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Abstract. Genetic diversity in eggplant cultivars has drastically decreased due to developed varieties
having similar desirable characteristics. In recent years, the breeders have taken much effort to enrich
eggplant (Solanum melongena L.) genome by utilizing local populations and wild relatives similarly to
the case of other plant species. In addition, wild relatives make it possible to benefit from their resistance
genes which provide tolerance to biotic and abiotic stress factors. In this study, preservation and
maintenance of genetic diversity by utilizing wild eggplant species to alleviate the restrictions in eggplant
breeding programs caused by the limited genetic background through creating interspecific crosses was
established as the main goal. In total, nine species chosen among the wild relatives of eggplant were
crossed with two inbred lines developed from Solanum melongena L. Hybrid seed was available only in
five crosses. Just, 38 lines developed in F4 stage from Solanum insanum. These lines were examined
morphologically by using 27 descriptors. The data was analyzed by NTSYSpc: Numerical Taxonomy and
Multivariate Analysis System (Version 2.0) program for understanding their phylogenetic relationship. A
high variance changing in between 27% and 97% was observed among them. This result showed that they
have good potentials to be used in breeding programs.
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Introduction

Eggplant is one of the most valuable vegetables highly consumed in populated
countries like India, China, Indonesia, Japan, the Philippines, in Asian countries, also in
European and African countries (Frary et al., 2007; Looney, 2016). It has rich contents of
minerals, antioxidants, fiber and vitamins (Kalloo, 1993; Scorsatto et al., 2017), which
makes it suitable for human nutrition. Its production quantity is increasing year by year in
the world. A significant part of commercialized eggplant F1 hybrid varieties have black
color fruits and they are quite similar to each other (Mufioz Falcon et al., 2009). The
breeder's genetic resource capacities and variants have become decreased because the
gene pools used in breeding programs have been focused to develop F1 varieties that are
indistinguishable from one another. Furthermore, the wide-spreading use of these
commercial varieties pose a risk to the extinct of genetic diversity in a long term period
(Cericola et al., 2013). Another problem faced by the breeders is that these commercial
varieties are susceptible to biotic and abiotic stress factors (Rotino et al., 2014; Kacjan
Marsic¢ et al., 2014). In recent years, several studies have been launched to overcome of
these problems. Eggplant's wild relatives have given opportunity to provide the
enrichment of genetic diversity, improve resistance to biotic and abiotic stress factors and
develop nutritional quality (Rotino et al., 2014; Syfert et al., 2016).

The studies on genetic relationship of eggplant wild relatives in genomic levels
demonstrated their potential breeding values. The genetic diversity were determined among
the eggplants including the usage of SSR marker systems. The close genetic relationship
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were revealed among S. anguvi and S. aethiopicum. Moreover S. melongena and S.
aethiopicum showed high similarity. S. macrocarpon showed less genetic similarity. S.
linnaeanum showed a close genetic relationship with S. aethiopicum compared with other
species (Tiumbilen et al., 2011). Constructed genetic map to found out phylogenetic
relationship by using AFLPs markers has been revealed that Asian plants indicated one
species S. insanum (S. incanum+S. undatum) as their ancestors. Another valuable wild
relative of eggplant is S. incanum which is being used in eggplant breeding programmes for
developing ILs against drought resistance. Also S. linnaeanum can be good resource for
breeding programs regarding bacterial wilt resistance (Knapp et al., 2013). According to
transcriptome analysis, the S. aethiopicum accession has higly intraspecific polymorphisms
compared with S. incanum. But these African eggplants have limited potential for breeding
programs in contrast to previous studies (Gramazio et al., 2016). An investigation result on
gene divergence between wild and domesticated eggplants clearly showed that S.
aethiopicum and S. integrifolium from section Oliganthes were placed in the same clade,
but S. sisymbriifolium in the Sisymbriifolium clade was in the most distant clade from the
cultivated eggplant on the generated phylogenetic tree (Wei et al., 2019).

