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INTRODUCTION  

Eggplant (Solanum melongena L.) is a member of the Solanaceae family, and the fifth most 

economically important vegetable crop after potato, tomato, pepper, and tobacco [1]. 

Most of the current cultivars of eggplants are F1 hybrid [2]. There is little genetic diversity 

known among and within cultivated eggplants, and the hybrid varieties increase narrow 

genetic variation. Additionally, varietal discrimination and identification of GD with 

disease resistance efficiency are very challenging. Therefore, effective molecular 

strategies are crucial for varietal differentiation and screening disease resistance 

efficiency in eggplants.    

GD and varietal identification in vegetable plants have been investigated in several 

studies using SSR and SNP markers, isozyme, and protein polymorphism [1, 3-5]. In 

addition, other molecular approaches including restriction fragment length 

polymorphism (RFLP) and PCR-based markers have been extensively used for the 

authentication of closely related horticultural and medicinal plant varieties [6-8]. Hints, 

the RFLP-markers show a high level of polymorphism and stability but this approach 

may raise limitations due to high cost and complexity [9].  
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ABSTRACT 

Generic diversity (GD) screening helps to identify candidate genes involved in 

diseases, pests, or other stress resistance in plants. GD is crucial for maintaining vigor 

and healthy plant population. The random amplified polymorphic DNA (RAPD) is a 

rapid polymerase chain reaction (PCR)-based molecular marker, effective for 

screening genetic diversity in diverse plant species. In this study, we applied the 

RAPD-markers-assisted PCR approach to explore genetic diversity (GD) among 7 

varieties of eggplant (Solanum melongena L.) at DNA level. Further, we assessed the 

presence of Bt-Cry1Ac gene in those varieties using the PCR approach. The eggplants 

showed genetic diversity at the DNA level. The amplification with two RAPD primers 

(OPA-02, OPA-04) produced a total of 41 bands. The highest similarity showed 78.57% 

among sample 4 (Eggplant China) vs sample 7 (Purple king F1) and sample 1 

(Eggplant Srilanka) vs sample 4 (Eggplant China), while the lowest was 28.57% among 

sample 7 (Purple king F1) vs sample 3 (Eggplant Chittagong-1). In addition, the PCR 

results for the Bt Cry1Ac primer did not show a considerable band in the expected 

amplicon size. The dendrogram showed the genetic variability and relationship 

among all seven eggplant varieties at the genetic level. The study formulated a simple 

marker-based method for an effective molecular protocol to study genetics in 

eggplants. It also reported the presence of the Bt gene in popular eggplant varieties.  
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In this context, the DNA technique of PCR-based methods is accurate, rapid, and cost-

effective for the determination of genetic diversity among the plant varieties [10]. The 

effectiveness of polymorphism identification through PCR-based methods has been 

validated in several eggplant cultivars [11, 12]. Among the PCR-based markers, the 

randomly amplified polymorphic DNA (RAPD) is an effective, handy, and accurate 

method and it can be handled without deep knowledge and understanding of genome 

sequence. Nowadays, this method is frequently used as a routine assessment of varietal 

diversity and/or test of seed purity in numerous crop species [8, 11, 12]. 

With these advancements in genetic diversity assessment using molecular-marker-

assisted approaches, it is also imperative to explore disease-tolerant novel or new 

promising candidate genes, as eggplants face several diseases caused by insect pests. 

Therefore, effective molecular strategies are crucial for enhancing insect resistance in 

eggplants. The Bacillus thuringiensis (Bt), a common and eco-friendly soil bacterium that 

is applied as biological pest management in granular or powder form, is the source of 

the Cry1Ac gene [13]. The Cry1Ac crystal protein gene, which encodes an insecticidal 

protein shows resistance to Fruit and Shoot Borer (FSB) attract in eggplants [13]. 

Therefore, exploring genetic diversity combined with Cry1Ac gene assessment in 

eggplant would be a promising approach for sustainable eggplant cultivation. In this 

study, we conducted the RAPD-markers-assisted screening of genetic diversity and Bt-

Cry1Ac gene identification in eggplant using several commercial varieties.  

