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ABSTRACT

Commercial varieties of eggplant, Solanummelongena, are vulnerable to future challenges related to the effects of climate change. It is
therefore important to provide plant breeders and farmers with plant material that can meet these new challenges by exploiting some of
the natural abilities of wild relatives. The aim of this study was to appreciate the transmissibility of interesting traits to the descendants
by evaluating the agro-morphologic diversity of 8 accessions of S. melongena, 8 accessions of 6 wild or cultivated relatives and 36
interspecific progenies. Mean values of agro-morphologic traits revealed heterosis effects for vegetative growth characteristics in
interspecific hybrids between S. melongena and wild relatives. A Principle Component Analysis identified three morpho-groups that
discriminate S. insanum, S. anguivi and S. dasyphyllum, the respective wild ancestors of the three main cultivated eggplant species, S.
melongena, S. aethiopicum and S. macrocarpon. In addition, interspecific hybrids belong to the same morpho-groups as the wild
parental accessions, which could therefore carry dominant alleles of genes controlling the expression of these agro-morphologic traits.
In general, fertile interspecific hybrids have values of production characteristics intermediate between those of parental accessions,
suggesting the involvement of genes with additive effects in the expression of these traits.

General Terms: Plant Genetic Resources, Plant breeding, Genetics

Keywords: Solanummelongena, wild relatives, interspecific hybrids, agro-morphologic diversity

1. INTRODUCTION

Eggplant (Solanummelongena L.) is a vegetable plant belonging to the subgenus Leptostemonum. This subgenus is a multi-
species complex of the Solanaceae family with about 450 species [1, 2]. The three main cultivated species of this subgenus are
Solanummelongena, Solanumaethiopicum and Solanummacrocarpon. Among the cultivated Solanaceae species belonging to the
subgenus Leptostemonum, S. melongena is the largest and most widespread worldwide. This species is mainly grown for its fruits that
are eaten as vegetables in different parts of the world [3]. It is an important crop, especially in the tropical and subtropical regions of
the world. According to the statistics of the United Nations Food and Agriculture Organization (FAO), in 2016, world production of S.
melongena was estimated at about 51.3 million tonnes and it was the third most important cultivated species of Solanaceae after
potato, Solanumtuberosum, and tomato, Solanumlycopersicum[4].

This importance of eggplant faces many problems related to its cultivation. Indeed, commercial eggplant varieties have a
narrow genetic base. This reduces the choice of genotypes involved in breeding programs and renders commercial varieties of
eggplant, created by research programs, vulnerable to biotic and abiotic stresses [5,6, 7].

The use of interspecific hybridization between S. melongena and species belonging to the different gene pools allowed the
introgression of several genes of agronomic interest in S. melongena leading to the widening of the genetic variability within the
species. Earlier work on interspecific hybridization within the subgenus Leptostemonum has resulted in hybrids between S. melongena
and other cultivated species, S. macrocarpon and S. aethiopicum[8, 9, 10], as between S. melongena and many wild species of the
same subgenus [11,12, 13].

So far, agro-morphologic characteristics of interspecific hybrids between S. melongena and the wild relatives S. insanum, S.
anguivi, S. dasyphyllum, S. linneanum and S. tomentosum in agro-climatic conditions of Ivory Coast are not yet reported. The objective
of this study is to determine the agro-morphologic diversity of interspecific hybrids and parental accessions in Cote d'lvoire in order to
appreciate the transmissibility of traits of interest to the descendants.

2. MATERIAL AND METHODS
2.1 Plant Material

The plant material consists of:

a) 8 accessions of S. melongena originating from Cote d'lvoire (M1, M2, M3), Sri Lanka (M4, M5, M6, M9) and South East
of Asia (M7). These accessions represent the existing diversity within S. melongena. Indeed, the 3 accessions originating from Cote
d'lvoire belong to the "western" genetic group while the 5 accessions originating from Sri Lanka and South East of Asia belong to the
"eastern"” genetic group [14, 15].

