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Preface to the Series

Genome sequencing has emerged as the leading discipline in the plant sciences
coinciding with the start of the new century. For much of the twentieth century,
plant geneticists were only successful in delineating putative chromosomal
location, function, and changes in genes indirectly through the use of a number
of “markers” physically linked to them. These included visible or morpho-
logical, cytological, protein, andmolecular or DNAmarkers. Among them, the
first DNA marker, the RFLPs, introduced a revolutionary change in plant
genetics and breeding in the mid-1980s, mainly because of their infinite
number and thus potential to cover maximum chromosomal regions, pheno-
typic neutrality, absence of epistasis, and codominant nature. An array of other
hybridization-based markers, PCR-based markers, and markers based on
facilitated construction of genetic linkage maps, mapping of genes controlling
simply inherited traits, and even gene clusters (QTLs) controlling polygenic
traits in a large number of model and crop 88 plants have been identified.
During this period, a number of new mapping populations beyond F2 were
utilized and a number of computer programs were developed for map con-
struction, mapping of genes, and for mapping of polygenic clusters or QTLs.
Molecular markers were also used in studies of evolution and phylogenetic
relationship, genetic diversity, DNA fingerprinting, and map-based cloning.
Markers tightly linked to the genes were used in crop improvement employing
the so-called marker-assisted selection. These strategies of molecular genetic
mapping andmolecular breedingmade a spectacular impact during the last one
and a half decades of the twentieth century. But still they remained “indirect”
approaches for elucidation and utilization of plant genomes since much of the
chromosomes remained unknown and the complete chemical depiction
of them was yet to be unraveled.

Physical mapping of genomes was the obvious consequence that facili-
tated the development of the “genomic resources” including BAC and YAC
libraries to develop physical maps in some plant genomes. Subsequently,
integrated genetic–physical maps were also developed in many plants. This
led to the concept of structural genomics. Later on, emphasis was laid on
EST and transcriptome analysis to decipher the function of the active gene
sequences leading to another concept defined as functional genomics. The
advent of techniques of bacteriophage gene and DNA sequencing in the
1970s was extended to facilitate sequencing of these genomic resources in
the last decade of the twentieth century.
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As expected, sequencing of chromosomal regions would have led to too
much data to store, characterize, and utilize with the-then available computer
software could handle. But development of information technology made the
life of biologists easier by leading to a swift and sweet marriage of biology
and informatics, and a new subject was born—bioinformatics.

Thus, the evolution of the concepts, strategies, and tools of sequencing
and bioinformatics reinforced the subject of genomics—structural and
functional. Today, genome sequencing has traveled much beyond biology
and involves biophysics, biochemistry, and bioinformatics!

Thanks to the efforts of both public and private agencies, genome
sequencing strategies are evolving very fast, leading to cheaper, quicker, and
automated techniques right from clone-by-clone and whole-genome shotgun
approaches to a succession of second-generation sequencing methods. The
development of software of different generations facilitated this genome
sequencing. At the same time, newer concepts and strategies were emerging
to handle sequencing of the complex genomes, particularly the polyploids.

It became a reality to chemically—and so directly—define plant genomes,
popularly called whole-genome sequencing or simply genome sequencing.

The history of plant genome sequencing will always cite the sequencing
of the genome of the model plant Arabidopsis thaliana in 2000 that was
followed by sequencing the genome of the crop and model plant rice in 2002.
Since then, the number of sequenced genomes of higher plants has been
increasing exponentially, mainly due to the development of cheaper and
quicker genomic techniques and, most importantly, development of collab-
orative platforms such as national and international consortia involving
partners from public and/or private agencies.

As I write this preface for the first volume of the new series “Compendium
of Plant Genomes,” a net search tells me that complete or nearly complete
whole-genome sequencing of 45 crop plants, eight crop and model plants,
eight model plants, 15 crop progenitors and relatives, and three basal plants is
accomplished, the majority of which are in the public domain. This means
that we nowadays know many of our model and crop plants chemically, i.e.,
directly, and we may depict them and utilize them precisely better than ever.
Genome sequencing has covered all groups of crop plants. Hence, infor-
mation on the precise depiction of plant genomes and the scope of their
utilization are growing rapidly every day. However, the information is
scattered in research articles and review papers in journals and dedicated
Web pages of the consortia and databases. There is no compilation of plant
genomes and the opportunity of using the information in sequence-assisted
breeding or further genomic studies. This is the underlying rationale for
starting this book series, with each volume dedicated to a particular plant.