 

MATERIALS AND METHODS  

Germination and growth conditions for hydroponic culture 

Eggplant seeds were surface sterilized with 70% ethanol for 5 min before being placed in 

a germinating petri dish supplemented with distilled water. The seeds were then 

germinated on moist tissue paper wetted with deionized water for 3-4 days in the dark 

at room temperature. Only healthy and uniform seedlings were transplanted to solution 

culture. A basal nutrient Hoagland solution [14] was used with the following nutrient 

concentrations (μM): KNO3 (16000), Ca(NO)3.4H2O (6000), NH4H2PO4 (4000). 

MgSO4.7H2O (2000), KCI (50), H3BO3 (25), Fe-EDTA (25), MnSO4.7H₂O (2). 

Na2MoO4.2H2O (0.5), CuSO4.5H2O (0.5) and Zn as ZnSO4 (2.0) mM. The pH of the 

medium was adjusted to 6.0 using KOH (1M). The plants were kept in the growth 

chamber at 25°C having 60% relative humidity, 200 μmol-2s-1 light intensity, and long-

day light conditions (14 h light/10 h dark). The plants were harvested 3 weeks after 

cultivating to the hydroponic culture. A total of 7 eggplant varieties were used for this 

study, their sample number, variety name, and sample number were presented in Table 1. 

 

Table 1. Name of the verities and their sample number. 

Variety name Sample number 

Eggplant Srilanka  Sample 1 

Eggplant Chittagong-2  Sample 2 

Eggplant Chittagong-1  Sample 3 

Eggplant China  Sample 4 

BH-1 Super Sraboni   Sample 5 

BNB-422F1  Sample 6 

Purple king F1  Sample 7 
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Genomic DNA isolation 

Genomic DNA was isolated from the roots of the Eggplant following the manufacturer’s 

guidelines of Wizard® Genomic DNA Purification Kit. Briefly, 40mg of this leaf powder 

to a 1.5 ml micro-centrifuge tube homogenized with 600µl of nuclei lysis solution, 

vortexed 1–3 sec., and incubated at 65°C for 15 min. Total 3µl of RNase solution to the 

cell lysate and mixed the sample by inverting the tube 2–5 times. The mixture was 

incubated at 37°C for 15 min then cooled at room temperature for 5 min. Subsequently, 

200µl of protein precipitation solution, and vortexed vigorously at 13,000 × g for 20 secs, 

and centrifuged again at 13,000–16,000 × g for 3 min. The supernatant containing the 

DNA (leaving the protein pellet behind) and transferred to a clean 1.5ml micro-centrifuge 

tube containing 600µl of isopropanol. The mixture was centrifuged at 13,000–16,000 × g 

for 1 min at room temperature. The supernatant was added with 600µl of 70% ethanol 

and carefully washed the extracted DNA. The DNA pellet was air-dried for 5 min, then 

100µl of DNA rehydration solution collected the DNA yield, and the DNA at -20 °C until 

further experiment.  

 

Agarose gel electrophoresis 

A total of 1g of agarose powder was weighed and mixed with 100 mL of 1x TBE buffer 

in a microwavable flask. The agarose mixture was milted using a microwave until it 

completely dissolved. Subsequently, the 6.5µl of ethidium bromide (EtBr) was added to 

the agarose solution the mixture temperate declined at a comfortable level, poured into 

a horizontal gel casting tray for solidification. The solidified gel was placed into 1% TBE 

buffer. Carefully loaded a molecular ladder into the first lane, followed by plant samples. 

The gel was run at 100 V for 10-15 min, following the termination of electrophoresis the 

DNA bands were observed on the UV-light system.   

 

PCR amplification of RAPD primers 

Among twenty RAPD primers (OPA-01 to OPA-20), two primers viz. OPA-02 (5´-TGC 

CGA GCT G-3´) and OPA-04 (5´-AAT CGG GCT G-3´) were used for amplifications 

(Table 2). The PCR master mix containing GoTaq® G2 Hot Start Polymerase, dNTPs, and 

MgCl2 was used as common for this amplification program. The eggplant DNA samples 

were added separately. The PCR condition was programmed at 94oc for 1 min, 34oc for 1 

min, and 72oc for 1 min these steps were repeated for 45 cycles, and the extension at 72oc 

for 7 min.    

