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THE NATIONAL INSTITUTES OF HEALTH: DE-
CODING OUR FEDERAL INVESTMENT IN
GENOMIC RESEARCH

THURSDAY, MAY 22, 2003

HOUSE OF REPRESENTATIVES,
COMMITTEE ON ENERGY AND COMMERCE,
SUBCOMMITTEE ON HEALTH,
Washington, DC.

The subcommittee met, pursuant to notice, at 10 a.m., in room
2123, Rayburn House Office Building, Hon. Michael Bilirakis
(chairman) presiding.

Members present: Representatives Bilirakis, Brown, Eshoo,
Green, Strickland, and Capps.

Staff present: Steve Tilton, health policy coordinator; Cheryl Jae-
ger, majority professional staff; Eugenia Edwards, legislative clerk;
John Ford, minority counsel; and Jessica McNiece, minority staff
assistant.

Mr. BiLIRAKIS. I now call to order this hearing of the Health Sub-
committee, and I'd like to start by welcoming our witnesses and
thanking them for joining us today, in addition to thanking them
for all their great work on this subject over the years.

Your thoughts and recommendations should prove valuable as
we consider Congress’ role in ensuring that genomic research con-
tinues to advance.

In particular, I'd like to take a moment to note that we have two
of the brightest minds in this field, and I really shouldn’t say this
because it looks like I'm belittling the roles of the others, but that’s
the way my remarks are written. In any case, I'm referring to Doc-
tors Collins and Venter, who are testifying this morning. Your con-
tribution to the development of a comprehensive sequence of the
human genome has been invaluable, we wouldn’t be where we are
today if not for your efforts.

The sequencing of the human genome is one of the most signifi-
cant scientific achievements of the 20th Century. Of course, the im-
petus for this promising research can be traced back to one seminal
event, James Watson and Francis Crick’s Nobel Prize winning de-
scription of the DNA double helix 50 years ago, and I know the
members of this committee are well aware that we recently ap-
proved a resolution recognizing both of these monumental events.

As this research moves forward, I believe it’s incumbent upon
this committee and on Congress to ensure that the National Insti-
tutes of Health, which is truly the crown jewel of our biomedical
research enterprise, continues to play an active role, and that’s
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why it’s important for us to learn more about how NIH’s organiza-
tional structure has fostered both the sequencing of the human ge-
nome and the dissemination of this information to the research
community.

As we will no doubt discuss today, genomic research at NIH is
spread across a number of institutes and centers, each of which re-
ceives its own line item congressional appropriation, considering
that the Director of NIH is only allowed to transfer 1 percent of
each institute and center’s budget I am interested in learning how
NIH plans to continue development and implementing the com-
prehensive genomic research plan for the 21st Century.

I'm also looking forward to hearing from our panelists today
about the challenges they see facing us in the future in this field.
While Congress will certainly have to deal with some of the ethical,
legal and social implications this new field of research is pre-
senting, I know we all hope that we will be able to take this infor-
mation and translate it into new diagnostic and therapeutic prod-
ucts that will greatly improve the health of everyone.

I'd like to again offer a warm welcome to all of our panelists and
thank them for their time and effort in appearing before the sub-
committee this morning, and now I'm pleased to recognize the
ranking member, my friend from Ohio, Mr. Brown, for his opening
statement.

Mr. BROWN. Thank you very much, Mr. Chairman, and I wel-
come all of you all here. Doctor Collins, it’s nice to have you again
in front of our subcommittee.

Last month, this committee reported out, as the chairman said,
H.Con.Res 110, a resolution particularly relevant to our hearing
today, it recognized the 50th anniversary, as the chairman said, of
discovery of the double helix structured DNA. And now, with genet-
ics and the burgeoning field of genomics we truly moved into a new
era. The people in front of us today we should thank for much of
that progress.

Doctors will have tools to assess diseases in terms of their
causes, not just their symptoms. The human genome of an orga-
nism can be known in a matter of weeks or months now, and not
years or decades. CDC’s efforts in sequencing the corona-virus
linked to the recent SARS outbreak provided us a glimpse of what
this new era may, in fact, hold. Scientists will begin to know why
some people and not others get sick from certain infections or envi-
ronmental exposures. I can only begin to imagine what this means
for healthcare delivery in this country. Clearly being asked by your
doctor about your family history will take on a full new meaning.

There are also critical non-medicine applications of genomics. Or-
ganisms will begin to play critical roles in solving environmental
and energy challenges like cleaning up contaminated waste sites
and generating hydrogen for clean energy production. The Federal
Government has invested wisely in genomic research, their returns
promise to be extraordinary, providing friends and loved ones ben-
efit from what we have learned about genetic links to diabetes, to
Parkinson’s, to Alzheimer’s, to breast and ovarian cancer, to
colorectal cancer, to Cystic Fibrosis, to Huntington’s disease, to a
whole host of illnesses.
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I think we can all agree genomics will play a central role in our
Nation’s biodefense. Within 6 months of the anthrax attacks,
genomic tools were used to improve our ability to characterize the
lethal Ames strain. We should also not overlook the impact this in-
vestment has on the public health infrastructure as a whole. When
we invest in research, we are also investing in education.

