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Organism Gene name Example Mutant allele Example Protein name Example
Bacteria Three lowercase recA Same as gene recA11 Same as gene RecA
letters, followed by name, followed by name except first
upper case letter, allele number (can letter is upper case
all italicized have non-integer and gene name is
allele designations not italicized
such as ‘am’ or
‘ts’ for amber- and
temperature-
sensitive mutants,
respectively)
Saccharomyces Letters (all URA3 Same as gene name  ura3-52 Uppercase first Ura3
cerevisiae uppercase followed by a hyphen letter, followed by
if dominant, and an Arabic lowercase letters
all lowercase number (can have and number, not
if recessive) additional information italicized
i followed by an about how mutant
Arabic number, all was generated)
italicized
Schizosaccharomyces  Three lowercase cdc2* Same as gene name, cdc2-5 Same as gene Cdc2
pombe letters followed followed by allele name except first
by a number and number (but no letter is uppercase
superscript +, all superscript +) and gene name is
italicized not italicized
Caenorhabditis Three to four dpy-5 Same as gene name,  dpy-5(e61) Same as gene DPY-5
elegans lowercase letters, followed by an allele name except all
followed by a name (one or two uppercase letters
hyphen and letters followed and gene name is
a number, all by a number) in not italicized
italicized parentheses
Drosophila Can be any word dacapo (dap) Same as gene dacapo®, Same as gene Dacapo
melanogaster lowercase italicized name followed dacapoP name except first
(most genes also by a superscript letter is uppercase
have a shorter number(s) or letter(s) and gene name is
unique symbol) (for dominant not italicized
mutants, the gene
name is followed by
a superscript D)
Mus musculus Usually three to five — Grid2 Same as the gene Grid2" Same as gene GRID2
letters and Arabic with the original name except all
numbers (maximum mutant symbol uppercase letters
ten characters) added as a and.gene name is
begin with an superscript to the not italicized
uppercase letter gene symbol
(not a number),
followed by
lowercase letters
and numbers, all
italicized
Homo sapiens Maximum six ATM Sequence variants €.1636C4G Same as gene ATM  ~*

characters: all
uppercase letters
or by a combination
of uppercase
letters and Arabic
numbers, all
italicized

are described by the
specific sequence
change in the DNA
with sequence
change, insertion,
and deletions
having specific
nomenclature

(p.Leu546-Val)
(this example
corresponds
toaCtoG
change at
position 1636 of
the ATM coding
sequence

name except not
italicized

Nomenclature table. Note that the names of some genes and proteins that have become accepted in the literature, such as the human Rb and p53

proteins, do not follow the conventions listed in this table.
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A new approach to molecular biology for the twenty-first century

Molecular Biology: Principles of Genome Function offers a fresh, distinctive
approach to the teaching of molecular biology. It is an approach that reflects the
challenge of teaching a subject that is in many ways unrecognizable from the
~ molecular biology of the twentieth century - a discipline in which our under-
‘standing has advanced immeasurably, but about which many intriguing ques-
tions remain to be answered. Among the students being taught today are the
molecular biologists of tomorrow; these individuals will be in a position to ask
fascinating questions about fields whose complexity and sophistication become
more apparent with each year that passes.

We have written the book with several guiding themes in mind, all of which focus
on providing a faithful depiction of molecular biology in the twenty-first century,
and on communicating this reality to students in a way that will engage and moti-
vate, rather than overwhelm and intimidate.

A focus on the underlying principles

Arguably one of the biggest challenges facing instructors and students of molecu-
lar biology today is the vast amount of information encapsulated by the field. It is
impossible for an instructor to convey every last detail (and equally impossible
for students to absorb everything that there is to know). Indeed, we believe that,
in order to understand the main concepts of molecular biology and to appreci-
ate their exquisite complexity, it is not necessary to delve into every fine detail.
Therefore, our approach focuses on communicating the principles of the subject.

We believe it is better for students to truly understand the foundational principles
rather than simply learn a series of facts. To this end, we do not try to be exhaus-
tive in our coverage. In the digital age in which we live, it is easier than ever before
for students to gather a vast amount of information on a particular topic of inter-
est. This information is of little value, however, if the student lacks a conceptual
framework within which to make sense of all the information to which they are
exposed.

By focusing on key principles, we seek to equip students with a conceptual frame-
work, which we believe will be invaluable to them during their later careers.

