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PREFACETO THE SECOND EDITION

As with the first edition, the goal of this book is to describe the logic of genetic
analysis as it applies in an era when genome sequences have become readily
available. We are learning much from having DNA sequences from the genomes
of so many different organisms, and we undoubtedly have many lessons yet to be
learned. But all that we learn from these new and powerful sequencing methods
should be interpreted in light of what was known previously from work in classical
genetics and molecular biology. As recounted in the book, the mantra of genetic
analysis for decades has been: ‘Find a mutant!” It may be tempting to think that the
mantra in this new era of genetic analysis is: ‘Sequence the genome!” In this book,
I show how finding a mutant and sequencing a genome are both essential tools for
studying complicated biological problems.

The book describes both of these essential tools, mutants and sequences, as well as
many other tools for genetic analysis. However, I focus on the strategies for using
these tools and thinking about what the results mean. Thus, the emphasis of the
book is not on the tools themselves nor even on what we have learned from these
tools, although those are part of the necessary foundation. Geneticists worked suc-
cessfully and intelligently for many years on many different biological questions
before it became possible to find the DNA sequence of even a single gene, let alone
an entire genome. The ready access to all of the genome sequence information does
not replace this previous work, but rather adds a rich dimension to it. That richness
is what I hope to have captured in this book.

Course suitability

I have taught a course entitled advanced genetic analysis for undergraduates
at Haverford College for more than 15 years. These students have taken an in-
troductory course in basic genetics and molecular biology, and have a general
familiarity with biochemistry and cell biology as well. The book is based on that
course, so it is written with that level of preparation in mind. The first edition
of this book was entitled Advanced Genetic Analysis because it was aimed at
advanced undergraduates. We have changed the title for this edition to Genetic
Analysis in part because some instructors use it for an introductory graduate
class rather than an advanced undergraduate class. Although the structure is
designed for one semester, this book includes far more topics than I am able to
include in my course. Even with that, I am keenly aware of the many topics that
I have had to omit to keep the book to a manageable length and within my own
areas of knowledge.

I have retained a focus on five model organisms, Saccharomyces cerevisiae,
Arabidopsis thaliana, Caenorhabditis elegans, Drosophila melanogaster, and Mus
musculus, with occasional references or examples drawn from other well-studied
model organisms. For those who work on a different model organism and feel
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slighted that I have not included, for example, fission yeast or zebrafish, [ sincerely
apologize for not including these organisms. I tend to be syncretic, so I would
like to have the ability and the space to talk about many more model organisms
than I do. Material on genomic and genetic analysis on these and other model
organisms is included in the Online Resource Centre (ORC). Coverage of human
genetics has been expanded in this edition, and several chapters (notably Chapters
3, 5, and 9) include many examples from human genetic diversity and disease.
The increased emphasis on human genetics is unabashedly parochial; like most
of my students, I find our species to be particularly interesting. But it also reflects
the maturity of human genetics that these provide some of the best and most
interesting examples of fundamental biological concepts that have been studied
by genetic approaches.

Organization and changes in the second edition

While the overall approach to the topics is similar to the first edition, the organiza-
tion has been changed somewhat. There are now 14 chapters in four units. The
first unit, Genes and genomes, retains a historical overview of genetic principles in
Chapter 1 and an introduction to the five model organisms in Chapter 2, with revi-
sions and updates to each chapter. In particular, reporter genes and microarrays,
important tools for the molecular analysis of genes and genomes, are now included
in Chapter 1, as is an expanded discussion of genes whose functional product is
an RNA molecule. Chapter 3 is entirely new in this edition, and places the genome
into the context of chromosome structure; this allows a substantial discussion of
epigenetics and a new case study on imprinting. Epigenetics is both an old and an
emerging field, and some of its unifying principles remain to be uncovered. The
ENCODE-related projects to identify all of the functional elements in a genome
are discussed in detail in Chapter 3 and are providing a wealth of new information
about gene structures, non-coding RNA genes, histone modifications, and other
key principles that affect our understanding of biology at every level of education.
I used them as a narrative theme, while also trying to acknowledge some of the
limitations of such large-scale projects.

