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Preface

Human Genetics Touches Us All

What Sets This Book Apart

More than a million people have had their genomes
sequenced, most of them since the last edition of this
book was published in 2014. When I wrote the first edi-
tion, the idea to sequence “the” human genome was
Jjust becoming reality. The growing field of genomics, of
considering all of our genes, is now revealing that we
are much more alike than different, yet those differences
among 3 million of our 3.2 billion DNA building blocks
hold clues to our variation and diversity. It has been a
privilege to chronicle the evolution of human genetics,
from an academic subfield of life science and a minor
medical specialty to a growing body of knowledge that
will affect us all.

The twelfth edition opens with the hypothetical
“Eve’s Genome” and ends with “Do You Want Your
Genome Sequenced?” In between, the text touches on
what exome and genome sequencing have revealed
about single-gene diseases so rare that they affect only
a single family to clues to such common and complex
conditions as intellectual disability and autism. Exome
and genome sequencing are also important in such var-
ied areas as understanding our origins, solving crimes,
and tracking epidemics. In short, DNA sequencing will
affect most of us.

As the cost of genome sequencing plummets, we
all may be able to look to our genomes for echoes of
our pasts and hints of our futures—if we so choose. We
may also learn what we can do to counter our inherited
tendencies and susceptibilities. Genetic knowledge is
informative and empowering. This book shows you how
and why this is true.

Ricki Lewis

Current Content

The exciting narrative writing style, with clear explanations
of concepts and mechanisms propelled by stories, historical
asides, and descriptions of new technologies reflects Dr. Lewis’s
eclectic experience as a health and science writer, blogger, pro-
fessor, and genetic counselor, along with her expertise in genet-
ics. Updates to this edition include

Children benefiting from genetic technologies
Cannabidiol to treat genetic seizure disorders
“Variants of uncertain significance” as test results
DNA profiling and the Srebrenica genocide

Steel syndrome in Harlem

Archaic humans

Chimeric antigen receptor technology

Genome editing, gene drives, and synthetic genomes
Learning from the genomes of the deceased

Connections and Context

For human genome sequence information to be useful, we
need to discover all of the ways that genes interact. The pat-
terns with which different parts of the genome touch in a cell’s
nucleus serves as a metaphor for the new edition of this book.
Originally conceived as two-thirds “concepts” followed by
one-third “applications,” the book has evolved as has the sci-
ence, with the tentacles of technology no longer constrained to
that final third, but touching other chapters, in which the sci-
ence of genetics becomes applied:

m The very first illustration, figure 1.1, depicts DNA
wound around proteins to form a nucleosome, the unit
of chromatin. Part of the figure repeats as an inset in
figure 11.6, which zooms in on the molecular events as
nucleosomes open and close during gene expression.

m The “diagnostic odyssey” of young Millie McWilliams
is told in Clinical Connection 1.1. Millie appears again
in figure 4.18, in the context of genome sequencing of
parent-child trios to track the genetic causes of rare
diseases.

m The cell cycle first appears as figure 2.12, then again as
figure 2.15 but with the checkpoints added. In figure 18.3,
the cell cycle appears yet again in the context of the photo
of dividing cancer cells next to it.

m The journey from fertilized ovum to cleavage embryo,
then to implantation in the uterine lining, is depicted in
figure 3.15. It appears again in figure 21.3 to orient the
stages and places of assisted reproductive technologies
such as in vitro fertilization.



B A recurring representation of different-colored shapes
moving in and out of an ancestral “population” traces
the forces of evolutionary change throughout chapter 15:
nonrandom mating (figure 15.2), migration (figure 15.3),
genetic drift (figure 15.5), mutation (figure 15.7), and
natural selection (figure 15.8), and then all together in
figure 15.14.

m Table 20.1 defines and describes all types of genetic
testing, with references to their mentions in previous
chapters.

m Table 22.2 reviews genomics coverage in other chapters.

The historical roots from which today’s genetic technologies
emerged appear in A Glimpse of History boxes throughout the
book.

The chapter and unit organization remain from the
eleventh edition, with a few meaningful moves of material to
more logical places. The essay on mitochondrial transfer that
appeared in the last edition in the context of assisted repro-
ductive technologies in chapter 21 is now with mitochondria,
in chapter 5 as a Bioethics box. The “diseaseome” that was
at the end of chapter 1 is now in chapter 11, in the context of
gene expression. Examples of exome and genome sequenc-
ing are threads throughout that knit the ongoing transition
from genetics to genomics. Chapter 1 is now more molecular
in focus because today even grade-schoolers are familiar with
DNA. New subheads throughout the book ease understanding
and studying.

