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Abstract

India is considered as the domestication center for eggplant
and its diverse germplasm is notable. In present study, 84
germplasm lines including 79 breeding lines of cultivated
eggplant along with five wild species were differentiated on
the basis of 21 morphological trait descriptors and 40 simple
sequence repeat (SSR) markers. According to principle
component analysis (PCA) of morphological traits, 70.33%
of the total variation was explained with first 8 PCs. Out of
40 SSR markers, only 19 (50-100%) revealed polymorphism
among various cultivated and wild genotypes with a range
of 2 and 10 alleles and a mean of 4.9 alleles per marker. On
the basis of PIC values and number of amplified alleles per
marker, EEMS28 was the highest polymorphic marker, which
was followed by CSM31 and CSM27. Jaccard’s similarity
coefficient among genotypes varied from 0.38 -0.98 being
the highest between cultivated genotypes and S. torvum.
The morphological and SSR data were analyzed individually
as well as combined using UPGMA cluster analysis.
Morphogenetic divergence within the cultivated eggplant
highlighted the possibility of their use in future breeding
programmes. Wild species diverged into separate group on
the basis of SSRs data, but merged into small round group
of cultivated eggplant morphologically as well as morpho-
genetically. S. laciniatum and S. aethiopicum were more
close to the cultivated eggplant and can be used in
introgression breeding.
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Introduction

Eggplant (Solanum melongena L.) is one of the most
important Solanum crop, grown as cash crop by small
farmers in tropical and subtropical regions across the
world. It is placed at the sixth position among the
vegetables grown in the world (FAOSTAT 2016).  It is a

good source of minerals (Calcium, Magnesium,
Phosphorous and Iron), poly-unsaturated fatty acids
(linoleic and lenolenic acid), vitamins (Group B) and act
as antioxidant (San Jose et al. 2014).  Additionally, its
total nutritional quality is also comparable to tomato
(Singh and Kumar 2007). Due to the high nutritional
value of fruits, it has also been exploited in medicines to
cure liver troubles, high blood cholesterol problem and
stomach cancer (Daunay and Hazra 2012). India is
considered as centre of origin and diversity of eggplant
(Bhat and Vasnathi 2008, Meyer et al. 2012). Genetic
diversity can be easily estimated by morphological
characterization (Jugran et al. 2013). However, only
phenotypic information is not reliable to study genetic
diversity, because of change in performance by
environmental factors and the developmental stages of
the plant (Last et al. 2014). But, it is inexpensive, easily
implemented and first recommended step before initiating
DNA-based studies (Hoogendijk and Williams 2001).
With distinction, molecular markers are more variable,
less dependent on the environment and more informative
at any developmental stage of a plant (Backes et al. 2003).
Now-a-days, genetic diversity is appraised
morphologically as well as with molecular markers (Wang
et al. 2013). Many types of molecular markers like
RAPD, AFLP and SSR have been used to study genetic
diversity of the eggplant germplasm (Ali et al. 2011, Asad
et al. 2015, Thangadurai et al. 2015). High reproducibility,
multi-allelic nature, co-dominant inheritance, abundance
and wide genome coverage made SSR’s the most
commonly used markers for unveiling genetic divergence
of a crop. Many researchers used SSRs to study the
genetic diversity among the eggplant genotypes (Stagel
et al. 2008, Nunome et al. 2009, Ansari and Singh 2014).

Genetic diversity makes the foundation for crop
improvement by providing the genetic material for high
yield, insect-pest and disease resistance, better
environmental adaptations and improved quality.
Hybridization necessitates the use of genetically diverse
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parents for crop improvement (Fasoula and Fasoula
2002). Therefore, the development of new eggplant
inbreeds using old as well as new breeding methods are
highly dependent on the knowledge of genetic diversity
in the germplasm. Eggplant also carries rich diversity
of wild relatives such as Solanum laciniatum, Solanum
torvum, Solanum sisymbriifolium, Solanum
macrocarpon, Solanum aethiopicum which  possess
insect-pest and disease resistance (Daunay and Hazra
2012, Rotino et al. 2014) as well as high nutritive value
(Mennella et al. 2010, Meyer et al. 2015) and diverse
environmental adaptations (Knapp et al. 2013). Mostly
the wild types are cross-incompatible with the cultivated
type in this crop and if crossing occurred, post-
fertilization barriers did not allow the development of
normal seed. The introgression of these traits into the
cultivated eggplant demands to overcome the cross
incompatible barriers. The cultivated eggplant has a lot
of variability and the genotypic response for cross-
compatibility with wild relatives may be diverse.
Therefore, the genetic relatedness with wild species
should be scrutinized. Cultivated genotypes with high
similarity coefficient with wild relatives may lead to the
development of successful inter-specific hybrids in
future. In view of the importance of genetic diversity in
future breeding programmes, morphological
characterization and genetic analysis of eggplant
germplasm (84 eggplant genotypes) developed at Punjab
Agricultural University along with wild relatives viz, such
as Solanum laciniatum, Solanum torvum, Solanum
sisymbrifolium, Solanum macrocarpon, Solanum
aethiopicum using Simple Sequence Repeat (SSR)
markers was carried out in present investigation.

