Foreword

This ambitious volume is the result of the successful 2007 Graduate Summer
School on Bioinformatics of China held at Tsinghua University. It is remarkable
for its range of topics as well as the depth of coverage. Bioinformatics draws on
many subjects for analysis of the data generated by the biological sciences and
biotechnology. This foreword will describe briefly each of the 12 chapters and close
with additional general comments about the field. Many of the chapters overlap and
include useful introductions to concepts such as gene or Bayesian methods. This is
a valuable aspect of the volume allowing a student various angles of approach to a
new topic.

Chapter 1, “Basics for Bioinformatics,” defines bioinformatics as “the storage,
manipulation and interpretation of biological data especially data of nucleic acids
and amino acids, and studies molecular rules and systems that govern or affect
the structure, function and evolution of various forms of life from computational
approaches.” Thus, the first subject they turn to is molecular biology, a subject that
has had an enormous development in the last decades and shows no signs of slowing
down. Without a basic knowledge of biology, the bicinformatics student is greatly
handicapped. From basic biology the authors turn to biotechnology, in particular,
methods for DNA sequencing, microarrays, and proteomics, DNA sequencing is
undergoing a revolution. The mass of data collected in a decade of the Human
Genome Project from 1990 to 2001 can be generated in 1 day in 2010. This is
changing the science of biology at the same time. A 1,000 genome project became
a 10,000 genome project 2 years later, and one expects another zero any time now.
Chromatin Immunoprecipitation or ChIP allows access to DNA bound by proteins
and thus to a large number of important biological processes. Another topic under
the umbrella of biological sciences is genetics, the study of heredity and inherited
characteristics (phenotypes). Heredity is encoded in DNA and thus is closely related
to the goals of bioinformatics. This whole area of genetics beginning with Mendel's
laws deserves careful attention, and genetics is a key aspect of the so-called genetic
mapping and other techniques where the chromosomal locations of disease genes
are sought,
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Chapter 2, “Basic Statistics for Bioinformatics,” presents important material
for the understanding and analysis of data. Probability and statistics are basic
to bioinformatics, and this chapter begins with the fundamentals including many
classical distributions (including the binomial, Poisson, and normal). Usually the

5 observation of complete populations such as “all people in China over 35 years
== old” is not practical to obtain. Instead random samples of the population of interest
= ' are obtained and then inferences about parameters of the population are made.
Statistics guides us in making those inferences and gaining information about
the quality of the estimates. The chapter describes technigues such as method of
moments, maximum likelihood, and Bayesian methods. Bayesian methods have
become indispensable in the era of powerful computing machines. The chapter treats
hypothesis testing which is less used than parameter estimation, but hypothesis
testing provides understanding of p-values which are ubiquitous in hioinformatics
and data analysis. Classical testing situations reveal useful statistics such as the
t-statistic. Analysis of variance and regression analysis are crucial for testing and
fitting large data sets. All of these methods and many more are included in the free
open-source package called R,

Chapter 3, “Topics in Computational Genomics,” takes us on a tour of important
topics that arise when complete genome information is available. The subject did
not begin until nearly 2000 when complete genome sequences became a possibility.
The authors present us with a list of questions, some of which are listed next.
What are the genes of an organism? How are they turned off and on? How do they
interact with each other? How are introns and exons organized and expressed in
RNA transcripts? What are the gene products, both structure and function? How has
a genome evolved? This last question has to be asked with other genomes and with
members of the population comprising the species. Then the authors treat some of
the questions in detail. They describe “finding protein coding genes,” “identifying
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promoters,” “genomic arrays and a CGH/CNP analysis,” “modeling regulatory

elements,” “predicting transcription factor binding sites,” and motif enrichment and

=== analysis. Within this last topic, for example, various word counting methods are

E% employed including the Bayesian methods of expectation maximization and Gibbs
== sampling.
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An alert reader will have noticed the prominence of Bayesian methods in the
preceding paragraphs. Chapter 4, “Statistical Methods in Bioinformatics,” in this
collection focuses on this subject. There is a nice discussion of statistical modeling
and then Bayesian inference. Dynamic programming, a recursive method of opti-
mization, is introduced and then employed in the development of Hidden Markov
Models (HMMs). Of course the basics of Markov chains must also be covered. The
Metropolis-Hastings algorithm, Monte Carlo Markov chains (MCMC), and Gibbs
sampling are carefully presented. Then these ideas find application in the analysis
of microarray data. Here the challenging aspects of multiple hypothesis testing
appear, and false discovery rate analysis is described. Hierarchical clustering and
bi-clustering appear naturally in the context of microarray analysis. Then the issues
of sequence analysis (especially multiple sequence analysis) are approached using
these HHM and Bayesian methods along with pattern discovery in the sequences.
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Discovering regulatory sequence patterns is an especially important topic in this
section. The topics of this chapter appear in computer science as “machine learning™
or under “data mining”’; here the subject is called statistical or Bayesian methods.
Whatever it is named, this is an essential area for bioinformatics.

The next chapter (Chap. 5), “Algorithms in Computational Biology,” takes up
the formal computational approach to our biological problems. It should be pointed
out that the previous chapters contained algorithmic content, but there it was less
acknowledged. It is my belief that the statistical and algorithmic approaches go
hand in hand. Even with the Euclid’s algorithm example of the present chapter,
there are statistical issues nearby. For example, the three descriptions of Euclid’s
algorithm are analyzed for time complexity. It is easy to ask how efficient the
algorithms are on randomly chosen pairs of integers. What is the expected running
time of the algorithms? What is the variance? Amazingly these questions have
answers which are rather deep. The authors soon turmn to dynamic programming
(DP), and once again they present clear illustrative examples, in this case Fibonacei
numbers. Designing DP algorithms for sequence alignment is covered. Then a more
recently developed area of genome rearrangements is described along with some
of the impressive (and deep) results from the area. This topic is relevant to whole
genome analysis as chromosomes evolve on a larger scale than just alterations of
individual letters as covered by sequence alignment.

