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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

Figure 4-19

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

True to its title, the theme of this book is
genetic analysis. This theme emphasizes
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ture exploration.

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

P 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.

» 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.

» 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.

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. ‘

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

X

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

N L

‘:\: 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

CHAPTER INTEGRATION PROBLEM

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

The Chapter Integration Problems are solved prob-
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).

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

PROBLEMS

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-
genic 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 = 055
Since p +q = 1, we can write
p=1—q=1—055=045
Now we can calculate
P2 = (0452 = 0.20 (TT)
2pg = 0 X 0.45 X 0.55 = 0.50 (Tt)
q2 = 0.3 (1)
2. In a large natural population of

Mimulus guttatus one leaf was sampled
from each of a large number of plants

e 4

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.
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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
95-9%),

Much of Chapter 14 (Recombinant DNA
Technology) has been rewritten and reorga-
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
. Technology) has also been extensively revised.

Broadly, the new emphasis is on what geneticists
can do with cloned genes once they have them.

Trosen @ There is new emphasis and explanation of the tech-

i\ Virus

niques of reverse genetics, including in vitro muta-

genesis, gene disruption, and gene replacement.

Y

There is a new section on human gene therapy.

Transgene

In Chapter 16 (The Struc-
Figure 15-14 ture and Function of Eu-

karyotic Chromosomes) the

description of repetitive DNA has been revised to bring the termi- o e B w4 1
nology into line with that used in Chapter 17, for example, mini- ‘ : ; ‘

Wild type Translocation heterozygote Inversion heterozygote

satellite and microsatellite DNA.
Figure 16-2

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 el
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

S-phase genes Chapters 23-25 are a ma-
jor revision of Chapters
22-23 in the Fifth Edition

to reflect recent advances

DA damage —— P53 — Qealitl in the dynamic and chang-
i) ing landscape of develop-

mental genetics. New sec-

Gy G1 phase A S phase
Restriction point .

tions have been added to

each of the chapters, and
Figure 24-T1  ,iher 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- S

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

N Sl i

“ﬁ 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

S

component questions in an unpacking exercise might sound trivial, but often they 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.
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.
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