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FOR DR. CRAIG VENTER, 
DISCOVERY CAN'T WAIT! 

Sequencing the human genome will signal 
one oj the greatest biological accompHshments oj our time. 

by Cory Ser Vaas, M.D. and Patrick Perry 
Phoiography by Bill FlU-Patrick 

I n the world of medical discovery, 
speed mailers. No one knows thi s 

beller than the leader in the race to 
discover the blueprint of humanity. the 
human genome-Dr. Craig Venter. His 
company. Celera, is paving the way to 
the next revolution in medicine. The 
Post visited Dr. Venter and his distin­
guished colleagues at Celera's head­
quarters in Rockville, Maryland. Our 
mission : to learn what impact this new 
world of genetic breakthroughs will 
have on preventing disease in the 
years ahead. 

Witty and personable, Dr. J. Craig 
Venter learned early in life that time 
is short and each day precious. In his 
office hangs a plaque that sums up his 

CElERA • • 

Post editon Cory SerVaas and Patrick 
Perry invited two prominent genetic 
ruearchen to assist them in the Cdero 
inttn·jew: Dr. Michael ConneaUy (I,/t), 
distinguished professor 0/ genetics at 
the Indiana Uni"ersity School 0/ 
Medicine, and Xeith March, M.D., 
Ph.D., dinctor 0/ the CMter for 
l'ascular Biology and Medicine and 
assm;iatt professor 0/ medicine, 
Indiana Uni\'ersity School 0/ Medicine . 

personal philosophy. "Time and tide 
wait for no mall." The tide. of course, 
re fer s to Venter's avocation-sailing 
the seas aboard hi s sloop with his wife 
of 21 years biologist C laire Frasier, 
Ph.D. 

PERRY: We noticed the photos on 
your office wall of you as a young 
medic work.ing in the hospital during 
the Vietnam War, a chapter in your 
life that inspired you to go into medi­
cal research. 

VENTER: Yes. I' m the skinny 
guy there with hair. It 's hard 
to imagine, [LaughterJ 

SERVAAS: Do you get your 
baldness from your mOlher? 

VENTER: Yes. 

CONNEALLY: Discovering a 
cure for baldness would be a 
lucrative area, 

SERVAAS: Can you do any­
thing about it early on? 

VENTER: You can be proud 
of il. [LaughterJ 

SEJl.VAAS: We like your slogan: 
"Speed Mailers: Discovery Can't 
Wait." You have been quoted as say­
ing that soon. people may be able to 
send in a swab of their cheek cells to 
Celera to discover their individual ge­
netic profiles and to check for predispo­
sition to various diseases. You predicted 
that this service might soon be avail­
able and that people could subscribe to 
this service for approximately ten dol­
lars a month. That sounds great. be­
cause our readers can afford ten dol­
lars a monrn to find out if there is new 
information about their genetic 
makeup. You believe that early inler­
vention is very imponant in diseases, 
such as diabetes and bipolar disorder. 

How soon can we hope that you will 
be able to make such a service avail­
able? 

VENTE"- : Those were examples we 
gave when talking about what would 
be coming in the future. It 's nol ready 
yet. But we have almost finished the 
human genetic code. We announced a 
shon while ago thai we fmished the se­
quencing phase. We have sequenced 
about 20-or-so million pieces-it is the 
world's largest jigsaw puzzle-and we 
are now using our supercomputer to as­

semble those pieces to get the 
exact genetic code of all the 
chromosomes. 

This is the beginning of the 
new phase of medicine and 
understanding. It is hard to 
imagine that even len years 
ago. we knew only a sma ll 
percemage of the human 
ge nes. Everything that we 
thought we knew about medi­
cine was without understand­
ing most of the basic science 
of our own physiology. We are 
going forward on the assump­
tion that nOl only does speed 

malter. but knowledge mailers. 
But speed does very much mailer. I 

am not getting younger each day. And 
look at the millions of people in this 
country with cancer right now. The 
changes in science. for the most pan, 
have not yielded the tremendous break­
throughs that we had hoped for. II is be­
cause human and cellular physiology is 
extremely complex. We have 100 trillion 
cells in our bodies. That's not what we 
see when we look aI each other. It is 
hard to imagine that complexity. 

In each one of our cells, we have 
80.000 to 100.000 genes. The same 
chromosomes are in all those 100 tril­
lion cells. and each cell is slightly dif­
ferent. They are expressing different 
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environment. Some of those 
differences will detennine in­
c rea sed ri s k for ca nce r. 
Some will determin e in­
creased longevity- the 
wellness genes. Our goal is 
to empower indiv iduals with 
hav ing their own infonna­
tion about their own lives. 

genes and different amounts 
dynamically, so when some­
thing goes wrong with cellu­
lar growth, such as in cancer, 
it's hard to understand right 
now because we haven', had 
the com plete instruction 
book. We haven '( even 
known all the components. If 
you don ', know all the com­
JX'IoenIS, how can you JXlSsi­
bly kn ow what goes on , 
o ther than just by finding 
th ings by luck? There have 
been some amazing break­
throughs. But to comprehen­
sively understand and change 
things. we need to under­
stand all this infonnation. 

Getting down to person­
alized medicine. you and I 
differ in around 3 million 
leiters of genetic code out 
of 3 billion. Only about one 

Basic sci£nlists, such as Gjange Pi/man (left, shown here with 
Drs. Conneaf/y and SuVaas), prepare plates of amplified DNA 
ready to be sequenced for analysis. Only / 8 months old, Celera 
has built one of th£ "'orfd 's largest computing centers and 
ass£mbl£d mor£ DNA s£quenring pow£r under one roof than 
anywhere else on earth. 

