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PREFACE

No sooner had the genomics era begun when a post-genomics era was declared.
Since the beginning of large-scale sequencing, there has been a need for new
approaches and tools for the study of living matter at the molecular level, and par-
ticularly of new hypotheses for progress in biology. There are tremendous expecta-
tions about future benefits of sequencing complete genomes; realistically, however,
much still remains to be done. Indeed, the exploitation of genome information is
still in its infancy and new methodologies may be required to make the most of
them.

Some fundamental questions are: To what extent has large-scale sequencing
increased our knowledge of the properties and functions of species and, in general,
of the structure and function of the genome? What value-adding notions have
emerged since sequencing? How has our knowledge of the molecular basis of bio-
logical processes improved, if at all? What is our capability to perform comparative
genomic studies? What general rules can we derive?

It is well known that advances in comparative biology are based largely on the
concepts of analogy and homology. For this reason, comparative analyses of com-
plete genomes rather than single genes, gene families, or specific genome regions
must be performed. The sequencing of complete genomes from prokaryotes,
eukaryotes, and organelles has aided research on the structure and evolution of the
genome as a unit, as opposed to the previous focus on its components. Hence, the
new discipline of evolutionary genomics is emerging and will make a revolutionary
impact in terms of helping to disclose the linear structure of nucleic acids and pro-
teins, their three-dimensional folding, cytogenetics, gene expression, and regulatory
pathways.

We are persuaded that comparative evolutionary genomics is the key to unrav-
eling the hidden messages of living matter. Our use of genomics includes its expres-
sion and the regulatory mechanisms that are at the basis of all biological processes.
In other words, genomics also includes transcriptomics, proteomics, and other
“omics,” concepts that interconnect and overlap. “Omics” research needs broad
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databases and dynamic technologies capable of facilitating collaborative efforts
across many disciplines, such as biology, chemistry, informatics, mathematics, and
physics.

The ambitious goal of this book is to offer a tool for trained biologists who want
to tackle the new genomic dimension of modern biology. It will also be useful for
technology developers, managers, industries, and funding agencies—in essence
anyone interested in the exciting new applications in this new dimension. We are
aware that the book is a personal vision and because of its extent and complexity,
cannot cover all the literature. Nonetheless, we have tried to highlight milestones,
emerging principles, key methods used, and the most urgent needs of this new field.
Beginning with a description of complete genomes sequenced from living organ-
isms, this handbook pinpoints new concepts emerging from available data. At the
same time we describe the leading methods used to study complete genomes and
their evolution.

In summary, we have written this book as a guide for students and researchers
not necessarily specialized in genomics. It is written for anyone who approaches,
with theoretical and practical aims, this intriguing new chapter of biology—perhaps
already a new discipline. We have organized the book in three parts.

- In Part I we describe the state-of-the-art in molecular knowledge of the main
biological processes achieved with modern biotechnological tools. We intro-
duce recent insights brought about by genome sequencing. In particular, we
summarize the major features of the genomes completely sequenced in
prokaryotes, eukaryotes, and organelles.

« In Part II we illustrate the most recent methodologies used in genomics. We
describe the available experimental and bioinformatics tools with particular
emphasis on molecular biology techniques, biological databases, and computa-
tional methods for the analysis of sequence data.

« Part III contains data derived from comparative studies. We discuss funda-
mental, cutting-edge topics such as the evolution of genome size, base compo-
sitional constraints, and the structure and origin of organisms at the molecular
level. We conclude by addressing recent advances in molecular phylogenetics.
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CHAPTER 1

PROKARYOTES

1.1 INTRODUCTION

While this book is being written, complete sequences of bacterial genomes are being
produced at a rate of about two genomes per month, and the National Center for
Biotechnology Information (NCBI) Web site (see the URL in Table 5.1) reports
about 60 completely sequenced prokaryotic genomes. Data reported in this chapter
refer to the status of completely sequenced genomes, summarized in Table 1.1. Obvi-
ously, by the time you read this book, many more will have been sequenced and
perhaps some of the aspects dealt with could be viewed differently, although we do
not expect dramatic changes in our knowledge unless technology speeds its pace
considerably.

Table 1.1 reports the prokaryotic genomes completely sequenced up to now and
includes such features as species name, EMBL data library accession number, size,
shape, presence of extrachromosomal elements, and bibliographic references. From
a look at this list, one can gain an appreciation of the diverse reasons for promot-
ing the sequencing of one species rather than another. Bacterial species are
sequenced according to their research interest in basic or applied science: their
importance for phylogenetic investigations, to shed light into the metabolic machin-
ery (mainly Archaea) as well as for their importance as human and/or animal
pathogens, and for their role as a source of industrial enzymes. In other words, pri-
ority has been given to species already well known or species presenting attractive
opportunities in applied fields; thus from a phylogenetic point of view, the choice
turns out to be very random.

We know we are at the infancy of the genomic era; despite the fact that com-
pletely sequenced organisms are still tiny in number, they have already turned out
to be full of surprises. In this chapter we summarize the principal sequencing
achievements that have improved our knowledge of the prokaryotic genomes and
have contributed to outlining methods and approaches to be used in such studies.

3
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