 

Table 2. Details of (OPA-02 and OPA-04) RAPD primers. 

Primer Sequence 

5´→3´ 

MW 

(g/mol) 

Amount 

(1.0 OD) 

Molar extinct. 

Coefficiwnt 

(l/mol.cm) 

Conc. when 

solubilized 

1ml(pmol/µl) 

Required solvent 

volume for conc. 

100 pmol/µl 

Melting point 

(2ºC+ 4ºC rule) 

Melting 

point 

(G/C rule) 

OPA-02 TGC CGA GCT G 3035 29.1µg/ 

9.6nmol 

100683 9.6 96.0µl 34.0 ºC 21.1 ºC 

OPA-04 AAT CGG GCT G 3059 27.0µg/ 

8.8nmol 

108702 8.8 88.3µl 32.0 ºC 17.0 ºC 
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Band pattern and scoring 

The PCR amplified product of samples were visualized, subsequently these samples 

were prepared for genetic diversity analyses. The scored of amplification products were 

recorded separately based on the primers corresponding bands. The binary code 1 and 0 

indicate the presence or absence of a band, respectively. On the basis of the absence and 

presence of the RAPD band and statistical data, the similarity coefficient matrix among 

the 7 eggplant accessions were measured following the formula of Jaccard similarity 

index [15].  

𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥(𝑆𝐼)
= 𝑁𝑢𝑚𝑏𝑒𝑟𝑜𝑓 𝑚𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑏𝑎𝑛𝑑𝑠𝑖𝑛 𝑡𝑤𝑜 𝑙𝑎𝑛𝑒𝑠 𝑐𝑜𝑚𝑝𝑎𝑟𝑒𝑑𝑒
÷ 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑛𝑑𝑠 

A dendrogram was prepared based on bands scored in RAPD gels through SAHN 

clustering analysis. The numerical taxonomic patterns DNA fragment analysis was 

analysed using the NTSYS-pc software [16]. 

 

Screening of Bt-Cry1Ac gene 

The gene sequence was retrieved from the NCBI database and NCBI Primer designing 

web tool was utilized to pick primer pairs with non-self-complementary, no hairpin and 

compatible with each other. Gene runner software was used to check the primer 

parameter. The Bt-Cry1Ac gene-specific primers were used for this experiment (Table 3). 

To make 100Mm primer concentration, Bt-Cry1Ac Gene primer was diluted by adding 

the required amount of nuclease-free water with the lyophilized primer and kept the tube 

at 4 ºC temperature for 15 min. Then 5µl of 100 mmol primer was taken in a new micro-

centrifuge tube and diluted to 5 mmol by adding 95µl of nuclease-free water. A total of 

1 µl DNA sample was taken into a microcentrifuge tube and 9 µl nuclease-free water. 

Then mixed perfectly and these diluted DNA samples were used as templates for PCR. 

Table 3. Primer properties of the Bt-Cry1Ac gene. 

Primer name Sequence  Base pairs Tm GC content 

Bt-Cry1Ac-Forward 5’-CTCAAATCCCTGCAGTGAAGG-3’ 21 55.90C 52.4% 

Bt-Cry1Ac-Reverse  5’- CATCACTGAGTCGCTTCGC-3’ 19 56.20C 57.9% 

 

Polymerase chain reaction (PCR) for Bt-Cry1Ac gene 

The PCR condition was set up based on primer and gene properties. To evaluate the 

expression of the BTCry1Ac gene, it was amplified with specific primers from each of the 

genomic DNA samples (Table 3). The initial reaction volume was kept at 10µl. If the 

product was compatible with the desired size and density, the 50µl reaction containing 

25μl of GoTaq® G2 Hot Start Green Master Mix, 2.5μl forward primer, 2.5μl reverse 

primer, 1μl DNA template, and 3μl nuclease-free water were set for PCR amplification. 