In the middle of the last 
decade. for example, Dr. 
Bert Voge ls tein of John s 
Hopkins Unive rsity and I 
discovered three new genes 
that ca use colon ca nce r. 
They are mismatched DNA 
repai r enzymes that were 
di scovered by comparing 
the human sequences to 
those from £ . coli . Right 
now, colon cancer is totally 
trea table and curable if 
caugh t early enough. But 

in a thousand letters of genet ic code 
is different between any of us, and 
on ly a small percentage of those actu­
ally lead 10 the d ifferences between us. 
As a spec ies, we are much more alike 
than we are different, yet we always 

Venterisms 

* Our goal is to empower indhiduals 
with having their o"ll'n inrormation about 
their own li\es. 

* Jr you know you haH! an increased 
risk, you can do something about it instead 
of just waiting for symptoms to appear, 

* Th£ "II'ay medicine is practiced now, 
most drugs work on 30 to 60 percent of the 
population, )el we gi\e the same drugs to 
the whole population. 

* That is indh-idualized medicine going 
forward, The goal is to delher drugs that 
will trtat Jour disease and not kill you in 
the process, 

* When something goes wrong with eel· 
lular growths, such as in cancer. it's hard 
to understand right nO"ll because we 
ha\'en ' t had th£ complete instruction book, 

* We ba\e 100 trillion cells in our hodit's. 
That 's not "II'hat "II'e set when "II'e look at l'ach 
other. It is hard to imagint that complexity. 

focus on the differences. Those minor 
differences in the genetic code, how­
ever, de te rmine all human tra its at 
some level-not in a causal sense, not 
in an absolute detenninistic sense, but in 
an influencing sense depending on the 

* As a species, we are much more alike 
than \\e are diITerent, yet we al"ll'ays focus 
on the diITertnces. 

* The ruture or medicine \\iII be pre\'en­
the medicine, 

* Medicine has to become indi\idual­
iud. based on the indhiduat"s genetic code. 

* Instl'ad of scientists spending decades 
or their thes trying to find genes, thl'Y can 
get them in a ten-second search or Celera's 
database, then starl studying how they 
work together to change our ph)siology 
and cause disease. 

* This will be tbe da"ll-n of a true, new 
era in biolog) and medicine. It will happen 
much sooner than it "II'ould han without 
Celera. 

* Our goal is to educate physiCians and, 
more important. to educate indhiduals be­
cause then with that knowledge, "II'e ha\e 
power onr our O"ll'n Ihes. 

what do we tell people? We 
advise them at age 50 to go in for the ir 
first colonoscopy, to look fo r symp­
toms, or 10 look for blood in the stool. 
But if, in looking at the genetic code, 
we know that somelxxly has a greatly 
increased risk of getting colon cancer­
not an absolute detennination but an in­
creased risk- they would be smart not 
to wait until 50 or until symptoms ap­
pear. We hope in the near future from 
our efforts to have new, simple blood 
assays that would te ll whether there is 
an increased risk for gelling colon can­
cer and whether symptoms are starting 
to appear be fore any of their earlier 
warnings, so it could give you power 
over your life. If you know you have an 
inc reased ri sk, you can do something 
about it, instead of just waiting for 
symptoms to appear. This is part of the 
personalized medical paradigm that we 
are trying to build and go forward with. 
Mapping the human genetic code is just 
the first step in this whole process. 

SERVAAS: [f you are goi ng to have 
diabetes because your mother or your 
grandfather had diabetes, you could find 
out early and do things to keep from 
gett ing complications from diabetes, 
such as neuropathy, am putations. and 
macular degeneration. You could, for ex­
ample, take care of your feel. 

VENTER: Certain ly. Not all diabetes 
is absolute ly gene tic. Everything we 
have is a combination of what is in 
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me n!. A lot of people get diabetes 
fro m overeating: the key is dietary 
control. But if you know that you 
have an inc reased risk of gett ing dia­
betes from your famil y history. we can 
also te ll that from beginning to under­
stand the genetic code belle r; the n 
from early in your life. you will have 
a clearer direction to go. 

That is just one exam ple of how 
knowing th is infonnation at a very 
early slage can help in prevention . I 
predict Ihat at some time in the next 5 
to 20 years. as babies leave the hospi ­
tal they will have thei r genet ic code 
determined . and the ir parents will have 
that code on whatever the equi valent 
is of a DVD di sk at that time. Parents 
can then go to the Celera database to 
unders tand what that information 
means in te nns of potemial for differ­
e nt human traits, the pote ntial for dis­
ease. and the pote ntial for wellness in 
areas that we can d o something about 
because we know something abou t 
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them or how to prevem them . The fu ­
ture of medicine will be preventive 
medicine. 

SERVAAS: ewbom screemng labs 
will then be able to send their DNA 10 
Celera? 

VENTER: Celera or others. It wi ll be 
a very new technology. and it is hllrd 
10 prcdict how f,IS I thi s ne w Icchno l­
ogy will be coming. But it has been 
pretty amazing to me how faSI this 
technology has come along already. 

SERVAAS: But again . speed matters. 
If you lire Katie Couric-whose hu s­
band. Jay Monahan. died at age 42 
from colon cancer-wouldn' t you want 
your daughters to have this genetic in­
formalion for only ten dollars a month? 

VENTER: Those are approximate num­
bers. but yes. Right now. Johns Hopkins 
Un ivers it y doe s co lo n cancer gene 
screening. so thm is something that is 
available now. With certain increased 
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risk of genes associated with breast and 
ovarian cancers. there are some tests that 
you can begin to do now if there is a 
clear-cut famil y history. 

