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As DNA Gives Up Secrets, Pursuers Turn Entrepreneurs 

HEADQUARTERS Palo AltO. Cali f . 

BUSINESS Provides data bases of gene sequences and 
related analytical software by subscription. Manulacturp* 
and sells drug discovery tools. 

ACCOMPLISHMENTS More than 25 major pharmaceutical 
and biotechnology subscribers. First genome 
company to report earnings from operations. 

MARKET CAPITALIZATION $713 million 

"98 REVENUE $135 million 

Rival 
Strategies 
The leading genomics 
companies have 
contrasting business 
models: two aim to 
develop drugs (•) ; two 
aim to sell data about-
genes (•) . 

HEADQUARTERS Cambridge. Mass. 
BUSINESS Provides genetic targets for partners' 
drug discovery and agricultural programs. 
Develops small-molecule drugs; proteins and 
antibodies; gene-based diagnostic tests. 
ACCOMPLISHMENTS Partnerships with Bayer, 
Monsanto, Pfizer, Eli Lilly, American Home 
Products, Astra and Roche. 

MARKET CAPITAUZATION $2.15bl l l lon 

-sa REVENUE $134 million 

BUSINESS Provides genetic targets 
for partners' drug discovery 
programs. Develops proprietary 
proteins, antibodies and gene therapy 
drugs. 
ACCOMPLISHMENTS Established first 
major genomic partnership, receiving 
$125 million from SmithKline Beecham. 
Has three drugs in clinical trials. 

MARKET CAPITALIZATION $1.55 billion 

'sa REVENUE $30 million 

"98 OPERAI - $ 3 2 million 

HEADQUARTERS Rockville, Md. 

BUSINESS Provides genomic and 
biological information. Plans to offer 
complete genomes ot human and oilier 
species, plus analytical software 
ACCOMPLISHMENTS Partnerships with 
Novartis, Pharmacia & Upjohn and 
Amgen. 

MARKET CAPITALIZATION 

$650 million 

'98 REVENUE- $6 million 

'98 OPERATING INCOME' - $ 1 6 m i l l i o n 

'Six monlhs ended Dec 31 



By LAWRENCE M. FISHER 

B 
ROCKVILLE, Md. 

|EFORE there was an Internet bubble, before 
biotechnology left a bud taste in money manag­
ers' mouths, capital was ventured and shares 

were sold in a group of companies that aimed to leapfrog 
the Government's multibillion-dollar effort to map the 
human genome. By sequencing and patenting genes 
ahead of the publicly financed laboratories, the invest­
ors thought, these companies would control the next era 
of health care — and make their founders and share­
holders rich. 

But now, as the international race to spell out the 
precise sequence of the three billion letters in the human 
genetic code sprints to the finish line, the markets are 
demanding that the gene merchants deliver the goods. 
Investors are starting to demand not just science, but a 

viable business model, too. 
To the victors will belong an asset of almost unfath­

omable value: the source code of life itself. By sequenc­
ing the DNA in all 100,000 genes in the human body — 
that is, by divining the order of tlie four chemicals that 
make up the genes — scientists hope to treat diseases in 
much the same way that software engineers fix faulty 
computer programs: by isolating flaws in the code. 

If the effort is successful, health care will shift from 
a paradigm of detect and treat, typically with toxic 
drugs that sometimes do no more than mask symptoms, 
to predict and prevent, with therapies of exquisite 
specificity aimed at the causes of disease. By identifying 
the genetic roots of illnesses like cancer and heart 
disease, some experts say, the science of the genome, or 
genomics, may make it possible for a child born today to 
live to 150 — or, some say, much longer. 

"Death is a series of preventable diseases," said 
Dr. William A. Haseltine, chairman and chief executive 
of Human Genome Sciences here, declaring the philoso­

phy behind the industry he is helping to invent. 
Other genomics leaders have less trouble with that 

assertion than with Dr. Haseltine's contention that his 
company already has sequences for 95 percent of the 
human genes and is amassing a patent portfolio that will 
make it the gatekeeper for the entire biopharmaceuti-
cals industry. 

PLUNGING INTO THE DOUBLE HELIX 

For investors, buying shares in genomics companies 
still requires a leap of faith. But the slocfes could become 
great long-term ho/dings. Page 6. 

Assertions like that have always irritated Dr. Fran­
cis S. Collins, the director of the Human Genome Project 
at the National Institutes of Health in Bethesda, Md. For 
some of the companies, he said, "financial viability 
appears to be tied to claims of exclusivity," while the 

Government's goal is to sequence all Ihe human genus 
and place them in the public domain for the cuinmon 
good. 

Indeed, the whole concept of patenting Ihe bils ol 
biochemical information known as gones offends many 
from religious leaders lo scienlisls, including Janurs 
Watson, a co-discoverer of DNA, who resigned as the 
original head of the Human Genome Project over (Ins 
issue. While the Patent Office has established rules 
meant lo clarify what kind of genetic discoveries ran l>e 
patented, the issue is by no means resolved. 

The genomics companies have filed patents by Ihr 
thousands, but only a few hundred have been publislied, 
fewer still issued and none of those yet defended in 
court. So any claims of strong patent positions remain 
unproven. 

But genomics is all about big claims. Last year. I Jr. 
J. Craig Venter, a former N.I.H. researcher, shook up 
the field when he started a new company, now called 

Continued on rtige 12 
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A Race of Entrepreneurs to Cash In on the Genet 
Continued From Page 1 
Celera Genomics Group, a separately t rad­
ed subsidiary of the PE Corporation, which 
he said would complete the sequencing of 
the human genome in 2001, about two years 
ahead of the public labs. 

Dr. Venter's announcement was greeted 
wi th considerable skepticism, but it prompt­
ed Dr. Collins to move up his goal for 
completion, too; he now expects a rough 
draf t of the human genome by next spring 
and a complete genome a year later. 

The acceleration of the public and private 
efforts has already led to a rough winnowing 
of the genomics field, wi th some companies 
disappearing in mergers and others trading 
at such low share prices that their abi l i ty to 
raise capital and remain independent is 
doubtful. 

A couple of broad strategies have 
emerged, meanwhile, among the best-capi­
tal companies. 

Human Genome Sciences and Mi l lennium 
Pharmaceuticals Inc., of Cambridge, Mass., 
Intend to sell drugs, developed wi th capital 
raised in a few high-value deals with phar­
maceutical companies. Two others, Incyte 
Pharmaceuticals Inc., of Palo Alto, Calif., 
and Celera, In Rockville, sell only data that 
others use to identify potential drug targets. 

Shares in Human Genome and Mil lenni­
um have soared this year, while Incyte, once 
the market leader, has fallen, p r imar i l y 
because of the perceived threat f rom Ce­
lera, which has deep pockets and a simi lar 
business model. 

"The human genome is going to be se-
q red, with absolute certainty, within the 
next two years." said Dr. Er ic Lander, 
director of the federally financed Whlte-
head/M.I.T. Center for Genomic Research 
in Cambridge and a founding scientist at 
Mil lennium. "The game has moved on. Now 
i t 's: How do you add value to the genome?" 

The Code as a Cure 
Perhaps the most obvious way to add 

value to the genome is to turn genetic dis­
coveries into drugs, but so far Human Ge­
nome Sciences is the only company that has 
done so. The stainless-steel fermentation 
vats at Its 80,000-square-foot manufacturing 
plant here in Rockville would be a common 
site at a tradit ional biotechnology company, 
like Amgen or Genentech, but they are 
unique among the genomics players. 

T vats produce the proteins that are 
Human Genome's first two drugs. One. in­
tended to protect blood-forming cells f rom 
the toxic effects of chemotherapy, is being 

Prospects for patent 
battles, as well as 
miracle cures. 

tested in women with breast and ovarian 
cancer. The other is being tested as a 
wound-healing agent. Both are in the second 
of three phases of tr ials typical ly required 
of new drugs by the Food and Drug Admin­
istrat ion; that means that they are at least 
two or three years away f rom the market. 

But it is Human Genome's th i rd drug 
candidate that provides a glimpse of the 
real promise of genomics. Using a gene 
injected direct ly into a diseased area, It 
prompts the body to grow new blood vessels. 
The drug Is being tested as an alternative to 
bypass surgery for treating blocked arter­
ies in the heart and limbs. 

"A t this point, we are the only company to 
create genomics assets and to use those 
: s to move drugs into the cl inic," said 
Dr. Haseltine, who did pioneering work in 
seq :lng ihe genome of HIV, the virus 
that causes AIDS, as a scientist at Har­
vard's Dana-Farber Cancer Institute. 

But these three drugs, and three others 
that Human Genome hopes to begin testing 
next year, are only the tip of a very large 
iceberg. Dr. Haseltine said the company has 
discovered — and, more important ly, filed 
patents on — a vast data base of genes. 

"Any company that wants to be in the 
business of using genes, proteins or antibod­
ies as drugs has a very high probabil i ty of 
running afoul of our patents," Dr. Haseltine 
said. " F r o m a commercial point of view, 
they are severely constrained — and far 
more than they realize." 

Some drug industry executives dismiss 
this is as self-promotion, though as Human 
Genqfne's patents begin to be published, it Is 
clear that the company Is assembling an 
arsenal of Intellectual property. 

Still, Human Genome is itself constrained 
by the terms of a deal i l struck in 1993 with 
Sn Jlne Beecham P L C , the Brit ish 
pharmaceuticals giant For J125 mil l ion, 
then the largest biotechnology deal ever. 

Two companies working to make profit­
able use of the decoding of human DNA 
are Millennium Pharmaceuticals, led by, 
from left above, Steven H. Holtzman, 
Mark Levin and Dr. Eric Lander, and 
Celera Genomics Group, whose founder 
is Dr. J. Craig Venter, at right 

SmithKline obtained exclusive rights to use 
Human Genome's gene discoveries to 
produce so-called small-molecule drugs, the 
kind that can be taken In pi l l fo rm. The 
agreement expires In June 2001. 

The deal left Human Genome free to 
develop drugs based on proteins — the easi­
est kind to take quickly to the clinic. But 
such drugs are commercial ly problematic, 
because they must be injected, and few 
patients want to take a shot If a pi l l is 
available. The company can also develop 
gene therapies, like its heart drug. But gene 
therapy has yet to produce an approved 
drug for anyone. 

Nonetheless, Dr. Haseltine said the Smith­
Kline deal was worthwhile, because it gave 
Human Genome the resources to grab a big 
lead in genomics. And when it expires, he 
wi l l be free to str ike new partnerships based 
on the same data base of genes. "Two years 
f rom now, we have a big opportunity to 
remonetlze our asset and st i l l have plenty of 
intellectual property to ourselves," he said. 

P a r t n e r s in t h e M a r k e t p l a c e 

For now, however, the undisputed cham­
pion of deal making is Mi l lennium, which 
has raked in over $1 bil l ion in financing 
f rom partners like Roche Holding A.G., E l i 
L i l ly & Company, Monsanto and Bayer A.G. 

The arrangements are exclusive only for 
specific diseases (or, In Monsanto's case, 
for use in agr icul tural products), so Mil len­
nium remains free to pursue its own smal l-
molecule drugs. I t has also created subsid­
iaries for biotechnology drugs and for pre­
dictive medicine, l ike tests to identify genet­
ic conditions showing a predisposition to 
diseases or adverse drug reactions. 

Mi l lennium's executives don't c la im a 
lock on the intellectual property of the hu­
man genome, but their deal-making shows 
the value that drug makers see in the com­
pany's work. 

A year ago, for example, Bayer agreed to 
pay Mil lennium up to $460 mil l ion over five 
years for 225 of what the Industry calls 
validated genetic targets — that is, genes 
plus the accompanying biological data to 
show their relevance bl areas like cardio­
vascular disease, cancer, osteoporosis, pain, 
l iver fibrosis and v i ra l infections. Targets 
that Bayer doesn't choose for drug develop­
ment revert to Mi l lennium. 

"We did a huge search before we went 
with Mi l lennium," said Wolfgang Hartwig, 
Bayer's executive vice president of phar­
maceutical research. He said Bayer was 
attracted to Mil lennium's continual refresh­
ing of its technology and to Its freedom f rom 
the encumbrances of exclusive deals. 

Mil lennium sprawls around Cambridge in 
leased space, most of it near the Massachu­
setts Institute of Technology. In Its early 
days, the company made much of its con-
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nectlon to Dr. Lander and M.I.T 's genome 
center. But today. Dr. Lander's role Is more 
clearly advisory. The personalities who de­
fine the company are those of its chief 
executive, Mark Levin, a soft-spoken for­
mer venture capitalist, and his head deal 
maker and chief business officer, Steven H. 
Holtzman, a Rhodes Scholar wi th a degree 
in philosophy. 

Mr. Levin tends not to make big claims, 
but he is building a big company, drawing on 
experiences early in his career at Genen­
tech, the biotechnology pioneer, where he 
worked in process engineering In the mid-
1980's. 

"Genentech put in place the largest mo­
lecular biology lab in the world at the t ime, " 
he said. "We've gone out and put together 
the largest cr i t ical mass in biotech today." 

Later this year, Roche Is expected to i 
permission to begin tr ials of an anti-obesity 

Rick Fncdnitll for Til* New Yorfc Ttmu 

drug developed f rom a genetic target sup­
plied by Mil lennium. Becton Dickinson & 
Company in Frankl in Lakes, N.J., wi l l soon 
offer a melanoma test using technology 
f rom Mil lennium's predictive medicine unit. 

But for all the depth and breadth of Its 
science and technology, Mi l lennium is con­
spicuously lacking a drug of Its own in 
clinical tr ials. 

"We' re developing genes and targets and 
leads," Mr. Levin said. " B y the end of 1999, 
going into 2000, you wi l l see us make addi­
tional acquisitions, and these acquisitions 
wi l l take us into the cl inic." 

Analysts note that while Mil lennium has 
the cash and high-value shares to acquire a 
drug — and many struggling biotech com­
panies have drugs for sale — the best drug 
prospects attract multiple bids, and there 
are many far larger companies out shop­
ping. 



.tic Code 
The Knowledge Merchants 

If Millennium and Human Genome aim to 
be the next Genentech and Amgen. Incyte 
and Celera have a different role model in 
mind. Bloomberg L P. Just as Bloomberg 
sells information to the securities industry 
but isn't in the brokerage business, these 
companies sell data bases of genetic infor­
mation to drug companies but never intend 
to produce drugs 

Incyte is based in Palo Alto, Calif., deep in 
Silicon Valley, and it is no coincidence that 
the heart of its headquarters is a vast, glass-
enclosed room full of powerful computers 
"At the end of the day. it's the information 
that matters," said Randy Scott, the presi­
dent and chief scientific officer "We are all 
about the application of Moore's Law to 
biology." he said — a reference to the obser­
vation that computer processing power dou­
bles every 18 months. Applying that expo­
nential growth to genomics should produce 
similar gains for drug discovery, Dr. Scott 
said 

Until recently. Incyte had something 
unique among genomics companies: oper­
ating income from sales of its products. 
Instead of signing huge deals to bankroll its 
own drug programs. Incyte sold subscrip­
tions to Lifeseq. its genomic data base 
Some 25 companies subscribed, including 
most of the leading pharmaceutical and 
biotechnology concerns, and Incyte showed 
steady earnings growth without big outlays 
on drug development. 

But the creation last year of Celera — 
cash-rich and in no hurry to show a profit — 
put Incyte on the spot. While Incyte's data 
base offered gene fragments that point the 
way to full-length genes. Celera said it 
would provide whole genomes at a competi­
tive price 

At the same time, the Government's Hu­
man Genome Project, now on an acceler­
ated timetable, was placing thousands of 
genes in the public domain. And companies 
like Pangea Systems of Oakland. Calif. 
were supplying software tools to analyze 
this data, at a fraction of ihe cost of a 
Lifeseq subscription. 

Facing a classic squeeze. Incyte manage­
ment moved rapidly to improve its product, 
adding data from the Government's work, 
cutting the price and introducing new data 
bases But the moves cost money, and as the 
company began reporting losses, investors 
fled, cutting the share price in half. 

"I've been hearing this story — that Life-
seq's dead, it's all in the public domain — 
and maybe we even started to believe it 
ourselves." said RON1 Whitfield, Incyte's 
chairman and chief executive. "But it's just 
not true." No customer has failed to renew 
ITS subscription, he said, and he predicted 
thai profits — and investors — would return 
in the second half of next year 

Celera is the spoiler in genomics, or in­
tends io be The company plans to sequence 
the entire human genome and offer the data 
to subscribers Other genomes of interest to 
scientists — like thai of drosophila. a fruil 
fh used m many experiments — will be 
offered m a similar fashion. Dr. Venter's 
critics say Celera s hurn-up human ge­
nome will be full of gaps and errors, but ihe 
company has attracted three blue-chip sub­
scribers Novanis A.G., Amgen and Phar­
macia & Upjohn 

As a sibling of PE Blosysiems Group, also 
pan of the PE Corporalion. Celera received 
first access to PE Biosystems' latest auto­
mated gene-sequencing machines. (The two 
companies were created this spring In a 
reorganization ot the old Perkin-Elmer Cor­
poration ) Celera now has 300 of these 
$300,000 devices, some arrayed in neat rows, 
some lining the hallways still in their wood­
en shipping crates, some piled in elevators 
The largest public genome center, Dr. Land­
er s lab at M I T has 120 such machines, and 
most genomics companies have just a hand­
ful. 

Combining the powerful equipment with 
an arrm of robots and vast amounts of 
computing power makes it practical and 
cost-effective to sequence whole genomes. 
Dr. Venter said 

The idea is thai subscribers will pay Ce­
lera for partial genetic information as it 
becomes available, just as they have paid 
Incyte — but with the kicker that the compa­
ny will ultimately supply complete genomes 
for many organisms Companies can use 
this information royalty-free, except whert 
ii involves a gene sequence patented by 
Celera. Dr Vemer said he ulumaiely ex­
pects a mixture of revenues — from sub­
scriptions, royalties on drug sales- and even 
individual researchers paying to use the 
Celera Wet, sue 

' They sa\ I m going to be the Bill Gates 
o'. biology. I rr. noi sure thai s mean! to be 
flattering." he said Still, -the upside tc this 
husiness is ver\ very larg'. and diMcren: 
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Many Eager Competitors 
Wall Slreel loves to anoint winners, ami 

given ihe impact of capital flow, UICM-
prophecies can become sell-fullilling l>e 
spue talk that Celera or Human Geiiunu-
may achieve a Microsoft-like duminancu ut 
biological informaiion, many smaller coin 
panics are al.su pursuing opportunities 

The first real producl of genoniics was a 
diagnostic kit developed by Myriad Genet­
ics Int. of Salt l ake City, drawing un Ms 
discovery ol iwu genes respunsible lm In-
reditary breast cancer Genome Therapeu-
llcs Inc of Waltham, Mass, has built a 
subscription business based on baiki ial 
genomes. Genset S A of Paris has signeil up 
two partners for whal is called phai nun c> 
genomics — the emerprise of applying ge­
neiic data to existing drugs lu scieun mil 
people more likely to have side etfecK 

There are many more, and their icmim 
ued proliferation suggests thai genuiniis 
remains a fertile field. 

