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PREFACE

TRADITIONAL STRENGTHS OF
AN INTRODUCTION TO GENETIC ANALYSIS

enetics has become an indispensable component of almost all research in

modern biology and medicine. This position of prominence has been

achieved through the powerful merger of classical and molecular approaches.
Each analytical approach has its unique strengths: classical genetics is unparalleled in its
ability to explore uncharted biological terrain; molecular genetics is equally unparal-
leled in its ability to unravel cellular mechanisms. It would be unthinkable to teach one
without the other, and each is given due prominence in this book. Armed with both ap-
proaches, students are able to form an integrated view of genetic principles.

A Balanced Approach

The partnership of classical and molecular genetics has always presented a
teaching dilemma: which of the two partners should the student be intro-
duced to first, the classical or the molecular? We believe that students begin
much as biologists did at the turn of the century, asking general questions
about the laws governing heredity. Therefore the first half of the book in-
troduces the intellectual framework of classical eukaryotic genetics in more
or less historical sequence. Although molecular information is provided
where appropriate, it is not emphasized in this half. Having acquired the
classical framework, the student then proceeds to the second half of the
book, which hangs molecular genetics onto this framework. The coverage
of genetic mutation is a case in point. In Chapter 7 the student is treated to the classical
principles of gene mutation, while Chapter 19 expands this knowledge to include mole-
cular aspects. Because the progression from general to specific is a natural one, this ap-
proach makes sense not only in research but also in teaching about research.

Focus on Genetic Analysis

Figure 4-19
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Similarly, quantitative analysis is central to the book because many of the new ideas
in genetics, from the original conception of the gene to modern techniques such as
RFLP mapping, are based on quantitative analysis. The problems at the ends of the
chapters provide students with the opportunity to test their understanding in quantita-

tive analyses that effectively simulate the act of doing genetics.



Tools for Analyzing Genetics

Strengths of the previous editions have been retained and reinforced.

KEY CONCEPTS

» Recombinant DNA is made by splicing a
foreign DNA fragment into a small repli-
cating molecule (such as a plasmid),
which will then amplify the fragment
along with itself resulting in a molecular
“clone” of the inserted DNA fragment.

P A collection of DNA clones that together
encompass the entire genome is called a
genomic library.

P An indivual DNA clone in a library can
be detected by using a specific probe for
the DNA or its protein product, or by its
ability to transform a null mutant.

P Restriction enzymes cut DNA at specific
target sites, resulting in defined frag-
ments with sticky ends suitable for
cloning,

P Different-sized DNA fragments produced
by restriction enzyme digestion can be
fractionated because they migrate to dif-
ferent positions on an electrophoretic
gel.

Chapter Summaries provide a short distillation of the
chapter material and an immediate reinforcement of

the concepts. All these items are useful in text review,

especially for exam study.

The Key Concepts at the chapter openings give
an overview of the main principles to be covered
in the chapter, stated in simple prose without ge-
netic terminology. These provide a strong peda-
gogic direction for the reader.

Boxed Messages throughout the chap-
ters provide convenient milestones at
which the reader can pause and contem-
plate the material just presented.

Message

At mitosis, nondisjunction, chromosome
loss, crossing-over and haploidization all
cause a heterozygous pair of alleles to segre-
gate in somatic tissue, resulting in a mosaic
expressing the phenotypes of both alleles.

SUMMARY

Genomics is the branch of genetics
that deals with the systematic mol-
ecular characterization of whole gen-
omes. Some of the methods used are
traditional genetic mapping proce-
dures, but in addition specialized tech-
niques have been developed for

manipulating the large amounts of
DNA in a genome. Genomic analysis
is important for two reasons: first, it
represents a way of obtaining an
overview of the genetic architecture
of an organism, and second, it forms a
set of basic information that can be

Another end-of-chapter feature is the problems requir-
ing Concept Maps. Concept maps grew out of the
constructivist movement in education, which asserts
that student learning is most effective when new infor-
mation is brought into direct conflict with previous
understanding. The concept map provides a powerful
method for visualizing and resolving such conflicts
and also aids concept integration.