Plant genome science has emerged as an important subject in academia,
and the present compendium of plant genomes will be highly useful to both
students and teaching faculties. Most importantly, research scientists
involved in genomics research will have access to systematic deliberations on
the plant genomes of their interest. Elucidation of plant genomes is of interest
not only for the geneticists and breeders, but also for practitioners of an array
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of plant science disciplines, such as taxonomy, evolution, cytology, physi-
ology, pathology, entomology, nematology, crop production, biochemistry,
and obviously bioinformatics. It must be mentioned that information
regarding each plant genome is ever-growing. The contents of the volumes of
this compendium are, therefore, focusing on the basic aspects of the genomes
and their utility. They include information on the academic and/ or economic
importance of the plants, description of their genomes from a molecular
genetic and cytogenetic point of view, and the genomic resources developed.
Detailed deliberations focus on the background history of the national and
international genome initiatives, public and private partners involved,
strategies and genomic resources and tools utilized, enumeration on the
sequences and their assembly, repetitive sequences, gene annotation, and
genome duplication. In addition, synteny with other sequences, comparison
of gene families, and, most importantly, the potential of the genome sequence
information for gene pool characterization through genotyping by sequencing
(GBS) and genetic improvement of crop plants have been described. As
expected, there is a lot of variation of these topics in the volumes based on
the information available on the crop, model, or reference plants.

I must confess that as the series editor, it has been a daunting task for me
to work on such a huge and broad knowledge base that spans so many
diverse plant species. However, pioneering scientists with lifetime experience
and expertise on the particular crops did excellent jobs editing the respective
volumes. I myself have been a small science worker on plant genomes since
the mid-1980s, and that provided me the opportunity to personally know
several stalwarts of plant genomics from all over the globe. Most, if not all,
of the volume editors are my longtime friends and colleagues. It has been
highly comfortable and enriching for me to work with them on this book
series. To be honest, while working on this series I have been and will remain
a student first, a science worker second, and a series editor last. And I must
express my gratitude to the volume editors and the chapter authors for pro-
viding me the opportunity to work with them on this compendium.

I also wish to mention here my thanks and gratitude to the Springer staff,
Dr. Christina Eckey and Dr. Jutta Lindenborn in particular, for all their
constant and cordial support right from the inception of the idea.

I always had to set aside additional hours to edit books beside my pro-
fessional and personal commitments—hours I could and should have given
to my wife, Phullara, and our kids, Sourav and Devleena. I must mention that
they not only allowed me the freedom to take away those hours from them
but also offered their support in the editing job itself. I am really not sure
whether my dedication of this compendium to them will suffice to do justice
to their sacrifices for the interest of science and the science community.

New Delhi, India Chittaranjan Kole
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1Introduction: The Importance
of Eggplant

Mark A. Chapman

Abstract
In this chapter, I highlight how the eggplant,
whilst being globally dwarfed by other mem-
bers of the Solanaceae, notably potato and
tomato, offers a number of important ecolog-
ical, evolutionary and agronomic features
making it unique and interesting, warranting
further study. It also highlights the parallels
and differences between Solanaceous crops.
The eggplant genome is in the process of
being finalised, and once this is available to
researchers, it is likely we will see a surge of
papers utilising this resource for understand-
ing the genetic basis of these important traits.