Although eggplant has a large number and valuable of wild relatives, most of them has
not been fully evaluated in breeding programs due to sexual barriers encountered during
the interspecific crosses (Sihachakr et al., 1994). For example, it was declared that S.
melongena were crossed with 19 well known relatives and fertile hybrids have been
obtained only from four wild relatives’ (S. incanum, S. linneanum, S. macrocarpon, and
S. aethiopicum) crosses (Daunay and Lester, 1989). S. aethiopicumL. and S.
macrocarpon L. have been the most remarkable species for the breeders (Daunay et al.,
2019). Also, an inbred line successfully produced through interspecific hybridization from
S. linneanum to ensure resistance against Verticillium wilt has been reported (Liu et al.,
2015). BC and F2 progenies, having high phenolic content that are the health-beneficial
compounds, obtained from hybridization of S. melongena and S. incanum have been
evidence for genetic progress (Prohens et al., 2013). Despite all these successes obtained
in interspecific hybridization of wild species and cultivar form of eggplant so far, the use
of outputs is limited in the breeding program in practice. There is still no available
commercial eggplant cultivar has been improved by using its wild relatives excepting
rootstocks (Plazas et al., 2016). So there is still a need for further studies achieving gene
pool having high genetic variability that can be useful for intense and public breeding
programs from these precious resources.

The aim of this work is to develop more distant inbred lines in eggplant by taking
advantage of its ancestors and contribute to increase genetic diversity which is the most
important factor in increasing the success of breeding programs.

Materials and methods

Totally nine wild relatives and two inbred lines of Solanum melongena were used in the
study. All the plant materials belonging to the wild relatives of eggplant were provided
from INRA, in the Unit of Genetics and Breeding of Fruits and Vegetable, Avignon,
France, by a senior researcher, Daunay, M. C. The inbred lines P45 and P5/2, having high
General Combining Ability, were developed in a breeding program carried out Bati
Akdeniz Agricultural Research Institute (BATEM) Antalya, Turkey. The detailed
information about plant materials code, species name and origin used in the study were
given in Table 1.
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Table 1. The plant materials code, species hame and origin used in the study

Code Species name Origin of materials
MM132 S. macrocarpon L. INRA, France
MM195 S. linnaeanum Hepper & Jaeger INRA, France
MM232 S. aethiopicum L. Group Gilo INRA, France
MM497 S. violaceum Ort. INRA, France
MM511 S. virginianum L. INRA, France
MM684 S. incanum L. group C INRA, France
MM1602 S. viarum Dunal INRA, France
MM1689 S. anguivi Lam. INRA, France
MM510 S. insanum (S. melongena L. group E) INRA, France

P45 S. melongena L. (inbred line) BATEM, Turkey

P5/2 S. melongena L. (inbred line) BATEM, Turkey

The plants of study were grown under glasshouse conditions. Two inbred lines (P45
and P5/2) belonging to S. melongena used as females were crossed with nine wild
relatives of eggplant. The fertile F1 hybrids obtained from interspecific cross were
selfed to produce F2 plants. The most fertile F2 plants were selected to construct lines
and F3 to F4 progenies were raised from initial P45 x S. insanum and P5/2 x S. insanum
crosses. Totally 38 lines in F4 stage were generated. These lines morphology-based
phylogenies were examined with 27 descriptors selected from UPOV (Union of Plant
Variety), IPGRI (International Plant Genetic Research Institution) and experiences of
breeder (Table 2).

Table 2. The traits, descriptors and score range used in observation for inbred lines

generated from interspecific hybridization of S. melongena (P45) and S. insanum

Traits Description and Score range
Plant habitat 1=Open, 3=Bushy
Plant height 1=Long, 3=Intermediate, 5=Short

Stem thickness
Stem hairiness
Stem color
Shoot tip color
Length of internodes
Leaf color
Leaf size
Leaf hairiness
Presence of spine on petiole
Bud size
Bud hairiness
Presence of spine on bud
Flower color
Flower size
Fruit shape
Fruit color
Fruit length (cm)
Fruit diameter (cm)
Average fruit weight (g)
Fruit flesh color
Fruit end shape
Fruit groove
Calyx size
Presence of seed in fruit
Seed mature

