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ABSTRACT

The aim of this chapter is that of analyzing and comparing network querying techniques as applied to protein
interaction networks. In the last few years, several automatic tools supporting knowledge discovery from available
biological interaction data have been developed. In particular, network querying tools search a whole biologi-
cal network to identify conserved occurrences of a query network module. The goal of such techniques is that of
transferring biological knowledge. Indeed, the query subnetwork generally encodes a well-characterized functional
module, and its occurrences in the queried network probably denote that this function is featured by the associated
organism. The proposed analysis is intended to be useful to understand problems and research issues, state of the
art and opportunities for researchers working in this research area.

INTRODUCTION

Biological data about molecular interactions are growing quickly. This fast growth has rendered the design and
the development of automatic tools necessary for retrieving interesting information and discovering new knowl-
edge. Interaction data are usually represented through the biological networks model. The comparison of such
biological networks across species or different conditions is useful to understand the mechanisms underlying
life processes (Zhang, 2008). Generally, biological networks are represented as graphs that can be fed as input
to techniques suitable for topological and functional comparison. Such techniques analyze those networks by
exploiting specialized algorithms and methodologies in order to infer new information about cellular activity
and evolutive processes of the species.

A graph is a set of objects called nodes or vertices and connected by links called edges. More formally, a
graph is an ordered pair G = (¥, E), in which V'is the set of nodes and £ is the set of edges, so that the elements
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Figure 1. (a) An example of undirected graph and (b) an example of directed graph
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from E are pairs of elements from V. In an undirected graph, an edge linking nodes 4 and B can be traversed in
both directions. In a directed graph, each edge is intended to be traversable in just one direction.

Different types of graphs are used to represent different types of biological networks. In fact, several kinds
of biological networks have been defined, each of which stores interaction information related to specific entities
or molecules. Main types of networks thereof are: transcriptional regulatory networks, signal transduction net-
works, metabolic networks and protein interaction network (or PIN). In the transcriptional regulatory networks
the nodes of the graph represent genes and the edges are directed. An edge connects a source gene to a target
gene if the source gene produces an RNA or protein molecule that functions as a transcriptional activator or in-
hibitor of the target gene. If the gene is an activator, then it is the source of a positive regulatory connection; if it
is an inhibitor, then it is the source of a negative regulatory connection. In the signal transduction networks, the
graph vertices represent proteins and the edges are directed. This type of network stores information about the
processes by which a cell converts one kind of signal or stimulus into another. In particular, the signal transduc-
tion corresponds to the relaying of molecular signals or physical ones (for example, sensory stimuli) from a cell’s
exterior to its intracellular response mechanisms. In the Metabolic networks, the nodes represent metabolites and
the edges are directed. These networks store the set of metabolic and physical processes of the cell and comprise
the chemical reactions underlying the metabolism as well as the regulatory interactions that guide these reactions.
In the Protein Interaction Networks, instead, the nodes represent proteins and the edges are undirected. They
store information about the set of interactions between pairs of proteins in a proteome.

In the last few years, due to the large amount of experimentally discovered interaction data, many databases
have been devised and made free accessible online. These databases allow storing and retrieving molecular
interaction information (Kanehisa, 2000; Salwinski, 2004; Chatr-aryamontri, 2006). Many of them allow the
user to search both online for interaction data and to download database files containing all stored interaction
information.

Moreover, several automatic tools supporting knowledge discovery from available interaction data have
been developed. Among them, the most related to the topic of this chapter are those tools designed to compare
biological networks (see also, in this volume, the chapter Discovering Interaction Motifs from Protein Interac-
tion Networks).

To illustrate, there are several ways to compare biological networks, but three of them, network alignment,
network integration and network querying, can be regarded as the most significant ones (Sharan, 2006). Net-
work alignment is the process of globally comparing two or more networks of the same type in different species,
identifying similarity and dissimilarity regions. Network alignment is commonly applied to detect, across spe-
cies, conserved sub-networks which are likely to represent common functional modules (Singh, 2007). Network
integration is the process of combining several networks of the same species and different kinds, to study their
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