Preface

A good teacher aims to uncover a subject, not cover
it. So said a wise former teacher of mine. In revising
Essential Genetics and Genomtics, Seventh Edition, I've tried
to heed this advice. To uncover a subject means to
expose, exhibit, unveil. To help uncover genetics, this
new edition is:

s Streamlined, with emphasis on concepts illumi-
nated by vivid example and stripped of extrane-
ous detail

= Focused, with Learning Objectives stated explic-
itly at the beginning of each chapter

= Skills oriented, with Stop ¢ Think problems
inserted at strategic points in the text to enhance
the reading experience and encourage higher-
order, analytical thinking,

The brevity of the text meets the needs of the shorter,
less comprehensive introductory course of one semes-
ter or quarter. The choice of topics is intended to help
students master the following scientific competencies:

® Understand the basic processes of gene transmis-
sion, mutation, expression, and regulation.

B Analyze genetic processes using numerical rela-
tionships including ratios and proportions,

B Learn to formulate genetic hypotheses in a sta-
tistical framewaork, work out their consequences,
and test the results against observed data,

® Develop basic skills in problem solving, including
single-concept exercises, those requiring the
application of several concepts in logical order,
and numerical problems requiring some arith-
metic for solution.

® [Interpret genetic data and make valid inferences
to reveal the underlying causes,

® Acquire an appreciation of current trends in
genetics, as well as the social and historical con-
text in which genetics has developed.

Scientific competency is the desired learning out-
come of any course in a curriculum in STEM (science,
technology, engineering, mathematics). Genetics is an

excellent subject for achieving scientific competency.
It is integrative over a broad territory, ranging from
molecular biology to evolutionary genetics, Tt is also
quantitative, using concepts from probability, statis-
tics, and computational biology. Fortunately, students
come to a course in genetics highly motivated because
of media reports about the human genome and
genetic risk factors for disease, as well as many social
and ethical controversies related to genetics such as
direct-to-consumer and over-the-counter genetic test-
ing, genetic privacy, cloning, stem-cell research, and
genetically modified organisms. The challenges for the
instructor are to sustain this motivation and to help
students acquire the skills and habits of thought that
constitute scientific competency.

What's New in the Seventh Edition?

This seventh edition has been completely revised and
updated. Each chapter has been thoroughly reworked.
Important new methods and findings have been
added, including synthetic bacteria, higher-order
chromatin structure, high-throughput genomic
sequencing methods, personalized medicine,
and CRISPR/Cas? gene editing. As new material
has been added, an equal or greater amount of non-
essential or outdated material has been deleted. Sev-
eral of the chapters have been reorganized to allow
smooth integration of the new material. The entire
text has been condensed, clarified, and updated.

Major revisions and additions in the Seventh Edition
include the following:

® Chapter | includes a new section emphasizing
that most common traits are actually complex
traits affected by multiple interacting genetic
factors as well as environment. This principle
includes most commeon diseases, which are
influenced by multiple genetic risk factors and
lifestyle choices. The section on genomes and
proteomes has been updated to include Syn3.0,
the first living, multiplying bacterial cell whose
genome was created entirely by chemical
synthesis,
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Chapter 2 includes a new section emphasizing
that genes affect traits at multiple levels
{molecular, cellular, developmental, morpho-
logical, and behavioral), and that in many cases
the traits that are affected appear to be unre-
lated until the underlying biology is
understood.

Chapter 3 now includes discussion of the epi-
genetic specification of the kinetochore, in
which a specialized histone (CENPA) replaces
histone 3 in centromeric nucleosomes that
helps recruit kinetochore-associated proteins
leading to the assembly of the mature kineto-
chore to which spindle fibers attach.

Chapter 4 has a much shortened and sharper
discussion of the principal types of genetic
variation with emphasis on single nucleotide
polymaorphisms {SNPs), copy number variations
{CNVs), and simple tandem repeats (STRs). The
update also includes a summary of the results of
genome-wide association studies (GWAS)
to detect genetic risk factors for common disor-
ders and genetic factors affecting complex traits,

Chapter 5 has been significantly shortened and
streamlined.

Chapter 6 includes a completely reorganized and
simplified discussion of DNA replication updated
to include the trombone model of replication
showing how synthesis of the leading and lag-
ging strands is coordinated. The section on mas-
sively parallel sequencing has been expanded
and moved to Chapter 10.

Chapter 7 contains a clearer description of how
bacterial cells are brought together in conjuga-
tion, and unnecessary detail on genetic fine
structure of the rll gene in bacteriophage T4 has
been eliminated.

Chapter 8 makes good use of the Stop & Think
feature to reinforce fundamental concepts and
processes of transcription and translation,

Chapter 9 includes a major new section on how
chromatin is organized into higher-order struc-
tures composed of topologically associating
domains (TADs), insulators, and compart-
ments. The section on RNA interference and
long noncoding RNAs has been updated, and
the material on programmed DNA rearrange-
ments has been removed because it is less gener-
ally applicable than once thought to be.

