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PREFACE &

The twentieth century witnessed the emergence of genetics as
a central discipline in biology. In 1900 Gregor Mendel’s laws
of heredity were rediscovered; in the 1950s, James Watson and
Francis Crick found that DNA, the molecule of heredity, is a double
helix; and in the 1990s, the Human Genome Project progressed be-
yond expectations. For much of the century, the study of genetics
focused on the identification of individual genes and their function.
In the last decade of the century, however, another idea gained cur-
rency—the concept that no gene acts alone, instead it is through
complex molecular interactions within and among vast networks of
genes and proteins that organisms ultimately live and die.

Genetics: From Genes to Genomes reflects this new perspective.
This book represents a new approach to an undergraduate course
in genetics. It represents the way we, the authors, currently view
the molecular basis of life. We integrate formal genetics—the rules
by which genes are transmitted; molecular genetics—the structure
of DNA and how it directs the structure of proteins; genomics and
information science—the new technologies that enable gene iso-
lation and a comprehensive analysis of the entire gene set in an or-
ganism; human genetics—how genes control health and disease;
the unity of life forms—synthesis of information from many differ-
ent organisms into one coherent whole; and molecular evolution—
how species have evolved and diverged. The strength of this
integrated approach is that students who have completed the text
will have a strong command of genetics as it is practiced today by
university and corporate researchers who are rapidly changing our
understanding of living organisms, including ourselves; increasing
our ability to prevent, treat, and diagnose disease and to engineer
new life forms for food and medical uses; and, ultimately, creating
the ability to replace or correct detrimental genes.

To encourage a genetic way of thinking, we begin the book
with a presentation of Mendelian principles and the chromosomal
basis of inheritance. From the outset, however, the integration of
Mendelian genetics with fundamental molecular mechanisms is
central to our approach. The Prologue presents the foundation of
this integration. In Chapter 1, we tie Mendel’s studies of pea-shape
inheritance to the action of an enzyme that determines whether a
pea is round or wrinkled. In the same chapter, we point to the re-
latedness of patterns of heredity in all organisms by using
Mendelian principles to look at heredity in humans. Starting in
Chapter 5, we focus on the physical dimensions of DNA; the im-
plications and uses of mutations; and how the double helix of DNA
encodes, copies, and transmits biological information. Beginning
in Chapter 8 we also look at modern genetic techniques, includ-
ing such biotechnology tools as gene cloning, hybridization, and
PCR, exploring how researchers have used them to reveal the
modular construction and genetic relatedness of genomes. We

then show how the modular construction of genomes has con-
tributed to the relatively rapid evolution of life and helped gener-
ate the enormous diversity of life forms we see around us. A
detailed discussion of model organisms clarifies that their use in
the study of human biology is possible only because of the genetic
relatedness of all organisms. Throughout our text, we present the
scientific reasoning of some of the ingenious researchers who have
carried out genetic analysis, from Mendel to Watson and Crick to
the collaborators on the Human Genome Project.

ORGANIZATION

The Prologue outlines the central themes of Genetics: From
Genes to Genomes. We hope students will read this section care-
fully because it establishes the foundation for our integrated pre-
sentation of Mendelian and molecular genetics.

Part I (Chapters 1, 2, 3, and 4) on the Basic Principles: How
Traits Are Transmitted presents a thorough discussion of
Mendelian genetics; the chromosome theory of inheritance; and
linkage, recombination, and mapping.

Part Il (Chapters 5, 6, and 7) covers What Genes Are and
What They Do, including the structure and function of DNA, the
role of mutation in defining genes, and the details of gene ex-
pression.

Part Il (Chapters 8, 9, and 10) describes the Use of Genetic
Engineering to Unravel the Information in Genomes and in-
cludes topics on mapping and analysis of genomes, detection of
genotype, and the use of cloning, PCR, and hybridization in ge-
netic analysis.

Part IV (Chapters 11, 12, 13, and 14) on How Genes Travel
presents the molecular mechanisms underlying the chromosomal
transmission of genetic information in eukaryotes and prokaryotes.

Part V (Chapters 15, 16, and 17) on How Genes Are Regu-
lated discusses prokarytotic and eukaryotic gene regulation as
well as the regulation of the cell cycle.

