Preface

Essentials of Genetics is written for courses requiring a text
that is briefer and less detailed than its more comprehen-
sive companion, Concepts of Genetics. While coverage is
thorough and modern, Essentials is written to be more acces-
sible to biology majors, as well as to students majoring in
a number of other disciplines, including agriculture, ani-
mal husbandry, chemistry, nursing, engineering, forestry,
psychology, and wildlife management. Because Essenfials
of Genetics is shorter than many other texts, it is also more
manageable in one-quarter and trimester courses,

Goals

In this edition of Essentials of Genetics, the two most impor-
tant goals have been to introduce pedagogic innovations
that enhance learning and to provide carefully updated,
highly accessible coverage of genetic topies of both histori-
cal and modern significance. As new tools and findings of
genetics research continue to emerge rapidly and grow in
importance in the study of all subdisciplines of biology,
instructors face tough choices about what content is truly
essential as they introduce the discipline to novice stu-
dents. We have thoughtfully revised each chapter in light
of this challenge, by selectively scaling back the detail or
scope of coverage in the more traditional chapters in order
to provide expanded coverage and broader context for the
maore modern, cutting-edge topics. Our aim is to continue
to provide efficient coverage of the fundamental con-
cepts in transmission and molecular genetics that lay the
groundwork for more in-depth coverage of emerging topics
of growing importance—in particular, the many aspects of
the genomic revolution that is already relevant to our day-
to-day lives.

While we have adjusted this edition to keep pace with
changing content and teaching practices, we remain dedi-
cated to the core principles that underlie this book. Specifi-
cally, we seek to

B Emphasize concepts rather than excessive detail.

® Write clearly and direetly to students in order to pro-
vide understandable explanations of complex analyti-
cal topies.

B Emphasize problem solving, thereby puiding students to
think analytically and to apply and extend their knowl-
edge of genetics.

B Provide the most modern and up-to-date coverage of this
exciting field,

® Propagate the rich history of genetics that so beautifully
elucidates how information is acquired as the discipline
develops and grows.

® Create inviting, engaging, and pedagogically useful fig-
ures enhanced by meaningful photographs to support
student understanding.

® Provide outstanding interactive media support to guide
students in understanding important concepts through
animations, tutorial exercises, and assessment tools,

The above goals serve as the cornerstone of Essentials
af Genetics. This pedagogic foundation allows the book to
accommodate courses with many different approaches and
lecture formats. While the book presents a coherent table of
contents that represents one approach to offering a course
in genetics, chapters are nevertheless written to be indepen-
dent of one another, allowing instructors to utilize them in
various sequences.

New to This Edition

In addition to updating information with new findings in
all chapters throughout the text, four chapters are new to
this edition.

B Two new chapters expand the coverage of the
regulation of gene expression The topic of genetic
regulation was previously covered in a single chapter,
but has now been split into two new chapters. The
first {Chapter 15) involves regulation in bacteria, while
the second {Chapter 16) focuses on eukaryotes, The bac-
terial coverage represents the pioneering work in this
field and then concludes with an introduction to CRISPR-
Cas. The eukaryotic coverage focuses on the regulation
of gene expression first at the level of transcription,
and then post-transcriptionally, where the expanded
coverage focuses on mechanisms that regulate RNA.
Research into posttranscriptional regulation in the past
15 years has highlighted the importance of topics such
as alternative splicing, mRNA stability and decay, and
regulatory noncoding RNAs. Collectively, the addition of
these two new chapters provides students and instruc-
tors with a thorough, up-to-date presentation of these
important aspects of genetics.

® Two new Special Topics in Modern Genetics chapters
Special Topics chapters are focused and flexible, provid-
ing abbreviated, cohesive coverage of impertant top-
ics in genetics. There are seven Special Topics chapters
in this edition, two of which are new. Special Topics
Chapter 2—Genetic Testing explores how genetic testing
is hecoming prominent in many contexts and how its
use raises many questions and ethical concerns. Special
Topics Chapter 4—Advances in Neurogenetics: The Study
of Huntington Disease illustrates the many advances that
have been made in the study of Huntington disease, a
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monogenic human disorder that has been subjected to
analysis using multiple approaches involving molecu-
lar genetics. As such, the chapter exemplifies the grow-

ing body of information that has accrued regarding the

causes, symptoms, and future treatment of this disorder.

