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Introduction 

Eggplant (Solanum melongena L.; 2n = 2x = 24), a member of 

the Solanaceae family, is an economically and nutritionally 

significant vegetable crop cultivated worldwide. The 

Solanaceae family comprises approximately 2,450 species 

across 95 genera, making it one of the largest and most diverse 

plant families globally (1). Known as eggplant in India and 

aubergine in Europe, eggplant thrives in tropical and 

subtropical regions (2). It is often called the "king of vegetables" 

in India due to its diverse culinary applications and widespread 

cultivation (3). Nutritionally, eggplant is a good source of 

carbohydrates, proteins, fats, dietary fiber, vitamins and 

minerals. Its health-promoting effects are linked to bioactive 

compounds like chlorogenic acid and nasunin, which are 

known for their antioxidant and anticancer properties. In India, 

over 3,500 eggplant accessions are maintained by institutes 

such as the National Bureau of Plant Genetic Resources 

(NBPGR), ICAR-Indian Institute of Vegetable Research (IIVR), 

which play key roles in germplasm conservation and varietal 

improvement (4-6).  

 Genetic diversity is a critical aspect of crop 

improvement, enabling the development of superior cultivars 

with enhanced yield, stress tolerance and resistance to biotic 

and abiotic stresses. Genetic diversity in eggplant has 

commonly been evaluated through morphological, molecular 

and biochemical markers. Morphological characterization, 

based on traits such as plant height, leaf morphology and fruit 

characteristics, provides initial insights into diversity but is 

influenced by environmental factors, which may limit its 

accuracy and reproducibility (7). Quantitative traits like fruit 

size, shape and yield-related parameters remain essential 

morphological markers in eggplant breeding (8). Molecular 

markers, on the other hand, provide a robust and precise 

method for assessing genetic diversity. Techniques such as 

AFLP, SSR, ISSR and RAPD have been extensively used in 

eggplant for marker-assisted selection, DNA fingerprinting and 

QTL mapping (9). Among these, start codon targeted (SCoT) 

markers represent a relatively novel PCR-based molecular 

marker system and specifically targeting conserved regions 

near the ATG start codon (10, 11). The SCoT markers combine 

the simplicity of RAPD and ISSR with improved specificity and 
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Abstract  

This study evaluated morpho-molecular diversity among 34 eggplant (Solanum melongena L.) accessions using 10 morphological 

descriptors, 16 quantitative traits and 15 SCoT to parent selection and broadening the breeding base effectively. Mahalanobis D² analysis 

grouped the accessions into five clusters, with the greatest inter-cluster divergence between Clusters V and IV. PCA identified five 
components (eigenvalues >1) explaining 75.65 % of the total variance, with PC1 contributing 38.3 %. High-performing and genetically 

diverse accessions such as Kashi Uttam, Kashi Green Round, CHBR-2, BUB-18-12 and BUB-18-27 were identified through PCA biplot. SCoT 

markers amplified 4-10 loci/primer (mean: 6.13), all polymorphic, with SCoT-20, SCoT-13, SCoT-17 and SCoT-25 being the most 

informative based on PIC values. UPGMA clustering grouped accessions into three clusters (A:14, B:15, C:5), while population structure 
analysis identified two sub-populations (A:26, B:10). SCoT analysis revealed significant molecular variability. The lack of unique clustering 

across morphological and molecular data highlights the importance of integrated approaches. Crosses among divergent clusters are 

recommended to enhance genetic gain and cultivar development. 
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reproducibility, making them particularly effective for genetic 

diversity studies (12-14). Initially applied to crops like peanut, 

long melon and mango, SCoT markers have demonstrated 

their utility in diversity assessment and genetic resource 

characterization in various plant species (15, 16). The 

evaluation of genetic resources is essential for breeding 

programs aimed at addressing challenges such as climate 

change, pest resistance and consumer preferences. 

Comprehensive diversity studies encompassing accessions 

from diverse geographic regions provide insights into the 

genetic base of crops and guide the selection of superior 

parental lines for hybridization. While previous studies have 

primarily focused on morphological and biochemical 

evaluations, integrating SCoT markers offers a novel and 

detailed perspective on eggplant’s genetic variability. The 

integration of morphological traits and SCoT marker analysis 

will effectively reveal genetic diversity among eggplant 

accessions, enabling the identification of genetically distinct 

lines for use in future breeding programs. 

 

Materials and Methods 

Experimental materials  

The experiment was conducted at the Vegetable Research 

Farm, BUAT, Banda, Uttar Pradesh, India with 34 eggplant 

accessions, comprising released varieties and advanced 

breeding lines (Table 1, Fig. 1). Selection was based on 

adaptability to the local agro-climate to ensure accurate 

phenotypic evaluation. The trial followed a Randomized Block 

Design (RBD) with three replications. Five plants per accession 

were randomly selected and tagged for data collection. Standard 

agronomic practices were followed throughout the cropping 

season. Border rows were excluded from observations to avoid 

edge effects.  

Collection of data 

Data were recorded as per DUS guidelines (17) on 10 botanical 

and 16 morphological traits across key growth stages and yield 

traits, including: Days to 50 % flowering (Ch1), plant height at 

50 % flowering (cm) (Ch2), number of flowers per cluster (Ch3), 

fruit setting percentage (Ch4), days to first fruit picking (Ch5), 

leaf area index (Ch6), number of primary branches per plant 

(Ch7), fruit length (in cm) (Ch8), fruit circumference (cm) (Ch9), 

fruit diameter (cm) (Ch10), specific gravity of fruits (g cm-3) 

(Ch11), total soluble solids (°Brix) (Ch12), plant height at last 

harvesting (cm) (Ch13), number of fruits per plant (Ch14), 

average fruit weight (g) (Ch15) and fruit yield per plant (kg) 

(Ch16). Measurements were taken from five plants per 

accession and averaged. Traits were analyzed for genetic 

variability and correlation. Observations were synchronized 

across accessions to reduce environmental influence and 

enhance data reliability. 

