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The twentieth century has been called “the genetic century,” and rightly so:
The genetic revolution began with the rediscovery of Gregor Mendel’s work
in 1900, Watson and Crick elucidated the structure of DNA in 1953, and
the first draft of the human genome sequence was announced in February
2001. As dramatic and important as these advances are, however, they will
almost certainly pale when compared to those still awaiting us. Building on
foundations laid over the last one hundred years, the twenty-first century
will likely see discoveries that profoundly affect our understanding of our
genetic nature, and greatly increase our ability to manipulate genes to shape
ourselves and our environment. As more is learned, the pace of discovery
will only increase, revealing not only the identities of increasing numbers
of genes, but more importantly, how they function, interact, and, in some
cases, cause disease.

As the importance of genetics in our daily lives has grown, so too has the
importance of its place in the modern science classroom: In the study of biol-
ogy, genetics has become the central science. Our purpose in creating this
encyclopedia is to provide students and teachers the most comprehensive and
accessible reference available for understanding this rapidly changing field.

A Comprehensive Reference
In the four volumes of Genetics, students will find detailed coverage of  every
topic included in standard and advanced biology courses, from fundamen-
tal concepts to cutting-edge applications, as well as topics so new that they
have not yet become a part of the regular curriculum. The set explores the
history, theory, technology, and uses (and misuses) of genetic knowledge.
Topics span the field from “classical” genetics to molecular genetics to pop-
ulation genetics. Students and teachers can use the set to reinforce class-
room lessons about basic genetic processes, to expand on a discussion of a
special topic, or to learn about an entirely new idea.

Genetic Disorders and Social Issues
Many advances in genetics have had their greatest impact on our under-
standing of human health and disease. One of the most important areas of
research is in the understanding of complex diseases, such as cancer and
Alzheimer’s disease, in which genes and environment interact to produce or
prevent disease. Genetics devotes more than two dozen entries to both single-
gene and complex genetic disorders, offering the latest understanding of
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their causes, diagnoses, and treatments. Many more entries illustrate basic
genetic processes with discussion of the diseases in which these processes
go wrong. In addition, students will find in-depth explanations of how
genetic diseases arise, how disease genes are discovered, and how gene ther-
apy hopes to treat them.

Advances in our understanding of genetics and improvements in tech-
niques of genetic manipulation have brought great benefits, but have also
raised troubling ethical and legal issues, most prominently in the areas of
reproductive technology, cloning, and biotechnology. In Genetics, students
will find discussions of both the science behind these advances and the eth-
ical issues each has engendered. As with nearly every entry in Genetics, these
articles are accompanied by suggestions for further reading to allow the stu-
dent to seek more depth and pursue other points of view.

The Tools of the Trade
The explosion of genetic knowledge in the last several decades can be attrib-
uted in large part to the discovery and development of a set of precise and
powerful tools for analyzing and manipulating DNA. In these volumes, stu-
dents will find clear explanations of how each of these tools work, as well
as how they are used by scientists to conduct molecular genetic research.
We also discuss how the computer and the Internet have radically expanded
the ability of scientists to process large amounts of data. These technolo-
gies have made it possible to analyze whole genomes, leading not just to the
discovery of new genes, but to a greater understanding of how entire
genomes function and evolve.

The Past and the Future
The short history of genetics is marked by brilliant insights and major the-
oretical advances, as well as misunderstandings and missed opportunities.
Genetics examines these events in both historical essays and biographies of
major figures, from Mendel to McClintock. The future of genetics will be
created by today’s students, and in these volumes we present information
on almost two dozen careers in this field, ranging from attorney to clinical
geneticist to computational biologist.

Contributors and Arrangement of the Material
The goal of each of the 253 entries in Genetics is to give the interested stu-
dent access to a depth of discussion not easily available elsewhere. Entries
have been written by professionals in the field of genetics, including experts
whose work has helped define the current state of knowledge. All of the
entries have been written with the needs of students in mind, and they all
provide the background and context necessary to help students make con-
nections with classroom lessons.

To aid understanding and increase interest, most entries are illustrated
with clear diagrams and dramatic photographs. Each entry is followed by
cross-references to related entries, and most have a list of suggested read-
ings and/or Internet resources for further exploration or elaboration. Spe-
cialized or unfamiliar terms are defined in the margin and collected in a
glossary at the end of each volume. Each volume also contains an index, and
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a cumulative index is found at the end of volume four. A topical index is
also included, allowing students and teachers to see at a glance the range of
entries available on a particular topic.
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biotechnology regulations, 1:11,
2:107, 4:131

Human Genome Project role,
2:173

U.S. Patent and Trademark Office
(USPTO), 1:42, 2:176

U.S. Registry of Elderly African-
American Twins, 4:159

Uterus
cancer, 1:93
development, 1:22, 4:79

V
Vaccines

classic, 1:253–254
developing, 3:71
DNA, 1:254–255, 2:121, 4:129
from genetically engineered

plants, 4:134
for HIV, 2:151
for measles, 4:129
from recombinant DNA, 4:6
for viral diseases, 4:170–171

