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Recent technological advances have radically changed genetic testing from an expensive and burdensome
undertaking to a rapid and less costly option for many purposes. The utility of “next-generation”
sequencing has been found to establish the diagnosis for hundreds of genetic disorders, to assess phar-
macogenomic variants, and to identify treatable targets within malignant neoplasms. The ready availability
of genomic information has led to the question of whether there would be clinical benefit of sequencing
the genome of individuals who are not seeking a diagnosis, that is, genomic screening in generally healthy
people, to provide anticipatory insights for their health care. Little research has been conducted in this
area. We examine the considerable unresolved scientific and ethical issues encountered when considering

whole-genome sequencing of healthy people.
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recision medicine is a term recently
made mainstream by President Barack
Obama’s 2015 State of the Union
address,' in which he announced a major
new initiative by that name that proposes
moving from a “one-size-fits-all” approach

to more individualized health care. The Preci-
sion Medicine Initiative will develop a volun-
tary national research cohort of 1 million or
more volunteers to propel our understanding
of health and disease. The long-term goal of
this project will be to collect multiple types
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of data, including comprehensive assessment
of genotypes, to deepen current understand-
ing of how our genetic differences result in
observable differences in health and disease,
so that health care providers can provide rec-
ommendations based on more precise esti-
mates of personal risks. An initiative of this
scale is now feasible because of recent major
technological advances in genetic sequencing
and bioinformatics.

Precision medicine is not synonymous
with whole-genome sequencing (WGS), but
rather seeks application of genomic technolo-
gies as a key strategy in tailoring care to
maximize benefit and minimize harm to indi-
viduals. At some point, sufficient experience
will be accrued to know how to “right-size”
genomic testing to achieve this lofty goal
for the population as a whole. Gaining expe-
rience from pan-genomic testing in the near
term, in the form of WGS, may identify
that subset of genomic analysis that is most
rational and cost-effective for individualized
care, but empirical data are needed to estab-
lish these boundaries. As evident from
a description of the challenges to follow,
WGS as a health-promoting strategy is a
new journey in progress. This article will
focus narrowly on WGS in healthy individ-
uals as 1 potential branch of this journey.

THE HUMAN GENOME PROJECT

The Human Genome Project (HGP), the
world’s largest collaborative biological proj-
ect, was launched in 1990 and was officially
completed in 2003. The National Institutes
of Health—funded sequencing of just a single
human genome cost US$3 billion and
involved 20 institutions in the United States,
United Kingdom, Japan, France, Germany,
and China.” Simultaneously, Celera Geno-
mics Corporation, a private company lead
by Dr Craig Venter, began human genome
sequencing in 1998 and completed their proj-
ect at the same time at one-tenth the cost of
the public project.” In 2000, President Bill
Clinton and UK Prime Minister Tony Blair
jointly announced the completion of a rough
draft of the human genome: “Today we are
learning the language in which God created
life” and expressed hopes that we “accept
the responsibility to make these advances
work for all our people in all our countries
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for the common good of all humankind.”*”

Both Dr Francis Collins, Director of the
HGP, and Dr Venter were on stage for the
announcement of this monumental task,
illustrating visually the public and private
contributions that have pushed the frontiers
on genomics.

The cost of sequencing those first human
genomes using variations of the 1970s tech-
nology of Sanger sequencing (sometimes
called first-generation sequencing) was mnot
merely staggering but prohibitive for any
large-scale use. Given the limitations and
competition for health care dollars, introduc-
tion of new technologies must always
consider costs vs value-added. Fortunately,
an answer to the extraordinary costs of early
genome sequencing was in the wings via a
new technology—next-generation sequencing
(also known as next-gen or massively parallel
sequencing). Next-gen sequencing refers to
several innovations involving DNA template
preparation, sequencing of hundreds of mil-
lions to billions of individual DNA templates
(hence, “massively parallel”), image capture,
followed by sequence alignments and assem-
bly and variant detection (Figure 1).° By
2013, the cost of WGS was estimated by the
Human Research Genome Institute to be
about US$5000 per genome.” Compared to
the original HGP, the director of the Clinical
Genome Service at Stanford University
(USA) illustrated the plummeting of costs as
the equivalent of a US$400,000 Ferrari now
selling for 40 cents.” Today, WGS is available
for as little as US$999 per genome (https://
www.veritasgenetics.com/), which would be
8 cents on that US$400,000 car. Thus, issues
of cost have been addressed in dramatic
fashion but demonstrations of value-added
for health care remain unproven.

Still in its infancy, the ability to sequence
the entire genome has opened a new world
in the quest to understand human disease
and normal variability in the population.
Although next-gen sequencing is becoming
readily available and quite routine, we have
barely scratched the surface of our under-
standing of the human genome. Most of
the genome remains a mystery, and the abil-
ity to interpret the effect and importance of
most genetic variants remains extremely
limited.
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