1=Thick, 3=Intermediate, 5=Thin
1=Dense, 3=Intermediate, 5=Tenuous
1=Grayish-green, 3=Green, 5=Green-purple 7=Purple
1=Grayish-green, 3=Green, 5=Green-purple 7=Purple
1=Long, 3=Intermediate, 5=Short
1=Green, 3= Light green, 5= Dark green
1=Large, 3=Intermediate, 5=Small
1=Dense, 3=Intermediate, 5=Tenuous
1=Many, 3=Intermediate, 5=Few, 7=Absent
1=Large, 3=Intermediate, 5=Small
1=Dense, 3=Intermediate, 5=Tenuous, 7=Absent
1=Many, 3=Intermediate, 5=Few, 7=Absent
1=Light purple, 3=Purple, 5=Dark purple, 7=White
1=Large, 3=Intermediate, 5=Small
1=Long, 3=Intermediate, 5=Short, 7=0Ovoid, 9=Pear shaped
1=Light purple, 3=Purple, 5=Green
1=2-3, 3=4-5, 5=6-7, 7=8-9
1=5-7, 3=8-10, 5=11-13, 7=14-16
1=9-34,3= 35-60, 5=61-86, 7=87-112, 9=113-138, 11=139-164
1=Greenish-cream, 3=Green, 5=White
1= Round, 3=Pointed, 5=Flat
1=Present, 3=Absent
1=Large, 3=Intermediate, 5=Small
1=Absent, 3=0One or two, 5=Few, 7=Intermediate, 9=Many
1=Absent, 3=Immature, 5=Mature, 7=Imbibed mature seeds
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Descriptions and score range were modified from UPOV and IPGRI eggplant
descriptors. The characteristics were scored according to and compared with recognized
cultivar S. melongena cv. Long Purple. All observations determined by measurement or
counting were made on 10 plants or parts taken from each of 10 plants. Numerical data
regarding fruit characteristics for each line were collected from ten harvested fruits.

The relationship among inbred lines was investigated by the technique of UPGMA,
the clustering procedure was carried out using NTSYS-PC version 2.2 (Rohlf, 1998).
Through the utilization of clustering technigue UPGMA via SHAN module, the
dendrograms were created. The cophenetic correlation coefficient was determined with
the Mantel technique so as to assess the clustering effectiveness.

Results and discussion

The F1 hybrids from some interspecific crosses between the inbred lines and wild
species were produced to create novel diversity that is peculiar to wild species. Only
five interspecific hybrids were attained from crosses between P45 which is a parental
line and S. macrocarpon, S. linnaeanum, S. aethiopicum, S. incanum and S. incanum
among the nine species were tested in the study. Also, P5/2 produced just four hybrids
from S. macrocarpon, S. linnaeanum, S. incanum and S. incanum crosses. However,
interspecific F1 hybrid of S. aethiopicum was unfertile. The interspecific hybridization
between inbred lines and S. violaceum, S. virginianum and S. anguvi were unsuccessful
(Table 3). Some hybrids and their parents obtained from S. melongena (P45) x
S.incanum, S. melongena (P45) x S. macrocarpon, S. melongena (P45) x S. insanum,
S. melongena (P5/2) x S. insanum crossing are shown in Fig. 1.

= ‘ e i

Figure 1. Some hybrids and their parents obtained from crosses of S. melongena (P45) x S.
incanum (a), S. melongena (P45) x S. macrocarpon (b), S. melongena (P45) x S. insanum (c), S.
melongena (P5/2) x S. insanum (d)
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X S. S. S. S. S. S. S. S. S. melongena S. melongena
macrocarpon  linnaeanum  aethiopicum violaceum insanum virginianum incanum anguvi
S. +*
macrocarpon
S. linnaeanum +
S. aethiopicum +
S. violaceum +
S. insanum +
S. virginianum -
S. incanum +
S. anguvi -
S. m(eFl)Zg;Jena + + + - + - + -
S. m(glg/r;g);ena + + ek i + ) + i

