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IN BRIEF

In Silico Plant Biology Comes of Age

Plants are complex, multicellular organisms
whose growth and development responds
to a plethora of intrinsic and environmental
signals. Over the last several decades, mo-
lecular genetics has provided a highly ef-
fective means to dissect this complexity and
pinpoint key regulatory genes and signals
that control plant growth and development.
However, the advent of genomic technolo-
gies has revealed that plant cells and tissues
contain many thousands of molecular com-
ponents that interact to form gene regula-
tory networks and biochemical complexes,
which control organ growth and develop-
ment. Researchers are currently challenged
with making sense of the avalanche of -omics
information about these components and
their relationships. Systems biology provides
a means to analyze these complex data sets
and reveal new biological insights.

In this issue, four invited reviews describe
how systems biology approaches are being
used by plant researchers to generate
mechanistic insights that span from genomic
to cellular scales. Bassel et al. (pages 3859-
3875) describe how high-throughput -omics
approaches are being used to construct
genome-scale plant regulatory networks.
The authors review the generation of coex-
pression networks, mapping, and analysis of
large-scale gene regulatory and metabolic
networks and the protein interactome.

The availability of large-scale data sets
has not eliminated the need for comple-
mentary smaller scale analyses. Indeed,
many of the success stories in plant
systems biology to date derive from modeling
smaller scale networks inferred from genetic
evidence. Pertinent examples include the
gene regulatory networks that control circa-
dian rhythms, hormone signaling, and tissue
patterning. Middleton et al. (pages 3876-
3891) review such examples, while introduc-
ing readers to the relevant mathematical and
computational approaches needed to model
regulatory networks.

Plants, as multicellular organisms, often
require researchers to consider more than
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just the network and cellular scales and
employ multiscale modeling techniques to
predict emergent dynamics at the tissue
and organ levels. Multiscale models con-
sider behaviors on two or more scales,
ranging from the subcellular up to whole-
organism scales. This subdivision has led
to discussions of bottom-up versus top-
down approaches, respectively. Although it
may appear that bottom-up approaches
(building networks from information about
individual components and their interac-
tions) have seen explosive growth in recent
years due to the development of new
genomic technologies (reviewed in Bassel
et al.), the distinction between these ap-
proaches is often blurred, and using -omics
data (i.e., captured on a whole-genome or
whole-organism level) to infer network prop-
erties may also be viewed as top-down. The

most natural and appropriate approach
arguably might rather be thought of as
middle-out, in which models are constructed
starting with the level at which we have the
most information. For example, cell-based
models are an attractive approach, where
individual cells can be endowed with in-
ternal machinery (representing the sub-
cellular networks) and the interactions
of numerous individual cells lead to the
(emergent) tissue-scale properties (see fig-
ure). Band et al. (pages 3892-3906) and
Murray et al. (pages 3907-3919) review
recent developments in multiscale modeling,
illustrating how they are generating valuable
new mechanistic insights into the regulation
of root and shoot growth and development,
respectively. These reviews also introduce
readers to the relevant mathematical and
computational approaches and describe

Individual cell reconstruction by a three-dimensional surface mesh, generated from an Arabidopsis thaliana
root cross section. The triangular mesh allows for an accurate surface geometry representation and will
host mathematical models of biological processes, such as hormone transport and/or signal transduction
pathways. (Image courtesy of Andrew French, Alistair Middleton, and Benjamin Peret, Centre for Plant

Integrative Biology, University of Nottingham, UK.)
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the elements needed to develop dynamic
multiscale models, such as information
about the key gene regulatory networks, cell
and tissue mechanics, and hydraulics. While
this sounds challenging, it is clear that
multiscale models are set to become in-
creasingly important to plant researchers if
we are finally to bridge the gap from genotype
to phenotype.
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