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Preface

In their preface to the first edition of Genetics in Medicine, published over 40 years ago, James and Margaret
Thompson wrote;

Genetics is fundamental to the basic sciences of preclinical medical education and has important applications to
clinical medicine , public health and medical research. With recognition of the role of genetics in medicine has come
the problem of providing a place for it in the undergraduate curriculum, a problem which is as yet onl y partly solved
in most medical schools. This book has been written to introduce the medical student to the principles of genetics as
they apply to medicine , and to give him (her) a background for his oun reading of the extensive and rapidly grow-
ing literature in the field. If his (her) senior colleagues also find it useful , we shall be doubly satisfied.

What was true then is even more so now as our knowledge of genetics and of the human genome is rapidly becom-
ing an integral part of public health and the practice of medicine. This new edition of Genetics in Medicine , the seventh,
seeks to fulfill the goals of the previous six by providing an accurate exposition of the fundamental principles of human
and medical genetics. Using illustrative examples drawn from medicine, we continue to emphasize the genes and molec-
ular mechanisms operating in human diseases,

Much has changed, however, since the last edition of this book. Completion of the Human Genome Project pro-
vides us with a catalogue of all human genes, their sequence, and an extensive, and still growing, database of human
variation. Genomic information has stimulated the creation of powerful new tools that are changing human genetics re-
search and medical genetics practice. We therefore have expanded the scope of the book to incorporate the concepts of
“Personalized Medicine” into Genetics in Medicine by providing more examples of how genomics is being used to identify
the contributions made by genetic variation to disease susceptibility and treatment outcomes.

The book is not intended to be a compendium of genetic diseases nor is it an encyclopedic treatise on human genet-
ics and genomics in general. Rather, the authors hope that the seventh edition of Genetics in Medicine will provide
students with a framework for understanding the field of medical genetics while giving them a basis on which to estab-
lish a program of continuing education in this area, The clinical cases, first introduced in the last edition to demonstrate
and reinforce general principles of disease inheritance, pathogenesis, diagnosis, management, and counseling, continue
to be an important feature of the book. We have expanded the set of cases to add more common complex disorders to
the original set of cases, which comprised mostly highly informative and important disorders with mendelian inherit-
ance, To enhance further the teaching value of the Clinical Cases, we have added an additional feature to the seventh e-
dition: at specific points throughout the text, we provide a case number (highlighted in blue) to direct readers to the
case in the Clinical Case Studies section that is relevant to the concepts being discussed at that point in the text.

Any medical or genetic counseling student, advanced undergraduate, graduate student in genetics, resident in any
field of clinical medicine, practicing physician, or allied medical professional in nursing or physical therapy should find
this book to be a thorough but not exhaustive (or exhausting!) presentation of the fundamentals of human genetics and

genomics as applied to health and disease.

Robert L. Nussbaum, MD
Roderick R. McInnes, MD, PhD
Huntington F. Willard , PhD
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GENETICS AND GENOMICS IN MEDICINE
(REEFNEFAES)

'Genetics in medicine had its start at the beginning of the

20th century, with the recognition by Garrod and others

that Mendel’s laws of inheritance could explain the recur-

rence of certain disorders in families. During the ensuing

100 years, medical genetics grew from a small subspecial-
ty concerned with a few rare hereditary disorders to a rec-
ognized medical specialty whose concepts and approaches
are important components of the diagnosis and manage-
ment of many disorders, both common and rare. This is e-
ven more the case now at the beginning of the 21st centu-

ry, with the completion of the Human Genome Project, an

international effort to determine the complete content of

the human genome, defined as the sum total of the genetic

information of our species ( the suffix-ome is from the

Greek for“all” or“complete”). We can now study the hu-

man genome as an entity, rather than one gene at a time.
Medical genetics has become part of the broader field of
genomic medicine, which seeks to apply a large-scale anal-
ysis of the human genome, including the control of gene
expression, human gene variation, and interactions be-
tween genes and the environment, to improve medical
care.

VELZE 20 W88, Garrod %W, HERBEE
BRI REERR B AR, REETE
$tfe¥. FRAEREBRBENME, 21 ey, &%
ERHAFATRE A, SAKEESA DNA 3 7 A
AZEEAITH (Human Genome Project, HGP) & T 52
Bi. AKEEY (genome) E L& : ALKLBWRIEHE
BREA, '

?Medical genetics focuses not only on the patient but

2
=

51

also on the entire family. A comprehensive family history

is an important first step in the analysis of any disorder,

whether or not the disorder is known to be genetic. As

pointed out by Childs, “to fail to take a good family histo-

ry is bad medicine. ” A family history is important because

it can be critical in diagnosis, may show that a disorder is
hereditary, can provide information about the natural his-
tory of a disease and variation in its expression, and can
clarify the pattern of inheritance. Furthermore, recogniz-
ing a familial component to a medical disorder allows the
risk in other family members to be estimated so that
proper management, prevention, and counseling can be of-
fered to the patient and the family.

