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Abstract
Eggplants and related germplasm are a barely
unveiled genetic treasure, for reasons devel-
oped in Chap. 10. Diversity and interspecific
crossability researches focused so far on
Solanum melongena L., the economic impor-
tance of which towers that of the indigenous
African S. aethiopicum L. and S. macrocarpon
L. and which consequently attracted most of
geneticists’ and breeders’ attention. However,
as S. melongena shares many connections with
eggplant germplasm as a whole, this chapter
pays as much attention to this species as to the
other cultivated and wild ones. Their genetic
and phenotypic diversity is surveyed and
critically analysed in order to place the reader
at the crossroads between the present knowl-
edge and desirable future researches in terms of
both traits of interest to breeders and methods
for assessing the diversity. The dense corpus of
information about interspecific crossability is
organised across several axes. Conventional
sexual crosses and somatic hybridisations are

presented separately, given both methods yield
genetically different interspecific material. The
section devoted to sexual crosses begins with a
survey of the interspecific barriers, and with an
overview of the crossing results that are
discussed in their methodological dimensions,
in particular the criteria assessing the success or
failure of the crossing experiments. Then, the
crossing results are structured according to the
combinations of crosses within and between
cultivated and wild material. Species crossabil-
ity is discussed with regard to the genepool
concept and to relationship between species
assessed by phylogenetics. The section ends up
with interspecific hybrid by-products such as
male sterilities and information on traits genet-
ics. The chapter turns then to somatic hybridi-
sations; this part is structured according to
groups of species (e.g. New World species)
used as fusion partners of S. melongena, the
pivotal taxon for most of the fusion experi-
ments. The conclusions outline the limits of the
present knowledge on eggplants germplasm
diversity and crossability and suggest potential
new research routes on these topics.

11.1 Introduction

Most diversity and crossability researches have
focused so far on Solanum melongena L., the
worldwide economically most important egg-
plant, for which a wide germplasm is available in
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several genebanks (c.f. Chap. 10); eggplant
breeding is rather dynamic in public as well as in
seed companies. The mostly indigenous African
germplasm of S. aethiopicum L. and S. macro-
carpon L., less collected and less available in
genebanks, has been characterised and bred to a
much lesser extent than in the case of S. melon-
gena. However, this situation is evolving, given
that European and Asian seed companies are
beginning to focus on the African vegetable
market; also, researchers of the public sector are
getting increasingly conscious of the potential of
this wide source of poorly known diversity. Until
now, crossability between cultivated eggplants
and relatives has been focused on crosses
involving S. melongena; the material was chosen
mostly on the basis of criteria such as (1) known
or expected relationship with S. melongena,
and/or (2) resistance to various pests and diseases
affecting S. melongena. The blurred understand-
ing by geneticists and breeders of the complex
world of eggplants relatives in terms of range and
identity of the species involved, as well as in
terms of relatedness degree with the cultivated
eggplants, has strongly limited so far the char-
acterisation of wild species and their use in
breeding programmes. As seen in Chap. 10, even
taxonomists and phylogeneticists had and still
have the utmost difficulties to outline a general
picture of the part of genus Solanum eggplants
belong to, i.e. the subgenus Leptostemonum, also
known as “spiny solanums”. Luckily enough and
also as seen in Chap. 10, the botanical back-
ground is on the way of stepwise clarification and
the phylogenetic progresses pave the way for
carrying out enlarged and better directed
(1) characterisations of eggplants and relative
diversity, and (2) investigations of their inter
crossability.

First, this chapter summarises the current
knowledge on diversity of eggplants and their
relatives, from the genetic and phenotypic point
of view. We restricted the phenotype to the major
morphological and horticultural traits of special
interest to breeders. Phenotypic diversity of traits

impacted by domestication of Solanum aethio-
picum, S. macrocarpon and S. melongena is
mentioned in Chap. 12. The second part of the
chapter unfolds the rich information provided by
interspecific crosses results. Sexual and somatic
crosses are analysed separately; sexual crosses
results are structured by species groups involving
(1) only cultivated eggplants, (2) cultivated
eggplants � wild progenitors, (3) culti-
vated � other wild species, and (4) only wild
species. Results are also analysed across several
axes including (1) crossability barriers, criteria
and predictability, (2) exploitation of male
sterilities produced by interspecific crosses, and
(3) access to trait genetics. Somatic hybridisation
results are summarised and gathered by types of
partners, (1) S. melongena + New World Lep-
tostemonum species, (2) S. melongena + Old
World Leptostemonum species, (3) other combi-
nations of Leptostemonum species, and (4) S.
melongena + distantly related Solanaceae.

11.2 Diversity of Cultivated
and Wild Germplasm

Characterisation of diversity is only possible
when representative germplasm collections are
available in genebanks. As far as eggplants and
related species are concerned, several good col-
lections are available for Solanum melongena,
whereas those including the African eggplants
and wild Leptostemonum species are less
numerous and poorly representative of the exist-
ing diversity. This is particularly true for the wild
species (c.f. Chap. 10). Further, research on
germplasm is driven by the economic importance
of the crops and consequently by the require-
ments of breeders which are continuously looking
for new traits to be incorporated into their elite
germplasm. As a consequence, most available
information on diversity is anchored to S. mel-
ongena. African eggplants and wild Leptoste-
monum species have been so far characterised
only for a restricted range of traits of interest,
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mostly disease resistance and fruit biochemical
constituents. Here, we limit ourselves to a global
survey of the information, in order to indicate the
major achievements, as well as the missing
information that deserves further research.

11.2.1 Morphological and Genetic
Diversity

11.2.1.1 Cultivated Germplasm
Phenotypic diversity for fruit, plant and other
traits of interest is described in many papers for
Solanum melongena (Prohens et al. 2005; Kumar
et al. 2008; Tümbilen et al. 2011b; Cericola et al.
2013), S. aethiopicum (Adeniji et al. 2012;
Kouassi et al. 2014) or for two or more eggplant
species (Osei et al. 2010; Polignano et al. 2010;
Plazas et al. 2014). Morphological diversity of S.
melongena, S. aethiopicum and S. macrocarpon
has been recently revisited on the basis of large
sets of accessions (Kumar et al. 2008; Osei et al.
2010; Polignano et al. 2010; Sunseri et al. 2010;
Adeniji et al. 2012; Kouassi et al. 2014; Plazas
et al. 2014; Taher et al. 2017). The contribution
to the diversity is unequal between traits of
breeding interest. On a set of 33 Indian landraces
of S. melongena, yield per plant, fruit width,
number of long styled flowers per plant, flower-
ing earliness, total phenolic content and ascorbic
acid content were the traits which contributed the
most to the divergence between accessions
(Prabakaran et al. 2015). Of course, the results
depend on the set of accessions used and so far
no wide range study including accessions repre-
sentative of the full phenotypical diversity of
each cultivated eggplant was carried out. Sum-
maries of the phenotypic diversity of eggplants,
together with the Mendelian or quantitative
heredity patterns of traits of interest, are available
in various chapters (Daunay et al. 2001; Daunay
2008; Daunay and Hazra 2012).

Analyses of the genetic diversity of Solanum
melongena using molecular markers provided
insights in allelic richness and diversity, for
instance among Jordanian (Sadder et al. 2006),

Spanish (Prohens et al. 2005), Turkish (Tümbilen
et al. 2011b; Demir et al. 2010) and Chinese
accessions (Ali et al. 2011). Sampling of S.
melongena accessions that originate from wider
distribution areas was also used for investigating
possible relations between molecular diversity on
one hand, and geographical origin, morphologi-
cal traits or cultivar types on the other hand
(Hurtado et al. 2012; Vilanova et al. 2012;
Cericola et al. 2013; Naegele et al. 2014). Afri-
can eggplants’ genetic diversity was also inves-
tigated with molecular markers, but to a lesser
extent than S. melongena (Sunseri et al. 2010;
Tümbilen et al. 2011a). On the whole these
publications indicate that molecular markers and
morphological traits are complementary tools for
assessing diversity.

11.2.1.2 Wild Germplasm
Morphological characterisation of wild Sola-
num species is common in botanical publications
which provide very detailed conventional infor-
mation, e.g. (Vorontsova and Knapp 2016). Less
detailed descriptions can be found in papers
comparing parents to their interspecific hybrids
(Sect. 11.8). Descriptors derived from IPGRI
recommendations for Solanum melongena
(IBPGR 1990) were used for comparing mor-
phological traits between S. incanumL., S. insa-
num L. and S. melongena (Ranil et al. 2017).
Phenotypic comparison between accessions of a
given wild species of interest is rarely assessed,
probably because of the difficulty to access dif-
ferent accessions. However, some examples are
available. Indonesian accessions of S. torvum
Sw. were compared for morphological traits and
resistance to two soil-borne vascular diseases
(Gousset et al. 2005). Solanum elaeagnifolium
Cav. is mentioned as morphologically variable
through its distribution area, in particular for
prickliness and leaf shape (Scaldaferro et al.
2012). Genetic diversity for molecular markers
between Solanum species has been analysed with
the aim to assess (1) genetic distances or
(2) phylogenetic relationships between species;
only a few publications compared accessions
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within a single species such as for S. torvum
(Clain et al. 2004), and for S. incanum and
S. insanum (Tümbilen et al. 2011a).

11.2.2 Pest and Disease Resistances

Pests and disease resistances have a major
interest in plant breeding, and resistances have
been identified within the cultivated species, as
well as among several wild species; see Daunay
(2008) for an overview. Pests with major eco-
nomic importance are root knot nematodes
(Meloidogyne spp.), soil-borne diseases (Verti-
cillium dahliae, Fusarium oxysporum f. sp. mel-
ongenae and Ralstonia solanacearum species
complex-RSSC1 (Safni et al. 2014), insects (fruit
and shoot borer Leucinodes orbonalis, leaf hop-
per Amrasca biguttula bigutulla) and mites
(Tetranychus spp. and Polyphagotarsonemus
latus). The incidence of these pests and diseases
on each eggplant species depends on the geo-
graphical areas and climatic conditions, but on
the whole all cultivated eggplants are susceptible
to a similar range of pests and pathogens.

11.2.2.1 Cultivated Germplasm
Resistances to Fusarium wilt (Hébert 1985;
Boyaci et al. 2012), bacterial wilt (Daunay 2008;
Lebeau et al. 2011) and both pathogens (Daunay
et al. 2016) have been identified within Solanum
melongena and S. aethiopicum germplasm.
Monogenic dominant control has been identified
for Fusarium wilt resistance originating from S.
melongena (Mutlu et al. 2008; Boyaci et al.
2011) and from S. aethiopicum (Toppino et al.
2008b). Genetic control of resistances to RSSC is
very variable (monogenic or polygenic, recessive
or dominant) depending on S. melongena
accessions (Daunay 2008) and on bacterial
strains (Salgon et al. 2017; Salgon et al. 2018).
Monogenic dominant resistances to this disease
have been recently mapped (Lebeau et al. 2013;
Salgon et al. 2017), and their functional charac-
terisation is ongoing (Xiao et al. 2015; Morel
et al. 2018). A monogenic resistance of

S. melongena to Colletotrichum gloeosporioides
(which causes fruit anthracnosis) was also
described (Kaan 1973). Search for resistance to
viruses has so far concerned a narrow range of
viruses towards which some resistances have
been identified (Daunay 2008). Resistance to
Verticillium wilt (Verticillium dahliae) and root
knot nematodes (Meloidogyne spp.) have not
been found so far within cultivated eggplant
germplasm.

The dense hairiness of some accessions of S.
melongena was suggested to be at the origin of
their partial resistance to leaf hopper (Daunay
2008). Hairiness of S. aethiopicum Gilo and
Aculeatum groups was given as explaining their
resistance by antixenosis to mites, whereas the
glabrous Kumba group is susceptible (Seck
1997). Contrastingly (and counter-intuitively),
the absence of hairs on vegetative parts would
confer resistance to leaf hopper and red mites of
S. macrocarpon (Daunay 2008) as well as to
white fly Trialeurodes vaporariorum (Malausa
et al. 1988). Fruit epidermis thickness and bio-
chemical compounds (in sap, glandular hairs or
fruits) are also mentioned as possibly interacting
with resistance to some pests (Daunay 2008).
The publications concerning eggplants resistance
to insects and mites are mostly field observations
where antixenosis is observable. Very few
quantified details on the life cycle of the pests are
available; one study revealed the existence of
antibiosis towards white fly in S. melongena
germplasm (Malausa et al. 1988).

11.2.2.2 Wild Germplasm
Many publications mention the resistance of
Solanum species to various pests and pathogens,
but the main difficulty in handling the detailed
literature on the subject is the frequent unrelia-
bility of species identifications. Recent pro-
gresses concerning the taxonomy of spiny
solanums, together with a better interaction
between taxonomists and the community of
germplasm holders and geneticists, should solve
this issue. Attempts of summing up information
are available for instance in (Collonnier et al.
2001a; Robinson et al. 2001; Kashyap et al.
2003; Daunay 2008). Global information1Agents of the bacterial wilt.
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indicates that high resistance to major pathogens
that are not controlled by Solanum melongena
germplasm are available in species so far not
crossable (S. sisymbriifolium Lam.) or very dif-
ficult to cross with S. melongena (S. torvum);
Solanum sisymbriifolium and S. torvum are in
particular resistant to Verticillium wilt and to
several root knot nematodes.

11.2.3 Diversity for Other Traits

For wild germplasm as well as for cultivated
eggplants, much less characterisation researches
are focused on other traits than crossability and
pest and disease resistance. Graft affinity between
cultivated eggplants (scion) and wild species
(rootstock) is continually evaluated (Gisbert et al.
2011a, b; Villeneuve et al. 2016). This field of
research is of the utmost interest given that
grafting is a common worldwide practice for
Solanum melongena cultivation. Rootstocks are
indeed precious alternatives when resistance to
soil-borne pests and diseases is not available in
the cultivated germplasm or is not transferable
from a resistant wild species because of inter-
specific cross failure. However, rootstocks may
transfer alkaloids to the scion (Villeneuve et al.
unpub.) and may also modify soil pathogenic
profile (Villeneuve et al. 2014); given their
potential side effects, these aspects need to be
taken into account in parallel with the evaluation
of wild germplasm for graft affinity with culti-
vated eggplants.

Phenolic acids were analysed in relation to
health value (Stommel and Whitaker 2003;
Mennella et al. 2010; Plazas et al. 2013; Meyer
et al. 2015; Jose et al. 2016; Kaushik et al. 2017)
or pest resistance (Prabhu et al. 2009). Glycoal-
kaloids and furostanol-type steroidal saponins are
the major compounds responsible for eggplants
bitterness (Aubert et al. 2009a) and diversity
among Solanum melongena, S. aethiopicum and
S. macrocarpon genotypes is being investigated
(Aubert et al. 2009b; Mennella et al. 2010;
Sanchez-Mata et al. 2010). Among wild Solanum
species, the diversity of alkaloids, both in terms of
molecules and content, is wide (Jayakumar and

Murugan 2016). These compounds have a strong
medicinal and pharmaceutical (Gurbuz et al.
2015; Jayakumar and Murugan 2016), as well as
bio-insecticidal interest (Chowanski et al. 2016).
Interspecific diversity for phenolic acids and
glycoalkaloids was also characterised in order to
generate a Solanum metabolic database and look
at evolutionary patterns (Wu et al. 2013).

Other wild traits of strong interest, such as
root vigour and architecture (Garcia-Fortea et al.
2019) and resistance to drought (Gramazio et al.
2017b), are being looked at, although this
approach is so far limited to particular inter-
specific crosses, between Solanum melongena on
one hand and S. elaeagnifolium or S. incanum on
the other hand. A detailed phenotyping method-
ology has been used for a first investigation of
root system diversity among accessions of Sola-
naceae including S. melongena (Bui et al. 2015).
Such characterisation should be extended in the
future to the cultivated eggplants germplasm and
the related wild species, given that climatic
changes will unarguably impact yield. Breeders
should find a way to face this challenge, in par-
ticular by creating varieties (and rootstocks) with
vigourous root systems. The many spiny sola-
nums originating from dry (and hot) areas of
Africa (Vorontsova and Knapp 2016), Asia
(Aubriot et al. 2016) and Australia (Echev-
erría-Londoño et al. 2018) constitute to this
respect an inestimable potential resource of
adaptation to dry conditions.

11.3 Crossability Between
Eggplants and Relatives

This field of research has attracted many dis-
persed efforts, limited in many publications to a
single or to a few cross partner’s couples, except
studies carried out within the frame of taxonomic
researches for investigating relationships
between species which generally encompass
many partner’s couples. Crossability between
species has the double interest of (1) informing
about their phylogenetic and/or genetic relation-
ships, and (2) identifying germplasm potentially
usable as a source of genes controlling traits of

11 Crossability and Diversity of Eggplants and Their Wild Relatives 139



interest to be introgressed from one species to
another.2 The first attempts of interspecific
crosses between spiny solanums started from the
1930s and were carried out in particular by
Indian and Japanese scientists (Rao 1979; Kirti
and Rao 1982a, b). Four Ph.D. theses at the
University of Birmingham (Pearce 1975; Niakan
1980; Hasan 1989; Al-Ani 1991) as well as
research carried out at INRA in the 1990s
(Daunay et al. 1998) achieved large-scale inter-
specific experiments. The rest of the information
is scattered among many publications from the
1960s to now. Results were compiled and
updated several times (Hasan 1989; Daunay et al.
1991; Collonnier et al. 2001a; Kashyap et al.
2003; Daunay 2008; Daunay and Hazra 2012).

We provide here the next synthesis, based on a
stepwise analysis of the literature. First, we
compiled information from references which
specify the species used as female or male in the
crosses (Al-Ani 1991; Ano et al. 1989, 1991; Ano
1990; Behera and Singh 2002; Bletsos et al. 1998;
Bletsos et al. 2004; Bukenya and Carasco 1995;
Callano et al. 2015; Cao et al. 2009; Daunay et al.
1998; Garcia-Fortea et al. 2019; Gowda et al.
1990; Isshiki and Kawajiri 2002; Khan and
Isshiki 2008, 2009, 2010, 2011; Khan et al. 2017;
Kirti and Rao 1980, 1981, 1982a, b, 1983;
Kouassi et al. 2016; Kumchai et al. 2013; Lester
and Hasan 1991; Lester and Kang 1998; Lester
and Niakan 1986; Liu et al. 2015; Mc Cammon
and Honma 1983; Olet and Bukenya-Ziraba
2001; Omidiji 1979, 1983, 1982; Oyelana and
Ogunwenmo 2009; Oyelana and Ugborogho
2008; Oyelana et al. 2009; Plazas et al. 2016;
Prabhu et al. 2009; Prohens et al. 2012; Rajase-
karan 1971; Rao and Rao 1984; Rattan et al.
2015; Robinson et al. 2001; Schaff et al. 1982;
Sharma et al. 1980; Zhou et al. 2018). The next
step aimed at simplifying the information by
keeping only the best result obtained for a given
cross, whatever the authors or the cross direction.
This simplified file was then (1) merged together
with the similarly simplified data of Daunay et al.

(1991), and (2) sorted in order to keep the best
result obtained for each interspecific cross and to
eliminate duplicated crosses.

On the whole, 67 spiny species have been
used so far in interspecific crosses, including 51
African and Asian species, nine Australian and
seven American. When compared to the over 500
spiny species inventoried presently (Chap. 10), it
is clear that the knowledge about crossability
between spiny solanums is a research field barely
investigated, which deserves strong efforts in the
future, in particular for crosses involving egg-
plants and their African and Asian closest rela-
tives (see 11.4.2 and 11.4.3).