1.1 Overview

The Asian eggplant (Solanum melongena L.),
known as aubergine in Britain and France, and
brinjal in Southern Asia and South Africa, is a
widely grown species from the nightshade family
(Solanaceae). The fruit is popular in a range of
cuisines and is an important part of the diet in
many countries, especially India and Bangladesh,
Southeast Asia and the Middle East (Daunay and

Lester 1988). Solanum is a large genus of ca.
1400 species (D’Arcy 1991; Frodin 2004), sev-
eral of which are poisonous to humans, most
famously the nightshades (e.g. S. dulcamara L.).
Eggplant is an Old World crop, domesticated in
Asia, whereas its congeners, potato (S. tubero-
sum L.) and tomato (S. lycopersicum L.), are
New World (South American) representatives of
the genus (Daunay and Lester 1988; Weese and
Bohs 2010).

The focus of this book is the Asian eggplant, S.
melongena; however, two other Solanum species
are known as eggplants, the Ethiopian/scarlet
eggplant (S. aethiopicum L.) and the
African/Gboma eggplant (S. macrocarpon L.).
These two species are minor crops globally rela-
tive to Asian eggplant, but may be locally
important, with the fruits and leaves of both
species used for food and medicine. The simi-
larities between the three eggplant species have
previously caused taxonomic confusion; how-
ever, it is clear now they are relatively distantly
related within the genus (Weese and Bohs 2010).

Several non-exclusive theories have been
proposed concerning the origin of Asian egg-
plants, S. melongena (hereafter simply ‘egg-
plant’). The general consensus (Knapp et al.
2013; Weese and Bohs 2010) is that the
African/Middle Eastern species S. incanum L.
was transported, intentionally or otherwise, into
Indo-China where the true wild progenitor, S.
insanum L., evolved, from which S. melongena is
derived. The first domesticates are possibly
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represented now by relatively small-fruited S.
ovigerum, and the landraces and other cultivated
types are derived from this group. This is
described in further detail in Chap. 12. More
recent molecular evidence has suggested that
eggplant was domesticated more than once
(Meyer et al. 2012b); however, this remains
contentious (see Chap. 12). Ancient literature
suggests that eggplant has been used as a food for
more than 2000 years in China (Wang et al.
2008), and traces of Solanum have been found in
Harappan cooking vessels from ca. 4500 YBP in
India (Kashyap and Weber 2013).

Traditionally the majority of research into
crops of the Solanaceae has focussed on tomato
and potato, presumably due to the relative eco-
nomic importance of these three crops. The first
potato genome was published in 2011 (Xu et al.
2011b) and tomato in 2012 (Sato et al. 2012).
A draft genome of eggplant followed, however,
this was incomplete, covering approximately
74% of the genome, and fragmented, being rep-
resented by 33,873 scaffolds (Hirakawa et al.
2014); see also Chap. 6). Eggplant (and wild
relatives) nonetheless offer a range of features
absent from potato and tomato, especially high
tolerances to a number of pests and pathogens
(Daunay 2008; Salgon et al. 2017) and tolerance
of abiotic stresses (Fita et al. 2015; Keatinge
et al. 2014).

Beyond the economic importance of eggplant,
the similarities between the domestication of
tomato and eggplant (and to a lesser degree
peppers, Capsicum annuum L.) pose an inter-
esting study system for investigating parallel
and/or convergent evolution. Domestication of
these members of the Solanaceae has involved an
increase in fruit size and alteration in fruit colour
and shape, and comparative mapping suggests
these traits may be controlled (in part) by the
same suite of genes (Doganlar et al. 2002). This
is discussed briefly below and in more depth in
Chap. 4.

For these reasons, the origin and evolution of
eggplant pose some interesting and important
questions for a range of researchers, which are
beginning to be addressed utilising modern
technologies.

1.2 Economic Importance
of Eggplant

Eggplant is the third most widely grown
Solanaceous vegetable after potatoes and toma-
toes (Fig. 1.1a). Eggplant is especially popular in
cuisines of Southeast Asia and the Mediterranean.
In 2016, the area of potato and tomato harvested
worldwide was greater than that of eggplant by a
factor of 10 and almost three, respectively (FAO
2017). Eggplant production has increased steadily
since FAOSTAT data was collected (1961) to
about 1.79 M ha (51.3 M tonnes) worldwide
(2016 data). Over 80% of eggplants are produced
in China and India with only five other countries
(Egypt, Indonesia, Turkey, Iran and the Philip-
pines) growing more than 1% of the world’s total
production (Fig. 1.1b).