The PCR conditions were programmed at 94oc for 45 secs, 58 oC for 45 secs, 72 oC for 45 

secs, and 72 oC for 5 min, these steps were repeated for 35 cycles, and the extension at 

72oc for 7 mins. 
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RESULTS 

Visualization of extracted DNA 

The plant samples were collected by growing the eggplant seedlings in a hydroponic 

culture (Figure 1). The plant genomic DNA was extracted from the roots of all seven 

sample plants. Then the yielded DNA products were visualized on agarose gel 

electrophoresis (1% w/v) that confirmed the quality of DNA (Figure 2). Concentration 

and DNA yield were determined by comparing the intensity of extracted DNA.  

Figure 1. Different steps of eggplant growing. Eggplant seed sterilization (A-B), germination of seeds (C-D), 

and eggplants growing in hydroponic culture (E). The seven eggplant varieties were grown and prepared for 

DNA isolation. 

 

 

Figure 2. Visualization of extracted genomic DNA band on 1% agarose gel. The 1kb plus DNA ladder 

represents DNA marker ranging from 0.5 kb to 10 kb. The numeric S1 to S7 show sample number of 7 eggplant 

varieties.   

 

DNA fingerprinting using RAPD markers 

The 7 eggplant varieties were identified when they were compared with the results of 

RAPD experiments. The RAPD technique showed efficient DNA sequence-based 

polymorphisms at a very large number of loci. DNA fingerprinting of the 7 eggplant 

http://www.bsmiab.org/plant-trends


25 

 

www.bsmiab.org/plant-trends 

 

 

Hasan et al., Plant Trends. 2023 Dec; 1(1): 20-30 

varieties were performed using the two RAPD markers were confirmed by OPA-02 and 

OPA-04 primers. The amplified PCR products showed different bands on 1% agarose gel 

electrophoresis under UV trans-illuminator. The results of PCR amplification bands were 

presented based on two distinct primers, respectively (Figure 3 and 4).  

 

Figure 3. Visualization of samples 1-7 using OPA-02 primer. The numeric S1 to S7 shows a sample number of 

7 eggplant varieties.   

 

 

Figure 4. Visualization of samples 1-7 using OPA-04 primer. The numeric S1 to S7 shows a sample number of 

7 eggplant varieties.   

 

Band scoring 

The two primers generated a total of 41 bands from the seven eggplant varieties were 

confirmed by the Thermal Cycler (Labnet, USA) in 1% agarose gel electrophoresis. 

Representative electropherograms according to primers OPA-02 and OPA-04 were 

shown in Figures 3 and 4 respectively. For the two primers, the total number of bands 

were 41. The number of bands for OPA-02 primer were 20, and for OPA-04 were 21 (Table 

4 and 5). 
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Table 4. Band scoring from the agarose gel visualization of seven eggplant varieties using OPA-02 

and OPA-04 RAPD primers. 

Primer Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7 

 0 0 1 0 0 0 0 

 1 1 1 1 1 1 0 

 1 0 0 1 0 0 1 

OPA-02 1 0 1 0 1 1 0 

 1 0 1 0 0 0 0 

 0 0 1 0 1 1 0 

 0 1 0 0 0 0 0 

 0 1 1 0 0 0 0 

 1 1 1 1 0 1 1 

 0 0 0 0 0 0 1 

OPA-04 1 1 1 0 0 0 0 

 0 0 0 0 0 1 1 

 1 1 1 1 1 0 1 

 0 0 0 0 0 1 0 

 

Table 5. RAPD primers with corresponding bands scored number of monomorphic and 

polymorphic bands per variety in seven eggplant varieties. 

Primer codes Total No. of 

bands 

No. of monomorphic 

bands 

No. of polymorphic 

bands 

No. of bands per 

variety 

OPA-02 20 0 20 2.8571 

OPA-04 21 0 21 3 

Total 41 0 41  

 

Similarity coefficient 

The pairwise Jacard’s coefficients for the genetic similarities among the 7 genotypes were 

presented in Table 6. The values of the coefficients were estimated based on two RAPD 

primers. The similarity ranges from 28.57% (between sample 7 and sample 3) to 78.57% 

(between sample 1 and sample 4, and sample 7 and sample 4 (Table 6). 