Changes in terminology reflect the bigger picture of
today’s genetics. “Abnormal” is now the less judgmental
“atypical.” Use of the general term “gene variant” clarifies the

fuzziness of the distinction between “mutation” and “polymor-
phism.” Both refer to changes in the DNA sequence, but in the
past, “mutation” has been considered a rare genetic change and
“polymorphism” a more common one. “Gene variant” is a bet-
ter general term since genome sequencing has revealed that
some mutations have no effects in certain individuals—again,
due to gene-gene interactions, many as yet unknown.

The Lewis Guided Learning System

Each chapter begins with two views of the content. Learning
Outcomes embedded in the table of contents guide the student
in mastering material. The Big Picture encapsulates the over-
all theme of the chapter. The opening essay and figure grab
attention. Content flows logically through three to five major
sections per chapter that are peppered with high-interest boxed
readings (Clinical Connections, Bioethics, A Glimpse of His-
tory, and Technology Timelines). End-of-chapter pedagogy
progresses from straight recall to applied and creative ques-
tions and challenges, including a question based on the chapter
opener. The Clinical Connections and Bioethics boxes have
their own question sets. Key Concepts Questions after each
major section reinforce learning.

Dynamic Art

Outstanding photographs and dimensional illustrations,

vibrantly colored, are featured throughout Human Genetics:
Concepts and Applications. Figure types include process figures
with numbered steps, micro to macro representations, and the
combination of art and photos to relate stylized drawings to real-
life structures.

X Preface
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New to This Edition

Highlights in the new edition update information and discover- Chapter 19 DNA Technologies

ies, ease learning, and conceptually connect chapters. Updates m Genome editing and gene drives

include: . .

include Chapter 20 Genetic Testing and Treatment

Chapter 1 What Is in a Human Genome? m Genome editing in research and the clinic
m How a precision medicine program is integrating human m Gene therapy successes

genome information with environmental factors to

dissect health and disease, on a population level Chapter 22~ Genomics

m Sequencing genomes of the deceased

Chapter 4 Single-Gene Inheritance m Synthetic genomes
m How genome analysis provides a new view of Mendel’s
laws

New Figures
Chapter 8 Genetics of Behavior

m Schizophrenia arises from excess synaptic pruning L1 Levels of genetics
m Syndromes that include autism 1.3 Gene to protein to person
o 1.4 A mutation can alter a protein, causing symptoms
Chapter 9 DNA Structure anc} Replication 1.8 Precision medicine
m More subheads ease learning 221 The human microbiome

m  The “loop-ome™ brings genes together 3.23 Zika virus causes birth defects
Chapter 10 Gene Action: From DNA to Protein 4.18 Parent and child trios

m Why proteins are important 5.9 Ragged red fibers in mitochondrial disease

. 8.9 Schizophrenia and overactive synaptic pruning

Chapter 12 Gene Muta.tlo.n . . 9.14 DNA looping

m More subhe.:ads to distinguish .mutatlons, 11.7 Open or closed chromatin

p(.)lymorphlsn.ls, anq gene Varlan.ts o 12.11 The blue people of Kentucky

m Figures and dlS'CH.SSIOH on somatic mosaicism 16.6 Gene flow among archaic and anatomically modern

m The famous painting of the “blue people” of Kentucky humans
Chapter 13 Chromosomes 16.9 The dystrophin gene

m Less history, more new technology 19.11 CRISPR-Cas9 genome editing

. i 19.12 Gene drives
Chapter 14 Constant Allele Frequencies and DNA Forensics

m DNA profiling confirms genocide

Chapter 15 Changing Allele Frequencies New Tables
m Steel syndrome in East Harlem—how considering 3.2 Paternal Age Effect Conditions
population substructure improves health care 8.3 Famous People Who Had Autistic Behaviors

8.4 Genetic Syndromes That Include Autism
16.1 Neanderthal Genes in Modern Human Genomes
19.4 Genome Editing Techniques

Chapter 16 Human Ancestry and Evolution
m Gene flow among archaic and modern humans

Chapter 18 C?HCCT Genetics and Genomics 19.5 Applications of CRISPR-Cas9 Genome Editing
m The “3 strikes” to cancer 20.2 Genes Associated with Athletic Characteristics
m Chimeric antigen receptor technology 20.3 Pharmacogenetics
m Liquid biopsy 22.2  Genomics Coverage in Other Chapters

xi
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The Lewis Guided Learning System
. 20

Genetic Testing
and Treatment

Learning Outcomes preview major chapter topics in an
inquiry-based format according to numbered sections.

The Big Picture encapsulates chapter content at the start.
Chapter Openers vividly relate content to real life.

Key Concepts Questions follow each numbered section.

Variant CFTR Eliza O'Neill had gene therapy to treat Sanfilippo syndrome

type A, a lysosomal storage disease.

