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A Note from the Authors

The science of genetics is less than 150 years old, but its
accomplishments within that short time have been astonish-
ing. Gregor Mendel first described genes as abstract units of
inheritance in 1865; his work was ignored and then “redis-
covered” in 1900. Thomas Hunt Morgan and his students
provided experimental verification of the idea that genes
reside within chromosomes during the years 1910-1920. By
1944, Oswald Avery and his coworkers had established that
genes are made of DNA. James Watson and Francis Crick
published their pathbreaking structure of DNA in 1953.
Remarkably, less than 50 years later (in 2001), an interna-
tional consortium of investigators deciphered the sequence of
the 3 billion nucleotides in the human genome. Twentieth-
century genetics made it possible to identify individual genes
and to understand a great deal about their functions.

Today, scientists are able to access the enormous
amounts of genetic data generated by the sequencing of
many organisms’ genomes. Analysis of these data will result
in a deeper understanding of the complex molecular interac-
tions within and among vast networks of genes, proteins,
and other molecules that help bring organisms to life.
Finding new methods and tools for analyzing these data will
be a significant part of genetics in the twenty-first century.

Our third edition of Genetics: From Genes to Genomes
emphasizes both the core concepts of genetics and the
cutting-edge discoveries, modern tools, and analytic meth-
ods that will keep the science of genetics moving forward.

Our Focus—An Integrated Approach

Genetics: From Genes to Genomes represents a new
approach to an undergraduate course in genetics. It reflects
the way we, the authors, currently view the molecular basis
of life. We integrate:

* Formal genetics: the rules by which genes are trans-
mitted.

* Molecular genetics: the structure of DNA and how it
directs the structure of proteins.

* Genomics and systems biology: the new technolo-
gies that allow a comprehensive analysis of the entire
gene set and its expression in an organism.

* Human genetics: how genes contribute to health and
disease.

* The unity of life-forms: the synthesis of information
from many different organisms into coherent models
that explain many biological systems.

* Molecular evolution: the molecular mechanisms by
which biological systems and whole organisms have
evolved and diverged.

The strength of this integrated approach is that students
who complete the book will have a strong command of genet-
ics as it is practiced today by academic and corporate
researchers. These scientists are rapidly changing our under-
standing of living organisms, including ourselves; increasing
our ability to prevent, diagnose, and treat disease and to engi-
neer new life-forms for food and medical uses; and, ultimate-
ly, creating the ability to replace or correct detrimental genes.

The Genetic Way of Thinking

To encourage a genetic way of thinking, we begin the book
with a presentation of Mendelian principles and the chromo-
somal basis of inheritance. From the outset, however, the inte-
gration of Mendelian genetics with fundamental molecular
mechanisms is central to our approach. Chapter 1 presents the
foundation of this integration. In Chapter 2, we tie Mendel’s
studies of pea-shape inheritance to the action of an enzyme
that determines whether a pea is round or wrinkled. In the
same chapter, we point to the relatedness of patterns of hered-
ity in all organisms by using Mendelian principles to look
at heredity in humans. Starting in Chapter 6, we focus on
the physical characteristics of DNA, the implica-
tions and uses of mutations, and how the double
helix structure of DNA encodes, copies, and trans-
mits biological information. Beginning in Chapter 9 we look
at modern genetic techniques, including such biotechnology
tools as gene cloning, hybridization, PCR, and microarrays,
exploring how researchers use them to reveal the modular
construction and genetic relatedness of genomes. We then
show how the complete genome sequences of humans and
model organisms provide insights into the architecture and
evolution of genomes; how modular genomic construction
has contributed to the relatively rapid evolution of life and
helped generate the enormous diversity of life-forms we see
around us.

Xi
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Genetic portrait chapters on the website (www.mhhe.

com/hartwell3) contain detailed discussions of model organ-
isms, which clarify that their use in the study of human biol-
ogy is possible only because of the genetic relatedness of all
organisms. Throughout our book, we present the scientific
reasoning of some of the ingenious researchers who have car-
ried out genetic analysis, from Mendel, to Watson and Crick,
to the collaborators on the Human Genome Project.

