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1. Introduction

Systems biology is a new field that aims to gain
system-level understanding of complex functions of
biological systems and biological processes, ranging
from molecules to cells, tissues, or entire organisms.
From the systems science point of view, many impor-
tant properties of a complex system emerge from the
interaction of system components and, therefore,
rather than investigating the characteristics of iso-
lated system parts separately, systems biologists
focus on discovering emergent properties and func-
tions that do not appear in individual components,
but are driven by the interactions among all the
system components or component groups [1,2].

A general framework of systems biology can be
described by three main steps: (1) identifying ele-
ments/components of the system; (2) describing the
system using connective networks, in which nodes
represent the system components and edges repre-
sent interactions between nodes. The network
describes the functional relationship among the
system components, and the interactions ultimately
determine an organism’s behavior and functions; (3)
gaining insights into emergent properties of biolo-
gical systems by means of analyzing structural prop-
erties and dynamics of the network.

Advances of high-throughput ‘-omics’ technolo-
gies, such as genomic sequences gathered by the
Human Genome Project [3,4], gene expression data
from microarray experiments [5,6], proteome data-
bases [7,8] and protein interaction databases
[9,10], together with large volume of digital tex-
tural documents such as the PubMed [11], have
created an unprecedented opportunity to apply
computational techniques/tools for a comprehen-
sive study of the structure and dynamics of system
components, and thus provides a foundation to
systems biology.
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systems biology: from

A variety of data mining and machine learning
techniques have been developed during recent years
aiming at extracting information/knowledge/pat-
terns from large volumes of data. Due to the useful
capability of processing large datasets and extracting
hidden patterns, data mining and machine learning
techniques have been applied to bioinformatics for
managing the data, identifying the structure and
functions of system components/elements (genes
and proteins), and their functional relationships.
However, the traditional data mining techniques,
when working for systems biology, are facing many
new challenges. A fundamental issue is that the
biomedical data repositories are formed with various
(diverse) technologies and are normally presented in
heterogeneous and unstructured forms. The ability to
automatically and effectively extract, integrate,
understand, and make use of information embedded
in such heterogeneous unstructured data remains a
challenging task. We are looking forward to new data
mining techniques that can assist systems biologists
to direct the whole investigation process from infor-
mation gathering, analysis and interpretation to
incrementally improve our understanding and even-
tually gain a panorama of the biological systems.

2. Aim of this special issue

This special issue aims at contributing to narrow the
gap between methodological advancements in data
mining and scientific investigations in systems biol-
ogy. It is our view that integrative data mining (the
integration of heterogeneous data, information and
knowledge for the generation of higher level knowl-
edge and new testable hypotheses) will provide
effectively tools for the better understanding of
behavior and functions of genes and proteins within
the context of biological systems.
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This special issue is particularly interested in
newly development of computational approaches
for the construction, refinement and analysis of
biological networks, i.e. (1) the construction and
enhancement of biological networks; (2) the analy-
sis of networks constructed; (3) the use of networks
to interpret dynamics and functions of interacting
genes and proteins.

3. Systems biology: from text mining
to network mining

This issue attracted 18 research submissions cover-
ing a wide range of topics related with systems
biology. Seven research papers are selected for
publication to cover the core topics from text
mining to network mining and applications.

3.1. Text mining and knowledge
integration

Text mining from the massive accumulation of bio-
medical publications has been suggested to have
high potential for discovering knowledge buried in
the literature. Despite the sometimes conflicting
views, traditional Chinese medicine (TCM) is widely
regarded as a promising alternative medicine and its
holistic way of studying patients and individuals
makes it become a natural objective in current
systems biology investigations. Li et al. [12] has
shown that improved understanding of the ZHENG
concept (particular patterns of symptoms, syn-
dromes or phenotypes) in the centre of TCM theories
could be reached from systematically mining of
existing Western biomedical literature. This special
issue collects one interesting paper [13] which deals
with the integration of two independent and com-
plementary literature databases: the TCM literature
database and the MEDLINE bibliographic databases.
Although the scientific observations are still preli-
minary, the paper presents an interesting approach
to integrate TCM literature and modern biomedical
literature data to discover novel gene networks and
functional knowledge of genes.

Two most important genomic data resources for
systems biology are the gene ontology (GO) [14] and
the publicly available microarray databases such as
the Stanford Microarray Database (SMD) [5] and the
NCBI Expression Omnibus [6]. The GO database is
intended to provide a controlled vocabulary describ-
ing attributes of genes and gene products, and has
become a routine resource for functional analysis.
Due to the many-to-many relationship between GO
terms and genes, extracting significant GO terms
relevant to given genes is one of very valuable but

challenging tasks. Paper [15] presents one useful
approach that takes multiple gene lists as input, and
outputs the GO terms that are enriched by the input
gene list(s). The proposed method has been eval-
uated by time course gene expression data of
embryonic stem cells. Five gene clusters have been
generated through clustering analysis, representing
respectively up-regulation, down-regulation and
other novel patterns in the differentiation time
course. Based on the gene lists associated with these
five gene clusters, ‘“‘cell adhesion” and ‘“‘muscle
contraction” were identified as the significant GO
terms for the up-regulated cluster, and ‘‘amino
acids metabolism” as a significant GO term for
the down-regulated gene cluster. Furthermore, a
number of GO terms related to RNA processing and
RNA transport have been also identified as signifi-
cant terms to a cluster that is up-regulated in both
early and late time points. This suggests that genes
for RNA processing and genes for RNA transport are
co-regulated in the differentiation process of
embryonic stem cells [15].

