22

OR’S INTRODUCTION

N

T.M. Murali, Virginia Tech

GComputationally
Driven
Experimental
Biology

The complexity, diversity, and richness of
experimental data on cellular systems are
inspiring thedevelopmentof computational
analysis techniques that can directly pri-
oritize and suggest new experiments.

dvances in high-throughput experiments have

created a data-rich environment for biology. This

phenomenon is especially prominent in molecu-

lar biology, where a dizzying variety of data on
genomic sequences, molecular levels and activities, and
interaction pathways and networks is becoming available
at increasing rates.!

In principle, the potential now exists for most new
biological experiments to be founded on an analysis of
high-throughput, large-scale data. Since each data type
provides insight into a specific facet of cellular activity,
integrated analysis is necessary to construct a complete
model of cellular systems. Accordingly, researchers have
developed numerous computational techniques for analyz-
ing and interpreting large-scale molecular datasets. Many
of these approaches are successful in finding patterns of
biological activity that are of interest to biologists. How-
ever, for the most part, analyzing these results to develop
hypotheses and propose experiments to validate them
remains challenging.

COMPUTER
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CLOSING THE GAP

Many factors contribute to this gap between computa-
tional analysis and experimental follow-up.

First, automated analyses can yield a high volume of
results. The required manual analysis of these results can
overwhelm an experimenter who desires to develop and
validate a small number of hypotheses.

Second, experimentalists sometimes design experi-
ments and generate new data without fully taking into
account how their computational collaborators can ana-
lyze this data.

Third, analysis is often performed by quantitative sci-
entists who rely on publicly available datasets. Therefore,
the results of their work do not reach the experimentalists
who generated the data and who might benefit from novel
or improved analysis.

Fourth, many bioinformatic approaches do not directly
address the issue of how a life scientist might use the re-
sults of computational analyses to drive the next round of
experiments.

IN THIS ISSUE

An emerging set of algorithms is systematically tackling
these challenges. This special issue highlights the latest
advances, opportunities, and challenges in this area.

The authors were encouraged to write articles that pro-
vide their own personal perspectives on these topics, in
some cases by summarizing multiple papers they have

0018-9162/12/531.00 © 2012 IEEE




published with their collaborators. For this reason, the
research described in these articles might not comprehen-
sively cover the literature on methods that have the explicit
goal of prioritizing and directing new experiments.'

The four cover features in this special issue differ in
their focus, including the description of a scientific collabo-
ration that transcends disciplinary boundaries, discussions
of challenging computational issues that arise in the
analysis of genomic, molecular, and network data and the
algorithmic approaches for tackling them, and an article
highlighting numerous computational questions that arise
in the new field of synthetic biology in the context of rede-
signing viral genomes.

In “Close Encounters of the Collaborative Kind,” Michael
Mayhew and his Duke University colleagues describe a suc-
cessful scientific collaboration between an experimental
group and a computational group to study the fundamen-
tal process by which all cells grow and divide. The authors
describe the genesis of the collaboration, the challenges
in communicating with scientists who speak a different
language, strategies they used for improving the interpret-
ability of the computational models, and how continued
collaboration improved the validation of the computational
models and the biological data.

The interplay between computation
and biology will continue to yield
improved quantitative models,
novel and powerful algorithms, and
sophisticated biological insights.

In “Using Protein Interaction Networks to Understand
Complex Diseases,” Mehmet Koyutlirk focuses on using
such networks to obtain insights into mechanisms that
underlie diseases. He surveys current computational ap-
proaches that integrate networks with disease-associated
differences (dysregulation) in the abundance of individual
molecules. His article stresses that improvements in meth-
ods to model and measure combinatorial dysregulation of
genes can lead to more refined algorithms to tease out the
mechanisms that underlie complex diseases from molecu-
lar biology datasets.

Cancers are among the most complex and deadliest
diseases that afflict human beings. Recent advances in
sequencing have enabled the discovery of genetic muta-
tions in the genomes of patients diagnosed with cancer. In
“Algorithms and Genome Sequencing: Identifying Driver
Pathways in Cancer,” Fabio Vandin, Eli Upfal, and Ben-
jamin Raphael discuss methods they have developed to
identify cellular processes that contain genes harboring
mutations that might cause cancer. Distinguishing such

driver mutations from so-called passenger mutations is
necessary to identify those that are a priority for experi-
mental study.

Synthetic biology is an exciting new area that aims to
design new genetic sequences with specified functions.
In “Redesigning Viral Genomes,” Steven Skiena describes
multiple applications for his work, including the design of
antiviral vaccines and refactoring viral genomes to make
them more tractable for experimental manipulation.

he informative and thought-provoking articles

included in this special issue are intended to

give Computer’s readers a glimpse of the exciting
developments taking place in computationally driven
experimental biology. In a discussion of progress in the
reverse direction, Saket Navlakha and Ziv Bar-Joseph
provide a review of how computational modeling of bio-
logical processes can improve the design of algorithms.®
Researchers in this field anticipate that the interplay
between computation and biology will continue to yield
improved quantitative models, novel and powerful algo-
rithms, and sophisticated biological insights.
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