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N
ext April sees the 50th anniversary of the publica-
tion of “Molecular structure of nucleic acids: a
structure for deoxyribose nucleic acid,”1 in which

the elegant and revelatory structure of DNA was laid out
by James Watson and Francis Crick. Watson, Crick and
Maurice Wilkins shared the Nobel Prize in 1962; the
fourth major contributor to the work, Rosalind Franklin,
died in 1958.

Molecular biologists date the start of molecular biology
from that paper. There are other dates that might be cho-
sen for the birthdate of molecular medicine, that emerging
branch of medicine unified by the understanding of the hu-
man genome. Perhaps molecular medicine began with
Charles Darwin’s and Alfred Russel Wallace’s theory of
natural selection (1858), or Gregor Mendel’s publication of
the results of his experiments on inherited traits in pea
plants (1866), or the isolation of “nuclein” (DNA) from the
white cells in pus-stained bandages by Swiss physician Jo-
hann Friedrich Miescher (1869) or, closer to Watson and
Crick, the discovery of “the transforming principle,” which
established that DNA, not protein, was the source of ge-
netic information, by Oswald Avery, Colin MacLeod and
Maclyn McCarty (1944).2,3 Avery began his career as a
physician in the pre-antibiotics era and entered research
when he saw how many patients he could not help with the
medical knowledge of his time.

And then, of course, there is another milestone associ-
ated with James Watson’s name, the human genome pro-
ject, which was declared to be all finished but for the tidy-
ing up in February 2001.3

Lewis Thomas dubbed medicine “the youngest science.”4

Molecular medicine is younger still. The last major para-
digm shift in the theory and practice of medicine was the
germ theory of disease in the 19th century. We are suffi-
ciently removed from the initial impact of that shift to ap-
preciate only its benefits. Life expectancy in Canada is
presently 76 years for men and 81 years for women, while a
century and a half ago the average life expectancy in Liver-
pool, England, in the heartland of the industrial revolution,
was a mere 25 years. Much of that mortality was caused by
infectious disease, and much of the progress can be attrib-
uted to public health measures, which were based on empir-
ical observation of the transmissibility of disease and given
authority by scientific understanding, as well as to the an-

tibiotics and vaccina-
tions developed from
scientific theory.

There are 2 signifi-
cant differences be-
tween the 19th century
germ theory of disease
and the genomic theory
of disease. Genomic
medicine predicts the
risk of disease in the in-
dividual, whether as a
high likelihood in the
case of some of the
well-established single gene disorders, or in terms of an in-
creased susceptibility likely to be mitigated by environmen-
tal factors. There is hope that molecular medicine, properly
applied, should make preventive medicine more powerful
and treatment more specific to the individual, allowing tai-
loring of investigations and treatments to an individual’s
genetic susceptibilities, or to a tumour’s or infectious
agent’s characteristics. But we must grapple with the conse-
quences of replacing “healthy” with “at risk” in both our
practice and our thinking, as the experience of people
screened for genetic disease has shown.5,6 And, more con-
troversially and further down the road, understanding of
genetics and genomics raises the possibility of the genetic
engineering of complex traits, “improving” on human
norms of intelligence, disease resistance and lifespan — the
dream of the early eugenicists whose work expressed not
only their ideals for humanity, but also their judgements on
others’ race, sex, lifestyles and intrinsic worth.

However, the social context of Western society in the
21st century is different from that of the 19th. Individuality
has flourished, the influence of religion has diminished, and
class, race and social inequalities have eroded, though have
by no means vanished. There is greater awareness of the
potential abuse of knowledge, and of the misuse of medical
and institutional authority, and there is wider public educa-
tion and access to information, with greater potential for
public participation in the future development of medicine.

What can physicians do to help that potential be real-
ized? We have 2 major responsibilities. The first is to indi-
vidual patients and families who are immediately affected by
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the unfolding knowledge, those who might, or wonder if
they might, have a disorder with a genetic basis. Much of
popular coverage of genetics is in the language of absolutes
— absolute knowledge and absolute determination. Genes
“cause” disease; tests tell you whether or not you will get a
disease. The reality is one of relative risks and uncertainty.
As with all tests, genetic tests are most meaningful when or-
dered appropriately. And when the tests are ordered, physi-
cians must be able to communicate what they are, what they
mean, what they can tell a patient and what they cannot.

The second responsibility physicians have is our respon-
sibility as educated members of society. As a society, we
must soon make significant decisions about the ownership
and use of genetic information, and about the acceptable
extent of genetic manipulation, whether of humans or
other species. To do so, we must discuss science, ethics, un-
certainty, morality, health, birth, death, and our hopes and
fears for the future. This is all familiar territory for physi-
cians, for all that the vocabulary of genetics and genomics is
a new one; our contribution, and our leadership, in the
choices before us, will be invaluable.

CMAJ has previously published papers on the subject of
molecular methods applied to infectious diseases,7 fluores-
cence in situ hybridization (FISH),8 genetics and ethics,9

and the implications of genetic testing for Canadian medi-
cine and society.10 With this issue, we begin a new short se-
ries focusing on aspects of medical genetics, starting with
the embryo and the fetus and the risk of teratogenic expo-
sures (page 265),11 followed by a description of the specialist
approach to the child whose appearance, behaviour and de-
velopment might suggest a genetic abnormality, and then a
review of how a primary care physician might approach an
adult with a genetic disorder. In short companion papers,
Alison Sinclair describes some of the laboratory methods
currently used in the diagnosis of genetic disease, starting
with both current methods of studying the chromosomal
changes that underlie inherited and acquired disease and a
new technique using DNA microarrays or “chips” (page

275).12 Inevitably, given the current pace of development,
these papers will be rapidly outdated, but for the moment
they present a snapshot of today’s genetic diagnostic meth-
ods, an introduction to the language of DNA and a sum-
mary of the principles that will underlie the methods of to-
morrow.
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