Genomic DNA extraction 

Genomic DNA was extracted from 200 mg of young, healthy 

and pest-free leaf tissue using a modified CTAB protocol based 

on previous studies (18). Leaf samples were collected at the 

seedling stage, placed in butter paper bags and transported on 

ice to the laboratory. The DNA isolation procedure involved the 

following steps: (i) 2 g of healthy young leaves from a single 

seedling were ground into fine powder using liquid nitrogen 

and transferred to 2 mL Eppendorf tubes. (ii) Each tube 

received 0.7 mL CTAB buffer with 2 % β-mercaptoethanol and 

was incubated at 65  °C for 45-60 min. (iii) After cooling, 0.7 mL 

of chloroform: isoamyl alcohol (24:1) was added, gently mixed 

and incubated at room temperature for 15-20 min. (IV) Samples 

were centrifuged at 12000 rpm for 10 min and the upper 

aqueous layer was transferred to a fresh tube. (V) DNA was 

precipitated by adding 0.7 mL chilled isopropanol, gently 

mixed and incubated at -20 °C for 15 min. (VI) Precipitated DNA 

was 

Fig. 1. Map of India indicating eggplant collection sites. Each accession is labelled with red dots on the map. 
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S. No. Accessions Source Fruit habit Fruit color Fruit 
shape 

Stem 
color 

Spine 
color 

Growth habit Spine on 
leaf 

Spine on 
calyx 

Spine on 
both 

Spine on 
whole 
plant 

1 Kashi Himani 
IIVR, 

Varanasi Solitary Blue Long Green White Compact No Yes No No 

2 Kashi Prakash IIVR, 
Varanasi 

Solitary Blue Long Green Absent Spreading No No No No 

3 Kashi Uttam IIVR, 
Varanasi 

Solitary Blue Round Green Absent Spreading No No No No 

4 Kashi Taru IIVR, 
Varanasi 

Solitary Blue Long Green Absent Compact No No No No 

5 Kashi Green 
Round 

IIVR, 
Varanasi 

Solitary Whitish 
Green 

Round Green Absent Spreading No No No No 

6 Pusa Ankur IARI, New 
Delhi 

Cluster Blue oblong Blue Absent Compact No No No No 

7 Pusa Upkar IARI, New 
Delhi 

Solitary Blue oblong Blue Blue Spreading No Yes No No 

8 CHBR-2 IIVR, 
Varanasi 

Solitary Blue Round Green White Spreading No Yes No No 

9 BUB-18-20-1 BUAT, 
Banda 

Solitary Blue Long Green Absent Spreading No No No No 

10 BUB-18-6 BUAT, 
Banda 

Solitary Blue Round Green Blue Spreading Yes Yes Yes Yes 

11 BUB-18-6 BUAT, 
Banda 

Solitary Purple Long Green Absent Spreading No No No No 

12 BUB-18-2 BUAT, 
Banda 

Solitary Blue Round Green Absent Compact No No No No 

13 BUB-18-3 BUAT, 
Banda 

Solitary Green Round Green Absent Spreading No No No No 

14 BUB-18-11 BUAT, 
Banda 

Cluster Blue Round Green Absent Compact No No No No 

15 BUB-18-4 BUAT, 
Banda 

Solitary Green Long Green Absent Spreading No No No No 

16 BUB-18-5 BUAT, 
Banda 

Solitary Blue oblong Green White Spreading Yes Yes Yes Yes 

17 BUB-18-10 BUAT, 
Banda 

Solitary Blue Round Green Absent Spreading No No No No 

18 BUB-18-9 BUAT, 
Banda 

Solitary Blue oblong Green Absent Spreading No No No No 

19 Pusa Shyamal IARI, New 
Delhi 

Solitary Blue Long Green Absent Compact No No No No 

20 BUB-18-14 BUAT, 
Banda 

Solitary Blue Long Green Absent Compact No No No No 

21 BUB-18-15 BUAT, 
Banda 

Cluster Blue oblong Green Blue Spreading Yes Yes Yes Yes 

22 BUB-18-16 BUAT, 
Banda 

Solitary Blue oblong Green Absent Spreading No No No No 

23 BUB-18-17 BUAT, 
Banda 

Solitary Blue oblong Green Absent Spreading No No No No 

24 BUB-18-18 BUAT, 
Banda 

Solitary Blue Round Green Absent Spreading No No No No 

25 BUB-18-19 BUAT, 
Banda 

Solitary Blue oblong Green Absent Spreading No No No No 

26 BUB-18-20 BUAT, 
Banda 

Solitary Blue Long Green Absent Spreading No No No No 

27 BUB-18-21 BUAT, 
Banda 

Solitary Blue oblong Green Absent Spreading No No No No 

28 BUB-18-22 BUAT, 
Banda 

Solitary Blue oblong Green Absent Spreading Yes No No No 

29 BUB-18-23 BUAT, 
Banda 

Solitary Blue Round Green Absent Compact Yes Yes Yes Yes 

30 BUB-18-24 BUAT, 
Banda 

Solitary Blue Long Green Absent Compact No No No No 

31 BUB-18-25 BUAT, 
Banda 

Cluster Blue Long Green Absent Spreading No No No No 

32 BUB-18-26 BUAT, 
Banda 

Solitary Blue Round Green Absent Spreading No No No No 

33 BUB-18-27 BUAT, 
Banda 

Solitary Blue Long Green Absent Spreading No No No No 

34 BUB-18-28 
BUAT, 
Banda Solitary Blue Round Green White Spreading Yes Yes Yes Yes 

Table 1. List of eggplant (Solanum melongena L.) accessions and their morphological characters used in the current study 
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  pelleted by centrifuging at 12000 rpm for 10 min and the 

supernatant was removed. (VII) The DNA pellet was rinsed with 

70 % ethanol, spun at 12000 rpm for 5-10 min and the 

supernatant was discarded. (VIII) Residual ethanol was 

removed by air-drying overnight or incubating at 37 °C for 2 hrs. 

(IX) The dried DNA pellet was dissolved in 100 µL TE buffer (pH 

8.0) overnight at 4 °C. (X) DNA quality was checked by 0.8 % 

agarose gel electrophoresis with EtBr staining and 

concentration measured spectrophotometrically; SCoT 

analysis was performed at Molecular Biology Laboratory, 

Department of Genetics and Plant Breeding, Banda University 

of Agriculture and Technology (BUAT), Banda, Uttar Pradesh, 

India. 

Quality assessment of DNA and DNA quantification 

DNA concentration and purity were assessed using 1 % agarose 

gel electrophoresis and a NanoDrop 1000 spectrophotometer. 

The gel was prepared by dissolving 1 g agarose in 100 mL 1X TBE 

buffer (45 mM Tris, 45 mM boric acid, 1 mM EDTA), heated, cooled 

and stained with ethidium bromide (0.5 µg mL-1). After solidifying, 

DNA samples and standards were loaded and electrophoresis 

was run at 75 V for 2 hours. DNA bands were visualized using a gel 

documentation system and band intensity was compared to 

standards. For precise quantification, 1 µL of each DNA sample 

was analyzed with the NanoDrop, using TE buffer as a blank and 

results were recorded in ng Ml-1. 