CHAPTER INTEGRATION PROBLEM

‘:\: Concept Map

Draw a concept map interrelating as
many of the following terms as possi-
ble. Note that the terms are listed in
no particular order.

recombinant DNA/probe/in situ
hybridization/ genetherapy /RFLP/
transgenic/ mapping/ in vitro
mutagenesis/ genetic screening

The Chapter Integration Problems are solved prob-

Some recessive mutations in maize af-
fect the color, texture, or shape of the
kernel. To discuss these mutations in
general, we'll use m to represent the re-
cessive allele. These mutations can be
detected in a straightforward manner
by crossing an m *m*male with an mm
female. Any new mutations are found
by visually scanning many seeds, in
other words, millions of kernels on
thousands of corncobs. Finding a seed
with the recessive phenotype shows
that the gene mutated in the male.
When maize geneticists sow seeds with
the mutant phenotype and self the re-
sulting plants, they find one or the
other of two kinds of results:

If the mutation was spontaneous,
the progeny from the selfing are gen-
erally all mutant.

If the mutation followed treatment
of the pollen with a mutagen, the
progeny from the selfing are generally
3/4 wild type and 1/4 mutant.

Provide an explanation for these
two different outcomes.

Solution

As usual, if we restate the results in a
slightly different way, it gives us a clue
as to what is going on. The difference
between outcomes seems to reflect
some difference between spontaneous
and induced mutation. From a sponta-
neous mutation, we obtain an individ-
ual that seems to be of genotype mm
because it breeds true for the mutant
phenotype. From an induced muta-
tion, we obtain an individual that
seems from the 3:1 phenotypic ratio

lems that emphasize concept integration both within
and between chapters. These chapter integration
problems help to show how one set of learned skills
builds on and interacts with previous ones. They also
enable students to develop a holistic perspective as
they begin to organize diverse concepts into a coher-
ent body of knowledge.



The problems at the end of each chapter are prefaced
by Solved Problems that illustrate the ways that ge-
neticists apply principles to experimental data. Re-
search in science education has shown that this appli-
cation of principles is a process that professionals find
second nature, whereas students find it a major stum-
bling block. The Solved Problems demonstrate this
process and prepare the students for solving problems
on their own.

The Problems themselves continue to be one of the
strengths of the book. The problems are generally
arranged to start from the simple and proceed to the
more difficult. Particularly challenging problems are
marked with an asterisk. All problems have been class-
room tested. Answers to selected problems are found
at the back of the book, and the full set of solutions is
in the Student Companion, prepared by Diane Lavett
(Emory University).

genic

SOLVED PROBLEMS

1. About 70 percent of all white North
Americans can taste the chemical
phenylthiocarbamide, and the remain-
der cannot. The ability to taste is de-
termined by the dominant allele T,
and the inability to taste is determined
by the recessive allele t. If the popula-
tion is assumed to be in Hardy-
Weinberg equilibrium, what are the
genotypic and allelic frequencies in
this population?

Solution

Since 70 percent are tasters (TT), 30
percent must be nontasters (tt). This

o -
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“

5. Some genes can be mutated to be-
come oncogenes by increasing the
copy number of the gene. This, for ex-
ample, is true of the c-myc transcrip-
tion factor. On the other hand, onco-
mutations of ras are always

NEW FEATURES OF THE SIXTH EDITION

homozygous recessive frequency is
equal to g2, so to obtain g, we simply
take the square root of 30:
q =V0.30 = 0.55
Since p +q = 1, we can write
p=1—g=1—055=045
Now we can calculate
p2 = (0.45)2 = 0.20 (TT)
2pq = 0 X 0.45 X 0.55 = 050 (Tt)
q2 = 0.3 (1t)
2. In a large natural population of
Mimulus guttatus one leaf was sampled
from each of a large number of plants

e 5
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PROBLEMS

point mutations that alter the protein
structure of ras. Rationalize these ob-
servations in terms of the roles of
normal and oncogenic versions of ras
and c-myc.