Student-Friendly Features

We have taken great pains to help the student make the leap
to a deeper understanding of genetics. Numerous features
of this book were developed with that goal in mind.

One Voice The role of our science writer, Ruth Veres,
is to create one voice for our author team. With more
than 30 years’ experience in life science textbook pub-
lishing, Ms. Veres is uniquely suited to this task. By
working closely with everyone on the team, she has
created the friendly, engaging reading style that helps
students master the concepts throughout this book.
This team approach provides the student with the focus
and continuity required to make the book successful in
the classroom.

Visualizing Genetics The highly specialized art pro-
gram developed for this book integrates photos and
line art in a manner that provides the most engaging
visual presentation of genetics available. Our Feature
Figure illustrations break down complex processes
into step-by-step illustrations that lead to greater stu-
dent understanding. All illustrations are rendered with
a consistent color theme—for example, all presenta-
tions of phosphate groups are the same color, as are all
presentations of mRNA.

Problem Solving Developing strong problem-solving
skills is vital for every genetics student. The authors
have carefully created problem sets at the end of each
chapter that allow students to improve upon their
problem-solving ability.

Social and Ethical Issues questions require critical
thinking analysis of the scientific issues that impact
our society.

Solved Problems provide insight into the step-by-
step process of problem solving.

Review Problems offer a variety of levels of ques-
tions that develop excellent problem-solving skills.
Accessibility Our intention is to bring cutting-edge
content to the student level. A number of more com-
plex illustrations are revised and segmented to help the
student follow the process. Legends have been stream-
lined to highlight only the most important ideas, and

throughout the book, topics have been revised to focus
on the most critical information.

New to the Third Edition

* The End-of-Chapter Problem Sets Have Been

Extensively Revised and include over 100 new prob-
lems. The problems are now organized by chapter sec-
tion and in order of increasing difficulty within each
section for ease of use by instructors and students.
Each chapter contains a variety of problem types
including: Social & Ethical Issues which prompt the
student to apply problem-solving skills to real-world
situations that scientific breakthroughs have forced us
to face as a society; Solved Problems which cover top-
ical material with complete answers to aid the student
in understanding the problem solving process; and
Problems & Questions that allow students to develop
their own problem-solving skills. Answers to selected
problems are in the back of the book.
New Chapter: Chapter 12 Systems Biology and
Proteomics provides a framework for thinking about
what a biological system is and describes tools for
analyzing the genes and proteins of a system, as well as
computational tools for integrating and modeling this
information to begin to explain a system’s emergent
properties.

Content Updates throughout make this the most cur-

rent and modern book available. Every chapter reflects

the updated information generated by the break-
throughs of the past few years. For example,

e Chapter 18, Gene Regulation in Eukaryotes, dis-
cusses the latest on RNAi technology.

e Chapter 22, Evolution at the Molecular Level,
includes information on network evolution and
comparative genome evolution.

“Tools of Genetics” boxed essays are new to this edi-

tion. They explain various techniques geneticists use

to look at DNA, genes, other aspects of the genome,
and proteins, with examples of interesting applications
in biology and medicine.

An “On Our Website”” Feature, located at the end of

each chapter, directs students and teachers to additional,

more detailed information on specialized topics not
found in the textbook. This information is in the form
of new content, references, or links to other websites.

Interactive Web Exercises offer students an interac-

tive way to analyze genetic data on the Web and com-

plete exercises that test their understanding of the data.

A New Design is more user friendly and emphasizes the

pedagogical structure and features of the presentation.



A Word About the Portraits of Model
Organisms

Five Genetic Portraits are included on the book-specific
website at www.mhhe.com/hartwell3 as easy-to-download
PDF files. The Genetic Portraits are also available as a
printed supplement upon request. Each Genetic Portrait
profiles a different model organism whose study has con-
tributed to genetic research. The five selected were the
ones chosen as the focus of the Human Genome Project.
They are:

Saccharomyces cerevisiae: Genetic Portrait of Yeast

Arabidopsis thaliana: Genetic Portrait of a Model Plant

Caenorhabditis elegans: Genetic Portrait of a Simple
Multicellular Organism

Drosophila melanogaster: Genetic Portrait of the
Fruit Fly

Mus musculus: Genetic Portrait of the House Mouse

We anticipate that instructors will choose to cover one or
two portraits during the semester. Students may then use

Preface xiii

the specifics of the selected model organism to build an
understanding of the principles and applications discussed
in the book. The unique genetic manipulations and proper-
ties of each of the models make them important for address-
ing different biological questions using genetic analysis. In
the portraits, we explain how biologists learned that the
evolutionary relatedness of all organisms permits the
extrapolation from a model to the analysis of other living
forms. The portraits should thus help students understand
how insights from one model organism can suggest gener-
al principles applicable to other organisms, including
humans.

