FEREFACE

n the fifth edition of Genetics: Analysis & Principles, the
content has been updated to reflect current trends in the field.
In addition, the presentation of the content has been improved
in a way that fosters active learning. As an author, researcher,
and teacher, I want a textbook that gets students actively involved
in learning genetics. To achieve this goal, | have worked with a
talented team of editors, illustrators, and media specialists who
have helped me to make the fifth edition of Genetics: Analysis &
Principles a fun learning tool.

Owverall, an effective textbook needs to accomplish four
goals. First, it needs to provide comprehensive, accurate, and up-
to-date content in its field. Second, it needs to expose students to
the techniques and skills they will need to become successful in
that field. Third, an effective textbook should have pedagogical
features, such as formative assessment, that foster student learn-
ing. And finally, it should inspire students so they want to pur-
sue that field as a career. The hard work that has gone into the
fifth edition of Genetics: Analysis ¢ Principles has been aimed at
achieving all four of these goals!

FLIPPING THE CLASSROOM = =

A recent trend in science education is the phenomenon that is
sometimes called “flipping the classroom.” This phrase refers
to the idea that some of the activities that used to be done in
class are now done outside of class, and vice versa. For example,
instead of spending the entire class time lecturing over textbook
and other materials, some of the class time is spent engaging
students in various activities, such as problem solving, working
through case studies, and designing experiments. This approach
is called active learning. For many instructors, the classroom
has become more learner centered rather teacher centered, A
learner-centered classroom provides a rich environment in which
students can interact with each other and with their instruc-
tors. Instructors and fellow students often provide formative
assessment—immediate feedback that helps each student under-
stand if his or her learning is on the right track.

What are some advantages of active learning? Educational
studies reveal that active learning usually promotes greater learn-
ing gains. In addition, active learning often focuses on skill devel-
opment rather than on the memorization of facts that are easily
forgotten. Students become trained to “think like scientists” and
to develop a skill set that enables them to apply scientific reason-
ing. A common concern among instructors who are beginning to
try out active learning is that they think they will have less time
to teach and therefore will cover less material. However, this may
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not be the case. Although students may be provided with online
lectures, “flipping the classroom” typically gives students more
responsibility for understanding the textbook material on their
own. Along these lines, Genetics: Analysis & Principles, fifth edi-
tion, is intended to provide students with a resource that can be
effectively used outside of the classroom, Here are several of the
key pedagogical features:

+ Genes — Traits: Because genetics is such a broad discipline,
ranging from the molecular level to populations, many
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instructors have told us that it is a challenge for students to
see both “the forest and the trees” It is commonly men-
tioned that students often have trouble connecting the
concepts they have learned in molecular genetics with the
traits that occur at the level of a whole organism (i.e., What
does transcription have to do with blue eyes?). To try to
make this connection more meaningful, certain figure leg-
ends in each chapter, designated Genes — Traits, remind
students that molecular and cellular phenomena ultimately
lead to the traits that are observed in each species (see
Figure 14.8).

» Learning Outcomes: Each section of every chapter begins
with a set of learning outcomes. These outcomes help
students understand what they should be able to do once
they have mastered the material in that section.

+ Formative Assessment: When students are expected to
learn textbook material on their own, it is imperative that
they are regularly given formative assessment so they can
gauge whether they are mastering the material. Formative
assessment is a major feature of this textbook and is bolstered
by Connect—a state-of-the art digital assignment and
assessment platform. In Genetics: Analysis & Principles, fifth
edition, formative assessment is provided in multiple ways.

1. Each section of every chapter ends with multiple-choice
questions. Also, compared with the previous edition,
many chapters in the fifth edition are divided into
more sections that are shorter in length. Formative
assessment at the end of each section allows students to
evaluate their mastery of the material before moving on
to the next section.

2. Most figures have Concept Check questions so students
can determine if they understand the key points in the
figure.

3. Extensive end-of chapter questions continue to provide
students with feedback regarding their mastery of the
material.

4. Additional questions, including questions that
pertain to every feature investigation, are found at
the open-access companion website: www.mhhe.com/
brookergeneticsSe,

5. The textbook material is supported by digital learning
tools found in Connect. Questions and activities are
assignable in Connect, but students also have access to
our valuable adaptive study tool, LearnSmart, offered
for the first time with the fifth edition of Genetics:
Analysis & Principles.