Revised and Updated
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All chapters have been revised and updated.
Text has been clarified, and new diagrams and
photographs have been used throughout.
Most of the major revision has been in the
chapters that focus on molecular genetic tech-
nology (Chapters 14— 17) and on the fast-mov-
ing field of developmental genetics (Chapters

Much of Chapter 14 (Recombinant DNA
Technology) has been rewritten and reorga-
Lt - T g nized. The first part of the chapter focuses on
the reasons why geneticists clone DNA and
proceeds to a step-by step elucidation of the

general methods used. The chapter ends with a

description of some other useful techniques in molecular analysis: DNA sequencing

(with a new section on automated sequencing), DNA electrophoresis (including

Southern and Northern analysis and restriction mapping), and the polymerase chain re-

action. Other new topics include pUC plasmids, cloning by functional complementation,

positional cloning, cloning by tagging, design of oligonucleotide probes based on amino
acid sequence, and ORF analysis. The creation and utilization of DNA libraries has been

expanded.
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Chapter 15 (Applications of Recombinant DNA
p— Technology) has also been extensively revised.
‘ Broadly, the new emphasis is on what geneticists

= O 7

can do with cloned genes once they have them.

jectile

Pro
gun

Transformation

e & There is new emphasis and explanation of the tech-
7 o\ niques of reverse genetics, including in vitro muta-

genesis, gene disruption, and gene replacement.

There is a new section on human gene therapy.

In Chapter 16 (The Struc-
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Chapter 17 is a new chapter on the topic of Genomics, reflecting current research in-
terest in this area and the interest of the public in the human genome project. The
chapter brings together the traditional techniques for genome analysis, such as recom-
bination mapping and somatic cell hybridization, and new approaches designed specifi-
cally to manipulate the large amounts of DNA found in eukaryotic

chromosomes. New sections deal with fluorescence in situ hy-
bridization, pulsed field gel electrophoresis, mapping by restriction
fragment length polymorphisms (RFLPs), mapping by simple se-
quence length polymorphisms (SSLPs), sperm genotyping, ran-
domly amplified polymorphic DNAs (RAPDs), irradiation and fu-
sion gene transfer (IFGT), contigs, fluorescence-activated sequence-
tagged sites, chromosome sorting (FACS), candidate gene ap-
proach, and physical mapping of the human'Y chromosome.

Figure 17-2
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Figure 24-11 other material has been

eliminated to streamline
them. Each chapter focuses on a clear theme in developmental genetics. Chapter 23 dis-
cusses how protein activities in a cell are regulated during development and builds on
the individual regulatory events to introduce the student to the concept of developmen-
tal pathways. New to Chapter 23 is a discussion of epigenetic phenomena, including
paramutation in plants and parental imprinting in mammals. In recent years, the divid-

ing line between cell and developmental biology has been blurred. Chapter 24
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addresses this by discussing several areas of cell
biology that impact on developmental genetics.
New topics include the cytoskeleton and cell
shape, the cell cycle, and intercellular communi-
cation. The chapter culminates with a discussion
of the genetics of cancer, bringing together
many of the principles discussed in Chapters 23
and 24. Finally, Chapter 25 focuses on the forma-
tion of complex biological patterns. It uses the
most exquisite case of early Drosophila develop-
ment to exemplify how geneticists are attacking
this major problem in developmental biology.
Considerable emphasis is placed on how spatial
information is incorporated and read out in the
developing oocyte and the early embryo and
how the principles of cell biology are exploited

to pattern the egg. The chapter ends with a consideration of mammalian developmen-

tal genetics and the emerging theme that the mechanisms of pattern formation are an-
cient and highly conserved among animals.