NIH reports that Ph.D. faculty in U.S. medical schools has in-
creased by double digits, as a result of the Federal investment in
research. We talk about Federal involvement, we are talking about
investing taxpayer money. Taxpayers pay for this research, the tax-
payer are entitled to the fruits of his or her investment.

Thomas Jefferson, a stalwart proponent of a knowledge-based so-
ciety, recognized, “the illimitable freedom of the human mind,” in
that each generation must advance the knowledge and well-being
of humankind indefinitely. The free and unfettered access to dis-
coveries, free and unfettered access to information, are critical, not
only because it’s the right thing to do, but because locking it
uplocking up information or the use of that information will not
only slow progress, but also undermine our intent to improve the
lives of everyone, not just those who can afford it.

Information sharing was certainly a component of making inter-
national efforts to the Human Genome Project a success, we should
ask for nothing less as we move forward.

I'm hoping our witnesses today will provide insight on what we
need to think about as policymakers as genomic research translates
into every-day application. One issue is intellectual property. Are
we spending taxpayers money to create a drug or a therapy only
to have them pay again, and again, and again, for access to it?
Something we have done far too much in this Congress, in this so-
ciety, with the FDA, with NIH, with CDC.

Another issue is the importance of strong genetic, non-discrimi-
nation policies. My colleague, Ms. Slaughter, from New York, has
introduced legislation that would address the particular abuse of
genetic information by insurers and by employers. I co-sponsored
this legislation and hope this subcommittee will consider taking an
active position on this issue, rather than waiting for press reports
detailing how health insurance providers provide coverage or em-
ployees are fired because of genetic profiling. Genomics offers excit-
ing opportunities to strengthen our public health system, to
strengthen our public health infrastructure. We are entering a new
era as a result in health and in healthcare.

I'm glad our subcommittee is celebrating the Human Genome
Project for the landmark achievement that it is.

I thank the chairman.

Mr. BILIRAKIS. I thank the gentleman.

Mr. Green, for an opening statement.

Mr. GREEN. Thank you, Mr. Chairman, for holding this hearing
on what is an exciting field of genomic research. For more than two
decades, the science community has worked diligently to map the
human genome. This is an undertaking that has broad implications
for how we study and treat almost every disease known to man,
and we all thrilled to see this program succeed, when just last
month on Doctor Collins’ birthday I note when it was announced
that the genome had essentially been completely sequenced. It is
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even more impressive that the mapping of the genome has been
completed ahead of schedule and under budget, and I think that’s
something we don’t hear in the halls of Congress very often.

This project is a perfect example of how our investment in bio-
medical research can yield significant results that will greatly im-
prove the health of all Americans, and while I enjoy hearing about
NIH because they give me the opportunity to brag about the work
being done in my own hometown, Baylor College of Medicine. The
human genome sequencing Center at Baylor has been NIH’s part-
ner in the Human Genome Project since its inception, along with
the Whitehead Institute, for biomedical research at MIT and Wash-
ington University in St. Louis, and the Joint Genome Institute at
DOE, and the Sanger Institute in England. Baylor has recently
completed its portion of the Human Genome Project, chromosomes
312 and a portion of X, and is nearly completing their rat genome
project.

As we know, the laboratory rat is widely used in disease models
and research programs directed at understanding and treating and
preventing many human diseases. In addition to the work being
done on the human rat genome project, the Baylor Center is cur-
rently engaged in many other sequencing projects, including the se-
quencing of the honey bee, the fruit fly and the sea urchin. These
projects will help science better understand evolution specification,
how genes turn on and off during the development of the animal
from the fertilized egg, and genome genetics influences on social
behavior. In addition, Baylor will soon be beginning to work on the
rhesus macaques, the widely used primate for biomedical research,
and the rhesus monkey is particularly important because its re-
sponse to the SIV and is widely recognized as the best animal
model for the human immune deficiency virus, HIV infection.

And again, Mr. Chairman, there are so many things we could all
talk about, and I'd like to put the rest of the statement in the
record, but I'm glad you are having this hearing today, and I apolo-
gize there are not other members, but I guess some of us who have
watched this project, and supported it, and encouraged the funding
for years, it’s a great day to have a hearing and talk about the good
things that we can do.

Thank you.

Mr. BILIRAKIS. I thank the gentleman.

Ms. Capps, for an opening statement.

Ms. CApPPS. Thank you, Mr. Chairman, and thank you for holding
this 1h}elzaring and for your commitment to the National Institutes of
Health.

You know, some days it doesn’t look there’s very much to find
good about my job, being here in Congress, and on those days and
on days when I see a lot of bashing of government, Federal Govern-
ment particularly, in the media, or get a lot of complaints from my
constituents about various of our enterprises here, I stop and think
aboutand generally, when I'm looking for something positive to
think about with respect to our Federal Government I think about
that campus in Bethesda and the National Institutes of Health, a
wonderful use, in my opinion, of taxpayer dollars, an international
Ambassador of good will and scientific research around the world,
and it’s a pinnacle to me, and I'm pleased that all of you are here
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and that we cannot give recognition to what you do, particularly as
we are doing today, to discuss and hear from you about the Human
Genome Project, certainly one of the great scientific discoveries of
all times.

No measure of pride in myself, but we are alive here to see this,
and I think about the charts on my chemistry wall when I was a
kid in high school and how those used toit’s revolutionary what’s
been discovered. The example of what can be accomplished in this
country when our society, through the Federal Government, comes
together behind a goal.