Surveying interspecific crossability in spiny
solanums is challenging for many reasons, in
particular because of the large number of species
and crosses involved, of frequent inappropriate
use of nomenclature and of occasional species
misidentification. Further, a wide range of
crossability criteria is found in the literature,
given that the expression of pre- or post-zygotic
barriers induces a diversity of effects. Lastly,
results obtained by different authors for a given
interspecific cross are often conflicting, because
of the influence of cross direction (partner used
as female or male), genotype of parental acces-
sions, as well as environmental conditions.
Hence, before entering into a summary of the
interspecific crosses achieved so far, we first
review the prezygotic and post-zygotic barriers
that contribute to the complexity of the results
published. We will also emphasise the interest of
cytogenetic studies (1) for understanding F1
fertility troubles, together with (2) assessing
genetic relationships between the parental spe-
cies. We then provide examples illustrating the
heterogeneity of the information found in the
literature, before summarising the best results
obtained for the over 200 interspecific crosses
attempted so far and structured into four types of
crosses:

1. Crosses between cultivated eggplants
(Solanum aethiopicum, S. macrocarpon,
S. melongena);

2. Crosses between cultivated eggplants and
their wild progenitors S. anguivi Lam.,

2Transfer is possible either between cultivated eggplants
or from wild species to cultivated eggplant, as well as
from wild to wild when relevant.
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S. dasyphyllum Schumach. & Thonn. and
S. insanum, respectively, as well as crosses
between these wild progenitors;

3. Crosses between cultivated eggplants and
(non-progenitor) wild species;

4. Crosses between wild species.

Phenotypes of interspecific hybrids will be
discussed in relation to trait heredity patterns. We
will continue by reviewing the occasional use of
artificial tetraploidisation for restoring male fer-
tility of interspecific hybrids. Next, a special
section is dedicated to the cytoplasmic male
sterilities obtained by crossing Solanum melon-
gena with several wild species.

Given the wealth of information we provide,
we skipped presenting the control data obtained
on the parental species, in particular for pollen
stainability, given this one is generally above
80% throughout all publications reviewed. Apart
some exceptions for which we provide accurate
figures, hybrid fertility has been categorised on
the basis of pollen stainability values as virtual
sterility (<10% pollen stainability), partial fertil-
ity (10–50%) and fertility (>50%). The relation-
ships between pollen stainability, viability and
fertility are a subject of debate, but as all publi-
cations use pollen stainability as a measure of
viability or fertility, we kept this criterion. Some
publications mention also pollen in vitro germi-
nation as a complementary measurement of pol-
len fertility; this criterion yields generally smaller
values than stainability.

By convention, any interspecific cross is
written in the following text as “female x male”
when cross direction is known and “partner 1 and
partner 2” when it is not specified. We only
partially rationalised species nomenclature, given
its complexity in the literature, in order to keep
close to the names used in the literature together
with the accepted names. Hence, we provide the
accepted species name together with the name
used by the authors (in parentheses), when their
correspondence was easy to establish:

S. campylacanthum Hochst. ex A.Rich.
(S. incanum group A, group B, S. panduri-
forme Drège ex Dunal, S. delagoense Dunal);

S. forskalii Dunal (S. albicaule Kotschy ex
Dunal);
S. incanum (S. incanum group C);
S. insanum (S. melongena group E, group F);
S. lichtensteinii Willd. (S. incanum group D);
S. multiflorum Roth (S. indicum L. var. mul-
tiflorum (Roth) C.B. Clarke;
S. viarum Dunal (S. khasianum C.B.Clarke);
S. violaceum Ortega (S. indicum L., S. kurzii
Brace ex Prain, S. sanitwongsei Craib);
S. virginianum L. (S. surattense Burm.f., S. xan-
thocarpum Willd. ex Walp.3).

However, in several cases, the transposition of
species names used in the publications to the now
accepted names according to recent nomenclature
changes could have blurred or mixed up our dis-
cussion of interspecific cross results. That is the
reason why we decided to keep the species names
used in the literature for the following cases:

S. capense L. and S. dinteri Bitter (now both
under the accepted name S. capense);
S. rigescens Jacq., S. rigescentoides Hutch.,
S. giftbergense Dunal (now all under the name
S. humile);
S. tomentosum L. and S. coccineum Jacq. (now
under the name S. tomentosum);
S. sessilistellatum Bitter (now under the name
S. nigriviolaceum Bitter).

11.3.1 Prezygotic and Post-zygotic
Barriers

Results of interspecific crosses between Solanum
species depend on pre- or post-zygotic barriers,
the expression of which is assigned to the rela-
tionships (genetic or phylogenetic) between par-
ental partners. Prezygotic barriers include
absence of pollen germination on the stigma,
abnormal or insufficient pollen tube growth

3The name S. xanthocarpum is extremely tricky because,
depending on the author(s) names associated to it, it
matches different accepted species names. In this very
case that is S. xanthocarpon Schrad. & Wendl. that
matches S. virginianum (Daunay et al. 1991).
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through the style4 and as a result absence of
fertilisation of polar nuclei (future endosperm)
and egg cell (future zygote) by the pollen nuclei.
Flowers and fruits’ drops and/or parthenocarpic
fruits5 are observed in such cases. Post-zygotic
barriers are expressed after fertilisation occurred,
and they involve unbalanced collaboration
between the parental genomes in the fertilised
cells, i.e. the endosperm6 and/or the zygote.
Their expression is visible along different
development stages of the F1 embryo, plantlet or
adult plant. The genetic imbalance between par-
ental genomes is suggested to explain dysfunc-
tion of endosperm growth and of endosperm–

embryo metabolic relationships, with consecu-
tive embryo starvation and death, or endosperm
autolyse and embryo digestion at an early stage
(Lester and Kang 1998). In interspecific crosses
between Solanum arcanum Peralta, S. chilense
(Dunal) Reiche and S. peruvianum L. (wild
tomatoes), endosperm–embryo interactions have
been recently investigated at intimate levels
(endosperm early cellular stages and maternal
and paternal genes expression) for unravelling
the genetic parental conflicts at the origin of
embryo growth stop and degeneration, resulting
in hybrid seed failure (Roth et al. 2018a, b, c).
Dysfunction between parental genomes ends up
with parthenocarpic fruits, or fruit set with
aborted seeds or variable proportion of abnormal
seeds. According to Lester and Kang (1998) seed
abnormality rate, when used carefully, is a good
and easy measure of this early post-zygotic
reproductive barrier between species. When this
barrier is overcome artificially via careful sowing
of the normal seeds or via in vitro embryo rescue
(Kharkongar et al. 2013; Sharma et al. 1996),
genetic imbalance affecting directly the zygote
can lead to seedlings or plantlet death, abnormal,

weak interspecific hybrid plants and also rooting
difficulties.7 When the two parental genomes
collaborate relatively correctly, the hybrid plants
are vigourous. However, later dysfunctional
genetic control of the reproductive process can
induce hybrid fertility troubles, frequently
observed (next section). This late post-zygotic
barrier, that in Nature protects species from gene
exchange, is sometimes described as “hybrid
breakdown”. The accumulation during lineage
divergence of loci interacting negatively and
responsible for interspecific hybrids sterility has
been theorised on the basis of tomato introgres-
sion lines phenotyped for pollen and seed
sterility (Moyle and Nakazato 2010).

Another event reported (Rao and Rao 1984) is
the occurrence of maternal seeds in a variable
proportion, up to 100%, in the fruits set up after
an interspecific pollination (examples are pro-
vided in Table 11.1). It seems that the foreign
pollen induces the development of unfertilised
maternal ovules into seeds, instead of, or con-
jointly with, the fertilisation of these ovules and
the development of seeds containing an inter-
specific embryo. The hypothesis of an apomictic
behaviour of the maternal parent was suggested
by Rao and Rao (1984). The unexpected and
occasional harvest of maternal seeds issued from
several interspecific pollinations has also been
observed by Daunay et al. (unpubl.).

If species identity is a major factor of the
success or failure of any interspecific cross,
several authors point out also the influence of
parental genotypes (Bletsos et al. 2004; Cao et al.
2009; Daunay 2008; Daunay and Hazra 2012;
Devi et al. 2015; Gowda et al. 1990; Kirti and
Rao 1982a, b; Lester and Niakan 1986; Omidiji
1979; Plazas et al. 2016; Rajasekaran 1970; Rao
1979; Rao and Rao 1984; Rattan et al. 2015;
Schaff et al. 1982; Zhou et al. 2018). The impact
of parental genotypes has also been observed in
genus Datura and was interpreted as an evidence
of the influence of genes or gene complexes.

4In some cases, mismatch between constitutive pollen
tube length and stigma length explains mechanically the
incapability of the pollen of one species to reach the
ovules of another species.
5Parthenocarpic fruits can be the response of the ovary to
hormones released through the stimulus of pollination.
6Endosperm is a triploid tissue issued from the fertiliza-
tion of two maternal and one paternal nuclei. Hence
maternal and paternal genetic dosages differ (2 vs. 1).

7Both these last troubles can be solved either with
hormonal treatment of the hybrid plantlets in vitro (e.g.
IAA, gibberellic acid) or by their grafting onto roots of
one of their parents.
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Those genetic factors are distributed throughout
the genome and act as a barrier against successful
hybridisation, possibly in a complementary way
(Rao 1979). Environmental conditions also affect
the results of interspecific crosses and, together
with the genotypes, are probably at the origin of
the heterogeneous results obtained by different
authors for a same interspecific cross (for
instance with regards to fruit set, hybrid meiosis
features or hybrid fertility). Hence in the present
state of the art, it is safer not to conclude
definitively about the failure of any apparently
recalcitrant crosses. For the reasons detailed
above and because of the potential continuous
improvement in the use of in vitro embryo res-
cue, tetraploidisation, somatic hybridisation or
bridge species, interspecific cross results should
be considered as provisional.

11.3.2 Cytogenetic Observations
of Late Post-zygotic
Barriers

Chromosomes structural repatterning having
occurred during the evolutionary process of the

species (interchanges, interstitial breakpoints,
heteromorphy) maintained the individuality of
each taxa (Kirti and Rao 1982b) and is consid-
ered as a major factor causing gametic lethality
of interspecific hybrids. Hence, chromosome
behaviour and shapes during diakinesis (end of
prophase I) and metaphase I at the time of F1
pollen mother cell (PMC) meiosis provide
information about homologies or homeologies8

between parental chromosomes (Kirti and Rao
1980, 1981, 1982a, b, 1983). As chromosome
behaviour differs from one PMC to another and
depends also on the meiosis step (diakinesis or
metaphase I), cytological observations must be
carefully done on several PMC of a given hybrid

Table 11.1 Examples of interspecific crosses for which maternal diploids seeds were obtained in various proportions
with hybrids seeds (Rao and Rao 1984)

Female Male Direct result of the
cross (seeds
obtained)

F1 traits

S. torvum S. violaceum (S.
indicum)

100% maternal
diploids (no hybrid)

n.d.

S. trilobatum S. melongena 100% maternal
diploids (no hybrid)

n.d.

S. trilobatum S. virginianum (S.
surattense)

F1 + 90% maternal
diploids

F1 weak, 3% occurrence of bivalents at meiosis,
virtually sterile (<15% pollen fertility)

S. virginianum
(S. surattense)

S. melongena F1 + 1% maternal
diploid

F1 vigourous, 50% occurrence of bivalents at
meiosis, virtually sterile (<15% pollen fertility)

S. virginianum
(S. surattense)

S. multiflorum (S.
indicum var.
multiflorum)

F1 + 30% maternal
diploids

F1 weak, 56% occurrence of bivalents at meiosis,
virtually sterile (<15% pollen fertility)

S. virginianum
(S. surattense)

S. torvum 100% maternal
diploid (no hybrid)

n.d.

S. virginianum
(S. surattense)

S. trilobatum F1 + 17% maternal
diploids

F1 medium vigour, 21% occurrence of bivalents at
meiosis, virtually sterile (<15% pollen fertility)

Species names into brackets are those used in the publication

8In any given species, chromosomes of each pair share a
same genetic structure (homology), which allows their
close pairing and the formation of bivalents during
diakinesis and metaphase I of meiosis. The word “home-
ology” was coined for designating, for a given pair, the
partial similarity between chromosomes originating from
different parental species. When homeology between
parental chromosomes is sufficient, the meiosis of an
interspecific hybrid is possible, but because chromosomes
similarity it incomplete, various abnormalities occur at
various frequencies during the course of the meiotic
divisions.
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in order to calculate a reliable estimation of the
frequencies of univalent, bivalent and other
multivalent occurrence at each meiosis stage.
The more univalents, the less homeology
between the chromosomes pairs of both parents.
The cross between Solanum trilobatum L. and S.
virginianum illustrates a case of poor homeology
of their chromosomes, with a frequency of
bivalents in their F1 varying from 3% to 21%,
depending on the cross direction (Table 11.2).
Conversely, occurrence of bivalents in hybrids
indicates that the concerned chromosome pairs
retained sufficient ancestral similarities to allow
their pairing. The closer to 12 the number of
bivalents, the better the homeology between the
parental chromosomes. High chromosome
homeology is found between S. melongena and
S. violaceum, the reciprocal hybrids of which
both display 99% of bivalents during their
meiosis (Table 11.2). Hence, frequency of biva-
lents, or more globally regular or irregular
meiosis, depends clearly on cross partners. Cross
direction effect on F1 meiosis is less clear, given
there are some differences between reciprocal
hybrids (e.g. for the F1 S. multiflorum and S.
virginianum, with 43 and 56% bivalents) or no
differences (e.g. F1 S. aethiopicum and S.
macrocarpon, both with irregular meiosis)
(Table 11.2). Meiotic behaviour of hybrids S.
aethiopicum Aculeatum group (S. integrifolium
Poir.) X S. melongena and hybrids S. aethiopi-
cum Aculeatum group x S. insanum (S. melon-
gena var. insanum) was compared (Kirti and Rao
1982b). The high frequency of bivalents in both
hybrids led the authors to conclude about
homeologies between the three species. Because
of differences between both hybrids for types and
frequency of chromosomes associations, they
also suggested differences “to some extent”
between S. melongena and S. insanum.

Pollen stainability is given in most publications
as a criterion of interspecific hybrid fertility, and
following Daunay et al. (1991), we will reduce
hybrid fertility into three classes: (1) F1 virtually
sterile with less than 10% pollen stainability,
(2) F1 partially fertile (10-50% pollen stainability)
and (3) F1 fertile (>50% pollen stainability). On
this basis, we state that irregular meiosis can end

up either with virtually sterile (e.g. cross S.
aethiopicum and S. multiflorum) or partially fertile
hybrids (e.g. S. aethiopicum and S. macrocar-
pon). This means that at least some viable
microspores can be produced from abnormal
meiosis. On the other hand, a regular or almost
regular meiosis, with high bivalents occurrence
frequency followed by regular chromosome sep-
aration andmicrospore formation, can end up with
fertile or only partially fertile hybrids (e.g. crosses
between S. melongenaand S. violaceum and S.
melongena and S. viarum), or even with virtually
sterile ones (S. melongena and S. aethiopicum). In
the two latter cases, post-meiotic degenerative
events affecting tetrads or maturing microspores
probably occur. In cases of highly sterile F1 pol-
lens, the late expression of the reproductive barrier
was attributed either to cryptic chromosomal
structural differences or to recombination and
segregational events of insufficiently homeolo-
gous chromosomes leading to unbalanced game-
tes (Kirti and Rao 1980, 1982a, b, 1983).

Lastly, one notices that progenies were
obtained from interspecific F1, regardless of
pollen stainability (Table 11.2), including very
poor one as illustrated by the striking case of the
virtually sterile hybrids (S. multiflorum x S.
aethiopicum), (S. virginianum x S. trilobatum)
and (S. virginianum x S. melongena).

Apart from chromosome global pairing at
diakinesis and metaphase I, careful cytological
observations may reveal abnormal shapes of
bivalents (e.g. rods, rings) and of tetravalents
(e.g. chains, Y, fish, ring or double-ring types),
which are also evidence of multiple homeologies
between parental chromosomes and of structural
re-organisation/repatterning. For instance,
fish-type and double-ring configurations suggest
interstitial translocation breakpoints.

Comparative chiasma (crossing over) fre-
quencies per bivalent between a hybrid and its
parental species is another indicator of the level of
homeology between the chromosomes: the closer
the chiasma frequency of the hybrid to that of its
parental species, the more homeologous their
chromosomes; and the higher the recombination
potential between the parental genomes, the more
closely related the two parental species.
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Table 11.2 Meiosis and pollen stainability of interspecific hybrids

Female Male Reciprocal
cross

F1 meiosis and pollen
stainability

Progenies
obtained

Source

S. aethiopicum
Aculeatum group
(S. integrifolium)

S. melongena R1 Normal meiosis, F1 virtually
sterile

n.d. Callano et al.
(2015)

S. melongena S. aethiopicum
Aculeatum
group
(S. integrifolium)

R1 Normal meiosis, F1 virtually
sterile

n.d. Callano et al.
(2015)

S. aethiopicum
Aculeatum group
(S. integrifolium)

S. melongena R1 High occurrence of bivalents
at meiosis, F1 virtually
sterile

n.d. Kirti and Rao
(1982b)

S. aethiopicum
Aculeatum group
S. (integrifolium)

S. multiflorum
(S. indicum var.
multiflora
Wight)

R2 69% occurrence of bivalents
at meiosis, F1 virtually
sterile

n.d. Kirti and Rao
(1980)

S. multiflorum (S.
indicum var.
multiflorum)

S. aethiopicum
Aculeatum
group (S.
integrifolium)

R2 76% occurrence of bivalents
at meiosis, F1 virtually
sterile

F2 Kirti and Rao
(1980, 1983)

S. aethiopicum
Aculeatum group
(integrifolium)

S. violaceum (S.
indicum)

R3 Regular meiosis, F1
virtually sterile

n.d. Kirti and Rao
(1982a)

S. violaceum (S.
indicum)

S. aethiopicum
Aculeatum
group (S.
integrifolium)

R3 Regular meiosis, F1
virtually sterile

n.d. Kirti and Rao
(1982a)

S. aethiopicum
Gilo

S. macrocarpon R4 Irregular meiosis, F1
partially fertile (34% pollen
stainability)

n.d. Oyelana and
Ogunwenmo
(2009)

S. macrocarpon S. aethiopicum
Gilo

R4 Irregular meiosis, F1
partially fertile (21% pollen
stainability)

n.d. Oyelana and
Ogunwenmo
(2009)

S. melongena S. violaceum (S.
indicum)

R5 99% occurrence of bivalents
at meiosis, F1 fertile (92%
pollen fertility)

n.d. Rao and Rao
(1984)

S. violaceum (S.
indicum)

S. melongena R5 99% occurrence of bivalents
at meiosis, F1 fertile (95%
pollen fertility)

n.d. Rao and Rao
(1984)

S. violaceum S. melongena R5 Imperfect meiosis (some
univalents), F1 partially
fertile (31% stainable
pollen)

BC1 to BC4 Ishhiki and
Kawajiri
(2010)

S. multiflorum (S.
indicum var.
multiflorum)

S. virginianum
(S. surattense)

R6 43% occurrence of bivalents
at meiosis

n.d. Rao and Rao
(1984)

(continued)
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Differences in chiasma frequencies between
reciprocal hybrids indicate cytoplasmic influence
on meiotic behaviour; this is the case for the cross
between S. aethiopicum (S. integrifolium) and S.
multiflorum (S. indicum var. multiflorum), with
1.23–1.27 average chiasma frequency per

bivalent when S. aethiopicum is the female parent
and 1.31–1.34 when it is the male parent (Kirti
and Rao 1980). The controls, i.e. the parents,
displayed a chiasma frequency of 1.59–1.63.

On the whole, cytogenetic observations reveal
the expression of late post-zygotic barriers that

Table 11.2 (continued)

Female Male Reciprocal
cross

F1 meiosis and pollen
stainability

Progenies
obtained

Source

S. virginianum
(S. surattense)

S. multiflorum
(S. indicum var.
multiflorum)

R6 56% occurrence of bivalents
at meiosis, F1 virtually
sterile

n.d. Rao and Rao
(1984)

S. trilobatum S. virginianum
(S. surattense)

R7 3% occurrence of bivalents
at meiosis, F1 virtually
sterile

n.d. Rao and Rao
(1984)

S. virginianum (S.
surattense)

S. trilobatum R7 21% occurrence of bivalents
at meiosis, F1 virtually
sterile

F1
“derivatives”

Rao and Rao
(1984)

S. aethiopicum
Aculeatum group
(S. integrifolium)

S. insanum (S.
melongena var.
insanum)

High occurrence of bivalents
at meiosis, F1 virtually
sterile

n.d. Kirti and Rao
(1982b)

S. aethiopicum
Aculeatum group
(S. integrifolium)

S. virginianum
(S. surattense)

Regular meiosis, F1
virtually sterile

n.d. Kirti and Rao
(1982a)

S. melongena S. viarum (S.
khasianum)

Regular meiosis, F1 fertile
(62% stainable pollen)

F2 Sharma et al.
(1980)

S. melongena
(2n = 24)

S. scabrum
(2n = 48)

Regular meiosis but few
univalents, F1 partially
fertile (38% pollen
stainability), dropping of
many flowers buds, seedless
fruits

n.d. Oyelana et al.
(2009)

S. trilobatum S. multiflorum
(S. indicum var.
multiflorum)

46% occurrence of bivalents
at meiosis, F1 virtually
sterile

n.d. Rao and Rao
(1984)

S. violaceum
(doubt about
species identity)

S. torvum Fully abnormal meiosis,
dropping off of immature
flowers, F1 sterile

n.d. Kirti and Rao
(1981))

S. virginianum (S.
surattense)

S. melongena 50% occurrence of bivalents
at meiosis, F1 virtually
sterile

F1
“derivatives”

Rao and Rao
(1984)

S. virginianum
(S. xanthocarpum
)

S. melongena Normal meiosis except rare
occurrence of few
univalents, F1 virtually
sterile

n.d. Rajasekaran
(1971)

Reciprocal hybrids, when existing, are gathered in successive lines, and identified in column “reciprocal cross”. When
known, the obtaining of progenies from the F1 is indicated. Hybrids are recorded as “virtually sterile” when their pollen
stainability is less than 10%. Note that some crosses have been realised by different authors, with similar or different
results
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are expressed at the time of, or after, F1 flower
meiosis. However, the border between impossi-
bility and possibility to go through these late
barriers is labile, as exemplified by cases for
which progenies are sometimes obtained from
virtually sterile hybrids producing a high per-
centage of sterile pollen (Garcia-Fortea et al.
2019; Kirti and Rao 1980, 1983; Rao and Rao
1984).