Guided Tour

Students and instructors can become acquainted with the
key features of this book by browsing through the Guided
Tour starting on the next page. These pages constitute a
visual exposition of the book’s pedagogy and art program.



Guided Tour

Integrating Genetic Concepts

Genetics: From Genes to Genomes takes an integrated approach in its presentation of genetics, thereby giving
students a strong command of genetics as it is practiced today by academic and corporate researchers.
Principles are related throughout the text in examples, essays, case histories, and Connections sections

to make sure students fully understand the relationships between topics.

Fast Forward Essays

This feature is one of the methods used
to integrate the Mendelian principles
presented early in the book with the
molecular principles that will follow.

Tools of Genetics Essays

Current readings explain various techniques
and tools used by geneticists, including
examples of applications in biology and
medicine.

Genetics and Society Essays

Dramatic essays explore the social and
ethical issues created by the multiple
applications of modern genetic research.
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Comprehensive Examples

Comprehensive Examples are extensive case
histories or research synopses that, through
text and art, summarize the main points in

the preceding section or chapter and show

how they relate to each other.
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Figure 18.20 Sex-specific traits in Drosophila. Objects or
traits shown in blue are specific to males. Objects or traits shown

18.4 Sex Determination in
Drosophila: A Comprehensive
Example of Gene Regulation

Male and female Drosophila exhibit many sex-specific dif-
ferences in morphology, biochemistry, behavior, and func-
tion of the germ line (Fig. 18.20). By examining the
phenotypes of flies with different chromosomal constitu-
tions, researchers confirmed that the ratio of X to autoso-
mal chromosomes (X:A) helps determine sex, fertility, and
viability (Table 18.2). They then carried out genetic exper-
iments that showed that the X:A ratio influences sex
through three independent pathways: One determines
whether the flies look and act like males or females; an-
ther determines whether germ cells devel

serm; and a third produces dosage compens1/AL1N=NF: 2 How Chromosomal Constitution
Affects Phenotype in Drosophila

oubling the rate of transcription of X-lir

Yolk, charion, and vitelline

Sex Chromosomes X:A Sex Phenotype
Autosomal Diploids

X0 0.5 Male (sterile)
XY 0.5 Male

XX 1.0 Female

XXY 1.0 Female
Autosomal Triploids

XXX 1.0 Female

XYY 0.33 Male

XXY 0.66 Intersex

in red are specific to females. Objects or traits shown in green are

found in different forms in the two sexes.

Connections

Each chapter closes with a Connections section
that serves as a bridge between the topics in the
just-completed chapter and those in the upcoming

chapter or chapters.

Connections

The existence of numerous controls in each of several
cell-cycle pathways suggests that evolution has erected
many barriers in multicellular animals to the uncontrolled
reproduction of “selfish” cells. At the same time, the hun-
dreds of genes contributing to normal cell-cycle regula-
tion provide hundreds of targets for cancer-producing
mutations.

Variations on the theme of cell-cycle regulation play a
key role in the development of eukaryotic organisms. Dur-
ing the development of multicellular organisms, cells must
not only control their cell cycles, they must also adopt dif-
ferent fates and differentiate into different tissues. In
Drosophila, for example, after fertilization, nuclear divi-
sion occurs without cell division for the first 13 cycles;
during these cycles, the nuclei go through many rapid S
and M phases without any intervening G, or G, (Fig.
19.25). In cycles 1013, the synthesis and degradation of
cyclinB regulates mitosis. Sometime during cycles 14-16,
a G, phase appears, and distinct patches of cells with dif-
ferent-length cycles become evident within the embryo.
The differences in cycle time between the different cell
types is the result of variable G, phases. Late in G,
CDC25 activates cyclin-dependent kinases to control the
timing of mitosis. Many tissues stop dividing at cycle 16,
but a few continue. In the still-dividing cells, a G, phase
appears. Some of these cells will arrest in G, during larval
growth, only to start dividing again in response to signals
relayed during metamorphosis.