Chapter 26, Population Genetics, now precedes the chapter on Quantitative Genetics
(Chapter 27), reversing the order in previous editions. Many of the users of the book
found that it is a great deal easier to understand quantitative genetics if students first

have a grounding in the principles of population genetics, and it is indeed the case that

the modern treatment of quantitative genetics grew out of population genetic theory.
We have also added a section on the mapping of quantitative trait loci (QTLs) by the

new methods of molecular genetics, a subject of considerable interest at present in

both human genetics and agriculture.

New Problems
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We have added more than 100 new problems, includ-

ing many problems involving molecular analysis. In
addition, most chapters have a new exercise in prob-
lem solving called “Unpacking the Problem.” This ex-
ercise was devised to illustrate the idea that a genetics
problem represents only the tip of a vast iceberg of
knowledge (we originally considered calling them
“iceberg problems”). It is only when the structure of
the underlying levels of knowledge is understood
that the problem can be solved constructively. The
unpacking exercises access this underlying knowledge
without actually solving the problem. Some of the

-]

f Unpacking the Problem
8. John and Martha are contemplating
having children, but John’s brother has
galactosemia (an autosomal recessive
disease), and Martha's great-grand-
mother also had galactosemia. Martha
has a sister who has three children,
none of whom has galactosemia. What
is the probability that John and Martha’s
first child will have galactosemia?

In some chapters we expand one
specific problem with a list of exercises
that help mentally process the princi-
ples and other knowledge surrounding

g

component questions in an unpacking exercise might sound trivial, but often thev ad-

dress the kind of fundamental levels of misunderstanding that prevent students from

successfully solving problems.

the subject area of the problem. You
can make up similar exercises yourself
for other problems.

Before attempting a solution, con-
sider some expansion questions such as
the following, which are meant only as
examples:

a. Can the problem be restated as a
pedigree? If so, write one.

b. Can parts of the problem be re-
stated using Punnett squares?

c. Can parts of the problem be re-
stated using branch diagrams?

d. In the pedigree, identify a mating



Course Syllabi

For a two-semester course, the entire text provides an appropriate course structure and
syllabus that reflects the range of modern genetics. A syllabus for a one-semester
course can be designed around selected chapters. For students familiar with DNA struc-
ture and function from introductory biology or cell biology courses, a possible selec-
tion of chapters for a one-semester course is Chapters 2, 3, 4, 5,7, 9, 10,12, 14, 16,23,
and 25. A one-semester course in molecular genetics could be based on Chapters 10
through 25.

Supplements

A number of useful supplements benefit students and instructors
using the textbook. The Student Companion and Complete Solutions,
by Diane K. Lavett of Emory University, offers worked-out answers
to all the problems in the textbook. Dr. Lavett has revised and ex-
panded the section in each chapter devoted to the text’s concept
maps as a means of helping students build problem-solving skills.
Questions and answers about the maps are intended to test student
understanding of the connections among the key ideas being
taught. Concept maps can also be used by instructors to structure

the presentation of chapters.

A full-color overhead transparency set of about 130 key illustrations ; ;
from the textbook is available free of charge to qualified adopters. QUi =8
Instructors will find all the approximately 1100 numbered figures
and tables in the book, along with their legends, in the An Introduction to Genetic Analysis
CD-ROM. The images can be viewed on a computer and can be displayed with a projec-
tion unit during a lecture. The CD contains special software that allows users to select a
sequence of images in advance. The CD also gives the option of showing figures with
or without their labels, or with labels that the user has created. The CD is also free to
qualified adopters. For more information, instructors should contact their local
Freeman representative.

