
PLANETARY SYSTEMS AND THE ORIGINS OF LIFE

Several major breakthroughs in the last decade have helped to contribute to the
emerging field of astrobiology. These have ranged from the study of micro-
organisms, which have adapted to living in extreme environments on Earth, to
the discovery of over 200 planets orbiting around other stars, and the ambitious
programs for the robotic exploration of Mars and other bodies in our Solar System.
Focusing on these developments, this book explores some of the most exciting and
important problems in this field.

Beginning with how planetary systems are discovered, the text examines how
these systems formed, and how water and the biomolecules necessary for life
were produced. It then focuses on how life may have originated and evolved
on Earth. Building on these two themes, the final section takes the reader on an
exploration for life elsewhere in the Solar System. It presents the latest results
of missions to Mars and Titan, and explores the possibilities for life in the ice-
covered ocean of Europa. Colour versions of some of the figures are available at
www.cambridge.org/9780521875486.

This interdisciplinary book is a fascinating resource for students and researchers
in subjects in astrophysics, planetary science, geosciences, biochemistry, and
evolutionary biology. It will provide any scientifically literate reader with an
enjoyable overview of this exciting field.
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Preface

The inspiration for this book arises from the creation of the Origins Institute
(OI) at McMaster University, which formally started operating in July 2004.
Many of the greatest questions that face twenty-first century scientists are
interrelated in fundamental ways. The OI was established to address several
of these major interdisciplinary questions from within a broad framework of
‘origins’ themes: space-time, elements, structure in the cosmos, life, species, and
humanity.

The origin of life has a privileged position in this great sweep of scientific
endeavour and ideas. It addresses, arguably, the most surprising and most
fundamental transition to have arisen during the entire evolution of the universe,
namely, the transformation of collections of molecules from the inanimate to
animate realm. Substantial progress in solving this great problem has been achieved
relatively recently but may be traced back to ideas first proposed by Darwin. The
great excitement in our era is the realization that physical properties of planetary
systems play an important role in setting the stage for life, and that microbial life,
on Earth at least, is incredibly robust and has adapted itself to surprisingly ‘extreme’
conditions. Progress can be traced to four scientific revolutions that have occurred
over the last two decades:

(i) the discovery, since 1995, of over 200 extrasolar planets (one which is only 7.5 times
more massive than the Earth) around other stars and the possibility that at least a few
of these systems may harbour life-sustaining planets;

(ii) the discovery of extremophile microorganisms on Earth that have adapted to conditions
of extreme temperatures, acidity, salinity, etc., which considerably broadens the range
of habitats where we might hope to find life on other planets in our solar system and
other planetary systems;

(iii) the rapid advances in genome sequencing that enable comparative analysis of large
numbers of organisms at the whole genome level, thereby enabling the study of
evolutionary relationships on the earliest branches of the tree of life; and
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xvi Preface

(iv) the enormous efforts being made by National Aeronautics and Space Agency (NASA)
and European Space Agency (ESA) (and, more recently, the Canadian Space Agency
(CSA)) to send robotic probes to search for water, biomolecules, and life on Mars and
Titan and possibly the ice-covered, oceanic moon of Jupiter – Europa.

These are some of the major drivers of the emergent science of astrobiology
and were the central themes explored during the two-week conference and
workshop sponsored by the OI and held at McMaster University in Hamilton,
Ontario, Canada, on 24 May–4 June 2005. Our conference featured invited review
lectures as well as invited and contributed talks from many of the international
leaders in the field (for a full list, please consult the conference internet site at
http://origins.mcmaster.ca/astrobiology/).

How to use this book – a user’s manual

The chapters of this book are derived from invited, one-hour review talks, as well as
a few invited shorter talks, given at the conference. These constitute an outstanding
set of lectures delivered by masters of fields such as planetary science, evolutionary
biology, and the interdisciplinary links between the two. One of our major goals
was to create a volume that would be useful for teaching an interdisciplinary
audience at the level of senior undergraduate or junior graduate students. Our intent
was to capture the exciting interdisciplinary research atmosphere that attendees
experienced at the conference and, thereby, create a volume that is an excellent
resource for research. The OI plans to use this volume for a third year undergraduate
course about the origins of life, which will be offered for the first time in 2006.
The authors were all aware of these two aspects of the book as they prepared
their manuscripts. To accommodate and educate a broad interdisciplinary audience,
we have tried to ensure that technical jargon is kept to a minimum without
compromising scientific accuracy and a clear analysis of the important principles
and latest results at an advanced scientific level.

The editors made every effort to keep the authors of individual chapters informed
of the content of related chapters. All of the chapters in this book were peer
reviewed by arm’s-length experts in relevant fields. In addition to receiving useful
referee reports, the authors also received comprehensive comments from the editors
designed to help integrate their chapters with other related chapters. We hoped by
these means to create an integrated book of the highest scientific standard and
not just a collection of unrelated review talks that are typical of many conference
proceedings. The users of this book will be the ultimate judges of how well we
succeeded in attaining this goal.

There are three parts of this book. The first takes the reader from the domain of
planetary systems and how they are formed, through the origins of biomolecules
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Preface xvii

and water and their delivery to terrestrial planets. It then focuses on general
questions about how the genetic code may have appeared and how the first cells
were assembled. These chapters marshal general arguments about the possible
universality of basic processes that lead to the appearance of life, perhaps on planets
around most stars in our Galaxy and others.

The second part – life on Earth – begins with an exploration of microbial life on
our planet and how it has adapted to extreme environments. These are analogous to
environments that will be explored on Mars and other worlds in the Solar System.
The part then moves on to the results of genomics – as exploited by phylogenetic
methods. This allows us to explore the interrelationships of organisms to try to
create a tree of life. This is central to efforts designed to address what the earliest
organisms might have been like, and two chapters are devoted to such issues. This
part then moves on to explore ideas on how metazoans originated approximately
560 million years ago.

The topic of the final part of the book – the search for life in the Solar System –
constitutes a synthesis of those from the first two parts and lies at the heart of
modern ‘astrobiology’. Its four chapters review the latest results on the physical
environments and the search for life in the Solar System, specifically on Mars,
Titan, and Europa.
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