11.3.3 Variation of Hybridisation
Results

Same species combinations have been used by a
number of authors, with either consistent results
(e.g. crosses between S. melongena and S. inca-
num), or with inconsistent results ranging from
cross failure to obtaining fertile hybrids (e.g.
crosses between S. melongena and S. violaceum;
cf. Table 11.3). This could point out that the
influence of different parental genotypes and
environmental conditions on a crossing result
varies with regard to species partner-
ship. Table 11.3 illustrates also the variation of
in depth investigation from one author to
another; some stopped with the observation of F0
! F1 seed germination, while others went as far
as obtaining advanced progenies from the F1.

11.4 Overview of the Best Results
Obtained When Crossing
Spiny Solanums

For the sake of clarity, as over 200 species
combinations have been used in interspecific
crosses attempted so far, we decided to split the
results into the four crossing categories listed in
Sect. 11.3.

The statistical overview of the best results
obtained within these four categories of crosses is
summarised in Table 11.4. Solanum melongena
is by far the cultivated eggplant for which the
number of interspecific crosses attempted is the
highest (61 crosses, vs. 16 and 3 for S. aethio-
picum and S. macrocarpon, respectively). Most
of the crosses (116) were attempted between

wild species. The best results obtained are dis-
tributed along a stepwise scale, from fertile
hybrids to no fruit set or setting of parthenocarpic
fruits on the maternal parent at the time of the
cross. Globally, few publications went as far as
attempting to obtain progenies from interspecific
hybrids; hence, the data presented in Table 11.4
cannot be used to predict what could be achieved
if attempted.

11.4.1 Crosses Between Cultivated
Eggplants

Solanum melongena, S. aethiopicum and S.
macrocarpon have been crossed in all reciprocal
combinations (Table 11.5). The hybrids between
S. aethiopicum and S. macrocarpon as well as
those between S. aethiopicum and S. melongena
are frequently reported as vigourous, whereas
those between S. macrocarpon and S. melongena
have generally a poor vigour. For this latter
species combination, the vigour depends on the
parental genotypes (Schaff et al. 1982), regard-
less of the direction of the cross. Although results
differ between authors, all species combinations
have produced at best partially fertile of fertile
hybrids. In all cases, progenies were obtained
from the hybrids, although in the case of S.
aethiopicum and S. macrocarpon, observations
stopped at the seed set of one of the reciprocal
hybrids. Hence, despite some sterility troubles
occurring at the level of F1 or of later progenies,
the three cultivated eggplants are usable in
breeding as sources of traits for each other.

11.4.1.1 Solanum aethiopicum and S.
macrocarpon

Partially fertile (10% < pollen stainabil-
ity < 50%) or virtually sterile hybrids (pollen
stainability <10%) with meiotic abnormalities
were obtained from this cross (Table 11.5). In
the virtually sterile hybrid obtained with Sola-
num aethiopicum (probably Kumba group) used
as the female parent (Omidiji 1983), twelve
bivalents were formed in 78% of the F1 pollen
mother cells (PMC); however, for other PMC,
bivalents were associated to low proportion of
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Table 11.3 Variation of interspecific crossability results among publications illustrated for the crosses between (A) S.
melongena and S. incanum and (B) between S. melongena and S. violaceum

Female Male Direct result of
the cross

F1 pollen stainability
meiosis

F1 seed set
and/or progenies
obtained

Source

A

S. melongena S. incanum 14–46% fruit set,
79–88% normal
seeds

F1 fertile (>60% pollen
stainability)

n.d. Lester and
Kang (1998)

S. melongena S. incanum 18% fruit set,
60% germination

n.d. n.d. Plazas et al.
(2016)

S. melongena S. incanum F1 obtained F1 fertile (61%
stainability)

BC1 progenies
obtained
whatever BC
direction

Kouassi et al.
(2016)

S. melongena S. incanum F1 obtained n.d. Advanced
progenies
obtained

Robinson
et al. (2001)

S. melongena
(group H)

S. incanum
(group C)

14% fruit set,
88% normal
seeds, 2%
germination

F1 fertile (65% pollen
stainability)

n.d. Lester and
Hasan (1991)

S. melongena
(group G)

S. incanum
(group C)

46% fruit set,
79% normal
seeds, 73%
germination

F1 partially fertile to
fertile (53% pollen
stainability)

n.d. Lester and
Hasan (1991)

S. incanum S. melongena 23–26% fruit set,
1–11% normal
seeds

F1 fertile (� 60% pollen
stainability)

n.d. Lester and
Kang (1998)

S. incanum S. melongena 25% fruit set,
77% germination

n.d. n.d. Plazas et al.
(2016)

S. incanum
(group C)

S. melongena
(group G)

26% fruit set,
11% normal
seeds, 55%
germination

F1 fertile (67% pollen
stainability)

n.d. Lester and
Hasan (1991)

S. incanum
(group C)

S. melongena
(group H)

23% fruit set, 1%
normal seeds, no
germination

n.d. n.d. Lester and
Hasan (1991)

B

S. melongena S. violaceum 5% fruit set, 25%
germination

n.d. n.d. Plazas et al.
(2016)

S. melongena S. violaceum No fruit set,- n.d. n.d. Al Ani
(1991)

S. melongena S. violaceum
(S. indicum)

F1 vigourous F1 fertile (92% pollen
fertility)

n.d. Rao and Rao
(1984)

S. melongena S. violaceum
(S. kurzii)

Viable plants F1 partially fertile 56–75% normal
seeds

Daunay et al.
(1998),
Daunay,
unpubl.

(continued)
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univalents, trivalents and tetravalents. Omidiji
concluded that the chromosomes of both parental
species were sufficiently homeologous for per-
mitting pairing in most PMC, despite cryptic
differences (translocations, inversions). Despite
metaphase I and later stage meiosis irregularities,
the low pollen fertility due to unbalanced
gametes did not hamper the hybrid undersized
fruits to contain some seeds. In reciprocal
hybrids obtained from the cross between S.
aethiopicum Gilo group and S. macrocarpon
(Oyelana and Ogunwenmo 2009) and displaying
partial fertility (21 to 34% pollen stainability),
meiotic irregularity was also observed (about
50% bivalents, trivalents, tetravalents, clumps
and laggards). Interestingly Omidiji (1983)
noticed meiotic irregularities in S. macrocarpon
(not mentioned by Oyelana and Ogunwenmo
2009) and questioned a possible hybrid origin of
this species.

11.4.1.2 Solanum aethiopicum
and S. melongena

Depending on the crosses, hybrids virtually
sterile, partially fertile or fertile are described in
the literature (Table 11.5). Meiosis of virtually
sterile reciprocal F1 is reported as normal (Cal-
lano et al. 2015; Kirti and Rao 1982b). Persisting
sterility troubles in first backcross (BC) genera-
tions are mentioned for a virtually sterile F1
obtained with Solanum aethiopicum Aculeatum
group used as female (Ano 1990; Ano et al.
1989, 1991). In BC generations obtained with a
similar hybrid and S. melongena used as male
recurrent parent, segregation for cytoplasmic
male sterility was detected from BC1 onwards
(Khan and Isshiki 2010), whereas the male fertile
plants still suffered fertility troubles even in BC4
(maximum of 50% stainable pollen). A recipro-
cal hybrid obtained with S. melongena used as
female and S. aethiopicum Kumba group

Table 11.3 (continued)

Female Male Direct result of
the cross

F1 pollen stainability
meiosis

F1 seed set
and/or progenies
obtained

Source

S. melongena S. violaceum
(S. indicum)

F1 obtained n.d. Viable seeds Behera and
Singh (2002)

S. violaceum S. melongena 65% fruit set,
87% normal seeds

F1 partially fertile n.d. Al Ani
(1991)

S. violaceum S. melongena F1 obtained F1 partially fertile (31%
stainable pollen)

BC1-4
progenies
obtained

Ishhiki and
Kawajiri
(2010)

S. violaceum S. melongena No fruit set n.d. n.d. Plazas et al.
(2016)

S. violaceum
(S. kurzii)

S. melongena F1 obtained F1 partially fertile (30%
pollen stainability, but 1%
germination in vitro)

BC1-BC3
populations
obtained

Khan and
Isshiki
(2009)

S. violaceum
(S. kurzii)

S. melongena Viable plants F1 partially fertile 23–83% normal
seeds

Daunay et al.
(1998),
Daunay,
unpubl.

S. violaceum
(S. indicum)

S. melongena Death of F1
seedlings

n.d. n.d. Behera and
Singh (2002)

S. violaceum
(S. indicum)

S. melongena F1 vigourous F1 fertile (95% pollen
fertility)

n.d. Rao and Rao
(1984)

Species names into brackets are those used in the publications
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Table 11.5 Overview of the results obtained from crosses between cultivated eggplants

Female Male aet cultigroup (if
known)

Direct result
of the cross

F1 pollen stainability or
viability or meiosis

F1 fruit and/or seed
set and/or progeny

Source

aet mac n.d. F1 vigourous F1 partially fertile
(17% stainability)

n.d. Omidiji
(1979)

aet mac Gilo F1 obtained Irregular meiosis, F1
partially fertile (34%
pollen stainability)

n.d. Oyelana and
Ogunwenmo
(2009)

aet mac Kumba? F1 vigourous F1 virtually sterile (9%
stainable pollen)

Seed set Omidiji
(1983)

mac aet Gilo F1 obtained Irregular meiosis, F1
partially fertile (21%
pollen stainability)

n.d. Oyelana and
Ogunwenmo
(2009)

aet mel n.d. F1 vigourous F1 partially fertile
(13% stainable pollen)

n.d. Omidiji
(1979)

aet mel Aculeatum F1 obtained F1 virtually sterile Sterility troubles in
first BC progenies

Ano et al.
(1989, 1990,
1991)

aet mel Aculeatum
(S. integrifolium)

Commercial
F1 ‘Assist’

F1 virtually sterile
(<10% pollen
stainability)

BC progenies
obtained,
segregating for
male sterility

Khan and
Isshiki
(2010)

aet mel Aculeatum
(S. integrifolium)

F1 obtained Normal meiosis, F1
virtually sterile

n.d. Callano et al.
(2015)

aet mel Aculeatum
(S. integrifolium)

F1 vigourous High occurrence of
bivalents at meiosis,
but F1 virtually sterile

n.d. Kirti and Rao
(1982b)

aet mel Gilo F1 obtained F1 virtually sterile F2 and BC
progenies obtained

Ano, unpubl.

mel aet n.d. F1 obtained F1 fertile (57% pollen
stainability)

Seeds in F1 fruits Oyelana and
Ugborogho
(2008)

mel aet Aculeatum (S.
integrifolium)

F1 obtained Normal meiosis, F1
virtually sterile

n.d. Callano et al.
(2015)

mel aet Aculeatum
(S. integrifolium)

No fruit set n.d. n.d. Kirti and Rao
(1982b)

mel aet Gilo F1 obtained >85% sterile pollen Parthenocarpic
fruits

Behera and
Singh (2002)

mel aet Gilo F1 obtained n.d. Advanced
progenies obtained

Robinson
et al. (2001)

mel aet Kumba F1 vigourous F1 virtually sterile (0–
2% pollen stainability)

Seedless
spontaneous fruits,
BC progeny
obtained

Prohens et al.
(2012)

mac mel 20–35% of
fruits with
seeds, F1
weak

F1 partially fertile (10–
21% stainability)

No fruits or
seedless fruits after
selfing or BC

Bletsos et al.
(2004)

(continued)
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(Prohens et al. 2012) as male, also poorly fertile
(0–2% pollen stainability; 28% fruit set) yielded
also BC progenies (with each parental species)
with limited (but improved) pollen stainability
(1–62%) and fruit set (53%).

11.4.1.3 Solanum macrocarpon and S.
melongena

F1 meiosis revealed regular chromosome pairing
in most pollen mother cells (PMC) with occa-
sional multivalents and univalents in some PMC
(Schaff et al. 1982; Wanjari 1976). Hybrid pollen
stainability varied from 5 to 21%, depending on
the cross direction and parental accessions
(Bletsos et al. 2004); it was observed that pollen
stainability was better when Solanum melongena
was the maternal parent: 10–15% versus 1–9%
for S. macrocarpon as the maternal parent
(Schaff et al. 1982), but this difference seems
arguable. F2, F3 and BC progenies were
obtained from reciprocal hybrids, with better

pollen stainability than the hybrid, although still
lower than that of the parental species (Oyelana
and Ugborogho 2008; Schaff et al. 1982).

11.4.2 Crosses Between Cultivated
Eggplants and Their
Wild Progenitors

Each cultivated eggplant species is fully interfer-
tile with its own wild progenitor, i.e. S. aethiopi-
cum with S. anguivi, S. macrocarpon with S.
dasyphyllum and S. melongena with S. insanum
(Table 11.6A). This is the case regardless of the
direction of the cross, i.e. cultivated species used
as female or as male (data not shown).

Crosses between each cultivated eggplant and
the wild progenitors of the two other cultivated
species were also investigated (Table 11.6B).
Data are insufficient to look for a possible dif-
ference between reciprocal crosses. A rough

Table 11.5 (continued)

Female Male aet cultigroup (if
known)

Direct result
of the cross

F1 pollen stainability or
viability or meiosis

F1 fruit and/or seed
set and/or progeny

Source

mac mel 21% fruit set,
F1 of variable
vigour

F1 virtually sterile (1–
9% pollen stainability)

F2 and BC1
obtained

Schaff et al.
(1982)

mac mel F1 obtained F1 fertile (52% pollen
stainability)

F2, F3 segregating
progenies obtained

Oyelana and
Ugborogho
(2008)

mac mel F1 of poor
vigour

F1 partially fertile
(30% stainability)

Parthenocarpic
fruits

Gowda et al.
(1990)

mel mac 4% fruit set,
F1 of variable
vigour

F1 partially fertile (10–
15% pollen stainability)

F2 and BC1
obtained

Schaff et al.
(1982)

mel mac 8–30% of
fruits with
seeds, F1
weak

F1 partially fertile (5–
16% stainability)

No fruits or
seedless fruits after
selfing or BC

Bletsos et al.
(2004)

mel mac F1 of poor
vigour

F1 partially fertile
(40% stainability)

Parthenocarpic
fruits

Gowda et al.
(1990)

mel mac F1 vigourous F1 partially fertile
(49% pollen
stainability)

F2, F3 segregating
progenies obtained

Oyelana and
Ugborogho
(2008)

The eggplant species are abbreviated to the first three letters of their specific epithet
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comparison of crossability results between part-
nerships “cultivatedi − cultivatedj” (Table 11.5)
and “cultivatedi-wild progenitorj” is possible.
The results of such comparisons seem consistent
for the crosses involving:

– S. aethiopicum crossed with S. macrocarpon
or S. dasyphyllum (F1 partially fertile);

– S. aethiopicum crossed with S. melongena
(F1 partially fertile) or S. insanum (F1 virtu-
ally sterile);

– S. melongena crossed with S. aethiopicum or
S. anguivi (F1 partially fertile);

– S. melongena crossed with S. macrocarpon or
and S. dasyphyllum (F1 partially fertile);

– S. macrocarpon crossed with S. aethiopicum
or S. anguivi (F1 partially fertile);

– Incomplete data hamper the comparison
between S. macrocarpon crossed with S.
melongena (F1 partially fertile) or S. insanum
(no data).

11.4.3 Crosses Between Cultivated
Eggplants
and (Non-progenitor)
Wild Species

11.4.3.1 Reciprocal Crosses
Many crosses have been attempted by using the
parental partners as female and as male parent.
We compare the best results obtained so far for
reciprocal crosses in the case of three species
partnerships for Solanum aethiopicum, one for S.
macrocarpon and 52 for S. melongena (see
Table 11.7). This table once more illustrates the
heterogeneous information available in the liter-
ature, as well as the extreme diversity of cases
obtained throughout the crosses. Here, we will
only discuss the diversity of results obtained in
crosses involving S. melongena, since they are
numerous enough to provide a general overview.
Hybrids virtually sterile, partially fertile or fertile
are obtained whether S. melongena is used as

Table 11.6 Best results obtained for crosses involving the three cultivated eggplants

Partner 1 Partner 2 Best result simplified Detailed source

A

S. aethiopicum S. anguivi F1 fertile (95% pollen stainability),
vigourous

Niakan (1980), Lester and Niakan (1986)

S. macrocarpon S. dasyphyllum F1 fertile (92–100% pollen stainability),
normal seeds produced

Omidiji (1979), Bukenya and Carasco
(1995, 1999)

S. melongena S. insanum F1 fertile (62–98% pollen stainability),
progenies obtained

Lester and Hasan (1991), Kouassi et al.
(2016), Plazas et al. (2016)

B

S. aethiopicum S. dasyphyllum F1 partially fertile, vigourous Omidiji (1979), Niakan (1980)

S. aethiopicum S. insanum F1 virtually sterile Kirti and Rao (1982b)

S. macrocarpon S. anguivi F1 partially fertile (pollen stainability
<15%)

Omidiji (1982) quoted by Lester and
Niakan (1986)

S. macrocarpon S. insanum – –

S. melongena S. anguivi F1 partially fertile, progenies obtained Al-Ani (1991), Kouassi et al. (2016),
Plazas et al. (2016)

S. melongena S. dasyphyllum F1 partially fertile, progenies obtained Daunay et al. (1998), Kouassi et al. (2016),
Plazas et al. (2016)

(A) when crossed with their respective wild progenitor and (B) when crossed with the wild progenitors of the other cultivated
species
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Table 11.7 Overview of the best results obtained for reciprocal crosses between cultivated eggplant and wild species
(wild progenitors of cultivated eggplants excluded)

Cultivated
species

Wild species Best cross result
(cultivated = female parent)

Best cross result (wild = female
parent)

S. aethiopicum S. multiflorum F1 vigourous, virtually sterile, 69%
occurrence of bivalents at meiosis

F1 vigourous, virtually sterile (76%
occurrence of bivalents at meiosis),
seed set, 100% germination, F2
progeny obtained

S. aethiopicum S. violaceum F1 virtually sterile F1 partially fertile

S. aethiopicum S. virginianum F1 virtually sterile No success

S.
macrocarpon

S. linnaeanum 0–80% fruit set, abortive seeds 25–50% fruit set, abortive seeds

S. melongena S. aculeastrum Parthenocarpic fruits No fruit set

S. melongena S. aculeatissimum Tetraploidised F1 partially fertile
(25% pollen stainability)

No fruit set

S. melongena S. beaugleholei Parthenocarpic fruits No fruit set

S. melongena S. burchellii F1 partially fertile, fruit set, 20%
normal seeds

F1 obtained

S. melongena S. campylacanthum F1 fertile No fruit set

S. melongena S. capense F1 virtually sterile, 67% normal
seeds

F1 obtained

S. melongena S. catombelense F1 partially fertile, 10–33% normal
seeds

F1 partially fertile, 42–57% normal
seeds

S. melongena S. cerasiferum F1 partially fertile, 95–97% normal
seeds

F1 partially fertile, 96–99% normal
seeds

S. melongena S. chippendalei No viable plantlets No fruit set

S. melongena S. clarkiae No viable embryos No fruit set

S. melongena S. coagulans F1 virtually sterile, 66% normal
seeds

Parthenocarpic fruits

S. melongena S. coccineum F1 virtually sterile, 51–69% normal
seeds

F1 partially fertile, 77–98% normal
seeds

S. melongena S.
cyaneopurpureum

F1 partially fertile F1 obtained

S. melongena S. dennekense No fruit set No fruit set

S. melongena S. dinteri F1 partially fertile, 58–74% normal
seeds

F1 partially fertile, 69–75% normal
seeds

S. melongena S. dioicum Parthenocarpic fruits No fruit set

S. melongena S. diversiflorum Parthenocarpic fruits No fruit set

S. melongena S. elaeagnifolium F1 virtually sterile—BC1 and BC2
progenies obtained (S. melongena
used as male)

No fruit set

S. melongena S. forskalii F1 virtually sterile, no fruit set No viable embryo

S. melongena S. giganteum Parthenocarpic fruits No fruit set

S. melongena S. goetzii Parthenocarpic fruits F1 virtually sterile

S. melongena S. hastifolium F1 partially fertile, 18–23% normal
seeds

No fruit set

(continued)
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Table 11.7 (continued)