Wild type CFTR (Gly551Asp mutation)
| q q q —

DNA 4l cca i [» M ocTa 1) Courtesy of Glenn O'Neill

f \ Learning Outcomes
RNA GGuU GAU 201 Genetic Counseling DNA-based tests to predict and help to diagnose disease are

+ ) 1. Describe the services that a genetic becoming more common as researchers identify the functions

= counselor provides. and variants of more genes, and develop faster ways to sequence

Protein - Serine - Glycine - Glutamine - serine - AP Glutamine - 202 Genetic Testing DNA. Proteins are manipulated to treat certain inborn errors

of metabolism. Gene therapy and genome editing are types of
interventions that add, delete, or replace genes to correct the
faulty instructions behind specific diseases.

2. Describe types of genetic tests that
are done at different stages of human
prenatal development and life.

3. Discuss the benefits and limitations of
direct-to-consumer genetic testing.

4. Explain how pharmacogenetics and

drug

I g

From Gene Therapy to Genome Editing

treatments.
203 Treating Genetic Disease

5. Describe three approaches
to correcting inborn errors of
metabolism.

6. Discuss how gene therapy adds a
functional gene to correct or counter
symptoms of a single-gene disease.

20.4 CRISPR-Cas9 in Diagnosis and
Treatment

7. How is CRISPR-Cas9 genome editing
used to help diagnose and develop
treatments for single-gene diseases?

Eliza O'Neill's first symptoms were not very alarming or unusual—slight
developmental delay, hyperactivity, recurrent ear infections, and not
interacting much with the other children at preschool. After an autism

evaluation and diagnosis didn’t quite describe the full picture, her

\— A

pediatrician recommended an MRI. The scan revealed fluid at the back

of Eliza’s brain and flattened vertebrae in her neck. These findings
led to additional tests. A urine test showed the telltale buildup of the

sugar heparan sulfate, caused by deficiency of a lysosomal enzyme

Open channel Blocked channel

(see figure 2.6). Then blood tests to detect the enzyme deficiency and
the mutant genes led to the diagnosis: mucopolysaccharidosis (MPS)

Figure 1.4 A mutation can alter a protein, causing symptoms. One type of
type IlIA, more commonly known as Sanfilippo syndrome type A.

mutation in the CFTR gene replaces one amino acid type (glycine) with another
(aspartic acid) at a specific site, altering the encoded protein in a way that closes a
type of ion channel that participates in secretion.

When Eliza was diagnosed at age 3%, her devastated parents
dove into fundraising and creating awareness through a nonprofit
organization, the Cure Sanfilippo Foundation. They soon learned

that a clinical trial to test a gene therapy for the disease was already
being planned at a major children’s hospital. Eliza was worsening,
losing speech and becoming more hyperactive. Shortly after her

Technology Timeline

sixth birthday, she entered the gene therapy trial. A trillion viruses,
each bearing a wild type copy of the gene that encodes the missing

1790  U.S. patent act enacted. A patented invention must
be new, useful, and not obvious.
1873  Louis Pasteur is awarded first patent on a life form,
for yeast used in industrial processes. Bioethics
1930 New plant variants can be patented.
1980 First patent awarded on a genetically modified
organism, a bacterium given four DNA rings that § . .
B P ST EGOEL Modern genetics is sometimes compared to eugenics because
genetic technologies may affect reproductive choices and can
1988  First patent awarded for a transgenic organism, influence which alleles are passed to the next generation. However,
a mouse that manufactures human protein in medical genetics and eugenics differ in their intent. Eugenics
its milk. Harvard University granted a patent for aims to allow only people with certain “valuable” genotypes
soncoMouse sitransgenictorihumanicancer; to reproduce, for the supposed benefit of the population as a
1992  Biotechnology company awarded patent for all whole. The goal of medical genetics, in contrast, is to prevent and
forms of transgenic cotton. Groups concerned alleviate suffering in individuals and families. But the once-clear
that this will limit the rights of subsistence farmers line between eugenics and genetics is starting to blur as access
contest the patent several times. to prenatal DNA testing widens, the scope of testing broadens to
1996-1999  Companies patent partial gene sequences and I CTl e, Gl S i R i
e ing genes for i For decades prenatal genetic testing has focused on
specific medical tests. detecting the most common aneuploids—extra or missing
chromosomes—or single-gene diseases known to occur in a
2000 | With gene and genome discoveries pouring into family. As chapter 13 describes, chorionic villus sampling and
the Patent and Trademark Office, requirements for . . .
S O o P e UG amniocentesis have been used to visualize fetal chromosomes. In
2011 it became possible to collect, sequence, and overlap small
2003  Attempts to enforce patents on non-protein-encoding pieces of placenta-derived cell-free DNA in the circulation of a
parts of the human genome anger researchers who pregnant woman and reconstruct a full genome sequence (see
support open access to the information. figure 13.10). Then, the sequence can be analyzed for genotypes

| RS A OO0 G MR that cause or increase the risk of developing known diseases. .