Selection of SCoT primers and synthesis or SCoT primer 

optimization 

Start codon targeted (SCoT) markers are relatively new 

molecular markers and hundreds of primer sets have been 

developed, though the exact number continues to expand as 

research progresses. The 15 specific SCoT primer (Table 2) sets 

used in this study were selected based on their proven ability to 

generate polymorphic and reproducible bands in previous 

studies, thereby ensuring their utility in assessing genetic 

diversity. Additionally, these primers were chosen for their 

compatibility with the target species and experimental 

conditions, such as their optimal annealing temperature of 52 °

C, ensuring reliable amplification of DNA across the 34 eggplant 

accessions. This selection maximized the likelihood of 

detecting meaningful genetic variation. 

 

PCR amplification and electrophoresis 

Fifteen SCoT primers (Table 2) were used to screen 34 eggplant 

accessions for polymorphism. PCR was performed in a 25 µL 

mix containing 50 ng DNA, PCR buffer, dNTPs, MgCl₂, primers 

and Taq polymerase. The cycling conditions were: 94 °C for 5 

min; 35 cycles of 94 °C for 1 min, annealing at 48-60 °C for 1 min 

and 72 °C for 2 min; with a final extension at 72 °C for 7 min. 

Amplified products were separated on 2 % agarose gel with 1X 

TBE buffer and visualized under UV light. 

 A 2 % agarose gel with ethidium bromide was prepared 

and poured to a thickness of 0.5 cm. After solidification, the gel 

was placed in an electrophoresis chamber with 1X TAE buffer. 

DNA samples mixed with loading dye were loaded into wells. 

Electrophoresis was run at constant voltage until the dye 

migrated sufficiently. PCR products were visualized under UV 

light using a gel documentation system. 

Statistical analysis 

DUS data analysis: Binary data from 10 morphological 

descriptors were analyzed using NTSYS-pc software (version 

2.02; Applied Biostatistics Inc., Port Jefferson, New York, USA) 

to construct a dendrogram. The dendrogram was generated to 

depict genetic relationships among the accessions. The 

diversity index (DI) for each descriptor was calculated using the 

formula:  

 

  

 where Pi is the proportion of the i phenotype and R 

represents the total number of observed phenotypes for the 

descriptor. 

Morphological diversity analysis  

Quantitative data for 16 morphological characters, excluding 

10 DUS descriptors were analyzed using Mahalanobis D² 

statistics (19) and accessions were grouped into clusters 

following Tocher’s method (20). Principal component analysis 

(PCA) was conducted using R software (R Foundation for 

Statistical Computing, Vienna, Austria), employing the EIGEN 

procedure to calculate correlation coefficients between the 

characters (21). The grouping pattern of the 34 accessions was 

visualized through PCA to identify key contributors to 

phenotypic variability. 

(Eqn. 1) 

S. No. Primer code Their sequences (5’ 3) Annealing temperature (°C) 

1 SCoT-12 ACGACATGGCGACCAACG 52 

2 SCoT-13 ACGACATGGCGACCATCG 52 

3 SCoT-14 ACGACATGGCGACCACGC 52 

4 SCoT-15 ACGACATGGCGACCGCGA 52 

5 SCoT-16 ACCATGGCTACCACCGAC 52 

6 SCoT-17 ACCATGGCTACCACCGAG 52 

7 SCoT-18 ACCATGGCTACCACCGCC 52 

8 SCoT-20 ACCATGGCTACCACCGCG 52 

9 SCoT-21 ACGACATGGCGACCCACA 52 

10 SCoT-23 CACCATGGCTACCACCAG 52 

11 SCoT-25 ACCATGGCTACCACCGGG 52 

12 SCoT-26 ACCÄTGGCTACCACCGTC 52 

13 SCoT-27 ACCATGGCTACCACCGTG 52 

14 SCoT-28 CCATGGCTACCACCGCCA 52 

15 SCoT-31 CCATGGCTACCACCGCCT 52 

Table 2. SCoT markers used in the study 
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Molecular data analysis  

A binary data matrix was created for SCoT marker analysis by 

scoring distinct and clear DNA bands as present (1) or absent (0) 

from agarose gel results. Genetic relationships were analyzed 

using NTSYS-pc software with the UPGMA method, employing 

Jaccard’s similarity coefficients to generate a dendrogram (22). 

Population structure was assessed with STRUCTURE 2.3.4 

software using a Bayesian clustering approach under an 

admixture model with correlated allele frequencies. The optimal 

number of clusters (K) was determined based on ΔK values (23). 

 

Results  

Diversity at the morphological level 

Morphological diversity and characterization  

The evaluation of morphological diversity among the 34 
eggplant accessions (Supplementary Fig. 1) revealed significant 

variation in key traits. Consistent and stable scores were 

observed across all 10 morphological descriptors, reflecting the 

reliability of these traits in characterizing the accessions. 

Notable variability was documented in important attributes 

such as fruit shape, stem color, leaf size and flower 

characteristics (Supplementary Fig. 2). The Shannon diversity 

index, calculated for the 10 traits, ranged from 0.22 (stem color) 

to 1.10 (fruit shape), with a mean of 0.50 and a range of 0.88 

(Table 3), highlighting moderate overall diversity. Among the 

descriptors, fruit shape exhibited the highest diversity index 

(1.10), underscoring its significance in differentiating accessions. 

In contrast, stem color showed limited variability, with the lowest 

diversity index (0.22), indicating a relatively uniform trait across 

the studied accessions. These findings emphasize the 

importance of morphological characterization in identifying and 

categorizing genetic variation within eggplant accessions. The 

considerable variability observed in traits such as fruit shape 

provides a valuable resource for selecting diverse accessions for 

breeding programs aimed at trait improvement and heterosis 

exploitation.  

Analysis of variance 

The ANOVA (Table 4) for 16 morphological traits of eggplant 

accessions revealed highly significant differences among the 

accessions, indicating substantial variability. The coefficient 

variation ranged from 3.05 % to 6.97 %, with the highest 

variation observed in average fruit weight (6.97 %), followed by 

fruit setting percentage (6.73 %), plant height at 50 % flowering 

(6.59 %), number of primary branches per plant (6.58 %), 

number of flowers per cluster (6.39 %), fruit yield per plant (6.09 

%) and fruit circumference (6.32 %) (Supplementary table 1). 

Analysis of genetic divergence based on morphological 

markers using Mahalanobis D2 statistics 

The Clustering of 34 eggplant accessions based on D² values 

using Tocher’s method resulted in five distinct clusters across 

16 traits. Cluster composition is detailed in Table 5 and 

illustrated in Fig. 2. The results indicated that a maximum 

number of 13 accessions appeared in cluster III followed by 9 

accessions in cluster IV, 7 accessions in cluster II, 4 accessions in 

cluster V and 1 accession in cluster I. This indicated that there is 

a presence of diversity among the 34 accessions studied. 