Whilst eggplant is not known for being high in
the majority of health-related micronutrients, it is
very low fat and low calorie. The Solanaceae as a
whole, however, are a rich source of nutritionally
and pharmaceutically useful compounds, partly

Fig. 1.1 Area of eggplant harvested in 2016. a Compared
to congeners potato and tomato, b subdivided by country
(only countries growing >1% of the world’s eggplant are
named). Data is from FAO (2017)
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explaining the large number of species in the
Solanaceae used for food or medicine (Hawkes
1999). In eggplant, a number of phytonutrients
are present, especially hydroxycinnamic acid
(HCA) conjugates, potentially involved in con-
sumer health, fruit taste and texture (see Meyer
et al. 2015, Chap. 3 and references therein). HCA
conjugates are free radical scavengers and hence
may play a role in mediating oxidative stress (Ma
et al. 2011). A number of compounds differ in
their abundance between wild and domesticated
eggplant, with the domesticates containing over-
all a lower total abundance of HCA conjugates
(Meyer et al. 2015). The quantity of total and
individual HCA conjugates varies widely
amongst accessions of eggplant (Stommel and
Whitaker 2003). Interestingly, literature surveys
and interviews demonstrate that eggplant is used
as a medicine for different illnesses (especially for
gastrointestinal, immune system and cardiovas-
cular ailments) in different parts of the world
(Meyer et al. 2014). This could have influenced
the trajectory of eggplant domestication and
improvement in different parts of the world.

Eggplant is also valued as a rootstock for
tomatoes because of resistance to certain diseases
and nematodes. For example, data from Vietnam
suggested that grafted tomatoes (onto a range of
rootstocks, including eggplant) out-yield
non-grafted tomatoes by around one third (Gen-
ova et al. 2013). Eggplant rootstocks have also
been shown to confer waterlogging tolerance to
tomatoes (Bahadur et al. 2015), and eggplant
wild relatives are also used as rootstocks because
of resistance to pathogens, for example verticil-
lium wilt (Bletsos et al. 2003).

1.3 Academic Importance
of Eggplant

1.3.1 Eggplant as a Model for Parallel
Evolution

As mentioned above, the domestication of mul-
tiple members of the Solanaceae has been used as
a model to study convergent evolution. During

domestication, human selection on fruit colour,
taste, shape and size has been pervasive across
many crops (Meyer et al. 2012a), and in grass
crops, some traits are controlled by orthologous
genes, for example loss of shattering (i.e. a loss
of natural seed dispersal) in cereal crops (Lin
et al. 2012). If the same genes are involved in the
domestication of multiple crops, then knowledge
of the genetic basis of these traits in one crop can
be transferred across crops.

Tomato and eggplant exhibit a number of
conspicuous similarities in their domestication
syndromes, but similarities with potato and
pepper in the suite of traits that were selected by
humans are also evident, especially fruit shape
and size in pepper, and colour, albeit tuber and
flower colour, in potato. When the first genetic
maps of eggplant were produced, it was noted,
based on comparing genetic maps from other
Solanaceae species, that a number of quantitative
trait loci (QTL) for eggplant domestication traits
were found in the same genomic regions as those
in tomato, pepper and potato (Doganlar et al.
2002). These findings are detailed in Chap. 4.