And, I wanted to today at least use part of the time to look at
that as an example, and a testament to the benefits that we can
derive by properly funding the National Institutes of Health. Hope-
fully, the results in the Human Genome Project will mean a whole
new era of medical advances and treatment, and that’s where we
wantl wantguidance from you and ways that we should support
what you do so that that can be an outcome.

This hearing and your discoveries also raise so many new ques-
tions about how we should proceed with research, how new treat-
ments are developed, and who will benefit from them. There are
choices to be made all along this path. It is going to undoubtedly
lead to many fractious debates and contentious legislative battles
for this committee on issues we have not even yet begun to think
about, and I know that for some ideology often get in the way, and
there, too, I hope we can look to you to assist us in that fine line
or that delicate balance that we will be uncovering.

I believe, with all my heart, that the opportunities that this
project, the Human Genome Project, have provided us far outweigh
any of this fractious debate that’s going to ensue. I think it’s very
worthwhile to pursue along and for us to be partners with you and
supporters of what you do. I look forward to seeing what you are
able to develop from this project, and I support the resolution that
we put forth.

This hearing also is a start of a series of hearings on the struc-
ture and effectiveness of NIH, and that is something I salute our
leadership, that’s a project I wholeheartedly endorse.

I'm proud of the fact that I've been here as we have just com-
pleted doubling of the NIH budget, and this committee examined
what NIH is doing with the added resources, but even as we exam-
ined the structure and the funding I hope that we will not short-
change NIH on future funding. The proposed budget, I believe,
asks for far too little increases for the NIH, increases so small that
many in the scientific community are concerned that the gains that
have been won may now be lost, and I believe this is a poor way
for us to handle the investments that we have made in previous
funding sources to what you are doing.

So, I want that to be part of our discussion. I look forward to
ways that we can capitalize on the investments that have already
been made, and I thank the Chair for yielding to me.

Mr. BILIRAKIS. The Chair recognizes the gentlelady from Cali-
fornia, Ms. Eshoo, for an opening statement.

Ms. EsH00. Good morning, Mr. Chairman, and to my colleagues,
and to the very, very distinguished panel that’s here today. I thank
you, Mr. Chairman, for holding this very important hearing.
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The Human Genome Project is, I think, the most exciting topic
that this committee has had before it in years, and I've been here,
this is my, I think, ninth year on the committee. Our witnesses, all
of whom I believe took part in this magnificent effort, have
changed the course of science and of medicine forever. Your work
on the human genome is the key to unlocking many of the mys-
tﬁriesd of how our bodies function and why they function the way
they do.

Genomics is the future of medicine. It will help doctors and sci-
entists determine why one person gets ALS, why another gets Alz-
heimer’s, and why, perhaps, another lives to the age of 105. It will
also help determine how to fix problems in the body that lead to
these diseases. It will help biotechnology and pharmaceutical com-
panies tailor medicines to combat one type of breast cancer over
another. It will help doctors establish early on, when we’re still ba-
bies, what we’re at risk for and how we can prevent or minimize
these diseases we are coded to get.

I think that you have helped to bring us to the threshold where
we tiptoe into the mind of the Creator, and this is, I think, the
most exciting thing of all. I've always been a supporter of funding
for research at NIH, which I call our national institutes of hope,
and for basic science research at agencies like the Department of
Agency and the National Science Foundation. It’s efforts like the
Human Genome Project that are crystal clear examples of why
Congress has a duty and a role to play in funding basic research.

And, while this Human Genome Project is a key to unlocking
many of life’s mysteries, it also opens up a whole host of questions,
many of which it will be up to Congress to answer and with you
as our guides. How to protect, how do we protect against genetic
discrimination? How do we ensure that everyone, across all social
and economic divides, have access to the miracles that genomics
bring? How does our healthcare system bear the costs associated
with knowing about disease years in advance? How will Medicare
handle the costs of a potentially elongated life span? These are only
a sample of the issues that will come up over the next few decades
as we work to know more about ourselves and use that knowledge
for the overall good of the people of our Nation.

As a Member of Congress who represents a congressional district
known for its advancements in science and technology, I look for-
ward to hearing each one of the witnesses in their testimony ad-
dress and, perhaps, hear their thoughts on some of the questions
I've raised. I also look forward to working with each one of you over
the years to help harness and guide the extraordinary knowledge
that you have given to us. It’s absolutely magnificent, and I want
to salute you for it, and I look forward to the testimony that you
are going to offer today.

Thank you, Mr. Chairman.

Mr. BiLIRAKIS. I thank the gentlelady.

[Additional statement submitted for the record follows:]

PREPARED STATEMENT OF HON. W.J. “BILLY” TAUZIN, CHAIRMAN, COMMITTEE ON
ENERGY AND COMMERCE

Thank you, Mr. Chairman, for holding this timely hearing today. Last month, the
country and the world celebrated two of the greatest scientific achievements of all
time: the discovery of the double helix structure of DNA and the completion of the



7

sequencing of the human genome. Testifying before us today are five of the most
renowned scientists in the field of genomics research. It is truly an honor to have
all of you before our Committee at the same time.