complex definition of a gene. This knowledge would theoretically allow a quality control of sorts Figure 15C Designer babies. Will widespread use
in terms of which fetuses, with which characteristics, complete of genetic technologies to create or select perfect children

2009 Patents on breast cancer genes challenged. development. Such extensive analysis is not (yet) commercially have eugenic effects? © Finn Brandt/Getty Images

. - . available, but is done as part of research protocols. . . .
BB Drctto-consumer genetctestng comparies. beimplantaton seneti doanos e foure 216)mey  Questions for Discussion
SNP association tests. provide a form of selection because it checks the genes of early 1. Is the lower birth rate of people with trisomy 21 Down
R W RN——— o) embryos and chooses those with certain genotypes to continue syndrome a sign of eugenics (see Bioethics in chapter 13)?
development. Finally, use of technologies such as genome editing Cite a reason for your answer.

2011 U.S. government considers changes to gene (see section 20.4) enable manipulation of a fertilized ovum’s DNA, 2. Is genetic manipulation to enhance an individual a eugenic

patent laws. although such germline intervention is generally prohibited. measure?

BBICN U.s. supreme Court declares genes unpatentable. The ability t? sequeHC_e genomes has the potential 3. Do you think that eugenics should be distinguished from
to extend prenatal investigation from the more common medical genetics based on intent, or can widespread
chromosomal conditions to many aspects of a future individual's genetic testing to prevent disease have an effect on the
health and perhaps other characteristics, such as personality population that is essentially eugenic?
traits, appearance, and intelligence. Figure 15.C takes a simple 4. Tens of thousands of years ago, humans with very poor

i view of a complex idea — altering the frequency of inherited traits eyesight were likely not to have survived to reproductive age. Is
In-Chapter Review Tools, such as Key Concepts PO s R T U A AN
Questions, summary tables, and timelines of major

discoveries, are handy tools for reference and study.
Most boldfaced terms are consistent in the chapters,
summaries, and glossary.

Bioethics and Clinical Connection boxes include Questions
for Discussion.



Millie McWilliams was born September 2, 2005. At first, Millie
seemed healthy, lifting her head and rolling over when most babies
do. “But around 6 months, her head became shaky, like an infant’s.
Then she stopped saying ‘dada’," recalled her mother Angela.

By her first birthday, Millie couldn't crawl or sit, and her
head shaking had become a strange, constant swaying. She had
bouts of irritability and vomiting and the peculiar habit of biting
her hands and fingers. In genetic diseases, odd habits and certain
facial features can be clues. None of the many tests, scans, and
biopsies that Millie underwent led to a diagnosis.

By age 6, Millie had lost the ability to speak, was
intellectually disabled, and confined to a wheelchair, able to
crawl only a few feet. Today she requires intensive home-based
therapies. But Millie can communicate with her parents. “She likes
to look at what she wants, with an intense stare,” said Angela.

She loves country music and Beyoncé, and every once in awhile
something funny will happen and she'll break into a big smile.

Millie’s pediatrician, Dr. Sarah Soden, suggested that genome
sequencing, already being done at the medical center where Millie
receives care, might explain the worsening symptoms (figure 1A),

So the little girl and her parents had their genomes sequenced in
December 2011. Dr. Soden’s team identified a suspicious mutation,
but the gene had never been linked to a childhood disease.

In February 2013, a medical journal published a report
about four children with mutations in this gene who had symptoms
strikingly like those of Millie. An answer had finally emerged: Millie
has Bainbridge-Ropers syndrome. Even her facial structures—
arched eyebrows, flared nostrils, and a high forehead hed,

Figure 1A Dr. Sarah Soden examines Millie
McWilliams. Genome sequencing identified the cause of
Millie’s intellectual disability, lack of mobility, and even her
hand-biting. Courtesy of Children's Mercy Kansas City

So far a few dozen individuals have been diagnosed with
Bainbridge-Ropers syndrome, and families have formed a support
group and Facebook page. Although there is no treatment yet, the.
families are happy to have an answer, because sometimes parents
blame themselves. Said Angela, *It was a relief to finally put a name:
on it and figure out what was actually going on with her, and then
to understand that other families have this too. I've been able to
read about her diagnosis and what other kids are going through."

Q for Discust

as well as the hand-biting symptom. 1. Millie has a younger brother and an older sister. Why don't
Millie is missing two DNA bases in the gene ASXL3. DNA they have Bainbridge-Ropers syndrome?
three at a time to indicate the amino acids ina

N

Would exome sequencing have discovered Millie’s mutation?
protein, so missing two bases garbled the code, leading to tiny,
nonfunctional proteins for that particular gene. Somehow the glitch
caused the symptoms. Because Millie’s father Earl and Angela do
not have the mutation, it originated in either a sperm or an egg that "
went on to become Millie.

w

Find a Facebook page for families that have members with
a specific genetic disease and list topics that parents of
affected children discuss.