Average intra-cluster distance values ranged from 2.572 

(cluster IV) to 3.904 (cluster I) indicating minimum and 

maximum heterogeneity among the accessions within the 

cluster. Maximum intra-cluster genetic distance was observed 

in cluster V (3.904) followed by cluster II (2.886), cluster I (2.875), 

cluster III (2.681) and cluster IV (2.572) (Table 5). The maximum 

inter-cluster distance was observed between clusters V and IV 

(6.872) followed by clusters IV and I (5.292), clusters V and II 

(4.862) clusters IV and II (4.676) while minimum inter-cluster 

distance was noticed between clusters II and I (2.856) (Table 6).  

Trait Class or scale Frequency Relative frequency ( %) Diversity index 

Fruit habit 
Solitary 30 88.24 

0.36 
Cluster 4 11.76 

Fruit color 

Blue 32 94.12 

0.26 
Whitish Green 1 2.94 

Purple 1 2.94 
Green 0 0.00 

Fruit shape 
Long 12 35.29 

1.10 Round 12 35.29 
oblong 10 29.41 

Stem color 
Green 32 94.12 

0.22 
Blue 2 5.88 

Spine color 
White 4 11.76 

0.65 Absent 27 79.41 
Blue 3 8.82 

Growth habit 
Compact 9 26.47 

0.58 
Spreading 25 73.53 

Spine on leaf 
Yes 6 17.65 

0.45 
No 28 82.35 

Spine on calyx 
Yes 8 23.53 

0.55 
No 26 76.47 

Spine on both 
Yes 5 14.71 

0.42 
No 29 85.29 

Spine on whole plant 
Yes 5 14.71 

0.42 
No 29 85.29 

Mean 

  

0.50 
Minimum 0.22 
Maximum 1.10 
Range 0.88 

Table 3. Diversity indices of 10 morphological descriptors in eggplant accessions (pooled) 
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 Table 4. ANOVA, means, range and coefficient of variation for various morphological traits in 34 eggplant accessions (pooled)  

Characters Mean squares Means Range 
Coefficient of 
variation ( %) 

Degree of freedom 
(DF) 

Replication 
(2) 

Treatment 
(33) 

Error 
(66) 

  Min. Max.   

Days to 50 % flowering 14.66 87.33 8.09 58.25 50.00 69.67 4.88 

Plant height at 50 %   flowering (cm) 1.55 63.53 6.51 38.73 28.08 45.73 6.59 

Number of flowers  per cluster 0.01 45.62 0.05 3.62 1.20 24.09 6.39 

Fruit setting percentage 2.02 1265.07 13.00 53.58 18.94 92.41 6.73 

Days to first fruit picking 12.11 110.60 9.22 73.14 62.49 90.00 4.15 

Leaf area index 0.012 1.982 0.010 1.85 0.53 4.22 5.35 

Number of primary branches per plant 3.42 8.94 0.31 8.41 5.98 11.86 6.58 

Fruit length (cm) 0.04 41.53 0.30 11.48 6.49 22.32 4.73 

Fruit circumference (cm) 1.48 74.03 1.14 16.92 10.73 28.53 6.32 

Fruit diameter (cm) 0.11 7.97 0.10 5.51 3.51 9.63 5.60 

Specific gravity of   fruits (g cm-3) 0.006 0.077 0.001 0.90 0.50 1.30 3.36 

Total soluble solids (°Brix) 0.002 1.984 0.019 4.55 3.18 5.60 3.05 

Plant height at last picking (cm) 19.51 217.28 11.76 75.93 58.98 94.87 4.52 

Number of fruits per plant 6.26 1322.01 1.63 28.78 11.02 138.45 4.44 

Average fruit weight (g) 16.87 10961.84 66.03 116.65 15.67 251.09 6.97 

Days to 50 % flowering 0.093 1.347 0.026 2.66 1.46 3.57 6.09 

Table 5. Clustering pattern of 34 accessions of eggplant based on Mahalanobis D2 statistics (pooled) 

S. No. Clusters Number of accessions Name of clustered accessions 

1 I 1 BUB-18-15 

2 II 7 Pusa Ankur, Pusa Shyamal, BUB-18-14, BUB-18-21, Kashi Prakash, BUB-18-19, BUB-18-25 

3 III 13 BUB-18-20-1, Kashi Himani, BUB-18-11, Kashi Taru, BUB-18-6, BUB-18-3, BUB-18-10, BUB-
18-23, BUB-18-24, BUB-18-26, BUB-18-9, BUB-18-20, BUB-18-2 

4 IV 9 BUB-18-22, BUB-18-17, BUB-18-4, Pusa Upkar, Kashi Green Round, Kashi Uttam, CHBR-2, 
BUB-18-27, BUB-18-12 

5 V 4 BUB-18-5, BUB-18-16, BUB-18-18, BUB-18-28 

Fig. 2. Dendrogram of 34 eggplant accessions on 16 morphological traits using Mahalanobis D2 clustering pattern. 
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 The cluster mean for 16 quantitative characters of 34 

accessions was presented in Table 7. Cluster I observed that 

cluster mean value for minimum days to 50 % flowering (51.98), 

days to first fruit picking (66.59) and maximum fruit setting 

percentage (64.62 cm). Cluster II showed maximum cluster 

mean for fruit length (16.43 cm), specific gravity of fruit (0.99 g 

cm-3) and fruit yield per plant (3.30 kg). Cluster IV promising for 

leaf area index (2.53), number of primary branches per plant 

(9.17), fruit circumference (26.20 cm), fruit diameter (8.31 cm), 

plant height at 50 % flowering (40.69 cm) and average fruit 

weight (233.58 g). Cluster V showed maximum cluster mean 

values for the number of flowers per cluster (8.07), total soluble 

solids (5.26), plant height at last picking (88.26 cm) and number 

of fruits per plant (49.09).  

 

Principal Component Analysis (PCA)  

The estimated Eigenvector values, percentage of variance, 

cumulative percentage (Table 8) and principal component of 

34 eggplant accessions for 16 traits are presented in Table 9 

and The PC biplot (Fig. 3.) depicts the accessions distribution 

and factors, as well as the difference in traits between the 

principal components, demonstrating the way these traits 

contributed to eggplant accessions variation. The first five 

principal components (PCs) accounted for 75.65 % of the total 

observed variation. Among the five principal components, the 

first principal component (PC) contributed 27.48 % of the total 

variation, this was due to the positive factor loading effect of all 

studied traits mainly for plant height at 50 % flowering (0.64), 

days to 50 % flowering (0.53), fruit yield per plant (0.03) and 

average fruit weight (0.02). 