b) 8 accessions of 6 wild or cultivated relatives of S. melongena belonging to the primary and secondary gene pools. These
are, for the primary gene pool, 2 accessions of the species S. insanum (IS1 and 1S2) and, for the secondary gene pool, 1 accession of S.
aethiopicum, (AT1), 2 accessions of S. anguivi (AG1 and AG2), 1 accession of S. dasyphyllum (DS1), 1 accession of S. linneanum
(LN1) and 1 accession of S. tomentosum (TM1) (Table 1).
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c) 36 interspecific hybrid (F1) progenies including 15 obtained with the accessions IS1, IS2 and 1S3 of S. insanum, 8 with
the accessions AG1 and AG2 of S. anguivi, with the accession DS1 of S. dasyphyllum, 3 with the accession AT1 of S. aethiopicum, 3
with the accession TM1 of S. tomentosum and 2 with the accession LN1 of S. linnaeanum (Table 2). Hybridizations were performed
using accessions of S. melongena, primarily, as female parents and, secondarily, as male parents in cases where it was difficult to
obtain fruits with the first crosses.

Table 1: Origin and code of parental accessions used for the interspecific hybridizations.

Gene pool Species Statut Accession Code Accession origin
BBS-118/B M1 Cote d’Ivoire
BBS-146 M2 Cote d’Ivoire
BBS-175 M3 Cote d’Ivoire
S. melongena cultivated 7145 M4 Sr! Lanka
8104 M5 Sri Lanka
Ampara M6 Sri Lanka
Kermit M7 South East Asia (Commercial variety)
Jeffna Special M9 Sri Lanka (Commercial variety)
Primary gene pool  S.insanum wild SLKINS-1 IS1 Sri Lanka
MM 498 1S3 Japon
S anguivi wild BBS 119 AG1 Cote d’Ivoire
BBS 125/B AG2 Cote d’Ivoire
Secondary gene S. dasyphyllum wild MM 1153 Ds1 Ouganda
pool S. aethiopicum cultivated Aub21NB AT1 Cote d’Ivoire (Commercial variety)
S. linneanum wild JPT0028 LN1 Spain
S tomentosum wild MM 992 T™M1 South Africa

Table 2: Parental accessions and their respectives interspecific hybrid progenies

males

151 153 AGI AG2 DSl AT1 M1 A3 M5 M6 TMMI
female:

M1 MixIS1 MIxIS3 MIxAGI - - -
M2 M2xI51 - M2xAGLI M2xAG2Z M2xDS51 - - - - - M2 xTMI1

M3 M3 xI51 - M3 x AGL - M3z D51 - - - - - -
M4 M4xIS] M4xIS3 M4xAGL - - M4 x ATI - - - - -
M5 M5xIS1 M5xIS3 MIxAGI MizxAG2 M3ixDS1 - - - - - -
M4 M6xIS1 M6xIS3 MéxAGL - M6 x D51 - - - - - -
M7 M7xIS1 M7=xIS3 - - - M7 xAT1 - - - - -
M9 - MO xIS3 - - MOxDS1 MOxATI - - - - -
153 - - - - - - - IS3x M3 - 183 x Mé -
LN1 - - - - - LNI1 = MI - - LNI1 x M6 -
Tl - - - - - - - Tl xM3  TMI x M3 - -

2.2 Planting and Growing Conditions

Parental accessions and F1 hybrids were planted in 2015 during the main rainy season, in an experimental plot of the
National Center for Agronomic Research (CNRA) of Cote d'lvoire, located in Yopougon / Adiopodoumé, 17 km from Abidjan city
center. The geographic coordinates of the plot are 5° 19' 516" N and 004° 08' 206" W with an altitude of 37 m.

45-day-old seedlings were planted in a completely randomized design with spacing of 1.5 m between lines and 1 m between
plants on the same line. Pesticides (fungicide and insecticide) were applied to plants when pest attacks were observed. Fertilization
was carried out with NPK 12-22-22 fertilizer at a rate of 25 g per plant per month.
2.3 Measurement of Agro-morphologic Traits

Plants were characterised using 15 agro-morphologic traits among eggplant descriptors’, including 7 traits related to
vegetative growth and 8 traits related to production [16](Table 3). Vegetative growth characteristics were measured at early blooming
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stage. Floral traits were evaluated on 3 to 4 randomly selected inflorescences per plant. When the inflorescence consists of more than 3
flowers, stamens were counted on 3 flowers also chosen at random. The characteristics of the fruits were measured on 3 to 4 fruits per
plant.

