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Preface

The last one hundred and twenty years have witnessed a remarkable evolution in the
science and art of plant breeding culminating in quite a revolution in the second
decade of the twenty-first century! A number of novel concepts, strategies, techniques
and tools have emerged from time to time over this period and some of them deserve
to be termed as milestones. Traditional plant breeding, immediately following the
rediscovery of laws of inheritance, has been playing a spectacular role in the
development of innumerable varieties in almost all crops during this entire period.
Mention must be made on the corn hybrids, rust-resistant wheat, and obviously the
high-yielding varieties in wheat and rice that ushered the so-called green revolution.
However, the methods of selection, hybridization, mutation and polyploidy
employed in traditional breeding during this period relied solely on the perceivable
phenotypic characters. But most, if not all, of the economic characters in crops are
governed by polygenes which are highly influenced by environment fluctuations, and
hence phenotype-based breeding for these traits has hardly been effective.

Historical discovery of DNA structure and replication in 1953 was followed by a
series of discoveries in the 1960s and 1970s that paved the way for recombinant
DNA technology in 1973 facilitating the detection of a number of DNA markers in
1980 onwards and their utilization in construction of genetic linkage maps and
mapping of genes governing the simply inherited traits and quantitative trait loci
controlling the polygenic characters in a series of crop plants starting with tomato,
maize and rice. Thus new crop improvement technique called as molecular breeding
started in later part of the twentieth century. On the other hand, genetic engineering
made modification of crops for target traits by transferring alien genes, for example,
the Bt gene from the bacteria Bacillus thuringiensis. A large number of genetically
modified crop varieties have thus been developed starting with the commercial-
ization of ‘flavr Savr’ tomato in 1994.

Meantime, the manual DNA sequencing methodology of 1977 was being
improved with regard to speed, cost-effectiveness and automation. The first-
generation sequencing technology led to the whole genome sequencing of
Arabidopsis in 2000 and followed by rice in 2002. The next-generation sequencing
technologies were available over time and used for sequencing of genomes of many

vii



viii Preface

other models and crop plants. Genomes, both nuclear and organellar, of more than
100 plants have already been sequenced by now and the information thus generated
are available in public database for most of them. It must be mentioned here that
bioinformatics played a remarkable role in handling the enormous data being
produced in each and every minute. It can be safely told that the ‘genomics’ era
started in the beginning of the twenty-first century itself accompanying also pro-
teomics, metabolomics, transcriptomics and several other ‘omics’ technologies.

Structural genomics have thus facilitated annotation of genes, enumeration of
gene families and repetitive elements, and comparative genomics studies across
taxa. On the other hand, functional genomics paved the way for deciphering the
precise biochemistry of gene function through transcription and translation path-
ways. Today, genotyping-by-sequencing of primary, secondary and even tertiary
gene pools; genomewide association studies; and genomics-aided breeding are
almost routine techniques for crop improvement. Genomic selection in crops is
another reality today. Elucidation of the chemical nature of crop chromosomes has
now opened up a new frontier for genome editing that is expected to lead the crop
improvement approaches in near future.

At the same time, we will look forward to the replacement of genetically
modified crops by cisgenic crops through transfer of useful plant genes and
atomically modified crops by employing nanotechnology that will hopefully be
universally accepted for commercialization owing to their human-friendly and
environment-friendly nature.

I wish to emphatically mention here that none of the technologies and tools of
plant breeding is too obsolete or too independent. They will always remain perti-
nent individually or as complimentary to each other, and will be employed
depending on the evolutionary status of the crop genomes, the genetic resources and
genomics resources available, and above all the cost-benefit ratios for adopting one
or more technologies or tools. In brief, utilization of these crop improvement
techniques would vary over time, space and economy scales! However, as we stand
today, we have all the concepts, strategies, techniques and tools in our arsenal to
practice genome designing, as I would prefer to term it, of crop plants not just
genetic improvement to address simultaneously food, nutrition, energy and envi-
ronment security, briefly the FNEE security, I have been talking about for the last
5 years at different platforms.

Addressing FNEE security has become more relevant today in the changing
scenario of climate change and global warming. Climate change will lead to
greenhouse gas emissions and extreme temperatures leading to different abiotic
stresses including drought or waterlogging on one hand and severe winter and
freezing on the other. It will also severely affect uptake and bioavailability of water
and plant nutrients and will adversely cause damage to physical, chemical and
biological properties of soil and water in cropping fields and around. It is also
highly likely that there will be emergence of new insects and their biotypes and of
new plant pathogens and their pathotypes. The most serious concerns are, however,
the unpredictable crop growth conditions and the unexpected complex interactions
among all the above stress factors leading to drastic reduction in crop yield and
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quality in an adverse ecosystem and environment. Climate change is predicted to
significantly reduce productivity in almost all crops. For example, in cereal crops
the decline of yield is projected at 12—-15%. On the other hand, crop production has
to be increased at least by 70% to feed the alarmingly growing world population,
projected at about 9.0 billion by 2050 by even a moderate estimate.