*: Successful crosses, F1 hybrids were obtained (+), **: Unsuccessful crosses, F1 hybrid were not obtained because of sexual barriers (-)
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The production of F2 generation plants were realized by hand pollination of F1
plants obtained from only three crosses performed among P45 and three wild relatives
(S. macrocarpon, S. incanum and S. insanum) and P5/2 x S. insanum. Only, the
progenies derived from inbred lines (P45 and P5/2) and S. insanum crosses were
appropriated to sustain of F4 generations having desirable morphologic characters. 38
inbred lines in F4 stage were produced from YAB3-YAB15: P45 x S. insanum,
YAB7-YAB16: P5/2 x S. insanum crosses. The other progenies generated from
S. macrocarpon and S. incanum showed inconvenient characteristic specials sourced
from recombination. And they were not sustainable for breeding studies. These findings
were consistent with some results presented in previous studies, but not with the others.
Schaff et al. (1982) reported that the fertile F1 and F2 plants have been produced from
S. melongena x S. macrocarpon crosses where as the F1 hybrids could be obtained after
embryo rescue from S. melongena x S. aethiopicum and S. melongena x S. insanum.
S. melongena x S. gilo produced only sterile F1 hybrids. Also, the producing fertile
hybrid from S. macrocarpon was notified by Kashyap (2002). In another study, Bletsos
et al. (2004) obtained success from one cross among three crosses of S. melongena and
S. macrocarpon. They stated that the female genotype plays a major effect on the
success of interspecific cross. Similarly, we detected maternal effect in our study. For
example, although P45 produced F1 hybrid in hybridization with S. aethiopicum but
P5/2 did not show good performance in hybridization. This means that crossability of
P45 with wild relatives can be sourced from its ancestor genes in the background.
Additionally, F1 hybrids produced from crosses P5/2 and two wild relatives of eggplant
(S. macrocarpon, S. incanum) had ungerminated seeds. In other study, Gowda et al.
(1990) claimed contrarily that the interspecific cross of S. macrocarpon produce sterile
hybrids due to the ovule abortion. It has been reported by Schaff et al. (1982) that the
subsequent progenies were limited due to the recombination effect observed in the
formation of F2 produced from S. macrocarpon hybrids. Taher et al. (2017) also
mentioned translocation formation during meiosis in plants. Davidar et al. (2015) found
out that the interspecific cross between S. insanum and eggplant cultivars by hand
pollination had low fruit set. However, Prohens et al. (2013) informed that the highly
valuable BC1P2 plants have been developed from S. incanum for phenolic compound
improvement of functional quality. In another study, a new wild genepool consructed
from interspecific cross of S. melongena and S. elaeagnifolium. This genepool carries to
BC1 generation had intermediate attribute according to their parents and it is quite
valuable for eggplant breeding, as it was reported by Garcia-Fortea et al. (2019).
Furthermore, Kouassi et al. (2016) have made interspecific cross between six eggplant
varieties and 10 accessions of wild relatives. They obtained 44 interspecific hybrids S.
insanum, S. anguivi, S. dasyphyllum, S. incanum, S. lichtensteinii, and S. tomentosum.
The first backcross generations from crosses with hybrids between S. melongena and S.
insanum had been achieved. Identically, the most efficient wild relative of eggplant was
S. insanum in our study.

Using morphologic descriptors, the phylogenetic relationships among 38 inbred lines
were revealed. While 24 of the 27 criteria used revealed the morphological differences
among the inbred lines, 3 criteria regarding stem, shoot tip and leaf color did not affect
the separation of the lines. The eigenvalue was 92% for 5 determinants. Mantel t-test
values were approximately t =6.5842, p =1.0000 for the 2-way technique of Mantel Test
(Mantel, 1967). Matrix correlation (r) was 0.87 (as normalized Mantel Z-Statistic) and
this value was in acceptable levels. The r value verified a significant relationship
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between genetic distance matrices. The graph created from comparison of similarity
matrices contains points indicating high correlation (Fig. 2).
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Figure 2. The correlation between the genetic distance matrices constructed from
morphological data of F4 inbred lines improved from interspecific cross between S. melongena
and S. insanum using Mantel tests

