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Preface

Computers and the World Wide Web are rapidly and dramatically changing the
face of biological research. These days, the term “paradigm shift” is used to
describe everything from new business trends to new flavors of cola, but biologi-
cal science is in the midst of a paradigm shift in the classical sense. Theoretical
and computational biology have existed for decades on the “fringe” of biological
science. But within just a few short years, the flood of new biological data pro-
duced by genomics efforts and, by necessity, the application of computers to the
analysis of this genomic data, has begun to affect every aspect of the biological
sciences. Research that used to start in the laboratory now starts at the computer,
as scientists search databases for information that might suggest new hypotheses.

In the last two decades, both personal computers and supercomputers have
become accessible to scientists across all disciplines. Personal computers have
developed from expensive novelties with little real computing power into
machines that are as powerful as the supercomputers of 10 years ago. just as
they've replaced the author’s typewriter and the accountant’s ledger, computers
have taken their place in controlling and collecting data from lab equipment. They
have the potential to completely replace laboratory notebooks and files as a means
of storing data. The power of computer databases allows much easier access to
stored data than nonelectronic forms of recording. Beyond their usefulness for the
storage, analysis, and visualization of data, however, computers are powerful
devices for understanding any system that can be described in a mathematical
way, giving rise to the disciplines of computational biology and, more recently,
bioinformatics.

Bioinformatics is the application of information technology to the management of
biological data. It's a rapidly evolving scientific discipline. In the last two decades,
storage of biological data in public databases has become increasingly common,

xi



xii Preface

and these databases have grown exponentially. The biological literature is grow-
ing exponentially as well. It's impossible for even the most zealous researcher to
stay on top of necessary information in the field without the aid of computer-
based tools, and the Web has made it possible for users at any location to interact
with programs and databases at any other site—provided they know how to build
the right tools.

Bioinformatics is first and foremost a biological science. It’s often less about devel-
oping perfectly elegant algorithms than it is about answering practical questions.
Bioinformaticians (or bioinformaticists, if you prefer) are the tool-builders, and it’s
critical that they understand biological problems as well as computational solu-
tions in order to produce useful tools. Bioinformatics algorithms need to encom-
pass complex scientific assumptions that can complicate programming and data
modeling in unique ways.

Research in bioinformatics and computational biology can encompass anything
from the abstraction of the properties of a biological system into a mathematical or
physical model, to the implementation of new algorithms for data analysis, to the
development of databases and web tools to access them. To engage in computa-
tional research, a biologist must be comfortable using software tools that run on a
variety of operating systems. This book introduces and explains many of the most
popular tools used in bioinformatics research. We've included lots of additional
information and background material to help you understand how the tools are
best used and why they are important. We hope that it will help you through the
first steps of using computers productively in your research.

Audience for This Book

Most biological science students and researchers are starting to use computers as
more than word-processing or data-collection and plotting devices. Many don’t
have backgrounds in computer science or computational theory, and to them, the
fields of computational biology and bioinformatics may seem hopelessly large and
complex. This book, motivated by our interactions with our students and col-
leagues, is by no means a comprehensive bible on all aspects of bioinformatics. It
is, however, a thoughtful introduction to some of the most important topics in bio-
informatics. We introduce standard computational techniques for finding informa-
tion in biological sequence, genome, and molecular structure databases; we talk
about how to identify genes and detect characteristic patterns that identify gene
families; and we discuss the modeling of phylogenetic relationships, molecular
structures, and biochemical properties. We also discuss ways you can use your
computer as a tool to organize data, to think systematically about data-analysis
processes, and to begin thinking about automation of data handling.
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Bioinformatics is a fairly advanced topic, so even an introductory book like this
one assumes certain levels of background knowledge. To get the most out of this
book you should have some coursework or experience in molecular biology,
chemistry, and mathematics. An undergraduate course or two in computer pro-
gramming would also be helpful.

Structure of This Book

We've arranged the material in this book to allow you to read it from start to fin-
ish or to skip around, digesting later sections before previous ones. It's divided
into four parts:

Part 1, Introduction

Chapter 1, Biology in the Computer Age, defines bioinformatics as a discipline,
delves into a bit of history, and provides a brief tour of what the book covers and
why.

Chapter 2, Computational Approaches to Biological Questions, introduces the core
concepts of bioinformatics and molecular biology and the technologies and
research initiatives that have made increasing amounts of biological data avail-
able. It also covers the ever-growing list of basic computer procedures every biolo-
gist should know.

Part 11, The Bioinformatics Workstation

Chapter 3, Setting Up Your Workstation, introduces Unix, then moves on to the
basics of installing Linux on a PC and getting software up and running.

Chapter 4, Files and Directories in Unix, covers the ins and outs of moving around
a Unix filesystem, including file hierarchies, naming schemes, commonly used
directory commands, and working in a multiuser environment.

Chapter 5, Working on a Unix System, explains many Unix commands users will
encounter on a daily basis, including commands for viewing, editing, and extract-
ing information from files; regular expressions; shell scripts; and communicating
with other computers.

Part 11l, 7ools for Bioinformatics

Chapter 6, Biological Research on the Web, is about the art of finding biological
information on the Web. The chapter covers search engines and searching, where
to find scientific articles and software, how to use the online information sources,
and the public biological databases.

Chapter 7, Sequence Analysis, Pairwise Alignment, and Database Searching,
begins with a review of molecular evolution and then moves on to cover the



Xtv Preface

basics of pairwise sequence-analysis techniques such as predicting gene location,
global and local alignment, and local alignment-based searching against databases
using BLAST and FASTA. The chapter concludes with coverage of multifunctional
tools for sequence analysis.