Both Dr. Collins and Dr. Venter should be commended for their leadership in
mapping the human genome and providing all scientists will the tools and tech-
nology to really move the field of genomics forward. Dr. Patrinos and Dr. Waterston,
I understand you both played pivotal roles in the Human Genome Project. Dr.
Patrinos, as you are aware, the Energy and Commerce Committee has broad juris-
diction over the Department of Energy and its programs and management. Our ju-
risdiction includes national energy policy generally, the exploration, production,
storage, supply, marketing, pricing and regulation of energy resources, including all
fossil fuels, solar energy, and other unconventional or renewable energy resources.
Therefore, we have a keen and continuing interest in the activities of the Office of
Science. I know the Department of Energy has allocated funding to its own
genomics program. I look forward to learning more about how this program will op-
erate and its potential.

Dr. Waterston, many people do not readily recognize that NIH research is pri-
marily conducted extramurally. I know your testimony will help all of us better un-
derstand how NIH partners with the university research community. And finally,
Dr. Khoury from the Centers for Disease Control and Prevention, thank you for
being here with us today. Without question, whenever we discuss the importance
of medical research, someone is always quick to point out that the true potency of
medical research is realized when we can translate and apply it to patient care. I
know CDC is working on this important issue. I look forward to learning more about
your plans.

Just as scientists have decoded the genetic map that defines us as human beings,
here today we will try to decipher how well the federal bureaucracy is working to
advance this promising area of genomics research. Congress has devoted consider-
able resources to medical research. At the National Institutes of Health alone, in
fiscal year 2003, we appropriated $27.2 billion. Genomics research transcends every
institute and center at NIH. It has implications for how we study every disease.
But, the current structure of NIH, and funding allocations for that matter, may not
adequately recognize its importance.

As the authorizing committee for the National Institutes of Health, it is our re-
sponsibility to review how the National Institutes of Health operates and try to de-
termine what inefficiencies exist that slow the progress of medical research. This
is a critical activity for our Committee. All of us have been touched by someone in-
flicted with a terrible disease. In my district, for example, a rare childhood
neurodegenerative disorder, Friedreich’s ataxia, occurs at a higher frequency in the
south Louisiana Cajun population than in the rest of the nation. With the help of
NIH, in 1996, scientists identified the genetic mutation that leads to Friedreich’s
ataxia. Once the gene was identified, scientists were able to study the mutation at
the DNA level and identify the disease protein and its function. Just last year, NIH
began its first phase of a clinical trial on a drug compound that has shown promise
in addressing the most life-threatening symptom of Friedreich’s ataxia—the heart
condition. Because of the advances in sequencing the Human Genome, and the dou-
bling of the NIH budget over the past five years, more progress has been made in
understanding the underlying mechanisms of this disorder than in the previous 133
years. Research advances like this means something real to patients. It’s the hope
they are looking for when they need all the courage they can muster to fight a de-
bilitating disease like Friedreich’s ataxia.

Let’s bring hope to all patients suffering from disease. It is our responsibility to
ensure that NIH is held accountable on behalf of all patients. It is our responsibility
to remove barriers that unnecessarily delay the incredible progress we are making
in improving human health. This is one of many hearings our Committee expects
to hold to review the research and grant programs of the National Institutes of
Health. I appreciate all of your assistance in helping us move forward with this
project.

I look forward to the witness testimony.

Mr. BIiLIRAKIS. Our panel today consists of five pretty special peo-
ple. Doctor Francis Collins is Director of the National Human
Genomic Research Institute. Since 1993, Doctor Collins has served
as the Director of Human Genome Research at the National Insti-
tutes of Health. As the Director of the National Human Genome
Research Institute, Doctor Collins oversees the international
Human Genome Project, and serves as its primary leader. He will
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discuss the unique role of the National Human Genome Research
Institute at NIH, and present an overview of his experience man-
aging the Human Genome Project, and outlining NIH’s vision for
the future of genomics research.

Doctor Aristides Patrinos is Director of the Office of Biological
and Environmental Research with the Department of Energy.

Mr. BROWN. Mr. Chair, are you Greek, you say that so well. That
was very impressive.

Mr. BiLIRAKIS. I thought I'd impress you a bit.

Mr. BROWN. You did.

Mr. BILIRAKIS. The staff usually with some of these names will
try to translate them for me, you know, they didn’t even attempt
that one. They said, oh, well, you will know how to handle that.

Anyhow, Doctor Patrinos receives research activities within the
Department of Energy Office of Science, which includes the DOE’s
Human and Microbial Genome Programs. He also represents DOE
on the International Human Genome Project, he will discuss DOE’s
involvement in genomic research, including how DOE interacted
with NIH, a very significant point to my way of thinking, during
the sequencing of the human genome, as well as DOE’s current
Genomes to Life research program.

Doctor Robert Waterston is Professor, William Gates III Chair,
Department of Genome Science, University of Washington. Doctor
Waterston was the principal investigator at Washington University
in St. Louis, one of the five extramural institutes that worked ex-
tensively on the Human Genome Project.

In January of this year, he moved west to the University of
Washington. Doctor Waterston will discuss his experience in work-
ing with the NIH during the Human Genome Project, and in gen-
eral how the university community interacts with the NIH.

Doctor J. Craig Venter is President of J. Craig Venter Science
Foundation. Doctor Venter led the competing private sector initia-
tive to sequence the human genome. Doctor Venter will discuss
broadly his involvement with both NIH and DOE, as a predomi-
nantly private sector-based researcher.