Expanded coverage of CRISPR-Cas Since the previ-
ous edition was published, technigques for genome edit-
ing have vastly improved due to CRISPR-Cas technology.
Thus, we have integrated information about CRISPR-
Cas in several different locations within the text. The
impact of genome editing with CRISPR-Cas is briefly
introduced in Chapter 1. Then, in Chapter 15, students
learn how CRISPR-Cas was originally discovered as a
bacterial system that regulates the gene expression of
bacterial viruses (bacteriophages), providing an immu-
nity against infection. The mechanism and applications
to biotechnology are subsequently covered in Chapter
17. Finally, the use of CRISPR-Cas genome editing for
gene therapy and the production of genetically modi-
fied foods is discussed in Special Topics Chapter 3—
Gene Therapy and Special Topics Chapter 6—Genetically
Modified Foods.

Increased emphasis on ethics We recognize in this
edition the importance of providing an increased empha-
sis on ethical considerations that genetics is bringing into
everyday life. Regarding this point, we have converted
the essay feature previously called Genetics, Technology,
and Society to one with added emphasis on ethics and
renamed it Genetics, Ethics, and Society. Approximately
half the chapters have new or revised essays. [n each
case, a synopsis is presented of an ethical issue related
to a current finding in genetics that impacts directly on
society today. The feature then includes a section called
Your Turn, which directs students to related resources
of short readings and Web sites to support deeper inves-
tigation and discussion of the main topic of each eszay.
In addition, another feature called Case Study, which
appears near the end of all chapters, has been recast
with an increased focus on ethics. Both of these features
increase the opportunities for active and cooperative
learning as well.

New and Updated Coverage

Below is a chapter-by-chapter list of the most significant new
and updated coverage present in this edition,

Ch. 1: Introduction to Genetics « New chapter
introduction vignette emphasizing the significance
of the discovery of CRISPR-Cas9, a powerful genome-
editing system.

Ch. 2: Mitosis and Meiosis - New information on
microtubules and microfilaments - Revised Figure
2.9 on Meiotic Prophase [ « New Exploring Genomics
(EG) entry: PubMed: Exploring and Retrieving Bio-
medical Literature « New Case Study (CS): Timingls
Everything

Ch. 3: Mendelian Genetics « New Table 3.2 on
Dominant and Recessive Human Traits - New Now
Solve This (NST) 3.5 on pedigree analysis

Ch. 4: Modification of Mendelian Ratios - New
information in the “Mitochondria, Human Health,
and Aging” section - New information on the MERFF
mutation - New Genetics, Ethics, and Society (GES)
entry: Mitochondrial Replacement and Three-Parent
Bahies

Ch. 5: Sex Determination and Sex
Chromosomes « New information on Klinefelter
syndrome « New GES: A Question of Gender: Sex
Selection in Humans

Ch. 6: Chromosome Mutations: Variation in Num-
ber and Arrangement . Updated information on
copy number variation - New GES: Down Syndrome
and Prenatal Testing—The New Eugenics? » A new
end of chapter problem involving mapping analysis in
Drosophila.

Ch. 8: Genetic Analysis and Mapping in Bacteria
and Bacteriophages - New GES: Multidrug-Resistant
Bacteria: Fighting with Phage

Ch. 10: DNA Replication and Recombination « New
details about DNA unwinding during replication « New
section entitled “Telomeres in Disease, Aging, and
Cancer” « Two new end of chapter problems involving
telomeres and telomerase

Ch. 12: The Genetic Code and Transcrip-

tion - Revised coverage of transcription and RNA
processing in eukaryotes « New information on ter-
mination of transcription in bacteria - New section
entitled “Why Do Introns Exist?” - New GES: Treating
Duchene Muscular Dystrophy

Ch. 13: Translation and Proteins . Revised coverage
of ribosome and tRNA structure « Revised coverage of
translation in bacteria « Expanded coverage of transla-
tion in eukarvotes including new information on closed-
loop translation, illustrated in a new figure (Fig. 13.10)

Ch. 14: Gene Mutation, DNA Repair, and
Transposition - Reorganization of the section on muta-
tion classification, including new table summaries « New
and expanded coverage of human germ-line and somatic
mutation rates « New, reorganized, and revised coverage
of transposable elements, focusing on the major charac-
teristics of retrotransposons and DNA transposons, as
well as on how transposons create mutations - Three
new figures and one new table

Ch. 15: Regulation of Gene Expression in

Bacteria - New chapter that focuses specifically on
gene regulation in bacteria - Expanded coverage on the
roles of RNA in bacterial gene regulation « New cover-
age of CRISPR-Cas-mediated regulation of invading
viral DNA sequences




Ch. 16: Regulation of Gene Expression in
Eukaryotes . New chapter that focuses specifically on
gene regulation in eukaryotes « Revised and expanded
coverage of alternative splicing, including a new figure,
and its relevance to human disease - Expanded cover-
age on RNA stabilitv and RNA decay including a new
figure (Fig. 16.11) « Updated information on noncod-
ing RNAs that regulate gene expression - Enriched
coverage of ubiquitin-mediated protein degradation,
including a new figure (Fig. 16.14)