Table 3: Phenotypic descriptors used for agromorphologic characterization of parental accessions and interspecific

hybrid offsprings.
N° Descriptor Unity (1S) Code Type of descriptor
1 Plant Height cm PLHE
2 Plant Canopy Width cm PLWI
3 Ramification Index — RAM
4 Limb Length cm LILE Vegetative Growth
5 Limb Width cm LIWI
6 Petiole Length cm PELE
7 Petiole Width mm PEWI
8 Number of Flowers/Inflorescence — NFLIN
9 Number of stamens — NBST
10 Fruit Length cm FRLE
11 Fruit Width cm FRWI .
12 Fruit Pedicel Length cm FRPL PN,
13 Fruit Pedicel Thickness mm FRPT
14 Number of Fruits/Infructescence — NFRIN
15 Fruit Weight g FRWE

IS : International System

2.4 Data Analysis

Variations of quantitative traits were estimated from the basic statistics: phenotypic mean values, standard deviation and
coefficient of variation. The values of each quantitative trait were subjected to an analysis of variance (ANOVA) by considering the
groups consisting respectively of accessions of S. melongena, accessions of wild and cultivated relatives and F1 hybrid descendants.
Phenotypic mean values of the groups were compared using Duncan's Multiple Range Test, with a significance level set to 5%.

The phenotypic diversity of accessions of S. melongena, accessions of wild and cultivated relatives and their interspecific
hybrid progenies was structured using a Principal Component Analysis (PCA). Relevant descriptors and factorial axes of the PCA
were chosen based on coefficients of correlation and quality of representation, on the one hand, and on Kaiser's criterion, on the other
hand. These statistical analyses were performed using the Microsoft Office Excel 2013 and IBM SPSS Statistics 22.0 software. (IBM
Corp. Armonk, NY, USA).

3. RESULTS

3.1 Comparison of Agro-morphologic Traits of Parental Accessions and Their Interspecific
Hybrid Progenies.

Significant differences were observed between accessions of eggplant, S. melongena, and those of related species both for
vegetative growth traits and production traits (Table 4). Although plant canopy width (CAWI) of S. melongena are on average larger
than those of wild relatives, the two groups of parental accessions were not significantly different for plant height (PLHE) and
ramification index (RAM). Except limb width (LIWI) for which the two groups of parental accessions did not differ significantly,
values of all other characteristics of the leaves were significantly higher for accessions of S. melongena(Table 4).

Regarding production characteristics, accessions of wild relatives produced significantly more flowers per inflorescence
(NFLIN) than accessions of S. melongena. The number of stamens per flower (NBST) was, however, higher for accessions of S.
melongena (Table 4). Except the number of fruits by infructescence (NFRIN) for which mean values of the two groups of parental
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accessions were statistically similar, mean values of all the other fruit characteristics were significantly higher for accessions of S.
melongena (Table 4).

On the whole, interspecific hybrids exhibited higher values of vegetative growth characteristics than cultivated and wild
relative parental accessions. However, petiole length (PELE) of the hybrids was smaller than that of the accessionsof S. melongena and
it was not significantly different from that of the accessions of wild relative species. In addition, petiole thickness (PETH) of S.
melongena accessions was similar to that of interspecific hybrids and higher than those of wild relative parental accessions (Table 4).

For production characteristics, mean values of hybrid progenies were generally intermediate between those of accessions of
S. melongena and wild relatives (Table 4). However, there was no significant difference between interspecific hybrids and accessions
of S. melongena for number of flowers per inflorescence (NBIN) and fruit width (FRWI). There was also no significant difference
between hybrids and wild relative parental accessions for the number of fruits by infructescence (NFRIN) (Table 4).

.Table 4: Means values, standard deviations and coefficients of variation of 15 agro-morphologic traits scored in
field condition in Cdte d'lvoire for some accessions of S. melongena, wild and cultivated relatives
and interspecific F1 hybrid progenies

traits S. melongena Wild relatives Interspecific F1 Hybrids F p

(N = 41) (N = 36) (120 <N < 170)

