Elucidation of Abiotic Stress Signaling in Plants

The above image represents a depiction of activation of different signaling pathways by
diverse stimuli that converge to activate intricate signaling and interaction networks to counter stress (top panel). Since environmental stresses influence most significantly to the reduction in potential crop yield, progress is now largely anticipated through functional genomics
studies in plants through the use of techniques such as large-scale analysis of gene expression
pattern in response to stress and construction, analysis and use of plant protein interactome
networks maps for effective engineering strategies to generate stress tolerant crops (top
panel). The molecular aspects of these signaling pathways are extensively studied in model
plant Arabidopsis thaliana and crop plant rice (Oryza sativa) (below).
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Preface

Plants are considered the backbone of life on earth. The colorful life on this planet
has emerged as a consequence of over 3.5 billion years of unceasing evolution. Life
on earth cannot sustain without plants, as they harness solar energy to produce sugars and oxygen, the primary constituents for supporting life. Humans are primarily
dependent on plants and have developed a systematic discipline called “agriculture”
to cultivate or domesticate plants over a period of time for food, biofuel, and fodder.
At present time, crop productivity faces a major challenge from rapidly growing
population and diminishing fertile land due to excessive anthropogenic activities. In
addition, expanding human population and climate changes due to increased exploitation of natural resources imposes several major unfavorable conditions that reduce
the crop productivity. These unfavorable conditions are primarily categorized as
physical (or abiotic) and biological (or biotic) variables hindering normal growth
and development in plants. Interestingly, stress perceived by one plant species may
not be a stress factor for another plant species due to different growth habits and
adaptation acquired during the course of evolution. Because of domestication and
cultivation of crop plants by humans over a period of 10,000 years, many of these
wild traits responsible for adaptive responses were lost, increasing the vulnerability
of crop plants to biotic and abiotic stresses. Under abiotic stresses, limitation of
water (drought), extremes of temperature (both high and low temperatures), nutrient
deficiency, and soil contaminated with salt and heavy metals or pollutants are the
major environmental factors contributing to crop losses worldwide.
In the past, agriculture has relied on breeding approaches to develop high yielding crop varieties which can grow optimally under stress conditions without affecting crop yield and productivity. In an effort to find an alternative tool faster than the
traditional breeding approach, the last two decades has seen the advent and development of genetic engineering. This technique involves the identification, transfer,
and stable integration of desired genes into genomes of crop plants to generate
transgenic plants, exhibiting improved trait for tolerance against one or other stress
factors in contained experimental conditions such as green houses.
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However, plants are constantly exposed to a multitude of stresses at any given
time in the natural environment, and not much has been achieved till now to generate
crop varieties that can tolerate these multiple stresses without yield penalty. In order
to develop stress-tolerant crop varieties with the ability to withstand multiple stresses
in their environmental growth condition, an in-depth and systematic understanding
of stress sensing, signal transduction, and generation of response is required.
Evolutionarily, the major distinction between plants and animals in sensing and
responding to a plethora of stresses is due to their sessile versus mobile nature,
respectively. In the case of animals, the primary response against a particular stress
is avoidance of stress, whereas in plants, due to their immobilization, development
of stress tolerance is the only escape response. Moreover, plants lack a well-defined
brain and nervous system unlike their animal counterpart, leading to development of
higher degree of plasticity in their communication skills by numerically expanding
their signal transduction machinery. Despite the variances amid plants and animals,
many of the signal transduction components can be found to be conserved. These
include receptors, second messengers, signal-transducing molecules like kinases,
phosphatases, small and large G-protein, and others, which finally affect the activity
of either transcription factors to regulate the gene expression or transporters/channels, metabolic enzymes, and cytoskeletal proteins to directly change the physiology of the cell. Additionally, analogous to networking in the nervous systems, the
signaling pathways in plants also exhibit scale-free web of networks instead of linear or definite pathways. These scale-free networks constitute extremely connected
points called nodes and hubs, which are responsible for efficient processing, channeling, and integration of multiple signaling pathways at a given time to generate
specificity as well as cross talk in the signaling networks.
Plants primarily rely on the complex, intertwined, and dynamic signal transduction pathways for developing a higher order of networks. This involves sophisticated control circuits like the nervous system of animals, where they learn, generate
memory, alter behavior, and develop intelligence, which make them ready for future
challenges. In nutshell, the complex interplay of signal transduction networks and
machinery in plants leads them to sense, process, and integrate the signals they
confront in their environment. Plants also develop behavioral changes accordingly
or develop cognition and storage of processed information to adapt in rapidly changing or variable environment.
Identification of the role of a single or set of genes involved in signal transduction pathway has enabled researchers to understand and develop linear or complex
signaling pathways, or maps in response to particular stimuli. However, because of
the complete genome sequencing of many plant species including crop plants, a
drift towards understanding the stress-signaling pathways involved in single or multiple stresses using high-throughput approaches has emerged. In the post-genomic
era, the development of -omic-based approaches such as transcriptomic, proteomic,
metabolomic, interactomic, and phenomic in several model organisms have laid
the foundation of functional genomics. This area of plant science deals with the
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understanding of large network of genes and proteins and integration of transcript
data to proteins which then go to metabolite, and the complex and dynamic interaction develops a response or phenotype.