A completely revised and reorganized Chapter
10 includes a summary of the laiest high-
throughput DNA sequencing technology
including reversible terminators, ion-torrent

sequencing, single-molecule sequencing,
and nanopore sequencing. It also includes a
major new section on personalized medicine
(precision medicine) as well as direct-to-
consumer genetic services and over-the-
counter genetic testing kits. This section
points out the potential values of these
approaches but also emphasizes their associated
ethical, legal, and social implications,
Finally, Chapter 10 contains a wholly new sec-
tion on CRISPR-Cas? technology for genetic
engineering showing how CRISPR-Cas? func-
tions as a sort of immune system in bacteria,
how the CRISPR-Cas? molecules are used to cre-
ate targeted knockout mutations, and how they
are used in DNA editing to change the genome
sequence in a predetermined manner. Methods
of CRISPR-Cas? use in insects, mice, and plants
are also discussed.

Chapter 11 contains a slightly expanded section
on the use of epistasis in the analysis of
switch-regulation pathways, and some
unnecessary details have been omitted such as
minutiae of genetic control of yeast mating type.

New to Chapter 12 is a major new section on
estimates of the rate of base-substitution
mutation in humans as determined by
genome sequencing of parental and offspring
genomes. The mutation rate increases steadily
with father's age but not with mother's age, and
we discuss why this finding is completely consis-
tent with the reproductive biology of males and
females. I've also deleted the section on the “CIB
method” for detecting mutations in Drosophila,
as this is mainly of historical interest.

Chapter 13 puts greater emphasis on the connec-
tion berween genetic control of the cell cycle
and cancer, and it has been extensively revised,
many of the illustrations simplitied, and dispens-
able details eliminated.

Chapter 14 contains a shorter, streamlined sec-
tion on molecular phylogenetics.

What's new in Chapier 15 is a major new sec-
tion on genome-wide association studies
(GWAS) locusing on the usually large num-
ber of genes affecting complex traits and
their typically small individual effects. Each
genetic risk factor for a disease usually increases
disease risk by only a small amount. This gen-
eralization underlines the importance of proper
interpretation of direct-to-consumer {DTC) and
over-the-counter {OTC) genetic testing. The
chapter also includes a new discussion of phys-
iological epistasis and statistical epistasis




and explains why genes can exhibit a great deal
of physiological epistasis at the molecular, cel-
lular, and organismal levels without showing
any substantial statistical epistasis at the popu-
lation level. A classic method for estimating the
number of genes affecting quantitative traits,
based on differences between means of inbred
lines and the genetic variance, has been deleted
because it is obsolete and usually results in
absurdly small estimates.

Chapter Organization

Each chapter begins with a set of Learning Objectives
to orient students toward the knowledge and skills
they should focus on. Explicit Learning Objectives
help students to:

® [dentify what they should know or be able to do
as a result of their study.

® Focus on the knowledge they should have
acquired from studying the chapter.

= Guide the student to identify key concepts and
use them at a variety of learning levels including
comprehension, application, analysis, and
synthesis,

»  Highlight the skills they should acquire through

practice problems of various types.

Each chapter has an opening paragraph that gives
an overview of what is 1o come, illustrates the subject
with engaging examples, and shows how the mate-
rial is connected to genetics as a whole. The section
and subsection Headings are in the form of complete
sentences that encapsulate the main message. The
text makes liberal use of Numbered and Bulleted
Lists to aid students in organizing their learning, as
well as Key Concepts set apart from the main text to
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was carried out. At the end of each chapter is a com-
plete Chapter Summary in the form of bullet points
highlighting the most important concepis.

Each chapter also includes several different types
and levels of Problems, including concept, synthesis,
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and discussion guestions in the form of Issues and
Ideas, a guide 1o problem solving called Solutions:
Step By Step, and application and analysis problems
designated Concepts In Action,

At the end of the book are Answers to even-
numbered problems, a complete Glossary ol key
terms in genetics, and a compilation of frequently
used Word Roots that will help students to under-
stand key genetic terms and make them part of their
vocabulary, Answers to odd-numbered problems will
be available to instructors.