An emphasis on commonalities

Until relatively recently, much more was known about the molecular components
and processes of bacterial systems than of their archaeal and eukaryotic coun-
terparts. In recent years, however, our understanding of archaeal and eukaryotic
systems has increased enormously. With this increased understanding has come
the realization that bacterial, archaeal, and eukaryotic systems exhibit many
commonalities - commonalities that point to the common ancestry of the three
kingdoms of life.
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Throughout this book, therefore, our emphasis is on the common features of bac-
terial, archaeal, and eukaryotic systems. Differences do exist, of course - an inevi-
table outcome of evolutionary processes generating biological diversity. However,
we have strived where possible to present a single view of key topics based on
conserved processes and components. We have then discussed key differences
between bacterial processes and their archaeal and eukaryotic counterparts
where they exist, and where they have helped to further our understanding.

We recognize that some may feel that the processes occurring in bacteria, and in
eukaryotes and archaea, are best taught separately. However, our focus on prin-
ciples - and on constructing an overarching conceptual framework - leads us
strongly to believe that an emphasis on commonalities is a valuable educational
approach.

Integration of key themes and concepts

One of the most startling realizations of recent years has been the widespread
importance of certain molecular phenomena, such as chromatin modification, or
RNA silencing, which have impacts on genome function in ways far more diverse
than had previously been recognized. Rather than examining each of these phe-
nomena in isolation, our approach reflects their diverse impacts by presenting
them in the various contexts in which they function. Therefore, you will not see a
separate chapter on such topics; instead, the impact of these basic processes on
genome function is woven throughout the book.

Similarly, while many books deliberately separate the regulatory control of basic
processes from the processes themselves, we have chosen to put them together.
As more is learned about how regulation takes place, it becomes increasingly
apparent that regulation is typically nothing more than the alteration of the core
process, so that an alternative, but related, pathway is chosen. Regulation simply
acts on the core mechanistic features of the process, and so it makes sense to pres-
ent them side by side.

We believe this overall approach reflects the reality of molecular biology, and
helps students to appreciate molecular biology as a unified discipline, with many
components and phenomena acting in concert, rather than as a series of isolated
topics.

A demonstration of how we know what we know

At heart, molecular biology is an experimental science. Our understanding of
the field is increased through the accumulation of experimental evidence, which
leads to the gradual emergence of key ideas and paradigms. Therefore, a.cen-
tral element to the understanding of molecular biology is an appreciation of the
approaches taken to yield the information from which concepts and principles
are deduced.

However, as instructors, we face a potential conflict: a mass of experimental evi-
dence can often be overwhelming for students, and can make it more challenging
for them to grasp the central ideas and paradigms that the experimental evidence
has allowed us to elucidate. On the other hand, ignoring the experimental evi-
dence deprives students from fully understanding the fundamental aspects of
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molecular biology (and, indeed, of science in general). In response to this seem-
ing conflict, our approach has been for the main body of the text to focus on the
communication of key concepts, free from the layer of complexity that experi-
mental evidence might introduce.

The ‘experimental approach’ panels

In recognizing the central importance of experimental evidence to furthering our
understanding of molecular biology, we have complemented our coverage of key
concepts in the main body of the text with separate panels entitled ‘Experimental

_ approach; which branch off from the text in a clearly signposted way. These panels
‘describe pieces of research that have been undertaken and which have been par-
ticularly valuable in elucidating difference aspects of molecular biology.

Importantly, experimental research represents an ongoing journey of discovery,
where the experimental approaches adopted develop as much as our under-
standing of the field. Uniquely, therefore, the experimental approach panels pres-
ent, wherever possible, two approaches - one ‘classic’ and one ‘contemporary.
Although all approaches have revealed valuable insights, regardless of whether
they could be considered classic or contemporary, we believe that coupling the
approaches in this way has additional educational value in terms of showing how
both experimentation and the knowledge gained from such experimentation can
evolve with time.

In addition to the experimental approach panels, further support for encouraging
students to engage with experimental evidence is provided by an online Journal
Club, as described more fully below.

The methods used in molecular biology

Many of the experimental approach panels (and the research work featured in
the Journal Club papers) draw on certain laboratory techniques, which are used
in different contexts throughout molecular biology research. The final chapter
of this book, ‘Tools and techniques in molecular biology, provides an overview
of the basic techniques that are exploited during the course of much experi-
mental work in molecular biology. Rather than describing general methods in
detail within the experimental approach panels, we have directed the reader to
appropriate coverage in Chapter 16, where they can learn more about the meth-
odological tools that are at a molecular biologist’s disposal, and how these tools
work and what they can tell us.

NLC

OCF

RG

CWG

GS

CwW

Baltimore, Maryland, July 2010



Beyond the overall approach adopted in writing this book, which we believe will
make it a valuable teaching and learning resource, it includes a number of other
features to help students get the most out of their molecular biology studies.