Cultivated
species

Wild species Best cross result
(cultivated = female parent)

Best cross result (wild = female
parent)

S. melongena S. heinianum No fruit set No fruit set

S. melongena S. incanum F1 fertile—advanced progenies
obtained

F1 fertile

S. melongena S. lichtensteinii F1 fertile—BC1 obtained (S.
melongena used as male)

18% fruit set

S. melongena S. lidii 3% fruit set, presence of seeds F1 partially fertile, 77–86% normal
seeds

S. melongena S. linnaeanum 9% fruit set, 0% germination F1 obtained with “good fertility”—
BC1 obtained with F1 used as female

S. melongena S. mahoriensis No viable embryos No fruit set

S. melongena S. melanospermum F1 partially fertile, no fruit set No fruit set

S. melongena S. multiflorum Parthenocarpic fruits Parthenocarpic fruits

S. melongena S. myoxotrichum Parthenocarpic fruits No fruit set

S. melongena S. phlomoides No viable embryos No fruit set

S. melongena S. pyracanthos 33% fruit set, 0% normal seeds 5% fruit set, 8% germination

S. melongena S. richardii F1 partially fertile, 0–12% normal
seeds

No fruit set

S. melongena S. rigescens F1 partially fertile, 9–63% normal
seeds

Parthenocarpic fruits

S. melongena S. rigescentoides F1 partially fertile, 41–84% normal
seeds

F1 partially fertile, 42% normal
seeds

S. melongena S. rubetorum Abnormal adult plants No viable plantlets

S. melongena S. scabrum
(2n = 48)

F1 (2n = 72), partially fertile, almost
regular meiosis (few univalents),
dropping of flowers buds, seedless
fruits

No fruit set

S. melongena S. schimperianum Parthenocarpic fruits No fruit set

S. melongena S. sessilistellatum F1 partially fertile, no fruit set F1 partially fertile, 74% normal
seeds

S. melongena S. sisymbriifolium Presence of embryos in ovules, but
no germination

11% fruit set, parthenocarpic fruit

S. melongena S. supinum Parthenocarpic fruits F1 partially fertile, 41–49% normal
seeds

S. melongena S. toliaraea Parthenocarpic fruits No fruit set

S. melongena S. tomentosum F1 partially fertile—BC1 obtained
(S. melongena used as male)

F1 virtually sterile, 52–63% normal
seeds

S. melongena S. torvum F1 virtually sterile or fertile—BC1
(S. melongena used as female)

No fruit set

S. melongena S. trilobatum Parthenocarpic fruits Fruit set, 100% maternal diploids (no
hybrid)

S. melongena S. tudununggae Parthenocarpic fruits No fruit set

S. melongena S. vespertilio 10% fruit set, presence of seeds No fruit set

(continued)
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female (for six crosses, thirteen and five, respec-
tively) or male parent (four, eight and two,
respectively). Hybrid fertility level does not seem
to be related to the phylogenetic proximity
between S. melongena and the wild species
involved. In a number of cases, crosses yielded
fertile or partially fertile hybrids regardless of the
cross direction, e.g. those involving S. melongena
on one hand and S. catombelense Peyr.,
S. cerasiferum Dunal, S. dinteri, S. incanum,
S. rigescentoides, S. sessilistellatum and S. vio-
laceum on the other hand. Several reciprocal
crosses produced fertile or partially fertile hybrids
for one cross direction only. This is the case for
S. melongena used as female and pollinated with
S. campylacanthum, S. hastifolium Hochst. ex
Dunal, S. lichtensteinii, S. melanospermum F.
Muell., S. rigescens Dunal, S. viarum as well as
with the nightshade S. scabrum Mill. This is also
the case for S. lidii Sunding, S. linnaeanum,
Hepper & P.-M.L. Jaeger, S. supinum Dunal (and
possibly S. capense and S. cyaneopureum De
Wild.9) when used as female and pollinated with
S. melongena.

One observes also that there are as many as
five different types of crossing results
(Table 11.8). Fertile (1st type), partially fertile
(2nd), virtually sterile (3rd) or unviable inter-
specific hybrids (4th) together with cross failure
(5th type) are obtained for crosses whether

S. melongena is used as female or as male parent.
On the basis of the available set of reciprocal
crosses involving S. melongena and wild species
(Table 11.7), it seems that there is no relationship
between reciprocal results; indeed, almost every
type of result obtained with S. melongena used as
female matches with the ones retrieved when S.
melongena is used as male and conversely
(Table 11.8). Last but not least, progenies can be
obtained from any given fertility level (fertile,
partially fertile or virtually sterile) of the inter-
specific hybrids (Table 11.7).

11.4.3.2 Global Results for All Types
of Crosses

In a number of publications, results are provided
without specification of cross direction, or only
with a mention of a single cross direction.
Therefore, such crosses’ results are excluded
from Table 11.7, which gathers only the recip-
rocal crosses. In order to provide a global over-
view of the interspecific crosses results (out of the
wild progenitors of cultivated eggplants, which
are detailed in Sect. 11.4.2), we have gathered the
best results obtained from such “one way” crosses
as well as “unknown direction” crosses together
with the best results obtained from “reciprocal
crosses”; we then selected the “top one” results.
The global synthesis involving Solanum aethio-
picum and S. macrocarpon is provided in
Table 11.9 and for S. melongena in Table 11.10.

To date, no fertile hybrids have been obtained
when crossing Solanum aethiopicum with any of
the 16 wild species tested; however, partially

Table 11.7 (continued)

Cultivated
species

Wild species Best cross result
(cultivated = female parent)

Best cross result (wild = female
parent)

S. melongena S. viarum F1 fertile—F2 and advanced BC
progenies obtained

No fruit set

S. melongena S. violaceum F1 vigourous, fertile, 99%
occurrence of bivalents at meiosis,
viable seeds

F1 vigourous, fertile, 99%
occurrence of bivalents at meiosis—
BC1 to BC4 obtained

S. melongena S. virginianum No fruit set F1 vigourous, virtually sterile, 50%
occurrence of bivalents at meiosis—
BC1 to BC4 obtained

S. melongena S. zanzibarense Parthenocarpic fruits F1 virtually sterile, no fruit set

9The fertility of the hybrids S. capense � S. melongena
and S. cyaneopurpureum � S. melongena being not
indicated (Table 11.7) we hypothesize here that they are
fertile or partially fertile.
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Table 11.8 Diversity of results obtained from reciprocal results between Solanum melongena and wild species

S. melongena female S. melongena male

Fertile hybrids obtained Fertile hybrids obtained

Fertile hybrids obtained No fruit set

Partially fertile hybrids obtained Partially fertile hybrids obtained

Partially fertile hybrids obtained Virtually sterile hybrids obtained

Partially fertile hybrids obtained No fruit set

Virtually sterile hybrids obtained Partially fertile hybrids obtained

Virtually sterile hybrids obtained Hybrids (embryo, plantlet) not viable

Virtually sterile hybrids obtained No fruit set

Hybrids (embryo, plantlet) not viable No fruit set

Cross failure (no fruit set or parthenocarpic fruit) Partially fertile hybrids obtained

Cross failure (no fruit set or parthenocarpic fruit) Virtually sterile hybrids obtained

Cross failure (no fruit set or parthenocarpic fruit) Cross failure (no fruit set or parthenocarpic fruit)

This Table derives from Table 11.7

Table 11.9 Global overview of the best results obtained when crossing S. aethiopicum and S. macrocarpon with wild
Solanum species (crosses with the wild progenitors of cultivated eggplants, not here, are detailed in Sect. 11.4.2)

Best result simplified Partner 1 Partner 2 Source

F1 partially fertile, vigourous S. aethiopicum S. incanum Daunay et al. (1991)

F1 partially fertile, vigourous S. aethiopicum S. violaceum Literature compilation

F1 virtually sterile, vigourous S. aethiopicum S. cinereum Daunay et al. (1991)

F1 virtually sterile, vigourous S. aethiopicum S. marginatum Daunay et al. (1991)

F1 virtually sterile, vigourous, progenies obtained S. aethiopicum S. multiflorum Literature compilation

F1 virtually sterile, vigourous S. aethiopicum S. tomentosum Daunay et al. (1991)

F1 virtually sterile, vigourous S. aethiopicum S. virginianum Daunay et al. (1991)

F0 ! F1 seeds (50–100% normal) S. aethiopicum S. sisymbriifolium Daunay et al. (1991)

F0 ! F1 seeds (50–100% normal) S. aethiopicum S. viarum Daunay et al. (1991)

F0 ! F1 seeds (5–50% normal) S. aethiopicum S. capsicoides Daunay et al. (1991)

F0 ! F1 seeds (abnormal) S. aethiopicum S. campanulatum Daunay et al. (1991)

F0 ! F1 seeds (abnormal) S. aethiopicum S. capense Daunay et al. (1991)

F0 ! F1 seeds (abnormal) S. aethiopicum S. linnaeanum Daunay et al. (1991)

F0 ! F1 seeds (abnormal) S. aethiopicum S. pyracanthos Daunay et al. (1991)

F0 ! F1 seeds (abnormal) S. aethiopicum S. torvum Daunay et al. (1991)

Parthenocarpic fruits S. aethiopicum S. rubetorum Daunay et al. (1991)

F1 obtained S. macrocarpon S. incanum Literature compilation

F0 ! F1 seeds (abnormal) S. macrocarpon S. linnaeanum Literature compilation

No fruit set S. macrocarpon S. violaceum Daunay et al. (1991)

Data are ranked by results and wild species names. In bold, species absent from Table 11.7
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Table 11.10 Global overview of the best results obtained when crossing S. melongena with wild Solanum species
(crosses with the wild progenitors of cultivated eggplants, not here, are detailed in Sect. 11.4.2). Data are ranked by
results and wild species names

Best result simplified Partner 2 Source

F1 fertile S. campylacanthum Literature compilation

F1 fertile, vigourous, progenies obtained S. incanum Literature compilation

F1 fertile, progenies obtained S. lichtensteinii Literature compilation

F1 fertile, progenies obtained S. linnaeanum Literature compilation

F1 fertile, vigourous, progenies obtained S. viarum Literature compilation

F1 fertile, vigourous, progenies obtained S. violaceum Literature compilation

tetraploidised F1 partially fertile S. aculeatissimum Literature compilation

F1 partially fertile S. burchellii Literature compilation

F1 partially fertile S. catombelense Literature compilation

F1 partially fertile S. cerasiferum Literature compilation

F1 partially fertile S. coccineum Literature compilation

F1 partially fertile S. cyaneopurpureum Literature compilation

F1 partially fertile S. dinteri Literature compilation

F1 partially fertile S. hastifolium Literature compilation

F1 partially fertile S. lidii Literature compilation

F1 partially fertile S. melanospermum Literature compilation

F1 partially fertile S. richardii Literature compilation

F1 partially fertile S. rigescens Literature compilation

F1 partially fertile S. rigescentoides Literature compilation

F1 partially fertile S. rubetorum Daunay et al. (1991)

F1 partially fertile, dropping of flower buds, seedless fruits S. scabrum (2n = 48) Literature compilation

F1 partially fertile S. sessilistellatum Literature compilation

F1 partially fertile S. supinum Literature compilation

F1 partially fertile, vigourous, progenies obtained S. tomentosum Literature compilation

F1 partially fertile, vigourous, progenies obtained S. virginianum Daunay et al. (1991)

F1 virtually sterile S. capense Literature compilation

F1 virtually sterile, vigourous S. cinereum Daunay et al. (1991)

F1 virtually sterile S. coagulans Literature compilation

F1 virtually sterile, progenies obtained S. elaeagnifolium Literature compilation

F1 virtually sterile S. forskalii Literature compilation

F1 virtually sterile S. goetzii Literature compilation

F1 virtually sterile, vigourous S. hispidum Daunay et al. (1991)

F1 virtually sterile, vigourous S. marginatum Daunay et al. (1991)

F1 virtually sterile (or fertile), progenies obtained S. torvum Literature compilation

F1 virtually sterile S. zanzibarense Literature compilation

F0 ! F1 seeds (5–50% normal) S. capsicoides Daunay et al. (1991)

F0 ! F1 seeds S. pyracanthos Literature compilation

F0 ! F1 seeds S. vespertilio Literature compilation

(continued)
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fertile hybrids were obtained with S. incanum
and S. violaceum. Progenies were obtained from
only one of the virtually sterile hybrids (S. mul-
tiflorum). It is worthwhile to retry some of the
crosses since they produced a proportion of
normal seeds and could perhaps give rise to
hybrids. Only one out of the three interspecific
crosses attempted so far with S. macrocarpon has
yielded a hybrid, the fertility of which is however
not known (Robinson et al. 2001).

Interspecific crosses involving Solanum mel-
ongena are much more numerous (61) than those
involving S. aethiopicum (16) and S. macrocar-
pon (3). Over half of the crosses yielded hybrids
of variable fertility (from fertile to virtually
sterile) and from which nine progenies were
obtained so far (Table 11.10).

The species yielding fertile or partially fertile
hybrids belong either the Melongena clade
(Solanum campylacanthum, S. cerasiferum, S.
incanum, S. linnaeanum and S. lichtensteinii), to
the poorly resolved Old World Anguivi grade (S.
burchellii, S. catombelense, S. coccineum, S.
cyaneopurpurem, S. dinteri, S. hastifolium, S. lidii,
S. rigescens, S. rigescentoides, S. rubetorum
Dunal,, S. sessilistellatum (=S. nigriviolaceum), S.
supinum, S. tomentosum and S. violaceum), to
other Old World clades (S. melanospermum, S.
virginianum) as well as to New World clades (S.
aculeatissimum Jacq., S. viarum) (Vorontsova
et al. 2013; Aubriot et al. 2018). For the hybrid
between S. melongena and S. aculeatissimum,
information is given only for its tetraploidized
form. Unexpectedly, one tetraploid species of

Table 11.10 (continued)

Best result simplified Partner 2 Source

F0 ! F1 seeds (abnormal) S. campanulatum Daunay et al. (1991)

F0 ! F1 seeds (abnormal) S. mammosum Daunay et al. (1991)

No viable F1 S. chippendalei Literature compilation

No viable F1 S. clarkiae Literature compilation

No viable F1 S. mahoriensis Literature compilation

No viable F1 S. phlomoides Literature compilation

No viable F1 S. sisymbriifolium Daunay et al. (1991)

Fruit set (no detail) S. trilobatum Literature compilation

Parthenocarpic fruits S. aculeastrum Literature compilation

Parthenocarpic fruits S. beaugleholei Literature compilation

Parthenocarpic fruits S. dioicum Literature compilation

Parthenocarpic fruits S. diversiflorum Literature compilation

Parthenocarpic fruits S. giganteum Literature compilation

Parthenocarpic fruits S. multiflorum Literature compilation

Parthenocarpic fruits S. myoxotrichum Literature compilation

Parthenocarpic fruits S. schimperianum Literature compilation

Parthenocarpic fruits S. toliaraea Literature compilation

Parthenocarpic fruits S. tudununggae Literature compilation

No fruit set S. bonariense Literature compilation

No fruit set S. dennekense Literature compilation

No fruit set S. giftbergense Literature compilation

No fruit set S. heinianum Literature compilation

No fruit set S. platacanthum Literature compilation

In bold, species absent from Table 11.7
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subgenus Solanum, S. scabrum, is one of the
species yielding partially fertile hybrids when
crossed with S. melongena. The species yielding
virtually sterile hybrids, or no hybrids at all, dis-
play a similar phylogenetic diversity, as those
yielding fertile or partially fertile hybrids.

Interestingly, when crossed with Solanum
melongena, some species belonging to the New
World clade (Stern et al. 2011) yield hybrids.
That is the case of S. viarum which produces a
fertile hybrid (Sharma et al. 1980), as well as S.
elaeagnifolium (Garcia-Fortea et al. 2019) and S.
hispidum Pers. (= S. asperolanatum Ruiz & Pav.;
Daunay et al. 1991) which produce virtually
sterile hybrids. The case of S. aculeatissimum is
unclear since the fertility of the diploid hybrid is
not indicated (Zhou et al. 2018). That is also the
case for the fertile hybrid between S. melongena
(female) and S. torvum (Cao et al. 2009) although
all other authors having worked on this hybrid
report its high sterility (Bletsos et al. 1998, 2004;
Daunay unpub.; Mc Cammon and Honma 1983;
Plazas et al. 2016; Robinson et al. 2001).

On the whole, this survey of the crossability
results between cultivated eggplants and wild
relatives indicates that a lot of work has still to be
carried out in the future for completing and
rationalising the current knowledge, both by
extending the range of wild species available
(African, Asian and Australian species) and by
homogenising of the types of criteria to record.
The possibility of obtaining progenies from
interspecific hybrids has to be investigated as a
priority, because this is the criterion that at the end
is essential to breeders for the transfer of wild traits
into cultivated germplasm. The apparent loose link
between interspecific crosses results and phylo-
genetic relatedness of the partner species is a
questioning matter that constitutes a promising
research field for further comparative studies.

11.4.4 Crosses Between Wild Species

One hundred sixteen crosses involving 33 wild
species have been attempted between wild
Solanum species, out of which 26 crosses were
reciprocals. Reciprocal and fertile or partially

fertile hybrids were obtained only from the
crosses involving S. coccineum on one hand and
S. capense or S. violaceum on the other hand
(Table 11.11). One cross direction and fertile or
partially fertile hybrids were obtained from eight
other crosses, involving mostly species of the
former Oliganthes section, now included in the
Anguivi grade (i.e. S. anguivi, S. capense, S.
coccineum, S. rubetorum, S. violaceum) and
some species of the Melongena clade (S.
campylacanthum crossed with S. cerasiferum
and S. incanum). One partially fertile hybrid was
unexpectedly obtained when crossing S. vio-
laceum (female) with S. virginianum, two species
that are partly in sympatry10 but also rather dis-
tantly related (Chap. 10).

The global overview of the best results
obtained when crossing wild � wild, and that for
any cross direction, is provided in Tables 11.12
and 11.13. The global picture is that roughly half
(62) of the crosses were “successful”
(Table 11.12) and half (54) failed (Table 11.13).
Among the species combinations yielding fertile
hybrids, one notices members of the Melongena
clade that are closely related to each other,
namely S. campylacanthum–S. cerasiferum,11 S.
incanum–S. campylacanthum, S. incanum–S.
insanum and S. incanum–S. lichtensteinii. As
already mentioned when discussing the recipro-
cal crosses, members of the former Oliganthes
section are also often cross compatible. Detailing
the cross failures (Table 11.13) is of limited use
given many crosses have been attempted by only
one author or with few parental accessions. Some
failures are questionable, in particular for crosses
between phylogenetically close species of the
Melongena clade (Chap. 10), such as S. campy-
lacanthum and S. insanum, S. campylacanthum
and S. lichtensteinii and S. incanum and S.
linnaeanum.