In Chapter 20, we present the basic principles of de-
velopment and describe how biologists have used genetic
analysis in various model organisms to examine develop-
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Figure 19.25 Regulation of the cell-cycle changes during
Drosophila development. Each step of development has built-in

ment at the cellular and molecular levels.

regulators that act as barriers to uncontrolled reproduction of
"selfish” cells. Some of these regulators, such as cyclinB and
CDC25, are known; others are not.
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Visualizing Genetics

Full-color illustrations and photographs bring the printed word to life. These visual reinforcements support

and further clarify the topics discussed throughout the text.

Feature Figures

Feature Figure 4.13

Meiosis: One Diploid Cell Produces Four Haploid Cells
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phase |: Leptotene I: Zygotane 1: Pachy
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Special multipage spreads integrate line
art, photos, and text to summarize in
detail important genetic concepts.

Flgure 4.13 To aid visualization of the
the figure is simplified in
two ways: (1) The nuclear envelope is not
shown during prophase of either meiotic
division. (2) The chromosomes are shown
as fully condensed at zygotene; in
reality, the chromosomes continue to
condense throughout prophase such that
full condensation does not occur until
diakinesis.




In animal cells

Centriole

Microtubules
Centrosome

Centromere
Chromosome
Sister chromatids’

Nuclear envelope

Astral microtubules,
Kinetochore

(b)

Kinetochore
microtubules

Polar
microtubules

Metaphase
plate

(c)

Separating sister
chromatids

Re-forming
nuclear envelope

(e)

(a) Prophase: (1) Chromosomes condense and

Process Figures

Step-by-step descriptions
allow the student to walk
through a compact summary
of important details.

become visible; (2) centrosomes move apart
toward opposite poles and generate new
microtubules; (3) nucleoli begin to disappear.

Prometaphase: (1) Nuclear envelope breaks
down; (2) microtubules from the centrosomes
invade the nucleus; (3) sister chromatids attach
to microtubules from opposite centrosomes.

Metaphase: Chromosomes align on the
metaphase plate with sister chromatids facing
opposite poles.

Anaphase: (1) Centromeres divide; (2) the now
separated sister chromatids move to opposite
poles.

Telophase: (1) Nuclear membranes and
nucleoli re-form; (2) spindle fibers disappear;
(3) chromosomes uncoil and become a tangle
of chromatin.

Cytokinesis: The cytoplasm divides, splitting
the elongated parent cell into two daughter cells
with identical nuclei.

Figure 4.8 Mitosis maintains the chromosome number of the parent cell nucleus in the two daughter nuclei. In the pho-
tomicrographs of newt lung cells, chromosomes are stained blue and microtubules appear either green or yellow.

Micrographs

Stunning micrographs
bring the genetics
world to life.




® Fluorescent probes Experiment and Technique
Fi td i
P il i LorBeceiidye Flgures
Illustrations of performed
experiments and genetic
analysis techniques highlight
how scientific concepts and
e e e processes are developed.
1. Drop cells onto a glass slide. 2. Gently denature DNA by treating 3. Add hybridization probes labeled with
briefly with DNase. fluorescent dye and wash away
unhybridized probe.
Fluorescence (b)
microscope

Eyepiece

Barrier filter 2 (further
blockage of stray UV rays)

Mirror to UV light; transparent to
visible light

<— Objective lens

Object

Barrier filter 1 (blocks
dangerous short UV rays,
allows needed long UV
rays to pass through)