1.3.2 Eggplant Wild Relatives
for Crop Improvement

Until recently, the potential for eggplant wild
relatives to improve cultivated eggplants has been
discussed but little progress has been made. This
is disappointing because crop wild relatives
(CWRs) are often major sources of alleles for
biotic and abiotic tolerances (Dempewolf et al.
2017). One major hindrance to the breeding of
wild species’ alleles into cultivated eggplant has
been the lack of a genome sequence (Gramazio
et al. 2018). This absence prevents the develop-
ment of genome-anchored markers which are
necessary for efficient trait transfer, e.g. through
marker-assisted selection (MAS; Morrell et al.
2011). Nonetheless, success in introgressing
Fusarium wilt resistance from S. aethiopicum and
Verticillium wilt resistance from S. linnaeanum
Hepper & P.-M.L. Jaeger into eggplant has been
carried out (Toppino et al. 2008; Liu et al. 2015).
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More recently, however, a large number of
mapping populations from crosses between egg-
plant and its CWRs have been generated
(Kaushik et al. 2016). This extensive work, util-
ising multiple cultivated eggplants and ten wild
species, has seen the development of dozens of
backcross populations with potential for intro-
gressing traits of interest from wild relatives into
eggplant. This, and other work (e.g. Ranil et al.
2017), also highlights the ease with which closely
related S. incanum and S. insanum can be crossed
with eggplant, making them important candidates
for aiding eggplant improvement through intro-
gression. Members of the secondary gene pool
can be crossed with varying success to eggplant,
and crosses with more distantly related species
are only successful through embryo rescue
(Kouassi et al. 2016). Interestingly, the
cross-compatibility of different eggplant acces-
sions with the wild species is variable, suggesting
that introgression from the wild species might be
easier in some eggplant varieties than in others.
Extensive morphological phenotyping of the
parents and F1 progeny has allowed the identifi-
cation of wild species which exhibit the best
potential for eggplant improvement (Kaushik
et al. 2016).

Gaining a better understanding of the genetic
basis of adaptive phenotypes in eggplant CWRs
has been a prominent goal in eggplant breeding
for years, and with the advent of high-throughput
sequencing (HTS), a number of wild species
have been subjected to analysis with the purpose
of generating molecular markers necessary for
downstream genetic mapping, diversity analysis
and candidate gene analysis. Through transcrip-
tome sequencing, i.e. sequencing the expressed
portion of the genome from one or more tissue(s)
at one or more time-point(s), only a subset of the
genome is sequenced, decreasing the cost con-
siderably (Ozsolak and Milos 2010). In addition,
the output of a transcriptome investigation is
made up primarily of coding sequences, thus
enriching for regions of the genome that may
code for traits of interests (although it is
acknowledged that the genetic basis of some
traits is not attributable to the coding portion of
the genome; Wilusz et al. 2009).

Simple sequence repeat (SSR) markers (aka
microsatellites) can be identified from a single
transcriptome sequence (e.g. Chapman 2015;
White et al. 2016), acknowledging that some
proportion of these markers will not be variable
when tested across multiple individuals. Single
nucleotide polymorphism (SNP) markers, how-
ever, require the comparison of at least two
individuals to identify polymorphisms before
designing SNP assays. Through the comparison
of transcriptomes from four Solanum species,
marker databases have been developed for the
wild relatives Solanum incanum and S. aethio-
picum (Gramazio et al. 2016). Transcriptome
sequences for S. torvum Sw. (Yang et al. 2014)
and S. aculeatissimum Jacq. (Zhou et al. 2016)
are available (see also below), and a comparative
transcriptomic investigation could be employed
to identify molecular markers.

1.3.3 Transcriptomics in Eggplant

Despite the absence of a complete genome
sequence, eggplant studies have harnessed the
power of HTS for a range of studies.
HTS-generated molecular markers (specifically
using RADseq and genotyping-by-sequencing
approaches) have been employed to aid in
genetic map construction and to understand
genetic diversity within eggplant accessions and
between eggplant and its CWRs; however, these
are covered in detail in later chapters and will not
be discussed here. Instead, here I focus on two
set of studies which have employed transcrip-
tomics to (1) examine the gene expression
response to pathogen infection, and (2) under-
stand the genetic basis of anthocyanin accumu-
lation. These investigations highlight the
potential for eggplant to serve as a model species
for a number of adaptive traits.

1.3.3.1 Eggplant and Its Relatives
as a Model
for Understanding
Pathogen Infection

Whilst eggplant is susceptible to several patho-
gens, a number of the eggplant CWRs offer
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promise for resistance to these bacteria and fungi,
which reduce crop yields (of eggplants and other
crops) substantially if left unchecked. Efforts to
understand the genetic basis of pathogen resis-
tance are therefore of paramount importance
(Piquerez et al. 2014).