Ovwerall, the pedagogy of Genetics: Analysis e Princi-
ples, fifth edition, has been designed to foster student learning.
Instead of being a collection of “facts and figures,” Genetics: Anal-
ysis and Principles, fifth edition, by Robert Brooker, is intended
to be an engaging and motivating textbook in which formative
assessment allows students to move ahead and learn the material
in a productive way. We welcome your feedback so we can make
future editions even better!

HOW WE ARE MEETING

YOUR NEEDS

Text Organization

[n surveying many genetics instructors, it became apparent that
most people fall into two camps: “Mendel first” versus “Molecu-
lar first” I have taught genetics both ways. As a teaching tool,
this textbook has been written with these different teaching strat-
egies in mind. The organization and content lend themselves to
various teaching formats,

Chapters 2 through 8 are largely inheritance chapters,
whereas Chapters 26 through 28 examine population and quan-
titative genetics. The bulk of the molecular genetics is found
in Chapters 9 through 25, although 1 have tried to weave a fair
amount of molecular genetics into Chapters 2 through 8 as well.
The information in Chapters 9 through 25 does not assume that
a student has already covered Chapters 2 through 8. In fact, each
chapter is written with the perspective that instructors may want
to vary the order of their chapters to fit their students’ needs.

For those who like to discuss inheritance patterns first, a
common strategy would be to cover Chapters | through 8 first,
and then possibly 26 through 28, (However, many instructors like
to cover quantitative and population genetics at the end, Either
way works fine.) The more molecular and technical aspects of
genetics would then be covered in Chapters 9 through 25, Alter-
natively, if you like the “Molecular-first” approach, you would
probably cover Chapter 1, then skip to Chapters 9 through 25,
then return to Chapters 2 through 8, and then cover Chapters 26
through 28 at the end of the course. This textbook was written in
such a way that either strategy works well,

Accuracy

Both the publisher and T acknowledge that inaccuracies can be a
source of frustration for both the instructor and students, There-
fore, throughout the writing and production of this textbaok we
have worked very hard to catch and correct errors during each
phase of development and production.

In addition to input from reviewers, a development editor
has gone through the material to check for accuracy in art and
comsistency between the text and art. With regard to the problem
sets, the author personally checked every question and answer
when the chapters were completed.

Feature Experiments

As in previous editions, each chapter (beginning with Chapter 2)
incorporates one or two experiments that are presented accord-
ing to the scientific method. These experiments are not “boxed
off” from the rest of the chapter. Rather, they are integrated
within the chapters and flow with the rest of the text. As you are
reading the experiments, you will simultaneously explore the sci-
entific method and the genetic principles that have been discov-
ered using this approach. For students, 1 hope this textbook helps
you to see the fundamental connection between scientific anal-




ysis and principles. For both students and instructors, | expect
that this strategy makes genetics much more fun to explore.

Writing Style

Motivation in learning often stems from enjoyment. If you enjoy
what you're reading, you are more likely to spend more time with
it and focus your attention more crisply. The writing style of this
book is meant to be interesting, down to earth, and easy to fol-
low. Each section of every chapter begins with an overview of
the contents of that section, usually with a table or figure that
summarizes the broad points. The section then examines how
those broad points were discovered experimentally, as well as
explaining many of the finer scientific details. Important terms
are introduced in a boldface font. These terms are also found at
the end of the chapter and in the glossary.

A genetics book can be made interesting and inspiring in
various ways. The subject matter itself is pretty amazing, so it's
not difficult to build on that, In addition to describing the con-
cepts and experiments in ways that motivate students, it is impor-
tant to draw on examples that bring the concepts to life. In a
genetics book, many of these examples come from the realm of
medicine and medical research. This textbook contains lots of
examples of human diseases that exemplify some of the underly-
ing principles of genetics. Students often say they remember cer-
tain genetic concepts because they remember how defects in cer-
tain genes can cause disease, For example, defects in DNA repair
genes cause a higher predisposition for developing cancer. In
addition, T have provided interesting examples from the microbial
and plant world. Finally, students are often fascinated by applica-
tions of genetics that affect their everyday lives. Because we fre-
quently hear about genetics in the news, it's inspiring for students
to learn the underlying basis for such technologies. Chapters 20 to
23 are devoted to genetic technologies, and applications of these
and other technologies are found throughout this textbook. By
the end of their genetics course, students should come away with
a greater appreciation for the influence of genetics in their lives.