Acknowledgments

Thanks are due to the following people at W. H. Freeman and Company for their consid-
erable support throughout the preparation of this edition: Mary Shuford, Director of
Development; Randi Rossignol, Senior Developmental Editor; Philip McCaffrey,
Managing Editor; Penny Hull, Project Editor; Vicki Tomaselli, Designer; Denise Wiles
and Susan Wein, lustration Coordinators; Travis Amos, Senior Photo Editor; Larry
Marcus, Assistant Photo Editor; Ellen Cash, Production Manager; and Julia DeRosa,
Production Coordinator. We also thank the copy editor, William O'Neal; the layout artist,
Leon Bolognese; the indexer, Susan Thomas; and the proofreader, Lynn Contrucci.

Tony Griffiths thanks Barbara Moon for showing him the power of concept maps and
generally converting him to constructivism. He also thanks Jolie Mayer-Smith for the Figure 18-33
idea behind the problem-unpacking exercises. Dick Lewontin thanks Rachel Nasca for
her work in preparing the manuscript, and Jeffrey Miller and Bill Gelbart thank



Contents in Brief

~

8

9

10

Genetics and the Organism
Mendelian Analysis

Chromosome Theory of Inheritance
Extensions of Mendelian Analysis

Linkage I: Basic Eukaryotic
Chromosome Mapping

Linkage II: Special Eukaryotic
Chromosome Mapping Techniques

Gene Mutation

Chromosome Mutation I: Changes in
Chromosome Structure

Chromosome Mutation II: Changes in
Number

Recombination in Bacteria and Their
Viruses

The Structure of DNA
The Nature of the Gene
DNA Function

Recombinant DNA Technology

21

55

91

123

155

181

211

249

275

313

341

383

423

15

16

17
18
19

20

26
27

Applications of Recombinant DNA
Technology

The Structure and Function of
Eukaryotic Chromosomes

Genomics
Control of Gene Expression

Mechanisms of Genetic Change I:
Gene Mutation

Mechanisms of Genetic Change II:
Recombination

Mechanisms of Genetic Change III:

Transposable Genetic Elements

The Extranuclear Genome

Gene Regulation during Development
Genetics and Cellular Differentiation

Developmental Genetics: Cell Fate and

Pattern Formation
Population Genetics

Quantitative Genetics

459

493

519

545

583

617

637

663

693

719

747

779

817




Contents

PREFACE

GENETICS AND THE ORGANISM

Genetics and Human Affairs
Genetics and Biology

Genes and Environment
Techniques of Genetic Analysis

MENDELIAN ANALYSIS

Mendel’s Experiments

Simple Mendelian Genetics in Humans
Simple Mendelian Genetics in Agriculture
Variants and Genetic Dissection