Materials and Methods

Plant material: Total 84 accessions included 79
breeding lines of cultivated eggplant along with five wild
species were used in this study (Table 1.). All the
breeding lines and wild species were grown in replicated
trial in 2015-16. The data of various qualitative and
quantitative characteristics, especially, vegetative growth
and fruit traits was collected during the crop season.

Morphological analysis: Morphologically twenty one
traits were determined for plant growth habit (4 traits),
leaf (6 traits), flower (4 traits) and fruit (7 traits).
Quantitative measurements were carried out on 10
selected plants for each replication. Leaf and fruit
dimensions (length and width) were measured using
digital caliper with 0.1 cm precision. The mean value of
three replications was used for the morphological
analysis. One-way analysis of variance (ANOVA) was
performed using the Statistical Package for Social

Sciences program (SPSS 16.0, SPSS Inc., USA).
Coefficients of variation (CV %) were determined as
indicators of morphological variability. The simple
correlation coefficient was calculated to determine the
inter-relationships between the morphological variables
using the Pearson correlation coefficient. Further,
morphological variables were evaluated by Principal
component analysis (PCA) in order to determine the
most suitable traits for group wise classiûcation, using
SPSS software. The morphological similarity
coefficients according to the Euclidean method were
calculated using the SIMINT program of the numerical
taxonomy multivariate analysis system (NTSYS-pc
v2.10) (Rohlf 2000), and the dendrogram was
constructed with the SAHN clustering program using
the unweighted pair-group method with arithmetic
means (UPGMA).

Molecular analysis: Genomic DNA was extracted
using a modiûed cetyl tri-methyl ammonium bromide
method (Doyle and Doyle 1987). The DNA concentration
was estimated using a Nanodrop (Thermo Fisher, USA).
DNA quality was checked by gel electrophoresis on 0.8%
agarose gel. A working DNA concentration of 50 ng
µL-1 was prepared and stored at 4°C until use. PCR
reaction was carried out in a volume of 10 µl containing
10 ng genomic DNA, 1.5mM MgCl2, 0.2 µM dNTP
mix, 0.2 µM of each primer, 1 unit of Taq DNA
polymerase and 1x PCR buffer. Reactions were
performed in a G- Storm Thermocycler (GMI, Inc. UK)
using the following PCR profile: initial denaturation for
5 minutes at 94 °C followed by 35 cycles of denaturation
at 94 °C for 1 minute, annealing at recommended SSR
primer temperature for 1 minute and extension at 72 °C
for 1 minute, and final extension at 72 °C for 5 minutes.
PCR conditions for all the SSR primers used differed
only in their annealing temperature. PCR products were
analyzed by gel electrophoresis in a 6% non-denaturing
polyacrylamide gel, stained with ethidium bromide. All
clearly detectable SSR amplicons were scored as either
present (1) or absent (0) and the matrix of SSRs data
was assembled. Only well-deûned amplicons were
scored. The polymorphic information content (PIC)
values for all primers were estimated using the formula:

PIC = 1" “ xi
2

Where, xi is the relative frequency of the ith allele of the
SSR loci. Markers were classified as informative when
PIC was e” 0.5. PIC values greater than 0.5 indicated
loci of high polymorphism, between 0.25 - 0.5 showed
loci of intermediate polymorphism and PIC value less
than 0.25 indicate loci of low polymorphism (Ge et al.
2013). From the binary matrix, similarity matrices were
computed using Sequential Hierarchial and Nested
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(SHAN) clustering option of the NTSYS-pc 2.10
software package (Rohlf 2000). The Jaccard’s similarity
coefficient matrix obtained was utilized to construct a
UPGMA- based dendrogram.

