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Lofiior

Ricki Lewis has built a multifaceted career
around communicating the excitement of life
cience, especially genetics and biotechnology.
he earned her Ph.D. in genetics in 1980 from
(ndiana University, working with homeotic
mutations in Drosophila melanogaster.
. Ricki is the author of Life, an introduc-
ory biology text; Human Genetics: Con-
L cepts and Applications; co-author of two
uman anatomy and physiology textbooks;
| and author of Discovery: Explorations in the
Life Sciences, an essay collection about
esearch and the nature of scientific investi-
gation. As a Contributing Editor to The
Scientist, a newspaper read by scientists
worldwide, she writes frequently on the lat-
st research and news in biotechnology.
ince 1980, Ricki has published more than
L 3,000 articles in a variety of magazines,
ncluding a cover story on DNA finger-
printing in Discover and book reviews for
The New York Times. Ricki participates in
Science Forum, a monthly call-in science
program on public radio, and is a frequent
invited speaker. She is an adjunct professor
at Miami University and the University at
Albany, where she has taught a variety of life
cience courses, and also taught at Empire
State College and several community col-
eges. She brought science experiments to
: grade school classrooms for three years as
| part of a traveling science museum, for
which she obtained a Howard Hughes Med-

AboUiihe

ical Institute grant. Ricki has been a genetic
counselor for a large private medical prac-
tice in Schenectady, NY, since 1984, where
she helps people make decisions about
reproductive choices.

Ricki lives in upstate New York with
chemist husband Larry, three daughters,
four cats, two guinea pigs, a rat, hampster,
tortoise, and hedgehog.
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Introduction

Rarely does very much change between
the ever-shrinking window of time that
separates consecutive editions of a text-
book. That certainly isn’t true for the
fourth edition of Human Genetics: Con-
cepts and Applications. The sequencing of
the human genome, new with the millen-
nium , is something that Gregor Mendel
could not have fathomed, and that Fran-
cis Crick once only imagined in the con-
text of unravelling the genetic instruc-
tions of a simple bacterium. Yet it has
been done.

Whether deciphering the sequence of
our genetic blueprints comes to represent a
true paradigm shift in the science of genet-
ics remains to be seen. Some have argued
that it does not change what has come
before but merely continues it, albeit on an
enormous, systematic scale. Some have
argued that the genome project was not
creative or clever, comparing it to climbing
Mt. Everest simply because it is there.

Although its impact on science is
unclear, human genome information will
almost certainly impact health care and,
therefore, the average citizen. Once not
even included in medical school training,
human genetics and genomics are now
explaining the underpinnings of many dis-
eases. Medical consumers are asking for
information on genetic testing, and the
media has so hyped genetic research that
some patients are even demanding treat-
ments and procedures that are still many
years in the future. Ironically, at the same
time that people are looking to gene-based
tests and treatments with great hope, rejec-
tion of genetically-modified (GM) crops is
growing, fueled more by politics and eco-

nomics than science. The fact that botk
types of technologies—gene therapy and
agricultural biotechnology—use much the
same methods of gene transfer and expres
sion, yet evoke such opposite responses,
indicates that not everyone is familiar with
basic genetic principles. A survey in the
United Kingdom, for example, found thal
people are avoiding “GM foods” because of
a fear of consuming DNA!

This book is written for the citizens
the future who will evaluate new medic
options and brave new foods, and decide
for themselves whether a new technology
is valuable, potentially dangerous, uneth
cal, or useless. Being informed in the co
ing age of genomics requires understan
ing what genes are, and how they function
and interact with each other and environ-
mental stimuli. While Mendel’s laws, the
DNA double helix, protein synthesis and
population dynamics will always form the
foundation of the field, the study
human genetics must now embrace mu
more. Completion of the human genom
project has catapulted human genetics to a
new level, one that has evolved from ¢t
single-gene-at-a-time approach of the last
decades of the last century to a more mul-
tifactorial view. 4

Human Genetics: Concepts and Applica
tions, Fourth Edition weaves the thread of
genomics throughout the clear and exciti
discussion of gene structure and functio
and biotechnology. Changes to this editior
include increased emphasis on clarity and
evenness of level, with several new pedagog
cal features added to ease learning. Updati
is everywhere. The book’s unique reliance o.
recounting the experiences of real peop
remains, bolstered by inclusion of more
my experiences as a genetic counselor.