Table 6. Average intra (diagonal) and inter-cluster (above diagonal) distances of five clusters (pooled) 

Cluster I II III IV V 

I 2.875         

II 2.856 2.886       

III 3.478 2.995 2.681     

IV 5.292 4.676 3.989 2.572   

V 4.310 4.862 3.924 6.872 3.904 

Clusters DFPF PHFPF NFPC FSP DFFP LAI NPBPP FL FC FD SGF TSS PHLP NFPP AFV FYPP 

I 51.98 33.70 1.79 64.62 66.59 1.63 7.48 12.85 15.60 5.30 0.88 4.39 72.90 31.51 98.90 2.97 

II 58.24 39.65 3.40 54.60 72.62 2.38 8.73 16.43 14.68 4.71 0.99 4.18 78.19 29.87 118.34 3.30 

III 61.63 40.68 3.56 52.96 77.36 1.79 8.65 9.23 16.58 5.46 0.92 4.39 72.96 23.48 102.23 2.24 

IV 63.17 40.69 2.16 51.83 78.96 2.53 9.17 10.77 26.20 8.31 0.81 4.91 70.60 13.75 233.58 3.15 

V 55.35 38.61 8.07 39.68 68.77 0.86 8.04 7.82 13.31 4.22 0.84 5.26 88.26 49.09 51.04 1.71 

Table 7. Cluster mean for 16 characters in accessions of eggplant (pooled) 

DFPF: Days to 50 % flowering; PHFPF: plant height at 50  % flowering (cm); NFPC: number of flowers per cluster; FSP: fruit setting percentage; 
DFFP: days to first fruit picking; LAI: leaf area index; NPBPP: number of primary branches per plant; FL: fruit length (cm); FC: fruit circumference 

(cm); FD: fruit diameter (cm); SGF: specific gravity of fruits (g cm-3); TSS: total soluble solids (°Brix); PHLP: plant height at last picking (cm); 
NFPP: number of fruits per plant; AFV: average fruit weight (g); FYPP: fruit yield per plant (kg). 

Table 8. Eigenvalues and important variation percentage for different traits of eggplant accessions 

S. No. Principle component Eigenvalue Importance variability ( %) Accumulated variability % 

1 PC1 4.40 27.48 27.48 

2 PC2 2.79 17.43 44.91 

3 PC3 2.11 13.19 58.09 

4 PC4 1.70 10.64 68.73 

5 PC5 1.11 6.92 75.65 

6 PC6 0.94 5.85 81.50 

7 PC7 0.79 4.95 86.45 

8 PC8 0.66 4.15 90.60 

9 PC9 0.44 2.73 93.33 

10 PC10 0.41 2.58 95.91 

11 PC11 0.27 1.68 97.59 

12 PC12 0.18 1.11 98.70 

13 PC13 0.11 0.70 99.40 

14 PC14 0.05 0.30 99.70 

15 PC15 0.03 0.17 99.86 

16 PC16 0.02 0.14 100.00 

DFPF: Days to 50 % flowering; PHFPF: plant height at 50  % flowering (cm); NFPC: number of flowers per cluster; FSP: fruit setting percentage; 
DFFP: days to first fruit picking; LAI: leaf area index; NPBPP: number of primary branches per plant; FL: fruit length (cm); FC: fruit circumference 

(cm); FD: fruit diameter (cm); SGF: specific gravity of fruits (g cm-3); TSS: total soluble solids (°Brix); PHLP: plant height at last picking (cm); 
NFPP: number of fruits per plant; AFV: average fruit weight (g); FYPP: fruit yield per plant (kg). 
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 Table 9. Principal component analysis for different traits of eggplant accessions 

S. No. Principle component characters 
Factors loading 

PC1 PC2 PC3 PC4 PC5 

1 DFPF   0.53 0.25 -0.56 -0.06 0.60 

2 PHFPF   0.64 0.60 0.24 -0.45 0.60 

3 NFPC  -0.03 -0.06 0.52 0.35 -0.16 

4 FSP   0.37 0.37 0.43 0.51 0.36 

5 DFFP -0.16 0.19 -0.02 0.34 -0.16 

6 LAI -0.02 -0.19 -0.21 0.05 0.04 

7 NPBPP -0.02 0.16 -0.09 0.38 0.10 

8 FL -0.33 0.46 -0.16 0.20 -0.20 

9 FC -0.01 -0.26 0.00 0.11 0.07 

10 FD -0.05 -0.22 0.16 0.19 -0.01 

11 SGF   0.11 -0.12 -0.22 0.24 0.15 

12 TSS -0.04 -0.03 0.11 0.01 0.03 

13 PHLP -0.09 -0.04 -0.04 -0.05 0.03 

14 NFPP -0.13 0.01 -0.01 -0.02 0.15 

15 AFV  0.02 0.01 -0.08 -0.01 -0.02 

16 FYPP  0.03 0.00 -0.01 0.01 -0.02 

DFPF: Days to 50 % flowering; PHFPF: plant height at 50  % flowering (cm); NFPC: number of flowers per cluster; FSP: fruit setting percentage; 
DFFP: days to first fruit picking; LAI: leaf area index; NPBPP: number of primary branches per plant; FL: fruit length (cm); FC: fruit circumference 

(cm); FD: fruit diameter (cm); SGF: specific gravity of fruits (g cm-3); TSS: total soluble solids (°Brix); PHLP: plant height at last picking (cm); 
NFPP: number of fruits per plant; AFV: average fruit weight (g); FYPP: fruit yield per plant (kg). 

Fig. 3. Biplot of 34 eggplant accessions.  

DFPF: Days to 50 % flowering; PHFPF: plant height at 50  % flowering (cm); NFC: number of flowers per cluster; FSP: fruit setting percentage; 
DFFP: days to first fruit picking; LAI: leaf area index; NPBP: number of primary branches per plant; FL: fruit length (cm); FC: fruit circumference 

(cm); FD: fruit diameter (cm); SGF: specific gravity of fruits (g cm-3); TSS: total soluble solids (°Brix); PHLP: plant height at last picking (cm); NFP: 
number of fruits per plant; AFV: average fruit weight (g); FYP: fruit yield per plant (kg). 

https://plantsciencetoday.online


9 

Plant Science Today, ISSN 2348-1900 (online) 

 The second principal component shared about 17.43 % 

of the total variation and the major positive contributing was 

fruit length (0.46). The third PC accounted for 13.19 % of the 

total variations for number of flowers per cluster (0.52) and 

total soluble solids (0.11). The fourth principal component 

contributed 10.64 % of total variation for significant trait to fruit 

setting percentage (0.51), number of primary branches per 

plant (0.38), days to first fruit picking (0.34), specific gravity of 

fruits (0.24), fruit diameter (0.19) Fruit circumference (0.11) and 

Leaf Area Index (0.04). The fifth principal component shared 

6.92 % of the total variation for positively significant Number of 

fruits per plant of fruits per plant (0.15) and plant height at last 

picking (0.03). The top principal component scores (PC scores) 

for all the traits were estimated in five principal components 

and are presented in Table 10. 

