- Which should a genetics professor teach first, Mendelian
~ genetics or molecular genetics? Most textbook authors
have chosen to begin with transmission genetics, an
organization that parallels the historical development of
the discipline. With this approach students are often
Jeft with the impression that the field of transmission
 genetics is finished, and that molecular genetics is
the frontier. However, the application of molecular tools
o genetic analysis has brought transmission genetics
Srmly into the molecular arena. To understand trans-
mission genetics in today’s world, students need a strong
molecular background.

Our book begins with genetics at its most funda-
mental level: the molecular information encoded in DNA.
¢ takes readers through the transfer of genetic informa-
son from DNA to RNA to protein and finally to the out-
ward characteristics that we observe in organisms, It
proceeds in a logical fashion from molecules to cells to or-
ganisms to populations.

This organization offers several advantages for stu-
dents and professors. Because students enter the genet-
ics course with basic knowledge of DNA and genes from
earlier biology courses, they can begin to forge connec-
Bons between molecular and Mendelian concepts from
the first week of class. They are exhilarated to encounter

modern molecular concepts and techniques from the |

~ start rather than feeling that the course is replaying ideas
they already know. As the term goes on, this organiza-
tion gives professors the power to explain in a multidi-
mensional way how genetics actually works. And with

this approach, they can teach their students the way most
geneticists think when tackling real genetic research.

OBJECTIVES

In writing Genetics: The Continuity of Life, we address four
major objectives:

1. Integrate modern molecular biology with all other areas of
genetics, Because of its unique organization, our book
teaches the entire realm of genetics in a modern context,
like no other book does. For example, as students con-
front Mendelian genetics, they do so with a molecular
foundation and can relate Mendelian principles to the un-
derlying molecular causes. The linkage between geno-
type at the DNA level and phenotype at the level of
observation is a key theme of every chapter—a theme
that can work only if we begin with molecular genetics.

2. Teach students how to conduct genetic analysis, After each
major concept, we provide students with real genetic data
that have been published in scientific journals, and show
them how to analyze and interpret the data step by step,
applying the concepts they just learned. We highlight key
publications in the history of genetics as well as recent re-
search, The advantage of such an approach is twofold:
First, students learn how scientists acquire, organize, an-
alyze, and interpret real genetic data. They learn about
specific problems that scientists have faced and see how
the scientists confronted those problems. Second, by |
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analyzing key experiments that helped to build the sci-
ence of genetics, students become acquainted with the
history and development of genetics. Rather than simply
reading about the history, they analyze the work of sci-
entists who made genetics what it now is. No other book
delves as deeply into analysis of real experiments as ours
does.

3. Present genetics using a clear, friendly style that conveys the
excitement of scientific discovery, stimulates imagination, and
tnvites students to learn more. The writing style of our book
is conversational. We want students to feel that they are
discussing genetics, not just reading about it. The book
is illustrated with excellent drawings and photographs
that visually portray the concepts discussed in the text.
The artwork is integrated with the text so that students
have the chance to work step by step through a diagram
until they understand the concept. We have also inter-
woven the worked examples with the conceptual part of
the text so that they fit together coherently.

Throughout, we have tried to convey the passion for
scientific discovery that motivates most geneticists.
Genetics is a dynamic science with important advances
and applications appearing in the news almost weekly.
As students sense how exciting genetics can be, they
begin to imagine how they can contribute to the science
of genetics as researchers. We hope that they will go be-
yond the book and seek information from both current
and historical sources. To help them, we provide carefully
chosen suggested readings and free online access to ar-
ticles through InfoTrac College Edition,

4. Provide students with a resource for study thal assists them
in their careers long after they have completed the course. We
view a genetics textbook as a resource not only for a ge-
netics course, but also for a scientific career. Most students
will not learn all of the information in our book in a sin-
gle-semester genetics course. We hope, however, that dur-
ing their course, they will become so familiar with their
genetics textbook that they can turn to it for easily ac-
cessible additional information years after completing the
course. Although the rapid progress of genetic discovery
ensures that many of the details in any genetics textbook
will become putdated shortly after its publication, the
core principles and experimental examples that consti-
tute the central messages of our book will remain infor-
mative and valuable for years to come.