What's New and Exciting
Abovt this Edition

Easier Learning

Particular care has been taken in this revi-
sion to provide a clear framework of basic
principles. After reading a chapter, students
should be able to identify the main concepts
and place them into the larger context of
genetics. New transitions have been added,
chapters are more closely linked, figures are
more consistent, and a new host of peda-
gogical tools have been added to ease learn-
ing. These aids include:

+ Introductory outlines with summaries
of major topics

+ Numbered main headings in text,
chapter introductions, and chapter
summaries

+ Brief, straightforward narrative
introductions that get to the point fast

+ Many new summary tables that
encapsulate concepts

+ New figures with step-by-step
descriptions

+ New questions and problems

+ Summary of key concepts at the end of
each major section

+ Websites and OMIM references with
each chapter

A Sense of Reality

Human Genetics: Concepts and Applications,
Fourth Edition “puts a name on” and per-
sonalizes the material. It is real, relevant,
and connected to everyday life.

“In Their Own Words” essays are writ-
ten by individuals who have, or are close to
people who have, inherited disease, provid-
ing a different view from the researchers
who contribute the essays in most text-
books. The essays introduce:

+ Don Miller, the first recipient of gene
therapy for hemophilia (chapter 1)

+ Stefan Schwartz, who has Klinefelter
Syndrome (Chapter 11)

+ Kathy Naylor, whose little girl died of
cri-du-chat syndrome (Chapter 11)

Xiv Preface

+ Blaine Detheridge-Newsom, a teen
who has spina bifida (Chapter 14)

+ Sandra Thomas, founder of the
American Hemochromatosis Society
(Chapter 18)

Bioethics: Choices for the Future
essays, new to this edition, delve deeper into
scientific puzzles and societal responses that
may influence our own future.

+ Considering Cloning (Chapter 3)

+ Beryllium Sensitivity Screening
(Chapter 14)

+ Pig Parts (Chapter 15)

+ The Ethics of a Recombinant Drug:
EPO (Chapter 17)

+ Gene Therapy Fatalities (Chapter 18)
+ The Butterfly that Roared (Chapter 19)

+ Technology Too Soon? The Case of
ICSI (Chapter 20)

Coverage of Genetic Counseling, a
special combination of scientific, medical,
and psychological skills to educate and
comfort people facing the possibility of
inherited illness, appears throughout this
edition.

* BRCAI—A Genetic Counseling Night-
mare and Table 16.5 Reasons Why Genetic
Counseling for Familial Breast Cancer is
Complex (other books get it wrong!)

+ Down Syndrome recurrence risks
based on age and family history
(Chapter 11)

« Scenes from a Sickle Cell Disease Clinic
(Chapter 18)

« Discussion of how genetic counseling
relates to other health care professions

* Genetic Counseling Quandaries and
Challenges based on actual cases
(Chapter 18)

+ New Chapters 1 and 21 cover genetic
counseling as part of 21st century
genetic medicine

Not Just Up-to-Date—Ahead

Previous editions of Human Genetics:
Concepts and Applications covered genetic
markers, antisense technology, gene target-

ing, and human embryonic stem cells
before they became headlines. This new
edition continues that up-to-the-minute
coverage with wupdates of current
technologies and introduction of new ones,
such as vegetable vaccines (Chapter 15),
semen pharming (Chapter 17), chimera-
plasty (Chapter 18), rhizosecretion and
bioremediation (Chapter 19), and phar-
macogenomics and DNA microarrays
(Chapter 21). Yet at the same time, the
book traces discoveries and developments
that led to today’s and tomorrow's tech-
nologies. Technology Timelines chronicle
the gestation and birth of transplantation
(Chapter 15), patenting life (Chapter 17),
assisted reproductive technologies (Chap-
ter 20) and the human genome project
(Chapter 21).

Significant Changes in Content

Major goals of this revision are to engage
the student with relevant coverage and to
update the instructor with the latest devel-
opments in the field, but the main thrust
of this revision is to ensure that the funda-
mental concepts of genetics are clearly
presented to students. Significant content
changes that address this goal include:

* A new section on calculating risk
(Chapter 1)

+ Added coverage of the cell membrane
(Chapter 2)

+ More material on the cell cycle,
apoptosis and stem cells
(Chapter 2)

+ A new section on multiple births
(Chapter 3)

* A clear explanation of the meaning
of dominance and recessiveness
(Chapter 4)

* Real examples of “linkage mapping”
(Chapter 5)

+ Clearer coverage of genomic
imprinting (Chapter 6)

* More structured discussions of
polygenic and multifactorial traits
(Chapter 7)

* Expanded coverage of DNA repair
disorders (Chapter 8)