CHROMOSOME THEORY OF
INHERITANCE

Mitosis and Meiosis

The Chromosome Theory of Heredity

Sex Chromosomes and Sex Linkage

The Parallel Behavior of Autosomal
Genes and Chromosomes

Mendelian Genetics and Life Cycles

EXTENSIONS OF MENDELIAN
ANALYSIS

Variations on Dominance
Multiple Alleles
Lethal Alleles

Several Genes Affecting the Same
Character
Penetrance and Expressivity

11
17

21

22
32

40

55

56
62
70

76
76

91

92
93
95

98

108

vi

LINKAGE I: BASIC EUKARYOTIC
CHROMOSOME MAPPING

The Discovery of Linkage

Recombination

Linkage Symbolism

Linkage of Genes on the
X Chromosome

Linkage Maps

Three-Point Testcross

Interference

Calculating Recombinant Frequencies
from Selfed Dihybrids

Examples of Linkage Maps

The x* Test

The Nature of Crossing-Over

Linkage Mapping by Recombination in
Humans

LINKAGE II: SPECIAL
EUKARYOTIC CHROMOSOME
MAPPING TECHNIQUES

Accurate Calculation of Large Map
Distances

Analysis of Single Meioses
Mitotic Segregation and Recombination

GENE MUTATION

Somatic versus Germinal Mutation
Mutant Types

The Occurrence of Mutations
Selective Systems

Mutation Induction

123

124
126
127

128
129
131
134

135
135
137
140

142

155

156
159
167

181

182
184
187
191
197



Mutation and Cancer

Mutagens in Genetic Dissection
Mutation Breeding

CHROMOSOME MUTATION I:
CHANGES IN CHROMOSOME
STRUCTURE

The Topography of Chromosomes
Types of Changes in Chromosome
Structure

Chromosomal Rearrangements in
Evolution

CHROMOSOME MUTATION II:
CHANGES IN NUMBER

Aberrant Euploidy

Aneuploidy

Chromosome Mechanics in Plant
Breeding

RECOMBINATION IN BACTERIA
AND THEIR VIRUSES

Working with Microorganisms

Bacterial Conjugation

Bacterial Recombination and Mapping
the E. coli Chromosome

Bacterial Transformation

Bacteriophage Genetics

Transduction

Chromosome Mapping

Bacterial Gene Transfer in Review

THE STRUCTURE OF DNA

DNA: The Genetic Material
The Structure of DNA
Replication of DNA
Mechanism of DNA Replication
DNA Replication in Eukaryotes
DNA and the Gene

THE NATURE OF THE GENE

How Genes Work
Gene-Protein Relationships
Genetic Fine Structure
Mutational Sites
Complementation

199
201
203

211

213

216

234

249

250
258

266

275

276
277

286
290
291
298
302
302

313

314
315
321
326
332
334

341

342
345
358
364
369

vii

DNA FUNCTION

Transcription

Translation

The Genetic Code

Protein Synthesis

Universality of Genetic Information
Transfer

Eukaryotic RNA

Mechanism of Gene Splicing

Review

RECOMBINANT DNA
TECHNOLOGY

Making Recombinant DNA

Cloning a Specific Gene

Fractionation of DNA by
Electrophoresis

DNA Sequence Determination

The Polymerase Chain Reaction

Restriction Maps

APPLICATIONS OF
RECOMBINANT DNA
TECHNOLOGY

In Vitro Mutagenesis

Gene Synthesis

Expressing Eukaryotic Genes in
Bacteria

Reverse Genetics

Recombinant DNA Technology in
Eukaryotes

Gene Therapy

Recombinant DNA and Screening for
Genetic Diseases

THE STRUCTURE AND
FUNCTION OF EUKARYOTIC
CHROMOSOMES

Genome Size in Eukaryotes

One DNA Molecule per Chromosome

The Role of Histone Proteins in
Packaging DNA

Higher-Order Coiling

Heterochromatin and Euchromatin

Chromosome Bands

Centromeric DNA

383
384
389
392
399

406
408
412
416

423

424
430

442
444
448
449

459

460
462

463
464

465
478

482

493

494
494

497
497
500
501
502



Sequence Organization
Replication and Transcription of
Chromatin

GENOMICS

Assigning Loci to Specific
Chromosomes

Chromosome Mapping

Physical Mapping of Genomes

Genetic Analysis Using
Physical Maps

Genome Sequencing

CONTROL OF GENE
EXPRESSION

BRasic Control Circuits
Discovery of the lac System: Negative
Control

Catabolite Repression of the lac Operon:

Positive Control

Dual Positive and Negative Control:
The Arabinose Operon

Metabolic Pathways

The Tryptophan Genes: Negative
Control with Superimposed
Attenuation

The A Phage: A Complex of
Operons

Multioperon Repression

Structure of Regulatory Proteins

Transcription: Gene Regulation in
Eukaryotes— An Overview

Cis Control of Transcription

Trans Control of Transcription

Regulation of Transcription Factors

5-Methylcytosine Regulation

Post-Transcriptional Control

Control of Ubiquitous Molecules in
Eukaryotic Cells

MECHANISMS OF GENETIC
CHANGE I: GENE MUTATION

The Molecular Basis of
Gene Mutations
Spontaneous Mutations
Induced Mutations
Reversion Analysis