ORGANIZATION

Genetics: The Continuity of Life includes 28 chapters: an
introductory chapter followed by six major parts, The frst
chapter introduces students to the importance of genetics
and genetic analysis, the purpose of model organisms,
and the concept of the gene. The first four parts provide
core principles, beginning with the molecular foundations
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of genetics and moving sequentially through the genetics
of cells, organisms, and populations. The fifth part focuses
on four special topics in genetics: transposable elements,
development, cancer, and immunity. The final part dis-
cusses applications of genetics in medicine, forensics, agri-
culture, and industry and concludes by examining of the
legal and ethical issues that such applications raise.

Part |: Molecular Foundations of Genetics

Part [ provides students with the molecular background
to understand the material in the rest of the book. Chapter
2 introduces students to DNA structure and replication.
After providing fundamental information about gene ex-
pression, Chapter 3 focuses on transcription and RNA
processing in both prokaryotes and eukaryotes. Chapter
4 covers translation and the processing and functions of
proteins. Chapter 5 discusses mutation at the molecular
level. Chapter 6 ties the concepts from the previous four
chapters together to show how genetic variation at the
DNA level is expressed as outward phenotypic variation,
setting the stage for the chapters that follow.

Part Il: Genetics of Cells

Part Il covers genetics at the cellular level in prokaryotes
and eukaryotes, Chapter 7, on the genetics and genome
organization of bacteria, includes recent studies on whole
genome sequencing as well as classical genetic mapping,
In this chapter students also learn about bacterial culture
techniques and bacterial viruses, information that is
important for understanding recombinant DNA method-
ology. Chapter 8 reviews gene regulation in both prokary-
otes and eukaryotes with a focus on how it influences the
phenotype. Chapter 9 introduces the fundamental tech-
niques of molecular biology, such as DNA cloning,
genetic engineering of eukaryotic genes for expression
in bacteria, the polymerase chain reaction, gel elec-
trophoresis of nucleic acids and proteins, DNA sequenc-
ing, and computerized use of DNA sequence databases.
This chapter provides the foundation for understand-
ing the applications of molecular biology in eukaryotic
genetics. Chapter 10 introduces students to the organi-
zation of the eukaryotic genome, culminating with
an analysis of the complete DNA sequence of the
Saccharomyces cerevisine genome as an example of whole
genome organization in eukaryotes. The review of mi-
tosis, meiosis, and life cycles in Chapter 11 sets the stage
for the next part.

Part 1ll: Genetics of Organisms

In Part I the advantages of a molecular foundation be-
come apparent. Chapter 12 discusses Mendelian genetics.
Most students will have studied Mendelian genetics be-



fore, both in high school and in an introductory biology
course in college. Rather than review the same material
they have already encountered (but may not fully un-
derstand), this chapter presents Mendelian genetics in an
entirely new light. It begins with a discussion of Mendel's
experiments as he perceived them, and shows how he de-
rived the fundamental principles of inheritance from the
results of his experiments. Then the chapter brings
Mendel's work into a modern context, showing how an
understanding of gene expression and mutation at the
molecular level can explain Mendelian principles at the
phenotypic level. The chapter also introduces students to
probability analysis and teaches them to use the binomial
distribution and chi-square analysis. The chapter con-
cludes with the story of the origin of genetics and applies
statistical analysis to questions raised about Mendel's
research. Chapter 13 teaches such important genetic con-
cepts as incomplete dominance, codominance, multiple
alleles, pleiotropy, penetrance, variable expressivity, and
epistasis, all in a molecular context. With a strong back-
ground in the molecular basis of inheritance, students can
grasp these concepts with ease. This chapter also intro-
duces students to DN A markers and their use in genet-
ics research. Chapter 14 describes the molecular basis of
sex determination in humans and Drosophile, and the in-
heritance of X-linked alleles. Chapter 15 discusses chro-
mosome mapping, starting with the classical approaches
in model organisms, then moving to DNA marker-based
chromosome mapping in humans and other species. The
chapter ends with an explanation of how mapped DNA
markers are used to clone important genes through chro-
mosome walking and jumping. Chapter 16 discusses the
fine structure of the gene. It shows how classical studies
in fungal genetics led researchers to develop models of re-
combination and gene conversion at the molecular level.
Then it discusses intragenic recombination and fine-strue-
fure mapping of mutations. Chapter 17 introduces stu-
dents to the fundamentals of cytogenetics, including
alterations in chromosome number and structure, and
ends by showing how molecular analysis has played a
role in human cytogenetics. Chapter 18 discusses ex-
tranuclear inheritance, focusing on mitochondrial and
plastidial genomes and their inheritance.