+ Simplified discussion of gene
expression (Chapter 9)

+ New sections on globin disorders and
prion disorders (Chapter 10)

+ Story of the development of prenatal
testing (Chapter 11)

« Clear step-by-step discussion of
Hardy-Weinberg mathematics
(Chapter 12)

+ Augmented discussion of balanced
polymorphisms (Chapter 13)

+ Balanced discussion of mitochondrial
Eve and the multiregional hypothesis
(Chapter 14)

+ Coverage of innate immunity and new
vaccines (Chapter 15)

+ New section on the epidemiology of
cancer (Chapter 16)

+ Expanded discussion of how to make
recombinant DNA (Chapter 17)

+ New coverage of genetic counseling
(Chapter 18)

+ Discussion of controversy over geneti-
cally modified foods (Chapter 19)

+ New discussion of the ethics of
reproductive technology (Chapter 20)

+ New chapter on functional
genomics—beyond the Human
Genome Project (Chapter 21)

Supplements

As a full service publisher of quality educa-
tional products, McGraw-Hill does much
more than just sell textbooks to your stu-
dents. We create and publish an extensive
array of print, video, and digital supple-
ments to support instruction on your cam-
pus. Orders of new (versus used) textbooks
help us to defray the cost of developing
such supplements, which is substantial.
Please consult your local McGraw-Hill rep-
resentative to learn about the availability of
the supplements that accompany Human
Genetics: Concepts and Applications.

For the Student

Case Study Workbook in Human

Genetics, Second Edition by Ricki Lewis.
0-07-232530-5

This workbook is specifically designed to
support the concepts presented in Human
Genetics through new real cases adapted
from recent scientific and medical journals,
with citations included. It provides practice
for constructing and interpreting pedigrees;
applying Mendel’s laws; reviewing the rela-
tionships of DNA, RNA, and proteins; ana-
lyzing the effects of mutations; evaluating
phenomena that distort Mendelian ratios;
designing gene therapies; and applying new
genomic approaches to understanding
inherited disease. An answer manual is
available for the instructor.

Genetics: From Genes to Genomes CD
ROM

This CD covers the most challenging con-
cepts in the course and makes them more
understandable through presentation of
full-color narrated animations and interac-
tive exercises. Icons in the text indicate
related topics on the CD.

For the Instructor

Instructor’s Manual and Test Item File
prepared by Jack Fabian, Keene State College

In addition to chapter outlines, answers to
in-text questions, and additional questions
with answers that have supported previous
editions, Jack Fabian has added a number
of new features to this edition. These
include:

* An overview section that summarizes
the material in each chapter

+ Alist of transparencies, Web resources,
and CD presentations that support
each chapter

+ Ideas for classroom instruction

+ Alist of Internet resources and
activities

Moreover, multiple choice questions and
answers that instructors may use for test-
ing are provided for each chapter. The test

item file is also available in computerized
form compatible with either Windows or
Macintosh.

Transparencies

A set of transparencies showing key illustra-
tions from the text is available for adopters.
Additional images are available for down-
load on the book’s website.

Website
! Get Online! Visit us at www.mhhe.com/

lewisgenetics

xplore this dynamic website that provides
additional resources for both student and
instructor including:

* Images and tables from the text
available for downloading

* Case histories and opinion articles for
discussion

* Online quizzes to support study

¢ Resource articles and popular press
coverage

* Support groups and information sites
for genetic diseases

« Internet links to related Websites

Instructors will also find a link to PageOut:
The Course website Development Center
to create a course website. Its powerful fea-
tures help create a customized, profession-
ally designed Website for your human
genetics course, yet it is incredibly easy to
use. There is no need to know any coding.
Save time and valuable resources by typing
your course information into the provided
templates.

Preface XV



The next few pages show you the
tools found throughout the text to
provide a clear framework for
learning the fundamental concepts
of human genetics.

Chapter Opener

Visual Preview

An outline of major topics accompanied by an
introductory narrative prepares you for what
you will learn in this chapter.
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4.1 Following the Inheritance
of One Gene—Segregution

In trees and flowers, sheep and peas,
farmers, gardeners, and scienfists have

| project will likely reveal many more.
‘ Applying Mendel's laws enables us fo
| predict who will inherit which traits,

long noficed that some trai fo
disappear in ana generation, then
reappear in a future generation. An
inquisitive monk with o knack for math,
Gregor Mendlel, first saw the basic laws.
of inheritance revealed in seven
characteristics of pea plants. The two.
cconcepls he disfilled explain trait
transmission in any species with two sefs
of chromasomes, including our own.