The experimental approach panels

As noted previously, molecular biology is an experimental science. To help you
gain an understanding of how some of the key molecular processes and compo-
nents described in this book were characterized, without overburdening the main
text with lots of experimental detail, virtually every chapter features ‘experimental
approach’ panels. These panels describe pieces of research that have been under-
taken, and which have been particularly valuable in elucidating different aspects
of molecular biology.

Further reading

Each chapter ends with a list of further reading materials, typically review articles,
which we feel would make a good next step when looking to explore in more detail
the topics covered in the book. Each further reading list is divided into chapter
sections, to help you pinpoint articles that are of relevance to the particular topic
you are interested in.

Glossary

Molecular biology, like many scientific disciplines, has its own particular vocabu-
lary, and descriptions of molecular processes and procedures feature terms that
may at first glance be unfamiliar. We have compiled an extensive glossary of all of
the key terms featured in the book; we hope this will be of value as you master the
language of the subject.

Cross-references

As we note previously, molecular biology comprises a range of interconnected
topics, not a series of discrete, isolated ones. To help you make the connection
between the topics presented in the book, and see how these topics come together
to give a rounded picture of molecular biology, each chapter features numerous
cross-references to other chapters in the book.

PDB codes

Many of the molecular structures that appear throughout this book have been
generated from data deposited in the Protein Databank (PDB). Each entry in the
PDB is assigned a unique code; this code can be used to retrieve the data related
to the entry in question, which often includes crystallographic data, and onscreen
renderings of molecular structures in three dimensions. The PDB codes relating
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to many of the molecular structures in the book are given in the relevant figure
legends. Visit the PDB website (http://www.rcsb.org/pdb/home/home.do) and
enter the PDB codes related to molecules of interest to retrieve data related to
those molecules for yourself.

Online Resource Center

Molecular Biology: Principles of Genome Function does not end with this printed
book. Instead, additional resources for both instructors and their students are
available in the book’s Online Resource Center.

Go to http://www.oxfordtextbooks.co.uk/orc/craig/
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Figures from the book are available to download, for use in lectures.

Journal Club

Most chapters in the book are accompanied by an online Journal Club, which
features suggested research papers and discussion questions linked to topics fea-
tured in the chapters. Understanding the details presented in primary literature -
articles can often be challenging; the purpose of the Journal Club is to guide stu-
dents through some selected papers in a structured way, to build their confidence
in reading and critically evaluating the work of others.

For students

New and noteworthy

This is a note of key highlights from the field of molecular biology since the book’s
publication, and is updated for the start of each semester.



Many people made this textbook possible thanks to their advice and support.
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Jonathan Crowe at Oxford University Press who ushered us across the finish line
by providing superb editorial advice, while teaching us how to work ever more
effectively. He made outstanding contributions to the writing and organization
of this book, and we are grateful for his efforts in helping us bring this project to
completion.

We also benefited from assistance by Philip Meneely (Haverford College) and
Brendan Cormack (Johns Hopkins School of Medicine), who helped to write and
commented on multiple sections.

Our work was supported by many others. Matthew McClements is responsible
for the beautiful illustrations while Lore Leighton did the graphics rendering of
macromolecules. At New Science Press, Karen Freeland, Joanna Miles, and Gina
Lyons helped to keep us on track and organized despite ourselves, while Eleanor
Lawrence and Matthew Day lent their excellent editing skills to the project. At
Oxford University Press, Bethan Lee and Marionne Cronin provided organiza-
tional and editorial support, while Lotika Singha did an excellent job of copy edit-
ing. Our administrative assistants, particularly Patti Kodeck, helped to organize
our meetings and carve out time for us to work on the book.

Our colleagues at Johns Hopkins and at the National Institutes of Health were
generous, answering innumerable questions and providing comments on the text
and figures. We are also grateful to the scientists outside our respective institu-
tions for responding to our many emails and phone calls asking for information
and clarifications. We owe special thanks to our students, postdoctoral fellows
and laboratory staff, who gladly provided us with input while being patient when
the writing took us away from the laboratory.

We extend our most profound thanks to our families for their support and
encouragement throughout this project, which took far more time and work
than any of us had imagined. We are grateful to our children, Rachel and Joshua
Adams, Charles and Gwendolyn Comfort, Eric, Toby and Noel Cormack, Tal and
Jonathan Fix, and Ella, Toby, and Felix Wu for their forbearance. We especially
thank our spouses, Jeffrey Adams, Nathaniel Comfort, Brendan Cormack, Alan
Fix, Helen Lee McComas, and Carl Wu, for cheering us on while picking up the
slack at home.

The authors and publisher extend their sincere thanks to the following individuals
whose constructive comments improved the drafts of this book immeasurably.
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