3.2. Biological network mining: from
network construction to modularity
analysis

Much attention has been received during the past
years for investigating the properties of biological
networks such as the protein interaction networks,
and network biology now has become one of the
main topics in systems biology [16]. Researchers
are making progress toward understanding the orga-
nizing principles that govern the formation and
evolution of complex biological networks [17]. Con-
sidered as a major challenge in systems biology,
predicting network behaviors and functions requires
the identification of functionally and statistically
significant sub-network. To understand their struc-
tural organizing principles and evolutionary
mechanisms, the concept of ‘network motif’ has
been proposed [18], and previous research has
shown that a few significant network motifs with
regular structures has been identified in several
biological systems such as Escherichia coli [19].

In this issue, the paper [20] defines the so-called
‘bridge motifs’ as composed of at least one weak
link, and ‘brick motifs’ as composed of strong links
only. An algorithm is presented in [20] for perform-
ing two simultaneous tasks: detecting global statis-
tical features and local connection structures of
networks, and extracting and locating functionally
and statistically significant network motifs. It has
been observed that most motifs in genetic networks
belong to bridge motifs, inferring that weak-tie
links provide unique paths for signal control exert
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significant impacts on the signal processing function
of transcription networks, and the authors argue
that bridge and brick motifs would provide a useful
approach to capture global and local views of com-
plex networks and thus provide an effective
approach to analyze functions, behaviors, and simi-
larities of networks.

Another paper [21] collected in this issue con-
cerns the analysis of protein—protein-interaction
(PPl) networks. A suite of graph-mining techni-
ques is presented for the identification of important
structures within protein—protein-interaction (PPI)
networks. The centrality measures betweenness,
closeness and degree are employed as a means of
identifying essential proteins, while the paper also
demonstrates that the rational Erdos numbers can
be used to identify collaborating proteins based
solely upon network structure. On the other hand,
this study demonstrated that by using dynamic cut-
off limits, the collaboration subgraphs can be gen-
erated for each protein, and by graph containment
the subgraphs linking protein complex can be
extracted. In addition, this study showed that the
PPI network relating to human diabetes, built from
data collated from the Human Protein Reference
Database (HPRD) [22], is a scale-free, small-world
graph with a power-law degree distribution of inter-
actions on nodes.

3.3. Dynamics modelling

Another important research subject of systems
biology is to understand the dynamics of biological
(sub-)systems. This issue collects one research
paper [23] concerning the motility and chemotaxis
of bacteria cells as they play an important role in
the virulence of pathogenic bacteria, such as
escaping from host immune responses. E. coli che-
motaxis provides a well-characterized model sys-
tem for the bacterial chemotaxis network, and is
featured by its signal amplification and robustly
accurate adaptation. Although recent studies with
models considering the effects of receptors have
suggested possible mechanisms for signal amplifi-
cation, and precise adaptation to aspartate has
been explained by conventional kinetic models,
the adaptation behavior of models incorporating
the effects of other receptors remains unclear. The
study presented in [23] investigates how receptor
crosstalk affects the minimization of adaptation
error and compares models in which the contribu-
tion of other receptors varied. Results suggest
that accurate adaptation is maintained through
the control of both the interaction of cytoplasmic
Che proteins and the activity of the receptor
complex.

3.4. Algorithms for integrative data
mining

This issue also selects two papers presenting new
algorithms for integrative data mining. Paper [24]
presents a combinational method for the operon
prediction, which appears as a critical issue to
the reconstruction of genome regulatory networks
in prokaryotes. In the literature multiple genome
features have been used for predicting operons;
however, they are usually dealt with using only
single method. The method presented in [24]
is characterized by a so-called ‘multi-approach
guided’ genetic algorithm, i.e. involving diverse
methods to pre-process different genome features
in order for extracting their unique characteristics.
The experimental results, examined on E. coli K12
genome, Bacillus subtilis genome, and Pseudomo-
nas aeruginosa PAO1 genome, demonstrate it as a
promising and effective approach.

Paper [25] presents another integrative data
mining techniques, called multiple kernel support
vector machine (MK-SVM), which incorporates fea-
ture selection and rule extraction steps in order for
extracting the appropriate knowledge from the
gene expression data. The feature selection task
is translated into a model selection problem of SVM,
and rule extraction is performed based on the
separating hyperplane and support vectors. The
method has been evaluated on two public datasets
and the results showed MK-SVM achieves promising
results in terms of classification accuracy, and more
importantly, the rules extracted can improve the
comprehensibility of the system and therefore help
understanding the biology of the studied diseases
like cancers.

4. Systems biology: the blind men and
the elephant!

Systems biology is a very broad field and a dynami-
cally developing discipline. With the current avail-
ability of the data and technology, the task of
understanding a biological system is still like the
task for ‘six blind men to learn what an elephant
looks like’. Some investigators focus on the aspects
they are working on by further improving the meth-
ods for the observations and experiments, while
others are trying new angles to touch different part
of the elephant in order to get different figures.
Different from those, the systems biologists are
more interested in capturing the whole picture of
system by developing new techniques or using exist-
ing methods for integrating the diverse views
obtained from different angles. From the broad
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spectrum of systems biology studies, this issue col-
lected seven papers covering different aspects on
this direction. It is true that we are still very far from
forming a whole picture of a biological system;
however, we believe that, only when the informa-
tion obtained can be utilized in a systematic
manner, every touch at a new angle and every
improvement in the touching at existing angles will
provide incremental contributions to narrow the
gap. Integrative data mining is hoping to play impor-
tant roles in this effort.
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