4.2 Mendelian Inheritance

in Homaons

Humans have 10,000 or so single-gene
traits and illnesses already known from
medicol reports, and the genome

| 4.3 Following the Inheri

. of Two Genes-—independent
Assortment

| Mendel's second set of experiments

| followed two genes with two variants

| two different chromosomes. He was

- ahead of his time—foday, geneticists
| are increasingly examining the effects

ond inferactions of multiple genes,

4.4 Pedigree Analysis

A pedigree diagram may seem simple
ond even archaic in this age of
sequencing genomes. But human g

is ulimately about families—and the
study of fomilies begins with pedigree:

1790 U.S. patent act is enacted. A inventi
earn a patent.

1873 Louis Pasteur is awarded first patent
processes.

1930 New plant variants can be patented.

lated bacteria.

human protein in its milk. Harvard U
transgenic for cancer.

1992 Biotechnology company is awarded a broad patent covering all forms of transgenic

test the patent several times.

2000 With gene and genome discoveries poi

tially focused on direct gene products such
as peptides and proteins with therapeutic
actions. such as insulin, growth hormone,

and clotting factors. However, the technol-

ogy can other biochemicals by affect

ing the genes that encode enzymes required
to synthesize other substances, such as car

bohydrates and lipids.

Constructing Recombinant DNA
Molecules o7

Manufacturing recombinant DNA mol
cules requires several components
+ enzymes that cut the donor and
recipient DNA (restriction enzymes)
+ DNA circles to carry the donor DNA
(cloning vectors)
+ recipient cells (bacteria or cultured
cells)
After inserting the donor DNA into the vec
tors, the procedure requires several steps
« selecting cells that harbor DNA circles
that, in turn, harbor foreign genes

Patenting life and Genes

jon must be new, useful, and not obvious to

on a life form for yeast used in industrial

1980 First patent is awarded on a genetically engineered organism, a bacterium given
four plasmids (DNA rings) that enable it to metabolize components of crude oil.
The plasmids are naturally occurring, but do not all occur naturally in the manipu-

1988  First patent is awarded for a transgenic organism, a mouse that manufactures

Iniversity granted patent for "OncoMouse”

cotton. Groups concerned that this will limit the rights of subsistence farmers con-

1996~ Companies patent partial gene sequences and certain discase-causing genes as the
1999 basis for developing specific medical tests.

uring into the Patent and Trademark Office,

requirements for showing utility of a DNA sequence are made more stringent

selecting those recombinant cells that

contain the specific gene of interest

timulating expression of the foreign
gene, 5o that its protein product can be

collected

The natural function of restriction
enzymes is to protect bacteria by cutting
ind thereby inactivating the DNA of infect
ng viruses. Protective methyl (CH,)
groups shield the bacterium's own DNA
from its restriction enzymes. Bacteria have
hundreds of types of restriction enzyme
Each cuts DNA at a particular 4-, 5-, 01 6

base sequence. These targets are symmetti

al in a particular way—the recognized
sequence reads the same, from the 5' to

direction, on both strands of the DNA. For
example, the restriction enzyme EcoR1
shown in figure 17.2, cuts at the sequence
GAATTC. The complementary sequence
on the other strand is CTTAAG, which
read backwards, is GAATTC, (You can try
this with other sequences to see that it
rarely works this way!) This type of sym
metry is called a palindrome in the English
langua

that reac

eferring to a sequence of letters

he same in both directions, such

as “Madam, I'm Adam.” However, palin
dromic sequences in DNA reflect the
sequences on two sirand

The cutting action of a restriction
stranded DNA creates
single-stranded extensions of DNA called

enzyme on doubl

sticky ends,” so-named because they are
complementary to each other and attract
cach other. The reason restriction enzymes
work as molecular scissors in creating
recombinant DNA molecules is that they
cut at the same sequence in any DNA
source. In other words, the same sticky ends
result from the same restriction enzyme
whether the DNA is from a mockingbird or
amaple. Any pieces of DNA bearing com
plementary sticky enc