The dendrogram was formed with matrices of distance by following the unweighted
pair group technique with arithmetic means (UPGMA) for phylogenetic examination
(Fig. 3). The rates of similarity in accordance with inbred lines’ coefficient similarity
varied between 0.27 and 0.97. Following the UPGMA method, the lines in F4 stage
generated from interspecific crosses were divided into 2 primary groups. One inbred
line formed the first group (A). This line was considerably distinct compared to all other
inbred line genotypes. 37 inbred lines as a majority formed the second group (B) and
they were once again divided into 2 different subgroups. The first subgroup (C)
consisted of four inbred lines that were developed from P45 x S. insanum. The greatest
similarity was discovered in the 2" subgroup (D). The inbred lines of YAB 16/9-3 and
YAB 16/9-4 which belonged to the 2nd subgroup demonstrated high genetic similarity
with 97% similarity rate. Although, YAB3/1-4 and YAB3/1-6 were developed from
same the crosses, they had the furthest genetic distance (27% similarity rate). It was
observed in the dendrogram that the lines developed from both sources were dispersed
scatter inside each other. The lines which were developed from both sources did not
show a significant distribution amongst themselves. The appearance regarding fruit
characteristics of some lines in F4 stage are given in Figure 4.

Similarity rates in other studies related to intercrosses of eggplant wild relatives are
as follows. Kaushik et al. (2018) evaluated 45 hybrids that were generated from inbred
S. melongena and S. insanum intercrosses by using 14 morphological and agronomic
descriptors. A broad range of genetic diversity among these genotypes was also founded
by them. S. melongena consisting eighty-eight accessions, and four wild relatives
(S. insanum, S. incanum, S. integrifolium and S. sysimbriifolium) have been examined to
determine genetic similarity by using molecular markers. The lowest and highest
similarity rate was found to be as 0.47 and 0.67, respectively (Behera et al., 2006).
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Likewise, Karihaloo et al. detected in both molecular (1995a) and enzyme
electrophoretic (1995b) studies that the similarity rate of S. melongena and S. insanum
iIs more than 91%. In contrast, the similarity rate changed in between 0.27 and 0.97 in
our findings and the genetic diversity had considerably high values.
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Figure 3. Dendrogram generated based morphological data of 38 inbred lines (YAB3-YAB15:
P45 x S. insanum, YAB7-YAB16: P5/2 x S. insanum) using the Underweighted Pair-Group
Method with Arithmetic Mean cluster analysis of DICE (1945) genetic similarity coefficients

YAB16/8-3 YAB15/5-3 YAB3/1-6

YAB7/7-2 YAB7/10-4 YAB3/1-4

Figure 4. The appearance regarding fruit characteristics of some lines (YAB3-YAB15:P45 x S.
insanum, YAB7-YAB16: P5/2 x S. insanum) in F4 stage
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It was specified by Kaushik (2019) that S. insanum which was used as a tester for
observing specific combining ability (SCA) and general combining ability (GCA)
components effects and heterosis rates was a better tester for important morphological
features. Although Solanum insanum L., natural plant of Asia and Africa, carried great
potential for breeding studies, it has not paid enough attention by the breeders. Because
of having great potential to cross with eggplant cultivar forms, more effort is needed to
use it in breeding programs (Ranil et al., 2017).

Conclusion

This study yielded a first report related on genetic diversity of inbred lines developed
in interspecific hybridization. Solanum insanum, ancestor of Solanum melongena, was
identified as a good source for emerging survival next generations of inbred lines. It was
defined that these lines carried F4 stage had a wide diversity in point of morphologic
characters, carried biotic/abiotic stress resistance and being a good source for improving
new eggplant variety that shows multiple resistance against some important stress
factors. Since the success of these interspecific hybridization programs are highly
dependent upon the parents used, a serious effort should be required on new
interspecific crosses by using different female parents.

In conclusion, eggplant successful hybridized with S. insanum. Integrossion of
ancestor genes to the cultivar form provided increase of genetic diversity. The
developed lines from the S. insanum can contribute to develop commecial variety
because they have the desired features like purple-colored fruit, without prickles plants
etc. Our results may be relevant for the breeders and contibute to the enhancement of
eggplant gene pool.
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