Part VI (Chapters 18-22) presents Gene Regulation and
Development: Portraits of Model Eukaryotic Organisms. This
Genetic Portraits unit contains five chapters, each one profiling
a different model organism whose study has greatly contributed to
genetic research. Included are
Saccharomyces cerevisiae: Genetic Portrait of Yeast
Arabidopsis thaliana: Genetic Portrait of a Model Plant
Caenorhabditis elegans: Genetic Portrait of a Simple Metazoan
Drosophila melanogaster: Genetic Portrait of a Fruit Fly
Mus musculus: Genetic Portrait of a House Mouse.
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XX PREFACE

We anticipate that
instructors will choose to
cover one or two portrait
chapters during the se-
mester. Students may
then use the specifics of
the selected model or-
ganism to build an un-
derstanding  of  the
principles and applica-
tions discussed in the
text. The unique genetic
manipulations and prop-
erties of each model
make them important for

addressing different bio-
logical questions using
genetic analysis. In the portraits, we explain how biologists learned
that the evolutionary relatedness of all organisms enables the ex-
trapolation from a model to the analysis of other living forms. The
portraits should thus help students understand how insights from
one model organism can suggest general principles applicable to
other organisms, including humans.

Part VIl (Chapters 23 and 24) on How Genes Change ex-
plains the evolution of genes and genomes in populations and at
the molecular level.

The Epilogue discusses Human Genetics and the Future of
Biology. The focus of this closing essay is on the changing role of
genetics research as a way to decipher biological networks and
systems. Biology is now a science based on three levels of molec-
ular information: information encoded in DNA, and information
in proteins, and information encompassed in interactions among
cells and tissues. The potential impact on the field of preventive
medicine intensifies the need to confront many social and ethical
issues.

CHAPTER FEATURES

Introduction Each chapter begins with an engaging story re-
lated to the key ideas and principles of the chapter. This opening
story is followed by a description of one or more overarching
themes that unify the discussion, and then, in turn, by an advance
organizer—a short, bulleted list of the chapter’s topics in the order
in which they appear in the text. The intent of the introduction is
to create a narrative and conceptual framework that will help stu-
dents organize and remember the vast amount of vocabulary and
experimental data they encounter.

Feature Figures These special two-page spreads integrate line
art and text to summarize important genetic processes in detail.
For example, in Chapter 5 on DNA: How the Molecule of Heredity
Carries, Replicates, and Recombines Information, the Feature Figure
details a “Model of Recombination at the Molecular Level,” walk-
ing students through the basic steps of the process. In Chapter 17,

Cell-Cycle Regulation and the Genetics of Cancer, the Feature Figure
details “Phenotypic Changes That Distinguish Tumor Cells from
Normal Cells” outlines changes that produce uncontrolled cell
growth, genomic and karyotypic instability, a potential for cellular
immortality, and disruptions of local tissues that enable a tumor to
invade distant tissues.

[ e p———

Comprehensive Examples These sections of the text are exten-
sive case histories or research synopses that summarize the main
points in the preceding section or chapter and show how they re-
late to each other. Very often these developed examples expand
on the chapter’s introductory story. In Chapter 6, Anatomy and
Function of a Gene: Dissection through Mutation, for example, the
opening story locates the rhodopsin gene on human chromosome
3 and explains that different mutations in the gene lead to night
blindness or total blindness. The Comprehensive Example at the
end of the chapter describes in detail “How Gene Mutations Affect
Light-Receiving Proteins and Vision,” covering such topics as the
cellular and molecular basis of vision; the evolution of the
rhodopsin gene family; and many of the mutations, amino-acid
substitutions, and unequal crossing over events that affect both
black and white and color vision.

