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*** START OF INTERVIEW 
 
COOK-DEEGAN: There we go, OK.. I'll start, Lee, by just asking you 

about the definition of the genome project. One of the interesting 

things about the genome project is that it changed.  The words 
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didn't change, the fact that there was an overarching something or 

other didn't change, but the definition of the project itself did, 

and I'm interested in getting people's different perspectives about 

how it changed, and why.  So, maybe we could start there, if you 

think there's some place better to start, go right ahead.. 

 
 
HOOD:  No, that's absolutely fine.  Well let me say, in many 

senses, I think my vision of the genome project has evolved, but I 

don't think it's changed in a very fundamental way. I always saw 

the genome project as having two major outputs. One was this, the 

development of the technologies that were going to make it possible 

to do it. I thought that was going to be, in the short term, its 

largest immediate benefit.  And the second was going to be this 

book of life business that was going to put the genome project in 

the computer.  But per se, the genome project wasn't science, it 

was the creation of the archive of human information. 

 
 
In my view at the beginning, very few people understood the 

technology aspect. It was just this global, "well we'll go out and 

do it". A lot of people hadn't thought about the magnitude of the 

problem, and they hadn't even thought about whether we could even 

really do it with the tools we had. I think the other thing that 

really changed in the vision of the genome project was what I'll 

call the Wally Gilbert vision.  Wally Gilbert's vision, and the 

thing that I think that held the genome project back in many ways 

among the sophisticated. His vision was, "get me 300 people, get me 

enough money, and in 3 or 4 years, I can do the entire thing for 

you".  What was devastating about that vision, is the people who 

knew anything about it knew that that was utterly ridiculous, and 
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yet that was the kind of opening. As you and I know, Wally played 

an enormous role in the beginning in shaping the genome initiative. 

 
 
I think what we've done over these five years has just undone a lot 

of Wally's glib and facile exposition of what the genome is, and 

what can be done.  He still says the same kinds of things, but 

people don't take him nearly as seriously, because in fact he 

hasn't performed.  And whether he will, I think, we'll find out 

over the next year or so. He'll certainly have the resources to 

test his sequencing project. 

 
 
So, I think what happened over that five-year project, was that the 

vision, the overriding vision, didn't change all that much. People 

became conscious of what its real implications were, both with 

regard to technology, and with regard to how to go about doing it, 

what made sense to get started on, definitive time scales that one 

hoped to finish certain aspects of physical mapping and certain 

aspects of genetic mapping. I think it's only in the last year or 

so that people have realized what really large-scale sequencing 

should be all about for this first five-year period at least. 

 
 
COOK-DEEGAN:  Talk a little bit about what else would go in the 

computers, because the sequencing stuff was always there, but the 

other components.  There are two aspects that I think would be 

interesting to look at. One is physical mapping and genetic linkage 

mapping. And then there's human/non-human, and the degree to which 

your perception.. one other thing that I think you're almost unique 

in, I don't.. people wandered in and out of these meetings.  You 

were at the Santa Cruz meeting, and thereafter you were at almost 
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every meeting. 
 
 
 
HOOD:  Almost every one, except actually the meeting at NIH that 

was sponsored by Hughes, that one I didn't go to. 

 
 
COOK-DEEGAN: Oh, I thought you were at that one, you were at the 

 
NIH meeting in October though. 

 
 
 
HOOD: Yes. So you'd like to know how visions of mapping and how 

visions of model systems.. 

 
 
COOK-DEEGAN:  The degree to which, in your perception, that was 

always part of it. The degree to which sequencing was a primary or 

a subsidiary goal. To the degree that you think that changed, why 

it did, or in what way, or whatever, whatever you think is 

interesting. 

