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The thousand-dollar 
genome
Genetic brinkmanship or personalized medicine?

on May 31 this year, James Watson 
received the Dna sequence of 
his full genome in a ceremony 

at the Baylor college of Medicine in 
Houston (tX, uSa). it marked the end of 
a two-month project by 454 life Sciences, 
a biotech company in Branford (ct, uSa) 
specializing in Dna sequencing, which 
generated the raw data from a blood sam-
ple given by Watson. Baylor college then 
verified whether the sequence encom-
passed the entire genome and, on July 6, 
Watson posted his genome—excluding a 
portion including the ApoE gene, which 
he had asked to be redacted—online at the 
genBank database maintained by the uS 
national center for Biology information 
(Bethesda, MD, uSa). Watson, the co- 
discoverer of the double helical structure of 
Dna and the father of the Human genome 
project, must have expected to be the first 
person to make his genome publicly avail-
able. He was not. nine days earlier, on 
June 27, J. craig Venter, the inventor of the 
‘shot-gun’ sequencing strategy, who once 
acknowledged a love–hate relationship 
with his former boss Watson, had posted 
his own complete genome online prior to a 
publication (levy et al, 2007).

there was no official race between 
Venter and Watson to be the first. the timing 
of the publications of their genomes was the 
result of two unrelated projects. But what is 

the rationale for making the genome data 
of noted geneticists publicly available in 
the first place? is it pure scientific research 
or genetic exhibitionism? or has science 
finally embraced celebrity culture? the 
media hoopla surrounding the sequenc-
ing of Watson’s genome has already had 
some commentators worrying that genome 
sequencing could become the next must-
have for the rich and privileged (check, 
2007). However, beyond the publicity, it is 
only a matter of time until genome sequenc-
ing will be affordable for most people. once 
it becomes commonplace, it will generate 
an enormous quantity of sequence data 
from a wide range of humans that could 
benefit biomedical research and drug devel-
opment. More importantly, a ‘thousand- 
dollar genome’ could become an important 
tool to realize personalized medicine: per-
fectly tailoring diagnostics and treatments to 
a patient’s genetic make-up. 

Michael Egholm, Vice president of 
research and Development for 454 life 
Sciences, chuckled when asked whether 

… a ‘thousand-dollar genome’ 
could become an important 
tool to realize personalized 
medicine…
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sequencing Watson’s genome was just a pub-
licity stunt or whether it had practical appli-
cations. ”it’s a fair question,” he replied. “it’s 
probably a little bit of everything. the seri-
ous answer is that 454 was founded in 2000 
with a mission for routine human sequenc-
ing […] Some genome sample had to be the 
first. We had a long discussion at the time 
on whether we should have an anonymous 
sample from the HapMap project, or a well-
known individual,” he said. “We decided on 
a well-known individual because we knew 
it would cause a fair amount of debate, all 
the consequences would make it much 
more personal as opposed to an anony-
mously donated sample.” the sequencing 
itself did not take too long using 454’s latest 
generation of sequencers, which started in 
earnest in January 2007. “[i]t was quite easy 
to sequence a human genome. in two one-
month periods we generated 20 billion plus 
bases […] using a handful of machines,” 
Egholm said. 

Having their genome sequenced is 
not something the average per-
son can afford at present. george 

church, professor of genetics at Harvard 
Medical School and Director of the center 
for computational genetics (Boston, Ma, 
uSa), and one of the proponents of the 
Human genome project, estimated that 
it would have cost Venter about uS$30  
million to sequence his genome. Heather 
Kowalski, Venter’s spokeswoman, declined 
to comment on the exact costs and main-
tained that it was not the main considera-
tion in any case. “[t]his research wasn’t 
designed to beat any cost or time estimates, 
but rather was designed to be a very accu-
rate new reference genome which, by 
many accounts, it appears to be,” she said. 
“[t]here are many factors that go into the 
cost since we have a large facility that does 
a variety of projects at once.” 

Sequencing Watson’s genome with 
454’s more advanced technology was 

less expensive. “We did it for well under 
uS$1 million,” Egholm said. “We’re not 
disclosing the exact amount. What i can say 
is [that] by sometime next year the cost is 
going to go down significantly again.”

it seems that the race for the sequencing 
Holy grail—the uS$1,000 genome for the 
masses—is on. Egholm commented that 454 
life Sciences expects to be able to provide 
the uS$100,000 genome next year, which 
would make it more suitable for research 
applications. “[y]ou can envision a fairly 
large study; pharmaceutical companies tak-
ing 10 responders and 10 non-responders 

… US$1,000 is a magic number 
that would attract customers and 
would put genome sequencing 
in the same financial bracket as 
many medical tests
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and sequencing those and comparing them. 
you can envisage fairly large public projects,” 
he said. 

