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Genome sequencing has emerged as the leading discipline in the plant sci-
ences coinciding with the start of the new century. For much of the twentieth
century, plant geneticists were only successful in delineating putative chro-
mosomal location, function, and changes in genes indirectly through the use
of a number of “markers” physically linked to them. These included visible
or morphological, cytological, protein, and molecular or DNA markers.
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, phenotypic neutrality, absence of epistasis, and codominant nature.
An array of other hybridization-based markers, PCR-based markers and
combinations of both technologies, facilitated construction of genetic linkage
maps, genetic mapping of genes controlling simply inherited traits, and even
gene clusters controlling polygenic traits (QTLs) in a large number of model
and crop plants. During this period, a number of new mapping populations
beyond F, were utilized, and a number of computer programs were devel-
oped for map construction, mapping of genes, and for mapping of polygenic
clusters or QTLs. Molecular markers were also used in the studies of evo-
Iution 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 and molecular breeding made 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, the 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, the 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 the development of information tech-
nology 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 the 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, the development of
collaborative 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 3 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 both to
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 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 providing me the
opportunity to work with them on this compendium.

I also wish to mention here my thanks and gratitude to the Springer staff
particularly, Dr. Christina Eckey and Dr. Jutta Lindenborn for the earlier set
of volumes and presently Ing. Zuzana Bernhart for all their timely help and
support.

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.

Kalyani, India Chittaranjan Kole



The incidence rate of several deadly diseases, specifically cancer and dia-
betes, is highly alarming. According to the report of the International Agency
for Research on Cancer of World Health Organization, the global cancer
burden is estimated to have risen to 18.1 million new cases and 9.6 million
deaths in 2018. Worldwide, the total number of people who are alive within 5
years of a cancer diagnosis, called the 5-year prevalence, is estimated to be
43.8 million. According to the projections by the International Diabetes
Federation, in 2017, approximately 425 million adults were living with
diabetes; by 2045, this will rise to 629 million.

Utilization of medicinal plants and nutraceutical crops is the potential
options for alternative and complimentary medicines to mitigate these
problems. According to the Zion Market Research, the global herbal sup-
plement market is expected to reach approximately USD 86.74 billion by
2022, growing at a CAGR of around 6.8% between 2017 and 2022. Pre-
sently, plant-based drugs contribute 50% to linical drugs. This commercial
importance coupled with severe prevalence of the deadly diseases under-
scores the need for the generation of genetic, genomics, and breeding
resources in medicinal plants and functional food crops.

Bitter gourd, also known as African cucumber, ampalaya, balsam pear,
balsam apple, bitter apple, and bitter cucumber, is grown traditionally in the
tropical and subtropical areas in Asia, South America (Amazon region), East
Africa, and the Caribbean as a food vegetable and medicine. This plant
contains over 60 phytomedicines potent against 30 diseases. Medicinal
properties of bitter melon including antidiabetic, antiviral, antitumor, antil-
eukemic, antibacterial, antihelmintic, antimutagenic, antimycobacterial,
antioxidant, antiulcer, anti-inflammatory, hypocholesterolemic, hypotriglyc-
eridemic, hypotensive, immunostimulant, and insecticidal properties have
been well documented in research. All parts of this plant, mainly the fruits
and the seeds, contain cucurbitacin-B, lycopene, and B-carotene, which are
known to have anticancer actions. They also contain charantin and plant
insulin that have been clinically demonstrated to have hypoglycemic and
anti-hyperglycemic activities and established beneficial effects on diabetes,
particularly of type-2. Antioxidant properties of bitter gourd and its tradi-
tional use in several countries worldwide including India have been well
documented and reviewed in the literature.

Xi



Xii

Despite immense importance of bitter gourd as a medicinally important
vegetable crop and its commercial value, it remained as an “underutilized” or
“orphan” crop. Some serious efforts have been started only recently to sci-
entifically demonstrate the medicinal properties of the bioactive compounds
in this plant and their mode of actions, and utilization of molecular markers
in the evaluation of genetic diversity and elucidation of the genetics of its
agro-economic characters. Sequencing of the whole bitter melon genome has
been done only in the recent past. Information generated from these
molecular genetic and genomic studies will now facilitate breeding of elite
varieties with higher fruit yield and content of phytomedicines.

Obviously, there is no book available with compiled information of the
botanical descriptions, medicinal properties, genetic and genomic studies,
and breeding in this important crop plant. We tried to perform this task by
presenting 12 chapters in our book entitled The Bitter Gourd Genome con-
tributed by us and many reputed scientists. Chapter 1 briefs the economic
importance of bitter melon as a vegetable crop and also as a medicinal plant
and provides glimpses on the works done so far on the areas of genetics,
breeding, and genomics. Chapter 2 presents comprehensive information on
the botany of the crop under the sections of origin and distribution, taxon-
omy, morphology, floral biology and mode of reproduction, sex phenology,
anatomy, ecology, and economic botany. Chapter 3 deliberates on a variety
of bioactive compounds present in bitter gourd including alkaloids,
polypeptides, vitamins, and minerals and draws a link of the bioactive
compounds to its pharmacological effects like antidiabetic, anticancer,
antiviral, anti-inflammatory, analgesic, hypolipidemic, and hypocholes-
terolemic effects, and provides an insight to understand the mechanism of
action. Information on the three gene pools and their potential as a resource
of genes useful in breeding has been narrated in Chap. 4. In addition, genetic
diversity with regard to morphological characters and content of various
phytomedicines has also been delineated. Chapter 5 includes a description of
karyotype and chromosomal configurations in this crop and also advanced
results from cytomolecular investigations. Cucurbits constitute a unique
family including crops with the phenomenon of sex determination. Chapter 6
illuminates the genetic and genomic studies of sex determination in bitter
gourd and highlights their potential in elucidating evolution of monoecy and
dioecy and more importantly the use of gynoecious lines on crossbreeding.
Almost no serious research has been conducted on biotechnology in this
crop. However, available information on in vitro culture and nanotechnology
has been reviewed in Chap. 7. Elaborate discussions on classical genetics and
traditional breeding have been covered in Chap. 8 under relevant sections
including genetics of agro-economically important qualitative and quantita-
tive traits and details on strategies and tools of conventional breeding.
Chapter 9 focuses on various molecular markers and their use in construction
of genetic linkage map in bitter gourd. It also deliberates on mapping of
many important simply inherited and polygenic traits (QTLs) on these maps.
Chapter 10 enumerates on the sequencing of the bitter gourd genome,
annotation, and comparison of this genome and its annotation with those in
other Cucurbitaceae species that establishes phylogenetical distance of bitter
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gourd from other known cucurbit crops and, also the unique properties
conferred by the encoding genes, specifically the RIP genes underlying the
antitumor or antiviral activities. Since genomics studies have been initiated in
bitter gourd much later than many crop plants, only limited works have been
done on metabolomics despite of its importance to substantiate the molecular
mechanisms of the secondary metabolites such as flavonoids, phenolics,
sterols, and terpenoids in this plant in conferring medicinal activities. Chapter
11 briefs the studies on the role of such metabolies, particularly terpenois, on
imparting bitterness, medicinal properties, and host responses to pathogens
and predators. Finally, a future road has been depicted in Chap. 12 for
developing high-density molecular maps, genome sequence with more cov-
erage utilizing advanced sequencing strategies and bioinformatics tools, and
ultimately using this information in precise breeding in this crop.

New Delhi, India Chittaranjan Kole
Ueda, Japan Hideo Matsumura
New Delhi, India Tusar Kanti Behera
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