 
 
HOOD:  Well, I can say from my own point of view again, I don't 

think my vision really changed on that. From day one, once I was 

convinced it was a reasonable and feasible thing to happen, and 

that really happened at the Santa Cruz meeting for me, because I 

went skeptical.  I was convinced that the real objective of this 

exercise had to be the sequence of the genome. I mean, the yield 

of information from mapping, either physical or genetic, is 

microscopic compared to what you get out of sequence information. 

And I would have to say that from day one, I was always convinced 

that although we had to cast the whole project in a human genome 

endeavor, that the critical key to it -- that's the essence of our 

sequencing philosophy -- had to be comparative analyses of two kind 
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of systems.  One dealt with another complex organism to compare 

against human. The mouse is the obvious choice there. The other is 

the model systems, where you could go back into them and see how 

genes functioned in a simpler environment. My feeling about this 

was that we didn't need to make a big to-do about the model systems 

early on, because people wouldn't understand how much the 

technology was going to change, and how easily, in the later years 

of the project, it would be to run through all of these other kinds 

of things. 

 
 
If your vision is that the throughput for sequencing and handling 

information is going to change by four orders or five orders of 

magnitude, you can really think about doing these other kinds of 

things. My vision is clearly that.  So, I always saw that as an 

absolutely essential part of that, because if we didn't do that, we 

would really be missing an enormous part of the opportunity the 

whole human genome presented us. I think a really critical part of 

interpreting the human genome is playing it off against the mouse 

genome, to look for the conserved regions, and deciphering why 

evolution has conserved those regions, I still think that's a key 

strategy. 

 
 
But clearly, from the beginning, people had very diverse points of 

view.  Depending on who you were, what you thought about, there 

were people who saw this as basically a mapping exercise.  There 

were people that saw this as primarily a genetic mapping exercise, 

and the real purpose was to get a good one or two or five centi- 

Morgan map, so that we could locate disease genes. And, I think a 

lot of people were frightened, and rightfully so, by the magnitude 
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of the sequencing problem, by the current state of the technology, 

and gave it up as hopeless. 

 
 
I've been asked to be a small part of it, and will only sequence 

interesting things. We get into debates about cDNA's, and we get 

into debates about genomic DNA, and which way we should go. Those 

are still really current debates.  There are people that really 

feel very strongly about those issues. 

 
 
In that regard, my feeling for the next five years is that we only 

should be sequencing informationally rich DNA's.  So, those are 

cDNA's. I would go along with sequencing CDNA's. I think that's a 

perfectly legitimate approach, although it certainly is kind of a 

giant fishing expedition.  The extent to which we can use the 

cDNA's is really going to be an interesting question, both with 

regard to mapping and homology relationships, and things like that. 

On the genomics, I think we look at areas that are informationally 

rich. It would be preposterous to think about sequencing 

chromosome, or even to think seriously about sequencing a big 

region of a chromosome, but you can sequence informationally rich 

gene families. You can sequence regions that have interesting 

genetic biologically phenomena. Again, my view of sequencing is 

that you take it in steps. The challenge for us now is to get one 

to two megabase contiguous regions to sequence. If we can do that, 

what we hope to be able to do is improve two-fold the throughput 

for DNA sequencing over the next four to five years, by focusing on 

that kind of a problem. But at the end of that time, then I think 

you could pick up a 10-to-20 megabase kind of problem, and maybe it 

would explode rapidly, if we get some of these new kinds of 
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technologies coming in. 
 
 
 
My view about the really major goals of the genome initiative is 

unchanged.  Technology development, which includes all the 

computational tools, quite obviously, and the sequence.  I mean, 

once you have the sequence, then the maps.. 

 
 
COOK-DEEGAN:  When you say the sequence, what do you mean? 

 
 
 
HOOD: I mean the sequence of 95% of the human genome, or whatever. 

I don't advocate sequencing centromeric regions that have repeats 

that go on in a monotonous fashion.  But I certainly do advocate 

sequencing all informationally distinct regions of the chromosomes. 

Will there be unclonable and unsequencable regions? My feeling is 

that the answer is there probably won't.  We'll figure it out. 