Morpho-genetical analysis: Euclidean similarity
coefficient were calculated for combined data (SSR and
morphological data) using the SIMINT program of the
numerical taxonomy multivariate analysis system
(NTSYS-pc v2.10) (Rohlf 2000), and the dendrogram
was constructed with the SAHN clustering program
using the unweighted pair-group method with arithmetic
means (UPGMA).

Results and Discussion

Morphological diversity: The morphological variability
in quantitative traits of eggplant germplasm (84
accessions) is presented in Table 2. All the quantitative
traits were significantly different among the germplasm
lines and the highest level of coefficient of variation
was observed in number of primary branches (17.01%)
followed by petiole length (10.21%) and peduncle length
(9.88), while minimum was noticed in fruit length

(7.13%). The number of primary branches, petiole
length and peduncle length ranged from 1.3-7.3, 1.8-
10.33 cm, and 1.03-7.2 cm, respectively. All the
genotypes were phenotypically diverse also. Among
qualitative traits (Table 3.), the maximum variability in
germplasm was seen in fruit shape with very long (1%),
long (24%), medium long (1%), small long (9%), big
round (20%), medium round (4%), small round (20%),
very small round (4%), medium oblong (8%), small
oblong (4%), medium oval (1%) and small oval (4%)
fruits. It was followed by fruit colour i.e.  purple (32%)
and purple black (32%) fruits dominated over green
(18%), light purple (11%), whitish purple (3%), milky
white (2%) and black (2%). The fruit colour was
distributed uniformly in maximum lines (77%), while
the rest were found regular stripped (5%) irregular
stripped (10%) and mottled (8%). Most of the genotypes
were upright (35%) and had narrow plant spread (50%).
The vegetative growth characteristics such as leaf
(67%), petiole (57%) and fruit calyx (56%) colour were
green in maximum genotypes, but purple pigmentation
was also there. Leaf blade and pedicel prickles were
present in 4% and 13% population, respectively. The

Acce-
ssion   
names 

Source Code 
No. 

Accession          
names 

Source Code 
No. 

Accession                 
names 

Source Code 
No. 

Accession              
names 

Source Code  
No. 

SR-306 PAU, Ludhiana 1 BL-210 PAU, Ludhiana 22 93PSB-2-4-1-2 PAU, Ludhiana 43 RCSC-2-1 PAU, Ludhiana 64 
BL-222 PAU, Ludhiana 2 BL-205 PAU, Ludhiana 23 R-307-109-9-2 PAU, Ludhiana 44 BLG-232 PAU, Ludhiana 65 
BL-202 PAU, Ludhiana 3 BR-116 PAU, Ludhiana 24 MOB-307-109- 

9-2 
PAU, Ludhiana 45 GL-408 PAU, Ludhiana 66 

BR-332-
2 

PAU, Ludhiana 4 BL-201 PAU, Ludhiana 25 MR-319 PAU, Ludhiana 46 GL-417 PAU, Ludhiana 67 

BR-122 PAU, Ludhiana 5 Sel-93C PAU, Ludhiana 26 93SN-33-1-2-1 PAU, Ludhiana 47 GNR-414 PAU, Ludhiana 68 
SR-312 PAU, Ludhiana 6 BR-332-1 PAU, Ludhiana 27 93PFC-22-4-1-3 PAU, Ludhiana 48 RSC-15-2 PAU, Ludhiana 69 
SR-317 PAU, Ludhiana 7 Swami Mani West Bengal 28 93SL-81-3-3-2 PAU, Ludhiana 49 GL-405 PAU, Ludhiana 70 
BB-93C Bhuvneshwar 8 SR-6 PAU, Ludhiana 29 CB-9991-121-1-1 PAU, Ludhiana 50 93SN-33-28-1 PAU, Ludhiana 71 
BR-104 PAU, Ludhiana 9 BR-332-3 PAU, Ludhiana 30 RC-SC-11-1 PAU, Ludhiana 51 93SN-62-1-1-1 PAU, Ludhiana 72 
SL-309 PAU, Ludhiana 10 BL-240 PAU, Ludhiana 31 W-230-42-45-1-2 PAU, Ludhiana 52 93PSB-3-3-1-1 PAU, Ludhiana 73 
SR-301 PAU, Ludhiana 11 MOB-316 PAU, Ludhiana 32 GL-Abi-