4. Expose to ultraviolet (UV) light.
Take picture of fluorescent chromosomes.

Figure 10.8 The FISH protocol. (a) The technique. (1) First, drop cells arrested in the metaphase stage of the cell cycle onto a micrc
scope slide. The force of the droplet hitting the slide causes the cells to burst open with the chromosomes spread apart. (2) Next, fix the
chromosomes and gently denature the DNA within them such that the overall chromosomal structure is maintained even though each
DNA double helix opens up at numerous points. (3) Label a DNA probe with a fluorescent dye, add it to the slide, incubate the probe
with the slide long enough for hybridization to occur, and wash away unhybridized probe. (4) Now place the slide under a special micr¢
scope that focuses ultraviolet (UV) light on the chromosomes. The UV light causes the bound probe to fluoresce in the visible range of
the spectrum. You can view the fluorescence through the eyepiece and photograph it. (b) A fluorescence micrograph. Photograph of a
baby hamster kidney cell subjected to FISH analysis. It shows the microtubular structure.
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Solving Genetics Problems

The best way for students to assess and increase their understanding of genetics is to practice
through problems. Found at the end of each chapter, problem sets assist students in evaluating their
grasp of key concepts and allow them to apply what they have learned to real-life issues.

Review Problems

Problems are organized by chapter section
and in order of increasing difficulty to help
students develop strong problem-solving
skills. The answers to select problems can
be found in the back of this text.

Solved Problems

Solved problems offer step-by-step
guidance needed to understand the
problem-solving process.

Social and Ethical Issues

These challenging problems stir
discussion and debate. The issues are
presented within the context of real-life
case studies and require the student to
consider not only scientific issues but
legal and ethical issues as well.

[ Problems .

Vocabulary

-

. The following is a list of mutational changes. For each
of the specific mutations described, indicate which of
the terms in the right-hand column applies, either as a
description of the mutation or as a possible cause.
More than one term from the right column can apply to
each statement in the left column.

1. an AT base pair in the wild-fype gene i
changed 10 3 G-C juir

2 0 A-T base puir is changed 10 8 T-A pair

3. the sequence AAGCTTATCG b changed io

ransiion

base substitution

< tramversion

A & lavenion
St ¢ samiocation

4. the sequence AAGCTTATCG is changed 1o R
AAGCTTTATCG

£ mertion

3. the sequence AACGTTATCG s chunged 1o
AATGTTATCG B Yeaminiliog

6. the sequence AACGTCACACACACATCG s+ X7y imadiation
changed to AACGTCACATCG J, Inercalator

& unequal
crosing-over

the gene map in

hromosorme is changed from
- radf -fus 2173 < Vo burg-rd for2-
o try-df

9. the gene map in s given chromosome ix
changed from bo-ud-fo |fox2-try-d 1o
Bog-rad:ieI-mel-ui-xu-sgm

Section 7.1
2. The DNA sequence of a gene from three independ-
ently isolated mutants is given here. Using this infor-

mation, what is the sequence of the wild-type gene in
this region?

w

. Over a period of several years, a large hospital kept
track of the number of births of babies displaying the
trait achondroplasia. Achondroplasia is  very rare au-
tosomal dominant condition resulting in dwarfism with
abnormal body proportions. After 120,000 births, it
was noted that there had been 27 babies born with
achondroplasia. One physician was interested in deter-

mining how . S
Solved Problems

new mutatio
in his area wi
families of the

4. Among mammals, measurements of the rate of gener-
ation of autosomal recessive mutations have been
made almost exclusively in mice. while many mea-
surements of the rate of generation of dominant muta-
tions have been made both in mice and in humans.
Why do you think there has been this difference?

w

. In a genetics lab, Kim and Maria infected a sample
from an E. coli culture with a particular virulent bacte-
riophage. They noticed that most of the cells were
lysed, but a few survived. The survival rate in their
sample was about 1 X 107, Kim was sure the bacte-
riophage induced the resistance in the cells, while
Maria thought that resistant mutants probably already
existed in the sample of cells they used. Earlier, for a
different experiment, they had spread a dilute suspen-
sion of E. coli onto solid medium in a large petri dish.
and, after seeing that about 10” colonies were growing
up, they had replica-plated that plate onto three other
plates. Kim and Maria decided to use these plates to
test their theories. They pipetie a suspension of the
bacteriophage onto each of the three replica plates.
What should they see if Kim is right? What should they
see if Maria is right?