Do you think it is valuable to have a diagnosis of a condition
that has no treatment? Why or why not?

Clinical Connection boxes discuss how genetics and
genomics impact health and health care.

Summary

7.1 Genes and the Environment Mold Traits

similarities between adopted people and their adoptive

N N N parents reflect environmental influences.
1. traits reflect influences of the environi

and genes. A polygenic trait is determined by more than
one gene and varies continuously in expression.

2. Single-gene traits are rare. For most traits, many genes
contribute to a small, but not necessarily equal, degree.

7.C the frequency of expression
of a trait in both members of MZ or DZ twin pairs. The
more influence genes exert over a trait, the higher the
differences in concordance between MZ and DZ twins.

8. Genome-wide association studies correlate patterns of
o " . genetic markers (single nucleotide polymorphisms and/
7.2 Polygenic Traits Are Continuously Varying or copy number variants) to increased disease risk. They
3. Genes that contribute to polygenic traits are called may use a cohort study to follow a large group over time,
quantitative trait loci. The frequency distribution of or a case-control study on matched pairs.
phenotypes for a polygenic trait forms a bell curve. 9. An affected sibling pair study identifies homozygous

regions that may include genes of interest. Homozygosity
mapping identifies mutations in genome regions that

are homozygous because the parents shared recent
ancestors.

7.3 Methods to | y Multif:
4. Empiric risk the il thata ial
trait will recur based on incidence. The risk rises with
genetic closeness, severity, and number of affected
relatives.

Heritability estimates the proportion of variation in

a multifactorial trait due to genetics in a particular
population at a particular time. The coefficient of
relatedness is the proportion of genes that two people 1
related in a certain way share.

Characteristics shared by adopted people and their

biological parents are mostly inherited, whereas

ial Traits

7.4 A Closer Look: Body Weight

10. Leptin and associated proteins affect appetite. Fat cells
secrete leptin in response to eating, which decreases
appetite.

. Populations that switch to a high-fat, high-calorie diet and
a less-active lifestyle reveal effects of the environment on
body weight.

o

o

Review Questions

1. Explain how Mendel's laws apply to multifactorial traits. 8. Ina large, diverse population, why are medium brown skin
colors more common than very white or very black skin?
2. Choose a single-gene disease and describe how Y Y
environmental factors may affect the phenotype. 9. Which has a greater heritability—eye color or height?
State a reason for your answer.
3. Explain the difference between a Mendelian multifactorial v
trait and a polygenic multifactorial trait 10. Describe the type of information resulting from a(n)
4. Do all genes that contribute to a polygenic trait do so to a. empiric risk determination.
the same degree? b. twin study.
c. adoption study.
5. Explain why the curves shown in figures 7.2, 7.3, and 7.4 d. genome-wide association study.

have the same bell shape, even though they represent

different traits. 11. Name three types of proteins that affect cardiovascular

functioning and three that affect body weight.
6. How can skin color have a different heritabilty at different 12. What s a imitation of a genome-wide association study?
times of the year?
13. Explain how genome sequencing may ultimately make

7. Explain how the twins in figure 7.4 can have such different : : :
genome-wide association studies unnecessary.

skin colors.
Applied Questions
1. “Heritability” is often used in the media to refer to the

degree to which a trait is inherited. How is this definition
different from the scientific one?

genetic or environmental factors? Cite a reason for your
answer.

»

One way to calculate heritability is to double the
difference between the concordance values for MZ versus
DZ twins. For multiple sclerosis, concordance for MZ twins
is 30 percent, and for DZ twins, 3 percent. What is the
heritability? What does the heritability suggest about the

2. Would you take a drug that was prescribed to you based
on your race? Cite a reason for your answer.

3. The incidence of obesity in the United States has
doubled over the past two decades. Is this due more to

Each chapter ends with a point-by-point Summary.
Review Questions assess content knowledge.

Applied Questions help students develop problem-solving
skills. The first question in this section relates back to the
chapter opener.

Forensics Focus

Forensics Focus questions probe the use of

genetic information in criminal investigations.

1. Establishing time of death is critical information in
a murder i i on. Forensic er ists can
estimate the “postmortem interval” (PMI), or the time

with environmental conditions. With luck, researchers can
count back 6 hours from the developmental time for the

by sampling larvae of specific insect species and

at which insects began to deposit eggs on the corpse,

consulting developmental charts to determine the stage.

largest larvae to estimate the time of death.

In many cases, a window of 6 hours is not precise enough
to narrow down suspects when the victim visited several
places and interacted with many people in the hours

Case Studies and Research Results use stories
based on accounts in medical and scientific

The investigators then count the hours backwards

to estimate the PMI. Blowflies are often used for this
purpose, but their three larval stages look remarkably
alike in shape and color, and development rate varies

Case Studies and Research Results

before death. Suggest a way that gene expression
profiling might be used to more precisely define the PMI
and extrapolate a probable time of death.

journals; real clinical cases; posters and reports
from professional meetings; interviews with
researchers; and fiction to ask students to analyze
data and predict results.