Principal component scores of eggplant accessions 

The principal component scores (PC1, PC2, PC3, PC4 and PC5) 

exhibited both positive and negative values (Table 11), 

providing a basis for developing precise selection indices based 

on the variability explained by each component. High scores in 

a specific principal component indicate superior performance 

of accessions for the associated traits. Accessions such as Kashi 

Uttam, Kashi Green Round, CHBR-2, BUB-18-12 and BUB-18-27 

(Table 12) showed the highest scores in PC1, reflecting 

significant variability in traits like days to 50 % flowering, plant 

PC 1 PC 2 PC 3 PC 4 PC 5 

Plant height at 50 % flowering Fruit length Number of flowers per 
cluster 

Fruit setting percentage Number of fruits per plant 

Days to 50 % flowering   Total soluble solids 
Number of primary branches per 

plant 
Plant height at last 

picking 

Fruit yield per plant     Days to first fruit picking   

Average fruit weight     Specific gravity of fruits   

      Fruit diameter   

      Fruit circumference   

      Leaf area index   

Table 10. Interpretation of rotated component matrix for the traits having maximum values in each PC 

Table 11. PC scores of eggplant accessions 

S. No. Accessions PC 1 PC 2 PC 3 PC 4 PC 5 

1 Kashi Himani 9.010 11.666 -4.605 11.089 3.866 

2 Kashi Prakash 9.157 10.729 -4.384 12.255 6.836 

3 Kashi Uttam 12.734 10.317 -1.196 10.023 5.437 

4 Kashi Taru 9.082 9.447 -6.062 12.844 5.523 

5 Kashi Green Round 13.480 14.228 -3.403 11.303 4.854 

6 Pusa Ankur 10.219 11.674 -3.335 11.844 6.599 

7 Pusa Upkar 11.625 12.178 -3.091 11.892 5.410 

8 CHBR-2 13.552 12.948 -2.931 11.735 4.839 

9 BUB-18-20-1 9.956 11.176 -4.400 11.415 5.658 

10 BUB-18-6 10.876 14.271 -4.320 12.518 3.591 

11 BUB-18-12 13.024 12.291 -1.443 10.051 6.285 

12 BUB-18-2 10.021 9.410 -0.535 8.146 5.239 

13 BUB-18-3 9.658 13.674 -4.155 10.899 5.612 

14 BUB-18-11 10.209 12.961 -3.897 10.227 6.032 

15 BUB-18-4 10.971 11.128 -5.121 11.190 6.133 

16 BUB-18-5 7.050 13.458 -3.947 8.696 5.145 

17 BUB-18-10 8.813 14.683 -4.019 10.779 6.921 

18 BUB-18-9 8.331 11.040 -3.581 10.588 4.008 

19 Pusa Shyamal 8.232 9.301 -4.152 11.267 5.645 

20 BUB-18-14 8.277 8.468 -3.453 12.644 4.025 

21 BUB-18-15 3.719 12.976 1.791 13.955 5.208 

22 BUB-18-16 7.048 12.718 -4.677 8.556 5.648 

23 BUB-18-17 9.821 10.452 -3.306 9.445 7.059 

24 BUB-18-18 7.801 13.170 -3.973 8.914 5.438 

25 BUB-18-19 9.335 12.001 -2.580 10.339 5.879 

26 BUB-18-20 7.914 10.829 -3.182 9.563 6.102 

27 BUB-18-21 8.634 10.812 -4.138 10.774 6.730 

28 BUB-18-22 11.054 11.159 -3.975 10.414 4.377 

29 BUB-18-23 9.204 13.430 -2.292 10.121 4.486 

30 BUB-18-24 9.355 10.980 -4.122 11.737 4.263 

31 BUB-18-25 8.378 11.838 -3.679 11.141 6.324 

32 BUB-18-26 10.080 13.863 -3.692 10.480 5.435 

33 BUB-18-27 12.980 12.506 -1.855 11.110 7.262 

34 BUB-18-28 6.897 15.506 -4.489 10.189 6.111 
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height at 50 % flowering, average fruit weight and fruit yield per 

plant, which are key yield-related attributes. The highest PC 

score of BUB-18-28 followed by BUB-18-10, Kashi Green Round 

and BUB-18-6 in PC2 was mainly related to fruit length. The 

highest PC score was obtained by BUB-18-15 in PC3 for 

characters namely number of flowers per cluster and total 

soluble solids. In PC4, high PC scores were recorded for 

characters viz., fruit setting percentage, days to first fruit 

picking, leaf area index, number of primary branches per plant, 

fruit circumference and specific gravity of fruits by the 

accessions BUB-18-14, BUB-18-15 BUB-18-6 Kashi Taru and 

Kashi Prakash. The highest PC score was obtained by BUB-18-

17 and BUB-18-27 in PC5 for character’s plant height at last 

picking and number of fruits per plant. 

Analysis of genetic diversity based on molecular markers 

The SCoT primers were used for molecular marker analysis 
among the 34 eggplant accessions. Among 15 SCoT primers, all 

primers showed polymorphism ranging from 11.11 % to 100 %. 

These 15 primers produced 92 bands out of 34 eggplant 

accessions, of which 49 were polymorphic (Table 13). The 

amplicons (bands) in SCoT 25 were 4 and SCoT 31 was 10 and 

the average was 6.13. The amplicons (bands) in SCoT-25 were 4 

and SCoT-31 was 10, averaging 6.13. The polymorphic 

amplicons of the primer ranged from 1 (SCoT-16, SCoT-21, 

SCoT-26 and SCoT-28) to 8 (SCoT-13 in Fig. 4.) and averaged 

3.26. The percentage of polymorphic bands varied from 11.11 

% (SCoT-28) to 100 % (SCoT-13, SCoT-17, SCoT-20 and SCoT-

25), averaging 55.02 %. Some other primers amplifying a higher 

number of polymorphic amplicons and thus resulting in higher 

levels of polymorphic loci were SCoT-27 (80.00 %) and SCoT-12 

(60.00 %). The PIC value for the SCoT marker ranged from 0.11 

for SCoT 26 and SCoT 28 (lowest value) to 0.38 for SCoT-20 

(highest value). SCoT-20, SCoT-13, SCoT-17 and SCoT-25 

recorded the highest PIC value 0.38, 0.36, 0.34 and 0.31 

followed by SCoT-27 (0.30) and SCoT-12 (0.25), respectively. 

SCoT marker bands are like RAPD profiles and the size of the 

amplified product ranges from 200 to 1400 bp (Supplementary 

plates 1). 

Cluster analysis based on molecular markers 

Cluster analysis of 34 eggplant accessions was conducted using 

Jaccard’s similarity coefficient and UPGMA in NTSYSpc-2.02i 

software. The similarity coefficient ranged from 0.0 % to 0.1 %. 

