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‘Introduction
to Genetics

I

Transmission genetics is the general process by which traits con-
trolled by factors (genes) are transmitted through gametes from
generation to generation. Its fundamental principles were first put
forward by Gregor Mendel in the mid-nineteenth century. Later work
by others showed that genes are on chromosomes and that mutant
strains can be used to map genes on chromosomes.

The recognition that DNA encodes genetic information, the discov-
ery of DNA's structure, and elucidation of the mechanism of gene
expression form the foundation of molecular genetics.

Recombinant DNA technology, which allows scientists to prepare
large quantities of specific DNA sequences, has revolutionized ge-
netics, laying the foundation for new fields—and for endeavors
such as the Human Genome Project—that combine genetics with
information technology.

Biotechnology includes the use of genetically modified organisms
and their products in a wide range of activities involving agriculture,
medicine, and industry.

Some of the model organisms used in genetics research since the
early part of the twentieth century are now used in combination with
recombinant DNA technology and genomics to study human diseases.

Genetic technology is developing faster than the policies, laws, and
conventions that govern its use.



2 Chapter 1 Introduction to Genetics

. n December 1998, following months of heated debate, the
Icelandic Parliament passed a law granting deCODE Ge-
netics, a biotechnology company with headquarters in

Iceland, a license to create and operate a database containing
detailed information drawn from medical records of all of
Iceland’s 270,000 residents. The records in this Icelandic
Health Sector Database (or HSD) were encoded to ensure
anonymity. The new law also allowed deCODE Genetics to
cross-reference medical information from the HSD with a
comprehensive genealogical database from the National
Archives. In addition, deCODE Genetics would be able to
correlate information in these two databases with results of
deoxyribonucleic acid (DNA) profiles collected from Ice-
landic donors. This combination of medical, genealogical,
and genetic information would be a powerful resource avail-
able exclusively to deCODE Genetics for marketing to re-
searchers and companies for a period of 12 years, beginning
in 2000.

This is not a science fiction scenario from a movie such as
Gattaca but a real example of the increasingly complex inter-
action of genetics and society at the beginning of the twenty-
first century. The development and use of these databases in
Iceland have generated similar projects in other countries as
well. The largest is the “UK Biobank” effort launched in Great
Britain in 2003. There, a huge database containing the genetic
information of 500,000 Britons will be compiled from an ini-
tial group of 1.2 million residents. The database will be used
to search for susceptibility genes that control complex traits.
Other projects have since been announced in Estonia, Latvia,
Sweden, Singapore, and the Kingdom of Tonga, while in the
United States, smaller-scale programs, involving tens of thou-
sands of individuals, are underway at the Marshfield Clinic in
Marshfield, Wisconsin; Northwestern University in Chicago,
Illinois; and Howard University in Washington, D.C.

deCODE Genetics selected Iceland for this unprecedented
project because the people of Iceland have a level of genetic
uniformity seldom seen or accessible to scientific investiga-
tion. This high degree of genetic relatedness derives from the
founding of Iceland about 1000 years ago by a small popula-
tion drawn mainly from Scandinavian and Celtic sources.
Subsequent periodic population reductions by disease and
natural disasters further reduced genetic diversity there, and
until the last few decades, few immigrants arrived to bring
new genes into the population. Moreover, because Iceland’s
health-care system is state-supported, medical records for all
residents go back as far as the early 1900s. Genealogical in-
formation is available in the National Archives and church
records for almost every resident and for more than 500,000
of the estimated 750,000 individuals who have ever lived in
Iceland. For all these reasons, the Icelandic data are a tremen-
dous asset for geneticists in search of genes that control com-
plex disorders. The project already has a number of successes
to its credit. Scientists at deCODE Genetics have isolated
genes associated with 12 common diseases including asthma,
heart disease, stroke, and osteoporosis.

On the flip side of these successes are questions of privacy,
consent, and commercialization—issues at the heart of
many controversies arising from the applications of genetic

technology. Scientists and nonscientists alike are debating the
fate and control of genetic information and the role of law, the
individual, and society in decisions about how and when ge-
netic technology is used. For example, how will knowledge
of the complete nucleotide sequence of the human genome be
used? Will disclosure of genetic information about individ-
uals lead to discrimination in jobs or insurance? Should ge-
netic technology such as prenatal diagnosis or gene therapy
be available to all, regardless of ability to pay? More than at
any other time in the history of science, addressing the ethical
questions surrounding an emerging technology is as impor-
tant as the information gained from that technology.

This introductory chapter provides an overview of genetics
in which we survey some of the high points of its history
and give preliminary descriptions of its central principles
and emerging developments. All the topics discussed in this
chapter will be explored in far greater detail elsewhere in
the book. Later chapters will also revisit the controversies
alluded to above and discuss many other issues that are cur-
rent sources of debate. There has never been a more exciting
time to be part of the science of inherited traits, but never
has the need for caution and awareness of social conse-
quences been more apparent. This text will enable you to
achieve a thorough understanding of modern-day genetics
and its underlying principles. Along the way, enjoy your
studies, but take your responsibilities as a novice geneticist
very seriously.

Genetics Has a Rich
and Interesting History

We don’t know when people first recognized the existence of
heredity, but archeological evidence (e.g., primitive art, pre-
served bones and skulls, and dried seeds) documents the suc-
cessful domestication of animals and cultivation of plants
thousands of years ago by artificial selection of genetic vari-
ants within populations. Between 8000 and 1000 B.c. horses,
camels, oxen, and various breeds of dogs (derived from the
wolf family) had been domesticated, and selective breeding
soon followed. Cultivation of many plants, including maize,
wheat, rice, and the date palm, began around 5000 B.C. Re-
mains of maize dating to this period have been recovered in
caves in the Tehuacan Valley of Mexico. Such evidence docu-
ments our ancestors’ successful attempts to manipulate the
genetic composition of species.

While few, if any, significant ideas were put forward to ex-
plain heredity during prehistoric times, during the Golden Age
of Greek culture, philosophers wrote about this subject as it
relates to humans. This is evident in the writings of the Hippo-
cratic School of Medicine (500400 B.C.), and of the philoso-
pher and naturalist Aristotle (384-322 B.c.). The Hippocratic
treatise On the Seed argued that active “humors” in various
parts of the body served as the bearers of hereditary traits.
Drawn from various parts of the male body to the semen and
passed on to offspring, these humors could be healthy or dis-
eased, the diseased condition accounting for the appearance of



