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Preface to the Second Edition

Three exciting years have elapsed since publication of the first edition of Genomes. Draft sequences have
appeared for the fruit fly, Arabidopsis and human genomes, and prokaryotic genome sequences are now
published at the rate of two or three per month. Experimental techniques for studying the transcriptome
and proteome have begun to mature and are providing novel insights into genome expression. And as well
as these new directions, the genome expression and replication processes continue to be described in ever-
increasing detail. All of these advances have been incorporated into this second edition of Genomes. The
human genome is now the central feature of Chapter 1, followed immediately by a survey of the physical
and genetic organizations of genomes in general, with Part 1 completed by an overview of the transcrip-
tome and proteome. Part 2, on the methods used to study the genome, has been supplemented by the addi-
tion of an entirely new chapter on cloning techniques and PCR, which were interspersed in a rather
unsatisfactory manner throughout the first edition. The chapters on sequencing and functional analysis
have been updated and extended to reflect changes in technology since 1999. Part 3, describing genome
expression, has been given a thorough update, as has Part 4 on genome replication and evolution. A num-
ber of readers commented on how up-to-date the first edition of Genomes was, and I hope that I have been
able to retain this quality in the new edition.

Other changes have been designed to make the book more user friendly. The reorganization of material
in Part 1 gives a more gentle introduction for students who are encountering molecular biology for the first
time, and each chapter now ends with a series of study aids that I hope will be useful both as a guide to
revision and in directing supplementary tutorial work. I have also prefaced each chapter with a set of learn-
ing outcomes, these being perhaps the most useful of the teaching innovations forced on UK universities by
the quality-assessment initiatives of recent years.

I would like to say a general thank you to the many people who have been kind enough to send me com-
ments and suggestions for the second edition of Genomes. I hope that you will recognize the changes, large
and small, that I have made in response to your feedback. Also I thank Jonathan Ray and Simon Watkins of
BIOS for the tremendous support that they provided when I was writing Genomes, and Sarah Carlson and
Helen Barham for ensuring that the production phase was not a stressful experience. Finally, this second
edition of Genomes would not have appeared without the support of my wife, Keri. In the Acknowledge-
ments to the First Edition I wrote, ‘if you find this book useful then you should thank Keri, not me, because
she is the one who ensured that it was written’, and I am pleased that one or two people actually took me
up on this.

T.A. Brown
Manchester



Pre“»fa(‘;me tp /thew First Edition

Genomes attempts to bring a fresh approach to the teaching of undergraduate molecular biology. It starts
with the premise that the syllabus for a university course in molecular biology should reflect the major
research issues of the new millennium rather than those topics that were in vogue during the 1970s and
1980s. The book is therefore centered on genomes, not genes, in recognition of the fact that today’s molec-
ular biology is driven less by research into the activities of individual genes and more by genome sequenc-
ing and functional analysis. Many of today’s molecular biology undergraduates will be involved in genome
research when they begin their graduate careers and all of them will find their work influenced in one way
or another by genome projects. If the objective of undergraduate teaching is to prepare students for their
future careers then they must be taught about genomes!

It would of course be foolish to suggest that genes are no longer important. The major challenge that I
faced when writing Genomes was to combine the essential elements of the traditional molecular biology syl-
labus with the new material relating to genomes. It is not yet possible to describe adequately the events
leading from DNA to protein entirely in terms of ‘genome to proteome’, hence a substantial part of Genomes
is devoted to the expression pathways of individual genes. This book differs from many others in that it
attempts to describe these expression pathways in the context of the activity and function of the genome as
a whole. Similarly, DNA replication, mutation and recombination are dealt with largely in terms of their
effects on the genome, and not simply as processes responsible for the replication and alteration of genes.

My belief that molecular biology teaching should be centered on genomes grew as I wrote this book and
discovered how much more satisfying and informative the approach is compared with the traditional syl-
labus. A number of topics that in the past have seemed to-me to be of peripheral interest have fallen into
place and taken on new relevance. I hope that at least some of the excitement that I felt while writing
Genomes is conveyed to the reader.

T.A. Brown
Manchester



An Introduction to Genomes

I have tried to make the second edition of Genomes as user
friendly as possible. The book therefore includes a num-
ber of devices intended to help the reader and to make the
book an effective teaching aid.