"The current effort is rather like tniildiug 
ihe periodic table," said Dr Collins, head nf 
the Government's project, comparing the 
work to the fundamental plow work ul 
chemistry 

"The real challenge of genumics - tin 
real fun. Ihe real payoll — is being able hi 
lake the periodic table and figure mil how it 
works." he said "All of that will be pooily 
understood and will be grist for rcseau Ii lm 
Jecades lo come." 



A Vitalizing Gene, Straight to the Heart 

IkMinii UIM- lm III*.- New Ytitk i i in i - s 

The Rev. Charles Wilson received a genetic treatment in a clinical trial. 

Born wiih ugunclic defect Ihat ruuscd his 
body to overproduce choleslerol, Ihe Rev. 
Charles Wilson started having heart pioblems 
when he was 27. Over Ihe next ill) years, he suf­
fered a heart attack and had surgery many 
times Hut by lasl suinmei, Ihe blood supply lo 
his heart was so reduced by alhenistlei osis that 
he could barely gel mil uf bed without severe 
chest pums 

"My doi lm said lo me, 'Charles, there's nolb-
ing else we can do, you've jusl got (osil still un­
til (echnuliigy catches up with you,' " said Mr. 
Wilson, 57, a Freshylerian iiiiinsler who lives in 
Charlulte, N C 

One day, I hough, he read a newspaper arlicle 
about reseurdi on cm unary gene therapy. 

" I wenl looking on Ihe liilei nel lo find Ihe ac­
tual report," Mr Wilson said, " l - iom that, I 
found Ihe uaine nf Ihe dix lm and Ihe buspilal " 

He got in loui h will) Dr Jeffrey M. Isner, chief 
uf t ai diovasi iilai I esean h al Si I- ll/alielti's 
Medical t eiilri uf IJcislim, anil ult imalely eii-
leied line of tin- In si rlnm al I rials of a dmg de­
veloped thi uugh geiiiiinu-s 

Physicians in Unslun III.KIC an nu isimi in Mr 
Wilson's clii'sl and n i jn led — direi lly lulu Ins 

heart — a gene thai pi unipls the creation of new 
blood vessels. (Subsequently, the gene has been 
administered through a l albeler.) 

Although his recovery was slow al firsl, Mr 
Wilson gradually gamed su englh. 

"On the 42d day, as I was walking thi ough the 
mall with my wife, when we had walked about a 
quarter-mile, I said, 'Honey, 1 haven't had any 
discomfort today,' " he said " I rom that IMIIIII 
on, I've been able lo walk inci easingly longer 
distances, faster and without pain." He now 
walks a mile and a half a day. 

The gene he receives, VKGI--I, is IxMiig tested 
as a drug by Human Genome Sciences Inc. and 
is a product of Vascular Genetics Inc , which is a 
joint venture of Human Genome, Dr. Isner, St. 
Klizabeth's and Calo Holdings, a conlracl re­
search organization The drug is al least three to 
five years away from the market. 

Allhough Mr Wilson slill has scar tissue and 
will have lo lake a variety of inedicalions fur Ihe 
l est of his life, elect i ome scans of his heal I show 
thai it lias grown new blixxl vessels in aboul til) 
percent ol Ihe area thai was previously hint ked 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

October 25, 1999 

National Institutes of Health 
National Human Genome 
Research Institute 
31 Center Drive MSC 2152 
Building 31, Room 4B09 
Bethesda, MD 20892-2152 
(301) 496-0844 
FAX (301) 402-0837 

TO: The Honorable Christopher C. Jennings, Deput1/ Assistant to the President 
For Health Policy 

FROM: Francis S. Collins, M.D., P h - B ^ J x a u - ^ U . ^ &02k 
Director, NHGRI, NTH 

SUBJECT: Event to Celebrate Major Human Genome Project Milestone 

PROGRESS OF THE HUMAN GENOME PROJECT 

The Human Genome Project is arming scientists with powerful new infonnation and techniques to 
unravel the mysteries of disease. This knowledge will dramatically accelerate new strategies for 
diagnosis, prevention, and treatment of disease, not just for single gene disorders, but for the host of 
more common complex diseases (e.g, diabetes, heart disease, schizophrenia, and cancer) where 
genetic differences may contribute to disease risk and response to particular therapies. 

The Human Genome Project (HGP) was initiated in 1990 and, from its beginning, has enjoyed 
significant success. Several of the project's initial goals have txten achieved, including building 
maps to localize and order the position of genes in both the human and mouse genomes, and 
sequencing the genomes of the bacterium E. coli, bakers yeast, imd the roundworm C. elegans. In 
addition, sequencing the genome of the fruit fly {Drosophila melanogaster) is nearly complete. In 
1996, in preparation for tackling the much larger and more complex human genome, pilot projects 
began to test new technologies and strategies for human DNA sequencing. In March 1999, an 
international consortium supported by NIH, the Department of Energy (DOE) and international 
collaborators launched the full-scale effort to sequence the estimated 3 billion basepairs that make 
up the human genetic instruction book. Tbe consortium, with the U.S. taking the lead, and with 
important participation by the U.K., France, Germany, Japan ar d China, expects to produce at least 
90 percent of the human genome sequence in a "working draft" form by the spring of 2000, years 
earlier than expected. The final, high quality genome sequence will be completed by 2003 or 
earlier. Relevant to the purpose for this Memorandum, the deposition of the first billion base pairs 
of the human genome sequence into public databases is imminent. 
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Page two 

THE IMPORTANCE OF PUBLIC ACCESS TO THE DATA 

All sequence data produced by the international consortium is deposited in public databases for free 
access within 24 hours. In fact, this practice was adopted in \996, and is now a condition of 
continued funding for recipients of grants from NIH, DOE, and :he U.K. Wellcome Trust. This 
policy is based on the assumption that broader, faster access to data will stimulate a larger number 
of products in a shorter timeframe and better serves the public interest. The rapid free availability 
of the sequence is invaluable to academic scientists studying the molecular basis of human health 
and disease, as well as corporate researchers engaged in drug development. 

The vast majority of scientists in both the public and private sectors have applauded this openness. 
A recent dramatic example of the importance of such free accesiiibility to information about the 
human genome is the founding of "The SNPs Consortium" by ten pharmaceutical companies and 
the Wellcome Trust. This Consortium is collaborating with NIH in developing a catalog of 
information about human genome variation, and putting all ofthe data into the public domain. 

Human Genome Project scientists are conunitted to this policy to ensure findings are used in the 
public interest. This stance contrasts markedly with the approach taken by a few private sector 
organizations that aim to keep genomic sequence information secret or constrained by patents and 
licenses. One such company announced just this week that they have filed 6,500 provisional patent 
applications on genetic sequences. 

A POSSIBLE U.S. - U.K. STATEMENT ON THE DESIRABILITY OF PUTTING GENOMIC 
SEQUENCE IN THE PUBLIC DOMAIN 

For almost a year, Neal Lane and Sir Robert May have been discussing the possibility of jointly 
issuing a Proclamation endorsing the policy of the Human Genome Project to make DNA sequence 
information widely and freely available. A copy of the draft statement follows. Joint issuance of 
this Proclamation by President Clinton and Prime Minister Tony Blair would be timely, and would 
also be a gratifying example of international harmony on a mattir of great importance to the future 
of science. Note that the draft Proclamation is carefully worded to endorse free access to 
"fundamental data on the human genome, including the human DNA sequence and its variations"; it 
does not criticize the use of intellectual property claims to protect discoveries about the USE of 
such sequences. 

PROTECTING THE PUBLIC FROM GENETIC DISCRIMINATION 

The rapid acceleration of the timetable for the Human Genome Project also makes it imperative that 
the necessary protections are put in place to prevent misuses of this information. The public, while 
supportive of the Human Genome Project and optimistic about ihe medical benefits of this research, 
is concerned that new genetic technologies and information may be used for harm, rather than for 
benefit. This concern is already affecting the choices individuals make about their own health care 
and their decisions whether to participate in research. The Clinton Administration has endorsed 
two important policy positions to prevent the misuse of genetic information. In June 1997 
President Clinton called on Congress to enact legislation to prohibit the use of genetic information 
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in health insurance. Subsequently, on January 20, 1998, Vice President Gore announced the 
Administration's support for federal legislation to bar employerj. from discriminating against 
workers in hiring or promotion because of their genetic makeup, and released a Department of 
Labor report summarizing the legislative recommendations. 

The Department of Health and Human Services has worked with the Department of Labor, the 
EEOC, and the White House to develop an Executive Order to apply the recommended protections 
to the federal workforce. The Order would prohibit federal agencies from collecting, using, or 
disclosing the protected genetic information of their employees, except under limited circumstances 
and with the employee's informed consent. Signing the executive order would provide significant 
protections to federal workers and provide an opportunity to renew active deliberations of 
workplace discrimination legislation in Congress. 

ISSUE 

The International Human Genome Sequencing Consortium is approaching an important milestone: 
completion of the first billion basepairs of the estimated 3 billioin basepairs in the human genome. 
The Human Genome Project is planning an event to celebrate this important achievement and to 
recognize the important contributions of the hundreds of individual scientists whose hard work, 
skill, and commitment have brought us this far, and whose continued dedication will be essential to 
completing this awesome project. 

The event will be held at the National Academy of Sciences (NAS) soon after completion and 
deposition into the public data base of the billionth basepair of human DNA sequence. This is 
estimated to be completed in late November or early December. To facilitate the involvement of 
scientists across the US and around the world, each major genome center is planning a local 
celebration that will be connected via satellite or internet to the NAS event. Members of voluntary 
health organizations, genetic professional societies, genetic support groups, biotechnology and 
phannaceutical industry representatives, interested congressiomil members and staff, and the media 
will be invited to attend. 

This event provides an opportunity for the President and high level Administration officials to be 
involved in a significant accomplishment in biomedical research. It also provide an fitting occasion 
to make a statement, ideally in a joint proclamation with Prime Minister Blair, about the value of 
public access to genome sequence infonnation. Furthermore, biised on the President's strong 
support for the Human Genome Project and his administration's commitment to resolving many of 
the ethical, legal and social policy issues presented by this wealih of new genetic information, this 
occasion may be a fitting opportunity for him to announce an Executive Order prohibiting genetic 
discrimination in the workplace. 

RECOMMENDATION 

I suggest that your office together with the OSTP recommend the President's participation in the 
event, and his announcement at that event of his strong support for the Human Genome Project's 
data access policy. In addition, DPC may wish to evaluate the feasibility of issuing an Executive 
Order prohibiting genetic discrimination in the federal workplw*. 
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cc: Dr. Neil Lane 
Dr. Rachel Levinson 
Dr. Harold Varmus 
Dr. Kathy Hudson 



xu/zo/aa nun m i l tAA J U i lUZ U837 NHGRI/OD © 0 0 5 

DRAFT 

PROCLAMATION TO ENSURE THAT 
DISCOVERIES FROM THE HUMAN GENOME 
ARE USED TO ADVANCE HUMAN HEALTH 

In the last decade of the twentieth century, scientists from around the world initiated one of the 
most significant scientific projects of all time: to determine the DNA sequence of the entire human 
genome, the human genetic blueprint. Progressing ahead of schedule, human genome research is 
rapidly advancing our understanding of the causes of human disease and will serve as the 
foundation for development of a new generation of effective treitments, preventions, and cures. To 
realize this promise, fundamental data on the human genome, including the human DNA sequence 
and its variations, must be made freely and broadly accessible to scientists everywhere. The human 
genome is fundamental shared heritage of all humankind. Unencumbered access to this information 
is essential to enable discoveries that will reduce the burden of disease and promote health around 
the world. We applaud the decision by scientists working on the Human Genome Project to release 
information about the human DNA sequence and its variants rapidly into the public domain, and we 
call on all scientists worldwide to adopt this policy. 



THE WHITE HOUSE 

W A S H I N G T O N 

December 13, 1999 

MEMORANDUM FOR THE PRESIDENT 

FROM: NEAL LANE ^ 

SUBJECT: State of the Union Theme/FYO 1 Budget Ideas 

Science and technology, particularly research and education, should figure prominently in ypur State 
of the Union Address to underscore your vision for the 21 s t century. The emphasis should be on two 
overarching needs: 1) restoring balance to our science and technology research portfolio by focusing 
on university-based research in the physical, social, and life sciences and in engineering; and 2) 
providing funding for the breakthrough research that will serve America's goals for the new 
millennium: investments that secure the continued prosperity of our economy, improvements in health 
care and in standards of living, and better education and training for America's students and workers. 

Increasing Balanced Investments in Long-Term Research and Development 

You have been consistent and eloquent about your commitment to investing in America's future even 
in times of constrained resources. In every year of your Administration, you have increased the S&T 
budget. The 21 s t Century Research Fund, an unprecedented statement of the importance of broad 
support of S&T. has fared extremely well in Congress - showing an 8 percent increase in FY 2000. 

When you make remarks on the eight years of record peacetime expansion in the U.S. economy, you 
• should - as Alan Greenspan has - credit science and technology for much of the outstanding 
performance. Innovations in science and technology have caused a chain reaction in the economy that: 
• has resulted in improved productivity, which yields increases in wages or increases in benefits 

without letting loose higher inflation; 
• has led businesses to continue to invest in high-tech capital equipment, making our capital stock 

more productive and profitable; and 
• has provided U.S. businesses with payoffs from technology's efficiencies and from greater 

education in school and on the job that U.S. workers have acquired to keep pace with the new 
technology. 

I also hope you will remark on the progress toward a goal you and the Vice President established in 
1994: total national (public and private) R&D investment of 3 percent of GDP. By current 
projections, total annual R&D expenditures in the United States will be $247 billion in 1999 - an 8.8 
percent increase over the $227 billion estimated for 1998, and the third year in which R&D spending 
outpaced the growth in the economy as a whole. R&D as a share of GDP will reach 2.79 percent in 
1999. This 1999 forecast of R&D as a share of GDP is the highest since ^ T ' s 2.80 percent, and in 
2000 the U.S. R&D/GDP ratio could exceed the all-time high ratio of 2.87 percent in 1964. 
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As you noted in your economic speech of December 3, however, we need to make greater progress 
next year in funding a balanced research portfolio. NIH and biomedical research received over two-
thirds of the FY 2000 increase in the 21 s t Century Research Fund. Non-defense research outside of 
NIH increased only 2.4 percent in FY 2000. Since FY 1994, non-defense R&D outside of NIH has not 
kept pace with inflation, and is down 5 percent in real terms. The physical and social sciences, 
engineering, and non-biomedical life sciences have barely kept pace with inflation over the last several 
years. Their failure to thrive poses a risk to our leadership in such critical areas as information 
technology ( where we have made a good start with IT 2), nanotechnology, and energy. It even 
undermines biotechnology and medical research, which depend on advances in chemistry, biology, 
physics, mathematics, and several fields of engineering. 

Theme: Innovation for Continued Prosperity 

I propose a $ 1.5 billion initiative (above passback) in Science and Technology for the 21 s t Century for 
the FY 2001 budget. Such an increase would allow your Administration to achieve four important 
objectives: 1) increase university-based research (outside of NIH, govemment support for university-
based research is only $8-9 billion); 2) correct the growing disparity between the scientific disciplines 
and restore the all-important balance between biomedical research and the physical, social, and non-
biomedical life sciences and engineering; 3) sustain the U.S. position as the world leader in all fields of 
science and technology; and 4)increase support for research and development that support your 
priorities, including: 

• Information technology - Further spur the transformation of the way we obtain services ranging 
frbm entertainment and commerce to education and health care; quicken the pace of discoveries 
across the scientific disciplines. 

• Nanotechnology - Find ways to manipulate matter at the atomic and molecular level to make novel 
and useful devices and materials. Nanotechnology could have a future impact on our economy and 
our society that is as significant as the development of the transistor and the Internet. 

• Education research - Find out what really works in teaching math and science to kids and apply 
that knowledge to the task of making sure all Americans are given a chance to participate in 
science. As the PC AST noted, "less than 0.1 percent of our nation's expenditures for elementary 
and secondary education . . . were invested to determine which educational techniques actually 
work, and to find ways to improve them." 

• Biomedical research — Win the war on cancer and declare war on asthma, mental illness, and heart 
disease; provide vaccines for the debilitating diseases of the developing world; produce an AIDS 
vaccine. 

• Critical Infrastructure Protection and Weapons of Mass Destruction - Protect Americans from 
cyberthreats and from chemical and biological warfare; lower the anxiety level. 

• Aviation safety - Increased avionics research can halt the trend toward weekly fatal airline 
accidents and reduce the aviation fatal accident rate by a factor of five within 10 years 

• Climate and Energy - Create a clean energy future to reduce climate change and the health impacts 
of pollution, while growing the economy through energy technology exports; produce high-value 
chemicals, fuel, and power from new cash crops to boost farm income and add good jobs to rural 
economies. 

• Environmental Research - Better understand the biology and ecology of life on earth and learn 
how to protect it while also meeting the needs of the American and world's people. 

•• '•'••̂ j-'.V 
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By addressing significant gaps in our knowledge base, these initiatives will support greater equity and 
prosperity in our nation. I have attached agency-by-agency estimates of possible allocations ofthe FY 
2001 funds for your consideration (Tab A). The outyears should reflect sustained annual growth of at 
least 5 percent. 

Doubling Option: Millennium Fund for University Research 

If we seek an enduring legacy of your commitment to investing in science and technology, I believe 
that the Administration could gain bipartisan support for supplementing and sustaining the FY 2001 
funding with a proposal to double university-based research in five years (beginning in FY 2002). By 
directing that these funds be used to strengthen the integration of research and education, the 
Administration can underscore the core principles of the Government-University Research Partnership. 
This Millennium Fund for University Research would require an additional investment of 
approximately $28 billion in the outyears (on top of the 5% increase recommended above). Such a 
fund would provide a practical alternative to Congressional proposals that authorize doubling all 
civilian research and development. 



$1.5 Billion: Investment in 21st Century Initiative 

21st Century Research Fund 
Accounts 

Change (rom FY 99 21st Century Research Fund 
Accounts 

FY1999 FY 2000 
Final* Amount Percent Passback 

Proposed 
Addback Initiatives 

l l i i is i i i i i i f i i l f f i 
NIH 15,612 17,865 2,253 14.4% 17,933 421 " Biomedical Research/Vaccines 

NSF 3,672 3,897 225 6.1% 3.912 420 IT; Nanotech; Envir Research 

DOE 3,547 3,673 126 3.6% 4,050 100 IT; Nanotech; Climate/energy 

NASA 4,996 4,885 -111 -2.2% 5,001 100 IT; Nanotech; 

DOD 4,259 4,580 321 7.5% 4,072 300 *** IT; Nanotech; CIP/WMD 

USDA 1,536 1,575 39 2.5% 1,581 75 Climate/energy; food safety 

DOC 827 831 4 0.5% 801 50 IT; Nanotech 

DOI (US6S) 798 821 23 2.9% 829 33 Climate/energy 

EPA 671 663 -8 -1.2% 759 Climate/energy 

VA 316 320 4 1.3% 334 2 Biomedical research 

Ed 210 235 25 11.9% 427 Education research 

DOT 488 570 82 16.8K 779 Aviation Safety 
numbers are in millions of dollars 

•numbers reflect .38 percent cut 

NIH numbers represent an increase equal to the CPI (2.4%) plus $60 M for Vaccine Initiative. 
If NIH were to increase to the BRDPI (3.6%) an additional $154 M to the proposed addback would be needed . 