SERV.us: But would I1lOSI people know 
about thai yel? And is it expensive? 

VENTER: It ·s not so much that it is 
expensive: it's probably more a situa­
tion that. as you said . many people 
aren't aware that these tests are even 
available, A lo t of physicians are not 
yel aware . So another key goa l of 
whal Celera is going to do. aside from 
helpin g pharmaceutica l and bi otech 
companies and universi ties come up 
with new unders tanding and trealments 
for d isease. is '0 he lp educale physi­
cians about what is available and how 
to use this infonnation. That is o ne 
thing that we are going 10 do through 
our Web s ite. If you go to ce lera .com 
now. you will see thai we have a 
newsmagaz ine that begins 10 educate 
people about genomics by providing 

Nobelist Hamilton O. Smith, M.D., director of DNA Resources at Cetera, worked with Dr, Venter to campletl! the first genome 
in history in 1995-liaemophilus influenz,ae. Shown here in his lab, Dr. Smith performs thl! 'l'ery first step in the sequencing 
proclSs. taking the chromosomal DNA and breaking it do",'n into millions of tiny pieces. " It is a real art form," says Craig 
Venter. "and Dr. Smith d(Jt!s this ""ith his own hands." 

~----------------------------------------------------------------
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----------------------------------------_. 
information about it. So we are start­
ing an education process. OUf com­
pany is only 18 months old. so speed 
does mauer to us. We have changed a 
lot in an IS-month period of lime. Our 
goal is to educate physic ians and, 
more important, to educate individuals 
because, then, with that knowledge, 
we have power over our own lives. 

SERVA AS: Once again since speed 
matters, how soon do you think it will 
be before Ihis information is available 
and people can access thi s valuable 
knowledge through a subscription to 
your database? 

VENTER: Speed. again, does matter. 
This information is going to cause a 
revolution in science across the board. 
We are going to have more studies on 
every gene and every disease. I spent 
ten years of my career just trying to 
find one gene-the prot ein that 
adrenaline interacts with to control our 
heart rate and other functions. That is 
how biology was practiced a decade 
ago. We understood less than 2,000 
human genes and prOleins. Now we 
are going to have the whole repertoire. 
Instead of scientists spending decades 
of their lives trying to find genes, they 
can get them in a ten-second search of 
Celera's database, then start studying 
how they work together to change our 
physiology and cause disease. We are 
going to see a tremendous growth. This 
will be the dawn of a true, new era in 
biology and medicine. But it is impos­
sible to predict whether it is going to 
be breast cancer, heart disease, or 

S ERY."AS: Indiana University i~ a 
leader in the study of bipolar disease. 
We have scientists there who are quite 
good at researching the genetics of the 
di sease and trying to find the right 
genes that may predict onsel. It is very 
important for a youngster who inher­
ited a gene for bipolar disease and is 
going through his first depression to 
be placed on the right medications. 
Many adolescents with bipolar disor­
der end their lives because they don 't 
understand that the depress ion is a 
temporary thing. A physician might 
prescribe the wrong medication , such 
as Prozac, instead of lithium or a 
lithium-type drug. Would you be able 
to use your genetic databases to help 
these families through a subscri ption 
to your database so that they could de­
tennine whether a child may have in­
herited bipolar genes? 

VENTER: The one thing that is mi ss­
ing is an understanding of the genes 
linked to bipolar disease. The trouble 
is that most complex human funct ions 
are not dependent on a single gene. 
Multiple genes may be involved in de­
pression and these different areas. There 
are some exciting studies coming in and 
a potentially new gene diagnostic test 
from one phannaceutical company for 
one type of depression. 1be studies are 
starting to move forward. Once we 
know the clear-cut links between sets 
of genes and the increased likelihood 
for getting bipolar di sease, someone 
has predicted that that test can be 
done . To make it clear particularly 
with human behavior and diseases, the 

" .•• Before anybody is given a prescription f~:,';~,~;~~ 
. ", ,,~,,' 

that drug, we can rule out those people who ,-: .. }1t:~ 
would have an adverse side effect or potentially , ... ~ 
die from this treatment, versus having their , •. <.~ 
diabetes effectively treated." ,: ,,~}.~l 

where the first breakthroughs will 
come in a predictable fashion. 

I feel very confident that there is 
going to be a shift across the board. 
and the knowledge of human biology 
is going to lead to a better understand­
ing of the disease process and better 
treatments. But it is impossible to pre­
dict a .time course, because these are 
discoveries waiting to be made. It will 
happen much sooner than it would 
have wi thout Celera. 

genetic code is only part of the prob­
lem. If you take identical twins and 
one of them develops schizophrenia, 
the chance of the other getting sch izo­
phrenia is only 50 percent-it's not 
100 percent-which says it's not just 
the genetic code at work here. 

One thing that came ou{ of the stud­
ies that we have done in which we 
tried to find the minimal set of genes 
involved in cellular life, for ceil -repl i­
cating life, is that the definition of life 

Compleling Ihe map oj the human 
genome is just the first step, according 
to Dr. Venter. Understanding gene 
Junction and its relation to wellness and 
disease requires knowledge oj the 
protein-protein interactions thai carry 
oul bodily Junctions--an emerging field 
oj research called "proteomics," and 
Celera is now building ils own 
proteomics Jacility to accomplish this. 