1. Kabuki syndrome is named for the resemblance of an
affected individual to a performer wearing the dramati
makeup used in traditional Japanese theater called

Kabuki. The face has long lashes, arched eyebrows, flared
eyelids, a flat nose tip, and large earlobes. The syndrome is
associated with many symptoms, including developmental

delay and intellectual disability, seizures, a small head

(microcephaly), weak muscle tone, fleshy fingertips, cleft

palate, short stature, hearing loss, and heart problems.

Both genes associated with the condition result in too many

ic

2. To make a “reprogrammed” induced pluripotent stem (iPS)
cell (see figure 2.20), researchers expose fibroblasts taken
from skin to “cocktails” that include transcription factors.
The fibroblasts divide and give rise to iPS cells, which,
when exposed to other transcription factors, divide and
yield daughter cells that specialize in distinctive ways that
make them different from the original fibroblasts. How do
transcription factors orchestrate these changes in cell type?

3. Using an enzyme called DNAse 1, researchers can
determine which parts of the genome are in the “open

regions of closed chromatin. Drugs that inhibit histone
deacetylases (enzymes that remove acetyl groups from
histone proteins) are effective. Explain how the drugs work.

chromatin” configuration in a particular cell. How could this
technique be used to develop a new cancer treatment?
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Illustrations depicting complex structures show
microscopic and macroscopic views to help students see
relationships among increasingly detailed drawings.
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Figure 1.3 From gene to protein to person.
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Figure 213 Replicated and unreplicated
chromosomes. (b): © SPL/ Science Source
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photos and the explanatory clarity of line drawings.
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Figure 19.11 CRISPR-Cas9.

New Technologies

Gene drive

Genome editing can replace mutant genes with wild type
alleles to counter disease or “drive out” pest populations.

Mutation inherited all the time

Figure 19.12 A gene drive.

Clinical Coverage

Figure 4A Regular exercise
helps many people who have cystic
fibrosis. Courtesy of Evan Scully

Process Figures

Evan Scully controls his cystic fibrosis with an exercise schedule of running, gym
workouts, and yoga.

Complex processes are broken down into a
series of numbered smaller steps that are
easy to follow. Here, cancer evolves from an
initial breakthrough “driver” mutation through
additional mutations as the tumor expands
and invades healthy tissue (figure 18.10).

Figure 18.10 The “three strikes” of cancer.
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PART 1 Introduction

What Is in a Human

Genome?

A child’s genome holds information on her health,

where she came from, and what she might

experience and achieve—but the environment is very
‘ important too in guiding who she is and will become.

© Tom Grill/Corbis RF

6] The BIG Picture

1.1 Introducing Genes and Genomes The human genome is a vast store of information encoded in the
1. Explain what genetics is and what it sequence of building blocks of the molecule deoxyribonucleic acid
is not. (DNA). Genetic information affects our health and traits, and holds
2. Distinguish between gene and clues to how we are biologically related to one another.
genome.

3. Define bioethics.
1.2 Levels of Genetics and Genomics

4. List the levels of genetics.
5. Explain how DNA is maintained and A baby is born. Drops of blood from her heel are placed into a small
how it provides the information to

construct a protein.

6. Explain how a mutation can cause a

disease. blocks wound into the nucleus of a white blood cell. This is Eve’s

. Define exome.

8. Distinguish between Mendelian and
multifactorial traits.

9. Explain how genetics underlies for environmental influences.
evolution.

Eve’s Genome

device that sends personal information into her electronic medical
record. The device deciphers the entire sequence of DNA building

~N

genome. Past, present, and future are encoded in nature’s master
informational molecule, deoxyribonucleic acid, or DNA—with room

1.3 Applications of Genetics and Genomics Eve’s genome indicates overall good genetic health. She has a

10. List some practical uses of DNA
information. patches were needed to stop the bleeding from the heel stick. Two
11. Explain how DNA information can
be considered with other types of
information to learn about maintaining Eve is susceptible to certain respiratory infections and sensitive to
health and treating disease. irritants, but her parents knew that from prenatal testing. Fortunately
12. Distinguish between traditional
breeding and genetically modifying
organisms. avoid irritants such as smoke and dust.
13. Describe a situation in which exome
sequencing can be useful.

mild clotting disease that the nurse suspected when two gauze

rare variants of the gene that causes cystic fibrosis (CF) mean that

the family lives in a rural area far from pollution, and Eve will have to

The inherited traits that will emerge as Eve grows and develops
1.4 A Global Perspective on Genomes range from interesting to important. Her hair will darken and curl,
14. Explain how investigating genomes and genes that contribute to bone development indicate that she’ll
extends beyond interest in ourselves. have a small nose, broad forehead, and chiseled cheekbones. If she
follows a healthy diet, she’ll be as tall as her parents. On the serious

side, Eve has inherited a mutation in a gene that greatly raises her



risk of developing certain types of cancers. Her genes predict
a healthy heart, but she might develop diabetes unless she
exercises regularly and limits carbohydrates in her diet.