DOD numbers assume passback at FY 00 requested levels. 

PASSBACK = $563 M above FY 00 Enacted Levels 
ADDBACK = $1,500 M above FY 00 Enacted Levels 

OSTP Confidential 12/13/1999 2:32 PM 
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S H A T T U C K L E C T U R E — M E D I C A L A N D SOCIETAL CONSEQUENCES 
OP T H E H U M A N G E N O M E PROJECT 

FRANCIS S. COLLINS, M.D., PH.D. 

T 
^ HE history of biology was forever altered 

a decade ago by the bold decision to launch 
a research program that would characterize 
in ultimate detail the complete set of ge­

netic instructions of the human being. The idea cap­
tured die public imagination, perhaps less in the man­
ner of America's wars on cancer and the acquired 
immunodeficiency syndrome than in the manner of 
the great expeditions — those of Lewis and Clark, 
Sir Edmund Hillary, and even Neil Armstrong. Sci­
entists wanted to map the human genetic terrain, 
knowing it would lead them to previously unimag­
inable insights, and from there to the common good. 
That good would include a new understanding of 
genetic contributions to human disease and the de­
velopment of rational strategies for minimizing or 
preventing disease phenotypes altogether. 

The endeavor was both awesome and chancy. The 
instruction book — the human genome — was vast­
ly larger than any genetic endowment tackled so far, 
and in 1990, the tools were not yet powerful enough 
to perform the task. Critical social questions, such 
as whether the new technologies for reading our ge­
netic constitution would challenge our identities, 
our fundamental right to privacy, or our freedom 
from discrimination, loomed without answers. 

Yet, a public science initiative focused so sharply 
on tlie molecular essence of humankind was too in­
triguing and too promising to forgo. Since the 1970s, 
nearly all avenues of biomedical research have led to 
the gene, for genes contain tlie basic information 
about how a human body carries out its duties from 
conception until death. In between, of course, our 
bodies struggle to survive in a challenging environ­
ment. Largely, but not entirely, at the behest of our 
genes, we fare better or worse. 

Not surprisingly, disease researchers wanted to bag 
their leading gene suspects as soon as possible and 
at the least expense. This was no small order — the 

Pfcicnted at the 109th Shttmck Lecture i o the Annu i l Meeting o f the 
Musachu ic i t i Medical Sudcry, Boston, May S, 1999. 
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80,000 or so human genes arc scattered throughout 
the genome like stars in the galaxy, with genomic 
light-years of noncoding DNA in between. The bil­
lions and billions of uncharted DNA units (approx­
imately 3 billion base pairs in humans) frustrated 
searches regularly in the late 1980s, often at great 
health and financial cost. I f gene hunters were to 
mine miracles from the human genome, they needed 
more powerful tools and more ambitious strategics. 

ACCELERATED GOALS FOR SEQUENCING 
THE HUMAN GENOME 

In 1988, Congress appropriated funds to the De­
partment of Energy (DOE) and the National Insti­
tutes of Health (NIH) to begin planning the Hu­
man Genome Project. Planners set a 15-ycar time 
frame, estimated that the price tag would be S3 bil­
lion, and laid out formal goals to get the job done.1 

On October 1, 1990, die Human Genome Project 
officially began.2 According to early plans, the hu­
man race would witness its own blueprint in fine de­
tail in the year 2005. 

In the fall of 1998, however, improvements in 
technology, success in achieving early mapping goals 
(see below), emerging research opportunities, and 
a growing demand for the human DNA sequence 
prompted project leaders in the United States and 
abroad to promise the blueprint — the complete 
DNA sequence of the human genome — two years 
ahead of schedule, in 2003.3 The technology to ac­
complish such a task is at hand. Indeed, only six 
months later, in March 1999, 15 percent of the se­
quence was in a finished or nearly finished state. The 
largest centers participating in the Human Genome 
Project received new grants to begin full-scale se­
quencing of the human genome, and the timetable 
was moved up yet again. Pilot sequencing projects 
had been so successful that the planners of the Hu­
man Genome Project now felt confident that at least 
90 percent of the human sequence could be com­
pleted in "working draft" form by the spring of 
2000, considerably earlier than expected 

The NIH and DOE genome programs expect to 
contribute 60 to 70 percent of the sequence. Scien­
tists funded by the Wellcome Trust at the Sanger 
Centre in Cambridge, England, along with other in­
ternational partners, will produce the remainder. 

Rcprinuit f n t n THK NEW HNC1.AND lOURNAL Op MEDICINE 
(ISSN 0028 -4793) \ M . S41: 28-37 (July 1, 1999). 
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SHATTUCK LECTURE — MEDICAL AND SOCIETAL CONSEQUENCES OF THE HUMAN GENOME PROJECT 

Until the entire human genome sequence has been 
completed, in 2003 or perhaps earlier, the working-
draft sequence will be very useful, especially for find­
ing genes, exons, and other genomic features. Bur 
because the working draft will contain gaps and will 
not be entirely accurate, it will not be as useful as 
the finished sequence for studying DNA features that 
span large regions or require a high degree of accu­
racy over long stretches of the sequence. 

The final product must have four characteristics 
— the four A's of the Human Genome Project. First, 
the sequence must be accurate — that is, the DNA 
spellings must have an accuracy of 99.99 percent or 
better. I f this is the Book of Life, wc should not set 
tic for a rough draft over the long term but should 
remain committed to producing a final, highly accu­
rate version. Second, large-scale sequencing requires 
that the shorter lengths of sequenced DNA be accu­
rately assembled into longer, genomic-scale pieces that 
reflect the original genomic DNA. Third, the human 
DNA sequence must also be affordable, and technol­
ogy development will aim to reduce the cost as much 
as possible. Finally, the high-quality, finished human 
DNA sequence should be accessible witliin 24 hours 
through public data bases. 

With regard to this last point, it is imperative that 
the genome sequence, the fimdamcmal building block 
of biomedical research, be made rapidly available at 
no cost to scientists around the world. The human 
DNA sequence arms scientists seeking to understand 
disease with new information and techniques to un­
ravel the mysteries of human biology. This knowl­
edge will dramatically accelerate the development of 
new strategics for the diagnosis, prevention, and treat­
ment of disease, not just for single-gene disorders 
but for the host of more common complex diseases 
(e.g., diabetes, heart disease, schizophrenia, and can­
cer) fbr which genetic differences may contribute co 
die risk of contracting the disease and the response 
to particular therapies. 

Ln 1996, at the Second International Strategy Meet­
ing on Human Genome Sequencing, a group of sci­
entists involved in large-scale genomic DNA sequenc­
ing passed a unanimous resolution that all sequence 
data produced by tlie Human Genome Project should 
be freely available and in the public domain, in order 
to encourage research and development and to max­
imize its benefit to society. These scientists believed 
that public availability of these data would encour­
age coordination and collaboration among scientists 
while preventing duplication of efforts. 

As a result, planners of the Human Genome 
Project adopted a policy of releasing data every 24 
hours to a free, publicly accessible data base. In the 
United States, GcnBank (accessible at http://www. 
ncbi.nlm.nih.gov), run by the National Center for 
Biotechnology Information, serves as the public re­
pository of sequence information. The value of this 

data base as a resource for medical scientists around 
the world is incalculable. GcnBank receives over 
200,000 queries a day for information on gene se­
quences It took 16 years to get the first billion bases 
into the data base, but it took only IS months ro 
add the second billion bases. Over 39,000 species 
arc represented, and over 60,000 sequence-compar­
ison searches are conducted each day. 

Because researchers around the world participat­
ing in tlie public sequencing effort have agreed to 
submit their data to free, public data bases witliin 
one day after verification, any scientist, whether based 
at a university, a corporation, or a government lab­
oratory, can log on by computer and have hill and 
rapid access to die sequence data. The sooner the 
publicly funded effort to sequence the human ge­
nome is complete, with the data deposited in a free 
and publicly accessible data base, the sooner it will 
benefit all scientists working to understand and treat 
disease at a molecular level. In addition, scientists un­
derstand human genes by comparing human DNA 
with DNA from mice, flies, roundworms, and yeast. 
These comparisons make the human sequence much 
easier to understand 

As Human Genome Project plans for the period 
between 1998 and 2003 were being developed, two 
corporate ventures announced initiatives to sequence 
a major fraction of the human genome, using strat­
egics that differ fundamentally from the publicly fund­
ed approach. The stated intention of one of these 
ventures to release its data publicly creates the pos­
sibility of synergy with the federal effort. I f the cor­
porate data and the public data can be merged, the 
depth of sequence coverage will be even greater. 
And because the public sequence data will be ob 
tained from mapped DNA, it will provide critically 
needed anchoring to seqvience data generated by 
private-sector efforts. 

MORE T H A N JUST THE SEQUENCE 

Many people assume that since 1990 most of the 
work of the Human Genome Project has been de­
voted to large-scale sequencing. But this activity is 
actually a relatively recent arrival on the scene, since 
many other kinds of genome information were need­
ed before full-scale sequencing could be undertaken. 
Before the 1998-2003 plan, the Human Genome 
Project's scientific goals mostly addressed genome 
mapping, technology development, and work to char­
acterize the genomes of certain laboratory organisms. 
One type of map, known as a genetic map, is partic 
ularly helpful for following the inheritance of a dis­
order through several generations of a family. Genet­
ic maps consist of a series of sequence-based markers 
that can be used to pinpoint the likely neighbor­
hood of an altered gene responsible for a disease 
phenotype or other trait. Such maps have been in­
valuable in identifying and isolating highly penetrant 

Volume 341 Number 1 29 



ent by: NIH/NHGRI 301 402 2218; 11 / 23 /99 4:50PM;JetJEM_#7; P a g e 5 / 1 6 

I he New Englind Journal of Medicine 

gene mutations with mendelian inheritance patterns. 
The goal was to establish markers close enough to 
give a gene hunter a high likelihood of placing a gene 
in a reasonably searchable interval. A year ahead of 
schedule, an international consortium of leading re­
searchers in France and the United States published 
a genetic map containing almost 6000 markers, spaced 
less than 1 million bases apart.' Such detail was four 
to six rimes greater than the 1990 goals called for. 

A second type of map, known as a physical map, 
provides cloned and ordered sets of contiguous DNA 
thar represent regions of a chromosome, or even a 
whole chromosome. Once genetic markers define che 
region containing the sought-after gene, cloned piec­
es from the physical map provide a resource from 
which investigators can then isolate the gene. A cop­
ied replica of 98 percent of che human genome, con­
sisting of thousands of linked pieces of DNA, is 
complete and meets the genome project's goal for 
physical mapping.5 This map contains over 41,000 
DNA markers, known as "sequence-tagged sites," or 
STSs, that properly align the pieces. With this den­
sity of markers, most genes in the human genome 
should lie within fewer than 100,000 bases of an STS. 

The Human Genome Project also recognized from 
its inception its responsibility not only to develop 
gene-finding and analysis technology, but also to ad­
dress the broader societal implications of these new­
found abilities to decipher genetic information. So 
the project commits 5 percent of its annual research 
budget to a program that addresses the ethical, legal, 
and social implications of genome research (the ELSI 
program). This program has focused on four high-
priority areas: the use and interpretation of genetic 
information, clinical integration of genetic technol­
ogy, issues surrounding genetics research, and public 
and professional education about these issues. 

The plan covering the years 1993 through 1998 
expanded the mapping goals and explicitly included 
new objectives for identifying and mapping not just 
systems of anonymous markers but the genes them­
selves.6 Scientists at the National Library of Medi­
cine, at genome research centers, and in private in­
dustry later began a program to position expressed 
DNA from gene regions, or expressed sequence tags 
(ESTs), on the physical map. After two editions, this 
gene map represents the most extensive effort so far 
to locate and identify the 80,000 genes in the human 
genome. Over 38,000 gene tags have been placed 
on the map, giving disease-gene hunters a ready list 
of candidate genes residing in the chromosomal 
neighborhood they know is involved in a disease.5 

Before 1996, the goals of DNA sequencing were 
largely targeted toward genomes of model organ­
isms. From those efforts, scientists have sequenced 
the genomes of Sfucharotnyces cerevisia^ a species of 
yeast valuable to biologists and commonly used by 
bakers and brewers,7 and Escherichia coli, a mainstay 

of basic biology and the biotechnology industry.4 

The firet complete genome sequence of a multicel­
lular organism, the roundworm Cwnorhabditis ele-
/jans, was completed in late 1998. 

The yeast genome, which was che first genome of 
a eukaryotc to be completely deciphered, contains 
12,057,500 base pairs in its nuclear DNA. Contain­
ing some 6000 genes arranged on 16 chromosomes, 
yeast has already provided biologists with a valuable 
resource for determining the function of individual 
human genes involved in medical disorders such as 
cancer. Now, the complete sourcebook for that or­
ganism will allow scientists, for the first time, to 
piece together information that will provide a com­
prehensive look at how all the genes in a eukaryotic 
cell function as an integrated system. 

The 100-million-base-pair C. elegans genome is 
distributed among six chromosomes and contains 
over 19,000 genes. Although barely visible with rhe 
naked eye, the tiny roundworm has become an in­
valuable tool for studying biologic processes such as 
development, neurobiology, and aging. The worm 
project began in 1990, as a collaboration between 
researchers at Washington University, in St. Louis, 
and at the Sanger Centre, in Cambridge, England. 
Computer comparisons between the worm sequence 
and the sequences of other organisms have shown 
that about 74 percent of named human genes have 
a definite homologuc in C. elegans. 

The 1998-2003 plan can be thought of as the 
development of a new and more diverse set of power 
tools, all of which are to be given away. These tools 
include the development of the catalogue of varia­
tions in die human DNA sequence; new forms of 
technology and new strategics for studying gene func­
tion on a whole-genome scale; and new areas of re­
search in the ELSI program (the "safety goggles"), 
such as identifying and addressing issues that link 
genetics to personal identity and racial or ethnic 
background and examining the implications of these 
links for philosophical and religious traditions. 

IMPLICATIONS FOR UNDERSTANDING 
GENETIC ILLNESS 

Maps and other forms of genome technology pro­
vide the tools for a gene-isolation technique known 
as positional cloning." This technique allows a re­
searcher to confirm the genetic basis of a disease and 
identify the responsible gene, even when little is 
known about the gene's function. So far, over 100 
disease-linked genes have been isolated with the use 
of the positional-cloning technique. Whereas gene 
discovery by this route once took years to decades, 
an investigator using these powerful tools can now 
sometimes map and isolate a gene in a matter of 
weeks, Increasingly, gene hunters are combining po­
sitional-cloning techniques with information in EST 
data bases to narrow their gene searches to rational 
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Figure 1. Steps Involved in the Genetic Revolution in Medicine. 
Uncovering the genetic contributions to an illness is accomplished by cloning the gene for the disease, 
with tha use of the tools ofthe Human Genome Project. Once the contributing genes and their disease-
predisposing variants have been identified, diagnostic tests can be developed to predict future risk — 
but these tests are most effective when a preventive strategy is available to reduce the risk in persons 
found to be predisposed to a particular disease. Another rapidly developing application of diagnostics 
is pharmacogenomics, the prediction of responsiveness to drugs. Ultimately, the real payoff of genetic 
research will be the development of new gene therapies and drug therapies, but they will generally 
require many more years of intensive research, 

candidates. This method, called positional candidate 
cloning,10 has been used to isolate many altered genes 
associated with human disease, 

Gene isolation provides the best hope for under­
standing human disease at its most fundamental lev­
el (Fig. 1). Knowledge about genetic control of cel­
lular functions will underpin future strategies to 
prevent or treat disease phenotypes. The recent iso­
lation of genes for Parkinson's disease,1114 for exam­
ple, has grcady advanced molecular research on this 
baffling disease. In one study of families with early-
onset Parkinson's disease, gene hunters mapped a 
suspect gene to a region of chromosome 4. 1 1 The 
region contained approximately 100 genes, among 
which was 1 known to encode die protein a-synu-
dcin. Earlier research had shown that a-synuclein 
accumulates in brain cells of people with Alzhei­
mer's disease,15 and people with Parkinson's disease 
have similar deposits in the substantia nigra. In just 
a few months, the researchers showed conclusively 
that a missense mutation in the a-synuclcin gene 
caused Parkinson's disease in the study families. Fur­
ther research has shown that a mutation in a gene 
encoding a protein critical to the breakdown of 
a-synuclcin and other proteins also results in the 
Parkinson's disease phenotype in a different family.14 

Although most cases of Parkinson's disease appear 
to have limited heritability, studying rare families of 

this sort provides crucial dues to the pathways in­
volved — a-synuclcin is found in the Lewy bodies 
in virtually all cases of Parkinson's disease. An un­
derstanding ofthe genetic control of tlie proteolytic 
processes of brain proteins may provide new targets 
for interventions in a number of related neurode­
generative disorders characterized by the accumula­
tion of protein deposits, including Alzheimer's dis­
ease, Huntington's disease, and spinocerebellar ataxia. 

F-vcn before a gene's role in disease is fully under­
stood, diagnostic applications can be useful in pre 
venting or minimizing the development of heakh 
consequences (Fig. 1). DNA tests that look for the 
presence of disease-linked mutations, for example, 
are proving to be the most immediate commercial 
application of gene discovery and the one now used 
most frequently by clinicians. These tests may help 
establish the diagnosis of a genetic disease, foreshad­
ow the development of disease later in life, or iden­
tify healthy heterozygotc carriers of recessive diseas­
es. Genetic tests can be performed at any stage of the 
human life cycle, and the sampling procedures arc 
becoming less invasive. Whereas genetic testing was 
once sought almost exclusively by couples with a 
family history of early-onset disease, for the purpose 
of family planning, information about genetic status 
is increasingly sought by persons who wish to learn 
about their own predisposition to adult-onset illness. 
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In a growing number of instances, strategics can be 
implemented to reduce or prevent illness when a ge­
netic cause or predisposition is known. Successes in re­
ducing disease through treatment have been achieved 
for the hereditary disorders hemochromatosis, phen­
ylketonuria, and familial hypercholesterolemia, among 
others. Risk reduction through early detection and 
lifestyle changes may be possible in the case of dis­
orders associated with predisposing mutations, such 
as some cancers. As therapies build on knowledge 
gained about the molecular basis of disease, increasing 
numbers of illnesses that arc now refractory to treat­
ment may yield to molecular medicine in the future. 

The recent discovery of an altered gene (HFB) 
that leads to hereditary hemochromatosis,'* a com­
mon disorder of iron metabolism, provides an inter­
esting example of the potential for using informa­
tion about mutations to prevent an adult-onset disease 
phenotype. A recessive condition, hereditary hemo­
chromatosis affects about 1 in 300 persons of north­
ern European descent and is easily treatable if diag­
nosed early. Its major symptoms — liver cirrhosis, 
heart failure, diabetes, arthritis, and other organ dam­
age — do not occur until midlife and arc easily mis­
diagnosed. Untreated, the disease causes early death, 
but treatment by phlebotomy to remove excess iron 
allows people with hereditary hemochromatosis to 
live a normal life span A single substitution of die 
amino acid tyrosine for cysteine at codon 282 ac­
counts for the majority of cases.1' 

At first glance, hereditary hemochromatosis seems 
to be an ideal target for public health approaches to 
the prevention of hereditary disease: the disorder is 
common, the number of disease-linked mutations in 
the gene arc few, and effective treatment can mini­
mize or eliminate the effects of die disease. But clos­
er examination reveals a number of complexities diat 
have so far militated against the rapid introduction 
of this genetic test as a tool for disease prevention.16 

Because the penetrance of the altered HFE gene is 
reduced, especially in females, clinical signs can range 
from none that are detectable to severe organ dam­
age from iron overload. At the moment, simple de­
tection of the mutation docs not predict the most 
likely clinical course. Before population testing for 
HFE mutations is considered, further research is need­
ed to explain die variations in phenotype among mu­
tation carriers and to correlate the genotype more 
closely with health outcomes. 