is not dependent on the genes. It 's 
context-sensitive; it's what is in the en­
vironment. Instead of this ongoing de­
bate where some people say it is na­
ture versus nurture, it is very clear to 
me, as the one who has decoded more 
genomes than anybody else in history, 
that it is a clear-cut combination of the 
two. You can' t separate the two. You 
could have the same identical genetic 
repertoire-which identical twins 
have--with the same genetic code, and 
yet they develop different personalities, 
different lifestyles. and different dis­
eases, depending on the environment. 
Nothing is absolute. People who are 
looking for absolute answers from their 
gene tic code will be disappoint ed . 
People will have to understand statis­
tics and probabilities. [f you have a 
greatl y increased chance of getting 
Huntington 's disease, does that mean 
that there is a 100 percent chance that 
you will get Huntington's disease, or 
does that mean you have ten times the 
average of getting Huntington's. com­
pared to the rest of the population? 

t 
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The other c hallenge is to help phy· 
sicians and the general population un­
demand whal this infonnation means, 
We all want oversimplistic definitions. 
Science has been looking for these for 
a long time. There was a so-called 
cystic fibrosis gene. It turns out that 
the chloride ion channel that is linked 
in some cases to cystic fibrosis is also 
linked to many other diseases. Genetic 
changes in that one gene can cause 
cystic fibrosis , but they can also cause 
chronic pancreatitis. male 
sterility, or no disease what­
soever, Until we understand 
that complete repenoire, it's 
important how peop le get 
thi s information and what 
backup infonnation they get 
with it. 
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the rule. It was thought that there were 
many d iseases linked to single genes. It 
turns out that that is probably not the 
case. Nothing in our bodies works 00 its 
own. That is the importance of having 
this broad r.mge of infonnation. 

SERVAAS: Is cancer the next step for 
you? With so many facets to your ca­
reer, are you worki ng on a lo t of 
things all at once? 

'VENTER: Celera is trying to provide 
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can ' t predic t all the structures just 
from the genetic code. An example is 
the gene for insulin. Everyone thinks 
that in sulin j ust results in a single 
product. Ac tually, there are four pro­
teins made from the insulin gene. Two 
of those come back together to fonn 
the insulin molecule; th e other two 
were thought to be just waste prod­
ucts. It turns out they are honnones on 
their own. From one gene. we get three 
different honno nes. We don ' t yet un­

derstand the complex ity with 
genes and proteins that have 
been studied for decades. So 
we have a very long way to 
go with the others. 

I am te lling you that speed 
matters but it is going to be a 
long time before we have all 
the answers. But that is why 
speed matters so much, be­
cause we need to change that 
equation. 

SERVAAS: How does this 
incredibly complex and intri­
cate genetic infonnation af­
fect your feelings about how 
we got he re? In C raig 
Venter 's mind, how did DNA 
come to be? 

The research has to go . a 
lo t further. You and I both 
want answers. I would love 
to be able to predict my own 
future and understand what it 
means. But we don't exist in­
dependent of our environ­
ment, so we have to under­
s ta nd th e re lations hip 
between the genetic code and 
diet. What we put into o ur 
bodies very much affeclS the 
outcome. We are very early 
o n in the sc ience of thi s. 
Hopefully, having this new 
infonnation will move it for­
ward much more rapidly. But 
we are not ready to do these 
tests because we don't have 
the answers ye l. We don 't 

Dr. V~IlI~r and his t~am an in final ass~mbly of ",ha, h~ t~rms 
"th~ biggut jigsaw puzzJ~ in th~ "'orld." If iJ tabs this long to 
duiph~r our g~n~tic "book of lif~," II'~ ask~d, "How do you think 
DNA originaUd?" 1f~ sugg~sled that th~ Mas/~r Planner must 
ha}'~ had som~ gr~al illlellig~nce 10 put iJ all togeth~r. lie r~pli~d, 
"The, had a lot more than human intellig~lIce to do iI." 

VENTER: One of the big­
gest experiments-and we 
will know the answer by the 
end of this year-is whether 
there are any human specific 
genes or not. It is tho ug ht 
that human development is 

know the right tests to do, and we 
do n ' t have the right answers to give 
people. 

SHRVAAS: How are you work ing 
with university centers or phannaceuti­
cal companies to get the right answers? 
You mentioned Huntington 's. and we 
are proud of what Dr. Mike conneaUy. 
professor of genetics al lhe Indiana Uni­
versi ty School o f Medicine , did for 
Huntington's. I thoughl that 50 percent of 
Ihe o ffspring of someone with 
Hu ntington's disease would have 
Huntington's. I didn 'l know environment 
had anything to do with that. 

VENTU: There is a whole range of 
degrees of sympto ms, and even ages 
where disease occurs. We don '{ under­
stand all of that. yet. Huntington's dis­
ease is probably more the exception than 

this infonnation across the board. We 
are trying to push the revolution at ev­
ery front . We have some of the big­
gest and best phannaceutical compa­
nies in the world using our data right 
now through an Inte rnet link into o ur 
computers as we speak. They are us­
ing this infonnation to try to find the 
targets or genes-related to diseases, 
where having a drug interfere with the 
function of that protein could change 
the ou tcome of the disease. That is 
happening right now. 

We are providi ng the infonnation to 
universities and to biotech companies. 
The research is going forward right 
now with this new infonnation across 
the board. 

We are start ing a new initiative 
where we are goi ng to sequence all 
the proteins in the body, because we 

due to changing the minute 
instructio ns associated with each gene. 
Instructions which direct that one gene 
should be turned on in the brain at this 
time of development 10 this level, in­
stead of ano the r pan of the brain at a 
different time of development at a dif­
ferent level. It is the changing of the 
rheostats or dimmer switches that de­
tennines how much of a protein is 
turned on or turned off that is thought 
to have changed the human brain to 
what it is. We will know that in a few 
years. 

