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Preface
Ethylene, a gaseous plant hormone, has emerged as an
important signaling molecule that regulates several steps
of the plant life cycle. The development of plants requires
complex signaling of various molecules like ethylene.
Further, to restore and reestablish cellular homeostasis
under stress conditions, regulation at the gene expression
level takes place, which helps in achieving a proper
phenological response.
In the recent past, various studies have demonstrated the
role of ethylene in regulating seed germination, nodule
formation, and nitrogen fixation, reactive oxygen species,
and other plant hormonal signaling, and their subsequent
impact on plant development under stress‐challenged and
non‐stress‐challenged conditions. In recent years, various
implications of ethylene have been reported on the growth
and development of plants. Further, the roles of ethylene
are emerging in plant developmental processes, and thus,
research on the roles of ethylene in plant biology continues
to increase. Moreover, research on the new roles of
ethylene in plant biology is ongoing.
This edited book combines ethylene research from leading
laboratories around the globe in one place to make it easily
accessible to researchers, students, academics, etc. Twenty
chapters have been compiled, and the topics covered range
from the discovery of ethylene to its wide roles in plant
growth and development and stress acclimation. Chapter 1
deals with the role of ethylene in root development.
Chapter 2 presents the role of ethylene in plant
development. Chapter 3 deals with the regulation of
metabolites by ethylene. Chapter 4 deals with the
regulatory role of ethylene in abscission processes. Chapter



5 presents the regulation of drought stress by ethylene.
Chapter 6 discusses ethylene and fruit ripening. Chapter 7
deals with ethylene and reactive oxygen species crosstalk
in plant development. Chapter 8 examines the role of
ethylene in flower and fruit development. Chapter 9 deals
with the role of ethylene in nutrient regulation in plants.
Chapter 10 presents plant metabolism adjustments by
ethylene under stress. Chapter 11 deals with the role of
ethylene and reactive oxygen species in salinity stress
tolerance and transgenic approaches to making salt‐
tolerant crops. Chapter 12 presents ethylene and
phytohormonal crosstalk in plant defense against abiotic
stress. Chapter 13 describes the mechanism of ethylene
synthesis and homeostasis in plants. Chapter 14 deals with
ethylene and nitric oxide crosstalk under salt stress.
Chapter 15 presents ethylene and metabolic
reprogramming under abiotic stresses. Chapter 16 deals
with the regulation of thermal stress in crops by plant
growth‐promoting rhizobacteria through ethylene
homeostasis. Chapter 17 discusses ethylene signaling,
transgenics, and their applications in crop improvement.
Chapter 18 presents the role of ethylene in combating
biotic stress in plants. Chapter 19 deals with ethylene and
nitric oxide crosstalk in plants under abiotic stress.
Chapter 20 discusses polyamine metabolism and ethylene
signaling in plants.
We believe that this book will serve as an important
repository for students, academics, and researchers to
understand various implications of ethylene in plants
ranging from plant development to stress acclimation.

Samiksha Singh
Tajammul Husain
Vijay Pratap Singh
Durgesh Kumar Tripathi



Sheo Mohan Prasad
Nawal Kishore Dubey



1
Ethylene Implication in Root
Development

Aditi Gupta1, Anshu Rastogi2, and Manjul Singh3
1 CSIR-National Botanical Research Institute (NBRI),
Lucknow, India
2 Laboratory of Bioclimatology, Department of Ecology
and Environmental Protection, Poznan University of Life
Sciences, Poznan, Poland
3 Centre for Research in Agricultural Genomics (CRAG),
CSIC-IRTA-UAB-UB, Barcelona, Spain

1.1 Ethylene and Its Role in Overall
Plant Development
Ethylene (or ethene, according to International Union of
Pure and Applied Chemistry [IUPAC] nomenclature) is the
simplest olefin gas biosynthesized by plants. Ethylene (ET)
is the smallest phytohormone and one of the first gaseous
hormones discovered around 100  years ago. It is widely
known to regulate fruit ripening; however, the roles of the
ET signaling pathway in regulating different aspects of
plant development, growth, and stress responses have also
been well‐studied in the last three decades (Dubois et al.
2018). ET functions as a hormone by performing cell‐to‐cell
communication of signals in plants and can also act as a
pheromone by diffusing to surrounding plants and inducing
ET responses in them. As a signaling molecule, ET is able
to regulate various developmental processes of plants such
as seed germination, seedling development, root and shoot
growth, fruit ripening, senescence, and abscission (Iqbal et
al. 2017). It regulates root growth through a seemingly



conserved pathway across monocot and dicot species. ET
signals balance cell division and differentiation processes
and can negatively affect tissue extension by interfering
with cell elongation and proliferation. This balance
between cell division, elongation, and differentiation events
caused by ET and its interaction with other phytohormones,
predominantly auxin, controls root system architecture
(RSA) development. Besides the general growth and
developmental regulatory functions, ET has a prominent
role in plant responses to different stresses, such as
salinity, flooding, cold, heavy metals, drought, etc. (Tao et
al. 2015; Iqbal et al. 2017; Pan et al. 2019; Sytar et al.
2019; Wang and Huang 2019; Wang et al. 2020). This
chapter summarizes the current knowledge about
mechanisms of root development and root growth response
via ET actions both independently and via signal crosstalk
with other pathways.