Collection-103-23 
PAU, Ludhiana 53 CB-9991-215-

1-1 
PAU, Ludhiana 74 

BL-211 PAU, Ludhiana 12 BL-219 PAU, Ludhiana 33 SLV-352-3-4 PAU, Ludhiana 54 UGSR-524-1 PAU, Ludhiana 75 
BL-204 PAU, Ludhiana 13 93SL-21-3-

1-2 
PAU, Ludhiana 34 S-324-466-2-2 PAU, Ludhiana 55 MR-325 PAU, Ludhiana 76 

BR-112 PAU, Ludhiana 14 UGSR-563-1 PAU, Ludhiana 35 93SL-21-6-1-3 PAU, Ludhiana 56 CH-375-2-1- 
4-1 

IIVR 77 

P-71 PAU, Ludhiana 15 93PSB-11-1-
2-1 

PAU, Ludhiana 36 WO-406 PAU, Ludhiana 57 KBSR-343-1 PAU, Ludhiana 78 

BL-213 PAU, Ludhiana 16 GOB-411 PAU, Ludhiana 37 SR-323 PAU, Ludhiana 58 93DBL-23- 
4-8-21 

PAU, Ludhiana 79 

BL-235 PAU, Ludhiana 17 GL-403 PAU, Ludhiana 38 BRG-114 PAU, Ludhiana 59 Solanum 
laciniatum 

Orissa 80 

SR-302 PAU, Ludhiana 18 FM-SPN-11-
24-1 

PAU, Ludhiana 39 CB-9991-211-2 PAU, Ludhiana 60 Solanum 
torvum 

PAU, Ludhiana 81 

BL-220 PAU, Ludhiana 19 V-230-12-
66-2-1-3 

PAU, Ludhiana 40 SR-308 PAU, Ludhiana 61 Solanum 
sisymbriifolium 

Orissa 82 

BL-215 PAU, Ludhiana 20 7848-15-1 PAU, Ludhiana 41 42324-121-2-1 PAU, Ludhiana 62 Solanum 
marcrocarpum 

Orissa 83 

BR-123 PAU, Ludhiana 21 SOV-328 PAU, Ludhiana 42 S-324-187-1-2 PAU, Ludhiana 63 Solanum 
aethiopicum 

NBPGR 84 

 

Table 1: List of germplasm lines used for morphogenetic diversity analysis
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morphological diversity in brinjal was substantiated with
the finding of Ali et al (2011).

Further, principle component analysis (PCA) was
performed in order to determine the contribution of
morphological traits towards genotypic variation. Eigen
vector values/coefficients determined the relative
contribution of different principle components towards
the morphological variation. In the present investigation,
first 8 PCs with high Eigen values (>0.1) explained
70.33% of the total variation (Table 4). Out of 8 PCs
the first component (PC1) contributed 16.98% and
involved fruit breadth, fruit length, fruit peduncle length,
leaf blade breadth, leaf length, number of primary
branches and petiole length. The second component
(PC2) accounted for 11.80% of the total variation due
to calyx colour, plant growth habit, plant height, leaf
blade breadth and leaf blade length, while the third
component (PC3) accounted 8.56% of the total variation,
featuring petiole colour, leaf blade colour and leaf blade
breadth. Fourth component (PC4) showed 8.36% of
the total variation, accounting calyx colour, corolla colour
and petiole colour. However, fifth component (PC5)
recorded 7.3%, sixth component (PC6) featured 6.51%,

seventh component (PC7) involved 5.83% and eighth
component (PC8) involved 4.97% of the total variation.
The results indicated that 53% of total variation for
morphological traits mainly aroused from five principle
components. Leaf blade length, fruit peduncle length,
petiole length, leaf blade breadth, fruit length, fruit
breadth, number of primary branches and plant height
remained key traits for maximum contribution to the
genetic diversity. The results of principle component
analysis were also corroborated with the findings of
Kumar et al. (2016), where the fruit traits contributed
maximum to the morphological dissimilarities.