EREFBAEAMERTRE, MAXEEIMKR.
X RERABRER, FHE—-MHERNEELRRE
HITEEMNRRFE. EWChilds fIf g, “NMFHTH
KRB RRENHE .

3In the past few years, the Human Genome Project

has made available the complete sequence of all human
DNA; knowledge of the complete sequence allows the i-

dentification of all human genes, a determination of the

extent of variation in these genes in different populations,

and, ultimately, the delineation of how variation in these

genes contributes to health and disease. In partnership

with all the other disciplines of modern biology, the Hu-
man Genome Project has revolutionized human and medi-
cal genetics by providing fundamental insights into many
diseases and promoting the development of far better di-
agnostic tools, preventive measures, and therapeﬁtic meth-
ods based on a comprehensive view of the genome.

‘FIF HGP & 43k158 T AR R F 4 DNA M2F5,
BAFFI AT E A RMALREE, HIIARRE R B



Chapter 1 Introduction

REFARERNNERGER, WHERREMBERGX
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‘Genetics is rapidly becoming a central organizing

alternative forms of a gene (alleles) in the population; the
occurrence of similar phenotypes developing from mutation
and variation at different loci; the recognition that familial

principle in medical practice. Here are just a few exarp-
ples of the vast array of applications of genetics and ge-

nomics to medicine today:

¢ A child who has multiple congenital malformations and
a normal routine chromosome analysis undergoes a
high-resolution genomic test for submicroscopic chro-
mosomal deletions or duplications.

* A young woman with a family history of breast cancer re-
ceives education, test interpretation, and support from a

counselor specializing in hereditary breast cancer.

An obstetrician sends a chorionic villus sample taken
from a 38-year-old pregnant woman to a cytogenetics
laboratory for examination for abnormalities in the

number or structure of the fetal chromosomes.

A hematologist combines family and medical history
with gene testing of a young adult with deep venous
thrombosis to assess the benefits and risks of initiating

and maintaining anticoagulant therapy.

Gene expression array analysis of a tumor sample is
used to determine prognosis and to guide therapeutic

decision-making.

An oncologist tests her patients for genetic variations
that can predict a good response or an adverse reaction

to a chemotherapeutic agent.

A forensic pathologist uses databases of genetic poly-
morphisms in his analysis of DNA samples obtained
from victims’ personal items and surviving relatives to
identify remains from the September 11, 2001 World
Trade Center attack.

Discovery of an oncogenic signaling pathway inappro-

priately reactivated by a somatic mutation in a form of
cancer leads to the development of a specific and pow-
erful inhibitor of that pathway that successfully treats

the cancer.
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disorders may arise from gene variants that cause suscep-

tibility to diseases in the setting of gene-gene and gene-

environmental interactions; the role of somatic mutation

in cancer and aging; the feasibility of prenatal diagnosis,

presymptomatic testing, and population screening; and

the promise of powerful gene-based therapies. These

concepts now influence all medical practice and will only
become more important in the future.
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Classification of Genetic Disorders (i f£% f14325)

*In clinical practice, the chief significance of genetics is in
elucidating the role of genetic variation and mutation in
predisposing to disease, modifying the course of disease,
or causing the disease itself. Virtually any disease is the
result of the combined action of genes and environment,
but the relative role of the genetic component may be

large or small. Among disorders caused wholly or partly

by genetic factors, three main types are recognized: chro-

mosome disorders, single-gene disorders, and multifactori-

all disorders.
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"In chromosome disorders, the defect is due not to a

single mistake in the genetic blueprint but to an excess or

a deficiency of the genes contained in whole chromosomes

or chromosome segments. For example, the presence of an

extra copy of one chromosome, chromosome 21, produces
a specific disorder, Down syndrome, even though no indi-
vidual gene on the chromosome is abnormal. As a group,

chromosome disorders are common, affecting about 7 per

.

*Genetic principles and approaches are not restricted
to any one medical specialty or subspecialty but are per-
meating many areas of medicine. To give patients and
their families the full benefit of expanding genetic knowl-
edge, all physicians and their colleagues in the health pro-
fessions need to understand the underlying principles of
human genetics. These principles include the existence of