IMPLICATIONS POR THE STUDY 
OP COMMON DISORDERS 

The rather straightforward mendelian rules that 
govern the inheritance of disease traits have been 
worked out for many rare disorders that result from 
highly penetrant changes in a single gene. But teas­
ing out the genetic components ofthe so-called com­
plex disorders — diabetes, heart disease, most com­

mon cancers, autoimmune disorders, and psychiatric 
disorders — that result from the interplay of envi­
ronment, lifestyle, and the small effects of many genes 
remains a formidable task. Most of the successliil ef­
forts to identify genes associated with common dis­
eases have focused on highly heritable subgroups, 
including the BRCAI 1 8 and BRCA21 9 genes in breast 
cancer, the gene for hepatocyte nuclear factor 4a 
(HNF-4a) in maturity-onset diabetes of the young 
(MODY) type I , 1 0 the gene for glucokinasc (GCK) 
in MODY type 2, i l die gene for hepatocyte nuclear 
factor l a (HNF-la) in MODY type 3,2 2 the gene for 
human Mut S homologuc 2 ( h M S H I ) 1 ^ and the 
gene for human Mut L homologuc 1 ( h M l M l ) 2 i in 
hereditary nonpolyposis colon cancer, and the gene 
for a-synuclcin in Parkinson's disease.11 Linkage analy­
sis and positional-cloning techniques arc well suited 
to discovering genes with such strong influences. 
But these strategies are not as easily applied to the 
multiple, low-penetrance variants, which in the ag­
gregate account for a larger percentage of illnesses. 
Identification of weakly penetrant alleles diat con­
tribute to common disorders requires new and more 
powerful approaches. 

To assist in these efforts, the Human Genome Proj­
ect is initiating new studies of genetic variation in the 
human population to provide a dense map of com­
mon DNA variants. DNA sequence variadons include 
insertions and deletions of nucleotides, differences in 
the copy number of repeated sequences, and sin-
glc-nucleotide polymorphisms, or SNPs (pronounced 
"snips"), which occur most frequently throughout die 
human genome. About 1 in every 300 to 500 bases 
in human DNA may be a SNP. 

SNPs can be used as markers in whole-genome 
linkage analysis of families with affected members, as 
well as in association studies of individuals in a pop­
ulation. Association studies may directly test a vari­
ant with potential functional importance or may 
take advantage of the phenomenon of linkage dis­
equilibrium — in which a marker and a gene are in­
herited together — to map gene variants associated 
with disease. Because the human species consists of 
relatively few generations, recombination events have 
not disrupted linkage disequilibrium over distances 
of 3000 to 100,000 bases in most populations. Con­
sequently, association studies view large human pop­
ulations as evolutionary families and do not rely on 
studies of nuclear families for gene mapping.2'1'37 

Some SNPs may contribute directly to a trait or 
disease phenotype by altering function. Though most 
SNPs arc located outside protein-coding sequences, 
those within coding sequences, called cSNPs, are of 
particular interest because they are more likely to af­
fect gene function. A large, wcll-cliaracterizcd col­
lection of SNPs will become increasingly important 
for the discovery of DNA sequence variations that 
affcci biologic fiancrion. Work is already under way 
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with NIH support co develop a catalogue of 60,000 
or more SNPs. A recently formed pharmaceutical 
consortium will support the production of 300,000 
more, with the work being done at the publicly fimd­
ed genome centers and all the data deposited in the 
public domain. This is a wonderful example of a pub­
lic-private partnership to develop a powerful set of 
research tools that all can use. 

NEW FORMS OE TECHNOLOGY 
FOR GENETIC ANALYSIS 
AND RISK ASSESSMENT 

The transition from genetics to genomics marks 
the evolution from an understanding of single genes 
and their individual fijnetions to an understanding 
of the actions of multiple genes and their control of 
biologic systems. Whereas the tools of the Human 
Genome Project initially advanced research on sin­
gle genes, they arc now forming the basis for ge­
nomic-scale analysis of the human organism. 

The so-called DNA chip currendy provides one 
promising approach to genome-scale studies of ge­
netic variation,2* detection of heterogeneous gene 
mutations," and gene expression.3" The result of 
an adaptation of dot blot hybridization techniques, 
DNA chips, also called microarrays, generally consist 
of a thin slice of glass or silicon about the size of a 
postage stamp on which threads of synthetic nucleic 
acids arc arrayed. Sample probes arc added to the 
chip, and matches are read by an electronic scanner. 
As with semiconductors, the capacity of DNA chips 
has doubled about every two years, so chips that 
held a few hundred arrays not so long ago now hold 
hundreds of thousands. 

Microarray technology has been applied to the de­
tection of DNA variations as well as expression of 
messenger RNA in individual cells and tissues. Mi­
croarrays are used clinically to detect human immu­
nodeficiency virus sequence variations, p53 gene mu­
tations in breast tissue, and expression of cytochrome 
r4S0 genes. In the laboratory, microarray technolo­
gy has also been applied to genomic comparisons 
across species,31 genetic recombination,32 and large-
scale analysis of gene copy number and expression, 
as well as protein expression, in cancerous tissues." 

Use of microarrays and other new technologies to 
detect DNA variations holds promise, along with 
family histories and data from large population stud­
ies, for establishing a person's risk of contracting 
common, adult-onset disorders. A base-line genome 
scan could provide helpful information about a per­
son's risk profile and point to the prevention strate­
gies — if available — that should be used. 

GENETIC KNOWLEDGE AND 
INDIVIDUALIZED MEDICINE 

Identifying human genetic variations will eventu­
ally allow clinicians to subclassify diseases and adapt 

therapies to the individual patient. There may be 
large differences in the efFectivcncss of medicines from 
one person to the next. I'bxic reactions can also oc­
cur and in many instances are likely to be a conse­
quence of genetically encoded host factors. That 
basic observation has spawned the burgeoning new 
field of pharmacogenomics, which attempts to use 
information about genetic variation to predict re­
sponses to drug therapies. 

For example, researchers discovered that patients 
with Alzheimer's who have the €4 subtype of the 
gene for apolipoprotcin E (APOEe4), which affects 
cholinergic function in the brain, are less likely to 
benefit from the cholinomimetic drug tacrine than 
are patients without this subtype.34 This finding will 
help in the analysis of data from clinical trials of 
Alzheimer's therapies and will promote the devel­
opment of new therapies specifically designed for 
APO£ e4 carriers. 

In another example, cholesteryl csrer transfer pro­
tein (CETP) plays an important part in the metab­
olism of high-density lipoprotein, a lipoprotein asso­
ciated with lowered susceptibility to atherosclerosis. 
A certain genetic variant of the CETP gene is cor­
related with higher plasma CETP levels and lower 
levels of plasma high-density lipoprotein. One study 
showed that in men who carried this genetic variant, 
treaancnt with pravastatin slowed die progression of 
coronary atherosclerosis.35 This finding may allow 
physicians to predict which patients with coronary 
artery disease will benefit from treatment with pra­
vastatin. 

In a third example, the formation of venous blood 
clots in the brain and legs is a rare but serious side 
effect of birth-control pills. One study has shown a 
dramatically increased risk of cerebral-vein thrombo­
sis among women caking oral contraceptives who 
also carry the blood-clotting variant factor V Lei­
den.44 The risk of other venous thrombotic events is 
also increased in this group. Foreknowledge of the 
presence of this variant and consideration of alterna­
tive forms of birth control might be useful in mini­
mizing the risk of thrombosis in these women. 

Not only will genetic tests predict responsiveness 
to drugs on the market today, but also genetic ap­
proaches to disease prevention and treatment will in­
clude an expanding array of gene products for use in 
developing tomorrow's drug therapies. Since the 
Food and Drug Administration's approval of recom­
binant human insulin in 1982, over 50 additional 
gene-based drugs have become available for clinical 
use. These include drugs for the treatment of cancer, 
heart attack, stroke, and diabetes, as well as many 
vaccines.4"' 

Not all therapeutic advances for gene discovery 
will be genes or gene products. In other instances, 
molecular insights into a disorder, derived from gene 
discovery, will suggest a new treatment. Sodium phen-
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ylbuvyratc, for example, which is approved for the 
regulation of Wood ammonia levels, is being tested in 
clinical trials for the treatment of cystic fibrosis.38 The 
main clinical phenotype in people with cystic fibrosis 
results from a mutation in the gene for cystic fibrosis 
transmembrane conductance regulator (CFTR) pro­
tein. The mutation prevents normal amounts of CFTR 
protein from crossing the cell membrane, diminish­
ing the ability of chloride and water to enter and exit 
the cell. Sodium phenylbutyratc apparently srimu- j 
latcs expression of CFTR protein, allowing more of ! 
it to reach the correct location. 

E T H I C A L , LEGAL, AND SOCIAL 
IMPLICATIONS 

One of the most active areas of the ELSI program 
has been policy development related to the privacy 
and fair use of genetic information, particularly in 
health insurance, employment, and medical research. 
Debates in this area focus largely on the potential of 
genetic information to predict an increased likeli­
hood of the eventual development of a disease phe­
notype in a currently healthy person. 

Although many states have attempted to address 
"genetic discrimination" in health insurance and em­
ployment, federal legislation would provide the most 
comprehensive protection. Concern about the con­
fidentiality of genetic information may make people 
reluctant to volunteer for studies involving disease-
linked gene mutations or genetic therapy, for fear 
that the results could result in the loss of a job or 
the loss of insurance coverage. 

Largely on the basis of recommendations formu­
lated in workshops held by the Human Genome 
Project and the National Action Plan on Breast Can­
cer,w-*0 the Clinton administration endorsed the need 
for congressional action to protect against genetic 
discrimination in health insurance and employment. 
In 1996, Congress enacted the Health Insurance 
Portability and Accountability Act, which represent­
ed a large step toward protecting access to health in­
surance in the group-insurance market but left sev­
eral serious gaps in the individual-insurance market 
that must still be closed. 

In the area of workplace discrimination, the Equal 
Employment Opportunity Commission has interpret­
ed the Americans with Disabilities Act as covering 
on-the-job discrimination based on "genetic informa­
tion relating to illness, disease or other disorders."-" 
But no claims of genetic discrimination have been 
brought to die commission, and the guidance has 
yet to be tested in court, so the degree of protection 
actually provided by the act remains uncertain. 

In the area of privacy, as parr of the partnership 
between the National Action Plan on Breast Cancer 
and the Human Genome Project, medical research­
ers, policy makers, and representatives of law, gov­
ernment, the insurance industry, and public health 

have recently assessed current policies and practices 
designed to protect confidendality in genetics research 
and have identified areas where new or modified 
policies or practices might enhance the protection of 
privacy and promote the conduct of research. The 
group is developing a set of principles for research­
ers, research institutions, state and federal agencies, 
and policy makers to consider in formulating meas­
ures to protect the privacy of research information. 

Other important steps have been taken to ensure 
the responsible integration of genetic tests into clin­
ical practice. For the most part, genetic testing in 
the United States has developed successlully, provid­
ing options for avoiding, preventing, and treating 
inherited disorders. But the rapid pace of test devel­
opment combined with the rush to market new prod­
ucts may create an environment in which the tests 
are made available before chey have been adequately 
validated. On the recommendation of the Task Force 
on Genetic Testing,*2 assembled by che Human Ge­
nome Project's NIH-DOE ELSI Working Group, 
the Secretary of the Department of Health and Hu­
man Services has established an advisory panel to 
ensure the safe introduction of genetic tests into clin­
ical practice. 

Completion of the first human-genome sequence 
and the expansion of human genetic research to in­
clude studies of geneiic variation among subpopula-
tions have raised new questions about ethical, legal, 
and social issues. The 1998-2003 plan includes an 
examination of these issues as well as the integration 
of genetic technology and information into health 
care and public health activities; the use of knowl­
edge about genomics and gene—environment interac­
tions in nonclinical setdngs, examination of a variety 
of philosophical, dieological, and ethical perspectives 
on new genetic knowledge; and consideration of the 
ways in which racial, ethnic, and socioeconomic fac­
tors affect the use, understanding, and interpretation 
of genetic information, the use of genetic services, 
and the development of policy.5 

A HYPOTHETICAL CASE IN 2010 
General visions of genc-based medicine in the fu­

ture arc useful, but many health care providers are 
probably still puzzled by how it will affect the daily 
practice of medicine in a primary care setting. A hy­
pothetical clinical encounter in 2010 is described here. 

John, a 23-ycar-old college graduate, is referred to 
his physician because a serum cholesterol level of 255 
mg per deciliter was detected in the course of a 
medical examination required for employment. He 
is in good healdi but has smoked one pack of ciga­
rettes per day for six years. Aided by an interactive 
computer program that takes John's family history, 
his physician notes that there is a strong paternal his­
tory of myocardial infarction and that John's father 
died at the age of 48 years. 

34 July I , 1999 



NIH/NHGRI 301 402 2218; 11 /23 /99 4:53PM;Jf i tEM_#7; Page 10/16 

SHATTUCK UECTURE — MEDICAL AND SOCIETAL CONSEQUENCES OF THE HUMAN GENOME PROJECT 

To obtain more precise information about his risks 
of contracting coronary artery disease and other ill­
nesses in the future, John agrees co consider a bat­
tery of generic tests that are available in 2010. After 
working through an interactive computer program 
that explains the benefits and risks of such tests, 
John agrees (and signs informed consent) to under­
go 15 genetic tests that provide risk information for 
illnesses for which preventive strategies arc available. 
He decides against an additional 10 tests involving 
disorders for which no clinically validated preventive 
interventions arc yet available. 

A check-swab DNA specimen is sent off for test­
ing, and die results are returned in one week (Table 
1). John's subsequent counseling session with the 
physician and a genetic nurse specialist focuses on 
the conditions for which his risk differs substantially 
(by a factor of more than two) from that of the gen­
eral population. Like most patients, John is interest­
ed in both his relative risk and his absolute risk. 

John is pleased to learn that genetic testing does 
not always give bad news — his risks of contracting 
prostate cancer and Alzheimer's disease are reduced, 
because he carries low-risk variants of the several 
genes known in 2010 to contribute to these illness­
es. But John is sobered by the evidence of his in­
creased risks of contracting coronary artery disease, 
colon cancer, and lung cancer. Confronted with the 
reality of his own genetic data, he arrives at that cru­
cial "teachable nioment" when a lifelong change in 
health-related behavior, focused on reducing specific 
risks, is possible. And there is much to offer By 2010, 
the field of pharmacogenomics has blossomed, and 
a prophylactic drug regimen based on the knowl­
edge of John's personal genetic data can be precisely 
prescribed to reduce his cholesterol level and the 
risk of coronary artery disease to normal levels. His 
risk of colon cancer can be addressed by beginning 
a program of annual colonoscopy at the age of 45, 
which in his situation is a very cost-cftcctive way to 
avoid colon cancer. His substantial risk of contract­
ing lung cancer provides the key motivation for him 
to join a support group of persons at genetically 
high risk for serious complications of smoking, and 
he successfully kicks the habit. 

This vision of genetically based, individualized pre­
ventive medicine is exciting, and it could make a 
profound contribution to human health. For this vi­
sion to be realized, however, protections against the 
misuse of genetic information will need to be firmly 
in place, And another critical challenge must be met: 
physicians, nurses, and other health care providers 
will need to become familiar widi the emerging field 
of genetic medicine. The need for medical genetic 
specialists who can sort out the most complex cases 
will be considerable, but there will not be enough of 
them to go around, and genetic medicine will be 
practiced for the most pare by primary care provid-

TABLS t . RESULTS OF GENETIC. TESTING 
IN A HYTOTHETICAJ- PA TIENT IN 2010. 

RELATIVE UFETME 
CowmoN GENES INVOLVHO* RISK RlSK|%) 

Reduced risk 
Prostite caiucr HfCl, HPC2, HPC.3 0.4 7 
Alulmimcr's dixcasc APOE, FADi, XAD n,5 10 

Coronary artery (iiscase APO& CETP 2.5 70 
Colon canter PCC4t APC 4 23 
Lung cinccr NAT2 6 40 

" W C / , HPC2, and HPC1 ire the three genes tor hefcditirji prmutc 
cancer, AJ'Ob is ihe gene for jpolipoprotein E; PADS and ATAD ire hy 
pothcticnl genes for fimiUal AlidicinierV dementia; APOH i i the gene for 
ipdlipoprtirein CETP is ilic gene tiir cholesteryl escer txaciifcr pmtdn, 
FCCiu. ihe hypothetical gene for fiimilial cnlon ranter; APC is die gene 
for aikiuinwtmis polyposis coli; jitd NAT2 is the gene for N-acervlDiiia-
ferasc 2. 

ers. Numerous surveys have shown that we are not 
currently prepared for this — most practitioners in 
primary care have not had a single hour of instruc­
tion in genetics as part of their formal training.4J-'M 

To meet this urgent need for education, the Na­
tional Human Genome Research Institute, the Amer­
ican Medical Association, and the American Nurses 
Association have recently banded together to form 
the National Coalition for Health Professional Edu­
cation in Genetics (NCHPEG). NCHPEG (accessi­
ble at hrTp://www.nchpeg.org) is a national effort to 
promote professional education and access to informa­
tion about advances in human genetics. An interdis­
ciplinary group, NCHPEG comprises the leaders of 
approximately 100 diverse health professional organ­
izations, consumer and voluntary groups, govenuncnt 
agencies, private industry, managed-care organizations, 
and professional genetics societies. By facilitating fre­
quent and open communication, NCHPEG seeks to 
capitalize on the collective expertise and experience 
of its members and to reduce duplication of effort. 

CONCLUSIONS 
Since the beginning of the Human Genome Proj­

ect, the increasing detail and quality of genome maps 
have reduced the time it takes io find a gene from 
years to months to weeks. We have learned the loca­
tion of approximately half che 80,000 or so genes 
packaged on human chromosomes. Genome research­
ers are at die forefront of cross-disciplinary teclmo-
logical development for the identification and analy­
sis of not just single genes but also whole genomes. 

Most rccendy, wc have begun to get the first 
glimpses of the human genome at its most detailed 
level; about 15 percent of the 3 billion bits of DNA 
code that spell out instructions for every function a 
human body carries out is now available in public 
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data bases. In just 12 months, a highly useful work­
ing draft of 90 percent of the genome will be avail­
able, and by 2003, the full DNA sequence of the hu­
man will give us unprecedented opportunities to 
observe and understand the literal Book of Life. 