I have sequenced viral genomes, 
bacterial genomes, plant geno mes. the 
fruit fly---the fU"St insect, and now the 
human genome, and it is clear that the 
sequence is largely identical across all 
life fonns that we have looked at. We 
fou nd the colon cancer gene that I 
mentioned by comparing the human 



44 

genes to those from bacteria where the 
funct ion had been studied for DNA re­
pair. So there is no doubt in my mind 
that we evolved by changing the ge­
netic code over bill ions of years on 
this planet. That still begs the queslion 
of how l ife originated on earth. 

5ERVAAS: T he Master Planner had 
some intellige nce to pu t it all to­
gether? 

VENTER: They had a 101 more than 
human intelligence to do it. 

SEkVAAS: llaughingJ That 's a good 
answer. 

MARCH: In cardiology, as well as 
other areas, one factor that has be­
come very importan t in determini ng 
how pat icms do is not only their pre­
dilec tion for di sease, but al so how 
they compensate fo r having thai dis­
ease. Some fo lks with diabetes, for ex­
ample, experience severe problems in 

Celua's individual genetic profiles, 
provided through ilS subscription 
databDSt of gennic information, could 
help identify people at high risk for 
cutain diStastS. Because Katie Couric 's 
husband died at 42 f rom colon cancer, 
early genetic screening of their dough­
ten could provide potentially lifesaving 
information that would allow them to 
take sups to avoid the complications of 
the disease one example of how 
knowing one 's genetic code could 
empower the individual. 

THE SATURDAY EYENING POST 

their peri pheral vasculature, such a-\ in 
their legs, while others don ' t. Some 
people who have serious blockages in 
their blood vessels supplying the heart. 
whi ch could lead to a heart attack 
when completely blocked, will grow 
very ni ce collateral vessel s . Others 
will not do that at all. Is this genet i­
cally de te rmined ? W hy do some 
people do much better while others 
don 't, and where are you in your ge­
netic understand ing of those second­
level compensations? 

VENTE R: We can only begi n to 
speculate on those level s ri ght now. 
With blood pressure. for example. there 
are over 300 genes that we now know 
of involved in the regulation of blood 
pressure. In each of us, these genes 
playa slightly different role, so the ge­
netic changes in those genes cause dif­
fe rent interactions. So we change the 
spelling of the gene that leads to the 
change in the spelling of the protein. 
But, in fact, what is important is how 
that affects the interactions with an­
other protein. if that spelling is sLightly 
different in each of us, we are going to 
have subtle , diffcrent protein-protein in­
te rac t ion s. Envis ion a ll s ix bill ion 
people on the planet, and we interact. 
Our interactions with each other are all 
subtly different in part because of our 
genetic code. 

MARCH: Everybody's "palm pilot" is 
different. 

VENTER: That 's right. That's very 
much the case al the protei n level. It 
seems impossible to understand with 
the complexity of the biology r ight 
now, bu t tha t IS whe re the 
supercomputing comes in. It is not just 
enough to have the genetic code. That 
is where protcomics comcs in. We are 
selling up a faci lity here to sequence 
one mi ll ion proteins a day to try to 
understand these protein-prOiein inter­
actions. Then we can understand why 
the spelling of a prote in is slightly dif­
ferent , and why the same individual 
has a different spelling in a particu lar 
gene, this protein that we know there 
are interactions with that lead to this 
different effect. 

We are starting a study with a re­
search group at La Jolla to look at hy­
pertensive patients with well-character­
ized differences like you are talk ing 
about that have not been studied. We 
are going to see if we can find 
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In 1994, Dr. Bert Vogelstein, a leading 
cancer researcher at J ohns I/opkins 
Unh'ersity Medical In stilulions in 
Ballin/ore, and Dr. Venter collaborated 
in identifying three genes associated with 
colon cancer-" markers" now used to 
screen high-risk patients, potentially 
saving thousands of lives. "The comple­
tion of the human genon/e will help us 
considerably in our efforts to identify the 
genetic basis of colon and olher can­
cers," Dr. Vogelstein told us. 

changes in geneti c code li nk ed to 
some of these subt le diffe rences, be­
cause it is the subtle differences that 
really determi ne. in many cases. life or 
death outcomes. 

That is a very key part of th is ef­
fo rt . We are at the in fancy of this sci­
ence, but havi ng the complete genetic 
code is going 10 dri ve thi s research 
forward very quickJy. We are going to 
do more in the next two or three years 
than has probably happened in the past 
30 years in understanding these kinds 
of interactions. That still means we 
don' t know the answer to your ques­
lion. What it does mean, however, is 
that there is hope to get the answer in 
the relat ively near future. 

MARCH : That is ve ry impress ive. 
With hypertension. there is a popula­
tion of roughly 50 percent who are 
ve ry salt-sensiti ve and shouldn 't eat 
salt. whi le others are relatively insensi­
tive; another percentage of hypertensives 
actually become worse when their so-
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L~ading r~uarchers, such IJS cardiologist Dr. Keith !'tfIJrch (abol'e), eIJgerly IJM'ait th~ completion of Ih~ humIJn g~nom. to beller 
understand rh~ gen~tic link in heIJrt diu IJu , high blood pressur~, IJnd OIher diu ases. This knowledg~ M'ill shed light not only on 
such / undIJmental questions IJS how humans grow and SUrvjl'~, but on ,,'hy and hOM' "'~ develop diuIJs~, leading to beller tr~alments 
and possib/~ cur~s. By understanding genetic \'ariations and prolein Junaion, physicians may soon IIJilor Iherapy 10 suit each 
indi~jdllal's unique genetic profile. 

dium intake is restricted. With the La 
10lla group, are you going to address 
that issue in a way that people will 
know earl ie r in the deve lopment of 
high blood press ure whether or not 
they should restrict salt? 