 

Table 6. Estimated Jaccard’s similarity coefficient of 7 varieties of eggplant using RAPD data. 

 Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7 

Sample1 1.0000       

Sample2 0.6429      1.0000      

Sample3 0.7143      0.6429       1.0000     

Sample4 0.7857      0.7143       0.5000       1.0000    

Sample5 0.6429      0.5714       0.6429       0.7143        1.0000   

Sample6 0.5000      0.4286       0.5000       0.5714        0.7143          1.0000  

Sample7 0.5714      0.5000       0.2857       0.7857        0.5000          0.5000     1.0000 

 

Analysis of clusters 

A dendrogram was prepared based on the PCR amplification outputs. The phylogenetic 

tree was created to screen the relationship among of eggplant varieties (Figure 5). The 

distinction was found among the eggplant varieties while analyzed the major clusters 

viz., C1 and C2. C1 was again divided into two sub-cluster viz., C1S1 and C1S2. The C1S1 

contains sample1 (Eggplant Srilanka). The C1S1(cluster1-subcluster 2) was again divided 

into two sub-cluster viz., C1 S2 and S1, which contains sample 4 (Eggplant China), and 

C1S2.S2 contains sample 7 (Purple King F1). In this cluster sample 1, sample 4, and 

sample 7 is related to each other and sample 4 and sample 7 was closely related.C2 

(cluster 2) was primarily divided into two sub-cluster named C2 S1 and C2S2. The C2S1 
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contains sample 2 (Eggplant Chittagong-2). The C2S2 was again divided into two sub-

cluster named C2S2.S1 and C2S2.S2. Here, C2S2.S1 contains sample 3(Eggplant 

Chittagong-1). C2S2.S2 was again divided into two sub-cluster named C2S2.S2. S1 and 

C2S2.S2. S2. C2S2.S2. S1 contains sample 5(BH-1 Super Sraboni) and C2S2.S2. S2 contains 

sample 6 (BNB-422F1). This cluster contains sample 2, sample 3, sample 5, and sample 6 

where sample 2 were related to other samples in this cluster. Sample 3 was related to 

sample 5 and sample 6, and the sample 5 and sample 6 were closely related. 

 

 

Figure 5. UPGMA dendrogram showing clustering of 7 eggplant varieties based on two RAPD primers. 

 

PCR amplification of BT Cry1Ac gene 

Polymerase chain reaction (PCR) amplified a single copy or a few copies of a specific 

segment of DNA or gene in millions of copies of that DNA segment or gene. For 

amplification of target regions of the Bt-Cry1Ac gene PCR was conducted and to ensure 

the presence of accurate size of PCR product, amplified products were visualized in 1% 

agarose gel electrophoresis under UV trans-illuminator. The PCR amplification 

produced confirmed the presence of Bt-Cry1Ac genes in 7 eggplant varieties, wherein S3 

and S5 showed dominant expression of Bt-Cry1Ac (Figure 6). 
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Figure 6. PCR amplification result of Bt-Cry1Ac gene in 7 eggplant varieties. The DNA ladder represents DNA 

markers ranging from 0.1 kb to 10kb. The numeric S1 to S7 shows a sample number of 7 eggplant varieties.   

 

DISCUSSION 

This study implies the insights of RAPD-PCR based genetic diversity among 7 eggplant 

varieties. Interestingly, the presence of Bt-Cry1Ac was found in the studied verities. The 

seven different varieties of eggplant such as Eggplant Srilanka, Eggplant Chittagong-2, 

Eggplant Chittagong-1, Eggplant China, BH-1 Super Sraboni, BNB-422F1, Purple king F1 

showed the good quality of DNA that was enough for RAPD analyses. These findings 

suggest that eggplant is suitable species for genetic diversity analysis and diversity 

analyses were conducted in other vegetable crops including tomato, capsicum and potato 

[5, 17]. 