A few New World species, Solanum sisymbri-
ifolium, S. torvum and S. viarum, have been

10Both are found in the same geographical and ecological
areas.
11Because of this interfertility, Olet and Bukenya-Ziraba
(2001) suggested S. campylacanthum and S. cerasiferum
belong to the same biological species.
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Table 11.11 Overview of the best result obtained from reciprocal crosses between wild species (wild progenitors of
cultivated eggplants included)

Female Male Best result of the cross Best result of the reciprocal cross

S. anguivi S. capense 25% fruit set, 1% normal seeds F1 partially fertile

S. anguivi S. coccineum 30% fruit, 0% normal seeds F1 fertile

S. anguivi S. rubetorum No fruit set F1 partially fertile

S. anguivi S. violaceum Hybrid death F1 partially fertile (16% pollen
stainability)

S. campylacanthum S. cerasiferum F1 fertile No fruit or not seeds

S. campylacanthum S. incanum No fruit set F1 fertile

S. capense S. coccineum F1 partially fertile F1 fertile

S. capense S.
pyracanthos

10% fruit set, 0% normal seeds No fruit set

S. capense S. rubetorum 0–5% fruit set, 0% normal seeds 16% fruit set

S. capense S. violaceum F1 virtually sterile F1 virtually sterile

S. coccineum S.
pyracanthos

40% fruit set, 0% normal seeds No fruit set

S. coccineum S. rubetorum 50–60% fruit set, 40–60%
normal seeds

F1 fertile

S. coccineum S. violaceum F1 partially fertile F1 partially fertile

S. dasyphyllum S. linnaeanum 25–80% fruit set, abortive seeds 25–50% fruit set, abortive seeds

S. multiflorum S. torvum Parthenocarpic fruits No fruit set

S. multiflorum S. trilobatum Parthenocarpic fruits F1 vigourous, virtually sterile, 46%
bivalents at meiosis

S. multiflorum S. violaceum Parthenocarpic fruits Death of F1

S. multiflorum S.
virginianum

F1 obtained, 43% occurrence of
bivalents at meiosis

F1 weak + 30% maternal diploids—F1
virtually sterile, 56% occurrence of
bivalents at meiosis

S. pyracanthos S. rubetorum No fruit set 7% fruit set, 0% normal seeds

S. rubetorum S. violaceum 7% fruit set, 0% normal seeds 35–50% fruit set, 43–59% normal seeds

S. torvum S. trilobatum No fruit set Parthenocarpic fruits

S. torvum S. violaceum Fruit set, 100% maternal
diploids (no hybrid)

Death of F1 seedlings, or F1 weak, fully
abnormal meiosis, dropping off of
immature flowers, hybrid 100% sterile

S. torvum S.
virginianum

No fruit set Fruit set, 100% maternal diploid (no
hybrid)

S. trilobatum S. violaceum Parthenocarpic fruits No fruit set

S. trilobatum S.
virginianum

90% maternal diploids, F1 weak
and virtually sterile, 3%
occurrence of bivalents at
meiosis

17% maternal diploid, F1 of medium
vigour and virtually sterile, 21%
occurrence of bivalents at meiosis,
progenies obtained

S. violaceum S.
virginianum

F1 partially fertile Death of F1 seedlings
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Table 11.12 Global overview of the best and most successful results obtained when crossing wild Solanum species
(wild progenitors of cultivated eggplants included). Data are ranked by results and wild species names (partner 1 first,
and then partner 2)

Best result simplified Partner 1 Partner 2 Source

F1 fertile S. anguivi S. coccineum Compilation

F1 fertile S. anguivi S. platacanthum Compilation

F1 fertile S. campylacanthum S. cerasiferum Compilation

F1 fertile S. capense S. coccineum Compilation

F1 fertile S. capense S. tomentosum Compilation

F1 fertile S. coccineum S. giftbergense Compilation

F1 fertile S. coccineum S. rigescens Compilation

F1 fertile S. coccineum S. rubetorum Compilation

F1 fertile S. coccineum S. tomentosum Compilation

F1 fertile S. incanum S. campylacanthum Compilation

F1 fertile S. incanum S. insanum Compilation

F1 fertile S. incanum S. lichtensteinii Compilation

F1 partially fertile S. anguivi S. capense Compilation

F1 partially fertile, vigourous S. anguivi S. rubetorum Compilation

F1 partially fertile, vigourous S. anguivi S. violaceum Daunay et al.
(1991)

F1 partially fertile S. capense S. supinum Compilation

F1 partially fertile S. coccineum S. cinereum Compilation

F1 partially fertile S. coccineum S. violaceum Compilation

F1 partially fertile, vigourous S. incanum S. pubescens Daunay et al.
(1991)

F1 partially fertile S. violaceum S. giftbergense Compilation

F1 partially fertile, vigourous S. violaceum S. pubescens Daunay et al.
(1991)

F1 partially fertile S. violaceum S. rigescens Compilation

F1 partially fertile, vigourous S. violaceum S. tomentosum Daunay et al.
(1991)

F1 partially fertile S. violaceum S. virginianum Compilation

F1 partially fertile S. violaceum S. zanzibarense Compilation

F1 weak S. anguivi S. cinereum Daunay et al.
(1991)

F1 virtually sterile, vigourous S. anguivi S. incanum Daunay et al.
(1991)

F1 vigourous, but no flowers S. anguivi S. linnaeanum Daunay et al.
(1991)

F1 virtually sterile S. capense S. violaceum Compilation

F1 virtually sterile S. coccineum S. zanzibarense Compilation

F1 virtually sterile, vigourous S. incanum S. virginianum Daunay et al.
(1991)

F1 virtually sterile, vigourous S. multiflorum S. trilobatum Compilation

(continued)
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Table 11.12 (continued)

Best result simplified Partner 1 Partner 2 Source

F1 virtually sterile, weak S. multiflorum S. virginianum Compilation

F1 virtually sterile, medium vigour, progenies
obtained

S. trilobatum S. virginianum Compilation

F1 virtually sterile, vigourous S. violaceum S. marginatum Daunay et al.
(1991)

F1 virtually sterile, vigourous S. violaceum S. torvum Daunay et al.
(1991)

F1 virtually sterile, vigourous S. violaceum S. trilobatum Daunay et al.
(1991)

No viable F1 S. anguivi S. marginatum Daunay et al.
(1991)

No viable F1 S. violaceum S. linnaeanum Daunay et al.
(1991)

No viable F1 S. violaceum S. multiflorum Compilation

F0 ! F1 seeds (100% normal) S. capense S. burchelli Compilation

F0 ! F1 seeds (100% normal) S. rubetorum S. cyaneopurpureum Compilation

F0 ! F1 seeds (50–100% normal) S. incanum S. cinereum Daunay et al.
(1991)

F0 ! F1 seeds (50–100% normal) S. incanum S. dasyphyllum Daunay et al.
(1991)

F0 ! F1 seeds (50–100% normal) S. incanum S. marginatum Daunay et al.
(1991)

F0 ! F1 seeds (50–100% normal) S. incanum S. tomentosum Daunay et al.
(1991)

F0 ! F1 seeds (50–100% normal) S. rubetorum S. platacanthum Compilation

F0 ! F1 seeds (50–100% normal) S. violaceum S. platacanthum Compilation

F0 ! F1 seeds (50–100% normal) S. violaceum S. rubetorum Compilation

F0 ! F1 seeds (5–50% normal) S. capense S. campylacanthum Compilation

F0 ! F1 seeds (5–50% normal) S. capense S. cyaneopurpureum Compilation

F0 ! F1 seeds (5–50% normal) S. capense S. platacanthum Compilation

F0 ! F1 seeds (5–50% normal) S. capense S. virginianum Compilation

F0 ! F1 seeds (5–50% normal) S. coccineum S. burchelli Compilation

F0 ! F1 seeds (5–50% normal) S. coccineum S. campylacanthum Compilation

F0 ! F1 seeds (5–50% normal) S. coccineum S. cyaneopurpureum Compilation

F0 ! F1 seeds (5–50% normal) S. coccineum S. platacanthum Compilation

F0 ! F1 seeds (5–50% normal) S. violaceum S. burchelli Compilation

F0 ! F1 seeds (5–50% normal) S. violaceum S. cyaneopurpureum Compilation

F0 ! F1 seeds (<5% normal) S. capense S. rigescens Compilation

F0 ! F1 seeds (<5% normal) S. rubetorum S. campylacanthum Compilation

F0 ! F1 seeds (<5% normal) S. violaceum S. campylacanthum Compilation

In bold, partner’ species absent from Table 11.11

11 Crossability and Diversity of Eggplants and Their Wild Relatives 163



Table 11.13 Global overview of cross failures when crossing wild Solanum species to each other (wild progenitors of
cultivated eggplants included). Data are ranked by results and wild species names (partner 1 first, and then partner 2)

Best result simplified Partner 1 Partner 2 Source

F0 ! F1 seeds (0% normal) S. anguivi S. campanulatum Daunay et al. (1991)

F0 ! F1 seeds (0% normal) S. anguivi S. capsicoides Daunay et al. (1991)

F0 ! F1 seeds (0% normal) S. anguivi S. sisymbriifolium Daunay et al. (1991)

F0 ! F1 seeds (0% normal) S. anguivi S. tomentosum Daunay et al. (1991)

F0 ! F1 seeds (0% normal) S. anguivi S. torvum Daunay et al. (1991)

F0 ! F1 seeds (0% normal) S. anguivi S. viarum Daunay et al. (1991)

F0 ! F1 seeds (0% normal) S. capense S. cinereum Compilation

F0 ! F1 seeds (0% normal) S. capense S. pyracanthos Compilation

F0 ! F1 seeds (0% normal) S. capense S. rubetorum Compilation

F0 ! F1 seeds (0% normal) S. coccineum S. giganteum Compilation

F0 ! F1 seeds (0% normal) S. coccineum S. pyracanthos Compilation

F0 ! F1 seeds (0% normal) S. coccineum S. supinum Compilation

F0 ! F1 seeds (0% normal) S. dasyphyllum S. linnaeanum Compilation

F0 ! F1 seeds (0% normal) S. incanum S. campanulatum Daunay et al. (1991)

F0 ! F1 seeds (0% normal) S. incanum S. violaceum Daunay et al. (1991)

F0 ! F1 seeds (0% normal) S. pyracanthos S. rubetorum Compilation

F0 ! F1 seeds (0% normal) S. violaceum S. cinereum Compilation

F0 ! F1 seeds (0% normal) S. violaceum S. giganteum Compilation

F0 ! F1 seeds (0% normal) S. violaceum S. pyracanthos Compilation

F0 ! F1 seeds (0% normal) S. violaceum S. sisymbriifolium Daunay et al. (1991)

F0 ! F1 seeds (0% normal) S. violaceum S. viarum Daunay et al. (1991)

Fruit set (no detail) S. anguivi S. giganteum Compilation

Fruit set (no detail) S. torvum S. virginianum Compilation

No fruit set S. anguivi S. giftbergense Compilation

No fruit set S. anguivi S. pyracanthos Compilation

No fruit set S. anguivi S. rigescens Compilation

No fruit set S. anguivi S. supinum Compilation

No fruit set S. anguivi S. virginianum Daunay et al. (1991)

No fruit set S. anguivi S. zanzibarense Compilation

No fruit set S. campylacanthum S. insanum Compilation

No fruit set S. campylacanthum S. lichtensteinii Compilation

No fruit set S. capense S. giftbergense Compilation

No fruit set S. capense S. giganteum Compilation

No fruit set S. coccineum S. virginianum Compilation

No fruit set S. incanum S. capsicoides Daunay et al. (1991)

No fruit set S. incanum S. linnaeanum Daunay et al. (1991)

No fruit set S. incanum S. pyracanthos Daunay et al. (1991)

No fruit set S. incanum S. torvum Daunay et al. (1991)
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crossed so far with OldWorld ones (Tables 11.11,
11.12 and 11.13). Solanum sisymbriifolium was
crossed with S. anguivi and S. violaceum (Niakan
1980), as well as with S. incanum (Pearce 1975;
Rao 1979). Solanum torvumwas also crossed with
S. anguivi (Niakan 1980), S. violaceum (Kirti and
Rao 1981; Niakan 1980) and S. incanum (Pearce
1975). Solanum torvumwas further crossedwith S.
multiflorum, S. trilobatum and S. virginianum (Rao
and Rao 1984). Solanum viarum was crossed with
S. anguivi and S. violaceum (Niakan 1980) as well
aswith S. incanum (Pearce 1975). All these crosses
failed except for the cross between S. torvum and
S. violaceum which yielded a virtually sterile
hybrid (Table 11.12), as did the cross between S.
torvum and S. melongena (Table 11.10).

11.5 Is Interspecific Crossability
Predictable?

The genepool concept (Harlan and de Wet 1971)
was set up for hierarchising the species related to
a crop, on the basis of their crossability potential
with the crop. Genepools (GP) were

conceptualised as GP1 (biological species12

including wild, weedy and cultivated forms of
the crop, all interfertile), GP2 (species that are
crossable with GP1 however with some difficulty
and hybrids more or less fertile) and GP3 (spe-
cies that are not crossable with GP1, forming
abnormal, lethal or sterile hybrids, or hybrids that
request radical techniques for getting success).

Applied to Solanum melongena (Hasan 1989),
GP1 was first defined with S. insanum (S. melon-
gena groups E and F sensu Lester) and S. melon-
gena (groups G and H) on the basis of (1) their
complete intercrossability (F1 plants with >80%
pollen stainability), and (2) of the fact that, at that
time, they were belonging to a same biological
species. Hasan placed S. incanum (group C) and S.
lichtensteinii (S. incanum group D) in GP2; toge-
ther with S. campylacanthum (S. incanum groups
A and B). In later research (Plazas et al. 2016) S.
insanum, S. melongena and S. incanum were all
(arguably) included in GP1. Solanum

Table 11.13 (continued)

Best result simplified Partner 1 Partner 2 Source

No fruit set S. incanum S. viarum Daunay et al. (1991)

No fruit set S. pyracanthos S. giftbergense Compilation

No fruit set S. pyracanthos S. platacanthum Compilation

No fruit set S. pyracanthos S. tomentosum Compilation

No fruit set S. pyracanthos S. virginianum Compilation

No fruit set S. pyracanthos S. zanzibarense Compilation

No fruit set S. rubetorum S. giftbergense Compilation

No fruit set S. rubetorum S. supinum Compilation

No fruit set S. rubetorum S. tomentosum Compilation

No fruit set S. rubetorum S. virginianum Compilation

No fruit set S. violaceum S. supinum Compilation

Parthenocarpic fruits S. incanum S. sisymbriifolium Daunay et al. (1991)

Parthenocarpic fruits S. multiflorum S. torvum Compilation

Parthenocarpic fruits S. torvum S. trilobatum Compilation

Parthenocarpic fruits S. violaceum S. campanulatum Daunay et al. (1991)

Parthenocarpic fruits S. violaceum S. capsicoides Daunay et al. (1991)

In bold, partner' species absent from Table 11.11

12The biological species concept is based on successful
interbreeding between the members of a given (biolog-
ical) species, and their reproductive isolation from other
species.
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lichtensteinii and S. campylacanthum were inclu-
ded in GP2, together with S. linnaeanum, several
species of the Anguivi grade (including the culti-
vated S. aethiopicum and S. macrocarpon and
their wild progenitors) as well as species of the
Madagascar clade (S. pyracanthos Lam.). Other
Old World species, as well as New World species
including S. sisymbriifolium, S. torvum and S.
elaeagnifolium, were gathered into GP3. These
examples illustrate the fluidity in the application of
GP definitions for spiny solanums. Also, the glo-
bal overview of the interspecific results involving
S. melongena (see above) shows the limited
practical value of the genepool system applied to
spiny solanums. The example of S. melongena
(Table 11.10) indicates that viable hybrids of
various pollen fertilities were obtained when
crossed with wild species of any given GP and that
progenies can be obtained even from hybrids
obtained with GP3 wild species.

Phylogenetic relationships between spiny
solanums do not seem to be entirely helpful for
predicting interspecific crossability. Indeed, clo-
sely related species can yield fertile or partially
fertile hybrids when crossed to each other (e.g. S.
melongena with other species of the Melongena
clade), but species that are farmore distant can also
yield such hybrids (e.g. S. melongena with the
New World S. viarum or the Australian S.
melanospermum). Conversely species distantly
related to S. melongena can yield hybrids from
which progenies were obtained (e.g. S. elaeagni-
folium and S. torvum). The ultimate inconsistency
is illustrated by the successful cross between two
species that are phylogenetically very distant, the
tetraploid S. scabrum of subgenus Solanum
(Chap. 10) and the diploid eggplant, S. melon-
gena. Indeed, the cross S. melongena (2n = 24)
S. scabrum (2n = 48) yielded a few hexaploid F1
plants, partially fertile. The authors related the
unusual ploidy level to the endo-duplication of the
triploid zygote (Oyelana et al. 2009). Despite
partial pollen stainability (38%), the hybrids pro-
duced only parthenocarpic fruits.13

Knowledge on crossability combinations
between cultivated eggplants and wild species
and between wild species is by far very incom-
plete; this reflects (1) the very rich species
diversity in spiny solanums, (2) and the still
incomplete knowledge on phylogenetic relation-
ships among Old World spiny solanums. How-
ever, the current state of the art and the apparent
loose consistency between crossability and phy-
logenetic relationships seem to indicate that
predicting crossability between species is illu-
sory. This has implications on research fields that
investigate (1) the biological meaning of current
phylogenetic hypotheses and traditional species
concept, (2) the range and nature of species
chromosomal (and genomic) differentiation
making interspecific crosses possible or not, and
(3) the identity of the genetic factors that can
rock an interspecific cross from impossible with
some parents to possible with others.

11.6 Overcoming Interspecific
Hybrid Sterility
via Tetraploidisation

Several cases of F1 hybrid fertility restauration
thanks to chromosome doubling are reported in
the literature. Amphidiploids (4x) issued from
colchicine treatment of reciprocal hybrids
between Solanum melongena and S. aethiopicum
Aculeatum group (S. integrifolium) displayed a
clear increase of pollen stainability (70–72%),
when compared to their diploid counterpart (9–
12%); they yielded seeded fruits (86–91% nor-
mal seeds), whereas the diploids did not set fruits
or set parthenocarpic ones (Ali et al. 1992).
Bivalents and quadrivalents were observed at
metaphase I in meiosis of a 4x F1 (S. aethiopi-
cum Aculeatum group [S. integrifolium] � S.
melongena), which indicates high homeology of
the genomes (Isshiki et al. 2000).

F1 (Solanum melongena � S. aethiopicum
Gilo group) pollen stainability was improved
from 7% (diploid hybrid) up to 67% (tetraploid
version) (Isshiki and Taura 2003). The reciprocal
hybrid F1 (S. aethiopicum Gilo group x Solanum
melongena) whether 2x or 4x did not produce

13Interestingly, mature fruit colour of the hybrid between
S. melongena (yellow) and S. scabrum (purple-black) was
red (Oyelana et al. 2009).
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pollen at all. Fruit set was obtained on the
reciprocal 4x via selfing or intercross, whereas
the diploids did not set fruits. In addition to the
interest of chromosome doubling for restoring
the fertility of this interspecific hybrid, Isshiki
and Taura (2003) demonstrated also that there
was a correlation between pollen sterility and
cytoplasm donor, but no correlation between
ability to set seed and cytoplasm. Contradictory
findings on pollen fertility obtained by other
authors suggest the existence of intraspecific
variations of the cytoplasm between S. aethio-
picum cultigroups or accessions, in line with
mitochondrial DNA variations previously
revealed by RFLPs (Isshiki et al. 2003).

In the case of crosses between Solanum mel-
ongena and S. macrocarpon, partial restauration
of F1 pollen stainability was achieved by chro-
mosome doubling induced by colchicine treat-
ment (Khan et al. 2013a). The tetraploid hybrids
displayed 40% pollen stainability versus 0.9%
for its diploid counterpart. Whereas the diploid
hybrid did not set fruits, F2 seeds were obtained
by selfing the tetraploid F1 and BC1 seeds by
backcrossing the tetraploid F1 with the diploid S.
macrocarpon (ploidy level of this BC1 progeny
was not specified).

Another example is provided by the tetra-
ploidised F1 (Solanum virginianum [S. xantho-
carpum] � S. melongena) that produced 78%
stainable pollen and its progeny was fertile; on
the contrary the diploid (2x) hybrid was highly
sterile with 1% stainable pollen (Rajasekaran
1971).

The F1 (S. violaceum [S. indicum] � S. mel-
ongena), 2n = 2x, was partially fertile with 49%
stainable pollen; after colchicine treatment, its
amphidiploid (2n = 4x = 48) was fully fertile
(92% stainable pollen) and produced seeds and
further fertile progenies (Rajasekaran 1970). The
4x plants were slow in growth, but did not show
any gigantism, usually observed in polyploids.
Meiosis was normal in the diploid (12 bivalents).
The meiosis of tetraploid plants diakinesis and
metaphase I yielded more bivalents and tetrava-
lent than univalents and trivalents, but the sub-
sequent stages were mostly normal. Based on
chromosome pairing in the F1 and its derived

amphidiploid, this latter was classified as a seg-
mental allopolyploid.