As hoped, genome maps, sequence data, and an­
alytic tools are providing a robust technological in­
frastructure for biomedical research well into the next 
century. The Human Genome Project's commitment 
to make these powerful tools freely available means 
that any scientist with access to die Internet can al­
ready apply genomic approaches to individual research 
problems. High-technology research tools developed 
by the Human Genome Project will offer unprece­
dented opportunities to study human biology and 
disease in entirely new ways. 

As genome technology moves from the laboratory 
to the health care setting, new methods will make it 
possible to read the instructions contained in an in­
dividual person's DNA. Such knowledge may fore­
tell future disease and alert patients and their health 
care providers to undertake better preventive strate­
gics. In the wrong hands, however, that same infor­
mation could be used to discriminate against or stig­
matize a person. In response to this concern, the 
Human Genome Project has catalyzed the develop­
ment of policy options for lawmakers to consider in 
their efforts to prohibit genetic discrimination and 
to protect the privacy of genetic information. The 
stage is set to solve these vexing problems with ef­
fective federal legislation, but this window of oppor­
tunity will not stay open indefinitely 

Writing 97 years ago, Sir William Osier described 
the goals of medicine this way: "To wrest from na­
ture the secrets which have perplexed philosophers 
in all ages, to crack to their sources the causes of dis­
ease, to correlate the vast stores of knowledge, that 
they may be quickly available for the prevention and 
cure of disease — these arc our ambitions."45 The 
Human Genome Project, with its audacious goal of 
providing the tools to uncover the hereditary factors 
in virtually every disease, has become a major mod­
ern component of Osier's vision. The genetic revo­
lution in medicine is under wav. 

/ am indebted ta Leslie Fink and Dr. Murium Bouvier for their 
ussisancc in the prtpttraiion tf tht mxnuitripi 
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Contact: MaryPrescott 1-312-397-6604 
Jeanne Corrigan 1-312-397-6610 

THE SNP CONSORTIUM MAKES FIRST SET OF GENE MARKERS PUBLICLY AVAILABLE 

- More than 2,000 Novel Single Nucleotide Polymorphisms (SNPs) 
Now Accessible to Medical Researchers Worldwide -

- SNP Map To Aid Discovery and Development of Safer and More Effective Therapeutics -

Chicago (November 23) - The SNP Consortium Ltd., a collaborative effort to create a database 

of genetic markers called single nucleotide polymorphisms (SNPs), today released into the 

public domain approximately 2300 newly identified and characterized SNPs. These data thus 

become available for the free and unrestricted use of biomedical researchers worldwide. 

The Consortium's SNP data set can be accessed via the Internet, both through The SNP 

Consortium's website (httpi/Zsnp.cshl.org/), and "dbSNP" (http'.//www.ncbi.nlm.nih.gov/Y a 

public database maintained by the National Institutes of Health's National Center for 

Biotechnology Information. 

"Members of the SNP Consortium believe that a high-quality SNP map will prove to be an 

essential tool for understanding the genetic basis of disease, and as such, should not be subject to 

intellectual property restrictions," says Arthur Holden, chairman and chief executive officer of 

The SNP Consortium. 'Today's data release is the first of many we plan over the next two years 

as we work to construct a SNP map that is extensive, reliable, widely accepted, and freely 

available to medical researchers in industry, academic, govemment and independent laboratories. 

We are very excited about this contribution and its impact on speeding up effective 

pharmacogenomic research within the life sciences sector." 

- more -
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Single nucleotide polymorphisms - or SNPs (pronounced "snips") - are minute geneiic 

variations that occur throughout human DNA. Their value as genetic markers resides in their 

simplicity, frequency, and relatively even distribution throughout the genome (the full set of 

genetic instructions, encoded in long strands of DNA). Of the roughly 3 billion nucleotide pairs 

(i.e., the "letters") that make up the genetic code, it is estimated that a SNP - a single letter 

variation in the code from one person to the next - occurs every thousand or so nucleotide pairs. 

A high-density map of these genetic signposts will allow researchers to navigate the genome 

more quickly and efficiently, in search of genes associated with disease. By comparing SNP 

patterns in various patient and control populations, medical researchers hope to identify genetic 

differences that predispose some but not others to diseases, and that underlie variability in 

individual responses to treatment. In turn, this knowledge is expected to enhance understanding 

of disease processes and facilitate discovery, development and delivery of safer and more 

effective treatments. Ultimately, SNP technology may lead to the development of "personalized 

medicine," in which disease prevention strategies and treatments are more closely tailored to an 

individual's genetic profile. 

The SNP Consortium intends over two years to identify 300,000 and map at least 150,000 SNPs, 

evenly distributed throughout the genome. To date, the Consortium has identified over 15,000 

candidate SNPs. The data set released today comprises 2279 SNPs that have been mapped to the 

locations where they occur on the chromosomes. Protocols for quality assurance indicate a 

greater than 95 percent confidence level in the validity of the data (that is, that the genetic code 

indeed varies from one person to another by a single letter at the site of each SNP). Subsequent 

releases of data will occur as additional SNPs are mapped and their authenticity verified. 

As it is constructed, the SNP map will be made publicly available co medical researchers 

worldwide at the same time it becomes available to members of the Consortium, according to 

Lincoln Stein, MD, PhD, of the bioinformatics program at Cold Spring Harbor Laboratory, the 

group responsible for managing the Consortium's SNP database. 

- more -
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The SNP Consortium - an innovative collaboration among industry, the world's largest medical 

research charity, and several leading academic institutions - is organized as a non-profit entity whose 

goal is to create and make publicly available a high-quality SNP map of the human genome. The 

Consortium's members include the Wellcome Trust, Motorola BioChip Systems, and ten 

pharmaceutical companies: AstraZeneca PLC, Bayer AG, Bristol-Myers Squibb Company, F. 

Hoffmann-La Roche, Glaxo Wellcome PLC, Hoechst Marion Roussel AG, Novartis, Pfizer Inc, 

Searle, and SmithKline Beecham PLC. 

Academic centers including the Whitehead Institute for Biomedical Research, Washington University 

School of Medicine in St. Louis, the Wellcome Trust's Sanger Centre, and the Stanford Human 

Genome Center are involved in SNP identification and mapping. The bioinformatics program at Cold 

Spring Harbor Laboratory organizes, analyzes, and manages the resulting SNP database, and oversees 

dissemination of the information contained in the database. 

# # # 
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American College of Medical Genetics 

Position Statement on Gene Patents and Accessibility of Gene 
Testing 
The fruiis of the human genome project are rapidly redefining the medical community's views of patient 
care and moving us from a focus on the treatment of disease to a broader perspective in which prevention 
and diagnosis play equally critical roles. The American College of Medical Genetics (ACMG) believes 
that gene testing - which is vital to all three approaches — must remain widely accessible and affordable, 
and that the development and improvement of safe and effective genetic tests should not be hindered. The 
decision of the Patent and Trademark Office (PTO) to permit the patenting of naturally occurring genes 
and disease-causing mutations has produced numerous difficulties. While the ACMG disagrees with the 
PTO over this fundamental issue, we have further concerns over current patterns of enforcement of patents 
on genes that are important in the diagnosis, management and risk assessment of human disease. 

This statement is directed at current practices related to such enforcement. Enforcement has been effected 
in one or more of these ways: monopolistic licensing that limits a given genetic test to a single laboratory, 
royalty-based licensing agreements with exorbitant up-front fees and per-test fees, and licensing 
agreements that seek proportions of reimbursement from testing services. These limit the accessibility of 
competitively priced genetic testing services and hinder test-specific development of national programs for 
quality assurance. They also limit the number of knowledgeable individuals who can assist physicians, 
laboratory geneticists and counselors in the diagnosis, management and care of at-risk patients. 

Further, restricting the availability of gene testing has long-term implications beyond patient care. It affects 
the training of the next generation of medical and laboratory geneticists, physicians, and scientists in the 
area enveloped by the patent or license. It also retards the usually very rapid improvement of a test that 
occurs through the addition of new mutations or the use of new techniques by numerous laboratories that 
have accumulated samples from affected individuals over many years. 

Therefore, it is the ACMG's position that: 

• Genes and their mutations are naturally occurring substances that should not be patented. 
• Patents on genes with clinical implications must be very broadly licensed. 

• Licensing agreements should not limit access through excessive royalties and other unreasonable 
terms. 

August 2, 1999 
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THE WHITE HOUSE 
W A S H I N G T O N 

October 1,1999 

MEMORANDUM FOR THE PRESIDENT 

JL 
FROM: NEAL LANE ^ 

SUBJECT: GENOME PATENTING 
This memorandum responds to your query regarding the merits of genome patenting. Genome 
patenting is a complex issue that has been debated since large-scale DNA sequencing became 
feasible in the late 1980s. 
What is patentable? 

Patents have been granted to applicants who can show that they have obtained a genomic DNA 
sequence, can describe the protein product encoded by that gene, and can demonstrate the 
function ofthe protein in a living organism. Substantial uncertainty exists regarding the 
patentability of partial or full gene sequences when the applicant does not disclose infonnation 
regarding the fimction or utility ofthe gene and its encoded protein product. The U.S. Patent and 
Trademark Office (PTO) has granted at least one patent on a partial gene sequence but is 
rethinking its position. PTO convened a public hearing on Nov. 5, 1998 to obtain public 
comments on draft guidelines describing the necessary elements for obtaining a patent on 
genome sequences. I understand PTO plans to issue new draft guidance by November 1. 

In 1991, NIH filed patent applications claiming over 6,000 partial gene sequences obtained in the 
laboratory ofDr. J. Craig Venter but has never appealed PTO's denial of these patents. Under 
Harold Varmus, NIH adopted a policy promoting open access to research tools, including 
genomic sequence data. 

PTO and NIH have been at loggerheads over the criteria necessary to obtain patents on genomic 
DNA sequence data, although they agree more generally on the value of patents on the results of 
later-stage genome research in stimulating investment in health care product development. 

What should be patented? 

NIH discourages grantees from seeking patents on so-called raw human genomic DNA sequence 
data. In 1997, NIH, DOE and the U.K.'s Wellcome Trust, partners in the international Human 
Genome Project, adopted a policy (attached) requiring grantees funded specifically to generate 
large-scale human genomic DNA sequence to deposit such data in a public database within 24 
hours of its generation, thus rendering it unpatentable. A September 20th London Guardian 
article inaccurately portrayed this as a new policy designed to preclude all gene patents. (Press 
guidance on this article is attached.) 



The rationale for freely disseminating raw human genomic DNA sequence data is that such 
broad public access will promote innovation and encourage its use in the development of 
downstream products. Moreover, the non-profit supporters of genomic research believe patents 
on early-stage genome data are a disincentive to innovation. That is, drug companies and other 
innovators may be reluctant to invest in product development on the suspicion that, having done 
so, they will leam belatedly that a patent has been granted on a gene sequence critical to their 
product. This will necessitate negotiation of a license for marketing to proceed. This is not an 
unreasonable fear, as some companies describe such patenting as their principal goal, and it may 
be years before the existence of such patents becomes known. While most agree on the value of 
patents for genes about which there is known function or clear utility (for example, diagnostic 
genetic tests), exclusive licenses on these patents are controversial due to their potential for 
restricting the availability of new health care advances. 

Not surprisingly, industry views on patenting the early results of genome sequencing are mixed, 
depending on the company's business strategy. A few companies hope to be able to obtain 
patents on large numbers of raw gene sequences. One significant occurrence is the April 15th 
announcement of a consortium formed among 10 of the world's foremost pharmaceutical 
companies to create a public database of the genetic markers that distinguish one person from 
another. These markers will be valuable for identifying specific genes involved in common and 
rare diseases, developing new diagnostic tests, and creating new "personalized" medicines, based 
on an understanding of minute genetic variations. Members of this consortium believe that it is 
preferable to have these indicators of human genetic diversity in the public domain, as opposed 
to dealing with the licensing issue at a later date. They clearly do not feel that making this 
information public hampers their efforts to develop downstream products based on genetic 
information or threatens their future intellectual property rights. 

The Bayh-Dole Act and other technology transfer statutes give Federal grantees and contractors 
the right to apply for patents on the results of government-funded research. The NIH-DOE 
policy requiring rapid access to raw human genomic DNA sequence data precludes the patenting 
of such information, but once an investigator has determined the biological significance of such 
information, obtaining a patent is straightforward. It seems a reasonable course of action to 
continue the policy of making raw human genomic DNA sequence widely available to the largest 
possible number of inventors, thus stimulating further innovation and product development. 

I believe PTO's guidelines will reflect a bright line approach allowing patents on gene sequences 
only when the inventor can demonstrate how such sequences might be used. I believe this 
approach is the right one for advancing science and for ensuring rapid development of products 
based on that science. The current climate of uncertainty regarding the boundaries of 
patentability is a disincentive to genomic product development, and issuing the guidelines will 
help resolve this problem. 

Attachments 

cc: JohnPodesta 
Bruce Reed 
David Beier 
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The National Human Genome Research Institute 

NHGRI Policy Regarding Intellectual Property of Human 
Genomic Sequence 

POLICY ON AVAILABILITY AND PATENTING OF HUMAN GENOMIC DNA 
SEQUENCE PRODUCED BY NHGRI PILOT PROJECTS (FUNDED UNDER 
RFA HG-95-005) 

April 9,1996 

This document describes the policy ofthe National Center for Human Genome Research 
with respect to availability and patenting of human genomic DNA sequence produced 
under grants funded as a result of RFA HG-95-005. In conformity with the existing spirit . 
and philosophy of the Human Genome Project and in response to the recommendations 
of advisors and the expressed wishes of the community, NHGRI seeks to make DNA 
sequence information available as rapidly and freely as possible. 

Background 

The Human Genome Project (HGP) is an international research effort, begun in 1990, 
which has the scientific goals of generating maps ofthe human genome[l] and producing 
the complete sequence ofthe human DNA by the year 2005. The project was undertaken 
in the U.S. following the advice of several scientific committees that emphasized its 
importance in creating a resource that "will facilitate research in biochemistry, 
physiology and medicine" [2], "have a major impact on health care and disease 
prevention"[2] and provide ""enormous scientific and technological advances..., having 
both basic and commercial applications" [3]. At NIH, the National Human Genome 
Research Institute (NHGRI) was founded to implement the HGP. 

The HGP has progressed rapidly, even beyond optimistic expectations. The initial 
mapping goals are nearly completed and recent improvements in DNA sequencing 
technology and capacity have led many scientists, including NHGRI advisors, to 
conclude diat complete sequencing of human genomic DNA should begin. Early in 1995, 
NHGRI issued RFA HG-95-005 to solicit grant applications for pilot projects to test 
strategies that can potentially scale up to sequence the human genome. The applications 
received in response to the RFA were peer reviewed in the fall of 1995 and approved by 
the National Advisory Council for Human Genome Research in January 1996. A set of 
grants will be funded by April 1996. 

At the inception of the HGP, the planners emphasized that, in order to reap the maximum 
benefit from the HGP, human DNA sequence should be freely available in the public 
domain. The NIH Ad Hoc Program Advisory Committee on Complex Genomes stated 
that "Distribution of and free access to the databases (containing the sequence data) must 
be fully encouraged. Thus, the data must be in the public domain, and the redistribution 
of the data should remain free of royalties." [3] Similarly, the National Research Council 
stated: "...access to all sequences and material generated by these publicly funded 
projects should and even must be made freely available..."[2], Most recently, an 
international group of scientists, from both the public and private sectors, who are 
already involved in genomic DNA sequencing, passed a unanimous resolution that "all 
human genomic DNA sequence information, generated by centers funded for large-scale 
human sequencing, should be freely available and in the public domain in order to 
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encourage research and development and to maximize its benefit to society" [4]. 

There are very strong scientific arguments that human genomic DNA sequence should be 
freely available and in the public domain: 

o The human genomic DNA sequence is unique. Although there are many other types of 
information that contribute to the understanding of human biology, e.g., DNA sequence 
of model organism genomes, in the end, the only source of definitive information about 
the human is the human sequence. 

o The human genomic DNA sequence is a vast resource. It contains a very large number 
of genes and an enormous amount of additional biological information. It is anticipated 
that the sequence resource will be the basis for many useful inventions and patentable 
products. It will take many researchers years to find and characterize all of the genes and 
other functional elements within the sequence and to use that information to develop 
products and other approaches that will improve the health ofthe American people. 

o The human genome is a bounded resource. Once the genome has been sequenced, few 
or no opportunities will exist for discovery of new infonnation that will not make 
reference to, or be dependent on, that first sequence. Thus, it is important to ensure 
maximum access of a large number of parties to the initial genomic DNA sequence as it 
is generated, to provide a broad opportunity for development of new products. 

Policy 

It is therefore NHGRI s intent that human genomic DNA sequence data, generated by the 
projects funded under RFA HG-95-005, should be released as rapidly as possible and 
placed in the public domain where it will.be freely available. In order to implement this 
policy, NHGRI will require that grantees under RFA HG-95-005 adopt a policy of rapid 
release of data to public databases. This policy will be made a condition ofthe award. 

In NHGRI s opinion, raw human genomic DNA sequence, in the absence of additional 
demonstrated biological information, lacks demonstrated specific utility and therefore is 
an inappropriate material for patent filing. NIH is concerned that patent applications on 
large blocks of primary human genomic DNA sequence could have a chilling effect on 
the development of future inventions of useful products. Companies are not likely to 
pursue projects where they believe it is unlikely that effective patent protection will be 
available. Patents on large blocks of primary sequence will make it difficult to protect 
the fruit of subsequent inventions resulting from real creative effort. However, according 
to the Bayh-Dole Act, the grantees have die right to elect to retain title to subject 
inventions and are free to choose to apply for patents should additional biological 
experiments reveal convincing evidence for utility. The grantees are reminded that the 
grantee institution is required to disclose each subject invention to the Federal Agency 
providing research funds within two months after the inventor discloses it in writing to 
grantee institution personnel responsible for patent matters. NHGRI will monitor grantee 
activity in this area to leam whether or not attempts are being made to patent large 
blocks of primary human genomic DNA sequence. 