Ch. 17: Recombinant DNA Technology - Updated
content on modern sequencing technologies including
a new figure (Fig. 17.12) on third-generation sequenc-
ing (single-strand DNA sequencing) « New section,
“Genome Editing with CRISPR-Cas," describes this
system as a genome editing tool and includes a new fig-
ure (Fig. 17.16)

Ch. 18: Genomics, Bioinformatics, and

Proteomics - A new section, “DNA Sequence Analy-
sis Relies on Bioinformaties Applications and Genome
Databases,” integrating applications of bioinformatics,
genome databases, and functional genomies for ana-
lyzing and understanding gene function by sequence
analysis - Reorganized and revised content on the
Human Genome Project, including a new end of chapter
problem citing the PANTHER database as part of the
Human Genome Project « Updated content on personal
genome projects » New content on diploid genomes,
mosaicism, and reference genomes and the pangenome
to emphasize human genetic variations, including

a new figure (Fig. 18.8) .« Incorporated coverage of

the Human Microbiome Project into a new section,
“Metagenomics,” and expanded content to include a
new Figure (Fig. 18.9) displaying microbiome results of
patients with different human disease conditions « A
new section titled “RNA Sequencing” + Anew section,
"Synthetic Genomes and the Emergence of Synthetic
Biology,” including a new figure (Fig. 18.13) - New
GES: Privacy and Anonymity in the Era of Genomic

Big Data « Several new and revised end of chapter
problems

Ch. 19: The Genetics of Cancer - Extended cover-
age of environmental agents that contribute to human
cancers, including more information about both natu-
ral and human-made carcinogens - New subsection
entitled “Tobacco Smoke and Cancer” explaining how a
well-studied earcinogen induces a wide range of genetic
effects that may lead to mutations and cancer

Ch. 20: Quantitative Genetiecs and Multifactorial
Traits - Revised coverage of Expression QTLs (eQTLs)
in the regulation of gene expression » New GES: Rice,
Genes, and the Second Green Revolution - New US: A
Chance Discovery

Ch. 21: Population and Evolutionary
Genetics - New figure (Fig. 21.7) on the relationship
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between genotype and allele frequency « Important
maodifications to Figures 21.8 and 21.9 illustrat-

ing allele selection « New figure (Fig. 21.13) on the
impact of selection types on the phenotypic mean and
variance » Revised text and figure (Fig. 21.24) on
molecular clocks « Updated information about the
origing of the human genome « New figure

{Fig. 21.26) on hominin contributions to the genome
of modern humans

Special Topic 1: Epigenetics - Revised, updated, and
expanded coverage of epigenetic topics, including his-
tone modifications, noncoding RNAs, assisted reproduc-
tive technologies, and the heritability of stress-induced
behaviors « Updated coverage of epigenetics and
cancer « New section on “Epigenetics and Monoallelic
Gene Expression” + New figures on DNA methylation,
chemical modification of histones, genomic imprint-
ing, random autosomal moneallelic gene expression,
imprinting in germ cells, and maternal behavior and
stress responses in rat pups

Special Topic 2: Genetic Testing - New Special
Topies chapter emphasizing modern approaches to
genetic testing including prenatal genetic testing,
noninvasive procedures for testing fetal DNA, testing
using allele-specific oligonucleotides, microarrays,
and genetic analysis by DNA and RNA sequenc-

ing + Includes coverage of the recommended uniform
screening panel, undiagnosed diseases network, and
genetic analysis for pathogen identification during
infectious disease outbreaks » Section on genome-
wide association studies incorporates approaches for
genomic analysis of disease conditions at the popula-
tion level « A range of ethical, social, and legal consid-
erations are discussed

Special Topic 3: Gene Therapy - Updated informa-
tion on gene therapy trials that are under way . An
expanded section “Genome Editing” highlighting the
application of the CRISPR-Cas system and describ-
ing some of the most promising trials under way in
humans and animals « New ethical considerations
of CRISPR-Cas and germ-line and embryo edit-

ing + New section, “RNA-Based Therapeutics,” that
includes coverage of antisense RNA; RNA interfer-
ence; and updated trials for RNA-based therapeutics,
including Spinraza as an antisense RNA modifying
splicing for the treatment of spinal musecular atro-
phy - Updated content on roles of stem cells in gene
therapy « New content on combining genome editing
with immunotherapy

