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Preface

Bioinformatics is a relatively recent discipline. The term first appeared in scientific
papers at the beginning of the 1990s, but this fact can be misleading. Already in the
1960s, when research laboratories were able to afford computers with good graphical
performance, the scientific community had started to use them to analyze biological
data. From the point of view of informatics and biology, substantial progress has
been made since then.

Hardware has become more efficient; the speed and graphical performance of
personal computers now are astonishing compared with those of just 10 years ago.
The process of developing software is made easier and more straightforward every
day. Another important aspect has been the development and spread of the World
Wide Web, an instrument that has changed our conception of communications and
made a deep impact on the scientific community. Furthermore, biological data have
been exponentially accumulating, thanks to new, powerful techniques available in
every laboratory.

Bioinformatics has synergistically exploited new technologies, giving rise to a
new scientific discipline, with its own history and even some revolutions. We can
define bioinformatics as the science that uses the instruments of informatics to
analyze biological data in order to formulate hypotheses about life. However, a
scientific definition needs to be operational rather than semantic, and the aim of this
book is to describe bioinformatics methods and tools in terms of their ability to help
us solve biological problems. -

Nevertheless, before starting we must address frequently asked questions: “Who
is a bioinformatician?” “What is his or her cultural background?” “Should a bioin-
formatician be proficient in programming or should he or she know biology in
detail?” The confusion arises from the fact that we use the word bioinformatician
to indicate expert users of the available tools as well as developers of new and more
powerful methods. Of course the background in the two cases could and should not
be the same.

In the first case, it is important to have a good biological knowledge to be able
to understand the results of bioinformatics analyses and, at the same time, to write
simple programs. In the second, expertise in statistical methods, algorithms, and
programming and a basic biological knowledge are required. In both cases, though,
it is essential to understand biological problems and methods and the rational basis
of available bioinformatics tools. This is a must if we wish to use them correctly or
improve them.

Therefore, the aim of this book is to describe the rationale and the limitations
of the methods and tools available to the biological community at large. It is directed
to students who want to have an idea about what bioinformatics is before deciding
whether it is worth getting deeper into the subject and to those who, having decided



to pursue a career in experimental biology, want to have a grasp of the methods they
will undoubtedly need during their research.

The questions that we will address concern ways of storing and (more impor-
tantly) retrieving the enormous amount of biological data produced every day (Chap-
ter 1) and the methods to decrypt the information encoded by a genome (Chapter
2), to detect and exploit the evolutionary and functional relationships among bio-
logical elements (Chapters 3, 4, and 5), and to predict the three-dimensional structure
of a protein (Chapters 6, 7, 8, and 9).

Chapter 10 offers a window to what the future holds, although in such a young
and quickly evolving field as bioinformatics, we have learned that it is hard to predict
what will come next, even in the very near future. This is proving to be even more
difficult than predicting the structure and the function of a biological macromolecule!

The future will challenge us with new methodologies for tackling new and old
problems, but some fundamental aspects will not change. We will always need to
apply new methods to the same types of biological data, to implement them effi-
ciently, and, most of all, to be aware of the power and limitations of these methods,
in order to evaluate the meaningfulness of their results and extract information useful
to solving biological problems.

Note: At the end of most chapters is a list of problems. Some of the input data
for the problems can be downloaded in electronic format from the publisher’s Web
site, Www.crcpress.com.
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’l The Data: Storage and
Retrieval

GLOSSARY

c¢DNA: complementary DNA; a DNA molecule obtained by retrotranscribing an
mRNA molecule into DNA

Constraints: restrictions of the possible values taken by a parameter, such as a
distance, an angle, or a solid angle

Data bank/database: collection of information stored in a systematic way that
can be accessed electronically and searched by various parameters

DNA (RNA) polymerase: enzyme responsible for catalyzing the synthesis of a
new molecule of DNA (RNA) using a pre-existing template filament

Electrophoresis: a technique that allows the separation of charged compounds
in an electric field

Entry: element of a database

EST: expressed sequence tags; DNA sequence obtained from the (partial)
sequencing of a cDNA molecule

Hybridization: the process by which two complementary single-strand oligo-
nucleotides associate

Nitrogenous bases: nitrogenous compounds (purines or pyrimidines) found in
nucleosides, nucleotides, and nucleic acids

NMR: nuclear magnetic resonance; a technique that uses the interactions of
nuclei with an external magnetic field to reconstruct their position in space,
hence the structure of the molecule

Primer: RNA or DNA fragment complementary to a portion of the DNA region
to be synthesized by the DNA polymerase

Ramachandran plot: plot that shows the theoretically allowed or experimen-
tally observed combinations of ¢ and y angles in a polypeptide chain

Resolution, R factor, Rfree factor: parameters to evaluate the accuracy of the
reconstruction of a macromolecular structure starting from x-ray diffrac-
tion data

Sequence pattern: a pattern of amino acids deemed to have a functional signif-
icance

SNP: single nucleotide polymorphism; naturally occurring variants that affect a
single nucleotide (A, T, C, or G) in a genome

X-ray crystallography: technique that uses x-ray diffraction for the reconstruc-
tion of the three-dimensional positions of atoms inside molecular crystals



2 Introduction to Bioinformatics

1.1 BASIC PRINCIPLES

Bioinformatics is a relatively young discipline that deals with the storage, retrieval,
and analysis of biological data with informatics tools. Many branches of science use
computers, databases, and algorithms, from weather forecasts to economics, from
physics to linguistics. Each of them treats the data in different ways dictated by the
nature of the data. From this perspective, we could define bioinformatics as the
science that analyzes biological data with computer tools in order to formulate
hypotheses on the processes underlying life.

Despite still being a more qualitative than quantitative science, modern biology
has given bioinformatics a powerful push. Thanks to the development of new rev-
olutionary experimental techniques, biological data have accumulated (and keep
doing so) at an impressive pace. For example, we have available sequences of
hundreds of genomes and data on the expression of thousands of genes in many cell
types, and structural genomics projects are producing thousands of three-dimensional
structures of proteins every year.

In first approximation, we can divide biological data into three main categories:
sequence data, structural data, and functional data. The nature of the data and how
their peculiar characteristics influence the organization of the databases where they
are collected are discussed in this chapter.

A data bank should store data as they have originally been deposited so that
they can be analyzed or reanalyzed with new or improved techniques at any time.
These databases are usually called primary databases.

It is often useful to compute some properties of frequently used data and store
them in different “derived” databases. This avoids the problem of repeating the same
analysis, but it also implies that the derived database needs to be updated every time
the primary data are updated. Ideally, this should happen in real time.

Biological databases contain different types of data, but, by and large, they refer
to the same biological entities (genes or proteins). Therefore, it is essential to have
instruments to connect and integrate the information contained in all biological
databases and to allow the user to navigate easily from one to the other.

In this chapter, we will briefly discuss primary and derived databases as well as
systems to integrate their contents. However, these are not static systems—they
change to fit novel needs or include new types of data when they become available.
Therefore, we will describe the main databases, which are not expected to change
too much (at least in their basic principles). However, the reader should frequently
consult the many available Internet resources that list databases and their develop-
ments, such as the home pages of the NCBI (National Center for Biological Infor-
mation) and of the EBI (European Bioinformatics Institute).

For the same reason, the proposed solutions for the exercises at the end of this
and other chapters can be used today to solve the problems, but they are not
necessarily unique and we cannot guarantee that they remain the fastest route to the
answer even in the near future.