Organization of the Book

Genomes is divided into four parts:

m Part 1 - Genomes, Transcriptomes and Proteomes
introduces the central concepts of modern molecular
biology. Chapter 1 begins with DNA and then sum-
marizes the key features of the human genome, with
Chapter 2 extending the survey to the genomes of
eukaryotes and prokaryotes in general. Chapter 3
then uses the new concepts of the transcriptome and
the proteome to introduce the basic steps in genome
expression. By the end of Part 1 the reader will have
acquired a good working knowledge of the struc-
tures and organizations of genomes and will under-
stand, in outline, how the information contained in
the genome is released and made available to the
cell.

m  Part 2 - Studying Genomes begins with an orienta-
tion chapter that introduces the reader to the meth-
ods, centered on cloning and PCR, that were used in
the pre-genome era to examine individual genes.
The techniques that are more specifically used for
studying genomes are then described in the order
in which they would be used in a genome project:
methods for constructing genetic and physical
maps (Chapter 5); DNA sequencing methodology
and the strategies used to assemble a contiguous
genome sequence (Chapter 6); and methods for iden-
tifying genes in a genome sequence and determining
the functions of those genes in the cell (Chapter 7).
The Human Genome Project forms a continuous
thread throughout Part 2, but this is not to the exclu-
sion of all else and I have tried to give adequate cov-
erage to the strategies that have been used, and are
being used, to understand the genomes of other
organisms.

® Part 3 — How Genomes Function covers the mate-
rial that in the past has been described (inade-
quately in my opinion) as ‘DNA goes to RNA goes
to protein’. Chapter 8 addresses the increasingly

important issue of how chromatin structure influ-
ences genome expression. Chapter 9 then describes
the assembly of the transcription initiation com-
plexes of prokaryotes and eukaryotes, and includes
a fairly detailed discussion of DNA-binding pro-
teins, these playing the central roles in the initial
stages of genome expression. Chapters 10 and 11
give details of the synthesis of RNA and protein,
and Chapter 12 surveys the regulation of genome
activity. Keeping Chapter 12 to a manageable length
was difficult, as many different topics are relevant to
genome regulation, but I hope that by using specific
examples to illustrate general themes I have
managed to achieve a satisfactory balance between
conciseness and breadth of coverage.

m  Part 4 - How Genomes Replicate and Evolve links
DNA replication, mutation and recombination with
the gradual evolution of genomes over time. In
Chapters 13 and 14 the molecular processes respon-
sible for replication, mutation, repair and recombina-
tion are described, and in Chapter 15 the ways in
which these processes are thought to have shaped
the structures and genetic contents of genomes over
evolutionary time are considered. Finally, Chapter 16
is devoted to the increasingly informative use of
molecular phylogenetics to infer the evolutionary
relationships between DNA sequences.

Organization of Chapters

Learning outcomes

Each chapter starts with a set of learning outcomes. These
have been phrased very carefully. They are not merely a
series of synopses of the factual content of each chapter,
but instead indicate the level and type of knowledge that
the student should gain from reading the chapter. There-
fore, the learning outcomes state what the student should
be able to describe, draw, discuss, explain, evaluate, etc.,
each verb having been selected to convey pr‘eﬁ@ﬁ}y what
it is that the student is expected to be abl@%ﬁfio. The
intention is that the student is left in no doubt about what
they should get out of each chapter, and hence f%i%ﬁ% no
doubt about whether they have dealt satisfactoﬁ%?"with

the material.

¢
®




xxvi AN INTRODUCTION TO GENOMES

Figures

A good diagram is certainly worth a thousand words but a
bad one can confuse the reader and a superfluous one is
merely distracting. I have therefore tried to ensure that
every figure is necessary and fulfils a purpose beyond sim-
ply breaking up the text and making the book look pretty.
I have also tried to make figures reproducible because in
my opinion this makes them much more useful as a learn-
ing aid for the student. I have never understood the pen-
chant for making textbook diagrams into works of art
because if the student cannot redraw a diagram then it is
merely an illustration and does not help the student learn
the information that it is designed to convey. The figures in
Genomes are as clear, simple and uncluttered as possible.

Boxes, Technical Notes and Research Briefings

The main text in each chapter is supported and extended
by additional information, separated into three distinct
categories:

®  Boxes contain discrete packages of information that I
have taken out of the main text, either for emphasis
or to avoid disrupting the flow of the text. Some
boxes summarize the key points regarding a topic
that is described at length in the text, or provide a
pointer towards a later topic that has a bearing on the
issues being discussed. Other boxes are used to give
a more extended coverage of interesting topics, and
some describe current speculation regarding areas
that have not yet been resolved.

®  Each Technical Note is a self-contained description
of a technique or a group of techniques important in
the study of genomes. The Technical Notes are
designed to be read in conjunction with the main
text, each one being located at the place in the book
where an application of that technique is described
for the first time.

