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1. On 20 January 2015, then-President Barack Obama launched “a new Precision Medicine Initiative
to bring us closer to curing diseases like cancer and diabetes—and to give all of us access to the
personalized information we need to keep ourselves and our families healthier” (Collins and Varmus
2015).

• The Precision Medicine Initiative (PMI) was supposed to take advantage of the results of the Hu-
man Genome Project (HGP) that had made it possible to sequence individual genomes efficiently.

• The HGP had been launched in 1990 to sequence the entire human genome (some 300 billion
DNA bases) with no concern for functionality even though it was known that almost 90 % of the
sequence was likely non-funtional or “junk” DNA. (This is why the project was dubbed “blind”
sequencing.)

• The project was completed in a sense in 2000 when a draft sequence of the human genome was
announced—there will be more on the sense in which this was supposedly complete in the unit:
What Good Was the Human Genome Sequence?

• Francis Collins, who had led that project to its completion, along with Harold Varmus, who led the
U.S. National Cancer Institute, explained that the goal was to develop “prevention and treatment
strategies that take individual variability into account”(Collins and Varmus 2015, p. 793).

2. What none of Obama, Collins, or Varmus acknowledged that, despite the fanfare with which it was
being launched, the PMI was a scaling back of the expectations of what the HGP was supposed to
achieve for medicine.

• The HGP was supposed to usher in an era of personalized medicine in which medical interventions
were tailored to an individual’s genome sequence.

• Medical interventions would recognize and exploit individual differences in genome sequences
along with environmental exposure and living choices.

• With the new initiative the hope was that these long-dormant promise of personalized medicine
would finally be fulfilled.

• However, “personalized” was being replaced with “precision” which was an implicit admission
that the HGP had not delivered on its promises even 15 years after its completion.

• “Precision” rather than “personalized” suggests that attempts to direct medical intervention to
the hypefine resolution of the individual was no longer considered practical.

• So, we should expess some skepticism: of what use is the human genome sequence?

3. The initial focus of the PMI was on cancer because of the progress in sequencing genomes of cancer
cells and a pervasive belief that accumulative genetic damage during the life of an individual is a major
cause of the onset of the disease.

• However, the PMI, like the HGP before it, assumed that inherited genes were important contrib-
utors to many diseases, both directly or by increasing susceptibility to the disease being triggered
by some other factor such as an environmental insult.

• The PMI also indulged in the “war on cancer” rhetoric that medicine, or at least biomedical
research, has inherited from the 1970s even though there is no evidence at all that the war had
succeeded.

• Perhaps it has only been five years and we should give it more time. Nevertheless, we should note
that there isb’t any instance of the PMI changing medical practice. Given what happened with
the HGP and personalized medicine, we cannot be faulted if we are skeptical.
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• There is an additonal social problem: PMI has increasingly been using racial categories in order to
circumscribe the “precise” groups targete for individualized medical strategies even though there
is widespread consensus among biologists that there is no biological basis for racial categories.
(And, of course, race has re-emerged as a major social issue of our times.)

4. Nevertheless, in spite of obvious failures and justified skepticism about future developments, the HGP
and its implications dominate the intellectual landscape of medicine today even if it currently has no
practical consequences.

• This is the sense in which we are living in the postgenomic era and have been since the mid-1990s.
The HGP was an important social and political event. Right from the beginning it was planned to
have soio-political implications to a degree never before planned for a biological research project.

• The word “postgenomics” was introduced in the 1990s, before the HGP was even completed
even though genomics as a discipline is typically taken to have been established by the HGP.
Thus, there was widespread acknowledgment that we would be living in a landscape irreversibly
transformed by genomics and how it was perceived, if not what it achieved.

• Because of the money put into the HGP, technological advances at least in the form of fast DNA
sequencing techniques and bioinformatics tools to handle massive amounts of sequence data were
virtually guaranteed. These developments duly took place perhaps even to a greater extent than
anticipated.

• So, it was reasonable to expect a postgenomic era. However, it remains true (as it often does in
human history) that few details about what the postgenomic era would look like were accurately
anticipated.

• Most importantly, these technological advances resulted in the advent of CRISPR technology—
and we are only beginning to understand all the implications of fast, accurate, cheap, and easy
genome editing with CRISPR. At the techinical level CRISPR has made genome editing trivial.
You can but a kit and do it in your garage.

• With CRISPR, the HGP can claim truly to have changed the nature of medicine. We will see
why in some detail.

5. There are seven features of postgenomics that must be analyzed to understand how it is relevant to
medicine in the twenty-first century:

A. The Human Genome Project (HGP): Any consideration of postgenomics must start with the HGP
and its legacy, as science, as medicine, as science policy (and also its ethical, social, and legal
implications [see below]). The earlier discussion expresses skepticism about the medical importance
of the HGP. Under one (at least partially justified) interpretation, it was a complete scientific
failure: the biological promises of what availability of the sequence would do were not met any
more than the medical promises. For instance, proponents of the project promised the creation
of a predictively successful theoretical biology in which knowledge of the sequence would be used
to predict an organism’s phenotype (structure and behavior). Nothing remotely like that has
ever happened. (This is because the HGP was based on an illegitimate genetic reductionism—see
below.) However, any such unqualified negative assessment of the project would be unfair. At the
scientific level, technological developments spawned by the project (for instance, rapid sequencing
and bioinformatics, all predicted by the HGP’s proponents) have changed the practice of biology
though it remains open to question how intellectually important these changes have been. However,
the human genome has turned out to have an unexpected structure that defines adaptationist
explanation. Equally unexpected surprises have emerged from the structures of the genomes of
other species. This alone should count as a significant scientific contribution of the HGP. Finally,
at both the scientific and the medical levels, the advent of CRISPR makes the HGP one of the
more important scientific achievements of the last half-century.