VENTER: It is one of the potential 
benefi ts that will come o ut of the 
study, but those are great examples of 
how the subtle genetic variations in all 
of us, the three million letters of the 
genetic code in which we all diffe r 
from each other, de termi ne our own 
sens iti viti es. The way medicin e is 
pmcticed now, most drugs work. on 30 
to 60 percent of the population. yet we 
give the same dru gs to the who le 
popul ation. We give instruc tions to the 
whole popul ation that you should. for 
example, take a baby aspirin a day be­
cause it will help you if you have a 
heart attack or a stroke. It turns out 
that is only true for one out of three 
people, and there is one leller change 
in the genetic code of one gene that 
seems to de tennine whether you arc 
one of those three or not. 

That is the type of indi vidual ized 

infonnalion that Celera hopes in the 
next few years to begin to provide to 
people so that we can understand our 
own genetic makeup and what that 
means in how we interact with the en­
vironment. Imagi ne how it is going to 
change drug delivery. 

A major drug was j ust taken off the 
market fo r treating Type 2 diabetes. 
because one out of 10,000 people had 
adverse side effec ts, including about 
60 peopl e wh o di ed from it . That 
should be predictable at the level of 
the genetic code so that before any­
body is given a prescription for that 
drug, we can rule out those people 
\Ioho would have an adverse side effect 
or potentially die from this treatment. 
versus having their diabetes effectively 
trented. That is individuali zed medi ­
cine going forward . The goal is to de­
liver drugs that will treat your disease 
and not kill you in the process. 

MA.RCH : That is phenomenal. So as 
ph ysicians, we need to look at the 
therapy we use for patients as pan of 
their environment. 

VENTER: That 's right. 

MARCH : Some people respond to a 
therapy the way we want them 10, 

while other people will not. Responsive­
ness, lack of responsiveness, and possi­
bly bad side effccts from a spxific drug 
then may just be due to individual ge­
netic makeup. Is that correct? 

VENTER: Cenainly a major ponion 
of it will be subtly changed by each 
of our environments. But the hope is 
thai a lot o f thi s will be abSOl ute ly 
predictable from either prote in diag­
nostics or DNA diagnostic tests. 

MARCil : This information will help us 
understand why some people respond to 
cenain drugs while others don 't? 

VENTER: That's right. 

MARCH: Fo r those people wh o 
aren 't so familiar with the tenn , could 
you te ll us what is proteomics1 
VE~TER. It 's a terrible tenn , derived 

from genomics. The genome is our 
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Discovery Ca ,, 't Wait thousand billion bylt's of computer 
storage] of data; ii's going 10 be a 

continued from page 45 f pctabyte (one thousand terabytes I Q 

complete collection of chromosomes, data within a year. The computer fa-
or genetic material. The term cility that we have is a key pan of un-
proleomics was developed 10 try 10 en- derstanding genetic code. We are try-
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MARCH : That will be a phenomenal 
advance for science and medicine. You 
mentioned that you would sequence at 
least a million proteins a day? 

VENTER: That is the goal. 

compass the whole protein world. It is ing 10 change how science is done MARCH: Will that make you the 
harder because it is nOI as easily de- from studying onc gene. one protein at group with the most thorough pool of 
fined. Our prOicins constantly change a time. J spent the early pan of my information on proleomics in the 
or are dynamically regulated. Genes career studying biology. and that is the world? 
can have aliemate splicing, so in dif- integration of all this information. You VENTER: It will clearly be the larg-
ferent cells the same gene leads to can't do it without massive computers. est database. Again with that amount 
subtly different protein structures. That That is what Celera is providing as of data every single day. the com put-
is how we regulate physiology. The a service to researchers around the ers, the storage, the way that we re-
field of proteomics is trying to get the world. We are trying to do collabora- trieve this data and ask intelligent 
structure of all these different proteins tions and just directly provide the in- questions about this becomes the big-
to understand which ones are ex- formation. There are no strings at- gest challenge. We are working, fo r 
pressed in what cells and what regu- tached to the data when people have example. with Oracle in trying to de-
lates them and to try and determine subscriptions to the databases. People sign new databases that can actually 
their three-dimensional structures so make discoveries. They are encour- deal with this much data; the data-
that we really understand how ,---------------------- bases don't exist right now. 
the proteins interact with each Banks, for example. have a 
other. That's where biology big data-storage problem. but 
happens. When we look at they don't have to relate your 
each other, we don't see DNA bank account to my bank ac-
and RNA. We see prolein. the count. 
results of protein action and With genomics, biology, 
somatic action. All diseases and proteomics, we have to 
are treated and occur at the understand the interactions of 
protein level. The DNA and all the genes. The interactions 
RNA determine how much are all crossed-linked, so we 
protein is there and in what have to be able to access all 
cells. Proteins are key. Get- the information simulta-
ting the genetic code was the neously. That is a tremendous 
way to get to the protein challenge for biology and 
world orders of magnitude computing. 
faster than the way science 
was conventionally going. 
The key thing willl getting the 
genetic code was to under­
stand the protein world, nOI to 
understand DNA per 5e. 

PEJUty: Are you collaborating wilh 
universities or planning on future uni­
versity studies in your current project? 

VENTER: That was a great question. 
Our goal is to have our database of 
the human genetic code in every uni­
versity and every research center to be 
catalytic and move things forward. 
People listening and reading the press 
may naively assume from some of the 
government effons that just having the 
genetic code on the Internet will lead 
to immediate treatments for disease. 
That is a very false assumption. This 
is such a large amount of information. 
If we were to print the human genetic 
code right now, it would fonn a stack 
of papers a hundred feet higher than 
the Washington Monument. We have 
the largest database in the entire medi· 
cal world. It is over 60 terabytes font' 

"00 you haoe any other rollateral oLller 
than 100.free hows from your Internet provk:ier?-

aged to publish and patent their dis­
coveries and do whatever they can to 
move medicine forward quickly. 