®  Research Briefings are designed to illustrate some of
the strategies that are used to study genomes. Each
Briefing is based on one or a few research papers and
explains the background and rationale of a research
project, describes how the resulting data were ana-
lyzed, and summarizes the conclusions that were
drawn. The objective is to illustrate the way in which
real research is conducted and to show how research
into molecular biology has established the ‘facts’
about genomes.

Reading lists

The reading lists at the end of each chapter are divided
into two sections:

®  References are lists of articles that are cited in the
text. Genomes is not itself a research publication and
the text is not referenced in the way that would be
appropriate for a review or scientific paper. Many

points and facts are not referenced at all, and those
citations that are given are often review articles
rather than the relevant primary research papers. In
several cases, for example, I have referred to a Science
Perspective or Nature News and Views article, rather
than a research paper, because these general articles
are usually more helpful in explaining the context
and relevance of a piece of work. My intention
throughout Genomes has been that the reference lists
should be as valuable as possible to students writing
extended essays or dissertations on particular topics.

®  Further Reading contains books and review articles
that are not referred to directly in the main text but
which are useful sources of additional material. In
most cases | have appended a short summary stating
the particular value of each item to help the reader
decide which ones he or she wishes to seek out. The
lists are not all-inclusive and I encourage readers to
spend some time searching the shelves of their own
libraries for other books and articles. Browsing is an
excellent way to discover interests that you never
realized you had!

Study aids

Each set of study aids is divided into three sections: key
terms, self study questions and problem-based learning.

Key terms

This is a list of the important words and short phrases
that the student will have encountered for the first time
when reading the chapter. A short definition is required
for each one. All of the terms are highlighted in the text
and defined in the Glossary, so the student can check the
accuracy of their answers after they have completed the
exercise. Short definitions of this kind are a useful type
of revision aid: if a student can accurately define every
key term then they almost certainly have an excellent
knowledge of the factual content of the chapter.

Self study questions

These require 100-500 word answers, or occasionally ask
for an annotated diagram or a table. The questions cover
the entire content of each chapter in a straightforward
manner, and they can be marked simply by checking each
answer against the relevant part of the text. A student can
use the self study questions to work systematically
through a chapter, or can select individual ones in order
to evaluate their ability to answer questions on specific
topics. The self study questions could also be used in
closed-book examinations.

Problem-based learning

This is a student-centered activity in which a group of
students research a problem and, through their studies,



obtain the information more normally delivered by a
teacher-centered activity such as a lecture. Most stu-
dents and teachers who have adopted this educational
tool believe that it is a more effective means of learning
than the traditional approaches, and is also more fun.
The questions vary in nature and in difficulty. Some are
reasonably straightforward and merely require a litera-
ture survey, the intention with these problems being
that the students take their learning a few stages on
from where Genomes leaves off. Some problems require
that the students evaluate a statement or a hypothesis,
which could be done by reading around the subject but
which, hopefully, will engender a certain amount of
thought and critical awareness. A few problems are
very difficult, to the extent that there is no solid answer
to the question posed. These are designed to stimulate
debate and speculation, which stretches the knowledge
of each student and forces them to think carefully about
their statements. Ideally, problem-based learning is con-
ducted as a group exercise, each group comprising 5-10
students, with an exercise lasting 1-2 weeks and being
carried out through a series of meetings between the
group and a facilitator, interspersed with meetings that
the students conduct on their own. The facilitator helps
the students to organize their thoughts, steers them
away from unproductive lines of research, and points
out any serious omissions in their approach. The output
from the exercise is a written report, a poster, an oral
presentation, or a combination of these things. Most of
the problems given in Genomes are suitable for any type

AN INTRODUCTION TO GENOMES  xxvii

of output, and many can also be adapted for use as dis-
cussion topics in tutorials. There are no answers at the
back of book! To provide answers would defeat the
purpose — the intention is that the students discover a
solution for themselves.

Appendix - Keeping up to Date

The Appendix gives the reader advice regarding the best
way to keep up to date with the latest research discoveries.
It is divided into two sections. The first section covers
the various journals and other publications that include
reviews and news articles on genome research, and the
second section contains a list of some of the many Internet
sites that contain relevant information.

Glossary

I am very much in favor of glossaries as learning aids
and I have provided an extensive one for this second
edition of Genomes. Every term that is highlighted in
bold in the text is defined in the Glossary, along with a
number of additional terms that the reader might come
across when referring to books or articles in the reading
lists. Each term in the Glossary also appears in the index,
so the reader can quickly gain access to the relevant pages
where the Glossary term is covered in more detail.
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