During this pilot period, NHGRI will be soliciting opinions and collecting evidence from 
the broad scientific and commercial sectors to allow an evaluation of whether the 
approach described above is sufficient to ensure that sequence generated by these grants 
is maximally useful to the research and commercial sectors. If not, NIH will consider a 
determination of exceptional circumstance to restrict or eliminate the right of parties, 
under future grants, to elect to retain title. 
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The National Human Genome Research Institute 

NHGRI Policy on Release of Human Genomic Sequence Data 

March 7,1997 

At the Second International Strategy Meeting on Human Genome Sequencing (Bermuda, 
1997), attendees afFirmed the principle that was set out at the First (1996) International 
Strategy meeting, that primary genomic sequence should be rapidly released. 
Specifically, the report of the first meeting stated that "sequence assemblies should be 
released as soon as possible; in some centres, assemblies of greater than 1 kb would be 
released automatically on a daily basis." Th6 discussions at the 1997 meeting confirmed 
NHGRI1 s conclusions that it is extremely important for its large-scale sequencing 
program to be functioning in a manner consistent with this principle, that such rapid 
release is technically feasible, and that such unfinished DNA sequence data have already 
been found to be useful by the larger scientific community. NHGRI has determined, 
therefore, that its grantees engaged in large-scale genomic DNA sequencing should now 
be automatically releasing sequence assemblies of 2 kb or larger within 24 hours of their 
generation, (the trigger for data release is 2 kb, instead of 1 kb, in order to ensure that the 
released sequence be comprised of at least two sequence reads. Investigators who wish to 
release smaller assemblies may do so.) Any laboratory funded by NHGRI for large-scale 
human genomic sequencing must develop and submit to NHGRI a plan to implement 
such a data release program, which must be implemented within one month of its being 
approved by NHGRI. No non-competing or competing renewal will be funded until an 
acceptable plan has been approved. Mandatory data release as described above will be 
made a condition of the award for any grant funded by NHGRI for large-scale human 
sequencing. 

webmAster@nhsrl.nlh.sov 

Genomic and Genetic Data | Grant Information I Policy and Public Affairs I 
Offsite Resources | The Human Genome Project | About NHGRI | Intramural Research | Keyword Search 

webmaster@nhRri.nih.gov 

http://www.nhgri.nih.gov/GrantJnfo/Fiinding/Statements/RFA/data_release.html 9/22/1999 



Human Gene Patents 
September 20,1999 

Context: Today's London Guardian ran a story stating that Prime Minister Tony Blair and 
President Clinton are negotiating a deal to obtain intellectual property rights on the human 
genome, thereby precluding private sector ventures in this area. U.S. and U.K. government 
officials have been discussing the possibility of issuing a statement endorsing data access 
principles already adopted by an international consortium of human genome researchers, but 
the article's references to government efforts to block private sector patents are inaccurate. The 
President and Prime Minister have not been involved in these discussions. 

Background: The international Human Genome Project is funded primarily by the National 
Institutes of Health and Department of Energy in the U.S., and the Wellcome Trust, a non-profit 
philanthropy in the U.K. Researchers funded by these organizations developed the so-called 
"Bermuda Principles" under which human genome sequence data is deposited in a publicly-
accessible database within 24 hours of being generated. For the past year not-for-profit partners 
have been discussing the possibility of a memorandum of understanding with Celera Genomics, 
a U.S. company beginning human genome sequencing. However, data access has remained a 
sticking point in development of the M.O.U. The public Human Genome Project does not 
maintain intellectual property rights to the data. 

Is the President discussing a deal with the U.K. Prime Minister to stop entrepreneurs from 
profiting from gene patents? 

A. No. The President has not been engaged in these discussions. Govemment officials in 
both countries are in general agreement that DNA sequenced data developed under the 
Human Genome Project ought to be made freely available so as to promote progress in 
biomedical research and the rapid application of such information to the development of 
treatment, prevention and cure of human disease. We believe that a joint statement in 
support of this data access policy might be valuable. 

Q. Who will own the data from the Human Genome Project? 

A. All data are to be deposited daily in publicly accessible databases to ensure that scientists 
around the world have unfettered access, free of charge, to the wealth of information and can 
use it in their research to understand human disease, develop new diagnostics and therapeutic 
interventions, and improve the health of our citizens. 

Because data are deposited daily in publicly accessible sites, no patent protection on raw 
fundamental genome information arising from the Human Genome Project will be sought by 
participants. 
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On the Web 

Scientists Decode Layout Of Human Chromosome 

By Rick Weiss 
Washington Post Staff Writer 
Thursday, December 2, 1999; Page A01 

Scientists from three countries announced yesterday that they had jointly 
determined the piece-by-piece order of virtually all of the 34 million 
chemical "letters" that spell out the genetic code of an entire human 
chromosome. 

The achievement provides the first complete molecular script for a single 
human chromosome, 23 pairs of which carry the estimated 80,000 genes 
that provide the instructions for constructing a human body. 

Researchers around the world praised the advance as a technical tour de 
force, a triumph of international scientific collaboration, and evidence 
that the publicly funded Human Genome Project is on track to 
sequencing by 2002 all of the 3.2 billion units of genetic code that 
together describe how to make a person. 

Scientists hope that by noting "spelling errors" in the chromosomes of 
people with various diseases, they will be able to understand the 
molecular underpinnings of those ailments and develop new therapies. 
But first they must determine the normal sequences for each 
chromosome, as they now have for chromosome 22, the second smallest 
of the human chromosomes. 

"For the hundreds of genes that are on this chromosome, we now have 
their anatomy," said Francis Collins, chief of the National Human 
Genome Research Institute, which funded most of the U.S. contribution 
to the project. "And for all the medical conditions [that are related to 
genes on that chromosome], we'll be that much further along 
understanding them." 

About three dozen diseases are known to be caused by faulty genes on 
chromosome 22. Most are rare, such as DiGeorge syndrome, which 
involves abnormal development of the immune system, and there is 
indirect evidence that a gene on chromosome 22 may contribute to the 
risk of schizophrenia. But with scientists expecting to find a total of 700 
or 800 genes embedded in the chromosome's code, scores of other 
diseases may eventually be shown to have their roots there. 

" I can tell you it is no fun chasing down a disease gene when you're in 
territory no one has ever been in before," Collins said at a Washington 
news conference yesterday. For scientists hunting for important genes on 
chromosome 22, he said, having the complete sequence in hand is "a 
dream come true." 
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dream come true." 

See and hear 
it all Firsthand 

Chromosomal sequence analysis also may provide insights into human 
evolution, because large chunks of molecular text in human 
chromosomes are very similar to certain DNA chunks in animal 

ESO ^^151")^ chromosomes. A comparison of those molecular scripts could reveal 
\ .: how and when various organisms branched off from one another and 

diverged over millions of years. 

"It's like seeing the surface or the landscape of a new planet for the first 
time," said Mark Patterson, an editor at Nature, the scientific journal that 
is publishing the chromosome report today. "It's allowing us to say 
something about its geography, and it's also allowing us to say 
something about its history,. . . how the chromosome evolved." 

A chromosome, like a skein of yam, is a single long strand of DNA 
folded and refolded into a plump, cinch-waisted bundle inside a cell. The 
DNA strand is made of four chemical subunits~the four "letters" of the 
genetic alphabet-strung together by the millions. Anywhere from 1,000 
to a half-million of those letters typically make up a gene, and the order 
of the letters within the gene determines what the gene does in the body. 

The exact meaning of chromosome 22's molecular sequence remains 
mostly a mystery. In some ways, it's like a long run-on sentence in a 
foreign language for which only a modest number of words have been 
translated into English. Scientists understand what the translated words 
mean, and they now know the remaining letters, but most of it remains 
untranslated and therefore the meaning remains unknown. Moreover, 
only about 3 percent of the script is believed to encode working genes, 
with most of the rest of the sequence being "junk" DNA, the function of 
which remains unknown. 

But with chromosome 22's complete script in hand—and with similar 
texts already being translated in other organisms, such as the mouse and 
the fruit fly-scientists said it won't be long before they become fluent in 
the language of human genes and begin to make profound discoveries 
about embryo development, genetic diseases and aging. 

The scientific report lists more than 200 scientists as co-authors, an 
astonishing number that Nature editors said was probably a record. Four 
institutions cooperated in the venture: the Sanger Center in Cambridge, 
England; Keio University School of Medicine in Tokyo; the University 
of Oklahoma in Norman; and Washington University in St. Louis. 

Technically, the sequence is not 100 percent complete. Small gaps, 
constituting a total of about 3 percent of the chromosome's "letters," 
have proven impossible to decode, in some cases because they contain 
confusing strings of repeating motifs. And one specialized end of the 
chromosome, the DNA of which helps cells make another kind of 
genetic material called RNA, is not included in the new analysis. 

But according to a 1996 international convention, a chromosome that is 
at least 95 percent sequenced and whose remaining gaps are small and 
well delineated can be deemed "complete." Various analyses showed 
that the completed sequence contains less than one error for every 
50,000 letters. 
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Researchers on the chromosome 22 project emphasized yesterday that 
the results of their work were made freely available to other scientists on 
the World Wide Web every day as they accumulated. And in stark 
contrast to some privately financed efforts-most notably, that of 
controversial geneticist and entrepreneur J. Craig Venter of Celera 
Genomics Corp. in Rockville—they said no one on the team had filed for 
patents on the genes they had found. 

The Genetic Alphabet 

Every cell of every living organism contains genetic material made up of 
the compounds adenine, thymine, cytosine and guanine, represented as 
A, T, C and G. The precise order of these compounds regulates every 
aspect of an organism's life, from conception to death. 
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Genome Project Reaches Milestone 
1 Bill ion Units oflnformation Decoded 

By Justin Gil I is 
Washington Post Staff Writer 
Wednesday, November 24, 1999; Page E01 

Comparing the effort to unravel all human genes to the push a 
generation ago that put men on the moon, government leaders 
yesterday celebrated a milestone in the project: the decoding of 1 
billion units of genetic information, roughly a third of the total. 

When the project is done, no later than 2003, "we will better 
understand the miracle of how a single cell develops into a unique 
human being," Donna Shalala, the secretary of health and human 
services, said in a speech praising the thousands of researchers around 
the world who are part of the effort. "We will better understand the 
history of life on earth. And we will better understand what binds us 
all together as human beings." 

Managers of the Human Genome Project, as the international 
collaboration is known, called a quick celebration at the National 
Academy of Sciences yesterday to mark a milestone that was actually 
reached on Nov. 17. On that day, the billionth unit, or base pair, of 
human genetic information was deposited in GenBank, the giant 
Internet database that holds the results of gene research. 

Because the entire human genetic code is estimated to contain about 
3.2 billion base pairs, researchers believe they're about a third ofthe 
way toward finishing a draft gene map. Francis Collins, director of 
the National Human Genome Research Institute, said the draft should 
be completed by next spring, with two to three years of polishing to 
follow. 

Yesterday's celebration emphasized the strong international flavor of 
the work, which is being done by 16 laboratories in the United States, 
Britain, France, Germany, Japan and China. The effort, expected to 
cost at least $3 billion by the time it is complete, is being supported in 
this country by the Department of Health and Human Services and the 
Department of Energy. 

Researchers joked yesterday about the difficulty of explaining their 
work. In one sense, they are simply reading the order of letters in a 
highly repetitive template that regulates human biology. There are 
only four letters: A, T, C and G, representing the chemicals adenine, 
thymine, cytosine and guanine. They appear in monotonous strings 
that look like GAATTCCATA CATTTCTTCT, and go on and on for 
billions of letters. 
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of life. Every human cell has a copy of the master template, and the 
particulars of genetic sequence determine how that cell behaves. The 
Human Genome Project promises to shed light on such puzzles as 
how people respond to infectious disease, why some people get 
cancer and others don't, how arteries in the heart clog up, how babies 
develop and what can go wrong in the process, and why people grow 
old and die. 

The Human Genome Project was on a leisurely course for completion 
in 2005 when its leaders were shocked last year by a series of 
developments. Several private firms, benefiting from technology 
developed through years of public investment in the project, 
announced large, rapid gene-sequencing ventures. Most notably, 
Celera Genomics Corp. of Rockville said it would unravel the entire 
human genome faster than the Human Genome Project. 

The competition sparked a notable acceleration in the public venture. 
The goal of a rough draft is new, and the final deadline was moved up 
two years. Collins said yesterday that most of the billion base pairs 
now in GenBank were unraveled in the past seven months, indicating 
that the project is progressing rapidly. 

Several institutions were praised yesterday for making particularly 
large contributions to the project. They included gene-sequencing 
units at the Baylor College of Medicine in Houston, at Washington 
University in St. Louis, and at the Massachusetts Institute of 
Technology in Cambridge, Mass.; a Department of Energy unit called 
the Joint Genome Institute in Walnut Creek, Calif; and the Sanger 
Centre, a huge sequencing center in Cambridge, England. 

© Copyright 1999 The Washington Post Company 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public HBHIQ) Service 

February 28,2000 
DETERMINED TO BE AN 
ADMINISTRATIVE MARKING 
INITIALS:^LL_DATE: t)4(tLrrL 

National Institutss of Heetti 
Nallenal Human G^rwn* 
Research instkute 
37 csrtar MM MSC si BZ 

B«thssda,MD 20*^2152 
(SDt) 4BW)844 
FAX (801)402^897 

-CONFIDENTIAL J. Craig Venter. Ph.D. 
Mr.Tony>Vhiw 
Arnold Levine. Ph.D. 
Mr. Paul Gilman 
Celera Genomics Cotporation 
45 WMtGude Drive 
Rockville, Mttylaod 2OS50 

Dear Dt. Venter, Mr. White, Dr. Levine end Mr. Oilman: 

We appreciated the chance w meet with you en Deeember 29.1999, to discuss possible groutidt for 
a eellaboration between the public Human Geaoiafc Project (HGP) and Cdcra Ocnomics. on 
deriving the sequence of tha human genome. Prior to tbe December 29 meeting, there had been 
numerous discussions about a possible model for collaboration, most notaWy those among Eric 
Lartdor, Craig Venter, Harold Varmus, and Amie Levine. The five Largest genoms centers (Baylor, 
tbe JGL Sanger. Washington University, and the Whitehead Inaiituie, refetred to as the G5) had 
been fully briefed on those discussions, and had asked the four of us to represeot the public HOP in 
any negotiations. Other membeis of the iatemationa) tequeneing oonsortium were also briefed in 
general on these developments. We had wepared a propoaed statement of "Shwed PrineipJes" 
(enclosed) whieh we thought accurately reflected the conclusions of the earlier conversations with 
Celera. From the prevjoue comacis, we did not expect these to be particularly cgntroversial, and 
were thus disappointed to leam the day before the meeting that some of those principles might not 
be shared by Celera. Nonetheless, we attempted to negotiate on December 29 in good fBilh. 

A number of important points of agreement between ourselves and Celera were reached on 
December 29. These included the conclusion that an active collaboration to merge the two data sets 
could produce a substantially better product, since it would allow bilateral sharing of 
electrophoretic traces and a joint effort to ruolve discrepancies. At a technical level, this kind of 
data sharing SA not seem to present a substantial hurdle In the implemenuuion of a joint effort. 

However, several fundamental differences emerged. These are outlined below; 

1) Since its inception, the public HGP has been committed to ptodadng human genomic sequence 
for all to use without any barriers or restrictions, in the expectation thai this policy would maximize 
the benefit to huraankind. That policy was explfcitly cocfified in 1996. If a collaboration were 
initiated, however, Celera indicated they would expect exclusive commercial rights of distribution 
of the merged produat, most likely even beyond th* ourrant projacted date of completion of the 
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human genome sequence by the public eonsortinm In 2003 (2005 was mentioned). While we 
understand Celera's busineu imperatives, the extent of this claim seamed inappropriate to us. The 
product of a sequence data merge between the HGP and Celera in ihe summer of 2000 would 
reflect the collection of shotgun data at roughly I Ox redundancy, and would not be of equivalent 
quality to the finished product expected from the HGP in 2003. Many sequence gaps and regions 
of ambiguity would be present in the proposed Celera/HG? merged product, By eunent plans, if no 
collaboration waie initiated, the public HOP expeots to have completed shotgun coverage on 
available genomic clones by no later than December 2000. This would argue that the period of 
exclusive rights to commeniiat distribution of the merged data set by Celera should be limited to no 
more than 6-12 months after the inidailen ef the collaboration. 

2) In view of the public HOP'S oommitmeni to finishing the human sequence. It would be expected 
that ongoing efforts would be needed after the merge to close gaps and clear up ambiguities. The 
design of such finiahlng sttategies would optimally make full use of the merged data set. On 
December 29, however, Celera argued that tbe output of any further imptoveraents in the sequence 
chat resulted from the use of the merged data set would also fall under their exclusive rights for 
commercial distribution. Such a restriction would put the public HOP in an ongoing position of 
producing data that was less than fully accessible, which would bo inconsistent with the 
internationally agreed principle of open access. To avoid this, the public HOP might actually be 
forced to continue to collect additional independent and redundant shotgun data in parallel with the 
collaborative effort, although this position was apparently also unacceptable to Celera. Given 
Celcm's stated plans to make their own vertiOn of the data available to the academic community, 
even in the absence of a joint effort, it is not clear why or how Celera would expect to prevent the 
public HGP from udliztng the complete merged data set in directing finishing efforts. 

3) The public HOP was also conpemed by Celera's Slated desire to have their prepejed commercial 
rights over the joint product extend beyond databases to experimental applications, such as the 
construction of genome chips, large primer Sett, Of applications to prcrfeomics and analysis of 
regulatory sequences. We were not previously aware of the intention for those commercial rights to 
extend beyond databases. While establishing a monopoly on commercial uses of the human 
genome sequence may be in Celera's business interests, it is not in the best interests of science or 
the goneral public. 

4) While both parties agreed that wide distribution via both a DVD and the internet was desirable to 
facilitate access to the sequence, there appeared to be substantial differences in how this might be 
implemented. The public HGP feels that the sequence, along with jointly derived annotation, must 
be available from one or more noncommercial sites, whereas Celera wishes any internet access to 
be exclusively through a Celera postal. 

S> We were eoncennd about Celera's possible intentiea to publish (he results of their marge of the 
public daia and their own data, in the event that no agreement is reached. Although the public 
effort has explicitly made preliminary sequence available for all to use for both academic aad 
commeroial research purposes, die public consortium reasonably reserves the right to be the first to 
puUich iw own data Iti a pccr-rcvicwcd Jonmal. PubHeatie* of other jroupa' primary data without 
consent is considered to be a breach of scientific ethics. In addition, it is counter to accepted 
scientific practice for authors to present results without having examined the primary data. 
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These are substaotive issues. We left the December 29 meeting grateful that the exchange had been 
so open and wide-ranging, but uncertain whether Ccleea's stated positions were hardened or still 
open to negotiation. At the conclusion ofthe meeting, an parties agreed that a follow-up meetins 
would probably be needed. 

One of us (PSC) attempted to reach Dr. Venter to set Up a follow-up meeting, but was directed 
instead to Mr. White. In a phono call on Jamuzy 22, Mr. White reiterated the points outlined 
above, and indicated that a follow-up meeting would only make sense if the public consortium 
agreed to grant Cetera commercial protecdoo for the sequence In their database well beyond the 
time it would have taken the public HGP to generate an equivalent product. Mr. White stared that 
be expected cotnniBrcial protection for at least 3 to 4 years, and preferably longer. He also held fast 
ro the demand that finishing efforts by the public consortium, carried out after the merge. Would 
need to be under Ae same restrictions. When it was pointed out that this was particularly puzzling, 
since if there were no collaboration the HGP could ptesumably use Celera's proposed DVD to aid 
finishing and (hen place those additional new reads in public databases, Mr. White indicated that 
they were rethinking their DVD plans, and that the sequence data might only be available on their 
web site, perhaps with some restriction 00 this sort of finishing activity by others. 

When asked about the extent to which Celera would see their restrictions applying to uses of the 
genome sequence other than commercial databases, Mr. White JX it crated that Celera would expect 
chip companies to pay a license for tbis use. As to other genome-wide uses of the human sequence, 
he said that Celera has not yet defined which types of experiments would require a license, but left 
the door open to that being broader than just chips. 

When asked whether there was some flexibility in the positions outlined by Celera on Dec, 29, Mr. 
White did not encourage that view. 

Despite this diseowaging interaction, one of us (FSC) has been attempting for more than two weeks 
to reach Dr. Venter to see whether there are any remaining grounds for pursuing the collaborative 
model. After several unanswered phone calls and e-mails ouillntog the reason for the attempted 
contact. Dr. Venter's assistant indicated that he is too busy with other matters right row to discuss 
this until soine time after March 6. 