Part IV: Genetics of Populations

In Part IV Chapter 19 introduces population genetics and
provides detailed discussions of selection, inbreeding,
and random genetic drift. Chapter 20 outlines quantita-

' ive genetics with a focus on the genetic basis for con-
snuous variation and the relationship between
heritability and the effectiveness of selection. Chapter 21
introduces students to the genetic basis of evolution,
Bighlighting the contribution of molecular biology to an
wnderstanding of human origins.

Part V: Gene Expression and the Organism

Part V treats four important topics in current research on
gene expression. Transposable elements were introduced
in Chapter 10, but Chapter 22 discusses them in more de-
tail, especially the transposable elements of maize and
Drosophila. Chapter 23 covers developmental genetics,
highlighting studies of Caenorhabditis elegans, Drosophila
melanogaster, and mammals. The chapter concludes with
a discussion of the emerging field of plant developmen-
tal genetics. Chapter 24 introduces students to the genetic
basis of cancer. They learn how genes regulate the cell
cycle and how mutations in those genes can cause cancer
to develop. The chapter also provides practical infor-
mation on cancer prevention and treatment. Chapter 25
discusses the genetic basis of immunity with a focus on
human immunity. It also introduces students to immune
system dysfunction including autoimmune disorders and
HIV infection.

Part VI: Applications of Genetics

Throughout the book we discuss many applications of ge-
netics, but Part V1 shows students how genetics is used in
applied research. Chapter 26 presents applications to med-
icine and forensics. Topics include the Human Genome
Project and its implications, genetic testing and screening,
DNA fingerprinting, genetic pharmacology, gene therapy,
and clinical genetics. We introduce new examples and
refer students to examples from previous chapters.
Chapter 27 reviews the applications of genetics in agri-
culture and industry from prehistory to modern times. It
tells the genetic origin of domesticated plants and animals
and shows how genetic erosion threatens our food sup-
ply. This discussion leads into modern breeding and
biotechnology of agricultural species. Chapter 28 ad-
dresses the legal and ethical issues that arise from appli-
cations of genetics. After a historical discussion of the
eugenics movement, we discuss current legal and ethi-
cal issues, such as protection of intellectual property, con-
fidentiality and informed consent, admissibility of DNA
evidence in court, and safety issues associated with re-
combinant DNA research. The chapter concludes with a
discussion of the importance of science education as a
means of encouraging people in all walks of life to prop-
erly inform themselves about scientific issues.

PEDAGOGICAL FEATURES

A single goal guided the development of pedagogical fea-
tures in this book: Provide students with a straightfor-
ward, accessible presentation that integrates genetic
concepts and analysis. Genetics is a rigorous and chal-
lenging discipline; accordingly, our book is designed to
help students focus on learning genetic concepts and
analysis with as little distraction as possible. We have
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integrated the artwork and photographs with the text
to enliven and clarify the discussion, and we have
avoided using sidebars and other features that can dis-
tract students from an intensive study of core principles.

Focus on Analysis: Examples and Problems

Nine out of ten instructors state that analyzing and solv-
ing problems is the greatest challenge for students in a
genetics course. Students learn genetics by doing genetic
analysis, and for this reason every genetics textbook pro-
vides students with questions and problems to help them
practice genetic analysis. Most also provide worked ex-
amples at the end of each chapter to show students step
by step how to interpret and analyze data. In many of
these texts, the worked examples and end-of-chapter
problems use fabricated data that are easy to analyze
mathematically.