Solanum torvum is an eggplant CWR and is
often used as a rootstock because of strong
resistance to several soil-borne pathogens, nota-
bly the root-knot nematode Meloidogyne incog-
nita (Gousset et al. 2005). In order to understand
more about the genes involved in root-knot
nematode resistance, gene expression analysis
was carried out on S. torvum plants with and
without infection (Bagnaresi et al. 2013),
revealing almost 400 genes which were differ-
entially expressed (DE) under pathogen infec-
tion. Gene ontology analysis showed that many
of these genes were related to known pathogen
response genes, especially chitinases which are
often upregulated in plants exposed to nematode
infection (e.g. Qtu et al. 1997).

Another eggplant CWR with pathogen resis-
tance is Solanum aculeatissimum, resistant to
verticillium wilt which negatively affects egg-
plant worldwide, as well as tomato, potato and
cotton (Klosterman et al. 2009). Gene expression
analysis was carried out comparing
verticillium-treated and verticillium-untreated S.
aculeatissimum seedlings and revealed thousands
of genes which were DE (Zhou et al. 2016).
Genetic pathways relating to the biosynthesis of
secondary metabolites (especially hormone sig-
nal transduction and phenylpropanoid biosyn-
thesis) were found to be enriched in the lists of
DE genes, indicating that the mechanisms of
verticillium wilt resistance in S. aculeatissimum
could be very similar to the pathways in cotton
and tomato (Gayoso et al. 2010; Xu et al. 2011a).

Both of these case studies suggest that the
mechanisms of pathogen resistance in Solanum
species may be conserved across crops, with the
potential for cross-crop transfer of knowledge to
expedite breeding and crop improvement.

1.3.3.2 Eggplant as a Model
to Understanding
Anthocyanin
Accumulation in Plants

Anthocyanins are red, blue and purple pigments
found in some groups of plants. Anthocyanins
have potent antioxidant properties in vitro (e.g.
De Rosso et al. 2008); however, evidence for a
positive role in humans remains elusive (Lotito
and Frei 2006). Nevertheless, understanding the
biosynthesis of these pigments is of interest
because of the visual attractiveness, as high-
lighted by the popularity of recently developed
blue tomatoes.

Eggplants exhibit a significant variation in
fruit colours and hence pose a model for under-
standing anthocyanin biosynthesis. Using a cul-
tivar in which the purple pigmentation is induced
by exposure to light, recent research has identi-
fied genes which may play a role in initiating the
biosynthesis of anthocyanins even before any
purple pigmentation is evident (Li et al. 2017,
2018). Understandably a number of genes that
were differentially expressed in the light-exposed
fruit were from the anthocyanin biosynthesis
pathway (Li et al. 2017); however, other genes
not known to be involved in the regulation of
anthocyanins were unearthed (Li et al. 2018),
posing new targets for breeding both in eggplant
and in other species.

Recently, successful modification of fruit
colour in S. aethiopicum has been carried out
through the transgenic expression of an eggplant
gene, SmMYB1 (Zhang et al. 2016).

1.3.3.3 Eggplant as a Model
for Understanding
the Wider Effects
of Genetic Modification

The transgenic improvement of crops through
transfer of genes from different organisms has
promise for feeding the future growing popula-
tion under climate change (James 2003), yet
public perception is mixed, and in some cases
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strongly negative. Part of this negativity comes
from a lack of published knowledge about the
consequences to other organisms of growing a
genetically modified (GM) crop. These
non-target effects, for example the effects on soil
microbes (Liu et al. 2005) and food webs (Groot
and Dicke 2002), remain understudied.