454, Foundation for applied Molecular 
Evolution (gainesville, Fl, uSa), reveo 
inc. (Elmsford, ny, uSa), and Visigen 
Biotechnologies (Foster city, ca, uSa) have 
all announced that they are competing for the 
uS$10 million archon X prize, sponsored by 
the X prize Foundation (Santa Monica, ca, 
uSa). the prize is promoting development of 
more efficient sequencing tools. the first team 
that is able to sequence 100 human genomes 
in 10 days for not more than uS$10,000 per 
genome will win the prize. Egholm thinks it 
will take his group five years.

church believes that even more valu-
able breakthroughs will occur much 
sooner, although he said that full-genome 
sequencing for uS$100,000 would still be 
too expensive. instead, he expects a scaled-
down sequence for uS$1,000 to become 
commercially available within a year. 
although it would include only 1% of the 
genome, it would cover 90–95% of currently 
valuable information. “it may be diminish-
ing returns going beyond one percent, but 
it is a vast improvement over 0.03 percent 
on current Snp chips,” he said. indeed, that 
is what the personal genome project (pgp), 
which church heads, is about: an affordable 
sequencing service that will cover all pro-
tein-encoding regions of the human genome 
(church, 2005).

as church commented, uS$1,000 is a 
magic number that would attract custom-
ers and would put genome sequencing in 
the same financial bracket as many medi-
cal tests. “We’re more interested in what 
you can get for uS$1,000,” he said. “it’s 
more like the consumer computer model, 
where you didn’t say, ‘i don’t want to buy 
a computer until it can beat everybody 
at chess and do flawless human speech- 
recognition and all that.’ Back in 1977, you 
said instead, ‘i’ll take whatever you got for 
1,000 bucks.’ […] that’s the way it’s going 
to be with the genome, too. rather than 

wait for the 100-percent genome, peo-
ple are going to be lining up to get their 
uS$1,000 one-percent genome.”

From a marketing perspective, the uSa 
in particular could become fertile ground for 
genome sequencing because of its reliance 
on private health insurance and the grow-
ing popularity of do-it-yourself genetic tests. 
“if you talk to people in the united States, 
you find that maybe they’re early adopters 
in general, and they have a more consum-
erist approach to healthcare and a greater 
tendency in general to order screening tests. 
if you take a simple example of tests like 
pSa (prostate-specific antigen), i think it’s 
far, far more commonly used in the united 
States than it is in the united Kingdom,” 
said Stuart Hogarth, a research associate 
in the Epidemiology for policy group at the 
Department of public Health and primary 
care at cambridge university, uK.

However, even if a uS$1,000 
genome sequencing service 
could be made available, it is 

not yet clear whether and to what extent 
it could change both biomedical research 
and medical practice. Kári Stefánsson, 
chairman, cEo and co-founder of 
decoDE genetics (reykjavik, iceland)—a 
biopharmaceutical company that uses its 
genetic, medical and genealogical data-
bases of the icelandic population to iden-
tify disease-related genes for drug and 
diagnostics development—expects that 
the uS$1,000 whole genome will become 
available within five years, but he ques-
tions how efficiently this information can 
be mined. “the difference between what 
you can get out of whole-genome sequenc-
ing and genotyping at a very high density 
is not entirely clear. But it’s very likely 
that the added value of having the entire 
genome sequenced when it comes to gene 
hunting is substantial,” he said. “the prob-
lem i see with this at the very moment is 
in the computational power needed to pay 
full attention to all of the data, the lack of 
data-mining algorithms to take full advan-
tage of the added amount of data. But […] 
this is a just a short-term problem.” in any 
case, Stefánsson added that he had nei-
ther looked at the full personal genomes 
online, nor would he consider having him-
self sequenced and posting the results. “i 
have much better use of my time than to 
glare at Dr. Watson’s genome,” he said. “i 
haven’t considered it all. […] Why should i 
have my genome out there?”

in any case, the next-generation sequenc-
ing technology is already changing various 
research fields. church commented that the 
new polymerase colony technology, devel-
oped by 454 and Harvard university, will aid 
various experiments: quantitative biology, 
association studies, and metagenomics, rna 
and chromatin studies; these are already 
transitioning from Dna chips to sequence-
tag counting because the new technology 
is highly accurate. in the case of association 
studies, church also expects that extensive 
sequencing will replace single-nucleotide 
polymorphism technology because the lat-
ter has difficulties distinguishing between 
somatic mutations, such as in cancer, indi-
vidually rare but collectively common 
mutations and new mutations. Finally, even 
classical infectious disease research would 
benefit from applying the new sequenc-
ing technologies to metagenomics in order 
to understand how pathogenic and com-
mensal bacteria vary from person to person 
and day to day. “this will help define a bio-
weather map and make us more aware at a 
fine-grained geography—down to the reso-
lution of individuals—as infections spread,” 
church said.

