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Preface

Crop production is drastically affected due to external or environmental stresses. The
biotic stresses cause significant yield losses in the range of 31-42% together with 6—
20% loss during the post-harvest stage. The abiotic stresses also aggravate the situ-
ation with crop damage in the range of 6-20%. Understanding the mechanisms of
interaction of plants with the biotic stresses caused by insects, bacteria, fungi, viruses
and oomycetes, etc., and abiotic stresses due to heat, cold, drought, flooding, submer-
gence, salinity, acidity, etc., is critical to develop resilient crop varieties. Global
warming and climate change are also causing emergence of new diseases and insects
together with newer biotypes and physiological races of the causal agents in one
hand and aggravating the abiotic stress problems with additional extremes and unpre-
dictability. Development of crop varieties resistant and/or adaptive to these stresses
is highly important. The future mission of crop improvement should, therefore, lay
emphasis on the development of crop varieties with optimum genome plasticity by
possessing resistance or tolerance to multiple biotic and abiotic stresses simulta-
neously. A moderate estimation of world population by 2050 is about 9.3 billion
that would necessitate an increase of crop production by about 70%. On the other
hand, the additional losses due to climate change and global warming somewhere in
the range of 10-15% should be minimized. Therefore, increase in the crop yield as
well as minimization of its loss should be practiced simultaneously focusing both on
‘adaptation’ andon ‘mitigation.’

Traditional plant breeding practiced in the last century contributed a lot to the
science of crop genetic improvement. Classical plant breeding methods including
selection, hybridization, polyploidy and mutation effectively catered to the basic F°
need—food, feed, fiber, fuel and furniture. The advent of molecular breeding and
genetic engineering in the latter part of that century complimented classical breeding
that addressed the increasing needs of the world. The twenty-first century came with
a gift to the geneticists and plant breeders with the strategy of genome sequencing
in Arabidopsis and rice followed by the tools of genomics-aided breeding. More
recently another revolutionary technique, genome or gene editing, became available
for genetic correction of crop genomes! The travel from ‘plant breeding’ based on
visual or perceivable selection to ‘molecular breeding’ assisted by linked markers to
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‘transgenic breeding’ using genetic transformation with alien genes to ‘genomics-
aided breeding’ facilitated by known gene sequences has now arrived at the age of
‘genetic rectification” employing genome or gene editing.

Knowledge on the advanced genetic and genomic crop improvement strate-
gies including molecular breeding, transgenics, genomic-assisted breeding and the
recently emerged genome editing for developing resistant, tolerant and/or adaptive
crop varieties is useful to students, faculties and scientists in the public and private
universities and organizations. Whole genome sequencing of most of the major crop
plants followed by genotyping-by-sequencing has facilitated identification of exactly
the genes conferring resistance, tolerance or adaptability leading to gene discovery,
allele mining and shuttle breeding which in turn opened up the scope for ‘designing’
or ‘tailoring’ crop genomes with resistance/tolerance to biotic and abiotic stresses.

To my mind, the mission of agriculture in this century is FHNEE security meaning
food, health, nutrition, energy and environment security. Hence, genome designing of
crops should focus on breeding of varieties with higher yields and improved qualities
of the five basic F° utilities; nutritional and neutraceutical compounds; and other
industrially and aesthetically important products and possibility of multiple utilities.
For this purpose of ‘precise’ breeding, employment of the genetic and genomic
techniques individually or in combination as and when required will play a crucial
role.

The chapters of the 12 volumes of this twin book series entitled, Genomic
Designing for Biotic Stress Resistant Crops and Genomic Designing for Abiotic Stress
Resistant Crops will deliberate on different types of biotic and abiotic stresses and
their effects on and interaction with crop plants; will enumerate the available genetic
diversity with regard to biotic or abiotic stress resistance among cultivars; illuminate
on the potential gene pools for utilization in interspecific gene transfer; will brief
on the classical genetics of stress resistance and traditional breeding for transferring
them to their cultivated counterparts; will discuss on molecular mapping of genes
and QTLs underlying stress resistance and their marker-assisted introgression into
elite crop varieties; will enunciate different emerging genomics-aided techniques
including genomic selection, allele mining, gene discovery and gene pyramiding
for developing smart crop varieties with genetic potential to produce F° of higher
quantity and quality; and also will elaborate the case studies on genome editing
focusing on specific genes. Most of these chapters will discuss on the success stories
of genetic engineering in the relevant crops specifically for generating crops with
resistance and/or adaptability to diseases, insects and abiotic stresses.