The F1 (S. melongena � S. aculeatissimum)
hybrid, obtained via embryo rescue (Zhou et al.
2018) was immediately treated with colchicine.
The meiotic configuration of the resulting
amphidiploid mostly consisted in bivalents,
although multivalents were also observed but in
low frequency. Lagging chromosomes were
observed in later meiosis divisions, and the
resulting pollen had 25% stainability.

F1 (S. melongena � S. torvum) has also been
tetraploidised with colchicine (Daunay 1987–
1988; Cürük and Dayan 2018). Both authors
report virtual sterility (pollen stainability <5%) of
the hybrids, although Cürük and Dayan (2018)
describe two plants (out of 77 obtained) that
yielded 8–11% pollen stainability. The tetraploid
hybrids displayed improved pollen stainability,
although still mediocre (10–15% in Daunay
(1987–1987) and less than 3% in Cürük and
Dayan (2018)).

These various examples show the interest of
doubling the chromosome set for overcoming
some F1 hybrid sterility barriers. However,
information about the inevitable return, sooner or
later, to diploid level is scarcely mentioned by
authors. Isshiki and Taura (2003) on the basis of
successful production of dihaploids by anther
culture of somatic amphidiploids S. aethiopicum
Gilo group � S. melongena (Rizza et al. 2002)
suggested that anther culture could constitute a
promising technique to move tetraploid proge-
nies to the diploid level.

11.7 Disharmonic Interaction
Between Wild Cytoplasms
and Eggplant Nucleus:
An Opportunity for Breeders

Male sterility has an interest for breeding,
because it facilitates the production of commer-
cial F1 seeds, given no emasculation of the
maternal parent is needed. Cytoplasmic male
sterility (CMS) has been found in several inter-
specific crosses between Solanum species used as
females and Solanum melongena. It is explained
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by an incompatibility between the Solanum
cytoplasm and S. melongena nuclear genome. It
is a maternally inherited trait that is characterised
by a failure to produce or to release functional
pollen. In order to be workable for breeding, its
expression must be stable regardless of the
environmental conditions and must be associated
to normal seed set. Cytoplasmic male sterilities
of several phenotypes have been obtained from
several interspecific crosses involving wild spe-
cies and S. melongena. They result from unbal-
anced interactions between wild cytoplasm factor
(s), of mitochondrial origin in most cases, and
eggplant nuclear factor(s). We detail here two
CMS systems. The anther indehiscent type was
obtained with cytoplasms of S. violaceum (S.
kurzii) and S. virginianum, for which anthers
contain normal pollen but do not release it
because their terminal pores do not open. The
second system is the pollen non-formation type,
obtained with cytoplasms of S. aethiopicum
Aculeatum group, “S. grandifolium”14 and S.
anguivi for which the anthers are completely
devoid of pollen. Both systems have been sum-
marised (Khan and Isshiki 2016). Other CMS
types (Fang et al. 1985; Khan and Isshiki 2008),
the petaloid and vestigial anther types, were
obtained from a cross between S. aethiopicum
Gilo group � S. melongena.

11.7.1 Indehiscent Anthers—
Non-release Type

The cross between Solanum violaceum (female)
and S. melongena yielded a hybrid with 31%
pollen stainability (Isshiki and Kawajiri 2002).
When backcrossing it (as female) with S. mel-
ongena as recurrent parent, the BC1 and BC2
segregated for anther indehiscence. This trait was
fixed in BC3 and BC4, which possessed S. vio-
laceum mitochondrial (mt) and chloroplast

(cp) DNAs. All BCs displayed low pollen
stainability (0–70%), despite an almost normal
meiosis in the advanced BC4 (average chromo-
some association was 11.6 bivalents + 0.8 uni-
valents, up to 12 bivalents). Similarly, the hybrid
between a prickleless form of S. violaceum (S.
kurzii) and S. melongena yielded a hybrid with
30% pollen stainability and only 1% in vitro
germination (Khan and Isshiki 2009). Segrega-
tion for releasing/not releasing the pollen
appeared in the BC1 generation, which produced
pollen grains regardless of the pollen release
ability of the plants. The “not releasing pollen”
trait was transmitted to the next BC2 progeny
and was fixed without exception in BC3.
“Releasing pollen” BC1 and BC2 plants yielded
BC2 and BC3 segregating progenies, progres-
sively nearing 100% “not releasing” plants.
Average pollen stainability (63–68%) and
in vitro germination ability (8–24%) of the BC
progenies remained relatively low. Because
meiosis of BC3 was normal (complete bivalents
at metaphase I), this low pollen quality was
attributed to the wild cytoplasm. All BC proge-
nies, regardless of their pollen release type, had
the cytoplasm of the wild parent (mtDNA and
cpDNA). Fruit set and seed set (after pollination
with the recurrent S. melongena parent) increased
gradually with successive BC generations, thus
indicating the absence of negative effect of the S.
kurzii cytoplasm on this trait. This CMS was
stable over seasonal climatic changes, but no
restorer genes were identified. This is not a
problem given that the male sterile plants pro-
duce some viable pollen; hence, their mainte-
nance by selfing is potentially feasible.

The hybrid Solanum virginianum � S. mel-
ongena is virtually sterile with 5% stainable
pollen (Khan and Isshiki 2008). Backcrossed
with S. melongena (male parent), all plants of
BC1 to BC4 generations displayed indehiscent
anthers, although the parents and the F1 had
dehiscent ones. The expression of this sterility
was shown to be stable over four months, despite
warm temperatures varying from 26 to 38 °C.
Mitochondrial genomes of F1 and BCs were
inherited from S. virginianum (maternal inheri-
tance), while their chloroplast genomes

14This name is a synonym of the accepted name S. sessile,
an American species of the Geminata Clade. However the
species designated under this name in the publications on
male sterility is probably another taxon.
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originated from recombination of parental
cpDNAs (biparental inheritance). Average chro-
mosome pairing of the F1 at metaphase I was
11.7 bivalents and 0.6 univalents. Despite this
ratio reaching 12 bivalents for some plants in the
BC generations, microspores degenerated
post-meiosis and BC progenies displayed par-
tially stainable pollen, with a tendency to
decrease in later generation BCs (67% in BC1,
down to 37% in BC4). This research pointed out,
for the first time, the presence of recombined
cpDNA in progenies of sexual crosses among
non-tuberous solanums. If confirmed, this finding
would impact the interpretation of phylogenetic
trees based on chloroplast markers only, these
latter being hypothesised to only reflect maternal
inheritance.

Male sterile lines having one or the other of
the above-mentioned cytoplasms, S. violaceum
(S. kurzii) and S. virginianum, were compared in
two studies (Hasnunnahar et al. 2012; Khan et al.
2015). For all of these lines, pollen stainability
evaluated with acetocarmine was lower (50–
75%) than eggplant control (90–100%) in the
first publication. Pollen stainability was even
lower for the second study, with 49–56% for
lines with Solanum violaceum cytoplasm and
42% for lines with S. virginianum cytoplasm,
whereas in vitro pollen germination dropped
down to 25% (S. violaceum cytoplasm) and 14%
(S. virginianum). Quantitatively, male sterile
lines produced as much pollen grains per anther
as the S. melongena control, with the exception
of those with the S. virginianum cytoplasm that
significantly produced less pollen grains (Khan
et al. 2015). Fruit set of the lines after manual
selfing was correct but variable (53% for lines
with S. virginianum cytoplasm, 75–91% for lines
with S. violaceum); it was improved (up to 71%
and 87–100%, respectively) when the male
sterile lines were backcrossed with S. melongena
(Hasnunnahar et al. 2012). The average number
of seeds per fruit was less than the selfed S.
melongena control (784 seeds) for the selfed
male sterile lines (362–518 seeds), but similar to
it (767–834 seeds) when the lines were back-
crossed with S. melongena (Hasnunnahar et al.

2012). The mediocre pollen stainability of the
male sterile lines, evaluated with a starch staining
solution (Lugol’s), indicated that at the time of
pollen maturation their carbohydrate metabolism
was abnormal with incomplete starch degrada-
tion (Hasnunnahar et al. 2012; Khan et al. 2015).
Pollen degeneration in indehiscent CMS lines
having S. violaceum or S. virginianum cyto-
plasms occurs along all stages of pollen devel-
opment, from unicellular microspores released by
the tetrads (29–36%), early bicellular pollen (6–
12%) to late bicellular pollen (9–10%).

Given pollen quality of these CMS sources is
low and hampers their maintenance by hand
selfing and given no restorer genes were identi-
fied so far, their use in breeding remains
hypothetical.

11.7.2 No Formation of Pollen Grains

The absence of pollen production in the anthers
was found in progenies issued from a hybrid
between “Solanum grandifolium” (possibly a
misidentified germplasm of S. aethiopicum
Aculeatum group) and S. melongena (Saito et al.
2009). Genetic study with sterile and fertile
progenies led the authors to identify this sterility
as a cytoplasmic male sterility (CMS), restorable
thanks to a single (Saito et al. 2009) or two
(Khan et al. 2013b) dominant gene(s) Rf.
This CMS is stable over a range of environments.

A similar expression of male sterility was
found in the BC1 progeny issued from the F1
(Solanum aethiopicum Aculeatum group [fe-
male] � S. melongena) (Khan and Isshiki 2010).
This hybrid (10% pollen stainability) when
backcrossed as female with S. melongena pro-
duced BC1 plants segregating for male sterility;
the male sterile BC1 did not produce pollen. BC2
to BC4 progenies obtained from male sterile
plants were fixed for this trait, whereas they still
segregated for male sterility and male fertility
when obtained from fertile mother plants. Pollen
stainability of male fertile BCs remained low
(<60%). Genetic analysis showed that the steril-
ity had a cytoplasmic origin and that two
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independent and dominant genes (Rf) controlled
the fertility restoration of this CMS. Whether the
BC4 plants were male sterile or male fertile, they
displayed the cytoplasm of the wild parent (mt
and cpDNA).

Segregation for the absence versus presence
of pollen grains within the stamens was observed
directly on the F1 (Solanum anguivi � S. mel-
ongena) plants (Khan and Isshiki 2011). BC1
progenies obtained from the male sterile F1
plants were all male sterile, whereas the BCs
obtained from fertile F1 plants continued to
segregate down to BC5. Pollen stainability of the
male fertile F1 was 17% and remained low in the
BCs (43–56%), although meiosis observed in
some BC5 plants was normal (with the exception
of rare cases of few univalents). No meiosis at all
was detected in the male sterile BC5 plants.
All BC progenies possessed S. anguivi cyto-
plasm. Genetic analysis identified two indepen-
dent and dominant restorer genes, originating
from S. anguivi, each controlling pollen forma-
tion in the presence of S. anguivi cytoplasm.
Fruit set and seed germination of BC5 were as
good as for the S. melongena recurrent parent,
although the number of seeds per fruit was lower.
The expression of this male sterility being stable,
it looks promising for use in breeding.

As we have seen, CMS originating from “S.
grandifolium”, S. aethiopicum Aculeatum group
and S. anguivi segregate along the successive
backcrossing (or selfing) of male fertile plants,
given that the restoration of male fertility is under
control of either the one or the other or both
dominant restorer Rf genes identified in this set
of material. In order to speed up the fixation of
restorer lines homozygous for the one, the other
of both Rf genes, Khan et al. (2013b) experi-
mented anther culture of male fertile plants for
producing haploids. They obtained few haploids
from two (“S. grandifolium” and S. anguivi) out
of the tree cytoplasms tested, thus demonstrating
that this technique was workable for fixing egg-
plant material carrying a wild cytoplasm.
Applied to male fertile plants segregating for
male sterility, this technique looks promising to
produce rapidly homozygous male fertile restorer
lines together with male sterile lines. This work

opens the path for the use of this CMS in the
production of eggplant commercial F1 hybrids.

11.7.3 Towards Genetic Comparisons
Between the Two CMS
Types

In a wide cross combination experiment, male
sterile plants of each cytoplasmic origin were
pollinated with male fertile line of their own
CMS system and of the other cytoplasms (Khan
et al. 2014). The segregation patterns revealed
again the occurrence of two independent and
dominant restorer genes operating in each CMS
system, each Rf gene being able to restore fer-
tility in its own CMS system and also in the other
CMS, with similar recovery actions in terms of
male and female functionality and seed produc-
tion. The authors concluded that this similarity
was indicative of the close relationships between
“S. grandifolium”, S. aethiopicum and S. angu-
ivi. All restorer genes were found to be of wild
origin. A single reliable SCAR marker
(SCAB101900), linked to Rf genes, was set up and
provides the first facility for early and efficient
selection in any marker-assisted CMS breeding
programme. This marker will facilitate the
exploration of CMS and corresponding Rf genes
within wild Solanum germplasm, although the
authors mention the need for the future to
develop further markers more tightly linked than
SCAB101900 to Rf genes. The molecular basis of
both cytoplasmic male sterilities has been
unravelled at the level of mitochondrial genes
(Yoshimi et al. 2013).

11.8 Genetic Information Drawn
from Interspecific Hybrid
Phenotypes

Interspecific hybrids display variable redistribu-
tions of parental morphological traits depending
on the qualitative or quantitative expression of
the traits and on the underlying genetic effects
controlling their expression (recessiveness,
dominance, additivity, epistasis, etc.). Heterosis
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for plant vigour, mentioned for a number of
interspecific crosses (see Tables 11.3, 11.5, 11.9,
11.10 and 11.12), is observed in hybrids,
regardless of pollen fertility. Hence, it seems that
the dysfunctioning between parental genomes,
expressed at the level of reproductive functions,
does not affect development events, as this is
exemplified by virtually sterile hybrids that are
however vigourous.

11.8.1 Hybrids Between Cultivated
Eggplants

11.8.1.1 Solanum aethiopicum
and S. macrocarpon

The hybrid obtained with Solanum aethiopicum
used as female parent expressed heterosis for
plant height and displayed intermediate features
between those of the parents for traits such as
leaf blade size (Omidiji 1983). The many bran-
ched phenotype of the hybrid indicated that this
trait is dominant over the less branched one (type
of S. macrocarpon). Unexpected prickliness and
hairiness absent from both parents were observed
in the hybrids issued from this cross (Omidiji
1979, 1983), but the occurrence of this pheno-
type depends on the parental accessions used
(Oyelana and Ogunwenmo 2009). Prickliness
was also observed in another hybrid between S.
aethiopicum Kumba group and S. macrocarpon
(cross direction not specified) as well as unex-
pected many flowered inflorescences despite the
parents having few flowers (Lester 1986). It was
hypothesised that the resurgence of these wild or
atavic traits (prickliness, hairiness and many
flowered inflorescences) in the hybrid was due to
loss mutations in the parents and gene comple-
mentation in the hybrid.

Also, plants unexpectedly resembling S.
macrocarpon were found in the F2 progeny
issued from a cross between S. aethiopicum
Kumba group (hairless and prickleless) and S
dasyphyllum, the wild progenitor of S. macro-
carpon (hairy and prickly) (Omidiji 1986).

11.8.1.2 Solanum aethiopicum
and S. melongena

The hybrid Solanum melongena � S. aethiopi-
cum Aculeatum group (S. integrifolium) dis-
played pink flowers and purple fruits (before
physiological maturity) as did its S. melongena
parent, small fruits as did S. aethiopicum and
intermediate plant vigour, leaf and flower sizes
(Oyelana and Ugborogho 2008). The single
flower observed by these authors (both parents
had few or several flowers per inflorescence) is a
unique finding since other hybrids, obtained with
other S. melongena accessions � S. aethiopicum
Kumba group, displayed more flowers than both
their parents (Prohens et al. 2012). These hybrid
plants were also much taller than each of their
parent, but were intermediate for leaf size and
flower diameter. They displayed S. melongena
traits for anthocyanins on plant parts and S.
aethiopicum fruit shape ratio and low fruit phe-
nolic content. They had much smaller fruits than
each parental species. Reversion to the wild state
was observed for hybrids between S. melongena
and S. aethiopicum Kumba group, which dis-
played prickly leaves although neither of their
parents had prickles (Prohens et al. 2012).

11.8.1.3 Solanum macrocarpon
and S. melongena

Regardless of the cross direction, hybrids display
variable vigour (plant height and number of
branches) from very weak to vigourous,
depending on the publications (Schaff et al.
1982; Gowda et al. 1990; Bletsos et al. 2004;
Oyelana and Ugborogho 2008) or on the parental
accessions that were used (Schaff et al. 1982).
These hybrids displayed several traits similar to
those of Solanum macrocarpon (high number of
flowers per inflorescence, accrescent calyx, small
round fruits, yellow mature fruit), of S. melon-
gena (presence of prickles on calyx, presence of
hairs on leaves, purple fruit), or intermediate
between those of both parents (plant height,
growth habit, leaf size, petiole length) (Bletsos
et al. 2004; Oyelana and Ugborogho 2008;
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Schaff et al. 1982). Interestingly the hybrids
obtained by Schaff et al. (1982) and Bletsos et al.
(2004) displayed prickles on their leaves midribs
that were absent from both parents. Unexpected
prickliness was also observed on other hybrids
issued from crosses between other parental
accessions (Omidiji 1979). Hence, reversion to
the wild prickliness, previously mentioned for
hybrids between S. aethiopicum and S. macro-
carpon, S. aethiopicum and S. melongena, is also
observed for hybrids between S. macrocarpon
and S. melongena.

11.8.2 Hybrids Between Cultivated
Eggplants and Wild
Species

Generally, reciprocal hybrids display identical
phenotypes (Kirti and Rao 1982a), although
slight differences are sometimes mentioned, such
as in the case of the hybrid S. aethiopicum
Aculeatum group (S. integrifolium) � S. mul-
tiflorum (S. indicum var. multiflorum) which
attained a greater height than its reciprocal (Kirti
and Rao 1980). When the crosses involve culti-
vated eggplants and wild species, the hybrid
general outline is closer to that of their wild
parent than to their cultivated one (Bletsos et al.
1998; Kaushik et al. 2016); Daunay et al. unpub.
results). This tendency is explainable by the
overall dominance of wild traits over domesti-
cated ones (Lester 1989). However, depending
on the quantitatively inherited traits, the pheno-
type of the hybrid moves closer to one or the
other parent and sometimes exceeds them (in the
case of transgression).

Although the concept of heterosis is usually
used and interpreted only in terms of superiority
of the hybrid compared to its parents, it was used
as a tool for comparing phenotypes of inter-
specific hybrids issued from crosses between
Solanum melongena and seven wild species,15 to
those of their parents (Kaushik et al. 2016).

Indeed, calculation of heterosis (H) yields values
which position the hybrid phenotype by the
comparison with its parents. When calculated on
the basis of the deviation between the hybrid and
its mid parents values for a given trait,16 H ran-
ges theoretically from zero (hybrid equals parents
average) to +100% (hybrid equals its parent
displaying the highest value) or −100% (hybrid
equals its parent displaying the lowest value).
Positive values intermediate between 0 and 100
mean that the hybrid displays intermediate fea-
tures that are skewed towards the parent with the
highest value, and conversely when negative,
values indicate that the hybrid displays interme-
diate features that are skewed towards the parent
with the lowest values. H values over 100% (case
of transgressive traits) indicate that the hybrid
phenotype is beyond the parent with the highest
value (if H is positive) or beyond the parent with
the lowest value (if H is negative). Kaushik et al.
(2016) showed that, depending on trait types
(plant height, stem diameter, leaf size, number of
flowers per inflorescence, number of petals,
calyx prickliness) and species cross combina-
tions, heterosis displayed variation ranging from
−100% up to +91%. For example, for plant
height H varied from 2.3% for F1 (S. lin-
naeanum � S. melongena) to +91% for F1 (S.
melongena � S. dasyphyllum). For fruit calyx
prickles H varied much more, from −100% for
reciprocal F1 between S. melongena and S.
anguivi, to +80% for F1 (S. melongena x S.
dasyphyllum). Heterosis for the number of petals
ranged much less, from −4.8% to +1.9% for the
six interspecific hybrids studied. Fruit weight
and leaf prickliness behaved differently from the
above-mentioned traits. Fruit weight displayed
only negative H values, ranging from −6 to
−99%, meaning all hybrid combinations bore
fruits of a size skewed towards their wild parent.
On another extreme, heterosis for leaf prickliness
displayed only positive values, some shooting
very high for hybrids between S. melongena on
one hand and S. incanum (H = 733%) or

15Namely S. anguivi, S. dasyphyllum, S. incanum, S.
insanum, S. lichtensteinii, S. linnaeanum and S.
tomentosum.

