AK, Singh R, Kumar S and Kalloo G 2006. Genetic diversity within the genus
Solanum are revealed by RAPD markers. Current Science 90: 711-714.

Stegemann H, Shah AA, Krogerrecklenfort E and Hamza MM 1992. Sweet potato: genotype identification by
electrophoretic methods and properties of their proteins. Plant Varieties and Seeds 5: 83-91.

Syed MZH and Isa ML 1998. Variability in Eggplant (Solanum melongena L.) and its nearest wild species as
revealed by polyacrylamide gel electrophoresis of seed protein. Pertanika Journal Tropical Agriculture
Science 21(2): 113-122.

Thanh VC, Phuong PV, Ugen PHH and Hien PP 2006. Application of protein electrophoresis SDS-PAGE to
evaluate the genetic purity and diversity of several verities. Proceedings of International Workshop on
Biotechnology. In Agriculture, Nong Lam Uni. Ho Chi Minh City 20(21): 192-194.

Tiimbilen Y, Frary A, Mutlu S and Doganlar S 2011. Genetic diversity in Turkish eggplant (Solanum
melongena) varieties as determined by morphological and molecular analyses. International Res. J.
Biotechnol. 2(1): 016-025.

Welsh JR 1981. Fundamentals of plant genetic and breeding. USA: J. Wiley and Sons.

Youpsanis T, Moustakas M and Karaxkoli S 1992. Seed protein electrophoresis for varietal identification in
rice. J. Agronomy and Crop Sci. 168(2): 95-99.

Yousaf Z, Shahid M, Zabta KS, Mir Ajab K and Ashiq R 2006. Evaluation of taxonomic status of medicinal
species of the genus Solonum and Capsicum based on poly acrylamide gel electrophresis. Pakistan J.
Bot. 38(1): 99-106.

Manuscript received on 6 April, 2018; revised on 24 April, 2019)