And, Doctor Muin Khoury is the Director of the Office of
Genomics and Disease Prevention, Centers for Disease Control and
Prevention Headquarters. He is the first Director of the Office of
Genomics and Disease Prevention at the CDC. The office was
formed in 1997, to assess the impact of advancements in human ge-
netics and the Human Genome Project, public health and disease
prevention.

Doctor Khoury will discuss how the CDC is translating research
information generated by the NIH and integrating genomics into
public health research and programs for disease prevention and
health promotion, the bottom line of all of this I would suggest.

Gentlemen, your written statements are part of the record, we
would hope that your comments will complement and supplement
those. I'm going to set the clock at 5 minutes for each of you, but
if you are in the middle, if you are on a roll on something I cer-
tainly won’t shut you off, but, hopefully, somewhere 5 and 10 min-
utes you might be able to finish up.

Doctor Collins, we will start off with you, sir, please proceed.
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STATEMENTS OF FRANCIS S. COLLINS, DIRECTOR, NATIONAL
HUMAN GENOME RESEARCH INSTITUTE, NATIONAL INSTI-
TUTES OF HEALTH, DEPARTMENT OF HEALTH AND HUMAN
SERVICES; ARISTIDES PATRINOS, DIRECTOR, OFFICE OF BI-
OLOGICAL AND ENVIRONMENTAL RESEARCH, DEPARTMENT
OF ENERGY; ROBERT H. WATERSTON, PROFESSOR, WILLIAM
GATES III CHAIR, DEPARTMENT OF GENOME SCIENCE, UNI-
VERSITY OF WASHINGTON; J. CRAIG VENTER, PRESIDENT, dJ.
CRAIG VENTER SCIENCE FOUNDATION; AND MUIN J.
KHOURY, DIRECTOR, OFFICE OF GENOMICS AND DISEASE
PREVENTION, CENTERS FOR DISEASE CONTROL AND PRE-
VENTION, DEPARTMENT OF HEALTH AND HUMAN SERVICES

Mr. CoLLINS. Thank you, Mr. Chairman and distinguished mem-
bers of the Subcommittee on Health.

We gather at a historic moment. I want to thank you up front
for the wonderful resolution that you recently passed recognizing
the milestones that occurred in April. In fact, this was a rather re-
markable month, where three simultaneous events occurred; the
50th anniversary of the double helix, the completion of all of the
goals of the Human Genome Project, ahead of schedule and under
budget we are happy to say, and a publication of a vision for the
future of genome research, a document which you have at your
place, published in Nature, also just 3 weeks ago.

You have at your place, in addition to that reprint, I just thought
I'd bring to your attention a little square packet here which has
two DVDs in it that I thought you'd be interested in. One of those
is a series of interviews with some of the legendary figures in the
scientific community who have worked hard over the last 50 years
to get us where we are, and who talk about that, as well as their
speculations about the future. And, the other DVD, simply enough,
is the sequence of the human genome. It’s rather amazing that I
can hold that in my hand, the 3 billion letters of our own instruc-
tion book, packaged on to this DVD in a fashion that you can stick
it into your computer and begin to help us figure out what it all
means, because that’s very much the phase that we now move into.
We are at the end of the beginning, and we can now move into the
really exciting part of genomics, which is to understand how it
works and how to apply that beneficially to human health.

In that regard, I also bring to your attention this publication
about a vision for the future of genomics research, which you have
at your place. If we could have the visuals up on the screen I want
to just quickly show a couple of things that you will find in that
document.

The first one of these is a time line to put this all into perspec-
tive, taking us back to Mendel in 1865, who discovered the prin-
ciples of genetics, working with pea plants in his garden in Czecho-
slovakia, and then carries us up through 1953, Watson and Crick’s
revelation of the double helical structure of DNA, followed shortly
thereafter by a number of other major milestones, the discovery of
the genetic code, recombinant DNA technology. If you will click the
button we will go to the next level here, and then an accelerating
pace of technological and biological discoveries leading to the dis-
cussion about the possibility of reading out the entire sequence of
the human genome, a very controversial discussion I might say,
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and one which would not have led to an organized effort without
the support of the U.S. Congress. The Congress got behind the ge-
nome project while many in the scientific community were still
somewhat uncertain about whether this was a risk that they
thought could be taken successfully.

The next image will show you the first 6 years of the genome
project and some of the milestones that were achieved. Again,
there’s a common misunderstanding that there was only one goal
of this project, to read out those 3 billion letters, in fact, that was
one of more than a dozen goals, all of which had specific milestones
and deliverables, and included the study, not only of human DNA,
but also that of several important model organisms, without which
we would still be left puzzling over the letters of the code that we
now see in front of us.

Those first 6 years were full of challenges, of the need to scale
up and cut costs. The next image shows you what happened more
recently in the last 7 years, as we went from pilot efforts to se-
quence genomes to the full-scale effort, resulting in a publication
of the draft of the human genome sequence in early 2001, from the
International Human Genome Sequencing Consortium on the one
hand, in Nature, and from Celera Genomics in Science.

And then, just a few months ago, we witnessed publication of an
advanced draft of the mouse genome, a very valuable property, in-
deed, in order to be able to interpret the human. If you will click
the button the thing that we celebrated just a few weeks ago, and
which I'm sure Doctor Waterston may say more about because he
was a major leader in this effort, was going beyond the draft to the
finished version of the human genome sequence which we will be
using for all time.