16Given P1 is the value of parent 1, P2 the value of parent 2,
F1 the value of the F1 (P1 � P2), Heterosis H is calculated
as H = 100 * ((F1 − (P1 + P2)/2)/(P1 − P2)/2).
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S. tomentosum (H = 800%) on the other hand.
This means that these hybrids were up to seven
or eight times pricklier than their prickliest
parent.

Partly consistent as well as complementary
results about trait heredity pattern were obtained
with an F1 (Solanum melongena � S. incanum)
(Prohens et al. 2013). This hybrid expressed
higher values than its parents, in particular for
plant height, leaf length and lobing, prickliness, as
well as for fruit browning after being cut. The
presence of prickles and of anthocyanins on veg-
etative parts and fruit epidermis was dominantly
expressed (over their absence) in the hybrid. F1
small fruits size was skewed towards the wild
parent, which is in favour of dominance of small
fruit size over large one. However, it is hazardous
to assess the inheritance mode of this trait on the
sole basis of interspecific hybrid phenotypes;
indeed, the frequently observed absence or
reduced number of seeds within the F1 fruits can
partly explain the reduction of their sizes. For all
the other traits, the hybrid was intermediate
between the two parents (incomplete dominance).

Reversion to the wild prickly state was
observed in hybrids generated by crosses between
an accession of Solanum melongena without
prickles and two non- or poorly prickly accessions
of S. insanum and S. tomentosum (Plazas et al.
2016).

11.8.3 Hybrids Between Wild Species

The phenotype of interspecific hybrids obtained
from the cross between wild species is also
informative for accessing trait heredity. Several
traits were identified as dominantly expressed
(Kirti and Rao 1981; Rao and Rao 1984) such as
erect habit over pendant habit, long branches
over short branches, hairy brittle leaves over soft
textured ones, lengthy many (6–10) flowered
inflorescences over short and less (1–3) flowered
ones, red or orange mature fruit over yellow ones
(Rao and Rao 1984), lobed ovaries over globular
ones (Kirti and Rao 1980) and racemose over
umbellate inflorescence type (Oyelana et al.
2009). The hybrids express features intermediate

to those of their parents for quantitative traits
such as dimensions of various plant parts (peti-
oles, leaves, flowers, fruit (e.g. in Oyelana et al.,
2009).

11.9 Somatic Interspecific Hybrids

From the 1980s onwards, fusion between proto-
plasts via polyethylene glycol (PEG) exposure or
electrofusion, allied to plant regeneration tech-
niques, allowed for the production of a set of
interspecific somatic hybrids (symmetric fusion)
or of cybrids (asymmetric fusion) between
Solanum species (eggplant, potato, tomato, spiny
solanums and black nightshade), as well as of
some intergeneric hybrids (Solanum melon-
gena + Nicotiana spp.). Somatic hybridisation
was investigated as (1) an alternative route to the
sexual crosses for transferring traits of interest
(mostly disease resistances) from one species to
another, and (2) a method to increase cytoplas-
mic and nuclear genetic diversity (Sihachakr
et al. 1994). Results of hybridisations involving
S. melongena were reviewed twice (Collonnier
et al. 2001a; Kashyap et al. 2003).

11.9.1 Solanum Melongena + New
World Spiny Solanums

Three wild species have been used so far, Sola-
num sisymbriifolium, S. torvum and S. viarum.

Solanum melongena + S. sisymbriifolium
The first somatic hybrids were obtained by PEG
fusion of protoplasts of eggplant (Solanum mel-
ongena) and S. sisymbriifolium (Gleddie et al.
1986). They were aneuploid (but close to the 48
expected chromosomes), and plants were smaller
than their parents and produced abnormal flowers
and pollenless anthers. They segregated for
flower colour (purple like the eggplant or white
like the wild species) and leaf shape, pubescence
and prickliness, but on the whole leaf morphol-
ogy was closer to that of the eggplant than to S.
sisymbriifolium. The hybrids had both the stellate
trichomes of eggplant and the glandular ones of
S. sisymbriifolium; those having the highest
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proportion of glandular trichomes displayed
resistance and antibiosis to the mite Tetranychus
cinnabarinus comparable to that of S. sisymbri-
ifolium (Gleddie et al. 1985). When inoculated
with the root knot nematode Meloidogyne
incognita, the hybrids developed a few galls, but
the nematodes did not reproduce as was observed
for S. sisymbriifolium (Gleddie et al. 1985).
These observations indicate that trait inheritance
in aneuploid hybrids is both conventional and not
conventional, depending on the hybrids and on
the traits. Later hybrids obtained by electrofusion
were tetraploid (2n = 4x = 48) and homoge-
neous. Their phenotype was intermediate
between those of their parents (Collonnier et al.
2003b). Although their pollen stainability ranged
from 20 to 30%, they produced fruits with empty
seeds. Interestingly, the hybrids inoculated with
Verticillium wilt (filtrate of culture medium) and
Ralstonia solanacearum (two isolates) displayed
resistance levels intermediate between those of
the resistant parent, S. sisymbriifolium, and the
sensitive one, the eggplant. All hybrids possessed
the wild parent chloroplasts (Collonnier et al.
2003b; Gleddie et al. 1986).

Solanum melongena + S. torvum
Solanum torvum was also used for attempting to
transfer its pest and disease resistances to egg-
plant (S. melongena) by the somatic route. The
first hybrids, obtained with PEG technique, ran-
ged from possessing 46–48 chromosomes and
displayed 5–70% pollen stainability (Guri and
Sink 1988a, c). Prickles were present on all but
one hybrid, but their colour (purple) differed
from the colour of those of S. torvum (green).
The long sepals resembled those of eggplant, but
petals’ colour was a deeper purple. The hybrids
exhibited intermediate morphological character-
istics for plant stature, leaf and flower size and
shape. Some hybrids had eggplant cpDNA and
some had both eggplant and S. torvum cpDNA.
The structure of mtDNA was the result of rear-
rangements between the mtDNA of the parents.
Natural infestation with spider mites was strong
on eggplant, weak on the wild species and
intermediate on the hybrids. When inoculated
with Verticillium extracts, hybrid cuttings

displayed the resistance of their wild parent.
Other authors observed that 15% of somatic
hybrids issued from electrofusion had a chro-
mosome number approaching (35 to 46) or
reaching tetraploid (48) status (Sihachakr et al.
1989). Leaf shape and flowers number per
inflorescence were intermediate to those of the
parents, whereas the hybrids expressed the wild
parent traits for anthocyanins presence, prickle
location and eggplant traits for calyx length and
plant height. Interestingly, hairiness was trans-
gressive, with the hybrids displaying a greater
hairs density and length. The plants with less
chromosomes exhibited a greater morphological
variation than those close to 4x = 48.

Another set of somatic hybrids, all tetraploid,
acquired the chloroplast from either one parent or
the other one; they were vigourous, relatively
homogeneous and morphologically intermediate
between the parents and displayed 2–20% pollen
stainability (Collonnier et al. 2003a). No
translocations or recombinations between par-
ental chromosomes could be observed by geno-
mic in situ hybridisation (GISH). Similar to S.
torvum, the majority of the hybrids were resistant
to Verticillium and bacterial wilt.

Asymmetric hybridisation obtained after irra-
diation of S. torvum protoplasts (in order to
fragment their nuclear DNA) followed by
chemical or electrical fusion with normal egg-
plant protoplasts yielded a wealth of plants, 15%
of which were tetraploid, the rest being diploid
(Jarl et al. 1999). The majority of the regenerated
plants were morphologically similar to eggplant.
The tetraploid plants could be distinguished from
the diploids by their broad dark green leaves,
short internodes, vigourous growth and a slight
decrease of pollen stainability. Agronomic and
Verticillium tests, performed on hundreds of
regenerated plants, identified one highly resistant
4x plant, looking like eggplant with normal fruit
and seed set. This plant displayed an EcoRV
DNA restriction pattern similar to that of egg-
plant, except for few bands similar to S. torvum.
Although this research did not explain the tetra-
ploid status of this plant, it was the first to indi-
cate that the transfer of a limited amount of DNA
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of the donor wild parent was possible while
keeping eggplant morphological, fertility and
agronomical traits.
Solanum melongena + S. viarum
Somatic hybrids issued from S. melongena and
S. viarum (S. khasianum) protoplast electrofusion
represented 40–50% of the regenerated plants
and had a chromosome number ranging from 46
to 48 (Sihachakr et al. 1988). Plants were less
vigourous than their parents and relatively
homogeneous. Depending on the traits, hybrid
phenotype (1) was intermediate (e.g. leaf shape
and base blade), (2) expressed dominant traits
originating from S. viarum (e.g. anthocyanin
presence) or from S. melongena (stem and petiole
thickness and shortness), or (3) was transgressive
(e.g. higher number of flowers per inflorescence
than each of the parents, distribution of prickles
over a larger range of plant parts). Pollen stain-
ability ranged 10–15% (it was >98% for the
parents), and no fruit set was observed. Sexual
hybridisation was more successful (Table 11.10),
by yielding a hybrid with c. 62% pollen stain-
ability (Sharma et al. 1980).

Somatic fusion between eggplant and New
World species: uncertain potential for breeding

Regardless of the wild species used, flowering
of the somatic hybrids was precocious (Gleddie
et al. 1986; Sihachakr et al. 1988, 1989). Ulti-
mately, somatic hybridisation between S. mel-
ongena and three New World species is as much
hopeful as it is hopeless for introgressing wild
resistance traits into Solanum melongena. It is
proven that their disease resistances can be
transferred into interspecific somatic hybrids, but
the improved pollen stainability of these hybrids,
when compared to that of their sexual counter-
parts, is not sufficient for ensuring their repro-
ductive fertility (seed set). Hence, no progenies
usable in a breeding programme have been
obtained so far. Further, the return of tetraploid
somatic hybrids to the diploid status is a sup-
plementary difficulty.

11.9.2 Solanum Melongena + Old
World Spiny Solanums

Solanum melongena + S. marginatum
With the aim of transferring the arborescent

and perennial characters of Solanum marginatum
L.f. into S. melongena, protoplasts of both spe-
cies were electrofused and somatic hybrids
regenerated (Borgato et al. 2007). These hybrids
were tetraploid, vigourous and homogeneous,
and plants displayed morphological features
intermediate to those of the parents, including
flower colour (purple-edged petals with central
white sector, whereas eggplant has purple flow-
ers and S. viarum has white ones). These plants,
grown over three years, displayed the arborescent
habit of their wild parent, together with its sec-
ondary wood tissues. Cytological observations of
the hybrids showed a high frequency of biva-
lents, together with a low frequency of abnor-
malities (multivalents, univalents, heteromorphic
bivalents and lagging chromosomes). Despite
this imperfect homeologous pairing during
meiosis division I, the somatic hybrids unex-
pectedly produced pollen of 85% stainability, a
much better score than the virtual sterility
obtained with sexual hybrids (Table 11.10);
hybrids also set fruits and seeds. The germination
of the seeds yielded S1 generation plants that
were also arborescent, fertile and similar to the
former generation S0 for flower and fruit mor-
phology. Segregation for other traits is not
mentioned by the authors; hence, recombination
events between the parental chromosomes
deserve to be clarified in future.

Solanum melongena + S. violaceum
In order to transfer to eggplant the bacterial

wilt (Ralstonia solanacearum) resistance of S.
violaceum (S. sanitwongsei in the publication),
protoplasts of both species were electrofused and
screened on a medium containing bacterial tox-
ins. Plants regenerated from the surviving cells
were further screened in contaminated soil and a
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single one survived (Asao et al. 1994). This plant
was tetraploid and expressed intermediate traits
(e.g. leaf shape, flower size, colour and diameter,
stem anthocyanins), or traits of the cultivated
parent (immature fruit black colour17), or of the
wild parent (mature fruit orange colour,18

numerous flowers per inflorescence).Transgres-
sive traits were not observed. Pollen stainability
was 82%, i.e. comparable to the score reached by
the sexual hybrid (Table 11.10), and hybrids set
seeded fruits and the S1 progeny was also tetra-
ploid and fertile. S0 plants as well as S1 progeny
were as resistant to bacterial wilt as S. violaceum.

Solanum melongena + S. aethiopicum
This interspecific fusion aimed at transferring

S. aethiopicum disease resistances to S. melon-
gena. Iodoacetamide-treated eggplant protoplas-
ts, fused (by dextran method) with S.
aethiopicum Aculeatum group (S. integrifolium
in the publication) protoplasts, gave rise to vig-
ourous hybrids displaying characters intermedi-
ate to those of the parents for flower size and
colour, fruit shape and trichome density on the
petiole (Kameya et al. 1990). Hybrids were tet-
raploid (2n = 48) except one which was diploid
(2n = 24) and sterile. Progenies issued from
selfing of one of the tetraploid plants and tested
with Ralstonia solanacearum segregated for
resistance; some plants expressed transgression
for resistance (higher level than for S. aethiopi-
cum). Other hybrids obtained by electrofusion of
the same species displayed also heterosis for
plant vigour as a whole: plant height, leaves and
stem size (Daunay et al. 1993). All but three
plants were intermediate between the parents for
morphological traits,19 with the exception of
prickliness and anthocyanin presence which were
similar to S. aethiopicum and dominantly inher-
ited. Most hybrids were tetraploid, and some
were hexaploid or mixoploid. Some of the
hybrids displayed cpDNA of S. melongena and

the others cpDNA of S. aethiopicum. The
hybrids segregated for pollen stainability (30–
85%20) and fruit production (from 3 to >9 kg per
plant). The authors noticed that good fertility was
mostly associated to tetraploidy and the capture
of eggplant chloroplasts. Hybrids obtained again
with S. aethiopicum Aculeatum group, as well as
with Gilo group (Collonnier et al. 2001b), pro-
vided results globally similar to those of Daunay
et al. (1993). Tested with Ralstonia solana-
cearum, most hybrids were as resistant as their S.
aethiopicum parents, a few of them being trans-
gressive towards a better resistance (Collonnier
et al. 2001b). In vitro anther culture was suc-
cessful (Rizza et al. 2002; Rotino et al. 2005) in
yielding dihaploids (2n = 2x = 24) from the
2n = 4x = 48 somatic hybrids previously
obtained by (Collonnier et al. 2001b). The seg-
regation of the dihaploids for flower and fruit
traits confirmed that genetic recombination
between S. melongena and S. aethiopicum gen-
omes had occurred at the time of the meiosis of
the tetraploid somatic hybrids. Return to diploidy
was associated to a strong drop of pollen stain-
ability, ranging 8–16% on average for the
dihaploids, whereas their tetraploid parents ran-
ged 54–71% (Rotino et al. 2005). Most dihap-
loids produced parthenocarpic fruits, and the rest
of them produced no fruits at all (Rizza et al.
2002). The resistance of S. aethiopicum Gilo and
Aculeatum groups to Fusarium wilt was trans-
ferred to the dihaploids, which segregated for this
trait (Rizza et al. 2002; Rotino et al. 2005).
A further biotechnological feat was achieved by
producing, with the same anther culture tech-
nique, dihaploids from a double somatic hybrid
obtained by sexual cross between two simple
somatic hybrids (eggplant + S. aethiopicum
Aculeatum group) and (eggplant + S. aethiopi-
cum Gilo group) (Rotino et al. 2005). These
dihaploids also segregated for Fusarium wilt
resistance. Via backcrosses, the resistance of the
best dihaploids was further introgressed into S.
melongena and integrated into a breeding

17Presence of anthocyanins, which confers purple or black
fruit colour, is dominant over their absence.
18Orange (S. violaceum) is dominant over yellow (S.
melongena) mature fruit colour.
19Mature fruits turned orange, an intermediate state
between yellow (eggplant) and red (S. aethiopicum).

20The sexual hybrid also phenotyped in Daunay et al.
(1993) displayed 10–30% pollen stainability, very poor
fruit set and parthenocarpic fruits.
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programme (Rotino et al. 2005). The extent of
genetic recombination between the genomes of S.
melongena and S. aethiopicum Gilo group was
analysed on a population of dihaploids obtained
by Rizza et al. (2002), with 280 ISSR markers
(71 genotypes) and 3 isozyme systems (70
genotypes) (Toppino et al. 2008a). Disomic and
tetrasomic inheritance patterns were identified for
ISSR markers. Distorted segregations patterns,
not fitting disomic or tetrasomic patterns, were
observed for isozymes. These careful analyses
confirmed that genes were exchanged between
the parental genomes at the time of the meiosis of
the somatic hybrid mother plants.

Somatic fusion between eggplant and Old
World species: potentials for eggplant breeding

On the whole, somatic hybrids obtained so far
between S. melongena and three Old World
spiny solanums produce a pollen which stain-
ability is equivalent to that of their sexual
counterparts (S. violaceum, see Table 11.10 and
S. aethiopicum, see Table 11.5) or a pollen of
much better fertility (S. marginatum, see
Table 11.10); these hybrids also produce seeded
fruits. The transfer of disease resistance was
proved successful in the somatic hybrids, as well
as in their progenies issued from selfing (S. vio-
laceum) or dihaploidisation (S. aethiopicum).
These results, together with segregation events
for resistance and morphological traits, as well as
genetic analysis with markers (ISSR, isozymes),
indicate that recombination between parental
genomes occurs at the time of the meiosis of the
somatic hybrids. Interestingly for breeders,
transgressions towards disease resistance levels
that are higher than that of the resistant parent
were observed. Importantly, return to diploid
status via anther culture and dihaploid production
was proved feasible in the case of somatic
hybrids obtained with S. aethiopicum; this
remains to be demonstrated for the hybrids
obtained with other species. In the case of S.
aethiopicum, the ploidy status conversion from
2n = 48 to 2n = 24 was associated with an
important decrease of pollen fertility. On the
whole, the results obtained so far indicate that
somatic hybridisation might be complementary
to sexual hybridisation, in the specific cases of

(1) transgressive resistance, (2) low fertility of
sexual hybrids, and (3) if the change of cpDNA
and/or mtDNA brings a capital gain over sexual
hybrids carrying their maternal cytoplasmic
DNA, the agronomic interest of which remains to
be demonstrated.

11.9.3 Other Somatic Hybridisations
Involving Spiny
Solanums

Solanum aethiopicum (Aculeatum group) +
S. violaceum

This somatic hybridisation aimed at transfer-
ring bacterial wilt tolerance of Solanum vio-
laceum to S. aethiopicum Aculeatum group (S.
integrifolium) (Tamura et al. 2002). Despite the
low success rate (1.5%) of the electrofusion and
plant regeneration, one amphidiploid (2n = 48)
hybrid plant grew well. After inoculation, inhi-
bition of bacterial multiplication in the roots and
of its spread to plant upperparts was observed in
this hybrid as well as in S. violaceum. The hybrid
displayed S. aethiopicum anthocyanins pigmen-
tation of stems, prickles and veins, but the gen-
eral habit and leaf shape of S. violaceum, as well
as intermediate flower colour (pale mauve). It
bore many small fruits, containing seeds larger
than those of each parent and with a germination
rate >90%. Another electrofusion experiment
(Iwamoto et al. 2007) was carried out with
iodoacetamide-treated protoplasts of S. vio-
laceum (S. sanitwongsei, S. kurzii in the publi-
cation) and UV-irradiated protoplasts of S.
aethiopicum Aculeatum group (S. integrifolium).
The putative hybrids, regenerated from some
1000 calli, were classified into three groups,
according to their chromosome set and pheno-
type. One group included amphidiploids
(2n = 4x = 48), displaying homogeneous and
intermediate morphological features (leaf size,
flower colour, fruits shape size and colour).
These plants displayed 79% averaged pollen
stainability, set fruits and seeds and expressed
heterosis for plant vigour and seed size. The two
other groups included asymmetric and mostly
hexaploid hybrids (2n = 6x = 72), one group
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with 1-2 S. aethiopicum-S. violaceum parental
chromosome dosage and the other group with
2-1 dosage.

Somatic hybridisation between S. aethiopicum
Aculeatum group and S. violaceum yielded fertile
tetraploid material, whereas sexual hybridisation
yielded at best, when S. violaceum is used as
female parent (see Table 11.7) a partially fertile
diploid hybrid (Lester and Niakan 1986). Given
the incompleteness of the available data (possi-
bility to return to the diploid state for the somatic
hybrid and obtaining progenies from the sexual
hybrid), there is again no clear advantage of
somatic hybridisation over sexual hybridisation.