Interactive Exercises and Animations

Education specialists have crafted Interactive Exercises in which
the students can make their own choices in problem-solving
activities and predict what the outcomes will be. These Interac-
tive Exercises are an excellent tool for helping students test their
understanding of inheritance patterns and human genetic dis-
eases, but additional exercises also explore molecular concepts.

Our media specialists have also created over 55 animations
for a variety of genetic processes. These animations were made
specifically for this textbook and use the art from the textbook.
The animations make many of the figures in the textbook “come
to life” Icons are found in figure legends where the concept is
supported by an Interactive Exercise or animation. The Interac-
tive Exercises and animations are available through the Presenta-
tion Tools table in Connect, allowing professors to incorporate
both into their classroom discussions. The Interactive Exercises
are a great jumping off point for Active Learning discussions.
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'SIGNIFICANT CONTENT CHANGES
IN THE FIFTH EDITION

+ Fach section of every chapter begins with Learning
Outcomes and ends with multiple-choice questions. The
answers to the multiple-choice questions are in the back of
the book.

« Concept Check questions have been added to the figure
legends of hundreds of figures, enabling students to
determine if they understand key points in those figures.
The answers to these questions are also in the back of the
book.

+ Many chapters have been divided into more sections that
are shorter in length. This helps students to see the big
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picture of each topic and provides an opportunity to include
more formative assessment.

» Although the overall length of the fifth edition is not longer
than the fourth edition, two new chapters have been added
to this edition: Chapter 16, Eukaryotic Gene Regulation
II: Epigenetics and Regulation at the RNA Level; and
Chapter 17, Genetics of Viruses.

Examples of Specific Content Changes
to Individual Chapters

» Chapter 2. Mendelian Inheritance: Divided into shorter
sections that end in questions to help students gauge their
understanding of Mendel's laws.

» Chapter 3. Chromosome Transmission Dwring Cell Division
and Sexual Reproduction: Improvement in the figures of
mitosis and meiosis (see Figures 3.8 and 3.11).

* Chapter 4. Extensions of Mendelian Inheritance: T his revised
chapter begins with an overview that compares different
inheritance patterns, and then the inheritance patterns
are placed in their own sections that end with formative
assessment questions. This approach should help students see
the similarities and differences among the various patterns,

« Chapter 5. Non-Mendelian Inheritance: Epigenetic
inheritance is now divided into two sections, One section
is focused on dosage compensation and the other CONCErns
genomic imprinting.

+ Chapter 6. Genetic and Linkage Mapping in Eukaryotes:
Contains a more streamlined presentation of mapping in
haploid fungi.

« Chapter 7. Genetic Transfer and Mapping in Bacteria and
Bacteriophages: Begins with an overview that compares
different types of genetic transfer between bacteria, and
then each form of transfer is highlighted within its own
section. Mapping in bacteriophages has been separated
into sections that focus on intergenic complementation and
intragenic mapping,

» Chapter 8. Variation in Chromosome Structure and
Number: The fifth edition contains a more streamlined
presentation of natural and experimental mechanisms that
produce variation in chromosome number.

+ Chapter 9. Molecular Structure of DNA and RNA: The
four levels of DNA structure are introduced in an overview
section and then the different levels of DNA structure are
presented in their own sections, followed by formative
assessment questions,

» Chapter 10. Chromosome Organization and Molecular
Structure: The information on viruses has been moved to
Chapter 17, which is a new chapter in the fifth edition,
Improvements have been made to several figures that depict
chromatin structure (see Figures 10.11 and 10.18),

+ Chapter 11. DNA Replication: The figure illustrating a
three-dimensional view of DNA replication has been
improved (see Figure 11.12),

+ Chapter 12. Gene Transcription and RNA Modification:
An improved figure has been added, which shows how

sigma factor binds into the major groove (see Figure 12.6).
A summary table has been added at the end of the chapter
that compares transcription and RNA modification between
bacteria and eukaryotes.