Morphological cluster analysis on the basis of 14
morphological traits revealed that 84 genotypes were
dissimilar from each other by Euclidean distance from
1.00 to 9.98. Similarity distance matrix based on UPGMA
among all studied genotypes got divided into two distinct
clusters (I& II) at Euclidean distance 9.98 (Fig. 1). The
first main cluster (I) mainly included small round and
very small round genotypes and was separated into two
sub-clusters (A and B) at Euclidean distance 5.65. Sub-
cluster A included all the germplasm lines of cultivated
S. melongena, was further divided into two sub-clusters

S. No. Characters Minimum Maximum Range Mean±SD CD (5%) CV (%) 
1. Plant height (cm) 37.67 173.67 37.67-173.67 86.64±18.58 11.62 8.26 
2. No. of primary branches 1.3 7.3 1.3-7.3 4.59±1.11 1.27 17.01 
3. Petiole length (cm) 1.8 10.33 1.8-10.33 4.90±1.15 0.81 10.21 
4. Leaf blade length (cm) 2.5 21.33 2.5-21.33 16.24±3.03 2.08 7.91 
5. Leaf blade breadth (cm) 3.0 12.37 3.0-12.37 10.25±1.99 1.36 8.17 
6. Fruit peduncle length (cm) 1.03 7.2 1.03-7.2 4.50±1.03 0.72 9.88 
7. Fruit length (cm) 1.4 34.33 1.4-34.33 12.36±5.32 1.43 7.13 
8. Fruit breadth (cm) 0.8 9.8 0.8-9.8 5.17±2.13 0.77 9.24 
 

Table 2: Variability in quantitative characters of eggplant germplasm

S. No. Qualitative Characters Percent of germplasm with particular character 
1 Plant growth habit Prostrate (26%), Intermediate (34%), Upright (35%) 
2 Plant spread  Broad (43%), Very broad (7%), Narrow (50%) 
3 Petiole colour  Violet (32%), Green (57%), Greenish violet (11%) 
4 Leaf blade colour Violet (2%), Green (67%), Dark green (20%), Greenish violet (9%) 
5 Leaf blade prickles  None (96%), Few (4%) 
6 Pedicel prickles Many (4%), None (87%), Few (9%) 
7 Corolla colour Violet (52%), Pale violet (30%), Light violet (12%), White (6%) 
8 Calyx colour Dark purple (32%), Light purple (12%), Green (56%) 
9 Calyx spininess  High thorny (6%), Medium thorny (14%), Smooth(80%) 
10 Fruit shape Big long (1%), Long (24%), Medium long (1%), Small long (9%), Big round (20%), Medium 

round (4%), Small round (20%), Very small round (4%), Medium oblong (8%), Small oblong 
(4%), Medium oval (1%), Small oval (4%) 

11 Fruit density  Very compact (6%), Compact (68%), Loose (24%), Very loose (2%) 
12 Fruit colour Black (2%), Purple (32%), Purple black (32%), Light purple (11%), Whitish purple (3%), 

Green (18%), Milky white (2%) 
13 Fruit color distribution Uniform (77%), Regular stripped (5%), Irregular stripped (10%), mottled (8%) 
 

Table 3: Variability in qualitative characters of eggplant germplasm
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Fig. 1: UPGMA based morphological relationship (Euclidean coefficient) among 84 germplasm lines in eggplant
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(A1 and A2) at Euclidean distance 4.39. Sub-cluster A1
carried all the germplasm lines with small round and
purple black fruits and purple fruits with green foliage.
Cluster B grouped wild species along with one genotype
from cultivated eggplant. It was divided into two small
sub-clusters (B1 and B2).  B1 had only one genotype
named SR-308. B2 carried wild types with very small
green fruits. Among wild species S. torvum and S.
sisymbriifolium grouped together showing maximum
morphological similarity, while S. macrocarpon and S.
aethiopicum slightly diverged in this cluster. The second
main cluster (II) had all the genotype of cultivated
eggplant (S. melongena L.) was divided into two sub-
clusters (a and b) at Eucledian distance 6.39. Sub-cluster
(a) further divided into two sub-clusters (a1 and a2) at
Euclidean distance 5.49. Sub-cluster a1 contained 50
genotypes. Out of which, 21 genotypes with big round,
oblong and long having purple black or black fruits, 6
genotypes with medium oblong, black purple or light
purple fruits,  21 genotypes with mostly long, purple or
light purple or green or white fruits and  8 genotypes of
with variable shapes, purple fruits and pigmented leaves
came together. However, sub-cluster a2 had only one
genotype BR123. Sub-cluster b was further divided into
two further clusters (b1 and b2) at Euclidean distance
5.39. Sub-cluster b1 had 9 genotypes including one wild
species S. laciniatum. Sub-cluster b2 contained 3
genotypes V-23012-66-2-1-3, GNR-414 and WO-406.
Dendrogram based on morphological traits grouped S.