The genetic variations in seven natural eggplant varieties were analyzed by amplifying 

the genomic DNA by polymerase chain reaction (PCR) using two RAPD primers OPA-

02, and OPA-04. All two RAPD primers produced the maximum number of high-

intensity bands with minimal smearing in DNA fingerprints. Using two RAPD primers, 

a total of 41 bands were produced of which 41 were found to be polymorphic and the 

primers generated 20.5 polymorphic bands per primer. The mean number of 

polymorphic bands per primers was higher which obtained by the other researchers in 

tomato plants [17]. In our current study in eggplants, the primers were differentially 

amplified in different eggplant cultivars but showed low polymorphism at molecular 

level. The low degree of polymorphisms indicates there was low divergence among the 

eggplant varieties. However, the percentage distribution of RAPD marker always 

indicate a distribution level, frequency of rare alleles which are either similar or not to 

commercial of landrace accessions [18]. 

The pairwise Jacard’s coefficients for the genetic similarities indicated the frequencies of 

polymorphic markers for genetic relationship among the 7 eggplant varieties using the 

unweighted pair group method of arithmetic means (UPGMA). The values of pair-wise 

localization showed a comparison of genetic distances, numerical phylogenetic 

relationship of 7 eggplant varieties. The Jaccard Similarity coefficients approach provide 

similarities of sparse binary data sets while the it receipts the common or split 

components of in two sets [19]. In our eggplants study, we noticed that the highest 

similarity was shown in the case of sample 1 and sample 4 and sample 7 and sample 4. 
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The lowest similarity was reported in the case of varieties pairs sample 7 and sample 3 

of eggplants.  

Dendrogram based cluster with linkage analyses is a suitable approach that has been 

used in deterring tomato phenotypic traits[20]. In this current study, dendrogram based 

on linkage distance indicated the segregation of the seven eggplant varieties into two 

main clusters C1 and C2. C1 was again divided into two sub-cluster viz., C1S1 and C1S2. 

C1S1 contains a sample1(Eggplant Srilanka) which was distinct from others. The sub-

cluster C1S1 was formed by sample 4(Eggplant China) and sample 7(Purple king 

F1).C2S2 contains sample 2(Eggplant Chittagong-2) which were distinct in this cluster 

also sample 5 (BH-1 Super Sraboni and sample 6(BNB-422F1) contract the cluster C2S2. 

The data obtained in this study also confirmed the efficiency of the RAPD technique for 

the determination of genetic distances and relatedness among different eggplant 

varieties [21]. Interestingly, the primer design for the screening of the presence of the Bt-

gene among all seven varieties of eggplant using polymerase chain reaction (PCR) 

showed only primer dimer. Initially, the eggplant showed the band of Bt-genes, 

suggesting that eggplant would be promising for studying resistance against insect pests. 

The further studies are required at lab to field levels.   

  

CONCLUSIONS 

This study provides molecular insights of genetic diversity screening in eggplants using 

RAPD- molecular markers. In this current study, the RAPD marker technique explored 

the genetic diversity among 7 eggplant varieties, along with initial confirmation of Bt-

gene in eggplants. The RAPD analysis showed all 7 samples of eggplant divided into two 

major clusters and those clusters are also divided into several sub-clusters. In the 

dendrogram sample 1(Eggplant Srilanka) and sample 2(Eggplant Chittagong-2) were 

distinct into two major clusters.  Cluster-1 showed the sample 1(Eggplant Srilanka) that 

was genetically related to sample 4(Eggplant China) and sample 7(Purple King F1). 

Cluster-2 also showed the sample 2(Eggplant Chittagong-2) was genetically related to 

sample 5(BH-1 Super Sraboni) and sample 6(BNB-422F1). This study further suggests 

that the study of Bt-Cry1Ac gene in egg plant would be promising. The overall molecular 

insights indicate that RAPD-markers could be efficiently used for genetic diversity 

analyses in eggplants and other horticultural plant species.  
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