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ORIGINAL RESEARCH ARTICLE

Playing the genome card

Ari Berkowitz

Department of Biology and Cellular & Behavioral Neurobiology Graduate Program, University of Oklahoma, Norman, OK, USA

ABSTRACT
In the 1990s, prominent biologists and journalists predicted that by 2020 each of us would carry a gen-
ome card, which would allow physicians to access our entire genome sequence and routinely use this
information to diagnose and treat common and debilitating conditions. This is not yet the case. Why
not? Common and debilitating diseases are rarely caused by single-gene mutations, and this was rec-
ognized before these genome card predictions had been made. Debilitating conditions, including com-
mon psychiatric disorders, are typically caused either by rare mutations or by complex interactions of
many genes, each having a small effect, and epigenetic, environmental, and microbial factors. In such
cases, having a complete genome sequence may have limited utility in diagnosis and treatment.
Genome sequencing technologies have transformed biological research in many ways, but had a much
smaller effect than expected on treatments of common diseases. Thus, early proponents of genome
sequencing effectively “mis-promised” its benefits. One reason may be that there are incentives for
both biologists and journalists to tell simple stories, including the idea of relatively simple genetic caus-
ation of common, debilitating diseases. These incentives may have led to misleading predictions, which
to some extent continue today. Although the Human Genome Project has facilitated biological research
generally, the mis-promising of medical benefits, at least for treating common and debilitating disor-
ders, could undermine support for scientific research over the long term.
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Predictions

In 1996, Laurie Garrett, a Pulitzer Prize-winning science
writer, published an article in the Los Angeles Times maga-
zine, entitled, “The Dots Are Almost Connected… .Then
What?: Mapping the Human Genetic Code” (Garrett, 1996).
Garrett began her piece by describing an imaginary scenario,
set in 2020, in which a confused patient enters an emergency
room. A wallet-sized plastic card in the patient’s possession
provides the physician access to the patient’s entire genome
sequence. After searching his genome, she sends the patient
to gene therapy, where he gets his problem fixed.

Garrett imagined then, about midway through the
Human Genome Project (HGP), that by 2020 human gen-
ome sequences would be in routine use guiding medical
treatment. Today this would be considered a version of per-
sonalized or individualized medicine. Garrett was informed
by quotes from Leroy Hood, one of the leaders of genetics
research and founders of the HGP (Cook-Deegan, 1994),
who stated that within 20 years (i.e. by 2016), “your entire
genome and medical history will be on a credit card. You
just put it in there [a computer] and a physician will
instantly know what he’s dealing with” (Garrett, 1996).
Nobel laureate Walter Gilbert essentially agreed, saying, “the
results of the Human Genome Project will produce a tre-
mendous shift in the way we can do medicine, and attack
problems of human disease” (Garrett, 1996).

From the start, there were diverse opinions about
whether and why to pursue the HGP, but one of the major
supportive arguments was that it would dramatically trans-
form medical practice, including, as David Comings said, for
“the large number of common disorders that have a very
strong genetic component to them” (McElheny, 2010),
though not all agreed with these predictions (Collins, 1999;
Cook-Deegan, 1994; McElheny, 2010). Curing common and
debilitating brain diseases and disorders was a particular
goal for the HGP. For example, Daniel E. Koshland, Jr., then
editor-in-chief of Science, argued that the main reason to
pursue the HGP was to cure schizophrenia and other major
mental illnesses (Koshland, 1990).

We have passed the time when Hood predicted we would
all have genome cards and we are at the time of Garrett’s
emergency room scenario, so perhaps it is now appropriate
to ask why we do not have genome cards, and more gener-
ally, why genome sequencing has not fundamentally altered
medical treatment (e.g. by accessing the patient’s genome on
a computer). Some may say that this question is unfair,
because, as Yogi Berra quipped, “It’s tough to make predic-
tions, especially about the future.” But why are genome
sequences not being used in medicine the way they were
predicted to, and were those reasons foreseeable in 1996?
The price of sequencing whole genomes has come down
dramatically and is now within the cost range of many com-
mon medical procedures, removing one major obstacle to its
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widespread use. Yet whole-genome sequencing of patients is
not common in medicine. Why not?