Our approach to teaching genetic analysis departs
from this standard method. We require students to work
as much as possible with real data from published re-
search, which are not as mathematically simple as fabri-
cated data. With such an approach, students, like
professional researchers, must wrestle with ambigui-
ties, sampling error, alternative interpretations of data,
and tentative conclusions. Although this approach may
challenge students, it also prepares them to understand
genetics in the real world.

In addition, our worked examples are woven into the
text so that genetic concepts and analysis are presented
in a unified way. We have carefully chosen the worked
examples from published data that clearly illustrate each
major concept.

The end-of-chapter problems range from easy con-
ceptual exercises to analyses that require students to syn-
thesize information from various parts of the chapter.
Like the worked examples, many of the end-of-chapter
problems are based on published data.

Qur website (http: // www.brookscole.com /biclogy)
and InfoTrac provide online resources that supplement
the book’s focus on analysis. Our website contains ad-
ditional questions and problems that we regularly update
to include recent research. Many of the questions and
problems at the website ask students to consult published
research that is available in InfoTrac College Edition, an on-
line resource with recent original articles from leading
journals such as Science, Amual Review of Genetics, Annual
Review of Microbiclogy, and Evolution.

Study Aids

Each chapter begins with a set of key concepts that give
students an overview of what they are about to study.
Following each major topic in the chapter is a boldfaced
concept review, which reinforces the key ideas of that
topic. We highlight key terms in boldface and define the
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most important key terms in a glossary at the end of the
book. Each chapter concludes with a summary of the
major principles discussed in the chapter.

Design and Layout

The design and layout of our book are also intended to
capture interest and facilitate learning. The illustrations
and text are placed to complement one another visually
and to help students avoid turning pages as they com-
pare the illustrations with the text. The judicious use of
colors in the text and illustrations help students focus on
concepts and organize their thoughts as they study.

Suggested Readings

Each chapter ends with an annotated list of suggested
readings. Rather than simply list a long set of references,
we have chosen readings that will guide students to ex-
cellent sources of further information. Some of the read-
ings are review articles that provide more detailed
information than that found in our book. Others are im-
portant original research that helped scientists develop
the concepts discussed in the chapter. In some cases, we
refer students to books or collections of articles. Besides
the suggested readings at the end of the chapter, we pro-
vide references for all data in the worked examples and
end-of-chapter problems so that students can consult the
original sources to enhance their study. We also give full
references for reprinted illustrations and photographs in
the figure captions, rather than at the end of the book, so
that students can easily consult these sources as well.

Technology-Based Resources and Supplements

A host of valuable resources accompany this book. The
website for this book is available free to students and pro-
vides online study aids, reviews of current articles, spe-
cific information about each chapter in the text,
supplemental questions and problems, career tips, and
links to genetics-related sites. InfoTrac College Edition
delivers online access to full-length articles from more
than 700 periodicals. Students can log on to this online 1i-
brary with their personal ID and perform searches, read
assigned articles, use articles as a resource to analyze
assigned problems from the website, and print articles for
their personal use. The Brooks/Cole BioLink is a lecture
presentation tool and image bank that allows instructors
to assemble images and related text (captions and titles)
for electronic presentation in lectures and to post lec-
ture notes and URLs to a course website. BioLink includes
over 2000 images, animations, and Quicktime® movies,
including more than 100 images from this book. Genetics
Updates, an online genetics newsletter, features concise
essays on current topics and issues in the field of genet-
ics with links to related sites. The Instructor’s [{esn_in'ine



Manual contains sample syllabi, chapter outlines, lists of
main concepts, solutions to all questions and problems
from the book, teaching hints, hints on how to use media
and web materials, and a conversion guide to illustrate
how to move from a Mendel-first approach to a molec-
ular-first approach using Genetics: The Continuity of Life.
The Student Companion to Genetics: The Continuity of
Life contains detailed solutions to all end-of-chapter
questions and problems. Current Perspectives in
Genetics, by Shelly Cummings, features some 50 selected
articles in molecular, transmission, population, and
human genetics as a complement to genetics courses.
Transparencies with over 100 color reproductions of art
from the book are available to instructors. Genetics on the
Web, by Daniel |. Kurland, gives students exercises to bre-
come proficient with the Internet as they study genet-
ics; this book includes a list of URL sites and online
materials for each topic in genetics.
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