Several GM eggplants possessing a Cry1Ac
toxin from Bacillus thuringiensis have been
developed (collectively ‘Bt brinjal’) and were
released in India in 2009, but soon a moratorium
caused their use to be prohibited. This was based
largely on public outcry and the insistence of
anti-GM groups who called for more research
(Herring 2015). In 2013, in Bangladesh, four
varieties of Bt brinjal were released after seven
years of trials. Putting the controversy to one
side, these Bt brinjals allow the assessment of the
potential for a GM crop to be effective as well as
to assess their non-target effects, as follows:

Firstly, Bt brinjal (including lines developed
with different Cry1 alleles) has been shown to be
effective against eggplant shoot and fruit borer
(ESFB) both under controlled (glasshouse) con-
ditions (Rai et al. 2013) and in the field (Hautea
et al. 2016). Infestation of Bt brinjal with ESFB
was shown to be almost zero in field trials in the
Philippines (Hautea et al. 2016).

Second, non-target effects have been investi-
gated for both soil microbes and non-target
arthropods. Singh et al. (2013) demonstrated that
soil microbe abundance was lower in plots of Bt
brinjal than non-Bt counterparts. In addition,
different species of bacteria were present in soils
of the two treatments (Bt brinjal and non-Bt
brinjal) (Singh et al. 2013) indicating the poten-
tial for microbial non-target effects. Conversely,
in field trials, there was no significant difference
in the non-target arthropod communities of Bt
and non-Bt brinjal indicating that the Bt brinjal is
selective in its control of the ESFB (Navasero
et al. 2016).

Finally, it is clear that in natural environ-
ments, there is a high potential for crop eggplant
to hybridise with wild eggplants (Davidar et al.
2015; see also Chap. 12), which could be an
avenue for transgene escape (Chapman and

Burke 2006). The consequences for the escape of
the Bt transgene into wild relatives are not
known and require further research.

1.4 Conclusions

Despite eggplant being less economically
important than its congeners, it serves as an
important model for a number of agronomic and
evolutionary processes; hence, the development
of a genome sequence represents an important
step forward in these fields of research. The
following chapters discuss our current knowl-
edge of eggplant as a crop in its own right as well
as a model for understanding genome evolution,
domestication and speciation.
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2Eggplant (Solanum melongena L.):
Taxonomy and Relationships

Sandra Knapp, Xavier Aubriot and Jaime Prohens

Abstract
Solanum melongena L. (brinjal eggplant) is a
member of a small monophyletic group
(Eggplant clade) of mainly andromonoecious
species in the large and diverse Leptoste-
monum clade of Solanum (previously referred
to as subgenus Leptostemonum Bitter). The
Leptostemonum clade (also known as the
spiny solanums) is the most diverse mono-
phyletic group in the species-rich genus
Solanum and contains more than 500 species
occurring on all continents except Antarctica.
In this chapter, we summarise the current state
of knowledge of the taxonomy and phylogeny
of Solanum, the Leptostemonum clade and
that of the monophyletic group of Old World
taxa to which S. melongena belongs. We
provide a species list with distributions of the

currently recognised members of the Eggplant
clade and discuss character evolution and
biogeography in the group in the context of
phylogeny.

2.1 Introduction

The brinjal eggplant (Solanum melongena L.) is
one of approximately 1300 species in the extre-
mely species-rich genus Solanum L. in the
nightshade family Solanaceae. The family com-
prises 101 genera, including many economic and
horticultural importance such as Nicotiana L.
(the tobaccos, see Knapp et al. 2004) and Petunia
L. (Stehmann et al. 2000). Generic diversity in
the family is concentrated in the Americas,
but there have been several instances of
long-distance dispersal giving rise to genera
and/or groups that are endemic to the Old World
(Dupin et al. 2017). Generic limits in the family
are under active investigation, and new genera
have been included (e.g. Nolana L.f. and
Sclerophylax Miers, traditionally recognised as
separate families; see Olmstead et al. 2008) and
segregated based on new understanding from
molecular phylogenetics (e.g. Trompettia Dupin
& S.S.Smith; Dupin and Smith 2018). With the
inclusion of previously segregated genera such as
Lycopersicon Mill., Cyphomandra Sendtn. and
Normania Lowe, Solanum is resolved as strongly
monophyletic and as sister to the genus Jal-
tomata Schltdl. (Särkinen et al. 2013).
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Solanum comprises around half of the species
diversity of the family and is one of only a
handful of flowering plant genera with more than
1000 species (Frodin 2004). Not only because of
its large size, Solanum is also important for
containing species of great economic importance
for humans, such as potato (S. tuberosum L.),
tomato (S. lycopersicum L.) and of course the
eggplant, plus a host of minor fruit and leaf crops
cultivated locally worldwide (see Anderson
1977; Whalen et al. 1981; Särkinen et al. 2018).
Species of Solanum occur on all continents
except Antarctica, in a wide variety of habitats
from tropical rainforests to the driest deserts and
have a wide range of life forms, from annual
herbs to rainforest trees. The traditional view has
been that the large majority of species of Sola-
num occurred in the New World, mostly in South
America (e.g. see D’Arcy 1972) but recent work
in Africa (Vorontsova and Knapp 2016), Asia
(Aubriot et al. 2016) and Australia and New
Guinea (e.g. Bean 2002, 2004, 2010, 2011, 2014,
2016; Bean and Albrecht 2008) has revealed
hitherto poorly understood diversity in the
Old World, especially in the spiny solanums
(see below).