Solanum viarum + S. aculeatissimum
Tetraploid somatic hybrid was regenerated at

a rate of 45% from electrofusion of S. viarum (S.
khasianum in publication) and S. aculeatissimum
protoplasts (Stattmann et al. 1994). Grown in
greenhouse, the hybrids were relatively homo-
geneous, of intermediate phenotype for some
traits such as prickliness and leaf shape. They
expressed heterosis for plant vigour, leaf and
flower size. Flowers were normal, with pollen
stainability over 87%, and set fruits with seeds
that were germinated. Hence, the somatic hybrids
between these two species of the Acanthophora
clade are fully fertile.

Solanum torvum + S. tuberosum (potato)
In order to transfer S. torvum resistance to

Verticillium dahliae to potato, electrofusion of
protoplasts of both species was processed (Jadari
et al. 1992). Out of hundreds of calli, four tet-
raploid hybrids were regenerated. They were
vegetatively propagated, in order to be pheno-
typed in vitro and in greenhouse. Rooting trou-
bles, observed in greenhouse only, were
overcome by grafting on parental roots. The
plants exhibited intermediate morphology, leaf
shape and anthocyanin pigmentation, but their
flowers aborted precociously. In vitro inoculation
with Verticillium filtrate demonstrated that the
hybrids were as resistant as S. torvum.

11.9.4 Solanum
Melongena + Distantly
Related Solanaceae
Crops

A number of somatic hybrids have been regen-
erated from the fusion of Solanum melongena
protoplasts with Solanum species of subgenus
Solanum (S. nigrum) and Potatoe (tomato,
potato), as well as with other genera (Nicotiana).

Solanum melongena + S. lycopersicum
(tomato)

Asymmetric somatic plants were obtained by
fusion of gamma irradiated protoplasts of a sex-
ual interspecific tomato hybrid (S. lycopersicum
x S. pennellii Correll), together with eggplant
protoplasts (Liu et al. 1995). The four plants
obtained had abnormal chromosome numbers
(42, 45, 57, 60) and were all sterile (flowers drop
after self-pollination). Only two of them survived
after a few months; they exhibited a branching
pattern resembling eggplant and compound
leaves as their tomato parent. Other putative
asymmetric hybrids obtained with the same
partners were close to the expected tetraploidy
(2n?=?48) and displayed eggplant morphology
(Samoylov and Sink 1996).

Solanum melongena + S. tuberosum (potato)
In order to transfer eggplant bacterial wilt

resistance (accession cv.508.3) into a diploid
potato (Solanum tuberosum L.), protoplasts of
both species were symmetrically fused in a helix
fusion chamber (Yu et al. 2013). The hybrids
exhibited various ploidy levels (4x, 6x, aneu-
ploidy) with three types of nuclear genomes,
potato cpDNA, as well as different phenotypes
segregating for parental traits (stem colour), or
displaying intermediate features (leaf shape) or
trait states similar to or different from their par-
ents (internode length, plant vigour, foliage col-
our). Screening tests carried out in vitro as well
as with potted plants, with the agent of bacterial
wilt, revealed segregation of the hybrids for
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resistance, the best ones having levels of resis-
tance similar to their eggplant-resistant parent.
Other hybrids obtained with other parental
accessions were obtained via the asymmetric
fusion between UV-treated eggplant protoplasts
and potato protoplasts (Liu et al. 2016). The
potato genome of these hybrids had integrated
one to eight eggplant chromosome fragments, in
a non-selective manner.21 This result demon-
strates that breeding potato for resistance to
bacterial wilt issued from S. melongena is pos-
sible. Some hybrids produced tubers, shaped or
not as their potato parent and developed no
flowers, abnormal or normal flowers, but none
produced pollen. However, as the potato parent
unexpectedly did not produce pollen either, the
hybrid fertility remains unknown. The authors
were very confident in the feasibility of intro-
gressing eggplant bacterial wilt resistance into
potato via asymmetric protoplast fusion.

Solanum melongena + Nicotiana sp.
Hybrid plants were obtained by the fusion

(dextran method) of protoplasts of a triple
tobacco mutant set-up for in vitro selection of the
regenerants, together with a “wild type Solanum
melongena”, but details about these hybrids were
not given (Toki et al. 1990).

Somatic fusion between eggplant and dis-
tantly related Solanaceae crops: a field of
research insufficiently investigated

The potential of plant breeding using proto-
plast fusion techniques between distantly related
species is far from being sufficiently investigated.
The few results obtained so far indicate that
transfer of traits is possible, but they also point
out recurrent sterility troubles. Asymmetric
fusion techniques that allow the transfer of pieces

of the donor genome into the recipient species
seem to be promising. The transfer of eggplant
bacterial wilt resistance into potato seems to be
the most promising application of this research
domain.

11.10 Conclusions

11.10.1 Germplasm Characterisation

Efficiency of Solanum melongena breeding is on
the way to be upgraded thanks to various DNA
and RNA technologies (markers, QTLs mapping,
sequencing, genes expression, etc.). However,
the main challenge of future breeding of this
species as well as of the two African eggplants is
based on the genetic and phenotypic characteri-
sation of their cultivated germplasm and of the
wild relatives, since all this material is entangled
in a complex network of relationships (c.f.
Chap. 10 and Sect. 11.4). The characterisation
carried out so far (Sect. 11.2) was limited by the
difficulty of germplasm holders and breeders to
outline the species content of eggplants and rel-
atives germplasm, and to access it. Therefore, the
phenotypic and genetic potential of subgenus
Leptostemonum diversity, far from being unrav-
elled yet, constitutes a promising field of research
in many aspects all the more because most traits
of interest are common to S. melongena, S.
aethiopicum and S. macrocarpon. The breeding
of each of these cultivated species will be boos-
ted by the use of an enlarged diversity.

A second challenge relates to the phenotyping
methods. Methodologies with improved accuracy
that would allow for a better dissection of traits
of interest must be set up. Until now phenotyping
has been often coarsely carried out; this is the
case for graft affinity between rootstock and
scion assessed on few genotypes and few criteria
(plant survival, growth, earliness, yield and fruit
quality) or for resistance to pests, mostly asses-
sed by field observations (degree of infestation).
Such traits, based on partner’s interactions,
deserve to be more closely looked at from both
partner’s sides, at the intimate level of their
interaction. For instance, for graft affinity nearly

21Solanum melongena + S. nigrum PEG fusion between
protoplast of Solanum nigrum and iodoacetate-inactivated
eggplant protoplasts aimed at transferring atrazine (her-
bicide) resistance carried out by the chloroplasts of the
wild partner into eggplant (Guri and Sink 1988b). The
regenerated plants displayed S. nigrum cpDNA pattern
and were resistant to atrazine in vitro. The single plant
phenotyped resembled S. nigrum had white flowers
(although the purple colour of eggplant flower is usually
dominant) and sterile (no stainable pollen grains).This
means that any part of eggplant chromosomes can be
integrated.
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nothing is known so far in terms of histological
and biochemical interactions between scion and
rootstock, although graft affinity is located at the
level of the graft union. Another relevant exam-
ple concerns the interactions between plants and
insects. The influence of plant genotype on insect
biotic criteria (e.g. adult longevity, female
fecundity, larvae mortality) allows for an accu-
rate identification of possible antibiotic actions of
some genotypes towards the insect. Identification
of such new and accurate plant traits, unfavour-
able to the targeted insect, would provide
breeders with powerful breeding criteria that
should boost forward efficiency of breeding for
resistance to insects.

The third promising aspect of future charac-
terisation concerns the traits to be phenotyped.
Evaluation for traits currently much sought-after,
such as resistance to major pests (root knot
nematodes, mites, and most damaging insects
such as the fruit and shoot borer and the leaf
hopper) as well as pathogens (in particular
soil-borne vascular diseases), is a priority. This
should allow the discovery of resistances so far
unavailable (e.g. resistance to Verticillium wilt
and to root knot nematodes within cultivated
eggplant germplasm) or impossible to handle
because of interspecific cross barriers (resistances
to several soil-borne pests and diseases of Sola-
num torvum). The evaluation of an enlarged
germplasm resource should also lead to the
identification of different resistance types and
genetic systems controlling different strains of a
given pathogen, of the utmost breeding interest.
An outstanding example is that of S. melongena
and the very damaging Ralstonia solanacearum
species complex (RSSC) in tropical conditions.
Several local S. melongena accessions have been
identified as being resistant in their country of
origin, but these resistances are rarely effective in
other places, likely because the bacterial strains
are different. Indeed, strong interactions charac-
terise this host–pathogen couple (Lebeau et al.
2011). Hence, in such a case, a breeder’s utmost
dream is to build an “universal resistance”, effi-
cient towards any bacterial strain in any country
where the crop has economic importance. When
complementary genetic systems (genes and

QTLs), originating from different sources and
controlling resistance to different strains, are
available in the germplasm (and have been
characterised), it is theoretically possible to build
up, by genetic recombination between the sour-
ces, resistance that controls a range of strains
wider than the range controlled by each source
individually. Such a strategy, involving geneti-
cists and bacteriologists, is ongoing (Salgon et al.
2017, 2018). For other diseases affecting egg-
plants, if breeders one day face such a case of
strong host–pathogen interactions,22 they will
have to turn to the natural genetic diversity for
resistance.

New traits must attract attention of breeders in
the near future, such as those directly related to
the adaptation to abiotic constraints (e.g.
drought). They deserve a special attention, in
particular root system structural (e.g. hierarchical
ranks between roots, vigour components) and
dynamic characteristics (e.g. emission of adven-
titious roots along plant development steps).
Another “new” trait, poorly investigated so far
within the germplasm of eggplants and relatives,
concerns the alkaloids produced by most of
Solanum species. These substances are involved
in the bitter taste of the fruits and are toxic at
high concentrations. Identifying the chemical
diversity of the alkaloids synthetised by Lep-
tostemonum species, quantifying their presence
(in particular in the wild germplasm) and
unravelling the genetic controls of their biosyn-
thetic pathway are important. Indeed, there is a
non-negligible risk of transfer of alkaloids from
wild to cultivated eggplants, either by their
grafting on wild rootstocks, or by interspecific
crosses. Attention should also be turned to a
possible resurgence, by genetic complementa-
tion, of this wild (atavic) trait when crossing
cultivated forms, although this has not been
proved yet for alkaloids (Sect. 11.8.1).

22It is possible for instance, that when looked at more
closely in the future, eggplants resistance to Fusarium
oxysp. f. sp. melongenae will reveal interactions with the
fungus diversity, as it is the case for tomato (different
genitors control different races of Fusarium oxysp. f.
sp. lycopersici).
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Given the expected increasing pressures of
abiotic and biotic stresses in a near future, in
particular because of the oncoming climatic
changes, characterisation of cultivated and wild
germplasm is of particular importance for future
breeding of eggplants. Genetic and genomic
techniques, taking advantage of the syntenic
features among solanaceous crops, are comple-
mentary tools to phenotyping largely sampled
intra- and interspecific germplasm, given they
offer another path for mining genes controlling
traits of interest and for discovering allelic
diversity.

11.10.2 Sexual Crossability

Knowledge on the potential of crossability
between species is extremely important for
breeders; it gives the information on the basic
requirements for transferring traits of interest
from one species to another. Also, new traits of
interest can arise from interspecific hybridisation,
in particular cytoplasmic male sterilities that are
of the utmost interest for the production of hybrid
seeds (see 11.7). Cultivated eggplant species can
be hybridised experimentally to each other and
give rise, with some difficulties, to interspecific
progenies (see 11.4.1). Although gene transfer
from one eggplant species to another is possible,
it has been so far barely practised by breeders,
since only resistance genes (Fusarium wilt and
bacterial wilt) originating from Solanum aethio-
picum have been transferred to S. melongena
(11.4.1.2 and 11.9.2). Gene transfer from wild
species to cultivated eggplants was not carried
out for long because the most interesting species
carrying breeding strategic traits such as resis-
tance to several soil-borne pests and diseases did
not yield hybrids (S. sisymbriifolium) or yielded
only virtually sterile ones (S. torvum) when
crossed with S. melongena (Table 11.7). The
transfer of other wild traits is ongoing, with in
particular the transfer of S. elaeagnifolium and S.
incanum drought resistance to S. melongena (see
11.2.3). As for S. aethiopicum and S. macro-
carpon, the breeding efforts have been much less
consistent than for S. melongena, and until now,

there has been no attempt of introgressing them
with wild traits of interest.

Although a rather high number of Solanum
species (67) have been used in interspecific
crossability studies (see 11.3), this number is low
when compared to the size of Leptostemonum
subgenus (over 500 species, see Chap. 10) and
hence it is clear that crossability attempts will
still keep scientists busy in the future. The
apparent inconsistency between interspecific
crossability results and phylogenetic relation-
ships of the parental species (see 11.5) suggests
that predicting crossability between species is for
the present time illusory. It indicates also that
interspecific crossability between species pro-
vides another insight at species relationships,
complementary to phylogenetics and other cri-
teria such as phenotype, genetic distance, geo-
graphical and ecological distribution (Chap. 10).
Indeed, interspecific zygote formation and
growth within the seed, and later hybrid growth
provide information about the ability of parental
genomes to collaborate and ensure or not a nor-
mal plant development. Meiosis patterns at
diakinesis and metaphase I of interspecific
hybrids provide precious information on parental
chromosomal interactions, and hence on their
chromosomes homologies, homeologies and/or
rearrangements. Full sequences of chromosomes
of an increasing number of Solanum species will
provide a way complementary to cytogenetics for
assessing chromosomal and genetic rearrange-
ments between species.

So far crossability studies have been most
often “roughly” carried out for two main reasons.
First, only a small proportion of the publications
went as far as attempting to obtain progenies
from the hybrids, although for an eggplant
breeder, this is the ultimate criterion to assess the
success (or failure) of a given interspecific cross.
Second, crossability has been assessed by nearly
as many criteria combinations as the number of
publications (11.3). This situation can be
explained by the fact that results of any inter-
specific cross depend on many factors, in par-
ticular (1) prezygotic and post-zygotic barriers,
(2) cross direction (which species is the female or
male), (3) genotypes of the parental species, and
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(4) environmental conditions. As a result of such
combinatory conditions, interspecific crosses
yield a great variety of results, from no fruit set
on the maternal parent to fully fertile hybrids at
the extremes of the possible range of responses.
Measurements for assessing cross success or
failure are consequently also diverse and range
from percentages of fruit set, seed set of the
maternal parent, F0–>F1 seed normality and
germination rate, F1 characteristics (lethality at
embryo or plantlet stages, abnormal features,
weakness), F1 male meiosis and pollen stain-
ability or germinability, up to F1 fruit set and
seed set. Results of any interspecific cross can
also change when various techniques are imple-
mented, such as embryo rescue, hormonal treat-
ment or grafting for boosting weak hybrids,
artificial chromosomes doubling and other
biotechnologies such as somatic hybridisation.
As a consequence, results in the literature are
extremely heterogeneous and it is rather difficult
to unambiguously characterise a “successful
cross”. Also, the use of interspecific F1 pollen
fertility as a criterion is questioning for at least
two reasons. First there is no strict link between
meiosis regularity or irregularity and pollen
stainability (11.3.2). For this reason, a statistical
approach of PMC meiotic behaviour (in the cases
where abnormal meiosis yields some proportion
of stainable pollen grains) is necessary, together
with the identification of additional post-meiotic
factors (for the cases where a regular or almost
regular meiosis ends up with a rather poor pollen
stainability). Second, the ability of an inter-
specific hybrid to produce F2 or BC progenies is
not clearly related to its (male) fertility, since
hybrids virtually sterile (e.g. Solanum melon-
gena � S. elaeagnifolium), partially fertile (e.g.
S. melongena � S. tomentosum) and fertile (S.
violaceum � S. melongena) can yield such pro-
genies. Definitely, anything seems possible when
crossing spiny solanums!

When interspecific crosses fully fail or fail in
producing interspecific progenies beyond the F1
crucial step, breeders can nonetheless valorise
the wild material. This is the case when the
species of interest (1) carries resistances to
soil-borne pests and pathogens, (2) displays a

vigourous growth in unfavourable conditions
(water excess or shortage, drought, cold, salinity)
or (3) boosts plant vigor, qualitative and/or
qualitative yield. The wild species of interest or
the interspecific hybrid itself can then be used as
eggplant(s) rootstock, provided it has a good
graft affinity with the cultivated eggplant used as
scion. Grafting is a technique commonly used for
S. melongena, and it is workable for the African
eggplants. Hence, breeding innovative rootstocks
has agronomic and economic interests.

All this means that for the future, much
research is still necessary in the field of inter-
specific crosses between Leptostemonum species
and although crossability and phylogenetic
relatedness are not clearly associated, it is prob-
ably more secure to begin with the closest rela-
tives of eggplants (species belonging to
Melongena clade and Anguivi grade). Interna-
tionally collaborative initiatives are needed in
order to guaranty full coverage of the crosses, use
of shared success criteria and clarification of
several pending questions.

11.10.3 Somatic Crossability

Somatic hybridisation experiments between
spiny solanums and other Solanaceae had its
peak in the 1980s–1990s, and its agronomic
motivation was mostly the transfer of disease
resistances. The techniques for regenerating
amphidiploids or asymmetric hybrids are func-
tional. Although morphological features of the
polyploids, aneuploids or introgressed somatic
hybrids display both expected and unexpected
heredity patterns, their expression of disease
resistance levels similar to those of their donor
parent is a constant throughout the examples
reviewed here. The general trend is that somatic
hybridisation yields fertile hybrids when partner
species share close phylogenetic relationships
and yields sterile hybrids when the sexual cross
is either impossible or yields sterile material.
However, there are some exceptions for which
somatic hybridisation is superior to sexual
hybridisation (e.g. Solanum melongena + S.
marginatum; S. aethiopicum + S. violaceum). In
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these cases somatic hybrids display better pollen
stainability than their sexual counterparts.
Somatic hybrid sterility might be compatible
with breeding of a vegetatively propagated crop
such as potato, since flower fertility is not
indispensable. But genetic recombination
between parental genomes and fertility of the
progenies is indispensable for breeding sexually
reproduced crops, such as S. melongena. In such
cases, the next obstacle is the return to the
diploid status. This was proved feasible thanks to
dihaploids production via anther culture on the
single example of somatic hybrids between S.
melongena and S. aethiopicum. However, return
to diploidy came with a strong reduction in
pollen fertility. On the whole, S. melongena-S.
aethiopicum progenies were obtained and used in
breeding from the hybrids, regardless of their
sexual or somatic origin. It would be interesting
to know if genetic recombination was different
between both kinds of hybrids, because this
could be a reason for choosing the best “re-
combining” technique. With the exception of
these somatic hybrids, return to diploidy is nei-
ther questioned not solved for all other somatic
hybrids involving other species combinations.

11.10.4 Hybrid Phenotypes
and Genetics
of Morphological Traits

Mendelian and quantitative genetics of traits of
interest to breeders are not developed in this
chapter because they are beyond its scope.
Nonetheless some trait heredity patterns are
presented, given that the literature offers infor-
mation on some interspecific hybrid phenotypes.
When differences exist between parents (e.g.
prickly vs non prickly, resistant to a given
pathogen vs sensitive, etc.), F1 hybrid pheno-
types (Sect. 11.8) allow us to determine whether
a given trait is dominant, incompletely dominant
or recessive. Heterosis, or hybrid vigour, is fre-
quently observed for some traits such as plant
height and leaves sizes, whereas resurgence of a
few atavic (wild) traits (prickliness in particular)
occurs in crosses between cultivated eggplants

(c.f. 11.8). However, the interspecific F1 phe-
notype is sometimes biased, such as in the case
of fruit size: this trait depends not only on fruit
size genes but also on the presence of seeds. As
interspecific hybrids frequently display fertility
troubles, F1 fruit size must be interpreted with
caution. F2 or backcross generations issued from
F1 theoretically provide further information on
the genetic control of the segregating traits, but in
the case of interspecific hybrids progenies, this
information is absent because of the sterility of
the hybrids or biased because of distorted seg-
regations. Phenotypes of symmetrical or asym-
metrical somatic hybrids are even more difficult
to interpret in terms of traits genetics, because of
the tetraploid or aneuploid status of such hybrids
together with cytoplasmic changes.

Along the successive parts of this chapter, we
hope to have convinced our readers that exam-
ining the diversity and intercrossability of egg-
plants and relatives is of key importance for
future research programmes.
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