504

513

519

520
524
530

533
536

545

546

547

554

555
558

559

562
564
564

564
566
568
573
575
575

576

583

585
586
593
600

viii

The Relationship between Mutagens

and Carcinogens
Repair Defects and Human Diseases

MECHANISMS OF GENETIC
CHANGE II: RECOMBINATION

General Homologous
Recombination

The Holliday Model

Enzymatic Mechanism of
Recombination

Site-Specific Recombination

Recombination and Chromosomal
Rearrangements

Duplication and Evolution

MECHANISMS OF GENETIC
CHANGE III: TRANSPOSABLE
GENETIC ELEMENTS

Insertion Sequences

Transposons

Phage Mu

Mechanism of Transposition

Rearrangements Mediated by
Transposable Elements

Review of Transposable Elements in
Prokaryotes

Ty Elements in Yeast

Transposable Elements in Drosophila

Retroviruses

Transposition via an RNA
Intermediate

Controlling Elements in Maize

Review of Transposable Elements in
Eukaryotes

THE EXTRANUCLEAR GENOME

Extranuclear Inheritance in Higher
Plants

Extranuclear Inheritance in Fungi

Shell Coiling in Snails: A Red Herring

Extranuclear Genes in
Chlamydomonas

Mitochondrial Genes in Yeast

An Overview of the Mitochondrial
Genome

An Overview of the Chloroplast
Genome

600
612

617

618
619

626
630

631
631

637

638
640
644
644

646
648
650
650

653

655
656

660

663

665
666
668

668
672

676

678



Mitochondrial Diseases in Humans

Extragenomic Plasmids in Eukaryotes
How Many Copies?

GENE REGULATION DURING
DEVELOPMENT

Regulating the Synthesis of Proteins

Tissue-Specific Regulation at the Level
of DNA Structure

Regulation of Gene Transcription

Transcript Processing and
Tissue-Specific Regulation

Post-transcriptional Regulation

Post-translational Regulation

Epigenetic Inheritance

Dissecting Eukaryotic Regulatory
Elements

Regulatory Elements and Dominant
Mutations

Regulatory Cascades: Applying
Regulatory Mechanisms to
Developmental Decisions

The Sex Determination Pathway in
Drosophila

Sex Determination in Mammals

The Pathway of Antibody Production:
DNA Gene Rearrangement and
Antibody Diversity

GENETICS AND CELLULAR
DIFFERENTIATION

The Cytoskeleton and Cellular
Architecture

The Cell Cycle

Intercellular Communication

Cancer: A Genetic Disease of Somatic
Cells

DEVELOPMENTAL GENETICS:
CELL FATE AND PATTERN
FORMATION

Pattern Formation: The Establishment
of the Basic Animal Body Plan

A Sneak Preview of Pattern Formation

Investigating Early Development

A Synopsis of Early Drosophila
Development

Establishing Positional Information

680
680
683

693

694

694
695

696
697
698
698

700

703

704
705

709

712

719

720
725
729

736

747

748
748
750

751
754

ix

The A/P Morphogens

The D/V Morphogen

The Establishment of Polarity in the
Qocyte

The Initial Response to Positional
Information

Refining the Initial Patterning Decisions

A Cascade of Regulatory Events

Determination of Segment Identity

Homeotic Mutations and the
Establishment of Segmental Identity

Applying the Fly Lesson to Other

Organisms: Mouse Molecular Genetics

POPULATION GENETICS

Darwin’s Revolution

Variation and Its Modulation

The Effect of Sexual Reproduction on
Variation

The Sources of Variation

Selection

Balanced Polymorphism

Multiple Adaptive Peaks

Artificial Selection

Random Events

A Synthesis of Forces

The Origin of Species

QUANTITATIVE GENETICS

Some Basic Statistical Notions

Genotypes and Phenotypic Distribution

Norm of Reaction and Phenotypic
Distribution

The Heritability of a Trait

Quantifying Heritability

Determining Norms of Reaction

Locating the Genes

Gene Action

More on Analyzing Variance

FURTHER READING
GLOSSARY

ANSWERS TO SELECTED
PROBLEMS

INDEX

755
758

760

761
762
764
766

766

769

779

780
780

789
791
797
802
804
805
807
808
811

817

819
826

828
830
831
835
838
840
842

851

859

880

901



Genetics and the
Organism

EEY " CON-CEPTS

» Genetics unifies the biological sciences.