A UPGMA-based dendrogram grouped all accessions into three 

major clusters. Cluster A comprises 14 accessions, Cluster B 

comprises 15 accessions and Cluster C comprises 5 accessions. 

Cluster A is further divided into two sub-clusters, A1 and A2, as 

shown in Fig. 5 and Table 14. The sub-cluster A1 comprised of 

10 accessions viz., Kashi Taru, Pusa Ankur, Pusa Upkar, BUB-18-

11, BUB-18-3, BUB-18-6, BUB-18-20-1, BUB-18-12, CHBR-2 and 

BUB-18-2. Sub-cluster A2 comprised four accessions viz., BUB-

18-4, BUB-18-21, BUB-18-14 and BUB-18-16. Cluster B was 

divided into three sub-clusters: B1, B2 and B3. Sub-cluster B1 

consisted of 11 accessions: Kashi Uttam, BUB-18-05, BUB-18-

18, Pusa Shyamal, BUB-18-24, BUB-18-25, BUB-18-17, BUB-18-

Table 12. Selected eggplant accessions in each principal component 

S. No. PC 1 PC 2 PC 3 PC 4 PC 5 

1 Kashi Uttam BUB-18-28 BUB-18-15 BUB-18-14 BUB-18-17 

2 Kashi Green Round BUB-18-10   BUB-18-15 BUB-18-27 

3 CHBR-2 Kashi Green Round   BUB-18-6   

4 BUB-18-12 BUB-18-6   Kashi Taru   

5 BUB-18-27     Kashi Prakash   

S.No. Primer 
code 

Their sequence (5’ 3) 
Molecular 

weight range 
(bp) 

Number of 
amplified loci 

Polymorphic 
molecular weight 

range (bp) 

Number of 
polymorphic 

loci 

Polymorphic 
loci (%) 

PIC 

1 SCoT-12 ACGACATGGCGACCAACG 300-1300 10 400-900 6 60 0.25 

2 SCoT-13 ACGACATGGCGACCATCG 300-1400 8 400-1400 8 100 0.36 

3 SCoT-14 ACGACATGGCGACCACGC 300-1200 6 400-1200 3 50 0.24 

4 SCoT-15 ACGACATGGCGACCGCGA 300-1200 6 300-1200 3 50 0.20 

5 SCoT-16 ACCATGGCTACCACCGAC 700-1400 5 1400 1 20 0.16 

6 SCoT-17 ACCATGGCTACCACCGAG 700-1300 5 900-1300 5 100 0.34 

7 SCoT-18 ACCATGGCTACCACCGCC 300-1200 5 300-1200 2 40 0.24 

8 SCoT-20 ACCATGGCTACCACCGCG 200-1400 6 200-1400 6 100 0.38 

9 SCoT-21 ACGACATGGCGACCCACA 200-1300 6 200 1 16.67 0.16 

10 SCoT-23 CACCATGGCTACCACCAG 600-1400 6 600-1100 2 33.34 0.21 

11 SCoT-25 ACCATGGCTACCACCGGG 400-1300 4 400-1300 4 100 0.31 

12 SCoT-26 ACCÄTGGCTACCACCGTC 600-1400 7 600 1 14.29 0.11 

13 SCoT-27 ACCATGGCTACCACCGTG 700-1400 5 900-1200 4 80 0.30 

14 SCoT-28 CCATGGCTACCACCGCCA 300-1300 9 400 1 11.11 0.11 

15 SCoT-31 CCATGGCTACCACCGCCT 400-1300 4 400-1300 2 50 0.21 

Average     6.13   3.26 55.02 0.24 

Total     92   49     

Minimum     4   1 11.11 11 

Maximum     10   8 100 0.38 

Table 13. Number of scorable and polymorphic SCoT bands obtained in the PCR amplified DNA of eggplant accessions generated 
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Fig. 4. SCoT amplification profile of primer SCoT-13 in 34 eggplant accessions. 

Fig. 5. Dendrogram generated by the Jaccard similarity coefficient, using UPGMA clustering via NTSYSPC software, showed the relationship 
between 34 different eggplant accessions with the SCoT marker. 
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19, BUB-18-15, BUB-18-22 and BUB-18-23. The sub-cluster B2 

comprised 3 accessions viz., BUB-18-26, BUB-18-27 and BUB-18

-28, whereas the accession BUB-18-20 was also noticed in sub-

cluster B3. Two sub-clusters, C1 and C2, have been formed 

from Cluster C. Cluster B1 comprises four accessions viz., Kashi 

Himani, Kashi Green round, BUB-18-09 and BUB-18-10 and B2 

comprises Kashi Prakash accessions only. The diversity of the 

population can be seen in the three different groups of the 

population.  

Population structure analysis 

Bayesian analysis structured the 34 eggplant accessions into 
two distinct subpopulations, as determined by the sharp peak 

of Delta K at K = 2. These subpopulations were categorized into 

pure and admixture groups (Fig. 6.). Accessions with a 

probability score > 0.70 were classified as pure, while those 

with < 0.70 were considered admixtures. Subgroup A (red) 

comprised 26 accessions (76.47 %) and subgroup B (green) 

included 10 accessions (29.41 %). Subgroup A had 18 

accessions score (³ 70 %) pure and 6 accessions score (³ 70 %) 

admixture, while subgroup B had 9 accessions score (³ 70 %) 

pure and 1 accessions score (³ 70 %) admixtures. 

 

Discussion 

Thirty-four eggplant accessions were evaluated using 10 

morphological descriptors covering plant, stem, leaf, flower 

and fruit traits. The observed traits were distinct and 

consistent, indicating phenotypic stability. These 

characteristics are valuable for classification and breeding 

efforts. The genetically stable accessions identified may be 

suitable for cultivation in various agroclimatic zones (24). 

 ANOVA revealed significant differences among the 34 

eggplant accessions for all traits, indicating substantial 

phenotypic variability. This diversity is valuable for selecting 

genetically distinct parents to enhance yield through heterosis. 

Genetic divergence was measured using Mahalanobis D² 

statistics, showing higher divergence between clusters and 

closer similarity within clusters. Accessions from distinct 

clusters are ideal for breeding. Similar findings were reported in 

previous studies for supporting the effectiveness of this 

method in diversity assessment (25, 26). 

 In this study, inter-cluster distances were notably higher 

than intra-cluster distances, indicating greater genetic variation 

between clusters than within them. The highest intra-cluster 

distance was in Cluster V (3.904), suggesting more internal 

diversity, while the maximum inter-cluster distance was 

between Clusters V and IV (6.872), showing they are genetically 

most distinct. These clusters offer strong potential for 

hybridization to generate diverse and superior progenies (27). 