Chapter 13. Translation of mRNA: The relationship between
the genetic code to protein synthesis and the experimental
determination of the genetic code have been placed into two
Stparate sections. A new table has been added that describes
how certain antibiotics inhibit translation (see Table 13.9),
Chapter 14. Gene Regulation in Bacteria: The material on
bacteriophage gene regulation has been moved to Chapter
17 (Genetics of Viruses). The lac operon and {rp operon are
now discussed in their own separate sections,

Chapter 15. Gene Regulation in Eukaryotes I: Transcrip-
tional Regulation: The material on eukaryotic gene regula-
tion is now divided into two chapters. The first one focuses
on transcriptional regulation. A new section has been added
on the ENCODE Project.

Chapter 16. Gene Regulation in Eukaryotes 11: Epigenetics
and Regulation at the RNA Level: This chapter has three
new sections that focus on epigenetics during development
and environmental factors that cause epigenetic changes. It
includes seven new figures and three new tables.

Chapter 17. Genetics of Viruses: This chapter incorporates
some material from the fourth edition, such as bacterio-
phage gene regulation, but largely includes new material on
viral reproductive cycles and gene regulation in HIV. It has
eight new figures,

Chapter 18. Gene Mutation and DNA Repair: The figure
concerning trinucleotide repeat expansion has been revised
(see Figure 18.12).

Chapter 19. Recombination and T ransposition at the
Molecular Level: The figure concerning the function of
transposase has been revised into a two-part figure that
shows how transposase causes the transposon to loop out
(see Figure 19.12).

Chapter 20. DNA Technologies: Based on reviewer
feedback, the order of topics in this chapter has been
revised. DNA sequencing and site-directed mutagenesis
come directly after cloning methods.

Chapter 21. Biotechnology: Various tapics, such as the use
of transgenic crops, have been updated.

Chapter 22, Genomics I Analysis of DNA: A new section
has been added on metagenomics.

Chapter 23. Genomics 11: Functional Genomics, Proteomics,
and Bioinformatics: Includes updates to the topic of
bioinformatics.

Chapter 24, Medical Genetics and Cancer: This chapter
ends with a new section on personalized medicine,

Chapter 25, Developmental Genetics: Improvements in the
color scheme of several figures will help students better
understand certain key points of development,

Chapter 26. Population Genetics: The chapter now contains an
overview of microevolution, and then natural selection, genetic
drift, migration, nonrandom mating, and sources of new
genetic variation are covered in their own separate sections,




« Chapter 27. Quantitative Genetics: This chapter in the fifth
edition presents a more streamlined view of how quantitative
loci are mapped. A section on the general features of
heritability precedes a section on selective breeding.

« Chapter 28, Evolutionary Genetics: The cladistics method
for constructing a phylogenetic tree is compared with the
UPGMA method.

Suggestions Welcome!

It seems very appropriate to use the word evolution o describe
the continued development of this textbook. | welcome any and
all comments. The refinement of any science textbook requires
input from instructors and their students. These include com-
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ments regarding writing, illustrations, supplements, factual con-
tent, and topics that may need greater or less emphasis. You are

invited to contact me at:

Dr. Rob Brooker

Dept. of Genetics, Cell Biology, and Development

University of Minnesota
6-160 Jackson Hall

321 Church St
Minneapolis, MN 55455
brookd05@umn.edu
612-624-3053

Help Your Students Prepare for Class

Digital resources can help you achieve your instructional goals—
making your students more responsible for learning outside of
class by meeting your students where they live: on the go and
online. Use the text and digital tools to empower students to
come Lo class more prepared and ready to engage!

m comect et | McGraw-Hill Connect Genet-
- fcs provides online presenta-

Help Your Students by Making Assignments—Reading,

Homework, and LearnSmart

Connect content can be assigned as homework for before class to
help students with basic concepts so they can better understand
classroom presentations and projects. Quizzes taken after class
can also evaluate their comprehension. These assignments sup-
port the rich assessment presented in the text so that student and
professors can gauge the level of understanding of concepts and

the mastery of skills.
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Assignments can include reading assignments from
the ConnectPlus eBook or SmartBook, homework or
quizzes, LearnSmart, your own web or short answer

activities, and more,




xii PREFACE

The interactive ¢Book takes the read- p
ing experience to a new level with
links to animations and interactive |

exercises that supplement the text, o T T R ey B e
S Wbt s 1 s L Lo [ . T it b A o s
S S, | NENDELIM BTN CE o vt e e R T st
e . x| e e L Sy yo a
1 |

el Ciar Cars oF Marmasgy. 7 D80k v Pacboprngs, 0 g ¥1Thim s
i pim w1 P 8 T s, e ] e [y
TR gl g w iy b