The genus was divided into two main groups
by authors in the nineteenth and early twentieth
centuries (e.g. Dunal 1852; Seithe 1962), simply
described as the spiny and non-spiny solanums.
These broad groups were defined on the presence
or absence of prickles and anther shape (see
Vorontsova and Knapp 2016 for a more com-
plete discussion). Within those broad groups,
Solanum was divided into a number of sections
(see D’Arcy 1972, who listed many sections,
subsections and series), defined largely on
macro-morphological characteristics. Phyloge-
netic work using DNA sequences showed that
most of these sectional groupings were not
monophyletic (Bohs 2005); the genus can be
divided into 13 major clades (Bohs 2005;
Särkinen et al. 2013; Weese and Bohs 2007).
Some of these (e.g. the Potato clade, including
tomatoes and their relatives and a number of
smaller groups such as section Pteroidea Dunal
and the Regmandra clade; see Tepe et al. 2016)
are well-supported and monophyletic, while the

relationships of others are less clear (e.g. species
like S. clandestinum Bohs and S. mapiriense
Bohs; see Särkinen et al. 2013). Relationships
between the clades are relatively stable, but a
polytomy at the base of Clade 2 of Särkinen et al.
(2013) means the sister group of the largest and
most species-rich clade of Solanum—the
Leptostemonum clade or the spiny solanums—is
not yet clear (Särkinen et al. 2013).

2.2 The Leptostemonum Clade

The prickly solanums are the largest mono-
phyletic group within the genus Solanum (Bohs
2005; Särkinen et al. 2013; Stern et al. 2011).
They were traditionally referred to as subgenus
Leptostemonum Bitter (Bitter 1919), or as “cho-
rus subgenerum” Stellatipilum Seithe (Seithe
1962), highlighting the two characters whose
combination defined the group—the presence of
stellate trichomes and long attenuate anthers.
Neither of these is unique to the Leptostemonum
clade. Stellate trichomes are found in the Bre-
vantherum clade (Stern et al. 2013; Giacomin
and Stehmann 2014) and attenuate anthers in two
small groups, S. nemorense Dunal and relatives
(Bohs 2005) and the S. wendlandii clade (Clark
et al. 2016); all of these groups are part of the
polytomy at the base of Clade 2 of Särkinen et al.
(2013).

The Leptostemonum clade is strongly mono-
phyletic (Stern et al. 2011) and comprises at
current estimates some 560 accepted species
distributed on all continents except Antarctica (S.
Knapp, unpublished). Approximately half of
these occur in the New World and half in the Old
World (see Aubriot et al. 2016). Using DNA
sequence data to delimit monophyletic groups
within the Leptostemonum clade revealed that
the Old World species were a single, mono-
phyletic clade (with a few exceptions; Levin
et al. 2006; Stern et al. 2011) rather than being
related to diverse groups of New World taxa as
had previously been thought (e.g. D’Arcy 1972;
Whalen 1984). This large Old World group was
derived within the spiny solanums and was sister
to a small group of taxa that exhibit an
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