1000 liveborn infants and accounting for about half of all

spontaneous first-trimester abortions. These disorders are

discussed in Chapter 6.
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*Single-gene defects are caused by individual mutant
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genes. The mutation may be present on only one chromo-

the disease is the result of one, two, or more different

some of a pair (matched with a normal allele on the ho-

genes that together can produce or predispose to a serious

mologous chromosome) or on both chromosomes of the

defect, often in concert with environmental factors. Esti-

pair. In a few cases, the mutation is in the mitochondrial
rather than in the nuclear genome. In any case, the cause
is a critical error in the genetic information carried by a

single gene. Single-gene disorders such as cystic fibrosis,

sickle cell anemia, and Marfan syndrome usually exhibit

obvious and characteristic pedigree patterns. Most such

defects are rare, with a frequency that may be as high as 1
in 500 to 1000 individuals but is usually much less. Al-
though individually rare, single-gene disorders as a group
are responsible for a significant proportion of disease and

death. Taking the population as a whole, single-gene dis-

orders affect 2% of the population sometime during an

entire life span. In a population study of more than 1 mil-
lion live births, the incidence of serious single-gene disor-
ders in the pediatric population was estimated to be
0. 36% ; among hospitalized children, 6 % to 8% probably
have single-gene disorders. These disorders are discussed
in Chapter 7.
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° Multifactorial inheritance is responsible for the ma-

jority of diseases, all of which have a genetic contribution,

as evidenced by increased risk for recurrence in relatives
of affected individuals or by increased frequency in identi-
cal twins, and yet show inheritance patterns in families
that do not fit the characteristic patterns seen in single-
gene defects. Multifactorial diseases include prenatal de-
velopmental disorders, resulting in congenital malforma-
tions such as Hirschsprung disease, cleft lip and palate, or
congenital heart defects, as well as many common disor-
ders of adult life, such as Alzheimer disease, diabetes, and
hypertension. There appears to be no single error in the

genetic information in many of these conditions. Rather,

mates of the impact of multifactorial disease range from
5% in the pediatric population to more than 60% in the
entire population. These disorders are the subject of
Chapter 8.
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YDuring the 50-year professional life of today’s pro-
fessional and graduate students, extensive changes are
likely to take place in the discovery, development, and use
of genetic and genomic knowledge and tools in medicine. It
is difficult to imagine that any period could encompass
changes greater than those seen in the past 50 years, dur-
ing which the field has gone from first recognizing the i-
dentity of DNA as the active agent of inheritance, to un-
covering the molecular structure of DNA and chromo-
somes and determining the complete code of the human
genome. And yet, judging from the quickening pace of dis-
covery within only the past decade, it is virtually certain
that we are just at the beginning of a revolution in in-
tegrating knowledge of genetics and the genome into pub-

lic health and the practice of medicine. An introduction to

the language and concepts of human and medical genetics

and an appreciation of the genetic and genomic perspective

on health and disease will form a framework for lifelong

learning that is part of every health professional’s career.
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Chapter 2 The Human Genome and the
Chromosomal Basis of Heredity
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! Appreciation of the importance of genetics to medicine
requires an understanding of the nature of the hereditary
material, how it is packaged into the human genome, and
how it is transmitted from cell to cell during cell division
and from generation to generation during reproduction.
The human genome consists of large amounts of the
chemical deoxyribonucleic acid( DNA)that contains within
its structure the genetic information needed to specify all
aspects of embryogenesis, development, growth, metabo-
lism, and reproduction-essentially all aspects of what
makes a human being a functional organism. Every nucle-

ated cell in the body carries its own copy of the human ge-

nome, which contains, by current estimates, about 25, 000

genes. Genes, which at this point we define simply as units
of genetic information, are encoded in the DNA of the ge-
nome, organized into a number of rod-shaped organelles
called chromosomes in the nucleus of each cell. The influ-
ence of genes and genetics on states of health and disease
is profound, and its roots are found in the information en-
coded in the DNA that makes up the human genome. Qur
knowledge of the nature and identity of genes and the

composition of the human genome has increased exponen-

tially during the past several decades, culminating in the

determination of the DNA sequence of virtually the entire

human genome in 2003.
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2Each species has a characteristic chromosome com-

plement(karyotype) in terms of the number and the mor-
phology of the chromosomes that make up its genome.
The genes are in linear order along the chromosomes, each
gene having a precise position or locus. A gene map is the

map of the chromosomal location of the genes and is char-

acteristic of each species and the individuals within
a species.
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3The study of chromosomes, their structure, and their
inheritance is called cytogenetics. The science of modern hu-

man cytogenetics dates from 1956, when it was first estab-

lished that the normal human chromosome number is 46.

" Since that time, much has been learned about human chromo-

somes, their normal structure, their molecular composition,
the locations of the genes that they contain, and their numer-
ous and varied abnormalities.
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*Chromosome and genome analysis has become an
important diagnostic procedure in clinical medicine. As de-
scribed more fully in subsequent chapters, some of these

applications include the following:

Clinical Diagnosis Numerous medical disorders, in-
cluding some that are common, such as Down Asyndrome,
are associated with microscopically visible changes in
chromosome number or structure and require chromosome
or genome analysis for diagnosis and genetic counseling
(see Chapters 5 and 6).

Gene Mapping and Identification A major goal of



