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Preface

High-throughput technologies have brought about a revolution in molecular biology.
Over the last two decades, the research paradigm has moved from a characterization of
individual genes and their function increasingly toward a systems-level appreciation of how
the complex interactions between multiple genes shape the dynamics and functions of
biological systems. At the same time, the computational and statistical challenges posed
by the interpretation of such data have motivated an exciting cross-fertilization between
the disciplines of biology and the mathematical and computational sciences, leading to the
birth of the interdisciplinary field of systems biology.

A crucial computational task in systems biology is the so-called reverse engineering task:
given observations of multiple biological features (e.g., protein levels) across different time
points/conditions, determine computationally the interaction structure (the network) that
best explains the data. Within the context of modeling gene expression, this is the task of
inferring gene regulatory networks (GRNs) from data.

GRN inference has been a major challenge in systems biology for nearly two decades,
and, while challenges still abound, it is rapidly reaching maturity both in terms of the
concepts involved, and in terms of the software tools available. In this book, we aim to
take stock of the situation, providing an overview of methods that cover the majority of
recent developments, as well as indicating the path forward for future developments.

The book opens with a tutorial overview of the main biological and mathematical
concepts and a survey of the current software landscape. This is meant to be an entry
level chapter, which the interested, graduate-level practitioner (either computational or
biological) can consult as a rough guide to the concepts described more in detail in
the more technical chapters in the book. The next two chapters then focus on Bayesian
methods to infer networks from time varying data, while Chapters 4 and 5 describe
how to attempt to extract causal information (as opposed to purely correlative) from
biological data. Chapters 6 and 7 describe network inference techniques in the presence
of multiple heterogeneous data sets, while Chapters 8 and 9 focus on nonparametric and
hybrid statistical methods for network inference. The following five Chapters 10-14 focus
on the idea of inference of different (but related) networks, arising either from intrinsic
heterogeneity (such as in single-cell data) or due to multiple conditions being assayed, and
further explore concepts of differential networks and network stability. Finally, the last two
chapters focus more on a mechanistic view of the biological process, covering methods for
exploring networks within large, mechanistic models of biological dynamics.

As most books, this volume presents an incomplete snapshot of an evolving field, and,
given the considerable research activity in this area, it is clear that we can look forward
to considerable progress within the next decades. Our hope is that this collection will
be instrumental in assessing the current state of the art and in focusing research on the
common challenges faced by the field.

Edinburgh, UK Guido Sanguinetti
Liége, Belginm Vian Anh Huynh-Thu
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