Vacuoles, 1:105
defined, 1:60

Vagina
development, 1:22
function, 2:35

Valine (Val)
chemical properties, 3:200
genetic code, 2:85, 4:137
substitution, sickle-cell disease,

2:137, 2:139, 2:148, 3:200
Van der Waal’s forces

in base-pair stacking, 1:217
defined, 1:217

Variable expressivity, 2:201, 2:204
Variable number of tandem repeats

(VNTRs)
described, 3:162
in DNA profiling, 1:236
in linkage analyses, 3:6
as mapping tool, 3:14
minisatellites, 4:8–9
schematic organization, 4:10

Variable regions, antibodies, 2:179,
2:180

Variegate porphyria, as autosomal
dominant disorder, 2:201

Variola virus, characteristics, 4:165
Varmus, Harold, 4:38
Vas deferens

cystic fibrosis and, 1:200, 1:201
development, 1:21, 1:22, 1:23

Vaso-occlusive crises, 2:138
Vasopressin, post-translational con-

trol, 3:181

Vector-mediated transformation,
4:132

Vectors
artificial chromosomes as,

1:145–146
defined, 1:70, 2:4, 3:91, 4:5
DNA library tools, 1:222–224
expression cloning, 1:157
gene cloning, 1:70–71,

1:152–153, 2:4, 4:128, 4:132
gene targeting, 2:71, 2:72,

4:125–126
gene therapy, 2:74–77
plasmids as, 1:222, 2:107, 3:91,

3:152
recombinant DNA, 4:5–6
retroviruses as, 4:182
for site-directed mutagenesis,

3:91
for transgenic plants, 2:107
transposons as, 2:43, 3:91,

3:97–98, 4:146
viruses as, 1:182, 1:201, 1:204,

1:222, 2:107
Vegetative segregation

defined, 2:197
in mitochondria and chloroplasts,

2:197
in plasmids, 2:198

Venter, Craig, 2:113, 2:173–174,
2:175

V-erbB oncogene, 3:130
Vertical evolution, 1:27
Vesicles, defined, 1:113
Vetter, David, 1:77, 4:75, 4:76
V-fms oncogene, 3:130
Viability analysis, 1:187
Vibrio cholerae, chromosome shape,

1:139–140
VIQ (verbal ability) intelligence

scores, 2:208, 2:211
Viral oncogenes (v-onc), 4:38
Viral receptors, 4:166
Viral tropism, 4:166
Viral-plasmid vectors, 1:222
Virions

characteristics, 4:35
defined, 4:39

Viroids, 4:162–163
Viruses, 4:164–171

ambisense genomic segments,
4:166

antisense nucleotide tools, 1:30
as bioterrorism tools, 1:69
and cancer, 1:92, 1:100, 3:127,

3:130, 4:34, 4:169–170
capsids, 4:118–120, 4:164, 4:165
capsomeres, 4:165

chaperone proteins and, 4:168
and chromosomal aberrations,

1:123
cytotoxic T lymphocytes and,

1:32
defective particles, 4:119
defined, 4:162
and diabetes, 1:210
distinguished from free-living

microbes, 4:164
dsRNA in, 1:31
escaped transgene role, 1:68
genome characteristics, 2:113,

2:117
helicase primase enzymes, 4:13
infection outcomes, 4:169
mutations, consequences, 2:128
oncoproteins, 4:155
overlapping genes, 3:135–136
plant, as biopesticides, 1:57–58
plants resistant to, 2:108, 2:109,

4:134
plaques, 4:120
positive and negative polarity,

4:165, 4:166
ribozymes, 4:44–45
size range, 4:164–165
structures, 4:165–166
techniques for examining,

4:164–165
as teratogens, 1:79–80
as vectors, 1:182, 1:201, 1:204,

1:222, 2:107
See also Bacteriophages; Retro-

viruses (RNA viruses)
Viruses, replication, 4:162, 4:167

assembly, maturation, and
release, 4:168–169

attachment and penetration,
4:166–167

budding, 4:168
infection process, 1:255, 3:126
transduction, 4:117–120
uncoating and replication,

4:167–168
Viruses, specific types of

adenoviruses, 2:75–78, 3:124,
4:169

adenoviruses, recombinant,
2:75–77, 2:78

chickenpox, 2:155
cytomegalovirus, 3:124
equine encephalitis, 4:165
helper, 4:164
hepadnaviruses, 4:168
herpes simplex, 2:76, 3:17, 3:124,

4:13
herpes zoster, 4:165
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Viruses, specific types of (continued)
herpesviruses, 4:166, 4:169, 4:171
HPV, 4:155, 4:165, 4:169, 4:171
HTLV, 4:34, 4:36, 4:38, 4:169
influenza, 4:165
Lassa fever, 4:165
lentiviruses, 2:151
lysogenic, 4:118–119
lytic, 4:117–118
measles, 4:165
parvovirus, 4:165
picornaviruses, 4:165
poliovirus, 4:165, 4:166, 4:168,