torvum and S. sisymbriifolium, S. macrocarpon and S.
aethiopicum along with germplasm lines having small
round fruits and distantly related to other cultivated
genotypes. Morphologically, S. laciniatum, S.
macrocarpon and S. aethiopicum, had strong similarity
to cultivated genotypes. Least similarity to cultivated
genotypes was shown by S. sisymbriifolium and S.
torvum. S. laciniatum, S. macrocarpon and S.
aethiopicum, had potential for utilization in introgression
breeding. S. aethiopicum has been used to induce male
sterility in cultivated brinjal (unpublished) and the results
also confirmed with the findings of Gowda et al. (1990)
who evaluated F1 hybrids between S. macrocarpon and
cultivated brinjal.

Molecular diversity: Out of randomly selected 40 SSR
markers, 21 displayed monomorphic banding pattern in
all the genotypes. Polymorphism was recorded in the
amplification pattern of only 19 SSR markers. Among
these polymorphic markers, 17 amplified more than two
amplicons (3-10), while 2 markers (EEMS46 and
CSM73) produced only two amplicons. PIC value for
19 primers ranged from 0.124 to 0.867 with an average
of 0.643 (Table 5.). The highest PIC value was noticed
in EEMS28 (0.867), followed by CSM31 (0.843) and
CSM27 (0.826). High PIC value for the amplification
of 16 SSR markers indicated that the germplasm lines
used in present investigation were highly diverse and
had potential prospectus in the improvement of cultivated

Table 4: Principal component analysis of morphological traits in eggplant germplasm
S. No. Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 
1 Plant growth habit .044 .621 -.393 -.217 .067 .098 .174 .162 
2 Plant spread .089 .383 -.508 .085 -.179 -.324 .424 -.035 
3 Plant height .206 .611 .047 -.448 .289 -.082 -.272 .271 
4 Number of primary branches .434 -.389 -.144 .160 .396 .031 -.215 .100 
5 Petiole length .506 .161 .350 .182 .009 -.095 -.035 -.343 
6 Petiole colour -.173 .273 .342 .619 .218 .016 .184 .218 
7 Leaf blade colour .219 -.339 .323 -.482 .138 .072 .065 .204 
8 Leaf blade prickles -.523 .264 -.072 -.252 .381 -.141 -.281 .213 
9 Leaf blade length .648 .553 .234 -.114 .006 .079 .088 -.126 
10 Leaf blade breadth .483 .569 .302 -.236 -.040 .107 -.134 -.252 
11 Calayx colour -.214 .471 .272 .528 .158 -.125 .108 .256 
12 Calyx spininess .251 -.309 .328 -.037 -.086 .166 .194 .498 
13 Corolla colour -.376 .325 -.037 .398 -.168 -.066 -.403 .079 
14 Pedicel prickles .106 -.144 .346 .047 .696 -.190 .103 -.143 
15 Fruit peduncle length .606 .070 -.392 .109 .158 .418 .105 .017 
16 Fruit length .457 -.081 -.552 .222 .405 .206 .041 .163 
17 Fruit breadth .432 .059 .224 -.073 -.470 -.057 .077 .448 
18 Fruit colour -.641 .148 .067 -.195 -.051 .465 .239 .032 
19 Fruit color distribution -.028 .113 .198 .251 -.019 .727 .028 -.123 
20 Fruit density -.691 .117 -.002 -.180 .129 .354 -.152 -.062 
21 Fruit shape -.390 .025 .113 -.232 .269 -.136 .654 -.124 
Eigen values 3.565 2.478 1.798 1.757 1.537 1.367 1.224 1.044 
% of variance 16.978 11.799 8.563 8.365 7.32 6.508 5.83 4.973 
Cumulative % 16.978 28.776 37.34 45.705 53.024 59.532 65.362 70.335 
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eggplant for various yield and other related traits. In an
earlier report, average PIC value utilizing SSRs markers
indicated more similarity among eggplant genotypes (Ge
et al. 2013).

