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Explore Cutting-Edge Topics

Concepts of Genetics emphasizes the fundamental ideas of genetics, while
exploring modern techniques and applications of genetic analysis. This best-
selling text continues to provide understandable explanations of complex,

analytical topics and recognizes the importance of teaching students how to
become effective problem solvers.

Six Special Topics in Modern Genetics mini-chapters concisely explore cutting-edge, engaging,

and relevant topics.

SPECIALTOPICS IN MODERN GENETICS 1

CRISPR-Cas and Genome Editing

enetic research is often a slow incremental process
Gthat may extend our understanding of a concept

or improve the efficiency of a genetic technology.
More rarely, discoveries advance the field in sudden and
profound ways. For example, studies in the early 1980s
led to the discovery of catalytic RNAs, which transformed
how geneticists think about RNA. Around the same time,
the development of the polymerase chain reaction (PCR)
provided a revolutionary tool for geneticists and other sci-
entists. Rapid and targeted DNA amplification is now indis-
pensable to genetic research and medical science. Given
this context, one can appreciate how rare and significant
a discovery would be that both illuminates a novel genetic
concept as well as yields a new technology for genetics
research and application. CRISPR-Cas is exactly that.

For over a century, scientists have studied the biologi-
cal warfare between bacteria and the viruses that infect
them. However, in 2007, experiments confirmed that bac-
teria have a completely novel defense mechanism against
viruses known as CRISPR-Cas. This discovery completely
changed the scope of our understanding of how bacteria
and viruses combat one another, and coevolve. Moreover,
the CRISPR-Cas system has now been adapted as an incred-
ibly powerful tool for genome editing.

The ability to specifically and efficiently edit a genome has
broad implications for research, biotechnology, and medicine.
For decades, geneticists have used various strategies for genome
editing with many successes, but also with

2000

1500~
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Number of publications
on CRISPR
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The number of publications returned in a
search for “CRISPR” in PubMed by year.

discussions on its ethical use, and is most deserving of its own
chapter in a genetics textbook.

Sl CRISPR-Cas Is an Adaptive
Immune System in Prokaryotes

Bacteria and viruses (bacteriophages or phages) engage in
constant biological warfare. Consequently, bacteria exhibit
a diverse suite of defense mechanisms.

limited efficiency and a significant invest-

For example, bacteria express endonucle-

ment of time and resources. CRISPR-Cas has " C R | S P R'Ca S ha S ases (restriction enzymes), which cleave
been developed into an efficient, cost-effec- been de\/e|0ped into specific DNA sequences. Such restriction
tive molecular tool that can introduce pre- an efficient cost- enzymes destroy foreign bacteriophage

cise and specific edits to a genome. It is not
without its limitations, but it represents a

effective molecular

DNA, while the bacterium protects its own
DNA by methylating it. As you know (from

technological leap, which we have not seen, tool that can intro- Chapter 20), restriction enzymes have

arguably, since the innovation of PCR.

duce precise and been adopted by molecular biologists for

The discovery of CRISPR-Cas has SpeCifiC edits to a use in recombinant DNA technology. Bac-

impacted genetics and other related fields
at an unprecedented pace (Figure ST 1.1).

genome’

teria can also defend against phage attack
by blocking phage adsorption, blocking

CRISPR-Cas is the focus of numerous pat-
ent applications and disputes, has been
approved for usein clinical trials to treat disease, has been used
to edit the genome of human embryos as a proof of concept
for future medical applications, has instigated international

phage DNA insertion, and inducing sui-

cide in infected cells to prevent the spread
of infection to other cells. All of these defense mechanisms
are considered innate immunity because they are not tai-
lored to a specific pathogen.

649
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Explore the Latest Updates

The 12th edition has been heavily updated throughout, including a reorganization
and expansion of coverage of gene regulation in eukaryotes. This expansion
reflects our growing knowledge of the critical roles RNA and epigenetics play in
regulating gene activity.

Gene regulation in eukaryotes
has been expanded into three
chapters: transcriptional regulation
(Ch. 17), posttranscriptional
regulation (Ch. 18), and epigenetic
regulation (Ch. 19).

Crystal structure of human

Posttranscriptional

with “guide” RNA. Argonaute2

Regulation in Eukaryotes odibing s powtenemtpsors

RNA-induced silencing pathway.
CHAPTER CONCEPTS

and the synthesis of a 3' poly-A tail. Each of these steps

® Following transcription, there are several mechanisms
that regulate gene expression, referred to as posttran-
scriptional regulation.

Alternative splicing allows for a single gene to encode
different protein isoforms with different functions

® The interaction between cis-acting mRNA sequence
elements and trans-acting RNA-binding proteins regu-
lates mRNA stability, degradation, localization, and
translation

= Noncoding RNAs may regulate gene expression
by targeting mRNAs for destruction or translational
inhibition.

