A WILEY-
Edited by Michal )anitz @BLACKWELL

Next-Generation
- Genome Sequencing

BTACGGGTCAATGATG
GTACGHGTRAATATG
PTHIRRGRCAARRATS
MATEGAIIBATHITS
RO T




Next-Generation Genome Sequencing

Towards Personalized Medicine

Edited by
Michal Janitz
/%I 2\
i#& ' A
&\' B
L gﬁii?g
N
it TR
BLACKWELL E2009000300

WILEY-VCH Verlag GmbH & Co. KGaA



The Editor

Dr. Michal janitz

Max Planck Institute for
Molecular Genetics
Fabeckstr. 60-62

14195 Berlin

Germany

All books published by Wiley-VCH are carefully
produced. Nevertheless, authors, editors, and
publisher do not warrant the information contained
in these books, including this book, to be free of
errors. Readers are advised to keep in mind that
statements, data, illustrations, procedural details or
other items may inadvertently be inaccurate.

Library of Congress Card No.: applied for

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the
British Library.

Bibliographic information published by

the Deutsche Nationalbibliothek

Die Deutsche Nationalbibliothek lists this
publication in the Deutsche Nationalbibliografie;
detailed bibliographic data are available on the
Internet at http://dnb.d-nb.de.

€1 2008 WILEY-VCH Verlag GmbH & Co. KGaA,
Weinheim

All rights reserved (including those of translation into
other languages). No part of this book may be
reproduced in any form — by photoprinting,
microfilm, or any other means — nor transmitted or
translated into a machine language without written
permission from the publishers. Registered names,
trademarks, etc. used in this book, even when not
specifically marked as such, are not to be considered
unprotected by law.

Composition Thomson Digital, Noida, India
Printing Betz-Druck GmbH, Darmstadt
Bookbinding  Litges & Dopf GmbH, Heppenheim

Printed in the Federal Republic of Germany
Printed on acid-free paper

ISBN: 978-3-527-32090-5



Next-Generation
Genome Sequencing

Edited by
Michal Janitz



Related Titles

Dehmer, M., Emmert-Streib, F. (eds.)

Analysis of Microarray Data
2008
ISBN: 978-3-527-31822-3

Helms, V.

Principles of Computational Cell Biology
2008
ISBN: 978-3-527-31555-1

Knudsen, S.

Cancer Diagnostics with DNA Microarrays
2006
ISBN: 978-0-471-78407-4

Sensen, C. W. (ed.)

Handbook of Genome Researchs
Genomics, Proteomics, Metabolomics, Bioinformatics, Ethical and Legal Issues

2005
ISBN: 978-3-527-31348-8



Preface

The development of the rapid DNA sequencing method by Fred Sanger and co-
workers 30 years ago initiated the process of deciphering genes and eventually entire
genomes. The rapidly growing demand for throughput, with the ultimate goal of
deciphering the human genome, led to substantial improvements in the technique
and was exemplified in automated capillary electrophoresis. Until recently, genome
sequencing was performed in large sequencing centers with high automation and
many personnel. Even when DNA sequencing reached the industrial scale, it still
cost $10 million and 10 years to generate a draft of the human genome. With the
price so high, population-based phenotype-genotype linkage studies were small in
scale, and it was hard to translate research into statistically robust conclusions. As a
consequence, most presumed associations between diseases and particular genes
have not stood up to scientific scrutiny. The commercialization of the first massive
parallel pyrosequencing technique in 2004 created the first opportunity for the cost-
effective and rapid deciphering of virtually any genome. Shortly thereafter, other
vendors entered the market, bringing with them a vision of sequencing the human
genome for only $1000.

This is the topic of this book. We hope to provide the reader with a comprehensive
overview of next-generation sequencing (NGS) techniques and highlight their
impact on genome research, human health, and the social perception of genetics.

There is no clear definition of next-generation sequencing. There are, however,
several features that distinguish NGS platforms from conventional capillary-based
sequencing. First, it has the ability to generate millions of sequence reads rather
than only 96 at a time. This process allows the sequencing of an entire bacterial
genome within hours or of the Drosophila melanogaster genome within days instead
of months. Furthermore, conventional vector-based cloning, typical in capillary
sequencing, became obsolete and was replaced by direct subjecting of fragmented,
and usually, amplified DNA for sequencing. Another distinctive feature of NGS are
the sequenced products themselves, which are short-length reads between 30 and
400 bp. The limited read length has substantial impact on certain NGS applications,
for instance, de novo sequencing. The following chapters will present several inno-
vative approaches, which will combine the obvious advantages of NGS, such as
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throughput and simplified template preparation, with novel challenging features in
terms of short read assembly and large sequencing data storage and processing.

This book arose from the recognition of the need to understand next-generation
sequencing techniques and their role in future genome research by the broad
scientific community. The chapters have been written by the researchers and
inventors who participated in the development and applications of NGS technolo-
gies. The first chapter of the book contains an excellent overview on Sanger DNA
sequencing, which still remains the gold standard in life sciences. The second and
fourth parts of the book describe the commercially available and emerging sequen-
cing platforms, respectively. The third part consists of two chapters highlighting the
bottlenecks in the current sequencing: data storage and processing. Once the NGS
techniques became available, an unprecedented explosion of applications could be
observed. The fifth part of this book provides the reader with the insight into the
ever-increasing NGS applications in genome research. Some of these applications
are enhancements of existing techniques. Many others are unique to next-generation
sequencing marked by its robustness and cost effectiveness, with the prominent
example of paleogenomics.

The versatility and robustness of the NGS techniques in studying genes in the
context of the entire genome surprised many scientists, including myself. We know
that the processes that cause most diseases are not the result of a single genetic
failure. Instead, they involve the interaction of hundreds if not thousands of genes.
In the past, geneticists have concentrated on genes that have large individual effects
when they go wrong, because those effects are so easy to spot. However, combina-
tions of genes that are not individually significant may also be important. It has
become evident that next-generation sequencing techniques, together with systems
biology approaches, could elucidate the complex dependences of regulatory net-
works not only on the level of a single cell or tissue but also on the level of the whole
organism.

We hope that this book will enrich the understanding of the dramatic changes
in genome exploration and its impact not only on research itself but also on many
aspects of our life, including healthcare policy, medical diagnostics, and treat-
ment. The best example comes from the field of consumer genomics. Consumer
genomics promises to inform people of their risks of developing ailments such as
heart disease or cancer; it can even advise its customers how much coffee they can
safely drink. This information is retrieved from the correlation of the single
nucleotide polymorphism (SNP) pattern of the individual with the SNP haplotype
linked to a particular disease. Recent public discussions on the challenges posed
by the availability of personal genome information have revealed a new perception
of genomic information and its uses. For the first time, a desire to understand the
genome has become important and relevant to people outside of the scientific
community. In addition to the benefits of having access to genetic information,
the ethical and legal risks of making this information available are emerging. The
last part of the book introduces the reader to the debate, which will only intensify
in the years to come.



Preface

In conclusion, I would like to express my sincere gratitude to all of the contribu-
tors for their extraordinary effort to present these fascinating technologies and their
applications in genome exploration in such a clear and comprehensive way. I also
extend my thanks to Professor Hans Lehrach for his constant support.

Berlin, July 2008 Michal Janitz
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