Jaccard’s similarity coefficients between any two
genotypes estimated based on SSR polymorphism varied
from 0.32-0.98. UPGMA based cluster analysis of 84
genotypes using SSR markers (Fig. 2) opened into three
major clusters (I, II and III) at similarity coefficient of
0.52. Cluster I had all the genotypes of cultivated S.
melongena, while Cluster II and III had wild genotypes.
Cluster II had two wild species, S. laciniatum and S.
aethiopicum, with 74% similarity. Cluster III grouped
three wild species, where S. torvum separated from S.
sisymbriifolium and S. macrocarpon at similarity
coefficient of 0.62. Later two wild species had 71%
similarity. Our molecular results indicated that S.
sisymbriifolium and S. macrocarpon were more distantly
related to the genotypes of cultivated S. melongena with
a least similarity of 0.32. Cluster I could be further
divided into three groups (A, B and C) at similarity
coefficient of 0.62. Group A was divided into two sub-
clusters (A1 and A2). Sub-cluster A1 had 38 genotypes
while, the sub-cluster A2 had only one genotype 8 (BB-
93C). Group B had only one genotype 14 (BR-112).
Group C was further divided into two sub-clusters (C1
and C2) at similarity coefficient of 0.72. Sub-cluster C1
had 37 genotypes, however, C2 had only two genotypes

i.e. 78 (KBSR-343-1) and 73 (93PSB-3-3-1-1).

The divergence of cluster I into three groups revealed
that these genotypes of group A were 38% diverse from
group B & C and vice versa. On the other hand, wild
species, S. torvum, S. macrocarpon and S.
sisymbriifolium diversed in separate cluster and showed
least similarity to the rest of genotypes (Fig. 2). In
previous studies, S. torvum also showed high divergence
to cultivated lines that leads to sterile inter-specific
hybrids with cultivated types and excludes the possibility
of its utilization in introgression breeding programs
(Stagel et al. 2008). However, S. laciniatum and S.
aethiopicum had 52% similarity with our cultivated
germplasm and had the potential possibility of cross
compatibility for the introgression of resistant traits as
reported by Rizza et al (2002). Among the cultivated
genotypes, BR-112 and BB93C were found more close
to wild species and there are potential prospectuses for
fertile hybrids for introgression of traits through inter-
specific hybridization.

Morpho-genetical diversity: Combined data analysis
based on UPGMA cluster pattern (Fig. 3) grouped 84
genotypes at Euclidean distance in a range from 3.16-
10.58. Morphogenetic dendrogram diverged into two
major clusters (I, and II) at Euclidean distance of 10.58.
All the wild types grouped together as in SSR data, but
diverged to cluster I of morphological analysis that
contained all the genotypes with small round and medium

Table 5: Polymorphism of SSR markers in eggplant germplasm

Number of amplicons S.  
No. 

Primers Code 
Total 

amplicons 
Monomorphic 

amplicons 
Polymorphic 

amplicons 

Range of amplicon 
size (bp) 

PIC value Polymorphism (%) 