6. Suppose you wanted to study genes controlling the
structure of bacterial cell surfaces. You decide to start by
isolating bacterial mutants that are resistant to infection
by a bacteriophage that binds to the cell surface. The se-
lection procedure is simple: Spread cells from a culture
of sensitive bacteria on a petri plate, expose them 10 a
high concentration of phages, and pick the bacterial
colonies that grow. To set up the selection you could :
(1) spread cells from a single liquid culture of sensitive
bacteria on many different plates and pick every resistant
colony or (2) start many different cultures, each grown
from a single colony of sensitive bacteria, spread one
plate from each culture, and then pick a single mutant
from each plate. Which method would ensure that you
are isolating many independent mutations?

~

. A wild-type male Drosophila was exposed 1o a large
dose of X-rays and was then mated to an unirradiated
female, one of whose X chromosomes carried both 4
dominant mutation for the trait Bar eyes and several

inversions. Many F; females from this mating were

recovered who had the Bar, multiply inverted X chromo-

cial and Ethical Issues

1.

the dwarf bal |. Mutations can often be reverted to wild type by treat-

Che:

ment with mutagens. The type of mutagen that will re-
verse a mutation gives us information about the nature
of the original mutation. The mutagen EMS almost
exclusively causes transitions; proflavin is an interca-
lating agent that causes insertion or deletion of a base;
ultraviolet (UV) light causes single-base substitutions.
Cultures of several E. coli met” mutants were treated
with three mutagens separately and spread onto a plate
lacking methionine to look for revertants. (In the chart,
— indicates that no colonies grew, and + indicates that
some met” reventant colonies grew.)

Mutagen treatment
Proflavin UV light

+ - +

Mutant number EMS

g —

- - -
a.  Given the results, what can you say about the na-
ture of the original mutation in each of the strains?
b.  Experimental controls are designed to eliminate
possible explanations for the results, thereby en-
suring that data are interpretable. In the ex-
periment described, we scored the presence or

that are are identified by the 2.

Ames test, which measures the level of mutagenesis in
bacteria. The susceptibility of humans to mutagenic
chemicals may vary depending on the genetic makeup
of the individual. The dose that affects one person
may be different from that which affects another.
However, there are few, if any, reliable tests that de-
termine a person’s level of susceptibility. If this is
true, is it a good idea to translate the results of the
Ames test of mutability in bacteria to a prediction of
carcinogenicity in humans? Often, reports of Ames
test results on a chemical make newspaper headlines.
Is this a useful and honest way to report findings that
could affect human health, or do people need to con-
sider other variables to make an informed decision?

absence of colonies. How do we know if colonies
that appear on plates are mutagen-induced rever-
tants? What else could they be? What control
would enable us to be confident of our revertant
analysis?

Answer

To answer this question, you need to understand the

concepts of mutation and reversion.

a.  Mutation | is reverted by the mutagen that causes
transitions, so mutation | must have been a tran-
sition. Consistent with this conclusion is the fact
the UV light can also revert the mutation and the
intercalating agent proflavin does not cause rever-
sion. Muration 2 is reverted by proflavin and
therefore must be either an insertion or a deletion
of a base. The other two mutagens do not revert
mutation 2. Mutation 3 is not reverted by any of
these mutagenic agents. It is therefore not a single-
base substitution, a single-base insertion, or a
single-base deletion. Mutarion 3 could be a dele-
tion of several bases or an inversion. Mutation 4
is reverted by UV light. so it is a single-base
change, but it is not a transition, since EMS did
not revert the mutation. Mutation 4 must be a
transversion.

Mr. and Mrs. Aswari have a child with fragile X
syndrome (see the Genetics and Society box on
p. 216-217). They want to have a second child but
are considering egg donation because genetic
screening has indicated that Mrs. Aswari carries a
premutation allele with 120 CGG repeats. If you
were the Aswari's genetic counselor, what would
you tell them about their risk of having a second
child with fragile X syndrome? What are the ethical
issues related to genetic screening when (1) a result
indicates no risk, (2) a result indicates that the
phenotype being screened for will be exhibited, and
(3) an intermediary result does not clearly fall into
either category?
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Media and Supplements

For the Instructor
ARIS Presentation Center

Build instructional materials where-ever, when-ever, and
how-ever you want! ARIS Presentation Center is an online
digital library containing assets such as photos, artwork,
animations, PowerPoints, and other media types that can
be used to create customized lectures, visually enhanced
tests and quizzes, compelling course websites, or attractive
printed support materials.

