Preface

E

of modern science. The publication of On the Origin of Species, by Charles Darwin in 1859, changed forever the
way that people view life on our small planet. Over the 150 years since, the study
of evolution has itself evolved, taking a quantum leap in the past 20 years through the
exciting discoveries that have occurred at the interface of molecular and evolutionary
biology. The powerful tools available through the use of molecular markers, genome
sequences, and genetic manipulation have provided extraordinary insights into how
evolution works. In addition, a fascinating new realm of natural history has opened up,
revealing a remarkable variety of molecular adaptations and an array of fundamental
molecular mechanisms that are unexpectedly conserved
throughout the living world.
Yet, these remarkable developments are scarcely reflected in the way that evolutionary biology is taught. Recent
advances in topics such as molecular evolution and developmental evolution are often relegated to minor chapters
in other textbooks. Our aim here is to integrate these and
other modern breakthroughs into a complete evolutionary
perspective that forms the central theme of the book.
Fundamental principles are illustrated repeatedly across
all levels of organization (from molecular to organismal)
and the entire diversity of life (from microbial to human).
We illustrate the basics of natural selection using in vitro
selection on RNA molecules and using the Galapagos finches (Chapter 17). We show how selection can be measured in
laboratory populations of yeast and in natural populations
of deer (Chapter 19). We illustrate evolutionary optimization using mating behavior in dung flies and metabolic flux
in Escherichia coli, and we illustrate evolutionary games using production of toxins by
bacteria and mating behavior in lizards (Chapter 20). We show how evolutionary conflicts occur between transposable elements and their host genomes and also between
bees in a hive (Chapter 21).
The interdisciplinary approach that we adopt will be valuable to students from a
whole-organism background (the majority of students now taking evolution courses),
because it will widen their perspective on the scope of evolutionary biology and show
them the new methods that are so important in current research. The integration of
molecular and evolutionary biology also will be attractive to students whose background and interests are primarily molecular and to faculty in molecular biology
departments who develop modern evolution courses.
VOLUTIONARY BIOLOGY IS ONE OF THE CORNERSTONES
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Structure of the Book
The book is divided into four parts. In Part I, we summarize the history of evolutionary
and molecular biology and the evidence for evolution by natural selection. As well as
giving a historical overview, this provides a compact summary of our current understanding, which guides the reader through the rest of the book. Part II describes the origin and diversification of life, including biochemical as well as morphological complexity, and gives a balanced treatment of bacterial, archaeal, and eukaryotic diversity. This
section includes some of the most exciting recent discoveries in biology, such as the
identification and characterization of particular genes and genetic pathways that play
key roles in the development of plants and animals. In Part III, we explain the fundamental processes of evolution: mutation, random drift, recombination, gene flow, and,
most importantly, natural selection. We then bring this understanding of the evolutionary process to bear on major questions: Why do organisms age? How can conflicts
between organisms be resolved? How do new species originate? Why is sexual reproduction widespread? How do novelties evolve? In the final two chapters (Part IV), we
turn to our own species, describing our evolutionary history and discussing the implications of evolution for humanity today.
This book provides the basis for a full course on evolutionary biology: building from
a historical overview of evolutionary and molecular biology, through an account of the
origin and diversification of life, to an explanation of the processes of evolution and how
they interact, and ending with a discussion of human evolution. Parts of the book can
also be used as a text for smaller courses.
•

Chapters 1–3 give a concise overview of the subject.

•

Part II provides material for a course on the origin and diversity of life. More specifically, Chapters 5–8 form the foundation for a course on microbial evolution.

•

Part III treats the topics found in standard texts on the processes of evolution but with
a strong molecular emphasis. Ideally, this would follow from a course based on Part II.

•

Chapters 14, 17, 19, and 26 provide a course in quantitative genetics that goes further, and is more up-to-date, than any other textbook at this level.

Web Resources
Our book is accompanied by an extensive Web site, which will be especially valuable for
instructors and advanced students.
•

Many of the illustrations and tables are available in a form that can be used in teaching.

•

The glossary, which is included in the printed book, is also available online. All glossary terms are highlighted in bold at their first appearance within a chapter. The
glossary possesses a search function.

•

Each chapter is accompanied by discussion topics, which will allow the student to
review ideas and should stimulate further thought.

•

Chapters in Part III are accompanied by problems. It is important that the student
work through these, so as to reinforce the quantitative material in these chapters.
Some of the problems are more advanced and will require knowledge of the material in the online chapters (see next bullet).

