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Complexes of physically interacting proteins constitute fundamental functional
units thatdrive almost all biological processes within cells. Afaithful reconstruction
of the entire set of protein complexes (the “complexosome”) is therefore
important not only to understand the composition of complexes but also the
higher level functional organization within cells. Advances over the last several
years, particularly through the use of high-throughput proteomics techniques,
have made it possible to map substantial fractions of protein interactions (the
“interactomes”) from model organisms including Arabidopsis thaliana (a flowering
plant), Caenorhabditis elegans (a nematode), Drosophila melanogaster (fruit fly),
and Saccharomyces cerevisiae (budding yeast). These interaction datasets have
enabled systematic inquiry into the identification and study of protein complexes
from organisms.' Computational methods have played a significant role in this
context, by contributing accurate, efficient, and exhaustive ways to analyze the
enormous amounts of data. These methods have helped to compensate for some
of the limitations in experimental datasets including the presence of biological
and technical noise and the relative paucity of credible interactions.

In this book, we systematically walk through computational methods devised to
date (approximately between 2000 and 2016) for identifying protein complexes
from the network of protein interactions (the protein-protein interaction (PPI)
network). We present a detailed taxonomy of these methods, and comprehensively
evaluate them for protein complex identification across a variety of scenarios
including the absence of many true interactions and the presence of false-positive
interactions (noise) in PPl networks. Based on this evaluation, we highlight
challenges faced by the methods, for instance in identifying sparse, sub-, or small
complexes and in discerning overlapping complexes, and reveal how a combination
of strategies is necessary to accurately reconstruct the entire complexosome.
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Preface

The suggestion and motivation to write this book came from Limsoon, who thought
that it would be a great idea to compile our (Sriganesh’s and Chern Han’s) Ph.D.
research conducted at National University of Singapore on protein complex predic-
tion from protein-protein interaction (PPI) networks into a comprehensive book
for the research community. Since we (Sriganesh and Chern Han) completed our
Ph.D.s not long ago, the timing could not have been better for writing this book
while the topic is still fresh in our minds and the empirical set up (datasets and
software pipelines) for evaluating the methods is still in a “quick-to-run” form.
However, although we had our Ph.D. theses to our convenient disposal and ref-
erence, it is only after we started writing this book that we realized the real scale of
the task that we had embarked upon.

The problem of protein complex prediction may be just one of the plethora
of computational problems that have opened up since the deluge of proteomics
(protein-protein interaction; PPI) data over the last several years. However, in re-
ality this problem encompasses or directly relates to several important and open
problems in the area—in particular, the fundamental problems of modeling, vi-
sualizing, and denoising of PPI networks, prediction of PPIs (novel as well as evo-
lutionarily conserved), and protein function prediction from PPI data. Therefore,
to write a comprehensive self-contained book, we had to cover even these closely
related problems to some extent or at least allude to or reference them in the book.
We had to do so without missing the connection between these problems and our
central problem of protein complex prediction in the book.

The early tone to write the book in this manner was set by our review article in
a 2015 special issue of FEBS Letters, where we covered a number of protein com-
plex prediction methods which are based on a diverse range of topological, func-
tional, temporal, structural, and evolutionary information. However, being only a
single-volume article, the description of the methods was brief, and to compile
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this description in the form of a book we had to delve a lot deeper into the algo-
rithmic underpinnings of each of the methods, highlight how each method utilized
the information (topological, functional, temporal, structural, and evolutionary) on
which it was based in its own unique way, and evaluate and study the applications
of the methods across a diverse range of datasets and scenarios. To do this well,
we had to: (i) cover in substantial detail the preliminaries such as the experimen-
tal techniques available to infer PPIs, the limitations of each of these techniques,
PPI network topology, modeling, and denoising, PPI databases that are available,
and how functional, temporal, structural, and evolutionary information of proteins
can be integrated with PPI networks; and (ii) we had to categorize protein complex
prediction methods into logical groups based on some criteria, and dedicate a sep-
arate chapter for each group to make our description comprehensive. In the book,
we cover (i) in Chapter 2 and in the form of independent sections within each of
the other Chapters 3, 5, 6, 7, and 8. We cover (ii) by allocating Chapters 3 and 4 for
“classical” methods and their comprehensive evaluation, Chapter 5 for methods
that predict certain kinds of “challenging complexes” which the classical meth-
ods do not predict well, Chapter 6 for methods that utilize temporal and structural
information, Chapter 7 for methods that utilize information on evolutionary con-
servation, and Chapter 8 for methods that integrate other kinds of omics datasets
to predict “specialized” complexes—e.g., protein complexes in diseases.

The requirement for a book exclusively dedicated to the problem of protein
complex prediction from PPI networks at this point in time cannot be understated.
Over the last two decades, a major focus of high-throughput experimental tech-
nologies and of computational methods to analyze the generated data has been
in genomics—e.g., in the analysis of genome sequencing data. It is relatively re-
cently that this focus has started to shift toward proteomics and computational
methods to analyze proteomics data. For example, while the complete sequence
of the human genome was assembled more than a decade ago, it is only over the
last three years that there have been similar large-scale efforts to map the human
proteome. The ProteomicsDB (http://www.proteomicsdb.org/), Human Proteome
Map (http://humanproteomemap.org/), and the Human Protein Atlas projects
(http://www.proteinatlas.org/) have all appeared only over the last three years. Sim-
ilarly is The Cancer Proteome Atlas (TCPA) project (http://appl.bioinformatics
.mdanderson.org/tcpa/_design/basic/index.html) which complements The Cancer
Genome Atlas project (TCGA). This means that developing more effective solutions
for fundamental problems such as protein complex prediction has become all the
more important today, as we try to apply these solutions to larger and more com-
plex datasets arising from these newer technologies and projects. In this respect,
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we had to write the book not just by considering protein complex prediction meth-
ods (i.e., their algorithmic details) as important in their own right but also by giving
significant importance to the applications of these methods in the light of today’s
complex datasets and research questions. There are several sections within each of
the Chapters 6, 7, and 8 that play this dual role, e.g., a section in Chapter 7 discusses
the evolutionary conservation of core cellular processes based on conservation pat-
terns of protein complexes, and a section in Chapter 8 discusses the dysregulation
of these processes in diseases based on rewiring of protein complexes between
normal and disease conditions.

In the end, we hope that we have done justice to what we intend this book to be.
We hope that this book provides valuable insights into protein complex prediction
and inspires further research in the area especially for tackling the open challenges,
as well as inspires new applications in diverse areas of biomedicine.
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