A clear oonciuaion aeems to axiso from Celera's seUon* on and subsequent to Decembet 29-. that 
there is no real interest on the part of Celera in continuing to pursue this particalu collaborative 
model. This is disappointing, since much work has gone Into exploring such an option, and we had 
been hoperful in light of tbe success of (he collaborative effort on the Drosophila sequence that 
something similar could be woiked out for the human project. 

Continued ambiguity is not conduelve to earty completion ofthe human genome sequence. 
Ttverefpfe, unless Celera indicates in the next week (by March 6,2000) that the conoiuiions of this 
letter are substantively ineotreet, we will conclude diat the initial proposal whereby the data from 
the public HOP and Celera arc collaboratively merged is no longtr workable. 
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Page four 

We maud ready «nd willing (o engage in further con venations al any time. 

With t>est regards, 

Sincerely youts, 

Frtncis S. Collins, M.D., Ph.D. Harold Vannue, MJO. 

Manin Bobrow, CZSS DSC PRO* Rohan H. WaierSton, MJQ., Ph.D, 
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DrTE^MwePTOBEAN 
ADMINISTR̂ TJVTE MARKING pflNinnrKlTIAI 
INITIALS:JBfcriL_DATE: e*4(0l*(n 

December 28, 1999 

SHARED PRINCIPLES 

There seems to be general agreement that.' 

o The public HGP and Celera Genomics each have the capadry ro generate substantial 
coverage of the sequence of the human genome. 

o Humankind will be better served if we can find a viable way to join forces to produce a 
bettor product in a more timely fashion. 

o The methods being used (clone-based and whole-genome shotgun) are. in fact, 
complementary. They provide much opportunity for cross-checking. 

o A collaboration would offer the opportunity for joint optimization of experimentnj 
strategy and analytical methods. 

o The current antagonism and excessive competition should be replaced with a more 
collaborative spirit. 

• The public HGP is committed 10 the complete sequence of the human genome being 
freely available in the public domain, 

o The public HGP understands that Celera Genomics will be making its gsnsensus 
sequence of the human genome broadly available. 

o Celera Genotnios is able to see assembled data, generated by die public labs and is [tec 
to use it for its proprietary databases, but & scientific publication that combines 
substantial data from both sources should, according to accepted scientific practice, be a 
joint publiaation involving authors from both groups. 

The outline of a collaborative effort might be as follows: 

1. Joint Publication. • 

The two sides -would agrpo to joint publication of a colleborative paper reporting joint 
analysis of both die public and Celera data, co-authored by appropriate scientists from 
both sides. An additional paper reporting analysis of the public data from the public HGP 
labs might also be simultaneously submitted. 

The collaborative paper would necessarily involve that co-authors from the public side 
have suff Iciont access to the Ccleia data and any joint analysis during the preparation of a 
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paper to be able to comfortably sign their names to a paper. ^ v n uu.ni rrcr 

There is some concern about the appearance of public HGP scientists having access to 
Celera's data before it is made public. The best solution might be to limit the period of 
access, perhaps to 90 days before submission of a paper. 

The most realistic timeframes -would be to aim for the paper(s) to appear near the end of 
2000 (perhaps in Science), which would requite submission in the late summer or fall and 
would involve collaboration beginning in the late spring or summer. 

It is important that the public oousortium'a participation in this collaboration docs not 
contribute directly to development of intellectual propeny for Celera. whether in terms of 
sequence or SNPs. 

2. Data Release. 

The public HGP will continue to release their data immediately. 

Celera and other companies would continue to be free to use these data to create and sell 
databases. 

Upon publication of rhe papers, the human sequence produced from the analysis of the 
public and Celera data will also be released in accessible "media". The ideal medium 
(because of its utuversal accessibility) would be an internet-accessible database. Access 
solely through Celera's database has substantial disadvantages from the public 
consortium's perspective. 

3. Public Relations 

Consideration will be given to preparing a brief statement indicating thai tbe possibility 
of collaboration is being explored. During the negotiations no information will be 
provided to the press by either party. 

If agreement is reached, the two sides will jointly prepare a document and press releases 
describing the rationale for and nature of the collaboration. Both sides will make all 
efforts to support tbis agreement. This Includes honest and straightforward responses to 
scientific inquiries, but avoiding disparaging the other party, sowing discord or 
undermining the collaborative spirit. It will requite a generosity of spirit in 
acknowledging the legitimate and important role of both parties. 
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Gslt*»Gw>ml<»Cdl'p. 
45 Wen Qude Drive Tel; 240 453-3000 
RoctevHIe. MO 208S0 PSK 240 453-42 \ 4 

Max** 7,2000 wwwxe.̂ xom 

Francis Collins, M.D., ?h.D. 
Martin. Bobrow \o 
RobertH.WBterston»MJ>.,Ph.D. J[ C E L E R A 
Harold Varmus, MD. ^ 
National Institutes of Heallh 
National Human Qenoms Research Institute 
31 Center Drive MSC 2152 
Building 31, Room 4B09 
Bethesda. MD 20892-2152 

Dear Francis, Robert, Martin, and Harold: 

I am responding to your letter of February 28,2000. A preliminary question involves 
your current motivations. While I would Ilka to believe that the purpose fbr your letter 
involves furthering good faith efifrito toward collaboration, various aspects of the letter 
indicate die opposite. It presents a one-week ultimatum, reflecting an apparent disregard 
for tho fact that, as my office infonned you, I have been entirely unavailable travelling 
during the past few weeks (the exception being the one day 1 was in Washington during 
that period when you were unable to meet with me). While I do not understand the need 
for your deadline, Celera has no interest in obstructing or delaying the public effort. 

I am also eoncemed by the implications ofthe release of your letter to the press prior to 
my re mm and response. This obviously conflicts with what I thought we both agreed 
would be important to reaching agreement in this complex area — avoiding public 
posturing and contention. While Celera has no issue with publicly standing behind its 
position, I trust you anticipated the consequences of releasing to the press your selective 
perspectives on our discussions. If you disfavor collaboration, a simple "no thank you" 
will suffice. 

Speaking for Celera, we continue to be interested in pursuing good feith di&euesions 
toward collaboration. Assumiog that there Is a reciprocal interest in good faith 
discussions and given the recent misirfarmaiion, let me reiterate Celera's consistent 
position. 

As documented in the June S, 1998 issue of Science, Celera's goal is to both discover and 
broadly disseminate the human genome sequence. Given the costs and value of this 
effort, we attempted to clarify a dissemination model that is fair and reasonable. 
Particularly for pure research applications, we foresee Information being released at little 
or no cost to the end user. For those looking to use our information to their financial 
benefit, we are unapologetic in seeking a reasonable return for our efforts. At the same 
time, and as distinguifihed from tha business model s of many of our competitors, we 
anticipate broadly disseminating iofbrmation without the inherent detenent of requiring 
database users to pay onerous royalties on the discoveries they make with our data (often 
referred to as "reach-through" royalties). We have already entered into several third-
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party agreementa that bind us to this. Wo will continue to react unfavorably to claims 
that Celera's intends to withhold infonnation and delay progress, particularly when our 
fundamental mission is to accelerate tbe dissemination of infonnation. 

As you know, our meeting with you on Dooember 29, 1999 grew out of a series of 
discussions with Eric Lander ofthe Whitehead Institute. These discussions produced 
some reasonable goals and tbe potential basis of a sound agreement Unfortunately, Dr. 
Lander was not a member of your negotiating team and the scope of the December 29 
meeting Changed dmmatieally. Much ofthe discussion was based on. hypothetical 
scenarios that had little to do with the earlier discussions. As a result, a number of points 
in your letter dramatically misstated Celera's position. For ejcamplc, your discussion of 
our needs for intellectual property protection is quite distorted. We stated a need for data 
protection in response to your assertion that your researchers should have total access to 
all of Cclexa's data at their laboratories, including our electrophoretic files. These data 
axe of sigmfieant oommerciai importance and we naturally responded that we would need 
sufficient protection tor them. You have now asserted that Celera's inteQectual property 
protections made in response to your requirement aie inhibitions to the collaboration, 

Our collaboration with Dr. Gerald Rubin of Berkeley oo the Drosophila genome has been 
a model that has been remarkably productive, The terms of that agreement were reviewed 
and approved by Dr. Collins, Dr. Varmus, and representatives of the Wellcome Trust 
Despite your recent actions we remain hopefttl that collaboration on similar terms can be 
achieved for the human genome. 

Let me restate Cdera's position on the terms of collaboration: 

• As with the Drosophila genome, Celera will assemble the human genome with its 
own data. Public data will be used for Bomparative purposes. As demonstrated with 
Drosophila, exoelleat assembly was achieved without the public rough draft data, 
However, Celera is prepared to assemble a consensus human genome using its data 
and the data produced by the public human genome pjrqject. As with the Drosophila 
genome, scieatists from the public sequencing labs would be welcome to come to 
Coleia and verify these date and 10 analyze the resulting genome. 

• As with the Drosophila gename, joint publications would be produced describing the 
finished human genome. 

• The finished eeaome consensus sequence would be available to all researchers. We 
believe a web-based version at Celera's site is an appropriate balance between an 
open distribution and a protection of our commercial interests. We have also 
discussed a DVD version and we are open to that option. 

• Researchers would be free to use the published data in their research at no cost, 

• The only restriction that Celera has ever requested is that other database providers 
would be prohibited from providing or selling Celera's data as their own. We 
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certainly agree that if the public project wanted to publish a vereioa ofthe genome 
that did not depend in any way on Cdcra data wc would have no objection to your 
distribution of those data. 

While it is not our preference to negotiate this eollaboratioa through the media, we feel 
compelled to release this letter to the media in order to coirect the misconceptions created 
by your released letter. 

We beH«ve that speed is essential for completing the genome. Its completion is the 
beginning of a new era in medicine that many Kves depend on. The research that follows 
is far more important than squabbles over credit fbr its completion. Our consistent goal 
has been to pursue alternatives that will benefit science and the public while at the same 
time fulfilling our obligations to our shareholders and fairly rewarding thcro for their 
investment. 

; Venter. Ph,D. 
'•president 

cc: £. Lander 
M. Huntapillar 
A. Levine 
T.White 

* * TOTAL PflQE.lQ * * 

TOTAL P .14 



DRAFT 

PROCLAMATION TO ENSURE THAT 
DISCOVERIES FROM THE HUMAN GENOME 
ARE USED TO ADVANCE HUMAN HEALTH 

In the last decade of the twentieth century, scientists from around the world initiated one of 
the most significant scientific projects of all time: to determine the DNA sequence ofthe 
entire human genome, the human genetic blueprint Progressing ahead of schedule, human 
genome research is rapidly advancing our understanding of the causes of human disease and 
will serve as the foundation for development of a new generation of effective treatments, 
preventions, and cures. To realize this promise, fundamental data on the human genome, 
including the human DNA sequence and its variations, must be made freely and broadly 
accessible to scientists everywhere/The human genome is the fundamental shared heritage 
of all humankiriEDpnenciunbered access to this infonnation is essential to enable 
discoveries that will reduce the burden of disease and promote health around the world. We 
applaud the decision by scientists working on the Human Genome Project to release 
information about the human DNA sequence and its variants rapidly into the public domain, 
and we call on all scientists worldwide to adopt this policy. 

A— 
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Public Health Service 

February 28, 2000 DETERMINED TO BE AN 
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National Institutes ol Heallh 
National Human Genome 
Research Institute 
31 Center Drive MSC 2152 
Building 31, Room 4B09 
Bethesda, MD 20892-2152 
(301) 496-0844 
FAX (301) 402-0837 

J. Craig Venter, Ph.D. 
Mr. Tony White 
Arnold Levine, Ph.D. 
Mr. Paul Gilman 
Celera Genomics Corporation 
45 West Gude Drive 
Rockville, Maryland 20850 

Dear Dr. Venter, Mr. White, Dr. Levine and Mr. Gilman: 

We appreciated the chance to meet with you on December 29, 1999, to discuss possible grounds for 
a collaboration between the public Human Genome Project (HGP) and Celera Genomics, on 
deriving the sequence of the human genome. Prior to the December 29 meeting, there had been 
numerous discussions about a possible model for collaboration, most notably those among Eric 
Lander, Craig Venter, Harold Varmus, and Amie Levine. The five largest genome centers (Baylor, 
the JGI, Sanger, Washington University, and the Whitehead Institute, referred to as the GS) had 
been fully briefed on those discussions, and had asked the four of us lo represent the public HGP in 
any negotiations. Other members of the international sequencing consonium were also briefed in 
general on these developments. We had prepared a proposed statement of "Shared Principles" 
(enclosed) which we thought accurately reflected the conclusions of the earlier conversations with 
Celera. From the previous contacts, we did not expect these to be particularly controversial, and 
were thus disappointed to leam the day before the meeting that some of those principles might not 
be shared by Celera. Nonetheless, we attempted to negotiate on December 29 in good faith. 

A number of important points of agreement between ourselves and Celera were reached on 
December 29. These included the conclusion that an active collaboration to merge the two data sets 
could produce a substantially better product, since it would allow bilateral sharing of 
electrophoretic traces and a joint effort to resolve discrepancies. At a technical level, this kind of 
data sharing did not seem to present a substantial hurdle in the implementation of a joint effort. 

However, several fundamental differences emerged. These are outlined below. 

1) Since its inception, the public HGP has been committed to producing human genomic sequence 
for all to use without any barriers or restrictions, in the expectation that this policy would maximize 
the benefit to humankind, That policy was explicitly codified in 1996. If a collaboration were 
initiated, however, Celera indicated they would expect exclusive commercial rights of distribution 
of the merged product, most likely even beyond the current projected dale of completion of the 
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human genome sequence by (he public consonium in 2003 (2005 was mentioned). While we 
understand Celera's business imperatives, the extent of this claim seemed inappropriate to us. The 
product of a sequence data merge between the HGP and Celera in the summer of 2000 would 
reflect the collection of shotgun data at roughly lOx redundancy, and would not be of equivalent 
quality to the finished product expected from the HGP in 2003. Many sequence gaps and regions 
of ambiguity would be present in the proposed Celera/HGP merged product. By current plans, if no 
collaboration were initiated, the public HGP expects to have completed shotgun coverage on 
available genomic clones by no later than December 2000. This would argue that the period of 
exclusive rights to commercial distribution of the merged data set by Celera should be limited to no 
more than 6-12 months after the initiation of the collaboration. 

2) In view ofthe public HGP's commitment to finishing the human sequence, it would be expected 
that ongoing efforts would be needed after the merge to close gaps and clear up ambiguities. The 
design of such finishing strategies would optimally make full use of the merged data set On 
December 29, however, Celera argued that the output of any further improvements in the sequence 
that resulted from the use of the merged data set would also fall under their exclusive rights for 
commercial distribution. Such a restriction would put the public HGP in an ongoing position of 
producing data that was less than fully accessible, which would be inconsistent with the 
internationally agreed principle of open access. To avoid this, the public HGP might actually be 
forced lo continue to collect additional independent and redundant shotgun data in parallel with the 
collaborative effon, although this position was apparently also unacceptable to Celera. Given 
Celera's stated plans to make their own version of the data available to the academic community, 
even in the absence of a joint effort, it is not clear why or how Celera would expect to prevent the 
public HGP from utilizing the complete merged data set in directing finishing efforts. 

3) The public HGP was also concerned by Celera's stated desire to have their proposed commercial 
rights over the joint product extend beyond databases to experimental applications, such as the 
construction of genome chips, large primer sets, or applications to proteomics and analysis of 
regulatory sequences. We were not previously aware of the intention for those commercial rights to 
extend beyond databases. While establishing a monopoly on commercial uses of the human 
genome sequence may be in Celera's business interests, it is not in the best interests of science or 
the general public. 

4) While both parties agreed that wide distribution via both a DVD and the internet was desirable to 
facilitate access to the sequence, there appeared to be substantial differences in how this might be 
implemented. The public HGP feels that the sequence, along with jointly derived annotation, must 
be available from one or more noncommercial sites, whereas Celera wishes any internet access to 
be exclusively through a Celera portal. 

5) We were concerned about Celera's possible intention to publish the results of their merge of the 
public data and their own data, in the event that no agreement is reached. Although the public 
effort has explicitly made preliminary sequence available for all to use for both academic and 
commercial research purposes, the public consortium reasonably reserves the right to be the first to 
publish its own data in a peer-reviewed journal. Publication of other groups' primary data without 
consent is considered to be a breach of scientific ethics. In addition, it is counter to accepted 
scientific practice for authors to present results without having examined the primary data. 
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These are substantive issues. We left the December 29 meeting grateful that the exchange had been 
so open and wide-ranging, but uncertain whether Celera's stated positions were hardened or still 
open to negotiation. At the conclusion of the meeting, all parties agreed that a follow-up meeting 
would probably be needed. 

One of us (FSC) attempted to reach Dr. Venter to set up a follow-up meeting, but was directed 
instead to Mr. White. In a phone call on January 22, Mr. White reiterated the points outlined 
above, and indicated that a follow-up meeting would only make sense if the public consonium 
agreed to grant Celera commercial protection for the sequence in their database well beyond the 
time it would have taken the public HGP to generate an equivalent product. Mr. White stated that 
he expected commercial protection for at least 3 to 4 years, and preferably longer. He also held fast 
to the demand that finishing efforts by the public consortium, carried out after the merge, would 
need to be under the same restrictions, When it was pointed out that this was particularly puzzling, 
since if there were no collaboration ihe HGP could presumably use Celera's proposed DVD to aid 
finishing and then place those additional new reads in public databases, Mr. White indicated that 
they were rethinking their DVD plans, and that the sequence data might only be available on their 
web site, perhaps with some restriction on this sort of finishing activity by others. 

When asked about the extent to which Celera would see their restrictions applying to uses of the 
genome sequence other than commercial databases, Mr. White reiterated that Celera would expect 
chip companies to pay a license for this use. As to other genome-wide uses of the human sequence, 
he said that Celera has not yet defined which types of experiments would require a license, but left 
the door open to that being broader than just chips. 

When asked whether there was some flexibility in the positions outlined by Celera on Dec. 29, Mr. 
White did not encourage that view. 

Despite this discouraging interaction, one of us (FSC) has been allempting for more than iwo weeks 
to reach Dr. Venter to sec whether there are any remaining grounds for pursuing the collaborative 
model. After several unanswered phone calls and e-mails outlining the reason for the attempted 
contact, Dr. Venter's assistant indicated that he is too busy with other matters right now to discuss 
this until some time after March 6, 

A clear conclusion seems to arise from Celera's actions on and subsequent to December 29: that 
there is no real interest on the part of Celera in continuing to pursue this particular collaborative 
model. This is disappointing, since much work has gone into exploring such an option, and we had 
been hopeful in light ofthe success of the collaborative effort on the Drosophila sequence that 
something similar could be worked out for the human project. 

Continued ambiguity is not conducive to early completion of the human genome sequence. 
Therefore, unless Celera indicates in the next week (by March 6,2000) that the conclusions of this 
letter are substantively incorrect, we will conclude that the initial proposal whereby the data from 
the public HGP and Celera are collaboratively merged is no longer workable. 
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WL- stand ready and willing to engage in further conversations at any t 

With best regards. 

