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The volumes in this series form the world’s most comprehensive reference on the
plant sciences. Composed of ten volumes, The Plant Sciences provides both
background and essential information in plant biology, exploring such topics as
genetics and genomics, molecular biology, biochemistry, growth and development,
and ecology and the environment. Available through both print and online
mediums, the online text will be continuously updated to enable the reference to
remain a useful authoritative resource for decades to come.

With broad contributions from internationally well-respected scientists in the
field, The Plant Sciences is an invaluable reference for upper-division undergrad-
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Preface

No area of plant sciences has had more spectacular achievements in the past
40 years than plant molecular biology. Though some may argue, the area had its
genesis in 1976 with the first NATO meeting on plant molecular biology. At that
time, two Harvard scientists, John Bedbrook and Lawrence Bogorad, announced
that they had developed a restriction enzyme map of the Chlamydomonas chloro-
plast genome. It was a major accomplishment at the time, but since then, even more
exciting breakthroughs have occurred — important plant genes have been cloned,
plant transformation techniques developed, metabolic and signaling pathways
identified, and whole genomes sequenced. Given the enormous scope of plant
molecular biology that has developed over the years, it would be impossible to
cover the area in one volume. Instead, special areas have been highlighted to give
you a flavor of what has been accomplished and what lies on the horizon.

In the past few years, plant genomics has captured much of the attention in plant
molecular biology; therefore, several of the chapters deal with the genome. Gutier-
rez et al. write in chapter “Replication of the Plant Genome™ that replication of the
plant genome is a huge challenge for a cell because at each division cycle, the entire
genome must be fully and faithfully replicated. This is so that a new daughter cell
will receive a genome copy identical to that of the parent. A major conundrum in
DNA synthesis is the replication of the ends of chromosomes, called telomeres.
Failure to replicate the ends of chromosomes would leave them open and result in
chromosome instability. In the chapter “Plant telomeres and telomerase,” Nelson et al.
describe how the highly conserved telomerase enzyme seals the ends of chromosomes
and they discuss how telomere replication in plants compares to animals.

Although plant genomes are faithfully replicated in each cell cycle, the integrity
of the genome is always at stake because many biotic and/or abiotic perturbations
can damage DNA and produce chromosome breaks or mutations. In the chapter
“DNA repair and recombination in plants,” Schropfer et al. describe the many
different mechanisms by which DNA lesions are repaired.

One of the most exciting areas of plant molecular biology in the past decade has
been the discovery of small noncoding RNAs. Small RNAs play varied roles in
gene regulation — silencing genes and serving to guide the machinery for chromatin
modification to target genes. In the chapter “Small RNAs in plants,” Won
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et al. describe the various classes of small RNAs in plants and discuss how they are
synthesized and processed and function.

The bottomline for gene expression in plants is to make proteins. The transla-
tional apparatus that synthesizes proteins is an incredible molecular machine.
The chapter “Plant translational machinery” by Browning describes the many
factors that associate with ribosomes to promote the initiation, elongation, and
termination of protein synthesis.

Plant cell organelles such as chloroplasts engage in two-way communication
with the nucleus to maintain their integrity and regulate their functions. Larkin in
the chapter “Chloroplast signaling in plants” describes plastid-to-nucleus commu-
nication during plant development and at times when plants accommodate to
changes in photosynthesis activity. Since most chloroplast proteins are encoded
by the nucleus, the nucleus communicates with plastids by activating the expression
of plastid genes.

Another cytoplasmic organelle, the endoplasmic reticulum, also engages in
two-way communication with the nucleus. The nucleus encodes proteins that
make up the ER, and the ER in turn signals its status to the nucleus. In the chapter
“ER stress signaling in plants,” Howell describes a condition in which a plant is
subjected to stress and the ER sends special sensors/transducers to the nucleus to
activate stress response genes.

Normal growth and development and other responses to environmental condi-
tions in plants are complex processes and rely on the operation of signaling
pathways involving hormones and other cell-signaling components. The most
prominent and versatile hormone in plants is auxin. As Rechenmann relates in the
chapter “Auxin signaling in plants,” the multitude of auxin functions is brought
about by different auxins, the complexity of auxin metabolism, the gradients of the
hormone generated by auxin transporters, and the combinatorial action of the large
families of auxin receptors and coreceptors.