There are three little words, though, in the middle of this image
on the right, “to be continued,” and that’s what I now want to focus
on. We are not done with genomics, we are really just getting start-
ed.

The next image shows you our metaphor of where we think
genomics can now go. This is a house that we want to build, not
a real house, but a metaphorical house. It rests, as you can see, on
a foundation, the Human Genome Project. It has three floors, ap-
plying genomics to biology, to health, and to society, and it has six
vertical crosscutting elements; resources, technology development,
computational biology, training, ELSI—which stands for the ethical
legal and social issues—and education, and those touch on all three
of the floors and hold the building together.

This vision for the future is the output of more than 600 sci-
entists over about 18 months, whom we asked to participate in
more than a dozen workshops, focused on what the major priorities
could now be, now that we have this foundation in front of us. It
is an ambitious, one would even say audacious, blueprint of where
we want to go next.

In the genomics to biology arena, we would like to get lots more
DNA sequence on lots more organisms, and we’d like to do that
ever more cheaply, so that, ultimately, we could sequence your ge-
nome or mine for $1,000 or less. That would transform the way we
do research. We are about four orders of magnitude away from that
right now, so that’s a very bold goal, indeed.
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We need to understand how the genome works, what are the
functions of all the elements. We need to understand the protein
products of those genes, which actually do the work of the cell, and
to apply the same grand scale approach to proteins that has
worked so successfully for DNA.

I'm a physician, the genomics to health floor is, perhaps, the one
that I have the greatest excitement about, because after much hard
work in building this foundation we can now accelerate our pace
toward the applications to prevention and cures of disease.

One major effort that we are in the middle of already on that
floor is to understand that .1 percent of our DNA where we differ,
because that holds within it the clues of why I might be at risk for
diabetes, and you for some other disorder. We have the opportunity
now to understand that for virtually all diseases in the course of
the next 5 to 7 years if we apply ourselves appropriately with this
new opportunity and technology.

In the genomics to society floor, which I will argue is just as im-
portant as the scientific and medical applications, because there
are many non-medical consequences of knowing our own instruc-
tion book. Among those issues are genetic discrimination, intellec-
tual property, concepts of race and what that means, and how
science can actually benefit that discussion by applying some re-
ality to the often-confused discussions about what race means any-
way.

With regard to the discrimination issue, I was delighted to note
that just yesterday the Senate Help Committee passed unani-
mously a piece of genetic discrimination legislation that covers both
health insurance and the workplace. I gather Senator Frist has in-
dicated that this will come to the Senate floor in June. It would be
wonderful if, in fact, this particular legislative issue, which has
been in the works now for some 6 years, if this were to be the year
where we saw the American public given the kind of protections
that many of them are asking for. The absence of which those pro-
tections is impeding research at the present time.

So, we have a wonderful opportunity here, this future that we
want to build. We need to stick to a variety of principles, especially
collaboration particularly between institutions, and I want to as-
sure you that I and my colleagues here representing DOE and CDC
talk about those things on an extremely regular basis. I would
think in the course of this discussion this morning you will get
many examples of how our agencies are working in a very collabo-
rative and complementary way. Certainly representing here the
NIH, all of the institutes of NIH are deeply interested in the topic
of genomics are investing in the kinds of outcomes that I've men-
tioned here, and have participated in a major way in the construc-
tion of this vision document that you see in front of you.

So, I think if we, in fact, can buildupon the foundation that’s now
in front of us, you can imagine a time, perhaps, 6 or 7 years from
now, where each of us will have a chance to learn our individual
susceptibility for illness, based upon a genetic analysis, and then
be enabled to practice individualized preventive medicine based on
what we are at risk for instead of a one-size-fits-all approach. Even
more importantly, the understanding of the molecular
underpinnings of diseases like diabetes, and mental illness, and
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heart disease, will enable us to develop a new generation of thera-
pies that are specifically targeted to the problem, as opposed to
treating some downstream consequence.

We have a bright future, and I think the genomics revolution will
catalyze much of that. I'd just like to conclude by reading a few
sentences, from the wonderful book which I would recommend to
those who are trying to learn more about the genome, and this is
a book by Matt Ridley, called “Genome: An Autobiography of A
Species in 23 Chapters,” in the introduction he writes the following
words: “In just a few short years we will have moved from knowing
almost nothing about our genes to knowing everything. I genuinely
believe that we are living through the greatest intellectual moment
in history, bar none. Some will protest that the human being is
more than his genes, I do not deny it..., —personally I strongly
agree with that, we are much more than our genes—“...but...,” he
writes, “...there is much, much more to each of us than a genetic
code, but until now human genes were an almost complete mys-
tery. We will be the first generation to penetrate that mystery. We
stand on the brink of great new answers, but even more, of great
new questions.”

Members of the subcommittee, it’s a pleasure to have a chance
to meet with you this morning and discuss those questions and an-
swers.

Thank you very much.