Mean = SD CV (%) Mean+SD CV (%) Mean+SD CV (%)
PLHE 75.85+15.85° 20.89  76.83+29.57° 3849  93.78+28.15*  30.02 11.31  0.000
PLWI 128.84 +17.31° 13.44 100.07 £28.47° 28.45 14557 £31.63° 21.73 37.36 0.000
RAM 5.73 +0.98° 14.62 6.16 + 4.03° 46.40 7.20 +2.45° 34.60 18.74 0.000
LILE 24.57 + 4.06° 16.4 20.74 +7.91° 37.40 26.79 + 6.26° 26.26 22.707  0.000
LIWI 17.20 +2.88° 16.75 15.98 +5.63" 34.78 21.21 +5.40° 29.88 28.54 0.000
PELE 10.15 £ 2.772 26.38 7.91 +355° 4591 9.20 £2.33° 29.79 6.83 0.001
PEWI 5.63+1.12° 19.97 431 +1.25° 26.65 5.49 +1.37° 27.65 20.11 0.000
NFLIN 2.85+0.65" 2293  5.39+3.03° 56.16  4.72 +2.35% 49.66 1425  0.000
NBST 5.88 +0.81% 13.82  5.19+0.40° 7.73 5.39 £ 0.49" 9.07 17.69  0.000
FRLE 11.89 +£4.00° 33.65 2.97 +1.57° 52.82 5.27 + 4.45° 84.40 56.89 0.000
FRWI 6.12 +1.61% 26.25 3.31+2.06° 62.23 3.86£1.74° 45.01 30.59 0.000
FRPL 5.73+1.61% 20.81 2.06 +0.85° 41.32 3.16+1.24° 39.37 106.48 0.000
FRPT 10.23 £ 2.42° 23.65 474 £1.71° 37.28 6.01 +3.36 56.05 61.08 0.000
NFRIN 1.15 +0.42° 36.81 2.08+1.18% 56.65 1.24 +0.62° 50.07 21.27 0.000
FRWE 163.35 £52.02° 31.85 29.32 +21.27° 89.52 52.65 + 50.72° 93.54 121.18 0.000

Mean: Average; SD: Standard Deviation; CV: Coefficient of Variation; N: number of records; F: statistic associated with the
Fisher test; p: probability value associated with the Fisher test. For each agro-morphologic trait, mean values followed by the
same letter are not significantly different according to Duncan's Multiple Range Test, with a significance level set to 5%.

3.2 Structure of Agro-morphologic Diversity of Parental Accessions and Interspecific Hybrid
progenies

The Principal Component Analysis (PCA) performed with mean values of agro-morphologic characteristics of the different
parental accessions and their interspecific hybrid descendants revealed 3 main components that explained 78.82% of the total variance.
Components 1, 2, and 3 accounted, respectively, for 48.98%, 21.58%, and 8.27% of the total variance (Table 5).

The first component was negatively correlated to ramification index (RAM: r = -0.68), and to the number of fruits per
infructescence (NFRIN: r = -0.66). This first component was also positively correlated to production characteristics such as fruit
weight (FRWE: r = 0.89), fruit pedicel length (FRPL: r = 0.88), fruit width (FRWI: r = 0, 86), fruit length (FRLE: r = 0.85), fruit
pedicel thickness (FRPT: r = 0.76) and number of stamens per flower (NBST: r = 0.74). The first component was furthermore
positively correlated to leaf characteristics such as petiole thickness (PETH), petiole length (PELE: r = 0.69), limb length (LILE, 0.68),
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and Limb width (LIWI: r = 0.59). Since the highest correlation coefficients concern fruit characteristics, the first component explains
mainly the variability of production characteristics (Table 6)

The second component was positively correlated to plant height (PLHE: r = 0.87), limb width (LIWI: r = 0.75), number of
flowers per inflorescence (NFLIN: r = 0.66), and plant canopy diameter (CADI: r = 0.51) (Table 6). This component reflects mainly
variability of vegetative growth characteristics.

Table 5: Eigen values and proportions of variation explained by the first three factorial components of the principal
component analysis.

Component 1 Component 2 Component 3
Eigen values 7.346 3.236 1.240
Variance explained (%) 48.976 21.576 8.265
Cumulated Variance (%) 48.976 70.552 78.817

Tableau 6: Correlation coefficients between the 15 agro-morphologic traits and the first three factorial components of
the principal components analysis.