There are obviously a number of reviews and books on the individual aspects
of plant molecular breeding, genetic engineering and genomics-aided breeding on
crops or on agro-economic traits which includes the 100-plus books edited by me.
However, there is no comprehensive reviews or books available that have coverage
on crop commodity groups including cereals and millets, oilseeds, pulses, fruits and
nuts, vegetables and technical or industrial crops and modern strategies in single
volumes with precise focuses on biotic and abiotic stresses. The present volumes
will fill this gap with deliberations on about 120 important crops or their groups.
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This volume on Genomic Designing for Biotic Stress Resistant Technical Crops
includes 11 chapters focused on cassava, cocoa tree, Coconut, coffee, cotton, floricul-
tural crops, jute, mulberry, sugarcane, tobacco and yam contributed by 92 scientists
from 10 countries including Brazil, China, Costa Rica, D. R. Congo, France, India,
Iran, Nigeria, USA, and Venezuela. I remain immensely thankful for their highly
useful contributions.

I am indebted to my wife Phullara who as always has assisted me directly in
editing these books and indirectly through maintaining an academic ambience to
pursue my efforts for science and society pleasantly and peacefully.

New Delhi, India Chittaranjan Kole
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Chapter 1 M)
Genomic Designing for Biotic Stress ek
Resistant Cassava

U. N. Ikeogu, I. C. Okwuonu, N. R. Okereke, L. C. Jibuwa, C. Nwadili,
S. P. Abah, L. A. Nwachukwu, I. C. Nnaji, C. K. Nkere, J. T. Onyeka,
and C. N. Egesi

Abstract Cassava is essential food security, mostly in Africa, South America, and
other major regions of the world where cassava is cultivated. It is very high in
caloric value and resilient to climate change, drought, and low fertility. Biotic stress
limits cassava cultivation and utilization with an impact that could range from 20 to
90% loss in yield and food quality. Diseases including viral, fungal, bacterial, and
nematodes as well as diverse kinds of pests such as cassava whitefly and cassava
green mites (CGM) are considered important biotic factors that impact cassava
production. Diverse measures and techniques have been implored in cassava towards
genomic designing for biotic stress resistance. These techniques range from tradi-
tional breeding to genomic selections and other new breeding technologies such as
genetic engineering and genome editing. This chapter outlines the most significant
biotic stresses in cassava, their prevalence, and impact on yield as well as different
technologies being utilized towards the development of biotic stress-resistant cassava.

Keywords Cassava - Biotic stresses + Genomic selection + Genetic engineering *
Genome editing

