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Preface

The unprecedented accumulation of high-throughput data from genomics, transcrip-
tomics, proteomics, metabolomics, phenomics, etc., has resulted not only in new
attempts to answer traditional biological questions and solve longstanding issues in
biology but also in the formulation of novel hypotheses that arise precisely from
this wealth of data. At the present, with thousands of biological data resources
and information systems inside the Internet, an unknown number of analysis tools,
and exponential growths of molecular data (especially high-throughput data), the
storage, processing, description, transmission, connection, and integrative analysis
of this data becomes a great challenge for bioinformatics. Thus, the so-called Big
Data becomes the new keyword describing the actual situation for which new
software tools are needed to analyze this exponentially increasing data.

Important applications of Big Data are systems biology and systems medicine.
For instance, hospital information systems represent complex patient data. The
diagnosis process is now supported by new methods of biotechnology using, for
example, high-throughput sequencing approaches. Therefore, we have complex
patient data inside the hospital information system which needs to be stored,
transported, and analyzed. New software tools are needed to allow the user-specific
data access and analysis of this data. Overall, to develop and implement new tools
for automatic data integration and analysis will help implement better diagnostic
methods in practice. In the future, the entire genomes of patients will be stored
within hospital information systems. Furthermore, it will be necessary to share the
genome sequences inside the hospital computer network and analyze the genome
data to detect, for example, cancer genes. With the availability of Internet, the
automatic integration and analysis of data are of the most relevant research topics
in computer science. In biology, such tools have become more and more important.
Methods like high-throughput sequencing and omics analysis are responsible for the
exponential data generation process.

This book will focus on the integration and analysis of omics data. The
Introduction will present relevant biological background and an overview of these
actual methods. When the Internet merged, methods such as data fusion and
federated database systems became relevant. The initial tools were implemented
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vi Preface

and gave birth to a new field of research: Integrative Bioinformatics, which strives to
implement user-specific integration and analysis of complex data. The Introduction
of this book will give a definition and overview of this pertinent field of research.
Since then, complex information systems have been developed and implemented.
Finally, the data warehouse concept became more relevant. Today the data ware-
house concept is still the best construction for the implementation of integrative
information systems. The Information Fusion and Retrieval section will focus on
the said data warehouse concept. Furthermore, this part of the book will give an
overview of information retrieval and data mining tools, which allow the user-
specific identification and integration of data. Based on the methods described here,
we are able to implement user-specific integration tools. The analysis of this data can
be done using statistic, visualization, or animation tools. Furthermore, modeling and
simulation are important analysis methods. The Network Visualization, Modeling,
and Analysis section will focus on methods for network prediction, network
modeling, and simulation. In the case of network simulation, we prefer the Petri net
method, which allows the parallel simulation of complex metabolic pathways. Our
application section is divided into two parts. First, we focus on methods of BioData
Mapping. One interesting aspect is the possibility of molecular disease mapping
which allows the pathway prediction of any disease and the semiautomatic mapping
of this pathway into a virtual 3D cell. The genotype-phenotype map enables us
to uncover the casual networks inside the “black box” that lies between genotypes
and phenotypes with advances in high-throughput and high-dimensional genotyping
and phenotyping technologies. Another important and actual topic is presented by
the Biocompution section. After the reconstruction of a biological disease network,
the identification of biomarkers or hubs for further analysis is important. To realize
such tasks, the implementation of parallel algorithms is fundamental.

Important research topics for the next few years will be Big Data and Systems
Medicine. Integrative Bioinformatics will be fundamental in developments for both
fields and this book attempts to present an overview of relevant and actual research
activities.

We are very grateful to all the authors for sharing their time, wisdom, and
expertise. Finally, we want to thank Ms. Na Xu, the editor of Springer Beijing
Office, for her continuous advice.

Hangzhou, People’s Republic of China Ming Chen
Bielefeld, Germany Ralf Hofestädt
June 2013
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