Lower inter-cluster distances, such as between Clusters IV and I 

(5.292), suggest closer genetic relationships. Overall, the 

findings confirm that accessions within clusters are more 

genetically similar than those across clusters(28, 29). 

 Cluster mean analysis is a useful approach for 
identifying promising accessions in breeding, reducing the 

need to evaluate less suitable lines. In this study, Cluster I 

showed the days to 50 % flowering (51.98 days) and days to 

first fruit picking (66.59 days), along with the highest fruit-

setting percentage (64.62 %). Cluster II had the highest fruit 

length (16.43 cm), specific gravity of fruit (0.99 g/cm³) and fruit 

yield per plant (3.30 kg), indicating strong yield potential. 

Cluster IV stood out for traits like leaf area index (2.53), number 

Table 14. Clustering of eggplant accessions based on SCoT data (DARWin, 2.02) 

Cluster number Sub-group of 
clusters 

Number of 
accessions 

Accessions 

A 
A1 10 Kashi Taru, Pusa Ankur, Pusa Upkar, BUB-18-11, BUB-18-3, BUB-18-6, BUB-18-20-1, 

BUB-18-12, CHBR-2 and BUB-18-2 

A2 4 BUB-18-4, BUB-18-21, BUB-18-14 and BUB-18-16 

B 

B1 11 Kashi Uttam, BUB-18-05, BUB-18-18, Pusa Shyamal, BUB-18-24, BUB-18-25, BUB-18-17, 
BUB-18-19, BUB-18-15, BUB-18-22 and BUB-18-23 

B2 3 BUB-18-26, BUB-18-27 and BUB-18-28 

B3 1 BUB-18-20 

C 
C1 4 Kashi Himani, Kashi Green round, BUB-18-09 and BUB-18-10, 

C2 1 Kashi Prakash 

Fig. 6. Analysis of population structure using STRUCTURE 3.2.1 shows a distribution of 34 eggplants in two subpopulations. 
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of primary branches (9.17), fruit circumference (26.20 cm), fruit 

diameter (8.31 cm), plant height at 50 % flowering (40.69 cm) 

and average fruit weight (233.58 g), making it ideal for 

improving plant structure and fruit quality. Cluster V excelled in 

number of flowers per cluster (8.07), total soluble solids (5.26 °

Brix), plant height at last picking (88.26 cm) and number of 

fruits per plant (49.09), making it valuable for enhancing yield 

and quality through hybridization. Similar findings were 

reported earlier studies (30-32) 

 PCA was employed to identify key traits contributing to 

phenotypic variability for effective trait selection in breeding. Of 

the 16 components analyzed, five with eigenvalues above 1.00 

accounted for 75.65 % of total variation. PC1 (27.48 %) was 

mainly linked to plant height at 50 % flowering, days to 50 % 

flowering, fruit yield per plant and average fruit weight. PC2 

(17.43 %) was strongly related to fruit length, while PC3 (13.19 

%) correlated with number of flowers per cluster and total 

soluble of solids. PC4 (10.64 %) was linked to traits like fruit 

setting percentage, days to first fruit picking, number of 

branches per plant, specific gravity of fruit and fruit diameter. 

PC5 (6.92 %) was associated with fruit count and plant height at 

last picking. Similar results were reported in previous studies 

(33-36). 

 Accessions like Kashi Uttam, Kashi Green Round, CHBR-

2, BUB-18-12 and BUB-18-27 showed high positive scores in 

PC1, indicating their association with traits such as days to 50 

% flowering, plant height at 50 % flowering, average fruit 

weight and fruit yield per plant. Similarly, BUB-18-14, BUB-18-

15, BUB-18-6, Kashi Taru and Kashi Prakash performed well in 

PC4 for traits like fruit setting percentage, days to first fruit 

picking, leaf area index, number of primary branches per plant, 

fruit circumference and specific gravity of fruits. Other 

accessions also scored high in PC2, PC3 and PC5, highlighting 

their value for traits like fruit length, number of flowers per 

cluster, total soluble solids and plant height at last picking. 

These accessions, due to their favorable trait associations, are 

ideal for breeding high-yielding cultivars. Comparable 

observations were reported in former studies (37, 38). 

 Genetic diversity and population structure are key to 
crop improvement, as they help breeders identify diverse, 

superior parents for hybridization (39, 40). While morphological 

traits have been widely used to assess diversity in eggplants, 

their sensitivity to environmental factors reduces reliability. 

Combining morphological and molecular tools offers a more 

accurate understanding of genetic variation (41). Among 

molecular markers, SCoT markers are effective due to their 

dominant nature, high polymorphism and reproducibility in 

diversity analysis (10, 42) 

 In this study, 15 SCoT markers were used to assess 
genetic diversity among 34 eggplant accessions, producing 92 

alleles with an average of 3.2 alleles per locus. Four markers 

(SCoT-13, 17, 20, 25) showed 100  % polymorphism, while SCoT

-27 and 12 showed 75-80 %, indicating high variability (43, 44). 

About half the primers exhibited 50-100 % polymorphic loci, 

confirming their effectiveness in genetic diversity analysis. 

These results reveal a broad genetic base, useful for selecting 

parents in breeding programs targeting yield, stress resistance 

and improved plant traits. 

 UPGMA cluster analysis grouped the 34 eggplant 

accessions into three main clusters and seven sub-clusters. 

Accessions like BUB-18-20 and Kashi Prakash showed distinct 

genetic divergence, making them useful for breeding. Similar 

results were seen in Turkish eggplants, where molecular and 

morphological data showed minimal correlation (45). 

Population structure analysis identified two subpopulations, 

with no link to collection sites or morphological traits, 

indicating the need for more polymorphic markers. This 

underscores the value of integrating both approaches to better 

assess genetic diversity (46). 

 Combining morphological and molecular analyses 

provided deeper insights into genetic diversity among eggplant 

accessions. Distinct genotypes like Kashi Prakash and BUB-18-

20 offer strong potential for hybridization to enhance yield and 

plant traits. Expanding molecular marker use in future research 

will help identify key genetic variations. This integrated strategy 

is essential for selecting diverse parents and strengthening the 

genetic base of eggplant varieties (47, 48).  

 

Conclusion  

This study assessed genetic diversity in 34 eggplant accessions 

using both morphological traits and SCoT molecular markers. 

Mahalanobis D² analysis grouped accessions into three 

clusters, while UPGMA-based molecular analysis (via NTSYSpc 

2.20) formed three main clusters (A, B, C), further divided into 

sub-clusters. The clustering patterns differed between 

methods, likely due to morphological traits reflecting gene 

expression at specific stages, while molecular data captures 

overall genomic variation. No accession was consistently 

distinct in both analyses, highlighting the need for integrated 

approaches. This combined method offers a more accurate 

understanding of diversity, supporting its use in eggplant 

breeding efforts. 
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