Miaradsl Ctasa Pas Pianis. o Hin Ex periowoisl Crganism |

[

il e el bt L T ———
Sty Pl brontarm il i ehshi] 1 R s g e i b st o o

o, PGS H G ey . O U b ey, o A g o
e ] - "
it ek B il i . K o e il g oy gt B st b s b,
e By L, 1 Pl ot e el et mamry e

waly
e bl e gy i ik, e Bl ey CETAN S iy e By v
il vabyred

YR Veplar I nfe ey
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m S M A R T B D D K mPuwer&d by an intelligent diagnostic and adaptive engine, SmartBook facilitates the

reading process by identifying what content a student knows and doesn't know through adaptive assessments.

The reports in SmartBook help iden-
tify topics where you need more work.

The Smarthook
experience slarls
by previewing key
concepls from the
chapter and ensuring
that you understand
the big ideas. SmartBook asks you questions that identify gaps in your knowledge, The
reading experience then continuously adapts in response to the assess-
ments, highlighting the material you need to review based on what you
don't know,
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Help your students prepare for class and revisit content by assigning homework in Connect and LearnSmart.
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book.
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Interactive and traditional questions help assess your knowledge of the
material. Having achieved a base level of knowledge, vou will get more out
of your time in class.
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4 Study with LearnSmart by working through modules and using LearnSmarts
reporting to better understand your strengths and weaknesses,

Gauge your students’ progress using reports in LearnSmart and Con-
nect, Students can run these same reporls in LearnSmart to track

their own progress.

vk Gt b At 4 Reports in Connect
e et i and LearnSmart

help you monitor
student assignments
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understand.

cesses and long-term
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retention.

Download the LearnSmart app from iTunes
or Google Play and work on LearnSmart from

anywhere!
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STEP 1: BACKGROUND
SDBSERVATIONS

* Eas eperiment begins with a description of
e mformation that led researchers ta study

s mgenimental problem. Detailed information
ahout the researchers and the experimental
aiallenges they faced help students ta
miesstand actual research.

T

T —

. dmpter ( begfnnfng with Chapfter 2) mcurpamte.s one or two expmments that are presented acc:mimg to the scienﬂﬁc
 These experiments are integrated within the chapters and flow with the rest of the textbook. As you read the
riments, you will simultaneously explore the scientific method and the genetic principles learned from this approach.

EXPERIMEMNT 174

The Genome of Tobacor Mosakc Virus
Is Compaosed of RRNA

We mow know that hacterie, archesed, pmtiss, fungl, plants. aml
animale all nse MA 15 their genetic material. [n 1956, Aliped
Gierer and Crerhand Schramm isulatad RNA Tron iobacco mesalc
vinms (TMY], which infects plast cells. YWhen this punfied RMA
was applinl to phit tissue, the plants developed the same Ty
of besizns Ikl cccurred when they were exposid b intacs TS
Gierer and Schraman coereetly comchsded that the viral gemame
of THV is camposed of KRA,

markings on ather parls of ik leaves. Second, the capsid pro-
1ein in 1w HER stragn has two amino acids Chistidine sml mechin
nimne], which are not found in the wild-type capsid protein,
Previous experiments had shinen that purified TMY cap
sid proteine amd purified TMV-RMA molecules can be mised
tegether amd seli- pasembbe mo an inlact virus, Such & procedure
Iz referred bo as a recomstitulion sxperiment heciuse Intact viruses
e masle ram thwir inclividual parts. In e experiment described
in Figars 17.2, Fracnkel-Conrat and Sieger mised wikl-type RMA
wilh HE proteins or TR RNA with wild-type proteins and then
placed the recomstinied viruses ante inhacco lenes. Folluwing