Restriction Enzymes Recognize Specific Base Sequences in DNA

Fast Forward Essays
This  feature prefigures
detailed discussions of con-

cepts and principles in later
chapters, serving as a tool
to integrate Mendelian
and molecular genetics.
Chapter 1, Mendel’s Break-
through: Patterns, Particles,
and Principles of Heredity,
contains two Fast Forward
essays, one on the fact that
“Genes Encode Proteins,”
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have a molecular basis. In Chapter 5, DNA: How the Molecule of
Heredlity Carries, Replicates, and Recombines Information, where we
present in detail the structure of the DNA molecule, the Fast For-
ward essay explains how “Restriction Enzymes Recognize Specific
Base Sequences in DNA.” This simple introduction of restriction en-
zymes foreshadows a discussion in Chapter 8, DNA at High Resolu-
tion: The Use of DNA Cloning, PCR, and Hybridization as Tools of
Genetic Analysis, about the use of restriction enzymes in DNA
cloning. It thus relates the basic concept of DNA structure to the
tools of biotechnology that depend on a knowledge of that struc-
ture.

Genetics and Society Essays These essays explore the social
and ethical issues created by the multiple applications of modern
genetic research. They cover a wide variety of topics from the right
to privacy to the question of who has the right to make repro-
ductive decisions. In
Chapter 9, the Genetics
and Society essay asks
“Does DNA Fingerprint-
ing Serve the Interests
of Justice?” In Chapter
10, the essay examines
“The Patentability of
DNA.” In Chapter 13, it
looks at “How Bacteria
Can Cause Disease,”
presenting the mecha-
nisms of bacterial path-

Genetics and Society
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Connections and
Essential Concepts
Each chapter closes with
a Connections section
that serves as a bridge
between the topics
in the just-completed
chapter and those in the
up-coming chapter or
chapters. The Connec-
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tions section is followed by an Essential Concepts section that
helps students focus on the most critical information—the chap-
ter’s “take-home” messages. The end-of-chapter exercises include
solved problems, Social and Ethical Issues discussion questions,
and a diverse set of problems and questions for the student to
solve.

Outstanding Art Work The quality of the art is critical to the
success of this text, and you will find that the photos, electron mi-
crographs, and line art have been carefully selected and rendered
to give students the best presentation possible. Color consistency
has been used in rendering the line art to aid student comprehen-
sion. The following key is a guide to the use of color in our illus-
trations.

"old" DNA protein 1 -
"new" DNA protein 2 -
"new new" DNA - protein 3 -
'mRNA (messenger) - - phosphate group -
tRNA (transfer) ribosomes -
rRNA (ribosomal) - membrane -
mRNA (mitochrondrial) - nucleus -
sugar (for ribose) chromatin -

mitochrondria

REFERENCE SECTION

In the back of the text, we provide a Genetic Nomenclature Ap-
pendix. Since the study of genetics is a relatively new science, a
completely consistent nomenclature, similar to those found in more
established sciences, does not exist. Instead, the details of gene no-
tation differ from model organism to model organism. To assist stu-
dents in understanding the use of gene symbols throughout the
book, and particularly in the section on model organisms, this con-
cise appendix details the minor differences in notation by organism.

Mastering the vocabulary of genetics is critical to under-
standing the science. To aid in that mastery, we provide a detailed
Glossary.

The Answer Appendix contains answers to selected end-of-
chapter problems. Students can build their problem-solving skills
by working through the solved problems within each chapter and
then, for the unsolved problems, checking the solutions they arrive
at on their own against the answers in the Answer Appendix.

ACKNOWLEDGMENTS

The creation of a project of this scope is never solely the work of
the authors. We are grateful to our colleagues around the world
who took the time to review this manuscript and make suggestions
for its improvement. Their willingness to share their experiences
and expertise was a tremendous help to us.



xxii PREFACE

Ken Belanger, University of North Carolina, Chapel Hill
John Belote, Syracuse University

Anna Berkovitz, Purdue University

John Botsford, New Mexico State University

Michael Breindl, San Diego State University

Bruce Chase, University of Nebraska, Omaha

Lee Chatfield, University of Central Lancashire

Alan Christensen, University of Nebraska

Bruce Cochrane, University of South Florida

James Curran, Wake Forest University

Rowland Davis, University of California, Irvine

Paul Demchick, Barton College

Stephen D’Surney, University of Mississippi

Rick Duhrkopf, Baylor University

Susan Dutcher, University of Colorado

DuWayne Englert, Southern lllinois University

Bentley Fane, University of Arkansas

Victoria Finnerty, Emory University

David Foltz, Louisiana State University

David Futch, San Diego State University

Ann Gerber, University of North Dakota

Richard Gethmann, University of Maryland, Baltimore County
Mike Goldman, San Francisco State University