1.1 Biotic Stress in Cassava

Cassava, Manihot esculenta Crantz, (Family Euphorbiaceae) is an essential staple
crop cultivated across the tropics and subtropics primarily for its starchy roots, which
for over abillion serves as a source of calories and for industrial purposes (Lyons et al.
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2021; Rabbi et al. 2014a). Cassava leaves also have considerable nutritional qualities
and serve as food for humans and animals alike (El-Sharkawy 2004; Wasonga et al.
2020). Cassava is an ideal food security crop with the ability to produce optimal
yields and can be stored in the ground for long periods allowing harvest flexibility
while adapting to the effects of drought and marginal soils (Ceballos et al. 2020).
Despite its many strengths, cassava production is hindered by a myriad of abiotic
and biotic stresses. Across cassava growing regions, diverse pathogens (including
viruses, phytoplasma, bacteria, or fungi) have been implicated in several cassava
diseases, and approximately 200 pests (insects and mites) are known to feed off
the crop inadvertently causing severe damages and enabling the spread of diseases
(Herren and Neuenschwander 1991; Lozano and Booth 1974). Over the years, pests
and disease management strategies have seen some successes in mitigating the spread
of cassava pests in regions where they are alien, however, mitigation or elimination
efforts for diseases caused by viruses or pests native to a region had been chal-
lenging (Herren and Neuenschwander 1991; Legg et al. 2015). Current efforts to
combat cassava diseases include the development of early phenotyping and detection
tools (Okereke et al. 2017; Ramcharan et al. 2017; Sambasivam and Opiyo 2021),
cleaning infected planting materials (Maruthi et al. 2019), and genetic improve-
ment for disease resistance through conventional and molecular breeding techniques
(Ezenwaka et al. 2018; Rabbi et al. 2014b; Tembo et al. 2017; Wolfe et al. 2015),
genetic engineering (Vanderschuren et al. 2012), and genome editing (Gomez et al.
2019; Mehta et al. 2019). This book chapter will focus on the most economically
important biotic factors that impede cassava production and we will be reviewing
the current biotechnological strategies to develop disease-resistant cassava varieties.
In so doing, we identify challenges from these approaches, highlight avenues for
further research and conclude with an outlook for pest and disease management in
cassava.

1.1.1 Prevalent Cassava Biotic Factors

1.1.1.1 Cassava Diseases

Like most root and tuber crops, cassava is propagated vegetatively to ensure crop
uniformity from one planting season to the next. This, unfortunately, contributes to
the proliferation and spread of diseases throughout cassava-producing regions. With
increasing globalization and urbanization in cassava growing regions, as well as the
variability and pervasiveness of climate change, native and emerging cassava disease
outbreaks are on the rise in Africa, the Asia—Pacific, and Latin America. Both foreign
or alien and native pests and disease pathogens that negatively impact cassava produc-
tion are not so easy to mitigate (Legg et al. 2015). In sub-Saharan Africa (SSA),
viral diseases including cassava mosaic disease (CMD) and cassava brown streak
diseases (CBSD) cause devastating losses, affecting the food and income of, espe-
cially limited-resource farmers. Many economically important diseases significantly
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contribute to yield losses of the host crop, attacking the roots, stems, or leaves. The
pathogen, Xanthomonas axonopodis pv. manihotis which causes cassava bacterial
blight (CBB) disease ranks as the 6th most relevant bacterial pathogen in the world
(Mansfield et al. 2012). For some of these diseases, their transmission to a cassava
host plant is carried out by destructive pests, which feed off the crop, including its
succulent green leaves and stems.

1.1.1.2 Cassava Pests

By damaging the leaves, cassava pests affect the photosynthetic capacity of the crop.
Several pests damage cassava while feeding, but only a few are considered to be
economically important (Table 1.1). There is a significant variation among pests
that attack cassava by continent, and foreign pests that are inadvertently introduced
in a region where they are not common, cause devastating losses. For example,
arthropods such as the cassava mealybug (Phenacoccusmanihoti Mat.-Ferr.) and
CGM (Mononychellus tanajoa Bondar), introduced into Africa and South-East Asia
in the 1970s and early 2000s, respectively, potentially cause up to 50% yield losses
in local cassava crops (Graziosi et al. 2016). Also, prevailing seasons impact the
activities of pests. Arthropod pest complexes for instance, mostly occur in the dry
season and not so much in humid regions of heavier rains (Lebot 2008).

Table 1.1 Some economically important biotic stresses across cassava growing regions

Type of pathogen | Disease Regions

Africa | Asia—Pacific | Latin-America

Virus Cassava mosaic disease X X

Cassava brown streak disease | x

Cassava frogskin disease X X
Bacteria Cassava bacterial blight X X X
Fungi Cassava brown leaf spot X X X
Cassava white leaf spot X X X
Cassava root rot disease X X X
Cassava anthracnose disease X X X
Pests Cassava mealybug disease X X X
Cassava green mite disease X X X

Source Lebot (2008)