Roughly in a hundred kilobase stretch we've essentially finished 

now, there were a couple of regions that were hard, but you can 

devise strategies for getting them. Those strategies are getting 

better and better. So I think we'll have 90 to 95%, but we'll have 

to wait and see.  I think everything but the centromeres and the 

big blocks of repeats, we ought to sequence. 

 
 
COOK-DEEGAN:  So you would still put sequencing as the primary 

ultimate goal, the mapping goals are subsidiary to.. 

 
 
HOOD: Yeah, I think mapping is on the way to getting the sequence. 

Look, we need a physical map, because that's raw material from 

which the sequences will be created.  I think we need a genetic 

map, because . . .  both because it makes a lot of sense in the 
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context of other things that are ongoing, and, I think we have to 

be able to justify this endeavor as we go along. I don't think we 

can just say "wait 15 years", and here's 3 or 4 or 5 or 6 billion 

dollars worth of whole sequence.  I think we have to have real 

successes and accomplishments as we go.  In that regard, the 

physical and genetic mapping are going to be terribly important. 

 
 
The genetic mapping is key in tying phenotype into the genotype 

anyway. We'd have to do that one way or another anyway. I see those 

as perfectly logical extensions. But the end goal, it seems to me, 

is to have that complete sequence. It is to identify the 100,000 

genes, to use that information to identify the fundamental motifs, 

from which proteins are built up.  It's to decipher the kind of 

molecular addresses of regulation, and then it's to begin to use 

this information. 

 
 
In looking at broader perspective, the real challenge of biology in 

the future is going to be analyzing network interactions, whether 

they're molecular or cellular or tissue. I think the key to 

analyzing networks is going to be defining all the components, and 

then being able to set up tools -- computer aids for thinking about 

networks and what kind of effects perturbations will have -- and 

then using that information to go test biological reality.  The 

genome is going to define all of the protein elements that are a 

component part of all of these things. I think that's going to be 

an incredibly valuable kind of tool. 

 
 
Along the way, I think a lot of the computational tools we'll have 

to develop will lead us into the next phase of biology, sorting out 
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network interactions, and things like that. 

 

 
 
 
COOK-DEEGAN:  Getting back to the history, what do you think the 

pivotal event was, and then I'll ask you, the next question will be 

the people.. 

 
 
HOOD:  You mean, was there one pivotal.. 

 
 
 
COOK-DEEGAN:  Doesn't have to be one, that's a loaded question, 

just.. 

 
 
HOOD: I think there were a series of pivotal events. Number one 

was just the march of technology: the development of techniques for 

sequencing, the development of better techniques for getting larger 

and larger DNA fragments.  Number two, polymorphisms and genetic 

mapping and those kinds of things played a role, but also number 

two, there was this coalescence into a series of meetings that 

really started spreading around the idea. My first interface was 

really at the Sinsheimer meeting. You know, I'm sure, all the 

people who were there. I went skeptical and came away really 

convinced that this was something to take seriously in biology, 

that we had an enormous job to do to sell people on how to do it 

the right way. Even at those stages, Wally was talking about an 

institute, and we could do it in a short period of time. I saw what 

was going to happen when that got out into the community, and it 

did. There was this incredible counter-reaction. 

 
 
But, you know, George Church was there, and Wally Gilbert was 

there, Botstein was there, there were about six or seven people, do 
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you know them all? 

 

 
 
 
COOK-DEEGAN:  I've got a list of them, I don't have them in my 

head. 

 
 
HOOD:  But, I think in some ways, those people, a lot of them 

turned out to be catalytic in various ways throughout the whole 

genome initiative. It was the first time to my knowledge that a 

meeting had been called to talk about this specific subject, and 

then really analyzed it in some detail, whether it was practical or 

feasible, and how you might go about it. In Bob's context, could an 

institute really hope to do this kind of thing? What was the 

timetable? What was the magnitude and order of magnitude of the 

task? I found the meeting really one of the most catalytic and 

stimulating of those that I had gone to. Bob Edgar was there, too, 

obviously, I think from one of the groups. 