Contents

The organization and number of chapters in the Sev-
enth Edition have been retained because they appeal
to the majority of instructors who teach genetics.
An important feature is the presence of an intro-
ductory chapter providing a broad overview of the
gene: what it is, what it does, how it changes, how

KEY CONCEPT

At any position on the paired strands of a DNA

molecule, if one strand has an A, then the partner
strand has a T, and if one strand has a G, then the
partner strand has a C.

emphasize important principles. A feature called Stop
& Think recognizes that assessments in real time are
critical to reinforce understanding. Each chapter also
includes the Human Connection. This special feature
highlights a research paper in human genetics that
reports a key experiment or raises important social,
ethical, or legal issues. Each Human Connection has
a brief introduction of its own, explaining the impor-
tance of the experiment and the context in which it

it evolves. Today, most students learn about DNA in
grade school or high school. In my teaching, I have
found it rather arificial to pretend that DNA does
not exist until the middle of the term. The introduc-
tory chapter, therefore, serves to connect the more
advanced concepts that students are about to learn
with what they already know. It also serves to pro-
vide each student with a solid framework for inte-
grating the material that comes later. Throughout
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maotivation,

is a balance berween challenge
between observation and theory.
and concrete example. Maolec-

ular and classical genetics are integrated throughout,
of human genetics are interwoven

and the principles

with the entire fabric of the book. On the other hand,
the book is also liberally supplied with examples
from animals and plants, especially model arganisms.
several peints related 1o prganization and coverage.
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Step: A section that
demonstrates problems
worked in full, explaining
step by step a path of
logical reasoning that can
be followed to analyze
the problem.
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Concepts in Action: Problems for Solution:
problems that require the student to reason using
genetic concepts. The problems make use of a

variety of formats. and many require some numerical
calculation.




Chapter 1 is an overview of genetics designed to
bring students with disparate backgrounds to a com-
mon level of understanding. This chapter enables

classical genetics, molecular genetics, evolutionary

genetics, and genomics to be integrated throughout
the rest of the book. Included in Chapter 1 are the
basic concepts of genetics: genes as regions of DNA
that function through transcription and translation,
that change by mutation, and that affect organisms
through inborn errors of metabolism. Chapter 1 also
explains that most traits are actually complex traits
affected by multiple genetic and environmental fac-
tors, and it introduces genomics and proteomics.

Chapters 2 through 5 are the core of Mende-
lian genetics, including segregation and independent
assortment, the chromosome theory of heredity, mito-
sis and meiosis, linkage and chromosome mapping,
tetrad analysis in fungi, and chromosome mechanics.
An important principle of genetics, too often ignored
or given inadequate treatment, is that of the comple-
mentation test and how complementation differs from
segregation or other genetic principles. Chapter 4
expands on the use of molecular markers in genetics,
because these are the principal types of genetic mark-
ers in use today.

Chapter 6 deals with DNA, including the details
of DNA structure and replication. It also discusses how
basic research that revealed the molecular mecha-
misms of DNA replication ultimately led to such
important practical applications as DNA hybridization
analysis, DNA sequencing, and the polymerase chain
reaction. These examples illusirate the value of basic
research in leading, often quite unpredictably, to prac-
tical applications.

Chapter 7 deals with the principles of genetics in
prokaryotes, beginning with the genetics of mobile
DNA, plasmids, and integrons, and their relationships
o the evolution of muliiple antibiotic resistance.
There is a thorough discussion of mechanisms of
genetic recombination in microbes, including trans-
formation, conjugation, and transduction, as well as a
discussion of temperate and virulent bacteriophages.

Chapters 8 through 12 focus on molecular
genetics in the strict sense. Chapter 8 examines the
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details of gene expression, including transcription,
RENA processing, and translation,

Chapter 9 is an integrative chapter that deals with
genetic mechanisms of regulation, with examples of
mechanisms of gene regulation in prokaryotes as well
as eukaryotes. Broader aspects of gene regulation that
are topics of much current research, such as higher-
order chromatin organization, imprinting, and RNAI
are included.

Chapter 10 deals with high-throughput genome
sequencing and its implications for personalized medi-
cine and the ethical, legal, and social implications
of this technology. It also includes basic methods of
recombinant DNA, and there is a major new section
of CRISPR/Cas? in DNA editing and its application to
genetic engineering.

Chapter 11 examines the genetic control of
development with emphasis on models in C. elegans,
D. melanogaster, and A. thaliana.

Chapter 12 focuses on mechanisms of mutation
and DNA repair, including chemical mutagens.

Chapter 13 siresses cancer from the standpeint
of the genetic control of the cell cycle, with empha-
sis on the checkpoints that, in normal cells, result
either in inhibition of cell division or in programmed
cell death (apoptosis). Cancer results from a series of
successive mutations, usually in somatic cells, which
overcome the normal checkpoints that control cellular
proliferation.

Chapters 14 and 15 deal with molecular evolution
and population genetics. The discussion includes gene
trees and species trees and the population genetics of
the CCR5 receptor mutation that confers resistance to
infection by HIV. It also includes DNA typing in criminal
investigations, paternity testing, the effects of inbreeding,
and the evolutionary mechanisms that drive changes in
allele frequency. The approach to quantitative genetics
includes a discussion of how particular genes influenc-
ing quantitative traits (QTLs, or quantitative-trait loci)
may be identified and mapped by linkage analysis.
There is also a section on what has been learned from
genome-wide association studies of complex traits in
humans, including the identification of QTLs through
genetic mapping or studies of candidate genes.