B. Ethical, Legal and Social Implications (ELSI) of the HGP : One of the unusual features of the HGP
in the U.S. was that it included significant funding for ELSI studies of the human genome. As
an institution the HGP was sensitive to the normative consequences of its results, from the use
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of genetic data for discrimination by employers and insurers, through issues about stigma and
genetic privacy, to questions about the availability of genetic counselors to help prospective parents
understant genetic prognoses for embryos and fetuses. There was also the prospect for eugenics,
which will be discussed as a separate point below. Some of these anticipated challenges have been
successfully met, for instance, through legislation about genetic privacy that prevents discrimination
by insurers. Others have not materialized, for instance, a shortage of genetic counselors. (To some
extent, these problems have not materialized because, from a medical perspective, the HGP has
been a non-event.) For postgenomics in medicine, these ELSI studies have helped maintain a focus
on the important fact that science and medicine occur in a social context and the issues generated
by that context must be addressed.

C. Eugenics: Of various ELSI themes, the one that is most important to postgenomics is the potential
for eugenics, now that CRISPR has not only made it technologically feasible, but has made it
feasible without generating social controversy about sterilization, abortion, and so on (though it still
requires the use of assisted reproductive techniques). What eugenics is remains contested territory
even as it brings up images of U.S. involuntary sterilization of women and Nazi abuse of those
whom the regime deemed unfit. However, recent decades have seen the emergence of a “liberal”
eugenics movement that views both the removal of genetic disease in potential children and genetic
enhancement as matters of individual reproductive choice. From this perspective, eugenics is the
conscious intervention in the germ-line of individuals to change a potential phenotype. There is no
truck with coercion and, because of CRISPR, with abortion (including the destruction of embryos
during in vitro fertilization [IVF] which some view as tantamount to abortion) or with sterilization.
Postgenomic medicine cannot avoid the issue of eugenics which remains deeply troubling to some
(across the political spectrum).

D. Reductionism: The HGP was inspired by a vision of genetic reductionism, the view that organisms’
traits are primarily caused by their genes. It was ideologically interpreted as implying that genes
should be a major focus of medicine. We now have multiple reasons to be skeptical about these
assessments. But, how did genetic reductionism achieve its dominant status in the first place. Three
factors were important. The first and most important was the rise and dominance of hereditarian
thinking in Northern societies in the nineteenth century and its persistence into the twentieth, aided
and abetted by racial doctrines associated with slavery, colonialism, imperialism, segretationism,
and eugenics. When genetics arrived on the scene post-1900, the older hereditarianism just attached
itself to the new discipline. The second was the genuine success of early genetics in the early days,
from mapping genes to chromosomes to elucidating the nature of monogenic genetic diseases. That
these were a tiny fraction of phenotypic traits was an inconvenient fact ignored within genetics.
The third was the overwhelming success of a different kind of reductionism: physical reductionism
in moelecular biology, the explanation of biological phenomena from a physical basis. Genetic
reductionism is the illegitimate conflation of physical and genetic reductionism and postgenomics
has suffered from its role in the HGP.

E. The CRISPR revolution: CRISPR technology emerged unexpectedly in 2012 even though the
discovery of the characteristic CRISPR sequence dates back to the 1980s. That CRISPR serves as
a prokaryotic immune system could only be worked out when fast sequencing techniques spawned by
the HGP made thousands of prokaryotic genomic sequences available and bioinformatic techniques
also spawned by the HGP enabled their rapid and systematic analysis. Once the in vivo functioning
of the CRISPR system was worked out, it took a few technical innovations to derive from it the
first gene editing technology that was universal, accurate, cheap, and easy. It makes it plausible
to use gene editing as a standard medical intervention against genetic diseases including germ-
line interventions that, arguably, would constitute eugenics. So, not only has CRISPR inspired a
technological revolution in medicine, it has inspried one with far-reaching consequences. CRISPR
is arguably the most important innovation in the postgenomic era.

F. Emergence of racialized medicine: Starting around 1950—and thanks in part to the revulsion
generated by Nazi atrocities—biologists have been arguing that there is very little basis for the
customary racial classifications used anywhere. Genomics underscored this argument to such an
extent that it has become impossible to defend the concept of “biological race” on purely scientific
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grounds (though, of course, because of various social and political agendas, this claim continues to
be contested). Strangely, in this context, postgenomics has seen a return to race-based strategies
of medical research and intervention. The explanation is straightforward enough: the failure of
personalized medicine has raised the hope that race would be a good surrogate for sufficient genetic
similarity so that precision medicine can be approached using races. It is important to realize that
this is correct only to the extent that it feeds on a presumed connection between ethnicity and
race. Meanwhile it generates the problem of implicitly supporting a reinscription of those racial
categories that have been inimical to social justice since the German inventin of “race” in the
eighteenth century.

G. Epigenetics and medicine: The postgenomic era has also seen the emergence of widespread recogni-
tion within biology and medicine that epigenetic factors are critical for both the emergence of many
structural features of organisms and, especially, behavioral features. Epigenetics has been defined
in a wide variety of ways; here we will restrict our attention to physical features of chromosomes
other than DNA sequence such as methylation. These epigenetic factors respond to environmen-
tal changes and, thus, act as conduits between the environment and DMA. The emergence of a
triumphant epigenetics should have been an expected consequence of the failure of genetic reduc-
tionism. Instead it was viewed as a big surprise because so few of the proponents and enthusiasts of
HGP and genomics have fully absorbed and accepted the extent to which genetic reductionism has
failed. Finally, contrary to twentieth-century dogma that inherited characters are never inherited,
potgenomics has encountered many cases of transgenerational epigenetic inheritance.
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