Components

Traits 1 2 3

PLHE 0.35 0.87 0.006
PLWI 0.20 0.51 -0.76
RAM -0.68 -0.30 0.33
LILE 0.68 -0.30 0.33
LIWI 0.59 0.75 0.23
PELE 0.69 -0.19 0.04
PEWI 0.76 0.43 0.43
NFLIN -0.43 0.66 -0.07
NBST 0.74 -0.20 0.15
FRLE 0.85 -0.25 0.05
FRWI 0.86 -0.27 -0.07
FRPL 0.88 -0.26 -0.06
FRPT 0.85 -0.34 -0.07
NFRIN -0.66 0.05 0.47
FRWE 0.89 -0.28 0.06

In bold font, the correlation coefficients, greater than 0.5, in absolute value, between agro-morphologic traits and factorial
components of the principal component analysis

The third component was negatively correlated to plant canopy width (PLWI: r = -0.76) (Table 6). Thus we analysed agro-
morphologic diversity based on the projections of traits and individuals in the factorial space formed by the components 1 and 2 which
account for 70.56% of the observed variability.

The projection of parental accessions and hybrids descendants in the factorial space formed by the components 1 and 2
distinguished 3 groups (Figure 1). Group 1 consisted of accessions M1, M2, M3, M4, M5, M6, M7 and M9 of S. melongena as well as
accessions IS1 and 1S3 of S. insanum, which is a wild relative from the primary gene pool. The different interspecific hybrids “S.
melongena X S. insanum” (M1 x 1S1, M1 x 1S3, M2 x IS1, M3 x IS1, M4 x I1S1, M4 x 1S3, M5 x 1S1, M5 x IS3, M6 x IS1, M6 x 1S3,
M7 x 1S1, M7 x 1S3, M9 x IS3, 1S3 x M3 and 1S3 x M6) are also included in this group. These parental accessions and their
interspecific hybrid offspring produced a low fruit number per infructescence and mean values ranging from medium to high for fruit
characteristics. These plants are also characterized by a relative weak vegetative growth (Figure 1).

Group 2 is composed of accessions AG1 and AG2 of S. anguivi, AT1 of S. aethiopicum, LN1 of S. linneanum and TM1 of S.
tomentosum, which are wild relatives belonging to the secondary gene pool, and their respective interspecific hybrid descendants ( M1
x AG1, M2 x AG1, M3 x AG1, M4 x AG1, M5 x AG1, M6 x AG1, M2 x AG2, M5 x AG2, M4 x AT1, M7 x AT1, M9 x AT1, LN1 x
M1, LN1 x M6, TM1 x M3, TM1 x M5, M2 x TM1). This group is much more heterogeneous with plants characterized by large
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numbers of flowers per inflorescence and fruits per infructescence and high ramification indexes. The plants in this group also produce
small fruits and have a wide range of values for vegetative growth characteristics (Figure 1).

Group 3 is formed by the accession DS1 of S. dasyphyllum and its interspecific hybrid descendants M2 x DS1, M3 x DS1,
M5 x DS1, M6 x DS1 and M9 x DS1. This group is characterized by plants with high vegetative growth and a large number of flowers
per inflorescence. In this group, interspecific hybrids were not characterized by fruit parameters as none of them produced fruits. Thus,
when considering separately the projection of S. dasyphyllum and that of its interspecific hybrid descendants, it appears that this wild
relativeis close to the accessions belonging to the group 2. Interspecific hybrid descendants of S. dasyphyllum, on the other hand, are
much better positioned relatively to the component 2 explaining the variability of vegetative growth characteristics (Figure 1). Groups
2 and 3 could therefore be subgroups of the same group.

4. DISCUSSION

There is a great genetic diversity in wild relatives, compared to eggplant, S. melongena, accessions [17, 18, 19].These wild
relatives harbour relevant traits as resistance to many pathogens in species such as S. aethiopicum, S. anguivi, S. linnaeanum, S.
violaceum and S. torvum, etc. [9, 20, 21] high content of bioactive phenolic acids in species such as S. dasyphyllum, S. incanum, etc.
[22]. These species also have a wide range of habitats and distribution worldwide and are extremely variable, suggesting that traits of
interest can be introgressed in eggplant for breeding purpose.
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Figure 1: Distribution of accessions of eggplant, Solanummelongena, wild and cultivated relatives and their interspecific
hybrids progenies in three agro-morphologic groups determined by factorial components 1 and 2 of the
Principal Component Analysis (PCA).