1.2 Ethylene Response Pathway in
Plants
ET is a small gaseous hormone that can freely diffuse
across membranes and permits plant‐to‐plant
communication. It is synthesized from methionine in three
simple steps. The direct precursor of ET is 1‐
aminocyclopropane‐1‐carboxylic acid (ACC). The rate‐
limiting enzyme ACC‐synthases (ACS) catalyzes ACC to ET
(Dubois et al. 2018) (Figure 1.1). ET homeostasis is
maintained by transcriptional and post‐translational
regulation of the ACS enzymes, as the ACS transcripts are
responsive to different environmental factors such as water
and light availability, and the enzyme can be
phosphorylated and undergo protein degradation via
mitogen‐activated protein kinase (MAPK) and ubiquitin‐
mediated pathways, respectively (Dubois et al. 2018).



The ET signal transduction pathway has been extensively
studied, and the components of the pathway were
discovered mainly by studies performed with the model
plant system Arabidopsis thaliana. The ET‐induced triple
response in young seedlings was utilized to identify the
components of the ET response pathway in plants through
genetic screens. ETHYLENE RESISTANCE1 (ETR1) was
the first ET receptor discovered through this approach
(Bleecker et al. 1988). Further, a family of ET receptors
was identified in the membrane of the endoplasmic
reticulum, and Golgi bodies that include ETR2, ETHYLENE
RESPONSE SENSOR1 (ERS1), ERS2, and ETHYLENE
INSENSITIVE4 (EIN4) (Guo and Ecker 2004). ET signaling
is essentially linear and includes a protein kinase
CONSTITUTIVE TRIPLE RESPONSE 1 (CTR1), an ER‐
localized transmembrane protein ETHYLENE‐
INSENSITIVE 2 (EIN2), and downstream nuclear
components such as EIN3, EIN3‐LIKE (EIL), and
ETHYLENE RESPONSE FACTOR (ERF) transcription
factors (Guo and Ecker 2004; Dubois et al. 2018) (Figure
1.1). The phytohormone receptors are primarily positive
regulators, but in the case of ET, they act as negative
regulators (Dubois et al. 2018). In the absence of ET, the
receptors interact with and activate CTR1 (Lacey and
Binder 2014). CTR1 then phosphorylates and represses
EIN2. Two F‐box proteins, ETHYLENE INSENSITIVE2
TARGETING PROTEIN1 (ETP1) and ETP2, target
phosphorylated EIN2 for 26S proteasomal degradation (Ju
and Chang 2015). Upon ET perception, the receptor/CTR1
is targeted for 26S proteasome degradation (Shakeel et al.
2015) (Figure 1.1). In the presence of ET, when the
repression of EIN2 is released, EIN2 is dephosphorylated;
this dephosphorylation leads to its cleavage, thus releasing
a C‐terminal fragment (EIN2‐C) that forms processing
bodies or moves to the nucleus (Li et al. 2015; Merchante
et al. 2015). The cleaved EIN2‐C binds to the 3′‐



untranslated regions (3′‐UTRs) of ETHYLENE
INSENSITIVE3 BINDING F‐BOX1 (EBF1) and EBF2,
thereby repressing their turnover. EBF1 and EBF2 belong
to F‐box proteins, which target the ET‐responsive TFs EIN3
and EIN3‐LIKE 1 (EIL1) for degradation (Guo and Ecker
2003; Potuschak et al. 2003). ET‐responsive TFs bind to
ethylene‐responsive element (ERE) on the promoter of
target genes to regulate transcription of many ET‐
responsive genes and secondary TFs (Chang et al. 2013)
(Figure 1.1). ET, through hierarchical events, regulates
several developmental processes in plants by regulating
gene expression differentially.
Although this canonical pathway is the predominant
signaling cascade, alternative pathways also affect ET
responses. Noncanonical pathway components such as
RTE1 (REVERSION TO ETHYLENE SENSITIVITY1) and
Auxin‐Regulated Gene involved in Organ Size (ARGOS) can
negatively regulate the ET receptor and promote ET
sensitivity (Resnick et al. 2006; Rai et al. 2015). There are
multiple evidences of the interplay between specific ET
receptor isoforms with the components of other
phytohormone cascades such as Abscisic acid (ABA) and
cytokinin. For instance, ETR1 and ETR2 are shown to be
involved in ABA‐mediated control of seed germination in
Arabidopsis (Yasumura et al. 2015; Bakshi et al. 2018). It
was also demonstrated that ETR1 could physically interact
with cytokinin receptor protein AHPs (Arabidopsis thaliana
HISTIDINE PHOSPHOTRANSFER PROTEINS) and the
ARRs (RESPONSE REGULATOR protein family in
Arabidopsis) by its C‐terminal portion (Scharein et al. 2008;
Scharein and Groth 2011; Zdarska et al. 2019). Both AHPs
and ARRs can also control ET responses such as ET
sensitivity, recovery upon ET removal, stomatal opening,
and root apical meristem (RAM) development (Street et al.
2015; Binder et al. 2018; Zdarska et al. 2019). Finally, the