We do have some clear-cut collabo­
rations. We have one with City of 
Hope, understanding some of the 
changes in the estrogen receptor gene 
with breast cancer and trying to under­
stand the links of certain haplotypes 10 

breast cancer. We are collaborating 
with a company called Gemini that 
has an identical-twin database to use 
identical-twin information matched 
with their disease to investigate how 
we can use that infonnation to under­
stand the correlation between genetic 
changes and diseases where they oc­
cur, because it is far more complicated 
than just looking at single genes. We 
are trying to provide Ihis infonnation 
across the board as a tool to everyone 
to advance every field. 

MARCH: When you have 
high blood pressure with 300 
different genes involved and 
each one playing a small role 
in the extent and manifesta­

tion of high blood pressure, do you 
think you can account for 80 percent 
or 90 percent of the cases? 

VENTER : We also have to understand 
the environmental factors that influ­
ence high blood pressure. It is not just 
Ille genes. You and I might have the 
same genetic changes. but if you con­
sume ten times as much salt as I do, 
you might have a different response in 
you.r physiology than I do in mine. 
One of the important messages is that 
life is context-sensitive. Genetics is 
context-sensitive. You can't just look 
at the genetic codes. We have to look 
at other aspects of peoples' lives willl 
the same genetic code to understand 
any two people. That is why the twin 
studies are important. Just consuming 
twice as much salt or fat may totally 
trigger certain genetic pathways 10 be 
altered that wouldn't happen in me if 
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I am consuming less of those. That is 
why it is a big equation. This new un­
derstanding won', happen overnight. 
BUI we have to slart collecting data on 
the scale of millions of proteins a day 
and understanding this in a broad set 
of individuals. 

MARCH: One key cardiovascular risk 
factor that is not usually thought of as 
a genetic risk factor is tobacco abuse. 
Do you think it is poss ible that we 
might be able 10 identify a genetic ba­
sis for some folks becoming very eas­
ily addicted to tobacco. while others 
are morc resistant? Perhaps we could 
then use that infonnation as an early 
intervention to focus anti-tobacco edu­
calion in genetic situations similar to 
what we already know about alcohol. 

VENTER: Yes. In fact, not just the 
addiction potential bUI Ihe di sease­
causing potential. Some of us have 
naturally occurring proteins and 
changes in our genetic codes Ihat 
make us more resistant to the harmful 
effects of smoking. Some people have 
argued that we don't want to do those 
tes ts , because it would tell some 
people Ihat it mighl be safer for them 
to smoke than they would Ihink other­
wise if they don't know that they are 
just all at high risk. Smoking is not 
good for anybody, but it is certainly 
less good for some people than it is 
for o thers . All of these tests have 
some social consequences. aside from 
jusl trying to deal with preventive 
medicine and disease. You might find 
that you are extremely susceplible to 
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the harmful effects of smoking ; I 
might find thai I am less susceptible 
to the se and, therefore, I cou ld , 
wrongly interpret that iI's OK for me 
to smoke, but one shouldn 't. in fact , 
smoking will shorten both of our lives. 

MARCH: Some education is very 
crilical to undemanding how to deal 
with this information. 

VENTER: That 's right. It 's critical. 

PERRY: How does thi s education dif­
fer from whal has been going on pres­
e ntly in preventive medicine ? For 
some time, we have heard the mes­
sages: Don 't smoke, eat less fat, and 
avoid alcohol. Will the genetic infor­
malion offer more proof to the overall 
concept of prevention? 

VENTER: In scientific literature. we 
have heard at least 20 fluctuations in 
whether drinking coffee is harmful or 
nol. The nature of the equation was 
pretty complicated. We are trying to 
understand, at a fairly simplistic level, 
complex biology-looking at the OUI­
come. If we had 100 identicallwins to 
look at these effects in a well-con­
trolled study, some of Ihese answers 
mighl nOI be so varying. But it is hard 
to pin Ihings down exactly in lerms of 
an absolutely causal relationship, be­
cause it varies for each of us . Indi­
vidual genetic variation will be a key. 
For some people, a high-fat diet is ac­
tually lethal at a very early Slage, just 
as for some people smoking at all can 
cause lung cancer and very premature 
death much more rapidly than it can 

"He'S mostly ac{/tLSled to retirement OK. 
except that he keeps sending me memos.' 
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in others. There are tremendous differ­
ences in all of us. That is where we 
are trying to look across a popu lat ion. 
That is the trouble wilh clinical trials 
and new drugs. The new drug can pos­
sibly cure a disease in a fanlast ic fash­
ion, but it only works on 50 percent 
of the people you g ive it to. 

l! is very d ifficult when you are do­
ing drug studies, then , to prove stat is­
tically that this treatment wi ll cure Ihis 
disease because, in fac t, it may do it 
100 percent of the time in the right 
people in 50 percent of the population: 
in the olher half, il may actually cause 
toxic e ffects. I th ink the same infor­
mation will be used to improve thera­
pies. That is why I say that medicine 
has to become individualized. based 
on the individual's genetic code. 

MARCH: The ideal env ironment then 
is matched to the person. JUSI like the 
ideal spouse is matched to the person. 

VENTER: I th ink that is part of the 
environmenl. [LaughterJ 

PERRY: Does the slogan "Speed ma!­
ters . Discovery can't wait:' sum up 
Dr. Craig Venter? 