The myth of single-gene causation of
major disorders

Disorders that are both common and debilitating are rarely
caused by a single (i.e. Mendelian dominant) mutated gene.
There are good evolutionary reasons for this. Mutations of
individual genes that dramatically reduce health lead to low
evolutionary fitness for that person, i.e. the person is less
likely to have healthy, fertile children than other people. In
other words, there is strong selection against such a muta-
tion and it will not spread within the gene pool. New muta-
tions of this kind may arise frequently, but remain rare.
Thus, there are many individually rare (but collectively
numerous across the population) mutations that cause debil-
itating illnesses.

For many common and debilitating diseases and disor-
ders, including Alzheimer’s disease, Parkinson’s disease,
Lewy body dementia, amyotrophic lateral sclerosis (ALS),
schizophrenia, depression, bipolar disorder, epilepsy, prion
diseases, ischemic stroke, cardiovascular diseases, type I and
type II diabetes mellitus, lupus erythematosus, and cancers,
most cases are “sporadic,” meaning that who develops the
disease cannot be predicted by family histories, indicating
that there are important contributions from multigenic
interactions and non-genetic factors [Alzheimer’s: (Hinz &
Geschwind, 2017; Kumar, Yadav, Pandey, & Thelma, 2018;
Leija-Salazar, Piette, & Proukakis, 2018; Pimenova, Raj, &
Goate, 2018; Tan et al., 2019); Parkinson’s: (Hinz &
Geschwind, 2017; Kumar et al., 2018; Leija-Salazar et al.,
2018; Selvaraj & Piramanayagam, 2019; Tan et al., 2019);
Lewy body dementia: (Hinz & Geschwind, 2017); ALS:
(Kumar et al., 2018; Leija-Salazar et al., 2018; Zufiria et al.,
2016); schizophrenia, depression, and bipolar disorder:
(Bradshaw & Korth, 2019; Nestler, Pena, Kundakovic,
Mitchell, & Akbarian, 2016); epilepsy: (Koh & Lee, 2018;
Scheffer, 2014); prion diseases: (Brown & Mastrianni, 2010;
Wang, Rhoads, & Appleby, 2019); ischemic stroke: (Chen
et al., 2019; Ross & Meschia, 2009); cardiovascular diseases:
(Bhatnagar, 2017; Dorn, 2011; Lopes & Elliott, 2013; Zhao
et al., 2016); diabetes mellitus: (Glovaci, Fan, & Wong, 2019;
Zhao et al., 2016; Zullo et al., 2017); lupus: (Chen et al.,
2018); cancers: (Aygun, 2018; Barr & Applebaum, 2018;
Carrera, Sancho, Azkona, Azkuna, & Lopez-Vivanco, 2017;
de Castro Sant’Anna et al., 2018; Hasumi & Yao, 2018; Kerr,
Qualmann, Esquenazi, Hagan, & Kim, 2018; Lott &
Carvajal-Carmona, 2018; Ritenour, Randall, Bosse, & Diskin,
2018; Vacante, Borzi, Basile, & Biondi, 2018)].

In contrast, mutations that have relatively minor health
effects on their own, or that have positive health effects that
at least partly balance out their negative ones, can persist in
a substantial fraction of a population. An example would be
the malaria resistance conveyed by one copy of the sickle-
cell gene. Thus, Mendelian recessive mutations that are
debilitating for those who have two copies can persist in the
population. Mutations that contribute to major disorders,

but only in combination with many other mutations and/or
non-genetic factors, may also persist. A notable exception to
these rules is Huntington’s Disease, which is a debilitating
and relatively common disease caused by mutations of a sin-
gle, dominant gene. It typically does not cause symptoms
until a person is in their post-reproductive years, so it usu-
ally does not affect child-bearing and therefore can remain
common within a population.