[The prepared statement of Francis S. Collins follows:]

PREPARED STATEMENT OF FRANCIS S. COLLINS, DIRECTOR, NATIONAL HUMAN GE-
NOME RESEARCH INSTITUTE, NATIONAL INSTITUTES OF HEALTH, DEPARTMENT OF
HeEALTH AND HUMAN SERVICES

Mr. Chairman and Members of the Committee: It is a pleasure to appear before
you at this historic moment when we have just completed all of the goals of the
Human Genome Project (HGP). I look forward to discussing with you the future of
genomics at the National Institutes of Health (NIH), as well as the rest of the
broader scientific community. I will start by giving a brief history of the HGP, high-
lighting our recent success. I will then discuss the National Human Genome Re-
search Institute’s (NHGRI) efforts to coordinate our work with other federal agen-
cies, other governments, and the private sector. I will also describe our new vision
for the future of genomics, as well as some new initiatives already under way. I
hope to make clear that while we have just sequenced the 3 billion letters of the
human DNA code, our work is really just beginning. The successful conclusion of
the HGP heralds the true dawning of the genomic era. There is an ongoing vital
role for the federal government in enabling the future of genomics, and especially
in applying it to benefit human health.

SUMMARY OF THE HUMAN GENOME PROJECT

U.S. National Academy of Science Study on the Human Genome Project

The main goals of the HGP were first articulated in 1988 by a special committee
of the U.S. National Academy of Sciences (NAS), and later adopted through a de-
tailed series of five-year plans jointly written by the NIH and the Department of
Energy (DOE). In 1988 Dr. James D. Watson, who won the Nobel Prize along with
Francis Crick for discovering the structure of DNA, was appointed to head the then
Office of Human Genome Research, which has grown into the National Human Ge-
nome Research Institute that I now have the privilege of directing. As of April 14,
2003, the principal goals laid out by the NAS have all been achieved more than two
years ahead of schedule and $400 million dollars under budget, including the essen-
tial completion of a high-quality version of the human sequence. Other goals in-
cluded the creation of physical and genetic maps of the human genome, which pro-
vided a necessary lower resolution view of the genome and have major value to re-
search in their own right. The HGP also accomplished the mapping and sequencing
of a set of five model organisms, including the mouse. That information generally
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empowers the ability to interpret the human genome, rather like the Rosetta stone
allowed the decryption of the ancient languages. The NAS study also recommended
that, “access to all sequence and materials generated by these publicly funded
projects should and even must be made freely available [to alll.” We have adhered
to that noble standard throughout the last 13 years.

Congressional and Administrative interest

Neither the NAS study nor the HGP would have occurred without the visionary
leadership and determination of the Administration and the Congress. At the outset,
many in the scientific community did not think that the HGP could be completed
in a timely fashion or for an affordable cost. But the Administration and key mem-
bers of the Congress felt that it was essential the United State government play a
leading role in this project, and they correctly predicted that the project could be
completed without taking resources from other important science. With the support
of the Administration and the Congress, the recent doubling of the NIH budget al-
lowed a dramatic increase in the pace of the HGP.

Last month, we were able to observe a major anniversary, the fiftieth anniversary
of the discovery of the double helix structure of DNA by Drs. Watson and Crick,
while simultaneously celebrating the completion of the DNA sequence of the human
genome. In June 2000, the NHGRI and its partners in the International Human Ge-
nome Sequencing Consortium had already completed a “working draft” of the
human genome sequence; at that same time, Celera Genomics, under Dr. Craig
Venter’s leadership, released its own draft version of the human genome and partici-
pated with us in a joint announcement at the White House. Since then the federally
funded sequencing centers and our international partners have been working to cor-
rect all the remaining spelling errors and fill in the gaps in the draft sequence, lead-
ing to the public release of the essentially complete sequence on April 14, 2003. This
is the reference sequence we will be using for all time. The availability of the 3 bil-
lion letters of the human instruction book could be said to mark the starting point
of the genomic era in biology and medicine. There is now much important work to
%o foh deliver on the promise that these advances in genomics offer for human

ealth.

Coordination with Federal Agencies, other Governments, and the private sector

The HGP would have been impossible without an outstanding partnership be-
tween federal agencies, international organizations, and the private sector. From the
inception of this project, the NIH has worked very closely with the DOE, and espe-
cially its Office of Science. In particular, I have had the great privilege of working
with Dr. Aristides Patrinos, who has skillfully managed the DOFE’s efforts in this
regard. We have also worked very closely with the governments and genome se-
quencing centers of five other countries: the United Kingdom, France, Germany,
Japan, and China. In the United States the three main sequencing centers funded
by the NHGRI are at the Baylor College of Medicine, Washington University in
Saint Louis, and the Whitehead Institute of the Massachusetts Institute of Tech-
nology. Dr. Robert Waterston will be describing for you in a moment his work as
the former Director of the sequencing center at Washington University.

The success of the HGP partnership was cited in a recent PricewaterhouseCoopers
report, “Managing ‘Big Science’: A Case Study of the Human Genome Project,” in
which the author noted that: “A major implication for the future lies with the part-
nership model of R&D that HGP’s organization revealed. Partnerships across agen-
cies, sectors and nations are likely to be the wave of the future for large-scale public
efforts at the frontier of knowledge. As a result of the HGP partnership, the first
chapter of the human genome revolution is coming to a successful end, and next
steps are underway.”