Cytokinin, the hormone best known for its action as a counterpoint to that of
auxin in plant regeneration, also has pleiotrophic effects. As explained by Cheng
and Kieber in the chapter “Cytokinin signaling in plants,” cytokinin is unique in
that the hormone uses a “two-component pathway” with a receptor transducing a
signal through phosphorelay systems to nuclear-localized effectors called response
regulators. Another class of hormones, the brassinosteroids, are also involved in a
diversity of plant cellular functions, particularly in growth and developmental
processes involving cell elongation. As Clouse points out in the chapter
“Brassinosteroid signaling in plants,” brassinosteroid signaling involves a mem-
brane receptor, a signaling pathway involving protein phosphorylation, and the
activation of a large number of genes.

COP9, originally discovered as a gene that negatively controls photomorpho-
genesis in the dark. is now recognized as part of a multifunctional complex called
the COPY signalosome. In the chapter “COP9 signalosome network,” Franciosini
et al. disclose how the COP9 signalosome takes part in many plant development
processes and environmental responses including photomorphogenesis.
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Gene regulatory networks allow plants to integrate a variety of inputs and/or
generate diverse outputs. As described by Malapeira et al. in the chapter “Plant
circadian network,” numerous plant genes are regulated by the circuitry and
feedback mechanisms of the circadian clock, which orchestrates many of the
diurnal rhythms in plants. Gene networks are also involved in integrating stress
information. Kuromori et al. in the chapter “Drought stress signaling network™
detail how the gene network that responds to drought stress insures plant survival.
Part of the drought stress gene network involves responses associated with the plant
hormone abscisic acid, and part of the pathway acts independently of the hormone.

Altogether, these chapters highlight the many advances in plant molecular
biology and provide a foundation for the study of other areas of plant sciences.

Ames, lowa, USA Stephen H. Howell
May 2014
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Plant sciences is in a particularly exciting phase, with the tools of genomics, in
particular, turbo-charging advances in an unprecedented way. Furthermore, with
heightened attention being paid to the need for increased production of crops for
food, feed, fuel, and other needs and for this to be done both sustainably and in the
face of accelerating environmental change, plant science is arguably more impor-
tant and receiving more attention than ever in history. As such, the field of plant
sciences is rapidly changing, and this requires new approaches for the teaching of
this field and the dissemination of knowledge, particularly for students. Fortunately,
there are also new technologies to facilitate this need.

In this 10-volume series, The Plant Sciences, we aim to develop a comprehen-
sive online and printed reference work. This is a new type of publishing venture
exploiting Wiki-like capabilities, thus creating a dynamic, exciting, cutting-edge,
and living entity.

The aim of this large publishing project is to produce a comprehensive reference
in plant sciences. The Plant Sciences will be published both in print and online; the
online text can be updated to enable the reference to remain a useful authoritative
resource for decades to come. The broader aim is to provide a sustainable super-
structure on which can be built further volumes or even series as plant science
evolves. The first edition will contain 10 volumes.

The Plant Sciences is part of SpringerReference, which contains all Springer
reference works. Check out the link at http://www.springerreference.com/docs/
index.html#Biomedical+and+Life+Sciences-libl, from where you can see the
volumes in this series that are already coming online.

The target audience for the initial 10 volumes is upper-division undergraduates
as well as graduate students and practitioners looking for an entry on a particular
topic. The aim is for The Plant Sciences to provide both background and essential
information in plant biology. The longer-term aim is for future volumes to be built
(and hyperlinked) from the initial set of volumes, particularly targeting the research
frontier in specific areas.

The Plant Sciences has the important extra dynamic dimension of being contin-
ually updated. The Plant Sciences has a constrained Wiki-like capability, with all
original authors (or their delegates) being able to modify the content.
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Having satisfied an approval process, new contributors will also be registered to
propose modifications to the content.

It is expected that new editions of the printed version will be published every
3-5 years. The project is proceeding volume by volume, with volumes appearing as
they are completed. This also helps to keep the text fresher and the project more
dynamic.

We would like to thank our host institutions, colleagues, students, and funding
agencies, who have all helped us in various ways and thus facilitated the develop-
ment of this series. We hope this volume is used widely and look forward to seeing
it develop further in the coming years.

King Abdullah University of Science & Technology, Mark Tester
Thuwal, Saudi Arabia

School of Plant Sciences, University of Arizona, Richard Jorgensen
Tucson, AZ, USA
22 July 2014
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