P Genetics is of direct relevance to hu-
man affairs.

P Genetics may be defined as the study
of genes.

P Genetic variation contributes to varia-
tion in nature.

P As an organism develops, its unique set
of genes interacts with its unique envi-
ronment in determining its characteris-
tics.

Genetic variation in the color of corn kernels. Each
kernel represents a separate individual with a dis-
tinct genetic makeup. The photograph symbolizes
the history of humanity’s interest in heredity. Hu-
mans were breeding corn thousands of years be-
fore the rise of the modern discipline of genetics.
Extending this heritage, corn today is one of the
main research organisms in classical and molecular
genetics. (William Sheridan, University of North
Dakota; photo by Travis Amos.)



hy study genetics? There are two basic reasons.
First, genetics has come to occupy a pivotal po-
sition in the entire subject of biology; for any
serious student of plant, animal, or microbial
life, an understanding of genetics is thus essential. Second,
genetics, like no other scientific discipline, has become cen-
tral to numerous aspects of human affairs. It touches our
humanity in many different ways. Indeed, genetic issues
seem to surface daily in our lives, and no thinking person
can afford to be ignorant of its discoveries. In this chapter
we take an overview of the science of genetics, showing
how it has come to occupy its crucial position. In addition
we provide a perspective from which to view the subse-
quent chapters.

First we need to define what genetics is. Some define it
as the study of heredity, but hereditary phenomena have
been interesting to humans since before the dawn of civi-
lization. Long before biology or genetics existed as the sci-
entific disciplines we know today, ancient peoples were im-
proving plant crops and domesticated animals by selecting
desirable individuals for breeding. They also must have puz-
zled about the inheritance of traits in humans, and asked
such questions as “Why do children resemble their par-
ents?” and “How can various diseases run in families?” But
these people could not be called geneticists. Genetics as a
set of principles and analytical procedures did not begin un-
til the 1860s when an Augustinian monk named Gregor
Mendel (Figure 1-1) performed a set of experiments that
pointed to the existence of biological elements called genes.
The word genetics comes from “genes,” and genes provide
the focus for the subject. Whether geneticists study at the
molecular, cellular, organismal, family, population, or evolu-
tionary level, genes are always central in their studies. Sim-
ply stated, genetics is the study of genes.

What is a gene? A gene is a section of a threadlike mol-
ecule called deoxyribonucleic acid, abbreviated DNA.
DNA, the hereditary material that passes from one genera-
tion to the next, dictates the inherent properties of a
species. Each cell in an organism has one or two sets of the
basic DNA complement, called a genome. The genome it-
self is made up of one or more extremely long molecules of
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Figure 1-1 Gregor Mendel. (Moravian Museum, Brno)

DNA that are called chromosomes. The genes are the func-
tional regions of the DNA and are simply active segments
ranged along the chromosomes (Figure 1-2). In complex or-
ganisms chromosomes generally number in the order of
tens, but genes number in the order of tens of thousands.
Armed with these definitions of genetics and genes, let us
go on to see how understanding these subjects has become
so important. We will start with the impact of genetics on
our own species.

Organism A human body Each cell
(human) is made up nucleus
of trillions contains an
of cells. identical
complement of
chromosomes.

One specific Each DNA
chromosome chromosome isa

pair is one long DNA double
molecule and helix.

genes are functional
regions of this DNA.

Figure 1-2 Successive enlargements of an organism to focus on the genetic material.