Chapter 8, Multiple Sequence Alignments, Trees, and Profiles, moves on to study
groups of related genes or proteins. It covers strategies for multiple sequence
alignment with tools such as ClustalW and Jalview, then discusses tools for phylo-
genetic analysis, and constructing profiles and motifs.

Chapter 9, Visualizing Protein Structures and Computing Structural Properties,
covers 3D analysis of proteins and the tools used to compute their structural prop-
erties. The chapter begins with a review of protein chemistry-and quickly moves to
a discussion of web-based protein structure tools; structure classification, align-
ment, and analysis; solvent accessibility and solvent interactions; and computing
physicochemical properties of proteins. The chapter concludes with structure opti-
mization and a tour through protein resource databases.

Chapter 10, Predicting Protein Structure and Function from Sequence, covers the
tools that determine the structures of proteins from their sequences. The chapter
discusses feature detection in protein sequences, secondary structure prediction,
predicting 3D structure. It concludes with an example project in protein modeling.

Chapter 11, Tools for Genomics and Proteomics, puts it all together. Up to now
we’ve covered tools and techniques for analyzing single sequences or structures,
and for comparing multiple sequences of single-gene length. This chapter dis-
cusses some of the datatypes and tools that are becoming available for studying
the integrated function of all the genes in a genome, including sequencing an
entire genome, accessing genome information on the Web, annotating and analyz-
ing whole genome sequences, and emerging technologies and proteomics.

Part IV, Databases and Visualization

Chapter 12, Automating Data Analysis with Perl, shows you how a programming
language such as Perl can help you sift through mountains of data to extract just
the information you require. It won't teach you to program in Perl, but the chap-
ter gives you a brief introduction to the language and includes examples to start
you on your way toward learning to program.

Chapter 13, Building Biological Databases, is an introduction to database con-
cepts. It covers the types of databases used in biological research, the database
software that builds them, database languages (in particular, the SQL language),
and developing web-based software that interacts with databases

Chapter 14, Visualization and Data Mining, covers the computational tools and
techniques that allow you to make sense of your results. The first part of the
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chapter introduces programs that are used to visualize data arising from bioinfor-
matics research. They range from general-purpose plotting and statistical packages
for numerical data, such as Grace and gnuplot, to programs such as TgXshade that
are dedicated to presenting sequence and structural information in an interpret-
able form. The second part of the chapter presents tools for data mining—the pro-
cess of finding, interpreting, and evaluating patterns in large sets of data—in the
context of applications in bioinformatics.

Our Approach to Bioinformatics

We confess, we're structural biologists (biophysicists, actually). We have a hard
time thinking about genes without thinking about their protein products. DNA
sequences, to us, aren’t just sequences. To a structural biologist, genes (with a few
exceptions) imply 3D structures, molecular shapes and conformational changes,
active sites, chemical reactions, and detailed intermolecular interactions. Our focus
in this book is on using sequence information as structural biologists and biochem-
ists tend to use it—to understand the chemical basis of biological function. We've
probably neglected some applications of sequence analysis that are dear to the
hearts of molecular biologists and geneticists, so feel free send us your comments.

URLs Referenced in This Book

For more information on the URLs we reference in this book and for additional
material about bioinformatics, see the web page for this book, which is listed in
the “Comments and Questions” section.

Conventions Used in This Book

The following conventions are used in this book:

Italic
Used for commands, filenames, directory names, variables, URLs, and for the
first use of a term

Constant width
Used in code examples and to show the output of commands

Constant width italic
Used in “Usage” phrases to denote variables.



xvi Preface

The owl icon designates a note, which is an important aside to the
nearby text.

The turkey icon designates a warning relating to the nearby text.

Comments and Questions

Please address comments and questions concerning this book to the publisher:

O'Reilly & Associates, Inc.

101 Morris Street

Sebastopol, CA 95472

(800) 998-9938 (in the United States or Canada)
(707) 829-0515 (international or local)

(707) 829-0104 (fax)

We have a web page for this book, where we list errata, examples, or any addi-
tional information. You can access this page at:

hup:./www.oreilly.com/catalog/bioskills/
To comment or ask technical questions about this book, send email to:
bookguestions@oretlly.com

For more information about our books, conferences, software, Resource Centers,
and the O'Reilly Network, see our web site at:

butp://www.oreilly.com
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Biology in the
Computer Age

From the interaction of species and populations, to the function of tissues and
cells within an individual organism, biology is defined as the study of living things.
In the course of that study, biologists collect and interpret data. Now, at the begin-
ning of the 21st century, we use sophisticated laboratory technology that allows us
to collect data faster than we can interpret it. We have vast volumes of DNA
sequence data at our fingertips. But how do we figure out which parts of that
DNA control the various chemical processes of life? We know the function and
structure of some proteins, but how do we determine the function of new pro-
teins? And how do we predict what a protein will look like, based on knowledge
of its sequence? We understand the relatively simple code that translates DNA into
protein. But how do we find meaningful new words in the code and add them to
the DNA-protein dictionary?

Bioinformatics is the science of using information to understand biology; it’s the
tool we can use to help us answer these questions and many others like them.
Unfortunately, with all the hype about mapping the human genome, bioinformat-
ics has achieved buzzword status; the term is being used in a number of ways,
depending on who is using it. Strictly speaking, bioinformatics is a subset of the
larger field of computational biology, the application of quantitative analytical
techniques in modeling biological systems. In this book, we stray from bicinfor-
matics into computational biology and back again. The distinctions between the
two aren’t important for our purpose here, which is to cover a range of tools and
techniques we believe are critical for molecular biologists who want to under-
stand and apply the basic computational tools that are available today.

The field of bioinformatics relies heavily on work by experts in statistical methods
and pattern recognition. Researchers come to bijoinformatics from many fields,
including mathematics, computer science, and linguistics. Unfortunately, biology is