There is nothing new about these evolutionary principles,
which were well known prior to 1996 (Dillon, 1978;
Dobzhansky, Ayala, Stebbins, & Valentine, 1977; Futuyma,
1986; Hanson, 1981; Hartl & Campbell, 1982; Risch &
Merikangas, 1993; Risch, 1994). It might be expected that
the rarity of individual mutations having debilitating effects
would have reduced the expectations for genomic medicine.
On the other hand, several high-profile journal articles at
the time concluded from genetic linkage studies that single-
gene mutations are responsible for major psychiatric disor-
ders, including manic depression or bipolar disorder (Baron
et al., 1987; Egeland et al., 1987), schizophrenia (Sherrington
et al., 1988), and alcoholism (Blum et al., 1990). For
example, Egeland et al. concluded that “a simple genetic
mechanism can account for the transmission” of manic
depression (Egeland et al., 1987). These publications were
highlighted in the media. For example, Nature stated,
“manic-depressive illness can be caused by a single gene”
(Robertson, 1987).

Other contemporary and subsequent studies could not
replicate these findings and some authors essentially
retracted their findings (Baron et al., 1993; Cloninger, 1994;
Detera-Wadleigh et al., 1987; Gejman et al., 1994; Gelernter,
Goldman, & Risch, 1993; Gelernter et al., 1991; Hodgkinson
et al., 1987; Kelsoe et al., 1989; Kennedy et al., 1988); for
review, see (Berkowitz, 1996). For example, a reanalysis of
the data from Egeland et al., 1987 led the same group to
conclude that their reported genetic linkage could actually
be “excluded” (Kelsoe et al., 1989). A similar re-evaluation
of the Baron et al., 1987 data by the same group led to a
conclusion of “greatly diminished support” for the originally
reported linkage (Baron et al., 1993). Alper and Natowicz
argued that “the strongly held preconceived belief that the
primary cause of these illnesses is in fact genetic” had led to
“erroneous conclusions” (Alper & Natowicz, 1993). There
was much less attention to these negative findings, however.
Thus, the initial announcements of single-gene causation for
common and debilitating brain disorders may have contin-
ued to shape public opinion over the long term even though
the supportive evidence had been undermined by much add-
itional research and established principles of population gen-
etics made it unlikely that single genes typically cause
common and debilitating disorders.

The web of factors known by biologists to contribute to
major disorders, including psychiatric disorders, has contin-
ued to grow more complex in the decades since then,
though this complexity has not often been conveyed to the
general public. It has now become even clearer to biologists,
especially through genome-wide association studies, that
common and debilitating conditions are typically multigenic
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in origin, often involving 100 or more genes for one condi-
tion (Birnbaum & Weinberger, 2017; Gandal, Leppa, Won,
Parikshak, & Geschwind, 2016; Howard et al., 2019; Joyner
& Paneth, 2019; Shendure, Findlay, & Snyder, 2019; Sullivan
& Geschwind, 2019). These conclusions are typically based
on finding variations in individual DNA nucleotides (single
nucleotide polymorphisms or SNPs) that are correlated with
the likelihood of a particular disease. Genetic contributions
may collectively be important yet individually play a very
small role. The collective contribution of variation in genes
to variation in a trait (including a disorder) in a population
is termed the trait’s heritability, which in non-human ani-
mals can be determined by a process in which experimenters
control mating and environmental conditions, provided that
genetic and environmental contributions can be assumed to
be additive and independent, which is rarely the case
(Layzer, 1995; Lewontin, 1974; Moore & Shenk, 2017).
Heritability itself can differ dramatically under different
environmental conditions, so use of this term can mislead
the unwary reader into thinking a trait is inherited without
environmental influence when that is far from true
(Dobzhansky, 1995; Layzer, 1995; Lewontin, 1974; Moore &
Shenk, 2017). It is not possible to control mating or envir-
onment when studying people, so human heritability can
only be estimated, often by comparing variation in a trait in
monozygotic (“identical”) twins, who share all their genes,
to variation in dizygotic (“fraternal”) twins, who only share
half their genes on average. Heritability estimates, however,
can be misleading for several reasons, including that mono-
zygotic twins effectively face environments that are typically
more similar than those of dizygotic twins (Berkowitz, 1996;
Kamin, 1974; Moore & Shenk, 2017).

