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Data do not give up their secrets easily. They must be
tortured to confess.

Jeff Hopper, Bell Labs

The desire to study biology from a systems perspective has led to an emergence of
new science—biological network analysis. Biological network models biological
entities (e.g., proteins and genes) and their relationships (e.g., physical and genetic
interactions) to characterize their cooperative activity within a system. With the
rapid growth of such network data, the information overload problem has become a
major stumbling block to analyze these networks, making human interpretation of
such data increasingly difficult. Hence, there is a growing need to construct methods
for large-scale topological and functional summaries of biological networks to
understand the underlying mechanics of biological systems.

This book presents frameworks, as they stand today, that allow biologists to
rapidly visualize and comprehend high-level topological and functional summary
of the processes that govern biological systems via topological or functional
organization within a biological network (intra-system processes) and relationships
between biological networks (inter-system processes). Drawing on well-founded
principles in data mining, systems biology, and bioinformatics, we present a
multi-resolution and multi-perspective analysis paradigm to address this broad goal.
Note that it is reasonable to expect this picture to change with time.

As a representative example of biological networks, we utilize protein–protein
interaction (PPI) networks in majority part of this book. Our discussion is divided
into five parts. First, we have attempted to review, as accurately as possible, a wide
spectrum of approaches proposed by the bioinformatics community to cluster PPI
networks and highlight their strengths and limitations. The results of such clustering
can be considered as a summary of topological or functional modules in the
underlying PPI network. In particular, a pervasive desire of this review is to
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emphasize the uniqueness of the network clustering problem in the context of PPI
networks and highlight why a panoply of generic network clustering algorithms
proposed by the data mining community cannot be leveraged to address this
problem effectively.

Second, we review a closely related problem to PPI network clustering, func-
tional summarization, which can enable us to make sense out of the information
contained in large PPI networks by generating multi-level functional summaries.
We discuss a data-driven and generic PPI network summarization framework that
constructs higher level functional summary to summarize the underlying PPI net-
work to obtain a concise, interpretable representation of the network. It generates
the “best” summary from both interaction and annotation data by maximizing
information gain for a specific resolution. We evaluate the performance of this
framework on several real-world PPI networks, its superiority over network clus-
tering, and showcase its applicability in comprehending Alzheimer’s disease
network.

Third, we discuss a technique that summarizes a PPI network in a multi-
perspective manner. This is based on the fact that a biological system can be seen
from different functional perspectives (e.g., components in a PPI network can be
organized by localization, process, disease, etc.). Each discovered perspective
represents a distinct interpretation of how the network can be functionally sum-
marized. The performance of this framework is extensively discussed with several
real-world PPI networks highlighting the limitations of network clustering para-
digm to generate such multi-perspective summary. We also performed a case study
using human autophagy system to illustrate the utility of this framework.

Fourth, we discuss a data-driven effort to construct summaries of differential
functional responses of gene interaction networks that undergo “rewiring” after
environmental change. Experimental evaluation with real-world dataset demon-
strates the superiority of this technique to address the differential network sum-
marization problem.

The last topic consists of several open problems of this young field. The list
presented should by no means be considered exhaustive and is centered around
challenges and issues currently in vogue. Nevertheless, readers can benefit by
exploring the research directions given in this part.

The book is suitable for use in advanced undergraduate- and graduate-level
courses on biological networks. It has sufficient material that can be covered as part
of a semester-long course, thereby leaving plenty of room for an instructor to
choose topics. An undergraduate course in algorithms, graph theory, and basic cell
biology should suffice as a prerequisite for most of the chapters. A good knowledge
of C++/Java programming language is sufficient to code the algorithms described
herein. For completeness, we have provided background information on several
topics in Chap. 2: the central dogma of biology, protein–protein interactions,
high-throughput experimental techniques to analyze protein–protein interactions,
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and annotations of these interactions with Gene Ontology. The knowledgeable
reader may omit this chapter and perhaps refer back to comparisons while reading
later chapters of this book.

We hope that this book will serve as a catalyst in helping this burgeoning area of
biological network summarization grow and have practical impact.

Singapore Sourav S. Bhowmick
December 2016 Boon-Siew Seah
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