VENTER: Yes, il is based on my per­
sonal philosophies. 

CONNEALLY: Many scienti sts have 
major problems in geuing bioinformalics 
people, and that is key in this area. You 
said earlier that you have already se­
quenced the human genome and that 
now you are trying to imegrate the se­
quences and get all the interactions into 
your enormous computers. To do that , 
you need manpower. Are you having 
much difficulty in finding good people? 

VENTER: We have been very lucky in 
this area. In fact. I think we have prob­
ably 40 percent of the top talent in the 
world here at Celera in terms of algo­
rithm development. People like com~ 
puter scienti sts Eugene Myers. Ph.D .. 
and Granger Sutton helped define these 
new algorithms that allow the genome 
to be seen. Just 18 months ago. the to p 
scientislS in this fie ld were saying what 
we were doing was impossible and that 
il wouldn't work. It worked because of 
the application to the new algorithms 
and the new mathemati cs and the 
supercom puting to thi s problem that 
was not obvious to many biologists 
working at a much smaller scale. But 
you are right; bioinformatics· is the at>-­
sol ute key, and that is the o ne area that 
is hard to build fast enough. Building 
complex software to deal with thi s 
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moumain of infonnation takes time. We 
havc ovcr 100 software engineers here, 
and we are boying other companies and 
trying to get more quickly, but it is the 
rate-limiting step. It's such a new disci­
pline thm there are not enough people 
lrained on the planet. We could hire 
thcm all here. 

CONNEALI.Y : Yes, and it st ill 
wouldn't ~ enough. 

VENTER : And it would n 't be 
enough. We are trying 10 help Irain 
peoplc faslcr, building the lools and 
making the dala imerpretable, That is 
one of thc keys we are offering. and 
thaI is why some people assume Ihut 
thi s kind of business model is to keep 
the (I:ua a secret. In fac l. it is j ust the 
opposite. We wi ll go out of bu siness 
if researchers like you and your col­
leagues don't use the infonnation. But 
we are trying to create the tools and 
the computer infr-.tstructure so that you 
can actually do new experiments that 
each of us can onl y dream about. 

CONNEA I LY: I was amazed at how 
rapidly you sequenced the first insect. 
Droso phila- the fruit fl y-even 
though it is much smaller than the hu­
man genome. It happened much more 
rapidly than smaller organisms. so we 
know the pace is ext remely rapid. We 
were very impressed with your faci li ­
ties. We had a wonderful tou r today. 
But you' re serious that you feel you 
can seq uence a million proteins a day, 
not a million am ino acids? 

VENTER: Yes, exact ly, a million pro­
tei ns a day. And that would nOI h:lve 
been pos!>ible wilhout having the com­
plete genetic code. In aspect sequenc­
ing, you break the proteins down into 
smaller fragments. Ri ght now when 
people do these studies, most of those 
fragments don't match anything in the 
genetic code because we on ly had a 
partial gene tic code. Now, wi th the 
complete genet ic code. it is a very big 
calculation to take all the PfOtei n frng­
ments, based on thei r masses and the 
mass spectrometer. and link them back 
to what it is. But again. il is the appli­
cation of mathematics and high-end 
computing to solve biology problems. 

There are some exci ting new in<;tru­
mems thaI are coming out that make 
th i<; possible as \l.ell. All of the suc­
cess ha s been due to not just new 
st rategies but also to exc it ing new 
tec hnology developed by our s ister 
company, PE Biosystems. thul has 
made the DNA sequencers, the mass-
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specs. And il has been due to the new 
mathematical algorithms and the appli­
cat ion of Ihe high-end computing. 

CONNEALL y: This takes an enonnous 
scale of compuling power. In facl. I 
don't know what a petabyte is. It is so 
enormous going from meg'lbytes to 
gigabytes 10 Ihal level of activity. 

VENTER: We have the largest com­
puter devoted to biology in the world. 

CONNEALLY: Are you or any of your 
subsid iaries going to be involved in ac­
tual genetic testing-taking a swab test 
of the cheek. for example? 

VENTER: The plan is to get to that 
point. We want to make sure Ihat the 
information is incredibly accurate and 
that we can give not onl y meaningful 
results in lenns of reading the genetic 
code, but also to help you and your 
physician interpret the genetic infor­
mation accurately as to what it really 
means, so thal people don't lake dras­
tic steps wilh the infonnation. We are 
early in that process, so we don't want 
to do it 100 early until we really un­
derstand the outcome. Based on your 
pioneering work, look at what has 
happened in the last dec'lde from your 
research for the Huntington's disease 
gene. We are just now starting to get 
breaklhroughs in underst:mding whal 
that gene may actually do nnd how it 
may work. These studies really take 
time, even once we have a lillie break­
through like your work has led to. 

CONNEALLY: In Parkinson's disease, 
we realize that there is a major envi­
ronmental cause, but there is also a 
genet ic background that probably pro­
teels agai nst envi ronmental insults. 
That is where the genome sequencing 
is going to help u<; to narrow down in 
these areas. 

It was intrigui ng wha t you said 
about sc hi zophren i:l, th at identical 
tw ins have only a 50 percent chance 
of havi ng the genetic predisposition 
for schizophrenia. If one of the twins 
has sch izo phrenia and the o ther 
doesn't. the risk 10 the children of 
both of the twins is identical. The 
schizophrenic twin does not pass on a 
higher risk for his or her chi ldren, so 
obviously environment is playing a 
major role. 

VENTER: There is clearly a genetic 
and envi ron mental componen t. We 
have so many variables Ih:lt it makes 
it a real challenge to sort out the vast 
array of infonnation. ;( 
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