Hence, the unpredictability of crop growing conditions and thereby the com-
plexity of biotic and abiotic stresses warrant completely different strategies of crop
production from those practiced over a century aiming mostly at one or the few
breeding objectives at a time such as yield, quality, resistance to biotic stresses due to
disease-pests, tolerance to abiotic stresses due to drought, heat, cold, flood, salinity,
acidity or improved water and nutrient use efficiency. In the changing scenario of
climate change, for sustainable crop production, precise prediction of the above
limiting factors by long-term survey and timely sensing through biotic agents and
engineering devices and regular soil and water remediation will play a big role in
agriculture. We have been discussing on ‘mitigation’ and ‘adaptation’ strategies for
the last few years to reduce the chances of reduction of crop productivity and
improve the genome plasticity of crop plants that could thrive and perform con-
siderably well in a wide range of growing conditions over time and space. This is the
precise reason of adopting genomic designing of crop plants to improve their
adaptability by developing climate-smart or climate-resilient genotypes.

Keeping all these in mind, I planned to present deliberations on the problems,
priorities, potentials and prospects of genome designing for development of
climate-smart crops in about 50 chapters, each devoted to a major crop or a crop
group, allocated under five volumes on cereal, oilseed, pulse, fruit and vegetable
crops. These chapters have been authored by more than 250 of eminent scientists
from over 30 countries including Argentina, Australia, Bangladesh, Belgium,
Brazil, Canada, China, Egypt, Ethiopia, France, Germany, Greece, India, Ireland,
Japan, Malaysia, Mexico, New Zealand, Kenya, Pakistan, Philippines, Portugal,
Puerto Rico, Serbia, Spain, Sri Lanka, Sweden, Taiwan, Tanzania, Tunisia,
Uganda, UK, USA and Zimbabwe.

There are a huge number of books and reviews on traditional breeding, molecular
breeding, genetic engineering, nanotechnology, genomics-aided breeding and gene
editing with crop-wise and trait-wise deliberations on crop genetic improvement
including over 100 books edited by me since 2006. However, I believe the present
five book volumes will hopefully provide a comprehensive enumeration on the
requirement, achievements and future prospects of genome designing for
climate-smart crops and will be useful to students, teaching faculties and scientists in
the academia and also to the related industries. Besides, public and private funding
agencies, policy making bodies and the social activists will also get a clear idea on
the road travelled so far and the future roadmap of crop improvement.

I must confess that it has been quite a difficult task for me to study critically the
different concepts, strategies, techniques and tools of plant breeding practiced over
the last 12 decades that also on a diverse crop plants to gain confidence to edit the
chapters authored by the scientists with expertise on the particular crops or crop
groups and present them in a lucid manner with more or less uniform outline of
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contents and formats. However, my experience gained over the last 7 years in the
capacity of the Founding Principal Coordinator of the International Climate-
Resilient Crop Genomics Consortium (ICRCGC) was highly useful while editing
these books. I have the opportunity to interact with a number of leading scientists
from all over the world almost on a regular basis. Organizing and chairing the annual
workshops of ICRCGC since 2012 and representing ICRCGC in many other sci-
entific meetings on climate change agriculture offered me a scope to learn from a
large number of people from different backgrounds including academia, industries,
policymaking and funding agencies and social workers. I must acknowledge here the
assistance I received from all of them to keep me as a sincere student of agriculture
specifically plant breeding.

This volume entitled Genomic Designing of Climate-Smart Vegetable Crops
includes eight major crops including Potato, Tomato, Brassica Vegetables,
Eggplant, Capsicum, Carrot, Alliums and Garlic. These chapters have been
authored by 32 scientists from 9 countries including Argentina, Bangladesh, China,
France, India, Japan, Poland, UK and USA. I place on record my thanks for these
scientists for their contributions and cooperation.

I have always enjoyed working on horticultural crops during my entire academic
career spanning over 40 years. I worked on molecular genetics and breeding in
tomato while at the Pennsylvania State University, USA; molecular genetics,
breeding and genomics in peach, apricot and bitter melon while at the Clemson
University, USA; molecular genetics in country bean while at the Odisha University
of Agriculture & Technology, India; molecular genetics in guava while at the Sam
Higginbottom University of Agriculture, technology & Sciences, India; and
molecular genetics and breeding in bitter melon while at the Bidhan Chandra
Krishiviswavidyalaya (Agricultural University), and ICAR-National Institute for
Plant Biotechnology, both in India.

However, I started working on horticultural crops in late seventies in the labo-
ratory of (Late) Prof. Subir Sen Head of the Department of Genetics and Plant
Breeding and later on Dean of Post-Graduate Studies in the Bidhan Chandra
Krishiviswavidyalaya (Agricultural University), West Bengal, India as a Ph.D.
student on genetics and breeding of a medicinal and aromatic plant, citronella. It is
that time, we realized the potential of medicinal and aromatic plants as ‘crops’ in
future and importance of exploration, collection, conservation, characterization and
utilization of such crops the concepts that have become important in today’s world.
We are coming often across the terms ‘biodiversity’, ‘health security’ and ‘crops
of the future’ only now! Prof. Sen was not only an outstanding scientist and an
excellent teacher himself but also a visionary endowed with vast knowledge on arts,
music and literature who lived many decades ahead of his time. Hence, I have
dedicated this book to (Late) Prof. Sen as a token of my respect, appreciation and
gratitude.

New Delhi, India Chittaranjan Kole
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