Variance analysis of agro-morphologiccharacteristics revealed significant differences between accessions of S. melongena
and wild relatives, on one side, and between parental accessions and interspecific hybrids, on the other side. On the whole,
interspecific hybrids grown in the agro-climatic conditions of Abidjan, Céte d'lvoire, exhibited higher vegetative vigor than the
16 |Page
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parental species from which they derive. These results clearly indicate the presence of heterosis effects for vegetative growth
characteristics in interspecific hybrids between S. melongena and related species. These heterosis effects could be explained by the fact
that eggplant and related species reproduce preferentially by autogamy and have a high level of homozygosity. Indeed, it is reported
that when homozygous lines are crossed, heterozygosity may increase the vigor of hybrids, especially when the parents are genetically
distant [23]. Similar results were reported by Prohenset al.[10] who obtained interspecific hybrids between S. melongena and S.
aethiopicum more vigorous than parental accessions. Kaushiket al.[24] also reported greater vegetative vigor in interspecific hybrids
between S. melongena and wild relatives belonging to the primary and secondary gene pools. However, in these previous studies and
the present one, it appears that, for a given wild relative, there are significant differences between hybrid progenies derived from
different parental accessions. This result could be explained by the presence of different alleles of the genes controlling agro-
morphologic characteristics in the different accessions of the same species.

There was no significant difference between interspecific hybrids and wild parental accessions for the number of flowers per
inflorescence (NFLIN). This result is similar to those obtained by Blestsoset al. [8] in F1 hybrid offspring of S. melongena and S.
macrocarpon. However, regarding flowering time (FLTI), interspecific hybrids were close to S. melongena parental accessions. Since
interspecific hybrids obtained with S. dasyphyllum did not produce fruits, they could not be evaluated for fructification in open
pollination conditions, which is an important agronomic trait. This could be due to the very low viability of the pollen grains of
interspecific hybrids between S. melongena and S. dasyphyllum[25]. In general, for fertile interspecific hybrids, mean values of
production traits are intermediate between those of wild and cultivated parental accessions. These results suggest that genes with
additive effects are important in the expression of production traits which are reported to be polygenic [26, 8, 24].

Principal component analysis of agro-morphologic descriptors provided useful information on the diversity of parental
accessions and their interspecific F1 hybrids. Both vegetative growth and production traits, isolated different morpho-groups of wild
and cultivated parental accessions. Interspecific hybrids ranged in the same groups as their wild parents and, this suggests that
eggplant’s wild relative generally carry dominant alleles of genes controlling agro-morphologic traits. Accessions of S. melongena and
S. insanum, its wild ancestor [1, 2] and their hybrid offspring formed the group 1. Group 2 consisted of accessions of the species such
as S. anguivi, S. aethiopicum, S. linneanum and S. tomentosum, belonging to the secondary gene pool, and their respective hybrid
progenies. Group 3 consists exclusively of the species S. dasyphyllumand its hybrid descendants. Considering the phylogenetic
classification performed by Vorontsovaet al.[2], groups 2 and 3 could be subsets of a much more diverse group. Indeed, these authors
reported that, except S. linneanum, all the wild species that constitute these 2 groups belong to the anguivi phylogenetic group. Due to
the genetic distance between S. melongena and some of the species belonging to the group 2, they could be very important for
introgression of relevant genes in S. melongena, expecting heterosis effects for the characteristics of interest. In addition, these three
groups discriminate S. insanum, S. anguivi and S. dasyphyllum, the respective wild ancestors of the three main cultivated species, S.
melongena, S. aethiopicum and S. macrocarpon[27, 1].

5. CONCLUSION

Comparison of mean values of agro-morphologic traits revealed heterosis effects for vegetative growth characteristics in
interspecific hybrids between S. melongenaand its wild relatives. In addition, interspecific hybrids ranged in the same morpho-groups
as their wild parents, which could therefore carry dominant alleles of the genes controlling the expression of these agro-morphologic
traits. The three identified morpho-groups discriminate S. insanum, S. anguivi and S. dasyphyllum, the respective wild ancestors, of the
three main cultivated eggplant species, S. melongena, S. aethiopicum and S. macrocarpon. In general, for fertile interspecific hybrids,
mean values of production traits were intermediate between those of parental accessions, suggesting that genes with additive effects
determine the expression of these traits.
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