Another natural

n join
ool” used in recom
binant DNA technology is a cloning vector
This structure, usually made of DNA, ca

ties DNA from the cells of one species into

the cells of another. The term cloning refer
to the action of making many copies of a
selected DNA sequence. (The use of the

word in molecular biol predated its use

25 applied to farm animals by many years.)
A vector can be any piece of DNA that
an organism's DNA can attach to for trans

fer into the cell of another organism. A

smid,
x small circle of double-stranded DNA
found in some bacteria, yeasts, plant clls

commonly used type of vector is a p

and other types of organisms (figure 17.3).
Viruses that infect bacteria, called bac
teriophages, provide another type of vectos
Bacteriophages are manipulated so that
they transport genetic material but do not

disease. Disabled retroviruses (viruses

can

that use RNA as their genetic material) are
used as veclors too, as are artificially con
structed chromosomes from bacteria and

yeast, A researcher chooses a cloning vector

wcording o its capacity—that is, the
desired gene must be short enough w insert
into the vector. Gene size is typically mea
sured in kilobases (kb), which are thou
sands of bases. Table 17.1 lists the capacities
of a few types of cloning vectors

The process of creating a recombinant
DNA molecule begins when a testriction
enzyme cuts DNA isolated from a donor
cell (figure 17.4). An enzyme is used that

cuts DNA at sequences known 1o bracket

the gene of interest. The enzyme leaves

e-stranded ends dangling from the cut

each bearing a characteristic base

Chapie Sevenees  Gengtie Biginesring 327

A

In-Chapter Study Aids

In addition to numerous table and figures, you will find
Key Terms printed in bold type and included in a
glossary at the end of the text.
Technology Timelines that trace the developments and
discoveries leading to today’s technologies.

CD Icons that identify topics supported by the accom-

panying CD Rom.
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However, many factors
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have too much information—61
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inherit prion diseases are not only
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also display another mutation that ch
amino acid 178 to asparagine, Intere
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This text is unparalleled in its practicality
and sense of reality. You will read true
stories based on the author’s own experi-
ence as a scientist, genetic counselor and
journalist. She regularly interviews not
only leading researchers, but also people

who suffer from genetic disorders.

In Their Own Words

In Their Own Words

was diagnosed with Klinefelter syn:
drome (KS) a little more than a year
ago, at age twenty-five, in Febroary
1996, Being diagnosed has been ., .2
big sigh of relief after a life of frustra-
tions. Throughout my early childhood,
teens, and even somewhat now, I was very
shy, reserved, and had trouble making
friends, I would fly into rages for no appar-
ent reason, My parents knew when I was
very young that there was something about
me that wasn't nghL

el

Personal interviews with real people provide a
different view from the standard textbook
descriptions, or essays written by researchers.

based company. I have been nsing comput-
ers for seventeen years and have learned
everything I needed to know on my own,

To find outmy KS diagnosis, T had gone

to my general physician for a physical. He |

noticed that my testes were smaller than they
should be and sent me for blood work: The
karyotype showed Klinefelter syndrome, 47,
XXY, After seeing the symptoms of KS and
what effects they might have, T found it
described me perfectly. But, after getting over
the initial shock and dealing with the denial,

1 saw many p i
therapists, and doctors, and r.hf.-non)y diag-
nosis was “learning disabilities” In the sev.
enth grade, I was told by a psychologist that
1 was stupid and lazy, and 1 would never
amount to anything, After barely graduating
high schagl, I started out at a local cornmu-
nity college. I received an associate degree in
business administration, and never once
soughtspecial help, I transferred to a small
liberal arts college to finish up my bachelor
of science degree, and spent an extra year to
complete a second degree, Then I started a
job s a software engineer for an Internet-

Today, we know that 96 percent of XYY
The
symptoms attributable to the extea chrom
ht, acne, and perhaps
ding problems. An explana
valence of XYY
tl-penal institution popula
chological than bio
nay lead teachers,
others to
nd a few of them may

males are apparently normal only

some may be

speech and 1
f the c

tion « tinued pre

expect

more ol thr people
deal with this stress by

Geneticists have
chromosome constity
Since the Y chrome
material, and the g

few cell divisions in a Y embryo impo

and anger, I decided that there
could be things muchworse in life. I decided
to take a positive approach.

There are several types of treatments
for K5, 1 give myself atestosterone injection
in the thigh once evety two weeks, My learn-
ing and thought processes have become
stronger, and I am much more outgoing and
have become more of a leader, Granted, not
all of this is due to the increased testosterone

level, some of it is from a new confidence |

level and from maturing,
1 feel that parents who are finding out

prior to the birth of their son (that he will |

Kevy Comceprs

Polyploids have exira sets of
chromesomes, while aneuploids have an
axira or missing chromosome.
Nondisjuncfion during meiosis causes
ansuploidy. Trisomics are more likely fo
survive than monosomics, a o
mosome anauploidy is loss severe than
autosomel aneuploidy. Mitotic
nondisjunction procuces chromosomel
mosics,

Down syndrome {irisomy 21} is the most
common autosomal aneuploid, followad by
trisomios 18 and 13, Sex chromosome
aneuploids include Turner syncroma (X),
triplo-X famales, Klinofoltar syn&om-
{XXY), and XYY syncrome mctes.

have Klinefelter syndrome) or parents of
affected infants or young children are very
lucky: There is so much they can do to help

| their child have a great life, I have had most

all of the symptoms at some time in my life,
and I've gotten through and done well.