4:169, 4:170–171
poxviruses, 4:164, 4:166, 4:167
proviruses, 2:152, 4:35–37, 4:39
reoviruses, 4:167
rhabdovirus, 4:165, 4:170, 4:171
rhinovirus, 4:165
rice dwarf, 4:165
Rous sarcoma, 1:99–100, 4:39,

4:169
satellite, 4:164
Sin Nombre, 4:165
smallpox, 1:69, 4:165, 4:171
tobacco mosaic, 4:168
togaviruses, 4:168–169
tomato bushy stunt, 4:165
variola, 4:165
See also Hepatitis viruses;

HIV/AIDS
Viruses, treatments

antibiotics, 1:28
DNA methylation, 3:47–48
DNA vaccines, 1:255
interferon, 1:63
RNA interference, 4:53–54
vaccines, 4:170–171

Virusoids, 4:162, 4:164
helper viruses, 4:164
hepatitis delta, 4:164
satellite, 4:164
subemovirus, 4:164
subterranean clover mottle virus,

4:164
Vision

blindness, 1:7, 1:171–172, 1:179,
1:209, 1:212

mechanisms, 1:170
signal transduction role, 4:89

Vision, color, 1:170–173
acquired defects, 1:171–172
hereditary defects, 1:171–172
inheritance patterns, 3:78
normal mechanisms, 1:170–171
opsin protein genes, 1:171

tests for, 1:172
as X-linked disorder, 2:203, 3:78

Vitamins
A, transgenic rice, 2:106–107,

2:108, 3:149, 4:135
B12, synthesized by bacteria,

2:10
C, from genetically engineered

bacteria, 1:63
D3, and hormonal regulation,

2:161, 2:164
folate, 1:78, 1:128
K, synthesized by bacteria, 2:10,

2:13
metabolic role, 3:37, 3:39

Vitelline membrane, 4:21
Vitravene, 1:30–31
VNTRs. See Variable number of

tandem repeats
Vogelstein, Bert, 3:131
Volcanic winter, and population

bottlenecks, 3:168
Volta, Alessandro, 1:37
Von Willebrand factor, 2:145
V-sis oncogene, 3:130
V-src (viral-sarcoma) gene, 1:100
Vulnerable population status, 1:186

W
Waldeyer, Heinrich Wilhelm, 1:132
Wallace, Alfred Russel, 4:92
Walleye dermal sarcoma virus, 4:35
Warren, Stephen, 2:42
Watermelons, seedless, 3:165, 3:165
Watson, James, 4:171–173

Delbrück and, 1:204, 4:172
DNA structure research, 1:62,

1:192, 1:251, 2:50, 2:120, 2:171,
3:105, 4:172

on genetic coding, 1:252
Human Genome Project role,

2:173–174, 2:175, 2:176, 4:173
Muller and, 4:172

Web sites. See Internet
Wechsler Adult Intelligence Scale,

2:208
Weed control, herbicide-resistant

crops, 1:58
Weidemann-Rautenstrauch syn-

drome, progeroid aspects, 1:2
Weight gain

and aging, 1:7
and cardiovascular disease, 1:101
and diabetes, 1:210

Weinberg, Robert, 3:127
Weinberg, Wilhelm, 2:133
Weissmann, Charles, 3:188
Weldon, Walter F. R., 3:102

Werner’s syndrome, 1:1, 1:3
Western blotting, 1:86
Wet lab, defined, 1:181
Whales

illegal trade concerns, 1:189
population bottlenecks, 1:189

What is Life? (E. Schrıdinger), 1:192,
1:203

Wheat
genome size, 1:34
Hessian fly resistance, 1:58

Wheat, polyploid, 2:114, 3:166
White, Raymond, 3:130
Widow’s peak hairlines, 2:191, 2:202
Wiener and Landsteiner, Rh system,

1:84
Wigler, Michael, 3:127
Wild-type alleles/traits, defined,

1:45–46, 3:100, 4:137
Wilkins, Maurice, 4:172
Wilms tumor

defined, 2:132
imprinting disorder, 2:185

Wilson, Allan, 3:67
Wilson, Edwin, 3:73
Wiskott-Aldrich syndrome, 1:68
Wobble hypothesis, 2:85, 4:4
Wolffian ducts, 1:21, 1:22, 1:23,

4:79, 4:79
Wolfram syndrome, 1:212
Working Group on Ethical, Legal,

and Social Implications of the
Human Genome Project, 2:94

World Health Organization, addic-
tion criteria, 1:4

World Trade Center, terrorist
attacks, 1:70

World War II Veteran Twins Reg-
istry, 4:159, 4:160

Wright, Sewall, 3:103, 4:1
Wright, Woodring, 4:105

X
X chromosomes, 2:114, 4:173–176

aberrations, detecting, 3:183
characteristics, 4:174, 4:174,

4:175
and color vision, 1:171–172
condensation of, 2:63
crossovers, 1:196–197
fruit fly, 2:43, 3:7, 3:73, 3:164
heterochromatin, 1:134–135
human, 1:137, 2:113, 2:199,

3:106, 3:164
inactivation of, 2:63, 2:204,

3:76–78, 3:111, 4:175–176
monosomy, 3:111
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