Major and debilitating disorders also typically involve
important environmental factors, epigenetic effects, and even
microbial influences that may interact in a non-additive
fashion (Birnbaum & Weinberger, 2017; Cavalli & Heard,
2019; Fung, Olson, & Hsiao, 2017; Gandal et al., 2016;
Nestler et al., 2016). In such cases, the value of genomic
medicine is uncertain (Doble, Schofield, Roscioli, & Mattick,
2017; Horton & Lucassen, 2019; Joyner & Paneth, 2019). It
was apparent to many biologists even before 1996 that the
web of causation for common and debilitating diseases was
complex and involved important environmental factors,
though the importance of epigenetic and microbial effects
has largely become known since then.

Medical uses of genome sequencing

Genome sequencing is now rapidly increasing, even though
the interpretation and medical utility of the information is
often unclear (Doble et al., 2017; Horton & Lucassen, 2019;
Joyner & Paneth, 2019). The information is probably most
useful for diagnosing rare, single-gene disorders. If a certain
mutation has a large effect on the likelihood of a debilitating
disorder and if there are actions that can be taken to prevent
the disorder, then genetic testing can play an important role
medically (Doble et al., 2017). For example, there are many
individually rare mutations of metabolic genes (found in

<0.01% of the population) that lead to intellectual disability
if untreated, which can be treated with an appropriate diet if
diagnosed in newborns (van Karnebeek & Stockler, 2012).
Also, some mutations of BRCA genes (found in 0.2–0.3% of
the population) dramatically increase the likelihood of breast
and ovarian cancers, which can often be prevented by
prophylactic surgery (Gabai-Kapara et al., 2014; King, Levy-
Lahad, & Lahad, 2014). More generally, gene variants may
also indicate which medications are most suitable, based on
effectiveness and adverse reactions (Alagoz, Durham, &
Kasirajan, 2016). Genome sequencing may also predict the
probability that an asymptomatic person will eventually get
any number of diseases or disorders, even if they only have
mutations that individually have small effects. These proba-
bilities are based on large association studies, but do not
indicate causation, which is typically unknown. Disease risk
scores can be calculated based on the statistical effects of
many genes in combination, plus environmental factors
(Chatterjee, Shi, & Garcia-Closas, 2016). Thus, genomic test-
ing may aid in diagnosis and prediction, in combination
with other information. But if you find out that you have,
for example, a 40% higher likelihood of getting a certain dis-
ease, what can you do with that information? In most cases,
there is no clear way to prevent or treat the disease (which
you may never get anyway, as you only have an increased
probability of getting it). In such cases, knowledge of an
increased probability of a disease may simply increase anx-
iety, while knowledge of a decreased probability of a disease
may even encourage unhealthy behaviors. In contrast, trad-
itional indicators like cholesterol level or blood pressure may
lead to effective lifestyle changes and/or medication that pre-
vent or ameliorate unfavorable outcomes.

Attempts to provide normal copies of genes to patients
with debilitating mutations, termed “gene therapy” (though
there was no evidence then that this would be therapeutic)
began decades ago, but progress was slow and unsteady
(Dunbar et al., 2018). Initial targets for gene replacement,
quite reasonably, were rare, single-gene mutations that cause
debilitating diseases, to provide a proof of principle. After
this treatment caused cancer in at least one patient, however,
there was a years-long moratorium on such procedures.
Trials have since resumed, still focused on rare, single-gene
disorders. The advent of more precise and efficient methods
of DNA modification (via CRISPR/Cas9) greatly facilitates
part of this process, but additional technical and safety hur-
dles must be surmounted before this approach can be in
routine medical use (Horton & Lucassen, 2019). Even then,
it is not clear that there is a future for gene replacement to
treat common and debilitating disorders that involve small
and interacting effects of many genes, in addition to inter-
acting epigenetic and non-genetic factors. Gene replacement
is much more likely to be an effective treatment for rare,
debilitating diseases caused by single-gene mutations, pro-
vided that the mutation has not already caused irreversible
damage, which is likely for mutations that mainly alter
developmental mechanisms, unless gene replacement is per-
formed, for example, on an embryo after in vitro fertilization
and a pre-implantation diagnosis. For treatment of adults
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having conditions caused by rare mutations, a major impedi-
ment is economic, as each such disease requires its own
kind of expensive treatment and the number of patients who
can be helped by each such treatment is relatively small.