 
 
I think a really pivotal event, in retrospect, was Delisi's 

latching onto this as, I think really, as a mechanism for giving 

the labs an opportunity to get involved. I think he was head of 

the biological side of DOE, really concerned about radiation 

biology. Was it winding down? Where was it going? What had it 

really done? I think he really realized that if the labs were to 

continue in the biology area, there had to be some really 

legitimate driving forces.  I think at the same time he realized 

that, in theory anyway, the labs had all this technology. In 

principle, one could imagine that's the kind of thing that would be 

absolutely terrific, to focus it on an issue like the genome 

problem. 
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Whether this came to him from reading about the Alta meeting or 

whatnot, I really don't know. But clearly DOE's early pushing of 

this project was absolutely catalytic in spreading it out to the 

community in a big fashion. Now DOE certainly was viewed by many 

biologists with suspicion and skepticism and cynicism, but at the 

same time with Wally Gilbert playing a role at the national level, 
 

being in Newsweek and things like this, pushing the genome 

initiative, I think these two events together gave it a legitimacy 

that really got the thing going. It was a pebble dropped in the 

water that started the circles that really started going out and 

making a difference. 

 
 
I would say the third event that was absolutely critical in my 

view, was the NAS committee. Having Bruce Alberts being the head 

of it, who was a known skeptic of this kind of thing, having 

Nathans, who was also somewhat skeptical in the beginning, at least 

that's how I remember it. And yet having this committee sanctify 

the vision and spell it out in some detail and give it some real 

flesh, I think that was an absolutely key and critical event. 

 
 
In terms of really major events, I guess the next big one was 

persuading NIH that they should get involved. I mean, you know as 

well as I, NIH and certain individuals kicked and screamed about 

this kind of thing.  I suspect Jim Watson played an absolutely 

central role in legitimizing this for Wyngaarden. Then he played 

a critical role when he agreed to take on the leadership, and he 

gave it a legitimacy that almost no one else could have, I suspect. 

You know as well as I, Jim has complex motivations for wanting to 

do this, but I think his participation was essential. I think he 
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played a major role in getting the money for the first couple of 

years. There's no question about that. He played a major role in 

making NIH as effective as it's been. 

 
 
Now, that has pluses and minuses, I have real concerns about NIH, 

and we can talk about those if we want, but I think those were the 

biggest events that I saw. 

 
 
I think that Bob's meeting was really a nucleating event. I think 

DeLisi's commitment to this vision and pushing it through his 

interests at DOE was absolutely critical in really catalyzing it, 

as was the role Wally played in those early years. 

 
 
I think the National Academy Committee and the nature of the report 

they put out sanctifying it, and NIH's, and Jim Watson's 

commitment, I think those are all landmark events that occurred in 

this endeavor. 

 
 
There were additional things.  If you asked me on the Herac 

committee that I was on, I'll tell you. That committee in a sense 

gave DeLisi ammunition and justified his position, but I think a 

really critical thing we did, I think for the first time we said 

the magnitude of the scale that people were going to think about 

the genome initiative. You remember that meeting. People started 

talking about very small sums. That was a joke, if you were really 

going to do it. I think that was one of the first places this 200 

million dollars a year came up.  That was important from the 

standpoint of, "what is the scope of what this thing could really 

do?"  If you were talking about 40 million dollars a year, that 
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would have been a joke. It would have been almost under the rug. 

Maybe 200 million dollars is off, once the thing really gets going. 

It seemed to me it gave it a kind of financial vision that's really 

consistent with what we hoped to be able to do. You know the 

number, more or less, that the National Academy came out with. 

That's the number that we've all been stuck with since that time, 

but I think that's the first time that I know of that any number 

like that was ever mentioned. I mean, as you probably know, when 

Bob called the meeting in Santa Cruz, he had in pocket something 

like 35 million or something.. 