NEW VISION FOR THE FUTURE OF GENOMICS

This April also witnessed the publication in the journal Nature of a bold vision
for the future of genomics research, developed by the NHGRI. This vision, the out-
come of almost two years of intense discussions with literally hundreds of scientists
and members of the public, has three major areas of focus: Genomics to Biology,
Genomics to Health, and Genomics to Society. Genomics to Biology: The human ge-
nome sequence provides foundational information that now will allow development
of a comprehensive catalog of all of the genome’s components, determination of the
function of all human genes, and deciphering of how genes and proteins work to-
gether in pathways and networks.

Genomics to Health: Completion of the human genome sequence offers a unique
opportunity to understand the role of genetic factors in health and disease, and to
apply that understanding rapidly to prevention, diagnosis, and treatment. This op-
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portunity will be realized through such genomics-based approaches as identification
of genes and pathways and determining how they interact with environmental fac-
tors in health and disease, more precise prediction of disease susceptibility and drug
response, early detection of illness, and development of entirely new therapeutic ap-
proaches.

Genomics to Society: Just as the HGP has spawned new areas of research in basic
biology and in health, it has created new opportunities in exploring the ethical,
legal, and social implications (ELSI) of such work. These include defining policy op-
tions regarding the use of genomic information in both medical and non-medical set-
tings and analysis of the impact of genomics on such concepts as race, ethnicity, kin-
ship, individual and group identity, health, disease, and “normality” for traits and
behaviors.

This vision for the future of genomics is not just about the NHGRI. It encom-
passes the whole field of genomics, including the work of all the other Institutes and
Centers at the NIH and of a number of other federal agencies. All of the NIH Insti-
tutes are already taking full advantage of the sequence and will apply its data to
the better understanding of both rare and common diseases, almost all of which
have a genetic component. A recent example of the way that the HGP and the
knowledge and new technologies it has spawned are already facilitating science is
the extremely rapid sequencing by groups in Canada and at the Centers for Disease
Control and Prevention (CDC) in Atlanta of the genome of the virus that causes Se-
vere Acute Respiratory Syndrome (SARS). The sequencing of the SARS virus ge-
nome provides insight into this new and deadly disease at a speed never before pos-
sible in science. In turn, this should lead to the rapid development of diagnostic
tests and, in time, vaccines and effective treatments.

NEW NHGRI INITIATIVES

The NHGRI has already begun several new initiatives, and is planning others, to
meet the challenge of realizing this new vision for the future of genomics. Many of
these initiatives will be co-funded by other NIH Institutes, other federal and inter-
national partners, and the private sector. Some examples of these cutting edge pro-
grams include:

The Creation of a Human Haplotype Map

Multiple genetic and environmental factors influence many common diseases,
such as diabetes, cancer, stroke, mental illness, heart disease, and arthritis; how-
ever, relatively little is known about the details of the genetic basis of such common
diseases. Together with international partners, the NHGRI has begun to create a
“haplotype map” of the human genome to enable scientists to find the genes that
affect common diseases more quickly and efficiently. The power of this map stems
from the fact that each DNA variation is not inherited independently; rather, sets
of variations tend to be inherited in blocks. The specific pattern of particular genetic
variations in a block is called a “haplotype.” This new initiative, an international
public/private partnership led and managed by NHGRI, will develop a catalog of
haplotype blocks, the “HapMap.” The HapMap will provide a new tool to identify
genetic variations associated with disease risk or response to environmental factors,
drugs, or vaccines. It will allow more efficient genomic research and clinical applica-
tions, thus making for more economical use of research and health care funds. Ulti-
mately, this powerful tool will lead to more complete understanding of, and im-
proved treatments for, many common diseases.

The ENCODE Project: the ENCyclopedia Of DNA Elements

To utilize fully the information that the human genome sequence contains, a com-
prehensive encyclopedia of all of its functional elements is needed. The identity and
precise location of all transcribed sequences, including both protein-coding and non-
protein coding genes, must be determined. The identity of other functional elements
encoded in the DNA sequence, including signals that determine whether a gene is
“on” or “off’, and determinants of chromosome structure and function, also is need-
ed. The NHGRI has developed a public research consortium to carry out a pilot
project, focusing on a carefully chosen set of regions of the human genome, to com-
pare existing and new methods for identifying functional genetic elements. This EN-
Cyclopedia Of DNA Elements (ENCODE) consortium, which welcomes all academic,
government, and private sector scientists interested in facilitating the comprehen-
sive interpretation of the human genome, will greatly enhance use of the human ge-
nome sequence to understand the genetic basis of human health and to stimulate
the development of new therapies to prevent and treat disease.
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Genome Technology Development

The NHGRI continues to invest in technology development that speeds the appli-
cations of genomics. Technical advances have caused the cost of DNA sequencing to
decline dramatically, from $10 in 1990 to less than $0.09 per base pair in 2002, but
this cost must decline even further for all to benefit from genomic advances. The
NHGRI, along with many partners, will actively pursue the development of new
technologies to sequence any individual’s genome for $1,000 or less. Other areas of
technology development are also ripe for expansion, and the NHGRI plans to pursue
them vigorously.

VISION OF THE FUTURE OF GENOMIC MEDICINE

While it always is somewhat risky to predict the future, I want to leave you with
my view of where I believe genomic medicine is headed. In the next ten years, I
expect that predictive genetic tests will exist for many common conditions in which
interventions can alleviate inherited risk, so that each of us can learn of our indi-
vidual risks for future illness and practice more effective health maintenance and
disease preventio