One kind of medical treatment that has seen an increase
in effectiveness due to genome sequencing technology is the
treatment of cancers (Shaw & Maitra, 2019; Shendure et al.,
2019). In this case, however, it is not the sequencing of a
patient’s (normal) genome that has proven valuable, but
instead the sequencing of the cancer cells’ genome, to iden-
tify the few mutations that make the cells cancerous and
that distinguish them both from normal cells and from cells
of different forms of cancer. By identifying these distinctive
genes, their proteins may be selectively targeted by antibod-
ies, drugs, or genetically modified immune cells, without
harming normal cells. But this is quite different from the
“genome card” approach, can only be applied after a patient
has developed cancer, and is only useful in a fraction of
cases (Marquart, Chen, & Prasad, 2018).

Outcomes of the human genome project

Historically, investments in fundamental research (and
research tools) have been richly rewarded with discoveries
that have transformed and improved our lives, though often
in unpredictable and convoluted ways, not usually via the
kind of direct path envisioned by human genome card use
in medicine. Within medicine, major advances often occur
(now partly via use of genomic knowledge and tools)
through investigation of the typically complex web of gen-
etic, epigenetic, microbial, and environmental factors and
cascading events that regulate normal function and that trig-
ger or exacerbate particular diseases. Increased knowledge of
disease causation and disease progress can eventually lead to
improved treatments, through a long and indirect path of
investigation.

In many respects, the HGP has been a tremendous suc-
cess and has provided a good example of excellent return on
investment in fundamental research. It spurred the develop-
ment of genome sequencing technologies that are much
faster, more efficient, and cheaper than what was previously
available, as well as powerful tools for genetic manipulation.
These technical advances have transformed nearly all bio-
logical research, not just on humans but on all species, so
that researchers routinely use genetic sequencing and
manipulation to investigate a vast array of questions of gen-
eral interest, from basic cellular functions to evolutionary
relationships among species to anthropological and archeo-
logical histories. Many of these studies increase understand-
ing of disease mechanisms. Consumers can also purchase
genome sequencing and analyses that may provide new
information about their ancestry.

Yet the promise of relatively direct applications to med-
ical practice was one of the strongest arguments made for
pursuing the HGP in the first place and such promises con-
tinued throughout the HGP (Cook-Deegan, 1994; McElheny,
2010). As Shendure et al. put it, “the prioritization and cost
of the HGP were justified by, and its completion celebrated

with, the setting of ambitious expectations about the time
frame on which it would transform the diagnosis, treatment,
and prevention of a broad swath of human diseases”
(Shendure et al., 2019). As the HGP neared completion,
Craig Venter, the private-sector leader of genome sequenc-
ing, said the human genome sequence “truly holds the
promise of ushering in an era of personalized and preventa-
tive medicine” (McElheny, 2010). Francis Collins, the
National Institutes of Health leader of genome sequencing
said in 2000 that “perhaps in another 15 or 20 years, you
will see a complete transformation in therapeutic medicine”
(Wade, 2010). President Bill Clinton said at that time that
the HGP would “revolutionize the diagnosis, prevention and
treatment of most, if not all, human diseases” (Wade, 2010).

