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Preface

Gazing into crystal balls is beyond the expertise of most scientists. Yet, as
we look further into the 21st century, one does not have to be Nostradamus to
predict that the current genomics and proteomics "revolution" will have an
immense impact on medical bacteriology. This impact is already being real-
ized in many academic departments, and although encroachment on routine
diagnostic bacteriology, particularly in the hospital setting, is likely to occur at
a slower pace, it remains nonetheless inevitable. Therefore, it is important that
no one working in bacteriology should find themselves distanced from these
fundamental developments. The involvement of all clinical bacteriologists is
essential if the significant achievements of genome sequencing and analysis are to
be turned into tangible advances, with resulting benefits for patient care and man-
agement. It is our hope that Genomics, Proteomics, and Clinical Bacteriology:
Methods and Reviews will play a part in bringing such a development to fruition.

The advances in genomics and proteomics have already given us frequent
opportunities to reassess our knowledge and understanding of established bac-
terial adversaries, and have provided us with the means to identify new foes.
The new knowledge gained is enabling us to reconsider, for example, our con-
cepts of bacterial pathogenicity, phylogeny and novel targets for antibacterial
chemotherapy. These topics, and others, are considered in Genomics,
Proteomics, and Clinical Bacteriology: Methods and Reviews.

We have convened a group of internationally renowned authors, all of whom
have prepared state-of-the-art reviews. Although we admit the choice of topics
was influenced by personal interests, we nonetheless believe it to be fairly com-
prehensive. The 16 chapters have been divided loosely into three sections: Prin-
ciples of Bacterial Genomics (Chapters 1-6); Application of Genomics to
Diagnostic Bacteriology (Chapters 7-10); and Interrogating Bacterial Genomes
(Chapters 11-16). We have attempted to make the chapters easy to read, and
hope that they will not be considered esoteric. Throughout this project, our
intention was to create a volume that would be beneficial to everyone working
in medical bacteriology, whatever their background. We also hope it would
serve as a natural successor to our previous volume, Molecular Bacteriology:
Protocols and Clinical Applications, published by Humana Press in 1998.

It has been a fascinating experience editing the volume, and we hope that
our readers will learn as much as we did.

Neil Woodford
Alan Johnson



Contents

Preface
Contributors

PART | PRINCIPLES OF BACTERIAL GENOMICS

1

Bacterial Genomes for the Masses: Relevance to the Clinical
Laboratory

Mark J. Pallen ...

Public Databases: Retrieving and Manipulating Sequences
for Beginners

INEIl WOoOdIOrd ................coooveeeeeeeeeeeeeeeeeeeeeee e

Genome Sequencing and Annotation: An Overview

Makoto Kuroda and Keiichi Hiramatsu ..........................c.cc.u.......

Comparative Genomics: Digging for Data

MaAttREW B. AVISON ...............coeeeeeeiiiiiiiiiiiiiiiiiiieeeeeeeeeeens

Genome Plasticity: Insertion Sequence Elements, Transposons
and Integrons, and DNA Rearrangement

Peter M. Bennett ...................ccooouveeueiiuiiiiiiiiiiiiiiiiiiiieeieeiieeeeeiis

Exploring and Exploiting Bacterial Proteomes

Stuart J. Cordwell ...................coeeeeeiiiiiiiiiiiiiiiiieeeeeeeeeeeen

PART Il AppLICATION OF GENOMICS TO DIAGNOSTIC BACTERIOLOGY

7

10

Molecular Diagnostics: Current Opinions

B. Cherie Millar and John E. Moore ....................ccccovevveeveneniiin...

Molecular Diagnostics: Future Probe-Based Strategies

Peter Marsh and Donald L. N. Cardy ..................cccccovueniecurnnnn..

Real-Time PCR

Nicholas A. Saunders .....................cccoveeeeeeeeeeiiiiiiiiiiiiiiiiiiiiiiiiiiiiin,

Microarrays for Bacterial Typing: Realistic Goal or Holy Grail?

Carola Van ljperen and Nicholas A. Saunders .............................

PART 11l INTERROGATING BACTERIAL GENOMES

11

12

Genomic Approaches to Antibacterial Discovery
David J. Payne, Michael N. Gwynn, David J. Holmes,

and Marty Rosenberg.....................cccccocceiiiiiiiiiiiiiiiiiee

Using the Genome to Understand Pathogenicity

Dawn Field, Jennifer Hughes, and E. Richard Moxon ...................