•

The main text describes the basics of quantitative and population genetics. The Web
site includes two supplementary chapters, which allow students to build on the
basics and explore more quantitative aspects of the subject. Chapter 27 explains

P R E FA C E

methods for inferring phylogenetic relationships, and Chapter 28 shows how the
evolutionary process can be modeled. (These chapters are not indexed, but they can
be searched, and are accompanied by Web Notes, as explained below.)

Exploring the Literature
It is important that the reader can use this book as a platform to explore the literature
of evolutionary biology. The success of science depends on being able to trace the evidence and arguments that support each statement and on this web of knowledge being
open to all. We have not cluttered the main text with references to our sources, but have
provided several routes into the literature. At the most basic level, each chapter ends
with a Further Reading section, which lists reviews that cover the material. On the Web
site, we include a section that describes the most useful journals in the field and
explains how online databases such as the ISI Web of Knowledge and Google Scholar
can best be used to search the literature. Each section of the book is accompanied by
Web Notes, which give the primary sources for the material in the main text and
expand on some points. Together, the Web resources make it straightforward for the
reader to go beyond the introduction that we provide in the main text and to explore
the subject in depth.
Evolutionary biology is an active and thriving field. Much is well established, but
there are many open questions, and new discoveries are continually opening up new
questions, which are highlighted throughout the book. We aim to set out clearly what is
known, but also to lay out the evidence and arguments upon which this knowledge is
based and to show how we can set about answering new questions. Our book is unique
in integrating molecular biology with evolutionary biology—an approach that reflects
the convergence of these fields in recent years.

Acknowledgments
First, we would like to thank Jim Watson, who conceived the idea of a textbook that
would integrate molecular and evolutionary biology. Cold Spring Harbor Laboratory
Press has given outstanding support to the project throughout its long gestation: John
Inglis and Alex Gann, in particular, showed exceptional skill in guiding their sometimes
troublesome authors through to completion of the book. During the development and
production of the book, Michael Zierler, Judy Cuddihy, and Hans Neuhart have shaped
the writing and artwork into a coherent and attractive text. We also thank Jan Argentine,
Elizabeth Powers, Maryliz Dickerson, Carol Brown, Mary Cozza, Maria Fairchild, Nora
McInerny, Denise Weiss, Susan Schaefer, and Kathleen Bubbeo for their help throughout production of the book. Thanks are also due to Mila Pollock, Director of Cold
Spring Harbor Laboratory Library and Archives and her staff, especially Clare Clark,
Gail Sherman, Claudia Zago, and Rhonda Veros.
We have received invaluable comments on draft chapters from our colleagues, whose
efforts in correcting our errors and improving our writing were much appreciated. We
thank Peter Andolfatto, Maria-Inés Benito, Brian and Deborah Charlesworth, Satoshi
Chiba, Nick Colegrave, Jerry Coyne, Angus Davison, Laura Eisen, Michael Eisen, Andy
Gardner, Paul Glenn, Ilkka Hanski, Amber Hartman, Bill Hill, Holly Huse, Saul
Jacobson, Chris Jiggins, Mark Kirkpatrick, John Logsdon, Hanna Miedema, Erling
Norrby, Josephine Pemberton, Mihai Pop, Rosie Redfield, Jay Rehm, Jeffrey Robinson,
Denis Roze, Michael Turelli, Craig Venter, Peter Visscher, Naomi Ward, Stu West, and
Merry Youle. We also thank the librarians at the Darwin and New College Libraries at
the University of Edinburgh for their assistance.

xiii

xiv

P R E FA C E

We would also like to thank the reviewers who gave detailed and helpful comments
on early drafts of the book: Tiffany M. Doan, David H.A. Fitch, Joerg Graf, Rick
Grosberg, Thomas Hansen, Kevin Higgins, Trenton W. Holliday, Robert A. Krebs, David
C. Lahti, Richard E. Lenski, Michael P. Lombardo, James Mallet, Jennifer B.H. Martiny,
Rachel J. Waugh O’Neill, Kevin J. Peterson, Michael Petraglia, Ray Pierotti, Richard
Preziosi, David Raubenheimer, Mark D. Rausher, Gary D. Schnell, Eric P. Scully, David
Smith, Steve Tilley, Martin Tracey, John R. Wakeley, and Susan Wessler.
Finally, we are all immensely grateful to our friends and families who provided us
with such strong support, despite our frequent absences and distractions.

Nicholas H. Barton
Derek E.G. Briggs
Jonathan A. Eisen
David B. Goldstein
Nipam H. Patel