While a huge drop in the costs 
of sequencing might, in any 
case, benefit basic research, 

Hogarth wonders about the medical value 
of whole-genome sequencing. “Even if we 
have medically actionable information, do 
we really need the full genome scan when 
we could just have individual tests? that’s 
an economic question,” he commented. 
“But the clinical question is, do we have 
well-validated gene–disease associations 
for common complex diseases and could 
that become a clinically useful test? So it’s 
not just gene–disease association or bust, 
but can we do anything with the informa-
tion?” He added that companies such as 
integragen (Evry, France), decoDE and 
others have already launched, or are devel-
oping, diagnostic tests that are based on 
selected parts of the genome.

amy Mcguire, assistant professor of 
Medicine at the center for Medical Ethics 
and Health policy at Baylor college of 
Medicine, who discussed the implications 
with Watson of publicizing his genome 
sequence with Watson, shares Hogarth’s 
doubts. “if you’re doing a specific genetic 
test to try to determine if you have a BRCA1 
mutation, it is very specific and you’re look-
ing for one particular thing, the counseling 

… the USA in particular could 
become fertile ground for 
genome sequencing because of 
its reliance on private health 
insurance and the growing 
popularity of do-it-yourself 
genetic tests
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is pretty standard,” she said. “the prob-
lem with the whole genome—or even less 
than the whole genome, a larger region of 
genes—is oftentimes you get information 
that we really don’t know what its clinical 
significance is. there is a lot of noise that 
probably means nothing.” 

Even if it were possible to extract 
meaningful information from a genomic 
sequence, it would not necessarily have 
much medical utility, Mcguire added. 
“usually, what it’s telling us, if anything, 
is some very small increase in your risk of 
developing some complex disorder,” she 
said. “So even [in] the disease association 
studies that they’re doing now—where 
they’re finding associations between dif-
ferent genetic variations and complex dis-
eases—the degree to which it increases your 
risk of developing the disease goes from one 
percent to like 1.6 percent.”

paul Burton, professor of genetic 
Epidemiology at the university of leicester, 
uK, and a principal regional investor 
with the uK Biobank, questions the medi-
cal value of such weak associations. “i 
wouldn’t want any doctor treating me on 
the basis of a relative risk of 1.2. there 
would be far too much uncertainty,” he 
said. “Basically, we’re in a situation where 
almost all these effects that are in com-
mon genes are almost certainly going to be 
small, [which] makes them hard to use as 
predictors […] there are definitely going 
to be some conditions which do have big 
relative risks associated with alleles […]. 
But we know so little about them at the 
moment that […] if someone gave me my 
genome for free, i wouldn’t know what 
to do with it.” He therefore forecasts that 
full-genome sequencing will not become a 
common medical tool for 40–50 years. 

Similarly, arthur caplan, professor of 
Bioethics and Director of the university 
of pennsylvania’s center for Bioethics 
(philadelphia, pa, uSa), thinks that most 
genetic information will not necessar-
ily have much value even for preventive 
medicine. “Despite all the hype about new 

genetic knowledge, some of it is going to 
fall flat because the recommendations are 
going to involve simple lifestyle changes 
you could do anyway,” he said. “i’m a lit-
tle skeptical that you’re going to need to 
go out and spend money on testing, or get 
personalized genetic profiling to tell you to 
wear your seatbelt, so to speak.”

However, as church pointed out, 
people’s genome sequences could 
potentially reveal a lot of useful med-

ical information, such as the sequences of the 
CYP2C9, BRCA1/2 and ApoE genes, which 
relate to drug metabolism, the risk of devel-
oping breast cancer and the risk of alzheimer 
disease, respectively. He also thinks that 
knowledge of even small relative risks would 
be helpful. “[i]f given a [relative return] of 1.2 
on an investment—or a cancer treatment—
most folks will gladly take that 20% edge.” 
Furthermore, running a range of diagnostic 
tests on someone’s whole genome might be 
more cost-efficient than current practices. 
“there are many tests already available that 
genetic counselors and physicians trained 
in genetics consider reliable and which sum 

up to much more than $1K, so getting them 
all at once is cost-effective and permits easy 
updates without fresh blood draws.”

Despite the recent advances in sequenc-
ing technology, as long as it is not possible 
to accurately and cheaply sequence whole 
human genomes, it will remain unclear how 
useful a whole-genome sequence will be to 
an individual. Beyond the media attention 
given to publishing Watson and Venter’s 
genomes, and the ethical arguments and 
debates about their utility, it seems likely 
that once a uS$1,000—or a €1,000—test is 
achieved, new services will become avail-
able. as caplan pointed out, it will just take 
time because the science and its utility are 
still in a transitional period. 
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“Despite all the hype about new 
genetic knowledge, some of it 
is going to fall flat because the 
recommendations are going to 
involve simple lifestyle changes 
you could do anyway.”
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