Grand promises for genomic medicine have continued in
recent years (Cerrato & Halamka, 2018; HudsonAlpha
Institute for Biotechnology, 2019; Mayo Foundation for
Medical Education and Research, 2019; National Human
Genome Research Institute, 2019; Scientific American
Custom Media/Icahn School of Medicine at Mount Sinai,
2018; Wadhwa, 2014). For example, the Washington Post
proclaimed the “triumph of genomic medicine” (Wadhwa,
2014). An academic-biotech partnership currently predicts
that genomic medicine will “revolutionize medical practice”
(HudsonAlpha Institute for Biotechnology, 2019).

But the direct medical use of genome sequencing for com-
mon and debilitating disorders seems to be perennially just
around the corner, never quite here (Abul-Husn & Kenny,
2019; Doble et al., 2017; Horton & Lucassen, 2019; Joyner &
Paneth, 2019; Lu et al., 2018). Thus, Shendure et al. suggested
that “genome sequencing may only have marginal benefits for
many if not most patients” (Shendure et al., 2019). Joyner
and Paneth summarized, “we find no impact of the human
genome project on the population’s life expectancy or any
other public health measure, notwithstanding the vast resour-
ces that have been directed at genomics. Exaggerated expecta-
tions of how large an impact on disease would be found for
genes have been paralleled by unrealistic timelines for success,
yet the promotion of precision medicine continues unabated”
(Joyner & Paneth, 2019).

The allure of oversimplification

If many biologists knew for decades that single-gene muta-
tions are not typically responsible for common, debilitating
diseases, why did high-profile biologists in the 1990s publicly
argue that knowledge of our genome sequences would be
directly applied to medical practice within 20 years? If prom-
ised applications of genomic medicine are exaggerated, why
do they keep being made today? And why is the non-scien-
tific public not more aware of the complexities of causation
of common, debilitating diseases?

Like other fields, both science and journalism are influ-
enced by incentives, often in the same way (Nelkin, 1995).
In both fields, it is easier and more compelling to tell a sim-
ple story. Telling a simple story typically requires focusing
on one or two major causes, rather than hundreds.
Of course, some amount of simplification is always required
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to convey a scientific story clearly to a general audience. But
the incentives may encourage oversimplification. Suggesting
that a single gene mutation causes a common, debilitating
disease (or an important behavioral trait) may make for a
better story.

In a sense, some biologists and journalists have collabo-
rated to tell simple stories about the relationship between
genomes and human behaviors and disorders. One aspect of
this collaboration is the description of genome sequencing as
“decoding” or “deciphering,” frequently used by both scien-
tists and journalists (Angier, 1990; Balasubramanian, 2015;
Boyle, 2012; Connor, 2010; DeLisi, 1988; Hood, 2018; Life
Technologies Corporation, 2012; Martinez, 2016; Max-Planck
Gesellschaft, 2018; National Human Genome Research
Institute, 1999; Neale et al., 2014; Pennisi, 2018; Potters, 2010;
The Guardian, 2005; The Joint Genome Institute, 2000;
Ungerleider, 2014; Wade, 2000a, 2000b, 2006; Wellcome Trust
Sanger Institute, 2019; WGBH/NOVA, 2001).

I suggest that these terms are fundamentally misleading
as applied to genome sequencing. The implied analogy is to
codes used in spycraft. Once you decode or decipher a
coded message, you understand its meaning. The implication
is that by sequencing a genome, we understand its meaning.
But biologists knew in the 1990s and know now that this is
not the case. To understand the meaning of a gene (i.e. a
protein-coding DNA sequence), we would need to under-
stand the function(s) of the protein it codes for, if not also
how it carries out that function. To understand the meaning
of a stretch of DNA that does not code for a protein, we
would need to understand its function, such as what gene(s)
it alters the expression of, via which nucleic acid and protein
partners, and how. In most cases, simply having a DNA
sequence does not convey such meaning. It is a sequence of
basepairs, which, for protein-coding sequences, is also a
sequence of amino acids. This is a starting point for explor-
ing its meaning, which is what the protein does and how.
Thus, DNA sequencing is more analogous to writing down a
series of letters in a foreign language, without yet knowing
what the sentence means, than it is to decoding or decipher-
ing an encoded message.