®m Posttranslational modification of proteins can alter their
activity or promote their degradation

can be regulated to control gene expression. After mature
mRNAs are exported to the cytoplasm, they follow
different paths: They may be localized to specific regions
of the cell; they may be stabilized or degraded; or they
may be translated robustly or stored for translation at
a later time. Even after translation, protein activity,
localization, and stability can be altered through cova-
lent protein modifications. These and other eukaryotic
posttranscriptional regulatory mechanisms are summa-
rized in Figur 3.1,

Whereas the regulation of transcription depends
on transcription factors and DNA regulatory elements
(see Chapter 17), many posttranscriptional mechanisms
involve RNA-level regulation. Moreover, posttranscrip-
tional regulation is not only centered on RNA, but, in
some cases, is regulated by RNA. Noncoding RNAs play
important roles in the regulation of eukaryotic gene
expression.

In this chapter, we will explore several important
mechanisms and themes of eukaryotic posttranscrip-
tional regulation. As you read on, keep in mind that while
scientists have learned a great deal about how genes are
regulated at the posttranscriptional level, there are still
many unanswered questions for the curious student to
ponder.

A new chapter
focuses on epigenetics,
updating and expanding
coverage that used to
be in a Special Topics

In toadflax, the shape of individual flowers changes
from bilateral symmetry (photo on the left) to
radial symmetry (photo on the right) in a naturally
occurring, heritable gene silencing epimutation Cha pte r.
associated with the methylation of a single gene.There
is no alteration of the DNA sequence at this locus.

Epigenetic Regulation
of Gene Expression

CHAPTER CONCEPTS




and Ethical Considerations

With the rapid growth of our understanding of genetics and the ongoing
introduction of powerful tools that can edit genes and genomes, it's important
to encourage students to confront ethical issues and consider questions that arise

in the study of genetics.

GENETICS,

ETHICS, AND SOCIETY

Down Syndrome and Prenatal Testing—The New Eugenics?

own syndrome is the most
common chromosomal abnor-
mality seen in newborn babies.
Prenatal diagnostic tests for Down syn-
drome have been available for decades,
especially to older pregnant women who
have an increased risk of bearing a child
with Down syndrome. Scientists estimate
that there is an abortion rate of about
30 percent for fetuses that test positive for
Down syndrome in the United States, and
rates of up to 85 percent in other parts of
the world, such as Taiwan and France.
Many people agree that it is mor-
ally acceptable to prevent the birth of
a genetically abnormal fetus. However,
many others argue that prenatal genetic
testing, with the goal of eliminating con-
genital disorders, is unethical. In addi-
tion, some argue that prenatal genetic

testing followed by selective abortion is
eugenic. How does eugenics apply, if at
all, to screening for Down syndrome and
other human genetic defects?

The term eugenics was first defined
by Francis Galton in 1883 as “the sci-
ence which deals with all influences that
improve the inborn qualities of a race;
also with those that develop them to
the utmost advantage.” Galton believed
that human traits such as intelligence
and personality were hereditary and that
humans could selectively mate with each
other to create gifted groups of people—
analogous to the creation of purebred
dogs with specific traits. Galton did
not propose coercion but thought that
people would voluntarily select mates in
order to enhance particular genetic out-
comes for their offspring.

conclude each chapter, introducing a short
vignette of an everyday genetics-related
situation and posing several discussion

questions, including one focusing on ethics.

In the early to mid-twentieth century,
countries throughout the world adopted
eugenic policies with the aim of enhanc-
ing desirable human traits (positive
eugenics) and eliminating undesirable
ones (negative eugenics). Many coun-
tries, including Britain, Canada, and the
United States, enacted compulsory steril-
ization programs for the “feebleminded,”
mentally ill, and criminals. The eugenic
policies of Nazi Germany were particu-
larly infamous, resulting in forced human
genetic experimentation and the slaugh-
ter of tens of thousands of disabled
people. The eugenics movement was dis-
credited after World War II, and the evils
perpetuated in its name have tainted the
term eugenics ever since.

Given the history of the eugen-
ics movement, is it fair to use the term

CASE STUDY Fish tales

NEW! Genetics, Ethics,
and Society

ontrolling the overgrowth of invasive aquatic vegetation

is a significant problem in the waterways of most U.S.

states. Originally, herbicides and dredging were used for
control, but in 1963, diploid Asian carp were introduced in Ala-
bama and Arkansas. Unfortunately, through escapes and illegal
introductions, the carp spread rapidly and became serious threats
to aquatic ecosystems in 45 states. Beginning in 1983, many
states began using triploid, sterile grass carp as an alternative,
because of their inability to reproduce, their longevity, and their
voracious appetite. On the other hand, this genetically modified
exotic species, if not used properly, can reduce or eliminate desir
able plants and outcompete native fish, causing more damage
than good. The use of one exotic species to control other exotic
species has had a problematic history across the globe, generat-
ing controversy and criticism. Newer methods for genetic modi-
fication of organisms to achieve specific outcomes will certainly

become more common in the future and raise several interesting
questions.

-

. Why would the creation and use of a tetraploid carp species be
unacceptable in the above situation?

2. If you were a state official in charge of a particular waterway,
what questions would you ask before approving the use of a
laboratory-produced, triploid species in this waterway?

3. What ethical responsibilities accompany the ecological and
economic risks and benefits of releasing exotic species into
the environment? Who pays the costs if ecosystems and food
supplies are damaged?

See Seastedt, T R. (2015). Biological control of invasive plant
species: A reassessment for the Anthropocene. New Phytologist
205:490-502.
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