i :I]I Ir'lllrﬁm;ﬁulnf;;chllul 'IM‘:‘ ;ﬂl.g'\‘:l Lgl T"T'; infection, they hen nheerved the sympooms caused by the viruses
material, Heinz From vaaral and Beatrice Singer condugted snal pod ihe s Sed o st I sing of newly
1 HEP 2-: H Y 1]{}'[' H ESIS q.d.diliuml pesezarch that ivalved different straims of TMY, They ;I;dtn01?u1¢>il|:ll;:.?lm :::?;:IIU::FI o itk ol
s o the wild-type sirain an o eutant TV
e s ,nn.lu called the Holmes 71 The two siruins
-mr“wn a stafement dE’SEI'ItII'II; differ in two ways, First, thiy ipnificancly difTe THE HYPOTHESIS
1 -mm lemﬂ“ﬂ’“ for the observed tomns whaen they Indecy plamis. (o partiosdar, the wild-typs sirmin
: produces o meltled area with vellow and groen irvogatarly shaped RHA s the genetic makerial of THY,
mﬂﬂ that will be tested. The lestans on infiecbed Leaves (sre chapler-opening photo), wheneas
wmnn rednforces the scentific the HIL strain edien preduces sireaks along the veins and ringlike
X wikl-type
meshad and allows students to experience [
'-mfﬂl'mﬂnﬂhﬂ. TESTIMG THE HYPOTHESIS FIGURE 17,1 Fvidenc that RNA Ii ihe genetic material of TMV. the lestons of
fihgrass strain.

Stnrtimg materlal Purlfied preparations of RRA asd proteins from wild-type TMY and [rom the Helmes ecibgrass (HE) sirain of TMY.

|
Expurimental level Concepimal bevel I
HHBMA 4
wild-type proteins

1. Mix bosgetheer wilk]-type AN A and
HA preqeingor HE ENA and wild
rype probeins. Allow time for the RNA

Wild-type BEMA +

Recomstiuted wiruses i
HE proteins ’

and profeins o assemble inta intact ! — —HE pratbrins
winwses, These are called reconstituted \ B Vpe prodeing
FiFikes. = E
- — =Wild-type
BEMA

—Wild-type
prodeng
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STEP 3: TESTING THE
HYPOTHESIS

T section illustrates the experimental
grmeess, including the actual steps fallowed . T
B scientists 1o test their hypathesis. Sdence

s alive for students with this detailed look

& experimentation. o THEDATA INTERFRETING THE DATA

Asting delds Fooved As s2em in The Data, the esneosne of infection depended va the

. in Meendy Made RMA that was fund in the reconstituted vine but not on the

e ,illml R L f peantein, 1 wild-type RA was used, the bz dinachopedd syip-

Plaved un Tdvivie  Spweplowss an teens that were typical al wild-type T8IV and the capsid probeios

1 & Leawes Tibaacin Laaves af newly masde virases lcoed methionkne or histiding, n oon-

SF.[ EP 4: TPIE 1}1‘1 I J'!Iil. Witk type RNA Tike wild-Lypa trasl il recomstituled wirns had FIR BMA, the sympeoms were

and HIR proceics T 1 those of the HH TMV strain and the newly made capsid proleing

.Ilctua inal FE‘SE'EHZ"I . F o comtained hoth methianine and histldine. Taken togetbwr, thes:

Idata fl'ﬂm "]E Uﬂl_] HE RNA and 3 Like HI TMY risaalls are cansistent with the bypothesis that the BNA coenpe
paper help students understand how wikl-Lype protein pent nf TMY s fis genetlc material,

Dot ol piedl from H. Fraeakel . Carrat aad B Srger (19571 Vi
1. Carebination of peeteln a0d muckelc ackd from difiereed i, M

Blopfreaica Acta 20, HD-54

real-lifle research results are reported.
Each experiment’s results are discussed
in the context of the langer genetic |

principle to help students understand /
the implications and importance

af the research.

um.:' quiz fnwalving Hhis experimene can be found ad

STEP 5: INTERPRETING THE DATA

This discussion, which axamines whether the experimental data supported or refuted
the hypathesis, gives students an appreciation for sdentific interpretation.

Kt