1 EEMS20 5 1 4 190-400 0.737 80.00 
2 EEMS28 10 0 10 200-500 0.867 100.00 
3 EEMS34 3 1 2 250-375 0.282 66.67 
4 EEMS37 6 0 6 100-150 0.562 100.00 
5 EEMS46 2 1 1 250-400 0.124 50.00 
6 EEMS48 5 0 5 175-300 0.782 100.00 
7 EEMS50 6 0 6 200-300 0.701 100.00 
8 CSM27 7 1 6 200-300 0.826 85.71 
9 CSM31 8 0 8 225-400 0.843 100.00 
10 CSM36 4 0 4 300-500 0.749 100.00 
11 CSM40 5 0 5 275-450 0.784 100.00 
12 CSM43 4 0 4 250-400 0.540 100.00 
13 CSM45 4 0 4 160-200 0.726 100.00 
14 CSM54 7 2 5 225-400 0.773 71.43 
15 CSM57 4 0 4 190-300 0.571 100.00 
16 CSM62 4 0 4 230-300 0.747 100.00 
17 CSM73 2 0 2 200-250 0.331 100.00 
18 CSM74 3 0 3 175-200 0.588 100.00 
19 CSM78 4 0 4 300-550 0.676 100.00 
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Fig. 2: UPGMA based molecular relationship (Jaccard’s similarity coefficient) among 84 germplasm lines in eggplant
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Fig. 3: UPGMA based combined (14 morphological traits and 19 SSR) analysis (Euclidean coefficient) among 84 germplasm
lines in eggplant
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round fruits.  This cluster I was further diverted into
two groups A and B at Euclidean distance of 8.99. Group
A separated all the small round genotypes of cultivated
S. melongena  morpho-genetically from wild species in
group B. Cluster II had only germplasm lines of cultivated
eggplant and further departed into  two clusters (a and
b) at Euclidean distance 7.10. Cluster contained
genotypes with big round, long and oblong fruits, while
cluster b had only one genotype 66 (GL-408). Morpho-
genetically, small round germplasm lines with cluster
bearing came more close to the wild types and
highlighted their importance for introgression of
important wild traits into the cultivated eggplant. On
the other hand, great divergence among small round,
long, oblong or big round germplasm lines was apparent
that can further be utilized in future breeding
programmes. Our findings are concurrent with results
of Stagel et al (2008), who showed least similarity of S.
torvum  followed by S. sisymbriifolium  and S.
aethiopicum. The research also reported the possible
hybridization between cultivated brinjal and S.
aethiopicum for the introgression of important traits
(Collonnier et al. 2001 Rizza et al. 2002 and Gisbert et
al. 2011). It is concluded from the present investigation
that the cultivated genotypes had potential divergence.
Small round types diverged from big and long fruited
genotypes highlighting the possibility of their use in
future breeding programmes. S. sisymbriifolium and S.
torvum had the least similarity to the rest of cultivated
germplasm. However, S. macrocarpon, S. laciniatum
and S. aethiopicum were comparatively more close to
cultivated genotypes especially BB-93C and BR112.
Thus, these genotypes with greater genetic closeness
to the wild types may be used in introgression breeding
for insect pest and disease resistance into cultivated
types.

lkjka'k

cSaxu ewYkr% Hkkjr dk mn~xe ,oa xzkE;u dsUnz gS vkSj blds fofo/
k tuunzO; egRoiw.kZ gSaA orZeku v/;;u esa dqy [ksrh ;ksX; 84
tuunzO;ksa] ftuesa 5 taxyh iztkfr;ksa lfgr 79 iztuu ykbuksa dks
21 vdkjdh; o.kkZukRed xq.kksa rFkk 40 flEiy flDosul jhfiV
¼,l,lvkj½ ekdZlZ ds vk/kkj ij vyx fd;k x;kA vdkjdh;
xq.kksa ds fizafliy dEiksusUV ,ukfyfll ¼ihlh,½ ds vuqlkj izFke
8 ih-lh- ds lkFk dqy fofo/krk 70-33 izfr”kr Li’V gqvkA dqy
40 ,l-,l-vkj-ekdZlZ esa dsoy 19 ¼50&100 izfr”kr½ [ksrh ;ksX;
rFkk taxyh izHksnksa esa cgq:irk Kkr gqvk ftuesa foLrkj 2 o 10
,yhYl izfr ekdZj o bZ-bZ-,e-,l 28 lcls mPp cgq:ih ik;k
x;k vkSj blds mijkUr lh-,l-,e 31 rFkk lh-,e-,e-&27 dk
LFkku jgkA izHksnksa ds e/; tSdkMZ flfeySfjVh xq.kkad fofo/krk 0-
38&0-98 ik;k x;k tks fo”ks’kr% [ksrh ;ksX; izHksnksa o lksysue
Vksjoe ds e/; FkkA vdkjdh; ,oa ,l-,l-vkj- vkadM+ksa dks ,dy

,oa la;qDr :Ik ls ;w-th-th-,e-,- DyLVj ,ukfyfll dk mi;ksx
dj fd;k x;kA [ksrh ;ksX; fdLeksa dh vdkjdh; vuqokaf”kd
fHkUurk ls izkFkfedrk Li’V gS fd Hkfo’; esa iztuu dk;ZØeksa esa
budk iz;ksx fd;k tk;sxkA taxyh iztkfr;k¡ ,l ,l vkj vkdM+sa
ds vk/kkj ij vyx lewg esa foHkä gks x;s ysfdu cSaxu dk NksVs
xksy lewg esa vdkjdh; o vuqokaf”kd :Ik ls lekfgr gq,A
lksysue yklhfu;sVe rFkk lksysue bfFk;ksfide [ksrh ;ksX; cSaxu
ds utnhd ik;s x;s o budk mi;ksx la;kstu iztuu esa fd;k
tk ldrk gSA
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