Many traits are difficult to predict because of environmental
influences, including experiences. What will Eve’s personality
be like? How intelligent will she be? How will she react to
stress? What will be her passions?

Genome sequencing also reveals clues to Eve’s past, which
is of special interest to her father, who was adopted. She

has gene variants common among the Eastern European
population of her mother’s origin, and others that match
people from Morocco. Is that her father’s heritage? Eve is
the beautiful consequence of a mix of her parents’ genomes,
receiving half of her genetic material from each.

Do you want to know the information in your genome?

1.1 Introducing Genes
and Genomes

Genetics is the study of inherited traits and their variation.
Genetics is not the same as genealogy, which considers rela-
tionships but not traits. Because some genetic tests can predict
illness, genetics has also been compared to fortunetelling. How-
ever, genetics is a life science. Heredity is the transmission
of traits and biological information between generations, and
genetics is the study of how traits are transmitted.

Inherited traits range from obvious physical characteris-
tics, such as freckles and red hair, to many aspects of health,
including disease. Talents, quirks, personality traits, and other
difficult-to-define characteristics might appear to be inherited
if they affect several family members, but may reflect shared
genetic and environmental influences. Attributing some traits
to genetics, such as sense of humor or whether or not one votes,
are oversimplifications. These connections are associations,
not causes.

Over the past decade, genetics has exploded from a
mostly academic discipline and a minor medical specialty
dealing with rare diseases, to the new basis of some fields, such
as oncology (cancer care). Genetics is a part of everyday dis-
cussion. Personal genetic information is accessible, and we are
learning the contribution of genes to the most common traits
and diseases. Many health care providers are learning how to
integrate DNA information into clinical practice.

Like all sciences, genetics has its own vocabulary. Some
technical terms and expressions may be familiar, but actually
have precise scientific definitions. Conversely, the language
of genetics sometimes enters casual conversation. “It’s in
her DNA,” for example, usually means an inborn trait, not a
specific DNA sequence. The terms and concepts introduced
in this chapter are explained and explored in detail in subse-
quent chapters.

2 Part1 Introduction

Genes are the units of heredity. Genes are biochemi-
cal instructions that tell cells, the basic units of life, how to
manufacture certain proteins. These proteins, in turn, impart or
control the characteristics that create much of our individuality.
A gene consists of the long molecule deoxyribonucleic acid
(DNA). The DNA transmits information in its sequence of four
types of building blocks, which function like an alphabet.

The complete set of genetic instructions characteristic of
an organism, including protein-encoding genes and other DNA
sequences, constitutes a genome. Nearly all of our cells con-
tain two copies of the genome. Following a multi-year, interna-
tional effort, researchers published the deciphered sequences
of the first human genomes, in 2003. However, scientists are
still analyzing what all of our genes do, and how genes interact
and respond to environmental stimuli. Only a tiny fraction of
the 3.2 billion building blocks of our genetic instructions deter-
mines the most interesting parts of ourselves—our differences.
Analyzing and comparing genomes, which constitute the field
of genomics, reveal how closely related we are to each other
and to other species.

Genetics directly affects our lives and those of our rela-
tives, including our descendants. Principles of genetics also
touch history, politics, economics, sociology, anthropology, art,
the law, athletics, and psychology. Genetic questions force us
to wrestle with concepts of benefit and risk, even tapping our
deepest feelings about right and wrong. A field of study called
bioethics began in the 1970s to address moral issues and contro-
versies that arise in applying medical technology. Bioethicists
today confront concerns that arise from new genetic technology,
such as privacy, use of genetic information, and discrimination.
Essays throughout this book address bioethical issues.

Key Concepts Questions 1.1

1. Distinguish between genetics and heredity.
2. Distinguish between a gene and a genome.

3. Describe the type of information that the DNA
sequence of a gene encodes.

4. Define bioethics.

1.2 Levels of Genetics
and Genomics

Genetics considers the transmission of information at several
levels. It begins with the molecular level and broadens through
cells, tissues and organs, individuals, families, and finally to
populations and the evolution of species (figure 1.1).

Instructions and Information: DNA

DNA resembles a spiral staircase or double helix. The “rails,”
or backbone, consist of alternating chemical groups (sugars
and phosphates) and are the same in all DNA molecules.



Base pair

Figure 1.1 Levels of genetics. Genetics can be considered at several levels, from
DNA, to genes, to chromosomes, to genomes, to the more familiar individuals, families,

and populations.