Elucidation of Abiotic stress signaling in Plants: Functional Genomics
Perspectives comprises 30 chapters divided into two volumes (Volume I and II) in
which some of the world’s most well-known plant biologists have contributed in the
field of stress signaling in plants with a special emphasis on functional genomics
aspects. This book provides timely research in the field of stress-mediated signaling
to develop a better and holistic understanding of stress perception and its transduction followed by the generation of response. In spite of the advent of different
approaches to develop stress-tolerant crops towards multiple stress conditions in the
field, the success in achieving this goal is still unsatisfactory. This is because stress
tolerance is a very complex process involving plethora of components starting from
stress sensing to generation of final adaptive response. As mentioned above, there
are several factors, which act as nodes and hub in the signaling pathways, also serving as master-control switches in regulating a myriad of stress-signaling pathways
by affecting diverse target genes or gene products to finally bring about a stress
tolerance response. Therefore, in-depth understanding of these master-control
switches and key components in signal transduction pathway will be highly beneficial for designing crop plants tolerant to multiple stresses in the field.
Towards achieving this goal, this book is divided into two volumes comprising
five sections. Volume I consists of two sections with 14 chapters. The first section
“Functional Genomics Approaches in Signal transduction” discusses three chapters
on various approaches used to understand the signal transduction networks. These
chapters will aware the readers on practical aspect of various “Omic”-based
approaches such as transcriptomic, proteomic, phosphoproteomic, metabolomic,
interactomic, and phenomic to understand the functions of genes and gene networks
in signaling under stress.
The next section “Components of Signal Transduction” comprises 11 chapters
discussing the different components of signal transduction pathways. The first three
chapters focus on calcium signaling by describing the genes encoding for CAX
(calcium-H+-exchanger) involved in sequestration of calcium ions into vacuoles
and maintenance of Ca2+ homeostasis. Chapters 5 and 6 discuss the role of Ca2+
signal decoding components like sensor and effector proteins. Here, CBLs, CIPKs,
and CDPKs gene families have been extensively worked out in model plant
Arabidopsis under abiotic stress condition and their role in other crop plant is being
elucidated. Chapter 7 describes the role of ROS as redox signaling component in
regulating multiple stress responses and in manipulation of ROS levels for imparting stress tolerance in crop plants. The role of MAP kinases as crucial signaling
components in biotic as well as abiotic stresses has been discussed in Chapter 8.
MAP kinases act as converging points for several signaling pathways, involving the
phosphorylation-based relay of information to regulate a large number of targets
such as transcription factors, other kinases, and cytoskeletal proteins in stress
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signaling. The functional role of small and large G-protein acting as molecular
switches to regulate both biotic and abiotic stresses has been discussed in Chapter 9.
Chapter 10 deals with the molecular analysis of ABA receptor and ABA signaling
in both biotic and abiotic stresses and genetic engineering of ABA receptor for
developing stress-tolerant crop varieties. Auxin has been very well known as a plant
growth regulator for several decades, and its emerging role in regulating stress signaling and responses is covered extensively in Chapter 11. SA (salicylic acid) is
majorly involved in regulating biotic stress, but its role is also appreciated well in
abiotic stresses as described in Chapter 12. In Chapter 13, the newly emerging role
of methyl glyoxal (MG), which is a cytotoxin generated from both enzymatic and
nonenzymatic pathways of metabolic reaction, has been discussed during several
abiotic stresses. Chapter 14 discusses the role of immunophilins in diverse biological processes including development and stress management.
Volume II is divided into three sections encompassing 16 chapters. The first section of volume II emphasizes the gene expression regulation of stress signaling,
with four chapters discussing the role of transcription factors (mediator complex in
Chapter 1 and transcription factors of legumes in Chapter 2) and non-coding and
small RNA (Chapters 3 and 4) in regulating abiotic stress responses.
Section two of volume II, comprises ten chapters, discusses the functional
genomics aspect of heat/high temperature (Chapter 5), cold/freezing (Chapter 6),
drought and dehydration (Chapter 7), flooding and submergence (Chapter 8),
salinity (Chapter 9), UV-light (Chapter 10), heavy metal (Chapter 11), nitrogen
(Chapter 12), and aging/senescence (Chapter 13) stress signaling responses. In this
section, a detailed emphasis has been given in elaborating the respective stresssignaling pathway with a goal of potential candidate genes, which could be used
for development of tolerant crop varieties by genetic manipulation and molecular
breeding approaches. Moreover, cross talk or overlap in execution of several common signaling components open the scope for taming multiple stresses in future
biotechnological intervention.
In the last section of volume II, Chapters 14–16 focus on the development of
stress-tolerant crops and sustainable agriculture by utilizing the genes of signal
transduction pathways. With the in-depth understanding of several signal transduction components and signaling pathways, the ultimate goal is to utilize the mechanistic knowledge and translate into useful tools to generate the crop varieties by
either genetic manipulation of these signaling components or utilization of this
knowledge for molecular marker-assisted breeding, ultimately augmenting stress
tolerance in crop plants without compromising crop productivity.
Despite rigorous attempts, not every aspect of signaling pathways and components could be discussed here. Nevertheless, I strongly believe that two volumes
covering signal transduction machinery and their components in stress condition,
with a special emphasis to functional genomics, will be enormously useful to
students, teachers, and research scientists.
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