Special Topic 4: Advances in Neurogenetics: The
Study of Huntington Disease - New Special Topics
chapter that surveys the study of Huntington Disease
{HD) from 1970 to the present « Coverage includes the
genetic basis and progression of HD, the mapping and
isolation of the gene responsible for the disorder, and
information on the mutant gene product - Discussions
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include information on the molecular and cellular
alterations caused by the mutant protein, the use of
transgenic animal models of HD, and the molecular and
cellular approaches to therapy

Special Topic 5: DNA Forensics - New section
entitled “DNA Phenotyping,” describing a controversial
forensic method, including descriptions of how law-
enforcement agencies eurrently use this new technology

Special Topic 6: Genetically Modified Foods - New
section, entitled *Gene Editing and GM Foods,” describ-
ing how scientists are using the new technigues of gene
editing (including ZFN, TALENS, and CRISPR-Cas)

to create GM food plants and animals, and how these
methods are changing the way in which GM foods

are being regulated - A new box, “The New CRISPR
Mushroom,” describing the development and regula-
tory approval of the first CRISPR-created GM food to be
cleared for human consumption

Special Topic 7: Genomics and Precision

Medicine - New section, entitled *Precision
Oncology,” describing two targeted cancer immuno-
therapies: adoptive cell transfer and engineered T-cell
therapy - Updated section, “Pharmacogenomics,”
including a discussion of new trends in preemptive gene
screening for pharmacogenomic variants « New box,
“Preemptive Pharmacogenomic Screening: The pGEN-
4Kids Program,” discussing preemptive gene screening
that integrates DNA analysis into patient electronic
health records

Emphasis on Concepts

Essentials of Genelics focuses on conceptual issues in genetics
and uses problem solving to develop a deep understanding of
them. We consider a concept to be a cognitive unit of mean-
ing that encompasses a related set of scientifically derived
findings and ideas. As such, a concept provides broad mental
imagery, which we believe is a very effective way to teach
science, in this case, genetics. Details that might be memo-
rized, but soon forgotten, are instead subsumed within a
conceptual framework that is more easily retained. Such a
framework may be expanded in content as new information
is acquired and may interface with other concepls, provid-
ing a useful mechanism to integrate and better understand
related processes and ideas. An extensive set of concepts
may be devised and conveyed to eventually encompass and
represent an entire discipline—and this is our goal in this
genetics textbook.

To aid students in identifying the conceptual aspects
of a major topic, each chapter begins with a section called
Chapter Concepts, which identifies the most important
ideas about to be presented. Then, throughout each chapter,
Essenfial Points are provided that establish the key issues
that have been discussed. And in the How Do We Know?
guestion that starts each chapter’s problem set, students

are asked to identify the experimental basis of important
genetic findings presented in the chapter. As an extension
of the learning approach in biology called “Science as a Way
of Knowing," this feature enhances students’ understanding
of many key concepts covered in each chapter. Finally, the
second entry in each chapter’s problem set is labeled as a
Concepts Question, which asks the student to review and
comment on specific aspects of the Chapter Concepts found
at the beginning of each chapter.

Collectively, these features help to ensure that students
easily become aware of and understand the major concep-
tual issues as they confront the extensive vocabulary and
the many important details of genetics. Carefully designed
figures also support this approach throughout the book.

Emphasis on Problem Solving

Helping students develop effective problem-solving skills
is one of the greatest challenges of a genetics course. The
feature called Now Solve This, integrated throughout each
chapter, asks students to link conceptual understanding
in a more immediate way to problem solving. Each entry
provides a problem for the student to solve that is closely
related to the current text discussion. A pedagogic hint is
then provided to aid insarriving at the correct solution. All
chapters conclude with Insights and Solufions, a popu-
lar and highly useful section that provides sample prob-
lems and solutions that demonstrate approaches useful in
genetic analysis. These help students develop analytical
thinking and experimental reasoning skills. Digesting the
information in Insights and Solutions primes students as
they move on to the lengthier Problems and Diseussion
Questions section that concludes each chapter. Here,
we present questions that review topics in the chapter
and problems that ask students to think in an analytical
and applied way about genetic concepts. The addition of
Mastering Genetics extends our focus on problem solving
online, and it allows students to get help and guidance
while practicing how to solve problems.

Continuing Features

The Tenth Edition has maintained several popular features
that are pedagogically useful for students as they study
geneties, Together, these create a platform that seeks to chal-
lenge students to think more deeply about, and thus under-
stand more comprehensively, the information he or she has
just finished studying.