Vil



viii

13

14

15

16

Contents

Identification of Novel Pathogenicity Genes by PCR Signature-Tagged
Mutagenesis and Related Technologies

Dario E. Lehoux, Francois Sanschagrin, Irena Kukavica-1brulj,

Eric Potvin, and Roger C. Levesque.....................ccccccocueneecucnncenn. 289
Discovering New Pathogens: Culture-Resistant Bacteria
ANAreW J. LAWSON .................ccooeiieeeiiiieeeeeeeeeeeeieeeee e, 305
Exploring the Concept of Clonality in Bacteria
Brian G. SPratt ..............ccccoccovieviniiiniioiiiiniteineeneee e 323

Bacterial Taxonomics: Finding the Wood Through
the Phylogenetic Trees
RODEFTt J. OWEN ... 353



Contributors

MATTHEW B. AvisoN ¢ Department of Biochemistry, University of Bristol,
School of Medical Sciences, Bristol, UK

PETER M. BENNETT ® Department of Pathology and Microbiology, University
of Bristol, School of Medical Sciences, Bristol, UK

DoNALD L. N. CarDpY * British BioCell International, Golden Gate, Cardiff, UK

StuarT J. CORDWELL * Australian Proteome Analysis Facility, Macquarie
University, Sydney, Australia

Dawn FIELD ® Oxford Centre for Ecology and Hydrology, Oxford, UK

MicHAEL N. GWYNN ¢ Department of Microbiology, Microbial,
Musculoskeletal, and Proliferative Diseases Center of Excellence and
Drug Discovery, GlaxoSmithKline, Collegeville, PA

KEenicH1 HIRAMATSU ® Department of Bacteriology, Juntendo University,
Tokyo, Japan

Davip J. HoLMES ® Department of Microbiology, Microbial, Musculoskeletal,
and Proliferative Diseases Center of Excellence and Drug Discovery,
GlaxoSmithKline, Collegeville, PA

JENNIFER HUGHES * Department of Ecology and Evolutionary Biology, Brown
University, Providence, RI

ALAN P. JoHNsON e Antibiotic Resistance Monitoring and Reference Laboratory,
Specialist and Reference Microbiology Division, Health Protection Agency—
Colindale, London, UK

MaxkoTo Kuropa ¢ Department of Bacteriology, Juntendo University, Tokyo,
Japan

IrREna Kukavica-IBruULI ® Centre de Recherche sur la Fonction Structure et
Ingénierie des Protéines, Université Laval, Québec, Canada

ANDREW J. LAWSON * Laboratory of Enteric Pathogens, Specialist and
Reference Microbiology Division, Health Protection Agency—Colindale,
London, UK

Dario E. LEHOUX * Centre de Recherche sur la Fonction Structure et
Ingénierie des Protéines, Université Laval, Québec, Canada

RoGER C. LEVESQUE ¢ Centre de Recherche sur la Fonction Structure et
Ingénierie des Protéines, Université Laval, Québec, Canada

PETER MARSH ¢ Health Protection Agency South East, Southampton
Laboratory, Southampton General Hospital, Southampton, UK

B. CHERIE MILLAR * Northern Ireland Public Health Laboratory, Department
of Bacteriology, Belfast City Hospital, Belfast, Northern Ireland

ix



X Contributors

Jonn E. MOORE * Northern Ireland Public Health Laboratory, Department
of Bacteriology, Belfast City Hospital, Belfast, Northern Ireland

E. RicHARD MoxON * Molecular Infectious Diseases Group, Weatherall
Institute of Molecular Medicine and University of Oxford Department
of Paediatrics, John Radcliffe Hospital, Oxford, UK

ROBERT J. OWEN ® Laboratory of Enteric Pathogens, Specialist and Reference
Microbiology Division, Health Protection Agency—Colindale, London, UK

Magrk J. PALLEN ® Bacterial Pathogenesis and Genomics Unit, Division
of Immunity and Infection, Medical School, University of Birmingham,
Birmingham, UK

DaviD J. PAYNE ® Department of Microbiology, Microbial, Musculoskeletal,
and Proliferative Diseases Center of Excellence and Drug Discovery,
GlaxoSmithKline, Collegeville, PA

Eric Potvin  Centre de Recherche sur la Fonction Structure et Ingénierie
des Protéines, Université Laval, Québec, Canada

MaRrTY ROSENBERG ¢ Department of Microbiology, Microbial, Musculoskeletal,
and Proliferative Diseases, GlaxoSmithKline, Collegeville, PA

FrANCOIS SANSCHAGRIN ® Centre de Recherche sur la Fonction Structure
et Ingénierie des Protéines, Université Laval, Québec, Canada

NicHoLAS A. SAUNDERS * Genomics, Proteomics, and Bioinformatics Unit,
Specialist and Reference Microbiology Division, Health Protection Agency—
Colindale, London, UK

BriaN G. SPRATT ® Department of Infectious Disease Epidemiology, Faculty
of Medicine, Imperial College, St. Mary's Hospital, London, UK

CAROLA VAN DPEREN * Sexually Transmitted and Bloodborne Virus Laboratory,
Specialist and Reference Microbiology Division, Health Protection Agency—
Colindale, London, UK

NEIL WOODFORD * Antibiotic Resistance Monitoring and Reference Laboratory,
Specialist and Reference Microbiology Division, Health Protection Agency—
Colindale, London, UK