Elliott Goldstein, Arizona State University

Nels Granholm, South Dakota State University
Charles Green, Rowan College of New Jersey

Poonam Gulati, University of Houston

Stephen Hedman, University of Minnesota

Ralph Hillman, Temple University

Christine Holler-Dinsmore, Fort Peck Community College
Martin Hollingsworth, Tallahassee Community College

Nancy Hollingsworth, State University of New York, Stony Brook

Andrew Hoyt, Johns Hopkins University

Lynne Hunter, University of Pittsburgh

Robert Ivarie, University of Georgia

R. C. Jackson, Texas Technological University
Duane Johnson, Colorado State University
Chris Kaiser, Massachusetts Institute of Technology
Kenneth |. Kemphues, Cornell University
Susan Kracher, Purdue University

Alan Koetz, lllinois State University

Andrew Lambertsson, University of Oslo

Don Lee, University of Nebraska

John Locke, University of Alberta

Larry Loeb, University of Washington
Robertson McClung, Dartmouth College
Peter Meacock, University of Leicester

John Merrriam, University of California, Los Angeles
Beth Montelone, Kansas State University
Patricia Moore, Transylvania University

Gail Patt, Boston University

Michael Perlin, University of Louisville

Richard Richardson, University of Texas, Austin
Mary Rykowski, University of Arizona

Mark Sanders, University of California, Davis
Randall Scholl, Ohio State University

David Sheppard, University of Delaware
Anthea Stavroulakis, Kingsborough Community College
John Sternick, Mansfield University

David Sullivan, Syracuse University

William Thwaites, San Diego State University
Akif Uzman, University of Houston

Peter Webster, University of Massachusetts
Dean Whited, North Dakota State University
John Williamson, Davidson College

John Zamora, Middle Tennessee State University
Stephan Zweifel, Carleton College

Over the years a number of highly skilled publishing profes-
sionals helped us develop this book. We’d like to express our ap-
preciation to Eirik Borve for his vision in launching the project,
Laurel Smith for her refined and intelligent approach to art devel-
opment, Marjorie Anderson for her editorial acumen, Kathi Pran-
can for her able and enthusiastic management (and dining-out
extravaganzas), Kathy Naylor for her unusual combination of skills
in art and text development; Jean Fornango for her top-notch, no-
nonsense organizational skills in readying the manuscript for pro-
duction; Richard Morel for his insightful preparation of the art
manuscript; Ron Worthington for his scientific understanding and
firm backing in a time of transition; and Jim Smith for his strong
support throughout the final years of development and produc-
tion. All have made a significant contribution to the final shape of
this project.

SUPPLEMENTS

For the Student

®  The Solutions Manual/ Study Guide was written by text
author Ann Reynolds, of the University of Washington. The
solutions to the end-of-chapter problems and questions will
aid the students in developing their problem-solving skills by
providing the step-by-step logic of each solution.

B Genetics: From Genes to Genomes CD ROM,
developed with the content of the text, covers the most
challenging concepts in the introductory genetics course.
The CD attempts to make concepts more understandable by
using animations of basic genetic processes and interactive
exercises and simulations involving fundamental principles.
Icons in the text indicate that there are related topics on the
CD. A correlation guide linking text topics marked by icons
to the related CD material is included in the Instructor’s
Manual, on our web site, and on the CD ROM itself.
Additional quizzing options allow students to self-test and
identify those areas needing additional study. Glossary
definitions can be reached via hot links. The CD also has
links that connect to the book’s own web site.

For the Instructor

B The Instructor’s Manual/ Test Bank contains the CD
ROM correlation guide, a list of transparencies, plus a test



bank containing approximately 2000 questions. The test
bank is also available in computerized form compatible with
either Windows or Macintosh machines.

Transparencies: One hundred and fifty four-color
illustrations from the text will be available to adopters.

Visual Resource Library: A CD ROM product containing
200 key illustrations will be available in four-color digital
files. The presentation software enables you to create
custom slide shows and multimedia presentations. Images

PREFACE  xxiii

can also be exported for use in word-processing programs.
Additional features enable the images to be sorted by name,
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