® Exploring Genomics Appearing in numerous chapters,
this feature illustrates the pervasiveness of genomics in
the current study of genetics. Each entry asks students to
access one or more genomics-related Web sites that col-
lectively are among the best publicly available resources
and databases. Students work through interactive
exercises that ensure their familiarity with the type of



genomic or proteomic information available, Exercises
instruct students on how to explore specific topics and
how to access significant data. Questions guide student

exploration and challenge them to further explore the -

sites on their own. Importantly, Exploring Genomics inte-
grates genomics information throughout the text, as this
emerging field is linked to chapter content, This feature
provides the basis for individual or group assignments in
or out of the classroom,

® Case Studies This feature, with an increased empha-
sis on ethical considerations, appears at the end of each
chapter and provides the basis for enhanced classroom
interactions. In each entry, a short scenario related to
one of the chapter topics is presented, followed by sev-
eral questions, These ask students to apply their newly
acquired knowledge to real-life issues that may be
explored in small-group discussions or serve as individ-
ual assignments.

For the Instructor

Mastering Genetics
http://www.masteringgenetics.com

Mastering Genetics engages and motivates students to learn
and allows you to easily assign automatically graded activi-
ties. Tutorials provide students with personalized coaching
and feedback. Using the gradebook, you can quickly monitor
and display student results. Mastering Genetics easily cap-
tures data to demonstrate assessment outcomes, Resources
include:

® [n-depth tutorials that coach students with hints and
feedback specific to their misconceptions.

B A new, robust library of Practice Problems offers
more opportunities to assign challenging problems for
student homework or practice. These questions include
targeted wrong answer feedback to help students learn
from their mistakes. They appear only in Mastering
Genetics, and solutions are not included in the Student
Solutions Manual.

® An item library of assignable questions including end of
chapter problems, test bank questions, and reading quiz-
zes. You can use publisher-created prebuilt assignments
to get started quickly. Each question can be easily edited

* to match the precise language you use.

® A pradebook that provides vou with quick results and
easy-to-interpret insights into student performance,

Instructor Resources

The Instructor Resources, available for download in the
Instructor area of Mastering Genetics, offer adopters of
the text convenient access to a comprehensive and innova-
tive set of lecture presentation and teaching tools, Devel-
oped to meet the needs of veteran and newer instructors
alike, these resources include:
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® The JPEG files of all text line drawings with labels indi-
vidually enhanced for optimal projection results (as well
as unlabeled versions) and all text tables.

® Most of the text photos, including all photos with peda-
gogical significance, as JPEG files,

® The JPEG files of line drawings, photos, and tables pre-
loaded into comprehensive PowerPoint presentations for
each chapter.

® A second set of PowerPoint presentations consisting of a
thorough lecture outline for each chapter augmented by
key text illustrations.

B An impressive series of concise instructor animations
adding depth and visual clarity to the most important
topics and dynamic processes described in the text,

B The instructor animations preloaded into PowerPoint
presentation files for each chapter.

® PowerPoint presentations containing a comprehensive
set of in-class Classroom Response System (CRS) ques-
tions for each chapter.,

B [n Word files, a complete set of the assessment materials
and study questions and answers from the test bank, the
text's in-chapter text questions, and the student media
practice questions.

TestGen EQ Computerized Testing Software
(ISBN:0135272823/9780135272824)

Test questions are available as part of the TestGen EQ Testing
Software, a text-specific testing program that is networkable
for administering tests. It also allows instructors to view and
edit questions, export the questions as tests, and print them
out in a variety of formats.

For the Student

Student Handbook and Solutions Manual
Authored by Michelle Gaudette, Tufts University, and Harry
Nickla (ISBN: 0132300728/ 9780135300428)

This valuable handbook provides a detailed step-by-step
solution or lengthy discussion for every problem in the text,
The handbook also features additional study aids, including
extra study problems, chapter outlines, vocabulary exer-
cises, and an overview of how to study genetics,

Mastering Genetics
http://www.masteringgenetics.com

Used by over a million science students, the Mastering plat-
form is the most effective and widely used online tutorial,
homewaork, and assessment system for the sciences. Perform
better on exams with Mastering Genetics. As an instructor-
assigned homework system, Mastering Genetics is designed
to provide students with a variety of assessments to help
them understand key topics and concepts and to build
problem-solving skills. Mastering Geneties tutorials guide
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students through the toughest topics in genetics with self-
paced tutorials that provide individualized coaching with
hints and feedback specific to a student’s individual mis-
conceptions. Students can also explore Mastering Genetics’
Study Area, which includes animations, the eText, Explor-
ing Genomics exercises, and other study aids, The interac-
tive eText 2.0 allows students to access their text on mobile
devices, highlight text, add study notes, review instructor’s
notes, and search throughout the text, 24/7.
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