 
 
COOK-DEEGAN:  He was hoping to get 36. 

 
 
 
HOOD: Yeah, he was hoping to get it. He got told at that time by 

some of us that it wasn't really very much money, if you think 

about taking on this whole project. And of course then there was 

Wally's point of view, which was a lot more optimistic. Although 

I think from the beginning he was equating base pairs with dollars, 

that was a vision he had early on. 

 
 
Coming to a later period of time, the ability of DOE and NIH to get 

together has been really extremely important for the genome 

initiative in terms of closing ranks, and trying to coordinate 

activities and things like that. 

 
 
More recently, I would say a signal event in the history has been 

the opposition that's arisen, from a variety of levels, whose 

arguments it seems to me fall into maybe four categories. If you 

look at them, none of them are very good arguments, but some of 
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them are very convincing to people. The arguments are, "it's bad 

science";  "it's a terrible way to train people".  Probably the 

major one that's been a motivating force, is "it's taking money 

away from all of the other kinds of things".  And finally, the 

argument of big science, which is all pretty bad. Collectively, and 

in various combinations, these are the arguments that have 

influenced people. If you look at them you can deal with those 

arguments on a pretty reasonable basis, with anyone who's 

reasonable.  You can't with the people who have strong feelings. 

If someone has just lost a grant, I have found you can't reason 

with them about this kind of thing. 

 
 
So I guess those are major events, the biggest events that stick 

out in my mind. 

 
 
COOK-DEEGAN:  Also I asked you about the (HHMI?) forum, but you 

weren't there. 

 
 
HOOD:  What was your view of what happened at that forum, were 

there signal events that transpired in that..? 

 
 
COOK-DEEGAN: That particular forum, no, I think the only thing was 

that, that forum was important in that it reversed the flow after 

Cold Spring Harbor. All the reports were very negative about the 

idea of anything like a genome project. At the HHMI meeting it was 

channeled into mapping, and then the consensus began to build 

again. It was really at that meeting that things began to take a 

different turn, and the mappers and sequencers began to see the big 

package.. 
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HOOD:  Coordinate, sure. 
 
 
 
COOK-DEEGAN: Rather than compete, I think that was the main thing. 

Also it was the first place that in a policy setting, where people 

besides scientists themselves could debate it, the first of the 

non-scientific forums. So it wasn't as much a blue chip meeting as 

the DAC meeting a couple of months later, but it was close. There 

were three or four Nobel laureates, Wally and Jim, Dulbecco, Sydney 

Brenner, a lot of the powerhouses were at that meeting. We've gone 

over central characters.  Oh yeah, you've talked.. 

 
 
HOOD:  Well, central characters, that is an interesting issue. 

There are some additional characters. I think Eric Lander has been 

a central character that hasn't been mentioned so much, and I think 

he's played an enormously important role, both in developing some 

of the mapping technologies and computational tools for mapping, 

and in being an incredibly articulate advocate of the genome 

initiative. Eric is one of the people who always gets called for 

the programs that somebody wants to put on. He is the person I 

think who can convey the vision in incredibly effective terms. He 

is a person who has put his money where his mouth is, and he's 

made, his center has made, a major commitment to do something big. 

I think he's been a terribly important spokesman for the endeavor. 

I think the other thing is, Eric commands enormous intellectual 

respect, because of his obvious qualities. Those kind of people 

help make an impact, a positive impact, on the genome initiative. 

COOK-DEEGAN: How about David [Botstein]? 
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HOOD: I think David has also played an important role, David has 

played the gadfly role. He's a gadfly par excellence.  At Cold 

Spring Harbor, David was a negative gadfly.  In the National 

Academy report, David was all over the place. He was positive, and 

he was negative, and he was.. And he is sometimes so infinitely 

articulate that he sometimes gets you off on things that can be a 

waste of time. But he's so smart, he can get you out on a limb 

before you realize "hey come on now, this is.." But, no, I think 

David's pushing and probing, which is an important part of 

formulating the vision, and policy, and how we should do things. 