The second unit, Genes and mutations, includes the same chapters as in the first
edition, although each with substantial revisions. Chapter 4 combines information
on genetic screens and mutant analysis into one revised (and somewhat shortened)
chapter. Chapter 5 describes how genes are cloned, with a substantially revised
approach based on having genomes completely sequenced. Most significantly,
examples of how genes responsible for rare genetic diseases have been identified
by exome sequencing are now included and thoroughly discussed. Chapter 6 is an
updated chapter on ‘reverse genetics, primarily with gene disruptions in yeast and
mice; Chapter 7 is an updated chapter on genome-wide mutant screens, including
RNAi screens which now are the dominant methods for finding mutant phenotypes
in flies and worms. Some material from the first edition has now been moved to the
ORC for these chapters, particularly in those situations where the classical genetic
approach is no longer widely used.
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The third unit, Genes and populations, consists of three entirely new chapters.
Chapter 8 is an introduction to genome-wide association studies, with an em-
phasis on their application to gene identification in humans. It puts these into
the context of other positional cloning methods, which have been used in many
organisms for decades. Using the background from Chapter 8, Chapter 9 focuses
on complex traits, an important but perhaps neglected topic in many undergradu-
ate genetics courses. I was pleased to be able to return to concepts that I learned
and appreciated in my graduate courses in quantitative genetics many years ago
in writing this chapter. Both of these chapters (as well as Chapter 3 on epigenet-
ics) began to be developed soon after the first edition appeared, and I have used
draft versions with students in my courses for the past few years. Chapter 10
continues the discussion from Chapter 8 about the genetic structure of natural
populations, and uses three examples to show how natural variation can be used
like laboratory-induced mutations in the analysis of a fundamental biological
question, in this case evolutionary adaptation. This unit replaces Unit 3 on gene
activity from the first edition. Many of the topics on gene activity from those
chapters in the first edition have been moved into other chapters in this edition,
while other topics such as mosaic analysis and temperature-shift experiments
have been rewritten and are available in the ORC.

The fourth unit, Genes and pathways, focuses on gene interactions. Chapter 11 on
suppressors and enhancers and Chapter 12 on epistatic pathways are revisions of
the corresponding chapters from the first edition. Chapter 13 is a much updated
introduction to gene interaction networks and some principles of systems biology.
Genome-wide analysis of gene interactions in yeast, referred to as ‘the genetic
landscape of a cell; is a significant new feature of this chapter and most of the
work appeared since the first edition was published. Finally, Chapter 14 on genes
and phenotypes is another new chapter that provides some context for thinking
about genome-enabled medicine or personal genomics and the challenges of
trying to predict the phenotype based on knowledge of the genotype. Because
of genome sequencing, genotypes are easier to know now than at any previous
time; connecting the genotype to the phenotype is a central link in personal-
ized genomics and genome-enabled medicine. While many of the ideas in the
chapter are not new—geneticists have thought about these challenges for many
decades—these have been placed into the context of our ability to analyze and
sequence individual genomes.

Pedagogical features

The book is designed to be accessible to different levels of expertise by the use of
progressively more focused sections of each chapter. First, and most broadly ac-
cessible, is the main narrative of the chapter. I have tried to maintain a tone that is
conversational and familiar without being overly casual, although some readers and
teachers may want greater detail. My grandfather was an entertaining and inveterate
story-teller; it was only later that I realized that he sometimes invented episodes
and descriptions to make a better narrative. I hope to have retained his story-telling
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legacy without also including the less-accurate factual elements of his narratives.
I'am confident that I have not consciously invented any part of the narrative, but
further experimentation may prove that I have been guilty of leaving out important
information or of misinterpreting what we currently see. For those who want more
detail or to find the source of some of the information, each chapter now includes
references for additional reading. Specific references in some chapters are also avail-
able online. To improve its use by students, the book also includes a glossary and an
index. In the text, glossary terms are emboldened and colored blue.

The book contains two features to add depth to the main narrative. Most chapters
have text boxes that describe some particular topic in more detail; some chapters
have multiple text boxes. My opinion is that some of the most intriguing material
in the book resides in these text boxes. Most chapters also have an associated case
study that looks at one particular example in much more detail, using the original
papers and data as much as possible. My eventual goal is to make the case studies
into a ‘course within a course, so that an instructor could cover these or similar
case studies in class while leaving the main narrative for the students to read. I am
always on the alert for good examples to use as case studies, some of which I expect
to make available in the ORC.

Genetics is a rapidly changing field, of course. The ORC will provide updates and
corrections, as well as additional information for each chapter. Two features at
the ORC are designed specifically to enhance student learning. First, as in the first
edition, the ORC includes one or more guided journal clubs for each chapter. In
these journal clubs, a student is guided through an original research paper, fre-
quently one associated with the case study, via a series of questions with answers.
I often use such journal clubs in my courses to help students learn to read the
original papers and analyze the original data, so I encourage instructors to use
these as well. The second feature of the ORC to enhance learning is that I have
now included some study questions for each chapter. These range from testing
definitions and fundamental concepts to more advanced questions. The study
questions focus primarily on the main narrative so they are designed to be used
together with the chapter to provide that depth of coverage, while the case studies
and journal clubs are designed to be used together to provide greater depth for
interested or more advanced students.
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