The two strands of the double helix are oriented in opposite
directions, like two snakes biting each other’s tails. The “steps”
of the DNA double helix are pairs of the four types of building
blocks, or nitrogenous bases: adenine (A) and thymine (T),
which attract each other, and cytosine (C) and guanine (G),
which attract each other (figure 1.2). The information that a
DNA molecule imparts is in the sequences of A, T, C, and G.

The chemical structure of DNA gives the molecule two
key abilities that are essential for the basis of life: DNA can
both perpetuate itself when a cell divides and provide informa-
tion to manufacture specific proteins. Each set of three con-
secutive DNA bases is a code for a particular amino acid, and
amino acids are the building blocks of proteins.

Accessing genetic information occurs in three processes:
replication of DNA, transcription of RNA from the informa-
tion in DNA, and translation of protein from RNA. Chapter 10
discusses these complex processes in detail.

In DNA replication, the chains of the double helix
untwist and separate, and then each half builds a new part-
ner chain from free DNA bases. A and T attract and C and G
attract. Then transcription copies the sequence of part of one
strand of a DNA molecule into a related molecule, messenger
ribonucleic acid (RNA). In translation, each three RNA bases
in a row attract another type of RNA that functions as a con-
nector, bringing in a particular amino acid. The amino acids
align and link like snap beads, forming a protein. The inherited
disease cystic fibrosis (CF) illustrates how proteins provide the

Figure 1.2 TheDNA
double helix. The 5" and 3’
labels indicate the
head-to-tail organization

of the DNA double helix.

A, C, T, and G are bases. S stands for sugar and P for
phosphate. The green five-sided shapes represent the sugars.

traits associated with genes. The protein that is abnormal in CF
works like a selective doorway in cells lining the airways and
certain other body parts, thickening secretions when it doesn’t
work properly (figure 1.3).

A change in a gene, or mutation, can have an effect at
the whole-person level, such as causing a disease. Figure 1.4
depicts the effect of a mutation in the gene that causes CF when
mutant, which is called CFTR (cystic fibrosis transmembrane
conductance regulator). A change of a “C” in the DNA sequence
at a specific location in the gene to a “T” inserts the amino acid
aspartic acid rather than the amino acid glycine as the protein
forms. The resulting protein cannot open to the cell’s surface,
removing channels for certain salt components, causing the
symptoms described in figure 1.3.

The human genome has about 20,325 protein-encoding
genes, and these DNA sequences comprise the exome. Protein-
encoding genes account for only about 1.5 percent of the human
genome, yet this portion accounts for about 85 percent of

Chapter1 Whatls in a Human Genome? 3
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Figure 1.3 From gene to protein to person. (a) The gene encoding the CFTR protein, causing cystic fibrosis when in a variant form
(@ mutation), is part of the seventh largest chromosome. CFTR normally folds into a channel that regulates the flow of salt components
(ions) into and out of cells lining the respiratory tract, pancreas, intestines, and elsewhere. (b) Cystic fibrosis causes several symptoms.

(Source: Data from “Reverse genetics and cystic fibrosis” by M. C. lannuzi and F. S. Collins. American Journal of Respiratory Cellular and Molecular

Biology 2:309-316 [1990].)

known genetic diseases. The rest of the genome includes many
DNA sequences that assist in protein synthesis or turn protein-
encoding genes on or off. The ongoing effort to understand what
individual genes do is termed annotation.

The same protein-encoding gene may vary slightly in
DNA base sequence from person to person. These gene vari-
ants are called alleles. The changes in DNA sequence that
distinguish alleles arise by mutation. (The word “mutation” is
also used as a noun to refer to the changed gene.) Once a gene
mutates, the change is passed on when the cell that contains it
divides. If the change is in a sperm or egg cell that becomes a
fertilized egg, it is passed to the next generation.

Some mutations cause disease, and others provide varia-
tion such as freckled skin. Mutations can also help. One rare
mutation makes a person’s cells unable to manufacture a sur-
face protein that binds HIV. These people are resistant to HIV

4 Part1 Introduction

infection. Mutations that have no detectable effect because
they do not change the encoded protein in a way that affects its
function are sometimes called gene variants. They are a little
like a minor spelling error that does not obscure the meaning
of a sentence.

The DNA sequences of the human genome are dispersed
among 23 structures called chromosomes. When a cell is
dividing, the chromosomes wind up so tightly that they can be
seen under a microscope when stained, appearing rod shaped.
The DNA of a chromosome is continuous, but it includes hun-
dreds of genes, plus other sequences.

A human somatic cell (non-sex cell) has 23 pairs of
chromosomes. Twenty-two of these 23 pairs are autosomes,
which do not differ between the sexes. The autosomes are
numbered from 1 to 22, with 1 being the largest. The other
two chromosomes, the X and the Y, are sex chromosomes.
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