Stefan Schwarz
sschwarzl 3@mediaone.net

(Stefan St runs s Baon-are support
grovpfor Ks)
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his chapter has briefly introduced
some of the ways that genetic research
is beginning to impact our everyday
lives. That effect is certain to continue,
How will societies embrace and inte-
grate the coming avalanche of genetic infor-

vague promises of free medical care in the

| future if the information leads to the de- |

velopment of new treatments. Participation
is presumed——a citizen must file a special
form to opt out of the database. In most

| nations, such consent must be informed and

mation? Bioethicists are already pondering |

how we will deal with s0 much information
about ourselves, looking to mistakes of the
past to help us wisely confront the future.
Negative forecasts of governments using
genetic information to control and oppress
citizens are the stuff of science fiction. The
film GATTACA, for example, depicts a gov-

ernment that knows the genome sequence of |

every individual. A cell from a stray eyelash
gives away the main character’s true identity.
But even science fiction can give us catise for

thought. Many geneticists are concerned that |

a GATTACA-like situation is arising in Ice-
land. A company has government permis-
sion to collect exxsung heallh and genealogy

voluntary.

Will a society where the government
records each citizen's’ genome sequence
become a temptation in Iceland—and else-
where—once the human genome project is
complete and the technology is available to
rapidly sequence genomes? What can we do
to prevent a GATTACA, or even establish-
‘ment of a genetic database of citizens who are
not entirely informed or willing to partici-
pate? Bioethicists are struggling with these
questions now, Some suggestions to assure
fair use of genetic information include:

* Protecting the privacy of individuals by
legally restricting access to genome

records, to be Ily with
DNA data, to establish a nationwide health
sector database. The government has made

+ Preserving choicein secking genetic
tests,

* Tailoring tests to those genes most
relevant to an individual.

* Refusing to screen for trivial traits, as
when parents want to select a child
destined to have blue eyes and black
hair.

+ Educating the public so that people
can make knowledgeable decisions
concerning genetic information,
including decisions about evaluating
the risks and benefits of genetic
tests, judging the accuracy of forensic
data, or eating genetically modified
foods.

If these goals can be reached, the
human genome project and the genomics
era that will follow will reveal the workings
of the human body at the molecular level
and add an unprecedented precision and
personalization to health care. This new
millennium is perhaps the most exciting
time ever to be studying human genetics.
The field will directly affect many of us.

Bioethics: Choices for the Future

Discussions of difficult issues illuminate the complexities
of applying genetic principles to everyday life.




Supplements

Case Workbook in Human
Genetics, Second Edition

Written by Ricki Lewis, the case study
approach encourages students to analyze
problems in the same way geneticists do.
Many new cases support fundamental con-
cepts with real situations adapted from
recent journals. An answer manual is avail-
able for the instructor.

Instructor’s Manual and Test
Item File

Revised by Jack Fabian, the Instructor’s
Manual features a chapter overview, a
teaching outline, ideas for classroom
discussion, internet resources and activities,

Case Workbook

to accompany

Instructor’s Manual
and Test Item File

to accompany

Ricki Lew

correlation notes for multimedia
supplements, answers to end-of-chapter
questions, additional questions with
answers, and multiple choice questions for
testing.

ransmission Genetics ||

entral Dogma
Moleculer Ganahics
Fhromosomes

[rene Regulation
Fopulation: & Evelution

| Mk Poge | Help | Pric

Ricki Lewis

Prepared by
Lewis Hershey

Multimedia Support

+ Genetics: From Genes to Genomes CD ROM reinforces fun-
damental concepts with animations and interactive exercises.
Icons in the text indicate related topics on the CD.

 Lewis Human Genetics website provides additional resources
for both student and instructor. Instructor may also link to the
website for McGraw-Hill’s PageOut: The Course Website Devel-
opment Center.

+ Computerized Test Item File compatible with either Windows
or Macintosh.

+ Transparency Acetates of key illustrations from the text.
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