For journalists, having a simpler and more compelling
story may mean gaining better placement for your piece and
more eyes on it, which will help advance your career. The
same is true for scientists. A simple and powerful story is
more likely to be published in a high-profile journal, which
is also more likely to gain attention from journalists. High-
profile journal publications play an outsized role in decisions
about tenure, promotion, and awards for academic scientists,
even though the findings shared in such publications may
on average be less reliable (Brembs, 2018). In addition to
simplification, there are incentives to report positive results.
A positive result (e.g. a statistically significant effect of a
treatment or a gene) is much easier to publish, and to pub-
lish in a high-profile journal, than a negative result (Carroll,
2018a, 2018b; Dwan et al., 2008, 2013; Kicinski, 2013, 2014).
All of these factors favor simplicity. Single-gene causation of
a major and debilitating disorder is at the most-favored end
of the spectrum.

Telling a simple and powerful story is also important to
the success of grant proposals, which are necessary to fund
most research and strongly impact academic success. Most
grant proposals are read and assessed by scientists outside
the writer’s subfield, who are reading many other proposals
in their very limited (and uncompensated) time and are
more likely to understand, remember, and appreciate a sim-
ple story than a complex story, especially if it is somewhat
outside their field. According to Nature, Neal Lane, then
Director of the U.S. National Science Foundation, argued in
1993 that “scientists should do more to sell themselves to
the public, to ensure that science retains both public support
and the funding that goes with it” (Macilwain, 1993). For
funding agencies that have a mandate to advance human
health, such as the U.S. National Institutes of Health, the
odds of funding are increased not only by telling a simple
story, but also by arguing that the outcome will advance
human health. As Dorothy Nelkin described it in 1995,
“[s]cientists in the Human Genome Project are enthusiastic-
ally publicizing their discoveries of genes linked to common
diseases such as breast and colon cancer, for this helps to
justify support of their costly research program. But their
promotion has also raised public hopes and expectations
about therapies that are not yet in sight” (Nelkin, 1995). A
2015 survey found that U.S. citizens are most likely to sup-
port science funding if it is for “finding effective treatments
or cures for diseases (like cancer and Alzheimer’s)”
(American Academy of Arts & Sciences, 2018).

If the HGP and its aftermath have transformed most fields
of biological research, and if this has already and will con-
tinue to pay off in a variety of specific, unpredictable ways,
some of which aid medical treatment, what was the harm in
having argued that the HGP would transform medical prac-
tice generally and directly via each patient’s complete genome
sequence? The problem, I suggest, is that over the long term,
this kind of overpromising or “mis-promising” may under-
mine trust in the scientific enterprise generally, which may in
turn undermine confidence in research findings and financial
support for scientific research more broadly. In this way,
incentives that encourage telling a simple story that links new
research to improvements in medicine may advance an indi-
vidual’s career over the short term and perhaps the long
term, and may also advance a field of biological research over
the short term, yet may harm scientific research generally
over the long term. Although science generally has main-
tained stable support from U.S. citizens, some demographic
groups are skeptical of scientific pronouncements (American
Academy of Arts & Sciences, 2018).

For comparison, consider fields that are more obviously
financially driven than science. In business, for example,
incentives for short-term (e.g. quarterly) gain for a company
may encourage choices that have negative long-term effects
on the company. In government, incentives for short-term
delivery of campaign promises may increase the national
debt, to be handed to our grandchildren, likely a negative
long-term consequence. Something similar may happen in
science if we reduce citizens’ long-term trust in the scientific
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enterprise and leave our grandchildren to attempt to pay
back this trust debt via future scientific discoveries.

We cannot bring our genome card to our next doctor’s
appointment and it might not be helpful if we could.
Perhaps what we can bring, not only to doctors’ appoint-
ments, but also to biological journal and popular media pub-
lications, is a more nuanced and realistic understanding of
the causation of common and debilitating diseases. A more
complex and accurate representation of disease causation
may not only build trust, but also be more likely to lead
eventually to effective treatments.
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