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The completion of human genome sequencing was an epoch-making event in reduc-
tionism biosciences, liberating a vast amount of experimental data and allowing us
to relate specific parts of it to genes. The challenge for the biosciences in the twenty-
first century is to integrate this information into a better understanding of biology,
physiology, and human pathology. The integration is moving the world toward a
new generation of bioscience and bioengineering, where biological, physiological,
and pathological information from humans and other living animals can be quantita-
tively described in silico across multiple scales of time and size and through diverse
hierarchies of organization - from molecules to cells and organs, to individuals.
The physiome and systems biology represent such emerging biosciences. Such new
trends in biosciences share a common direction, namely, an “integrative” approach
that allows us to understand mechanisms underlying biological and physiological
functions that emerge through the dynamics of each element and large aggregations
of those elements.

The title of this textbook, Harnessing Biological Complexity, comes from the fact
that we have a huge number of biological elements at hand - molecules, cells, and
organs - and we are aware that each of them behaves in a more-than-simple way
owing to its complex structure and the nonlinear dynamics governing its behavior.
Moreover, an aggregation of specific elements behaves as a system. Thus, we are
required to “harness” that complexity in terms of both the huge number of elements
and their dynamics so that we can achieve an understanding of the mechanisms re-
sponsible for biological and physiological functions. Toward this end, integrative
biosciences and bioengineering in their early stages aim at establishing frameworks
and information infrastructures for describing biological structures and physiolog-
ical functions on multiple scales of time and space. Next comes databasing and
sharing, because it is not realistic to expect that a single research lab can find com-
prehensive answers to all the important questions. International communities such as
those for systems biology markup language (SBML), CellML, JSim, Virtual Phys-
iological Human (VPH), and the Neuroinformatics platforms of the International
Neuroinformatics Coordinating Facility (INCF) have made pioneering efforts to es-
tablish those frameworks. In this textbook, we will use such a public platform, found
at www.physiome.jp, which is being developed in communication with these other
efforts mentioned above. The platform is capable of representing the hierarchical,
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modular, and morphological structure of physiological entities and functional opera-
tions (influence) of one element on other elements. The platform provides a software
program called insilicoIDE (ISIDE) which can take on the roles of a model com-
poser, a model browser, and a model simulator for models written in an XML format
such as insilicoML (ISML) which is used in physiome.jp, SBML, and CellML. The
platform has also a set of databases, insilicoDB (ISDB), including ISML-ModelDB,
MorphologyDB, and Time-seriesDB. The platform can thus enhance the stream of
model sharing and increase the diversity of building blocks useful for integration.

Because biological and physiological functions are realized dynamically over
time, it is inevitable that we have to describe any one of them using mathematical
equations if we are to understand them quantitatively. We perform mathematical
modeling and computer simulations of a model for the function that is under con-
sideration. Hence, this textbook is written as a brief introduction to computational
biology and physiology. Chapter 2 is on modeling at the cellular level, where we
consider several examples from electrophysiology. In Chap. 3, we deal with cellular
networks as models of tissues and organs. In both those chapters, we guide the reader
to grasp the physical and mathematical background of each of the models provided
and then to perform computer simulations on the models, to provide a deeper un-
derstanding of what is involved. The use of advanced physics and mathematics is
limited so that the textbook will be accessible to biologists and physiologists; illus-
trative details are provided when necessary. Nevertheless, it will be helpful for the
reader to have at least a basic knowledge of physics and mathematics as taught
at the first-year level of college. Simulations in the examples can be performed
easily because ISML files defining most of the models used in this textbook can
be downloaded from ModelDB at www.physiome.jp. Once insilicoIDE has been
downloaded, the reader can just open a model file to simulate the dynamics of the
model. The reader can then alter parameter values and equations and construct her
or his own models to examine how they behave. The reader can also learn to use
the platform, including insilicoIDE, in Chaps. 4 and 5, where there are more ex-
amples. After becoming familiar with the use of the platform, the reader can try
to construct a large-scale model for research purposes by combining the existing
models in the model databases at ModelDB of physiome.jp, the model repository
of CellML, and BioModels of SBML. In this way, new models can be created on
insilicoIDE, and both existing and new models can be combined, meaning that we
are going to achieve a systematic way for harnessing biological complexity.

Chapters 1–3 were written by Taishin Nomura, and Chaps. 4 and 5 were written
by Yoshiyuki Asai. The authors express our sincere thanks to Dr. Hideki Oka,
Dr. Yoshiyuki Kido, Dr. Eric Heien, Dr. Yoshiyuki Kagiyama, Mr. Takahito Urai,
Mr. Tatsuhide Okamoto, Mr. Takeshi Abe, Ms. Li Li, Mr. Youichi Matsumura,
Dr. Ken Yano, Dr. Masao Okita, Dr. Rachid Ait-Haddou, and Dr. Daisuke
Yamasaki for their continuing efforts in developing and maintaining the plat-
form at www.physiome.jp. We also thank current and former students, especially
Mr. Yasuyuki Suzuki, Mr. Yousuke Yumikura, Mr. Masao Nakanishi, Mr. Toshihiro
Kawazu, and Mr. Shinsuke Odai, at the BioDynamics Laboratory of Osaka Uni-
versity for their research projects which contribute greatly to the development of
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the platform. We are deeply grateful to Ms. Yukiko Ichihara at the BioDynamics
Laboratory for the excellent illustrations in Chaps. 1–3. We very much appreciate
the collaboration of Dr. Hiroaki Kitano, Dr. Yukiko Matsuoka, Dr. Samik Ghosh,
and Dr. Akira Funahashi in the joint development of insilicoIDE, making pos-
sible SBML–ISML hybrid simulations on the platform that are leading us in a
new direction toward PhysioDesigner in the near future. We also thank Dr. Shiro
Usui, Dr. Yoko Yamaguchi, Prof. Minoru Tsukada, Dr. Hiroaki Wagatsuma, and
Dr. Yutaka Sakai for sharing database contents between INCF J-node platform and
ModelDB at physiome.jp. The physiome.jp project is currently supported by the
MEXT program, the Global Center of Excellence at Osaka University, chaired by
Professor Yoshihisa Kurachi, Professor Ken-ichi Hagihara, and Taishin Nomura.
Finally, we are grateful to Professor Masao Tanaka, the editor of this textbook
series, for providing us with the opportunity to make our contribution to the series,
and we thank the staff at Springer Japan for their patience and encouragement.
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