Nothing could be easier! Accessed from the instructor
side of your textbook’s ARIS website, Presentation
Center’s dynamic search engine allows you to explore by
discipline, course, textbook chapter, asset type, or keyword.
Simply browse, select, and download the files you need to
build engaging course materials. All assets are copyright
McGraw-Hill Higher Education but can be used by instruc-
tors for classroom purposes.

Instructor’s Testing and Resource CD-ROM

This cross-platform CD features a computerized test bank
that uses testing software to quickly create customized
exams. The user-friendly program allows instructors to
search for questions by topic, format, or difficulty level;
edit existing questions or add new ones; and scramble
questions for multiple versions of the same test.

McGraw-Hill ARIS—Assessment, Review, and
Instruction System

McGraw-Hill’s ARIS is a complete, online electronic home-
work and course management system, designed for greater
ease of use than any other system available. Created specifi-
cally for Genetics: From Genes to Genomes, third edition,
instructors can create and share course materials and assign-
ments with colleagues with a few clicks of the mouse.
For instructors, personal response system questions, all
PowerPoint lectures, and assignable content are directly
tied to text-specific materials in Genetics: From Genes to
Genomes. Instructors can also edit questions, import their
own content, and create announcements and due dates for
assignments. Also included on the ARIS site is the
Instructors’s Manual and Integration Guide. This manual
provides a guide to integrating all the available resources
for Genetics: From Genes to Genomes into your course
presentations.

ARIS has automatic grading and reporting of easy-to-
assign homework, quizzing, and testing. All student activ-
ity within McGraw-Hill’s ARIS is automatically recorded
and available to the instructor through a fully integrated
grade book that can be downloaded to Excel.

For students, there are multiple-choice quizzes, ani-
mations with quizzing, web interactive exercises, and even

more materials that may be used for self-study or in com-
bination with assigned materials.
Go to aris.mhhe.com to learn more and register!

PageOut

McGraw-Hill’s exclusive tool for creating your own website
for your genetics course. It requires no knowledge of coding
and is hosted by McGraw-Hill.

Course Management Systems

ARIS content compatible with online course management
systems like WebCT and Blackboard makes putting
together your course website easy. Contact your local
McGraw-Hill sales representative for details.

Transparencies
150 four-color illustrations from the book will be available
to adopters.

For the Student

Solutions Manual/Study Guide

ISBN 978-0-07-299587-9

MHID 0-07-299587-4

Extensively revised by Dr. Debra Nero of Cornell
University, this manual presents the solutions to the end-
of-chapter problems and questions along with the step-by-
step logic of each solution. The manual also includes a
synopsis, the objectives, and problem-solving tips for each
chapter. Key figures and tables from the textbook are ref-
erenced throughout to guide student study.

McGraw-Hill’s ARIS

(Assessment Review and Instruction System)

Makes homework meaningful—and manageable—for

instructors and students.

Explore this dynamic site for a variety of study tools.

e Self-quizzes test your understanding of key concepts.

* Flash cards ease learning of new vocabulary.

* Animations bring key genetic concepts to life and are
followed by a quiz to test your understanding.

* On Our Website content includes downloadable PDF
files of new material, and easy access to articles and
websites related to the concepts of individual chapters.

* Interactive Web Exercises guide your exploration of
key genetic databases. These exercises include an assign-
ment so you can apply what you’ve discovered in the
databases to the concepts covered in the textbook chapter.

Go to aris.mhhe.com to learn more or go directly to
this book’s ARIS site at www.mhhe.com/hartwell3

Genetics: From Genes to Genomes CD-ROM, developed
with the content of this book, covers the most challenging
concepts in the introductory genetics course. The CD presents
animations of basic genetic processes, interactive exercises,
and simulations involving fundamental principles. Additional
quizzing options allow students to self-test and identify those
areas needing additional study. Glossary definitions can be
reached via hot links. A correlation guide linking book topics
to the related CD material is included on the CD.
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