In Chap. 6, “Multivariate Statistical Methods in Bioinformatics Research,”
we have a thorough excursion into multivariate statistics. This can be viewed as
the third statistical chapter in this volume. Here the multivariate normal distribution
is studied in its many rich incarnations. This is justified by the ubiquitous nature
of the normal distribution. Just as with the bell-shaped curve which appears in one
dimension due to the central limit theorem (add up enough independent random
variables and suitably normalized, one gets the normal under quite general condi-
tions), there is also a multivariate central limit theorem. Here detailed properties
are described as well as related distributions such as the Wishart distribution (the
analog of the chi-square). Estimation is relevant as is a multivariate /-test. Principal
component analysis, factor analysis, and linear discriminant analysis are all covered
with some nice examples to illustrate the power of approaches. Then classification
problems and variable selection both give platforms to further illustrate and develop
the methods on important bioinformatics application areas.

Chapter 7, “Association Analysis for Human Diseases: Methods and Examples,”
gives us the opportunity to look more deeply into aspects of genetics. While this
chapter emphasizes statistics, be aware that computational issues also drive much
of the research and cannot be ignored. Population genetics is introduced and then
the important subjects of genetic linkage analysis and association studies. Genomic
information such as single-nuclectide polymorphisms (SNPs) provide voluminous
data for many of these studies, where multiple hypothesis testing is a critical issue.

Chapter 8, “Data Mining and Knowledge Discovery Methods with Case Exam-
ples,” deals with the area of knowledge discovery and data mining. To quote the
authors, this area “has emerged as an important research direction for extracting
useful information from vast repositories of data of various types. The basic
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concepts, problems and challenges deals with the area of knowledge discovery and
data mining that has emerged as an important research direction for extracting useful
information from vast repositories of data of various types. The basic concepts,
problems and challenges are first briefly discussed. Some of the major data mining
tasks like classification, clustering and association rule mining are then described in
some detail. This is followed by a description of some tools that are frequently used
for data mining. Two case examples of supervised and unsupervised classification
for satellite image analysis are presented. Finally an extensive bibliography is
provided,”

The valuable chapter on Applied Bioinformatics Tools (Chap. 9) provides a step-
by-step description of the application tools used in the course and data sources as
well as a list of the problems. It should be strongly emphasized that no one learns
this material without actually having hands-on experience with the derivations and
the applications. This is not a subject for contemplation only!

Protein structure and function is a vast and critically important topic. In this
collection it is covered by Chap. 10, “Foundations for the Study of Structure and
Function of Proteins.” There the detailed structure of amino acids is presented
with their role in the various levels of protein structure (including amino acid
sequence, secondary structure, tertiary structure, and spatial arrangements of the
subunits). The geometry of the polypeptide chain is key to these studies as are the
forces causing the three-dimensional structures (including electrostatic and van der
Waals forces). Secondary structural units are classified into a-helix, fi-sheets, and
p-turns. Structural motifs and folds are described. Protein structure prediction is an
active field, and various approaches are described including homology modeling
and machine learning,

Systems biology is a recently described approach to combining system-wide data
of biology in order to gain a global understanding of a biological system, such as
a bacterial cell. The science is far from succeeding in this endeavor in general,
let alone having powerful techniques to understand the biology of multicellular
organisms. It is a grand challenge goal at this time. The fascinating chapter on
Computational Systems Biology Approaches for Deciphering Traditional Chinese
Medicine (Chap. 11) seeks to apply the computational systems biology (CSB)
approach to traditional Chinese medicine (TCM), The chapter sets up parallel
concepts between CSB and CTM. In Sect. 11.3.2 the main focus is “on a CSB-based
case study for TCM ZHENG—a systems biology approach with the combination
of computational analysis and animal experiment to investigate Cold ZHENG and
Hot ZHENG in the context of the neuro-endocrine-immune (NEI) system.” With
increasing emphasis on the so-called nontraditional medicine, these studies have
great potential to unlock new understandings for both CSB and TCM.

Finally I close with a few remarks about this general area. Biology is a major
science for our new century; perhaps it will be the major science of the twenty-
first century. However, if someone is not excited by biclogy, then they should find a
subject that does excite them, I have almost continuously found the new discoveries
such as introns or microRNA absolutely amazing. It is such a young science when
such profound wonders keep showing up. Clearly no one analysis subject can
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solve all the problems arising in modern computational molecular biology. Statistics
alone, computer science alone, experimental molecular biology alone, none of these
are sufficient in isolation. Protein structure studies require an entire additional set
of tools such as classical mechanics. And as systems biology comes into play,
systems of differential equations and scientific computing will surely be important.
None of us can learn everything, but everyone working in this area needs a set of
well-understood tools. We all learn new techniques as we proceed, learning things
required to solve the problems. This requires people who evolve with the subject.
This is exciting, but I admit it is hard work too. Bioinformartics will evolve as it
confronts new data created by the latest biotechnology and biological sciences.

University of Southern California Michael 5. Waterman
Los Angeles, USA
March 2, 2013