Sincerely yours, 

Francis S. CoMine, M.D., Ph.D. 

i me 

Harold Varmus. M.D. 

Manin Bobrow, C B E DSC FRCP 
Roben H. Waterston, M.D., Ph.D. 
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December 28, 1999 

SHARBD PRINCIPLES 

There seems to be general agreement that: 

o The public HGP and Celera Genomics each have the capacity to generate subsianiial 
coverage of the sequence of the human genome, 

o Humankind will be better sierved if we can find a viable way to join forces to produce a 
better product in a more timely fashion. 

o The methods being used (clone-based and whole-genome shotgun) are, in fact, 
complementary. They provide much opportunity for cross-checking. 

o A collaboration would offer the opportunity for joint optimization of experimental 
strategy and analytical methods. 

o The current antagonism and excessive competition should be replaced with a more 
collaborative spirit, 

o The public HGP is committed to the complete sequence of the human genome being 
freely available in the public domain. 

o The public HGP understands that Celera Genomics will be making its consensus 
sequence of the human genome broadly available. 

o Celera Genomics is able to see assembled data generated by the public labs and is free 
to use it for its proprietary databases, but a scientific publication that combines 
substantial data from both sources should, according to accepted scientific practice, be a 
joint publication involving authors from both groups. 

The outline of a collaborative effort might be as follows: 

1. Joint Publication. 

The two sides would agree to joint publication of a collaborative paper reporting joint 
analysis of both the public and Celera data, co-authored by appropriate scientists from 
both sides. An additional paper reporting analysis of the public data from the public HGP 
labs might also be simultaneously submitted. 

The collaborative paper would necessarily involve that co-authors from the public side 
have sufficient access to the Celera data and any joint analysis during the preparation of a 
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J Ll\( im paper to be able to comfortably sign their names to a paper. 

There is some concern aboul the appearance of public HGP scientists having access to 
Celera's data before it is made public. The best solution might be lo limit the period of 
access, perhaps to 90 days before submission of a paper. 

The most realistic timeframe would be to aim for the paper(s) to appear near the end of 
2000 (perhaps in Science), which would require submission in the late summer or fall and 
would involve collaboration beginning in the late spring or summer. 

It is important that the public consortium's participation in this collaboration does not 
contribute directly to development of intellectual property for Celera, whether in terms of 
sequence or SNPs. 

2. Data Release. 

The public HGP will continue to release their data immediately. 

Celera and other companies would continue to be free to use these data to create and sell 
databases. 

Upon publication of the papers, the human sequence produced from the analysis of the 
public and Celera data will also be released in accessible "media". The ideal medium 
(because of its universal accessibility) would be an internet-accessible database. Access 
solely through Celera's database has substantial disadvantages from the public 
consortium's perspective. 

3. Public Relations 

Consideration will be given to preparing a brief statement indicating that the possibility 
of collaboration is being explored. During the negotiations no information will be 
provided to the press by either party. 

If agreement is reached, the two sides will jointly prepare a document and press releases 
describing the rationale for and nature of the collaboration. Both sides will make all 
efforts to support this agreement. This includes honest and straightforward responses to 
scientific inquiries, but avoiding disparaging the other party, sowing discord or 
undermining the collaborative spirit. It will require a generosity of spirit in 
acknowledging the legitimate and important role of both parties. 
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Swept away in a gold rush to cash in on our 
genes 
By Ellen Goodman, Globe Staff, Globe Columnist, 3/5/2000 

I have to tip my cap to Donna MacLean. The British poet and 
waitress walked into a patent office and filed an application for a 

very unusual invention: "Myself." 

"It has taken 30 years of hard labor for me to discover and invent 
myself," she wrote, "and now 1 wish to protect my invenlion from 
unauthorized exploitation, genetic or otherwise." 

MacLean was motivated by a sense of humor and a sense of outrage. It 
seems she'd been reading about companies trying to patent genes and 
decided she'd better hang on to her own private property. 

Hers is more of a statement than a solution; it's better perfonnance art 
than patent law. But she's onto something. 

We are close to deciphering all the human genes. Scientists expect to 
complete sequencing the 3 billion units that make up our DNA by tlie 
end ofthe year. 

Most of these 3 billion bits are, I hate to say, pretty worthless, no matter 
how attractively they maybe arranged in Ms. MacLean. We share 30 
percent of our genes with lettuce. But some genes may hold secrets that 
cure cancer, Alzheimer's, and other scourges of our genetic inheritance. 
So the scientists working on the Human Genome Project are putting 
sequences into the public venue - the Internet - for all researchers as 
fast as they can. 

Meanwhile, a few companies like Celera, run by the flamboyant J. 
Craig Venter, are racing to stake a private claim on whole stretches of 
DNA. The president of Incyte has bragged that whoever wins the 
patenting race will become the "eBay for genes." They can offer them 
for commercial use to the highest bidder. 

The gold rush for patents on every gene, whether it has a known use or 
not, has gotten the scientific community and at least one poet-waitress 

3/6/00 12:08 PM 
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worried. 

It's not just the philosophical questions - Who owns my body? Who 
owns the entire genetic repository of the human species? - that spook 
people. (Let's remember that eBay was just asked to auction off a 
human soul.) There is also a question about the public good. What's the 
best, fairest, fastest way to go from mapping the human genome to 
curing human disease? 

There is something to be said for patenting. In theory, it gives private 
companies the incentives to get the medicine to the marketplace. 
Scientists may be satisfied with Nobel Prizes, but stockholders want 
returns. 

On the other hand, patenting can inhibit progress by making it 
prohibitively expensive. The marketplace does a dicey job of regulating 
medicine. Just compare the falling cost of a Palm Pilot and the rising 
cost of medicine. 

When can patenting help and when can it hurt? At the moment, Ellen 
Clayton, director of Vanderbilt's Genetics and Health Policy Center, 
expresses a view shared by many that "patents are being awarded for 
too little intellectual work." 

Consider the current feud over rights to a gene that may be important in 
AIDS therapy. A group of AIDS researchers discovered a promising 
use for CCR5. But a biotech company that did little more than list the 
letters and number on the code already had a patent on its commercial 
development. It was, rued researcher Robert Gallo, as if the biotech 
company said, " I found a fungus, therefore I should get credit for 
penicillin." 

The questions being raised now are: Should the people - or even the 
computer - doing the relatively routine work of identifying a gene get to 
be the landlord charging whatever the market will bear? Or should that 
property go to the person who figures out what to do with it? 

Francis Collins, head ofthe Human Genome Project, uses a tollbooth 
analogy. "Medical research is a road to discovery," he says. You start 
out on a bumpy path with a lot of ruts, wrong turns, and dead ends. You 
get along far enough until you see a clear way to turn knowledge into a 
product. "At that point it's OK to have a toll. You need to do the upkeep 
on the road. The patent maintains the road." 

But i f the tolls start piling up too early, too often, and too expensively, 
nobody will take that road. "The tendency in biotechnology has been to 
put the tollbooths earlier and earlier," says Collins. Business is hogging 
tlie freeway. Patent law and the Patent Office were set up long before 
anyone heard of DNA. Now the whole blueprint is in play. 

f3 3/6/00 12:08 PM 
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In France you can't patent genes at all. In Britain, our gal Donna is 
trying to get a poetic grip on "myself." Before someone comers the 
American market on chromosomes, we'd belter protect public access to 
a nice, clean, affordable set of genes. 

Ellen Goodman is a Globe columnist. 

This story ran on page C7 of the Boston Globe on 3/5/2000. 
© Copyrifiht 2000 Globe Newspaper Company. 
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THE WHITE HOUSE 

W A S H I N G T O N 

February 11, 2000 

MEMORANDUM FOR THE PRESIDENT 

FROM: NEAL LANE p f f . 

SUBJECT: GENE PATENTS 

L.A. Times article 

Reaction to today's L.A. Times article has been extremely positive from the scientific 
community. We had very strong supportive statements from NIH and AAAS. Industry support 
depends on the business strategy of the company. Some companies whose financial plan is 
based on obtaining broad patents and Controlling access to the information will not be happy. 
Other firms might rejoice in a policy that obviates their having to negotiate licenses in order to 
develop gene-based products. In a discussion earlier this week, Craig Venter, CEO of Celera 
Genomics, told me that he didn't think that patents ought to be granted on raw DNA sequences 
without accompanying information on its usefulness (See attached background paper). 

Process for Deciding Which Gene Patents will be Approved 

On December 21, the Patent and Trademark Office published draft guidelines to help clarify 
requirements for obtaining gene patents. This issue has been debated for the past few years, with 
some friction apparent between PTO and the National Institutes of Health. In the new 
guidelines, PTO indicated that the agency's policy was moving in a direction that makes NIH 
and the scientific community happy, but the situation is still not resolved. There is general 
agreement that raw DNA sequence without accompanying evidence of function of the gene or its 
protein product is not patentable. On the other end of the spectrum, it is also clear that an 
applicant will be granted a patent when he/she knows the sequence of a specific gene, what 
protein the gene codes for, and what the protein does in the body. This information would 
satisfy the utility criterion in patent law. I thought you made both of these points very clearly in 
your interview. The problem is the grey area in between. 

PTO's draft guidelines state that an applicant must disclose a "specific and substantial utility that 
is credible." My staff (with OVP, DPC and OMB) met with Todd Dickinson, Patent 
Commissioner, on Jan. 7, to discuss the utility standard. At that meeting, PTO promised to issue 
examples of how this statement would be interpreted, but have not yet done so. These examples 
are critical to understanding the somewhat vague guidelines. I will communicate to Todd 
Dickinson the need to issue the examples in short order and extend the comment period, if 
necessary. 



The PTO is a service organization serving the needs of the scientific and technological 
communities, in industry and academia. I think your interview was particularly useful in letting 
all parties know your position on the value of making genetic information public. 

Public/Private Cooperation in the Human Genome Project 

On a final note, I believe negotiations have stalled between the private and public sectors 
engaging in human genome sequencing. Both Craig Venter and Francis Collins ( NIH) profess 
continued interest, however. I think some form of collaboration would demonstrate the 
complementarity of the two activities and accelerate scientific progress. This is a noble goal, and 
I will pursue it but have no illusions as to whether or not it can be achieved. 

Attachment 

cc: John Podesta 
Chris Jennings 
David Beier 
Eddie Correia 
Tom Kalil 



GENE PATENTING 

This paper describes the current state-of-play with respect to gene patenting. The handful of 
companies that have pinned their hopes on patenting and licensing human genetic infoi mation 
are enjoying a meteoric rise in stock prices. Their fortunes depend almost entirely on where the 
U.S. Patent and Trademark Office draws the line between patentable and unpatentable subject 
matter. Other players including pharmaceutical and biotechnology companies, and academic 
biomedical researchers, are also concerned about the potentially broad scope of gene patents. 
The uncertainty of what subject matter PTO may declare patentable forces "defensive patenting'7 

to ensure a patent position in the absence of a definitive policy. 

The Constitution gives Congress the broad mandate "...to promote the Progress of Science and 
useful Arts." By statute, the U.S. Patent and Trademark Office grants patents on inventions that 
have utility, that have been adequately described, are novel and non-obvious. Patents provide 
inventors with rights to exclude others from making, using or selling their invention and are, 
therefore, a significant incentive for inventors to disclose the invention. Public disclosure of an 
invention affords others the opportunity to develop improvements under appropriate licensing 
agreements with the patent holder; and to avoid duplicative efforts. 

Gene sequencing used to be a very laborious process that was undertaken after isolating a gene 
thought to be associated with a disease or normal biological function. With the advent of 
automated sequencing in the late 1980's, it was possible to ascertain the order of letters making 
up the human genome before one knew the function of a particular gene, or even where one gene 
ended or another began. This made it conceivable that with gene recognition software, patent 
applications might well be filed without any knowledge of what a gene or its protein product 
actually did in the body. In fact, the first notable set of gene patent applications contained not full 
gene sequences but only pieces of genes.1 Since then, according to PTO, the level of 
sophistication of patent applications has risen, and applications are more likely to contain the full 
gene sequence and some degree oflnformation regarding the function of its protein product. It is 
now possible, once the DNA has been loaded into a sequencing machine, to ascertain its 
sequence, compare it to other known sequences, and generate and file a patent application, 
without any human intervention. Some critics view this possibility as a failure in the patent 
system. 

Patent law requires an applicant to explain how the invention might be used before a patent can 
be granted. This criterion might be met, for example, by claiming that a disclosed gene encodes 
a protein that is a key component in the immune system and might be useful in the treatment of 
leukemia. At issue is the degree of certainty the PTO will demand to satisfy the utility criterion. 
It appears that PTO will allow an applicant to obtain a patent based on a computer-generated 
function or utility, a position that attracts substantial concern. It is hoped that PTO's 
forthcoming examples of patentable matter will help clarify the boundaries of patentability left 
unresolved by the Dec. 21, 1999 guidelines. 

' in 1991, NIH filed three patent applications claiming over 6,000 partial gene sequences obtained in the laboratory 
of Dr. J. Craig Venter. 



THE WHITE HOUSE 

W A S H I N G T O N 

February 9, 2000 

MEMORANDUM FOR JAKE SIEWERT 

FROM: NEAL LANE 

SUBJECT: 2/10 LA.TIMES INTERVIEW 

Peter Gosselin consulted with my staff in preparing his Feb. 7 article on gene patents. This 
morning he shared his possible focus for tomorrow's interview. He is likely to ask these two 
questions: 

Question: Should the public have access to the human genetic code? 

Answer : Yes - absolutely. Genetic discoveries are going to have profound impacts on 
American life. I want to make sure that the public reaps the maximum benefit from these new 
advances and is protected from any possible abuses. I am working to see that science and 
technology can proceed within the bounds of our most deeply held human values. One of those 
values is to seek ways to reduce human suffering. 

The best way to ensure that scientific progress is made as quickly as possible is to gel the results 
out there as quickly as possible, free from any encumbrances. That is the rationale behind the 
policy adopted by the supporters of the Human Genome Project—the National Institutes of 
Health and the Department of Energy—as well as our British partner, the Wellcome Trust. They 
require that their grantees make public raw human DNA sequence data-- that is, the four letters 
ofthe genetic code in their proper order—within one day of deciphering the code. I fully 
endorse the policy of providing rapid, unencumbered public access to human genome sequence 
data, and applaud scientists who adopt this stance, in this country or abroad, in academia or 
industry. 

Question: If so, do you have concerns that the rush to patent genes will get in the way of 
public access? 

Answer: I don't believe that good patents will get in the way of rapid dissemination ofthe 
genetic code. Patents have an important role in encouraging companies to invest in product 
development. Intellectual property protection—the grant of some rights over the markets created 
by one's own inventions—is a vital incentive to getting the genetic code translated into the next 
generation of gene-based health care products. That's the central tenet of our patent system, as 
designed by Thomas Jefferson and defined in our Constitution, to promote the "Progress of 
Science and the Useful Arts." So in order to stimulate innovation, the government has to worry 
about what happens all along the pipeline, from the most basic research, which we conduct in our 
labs or sponsor in universities, to the more applied end of the continuum, which requires a 
smooth handoff to the private sector. One of the things the government can do at this end ofthe 



innovation cycle is to provide adequate incentives to industry in the form of intellectual property 
protection. Without intellectual property protection and private sector risk-taking, we will not get 
maximum economic or medical value out of all of our scientific efforts. 

The issue of gene patents came up when the First Lady and 1 hosted a Millenium evening on 
October 12. Eric Lander, one of the leaders in genetic research and director of one of the five 
principal human genome sequencing centers, expressed his concerns about overly broad gene 
patents. I gather that there is some uncertainty in the scientific community, both in industry and 
academia, as to where the Patent and Trademark Office draws the line on patentability of the 
results of genome research. 

Right before Christmas, the PTO issued draft guidelines that are intended to clear up this 
situation. These guidelines are still out for public comment but I think there is general 
agreement that the Patent Office is going in the right direction. This Office has the job of 
upholding patent law and determining whether or not the claims in a patent application meet the 
criteria in the law. But within these bounds, Commissioner Dickinson also exercises his 
judgement and I think he is sensitive to the demands of a rapidly moving technology like 
genomics. The Commissioner has indicated that PTO will not issue gene patents without a 
specific, substantial, and credible utility. We need good, strong patents in order to provide 
adequate incentives for industry to pursue. It is through good patents that the public will get a 
return on its investment in fundamental genome research. This return will come about by way of 
the revolution in medical treatment based on discoveries from the human genome and 
biotechnology inventions of all sorts, many of which we can't even imagine right now. 

Attachment: 
Feb. 9 note regarding draft U.S.-U.K. Joint Statement to Ensure that Discoveries from the 
Human Genome are Used to Advance Human Health 

cc: John Podesta 
Joe Lockhart 
Karen Tramontano 
Chris Jennings 
David Beier 



February 9, 2000 

Note from Neal Lane re: Draft U.S.-U.K. Joint Statement to Ensure that Discoveries from the 
Human Genome are Used to Advance Human Health 

I have been working for several months with my British counterpart, Lord David Sainsbury, to 
construct a joint statement to be issued by our respective heads-of-sate. The draft statement 
(attached) would endorse the policy of rapid, unencumbered access to human genome sequence 
data that is currently in operation within the publicly-funded, international Human Genome 
Project. The statement has been cleared by relevant EOP offices and agencies including the 
Office ofthe Vice President, Domestic Policy Counsel, White House Counsel, National Security 
Counsel, National Economic Counsel and the Department of Health and Human Services. There 
is one point left to resolve with the Patent and Trademark Office. 

When our draft is cleared, 1 intend to send it to Lord Sainsbury, who has communicated 
informally that Prime Minister Blair is receptive to issuing such a statement (see attached note lo 
Lord Sainsbury from Jonathan Powell, the Prime Minister's Chief of Staff). However, it would 
be premature to mention this statement in public before the U.K has had the opportunity to vet it. 

Francis Collins and others in the scientific community are eager to have this statement made 
public as soon as possible. 

Attachments 
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DRAFT DRAFT 
JOINT STATEMENT TO ENSURE THAT 

DISCOVERIES FROM THE HUMAN GENOME 
ARE USED TO ADVANCE HUMAN HEALTH 

In the last decade ofthe twentieth century, scientists from around the world initiated one 
of the most significant scientific projects of all time: to determine the DNA sequence of the 
entire human genome, the human genetic blueprint. Progressing ahead of schedule, human 
genome research is rapidly advancing our understanding ofthe causes of human disease and will 
serve as the foundation for development of a new generation of effective treatments, preventions, 
and cures. Intellectual property protection, for fundamental genome sequence information that 
has been isolated from its natural state and shown to be useful, will play an important role in 
stimulating the development of important new gene-based health care products. 

To realize the full promise of these discoveries, fundamental data on the human genome, 
including the human DNA sequence and its variations, should be made freely and broadly 
accessible to scientists everywhere. Unencumbered access to this information will promote 
discoveries that will reduce the burden of disease and improve health around the world. 
Discoveries related to the human genome will improve the quality of life for all humankind. We 
applaud the decision by scientists working on the Human Genome Project to release information 
about the human DNA sequence and its variants rapidly into the public domain, and we 
commend all scientists worldwide who adopt this policy. 




