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Preface

Bioinformatics is an interdisciplinary science which involves molecular biol-
ogy, molecular chemistry, physics, mathematics, computational sciences, etc.
Most of the books on biomathematics published within the past ten years have
consisted of collections of standard bioinformatics problems and informational
methods, and focus mainly on the logistics of implementing and making use of
various websites, databases, software packages and serving platforms. While
these types of books do introduce some mathematical and computational
methods alongside the software packages, they are lacking in a systematic
and professional treatment of the mathematics behind these methods.

It is significant in the field of bioinformatics that not only is the amount
of data increasing exponentially, but collaboration is also both widening and
deepening among biologists, chemists, physicists, mathematicians, and com-
puter scientists. The sheer volume of problems and databases requires re-
searchers to continually develop software packages in order to process the
huge amounts of data, utilizing the latest mathematical methods. The in-
tent of this book is to provide a professional and in-depth treatment of the
mathematical topics necessary in the study of bioinformatics.

Although there has been great progress in bioinformatics research, many
difficult problems are still to be solved. Some of the most well-known include:
multiple sequence alignment, prediction of 3D structures and recognition of
the eukaryote genes. Since the Human Genome Project (HGP) was developed,
the problems of the network structures of the genomes and proteomes, as well
as regulation of the cellular systems are of great interest. Although there
is still much work to be done before these problems are solved, it is our
hope that the key to solving these problems lies in an increased collaboration
among the different disciplines to make use of the mathematical methods in
bioinformatics.

This book is divided into two parts: the first part introduces the muta-
tion and alignment theory of sequences, which includes the general models
and theory to describe the structure of mutation and alignment, the fast al-
gorithms for pairwise and multiple alignment, as well as discussion based on
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the output given by fast multiple alignment. Part I contains a fairly advanced
treatment, and it demonstrates how mathematics may be successfully used in
bioinformatics. The success achieved using fast algorithms of multiple align-
ment illustrates the important role of mathematics.

Part I analyzes the protein structures, which includes the semantic and
cluster analysis based on the primary structure and the analysis of the 3D
structure for main chains and side chains of proteins. The wiggly angle (di-
hedral angle) was used when analyzing the configuration of proteins, making
the description of the configuration more exact. Analyzing the configuration
differs from predicting the secondary or 3D structures. We collect all pockets,
grooves, and channels in a protein as configuration characteristics, analyze the
structure of these characteristics, and give the algorithms to compute them.

Parts I and II offer independent treatments of biology and mathematics.
This division is convenient, as the reader may study both separately. In each
part we include results and references from our own research experiences. We
propose some novel concepts, for example, the modulus structures, alignment
space, semantic analysis for protein sequences, and the geometrical methods to
compute configuration characteristics of proteins, etc. Study of these concepts
is still in its infancy and so there is much to still be explored. It is our hope
that these issues continue to be examined mathematically so that they remain
at the forefront, both in mathematics and bioinformatics.

We recognize the importance of considering the computational aspect
while introducing mathematical theories. A collection of computational ex-
amples have been included in this book so that our theoretical results may be
tested, and so that the reader may see the corresponding theories illustrated.
Additionally, some of these examples have implications which may be applied
to biology directly, and may be downloaded from the website [99] as the data
is too large to include in this book. (As an example, when examining the
alignment of the HIV gene, the size is m = 405, n = 10,000 bp.)

An understanding of the fundamentals of probability, statistics, combina-
torial graph theory, and molecular biology is assumed, as well as programming
ability. In order that the reader may solidify their understanding, problems
have been added at the end of each chapter, with hints to help get started, It
is our hope that this book will be useful in the field of bioinformatics both as
a textbook and as a reference book.
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Outline

This book discusses several important issues including mathematical and com-
putational methods and their applications to bioinformatics.

This book contains two parts. Part I introduces sequence mutations and
the theory of data structure used in alignment. Stochastic models of align-
ment and algebraic theory are introduced as a means to describe data struc-
ture. Dynamic programming algorithms and statistical decision algorithms for
pairwise sequence alignment, fast alignment algorithms, and the analysis and
application of multiple sequence alignment output are also introduced. Part 1T
includes the introduction of frequency analysis, cluster analysis and seman-
tic analysis of the primary sequences, the introduction of the 3D-structure
analysis of the main chains and the side chains, and the introduction of con-
figuration analysis.

Many mathematical theories are presented in this monograph, such as
stochastic analysis, combinational graph theory, geometry and algebra, infor-
matics, intelligent computation, etc. A large number of algorithms and corres-
ponding software packages make use of these theories, which have been devel-
oped to deal with the large amounts of biological and clinical data that play
such an important role in the fields of bioinformatics, biomedicine, and so on.

This book has three main goals. The first is to introduce these classical
mathematical theories and methods within the context of the current state of
mathematics, as they are used in the fields of molecular biology and bioinfor-
matics. The second is to discuss the potential mathematical requirements in
the study of molecular biology and bioinformatics, which will drive the devel-
opment of new theories and methods. Our third goal is to propose a framework
within which bioinformatics may be combined with mathematics.

Within each chapter, we have included results and references from our
own research experience, to illustrate our points. It is our hope that this book
will be useful as a textbook for both undergraduate and graduate students, as
well as a reference for teachers or researchers in the field of bioinformatics or
mathematics, or those interested in understanding the relation between the
two.