I think it'll be interesting to see if David does anything really 

significant in terms of the genome initiative, but I think he's a 

gadfly, I think he played a really important, terribly important 

role. 

 
 
COOK-DEEGAN:  On the Academy committee, who were the people who 

played the critical roles? 

 
 
HOOD:  Oh, look the other person we should mention is Maynard. 

Maynard has been an enormously powerful intellectual force for 

thinking deeply about problems, for being appropriately skeptical 

about how easy it was going to be to do things, for technology 

development. The YACs are certainly what makes physical mapping a 

real possibility over the next few years for the chromosomes. 

 
 
*** INTERVIEW STOPS HERE, ABOUT 2/3 THROUGH TAPE SIDE A. 

 
*** TURN TAPE OVER, REWIND TO BEGINNING OF SIDE B. 

 
*** INTERVIEW RESUMES AT BEGINNING OF SIDE B (i.e., Leroy Hood - 

Tape 1, Side B). 
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COOK-DEEGAN: OK, we're back online.. 

 

 
 
 
HOOD: Where we were in the genome endeavor, and where we should be 

going, I think he's been enormously influential. I think Maynard, 

much more than someone like David, has come up with some very 

concrete proposals about what's reasonable and what's unreasonable. 

A number of the things he's proposed are part of the plan, the 

five-year plan. I think Maynard has played a tremendously important 

role. 

 
 
I mean, there are lots of other people that you can name. Charles 

Cantor has been a part, from the very earliest days, a part of this 

whole picture. I think his role isn't really very clearly defined 

in my own mind. Walter Bodmer certainly played a role in the U.K. 

in rallying the troops, and focusing on the genome initiative, as 

did Brenner. Of the two, it's clear that in my view Brenner's 

contributions are much more profound and thoughtful than Bodmer. 

Bodmer is a real cheerleader. He likes to be first, but I think 

Brenner really thinks very deeply about problems. Although he is 

cutesy, and he tends to be a bit of a gadfly too, like David, he 

tends to get you off on tangents and things, but I think on 

balance, he was an enormously important player in the U.K. and to 

a certain extent here. He came and weighed in at a number of the 

important meetings. 

Other people abroad: 
 
 
 
COOK-DEEGAN:  You don't have to go through them systematically, 

it's probably of more value to just let them (come?) to the 

surface.. 
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I think those are certainly the major players as I see it. HOOD: 

 

 
 
 
COOK-DEEGAN:  What about your own role, what do you think.. 

 
 
 
HOOD:  Well, I think my own role has varied.  I think, one, my 

enthusiasm and commitment to it has been an important part of tying 

some of these committees together. I was a source of cross- 

communication among the things. Number two, pushing for the vision 

of this. Part of this is technology development, and we can't do a 

lot of it now. It's totally unrealistic to think of sequencing very 

much at this point in time.  I think that whole orientation has 

been a terribly important part of it, and I think probably a role 

where I've had a major impact -- just arguing for it, to both 

public audiences and scientific audiences.  I've spent a lot of 

time on the road talking about these things, and I think I've been 

able to convince a lot of people that this is a reasonable thing. 

That kind of thing had to be done.  In terms of formulating 

proposals at various stages, understanding the technology, being 

appropriately skeptical about who oversold things, I think those 

were all important roles that I played. 

 
 
COOK-DEEGAN:  What, from your perspective, as a kind of a case 

study in how science and government interact.. 

 
 
HOOD:  Well, actually I'll say, I've testified a number of times 

before Congress in one forum or another, and I think I've done a 

good job there. That may have helped. That's a little hard to say. 

You'd be in a better position to say who had an impact on people in 

Congress. 
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COOK-DEEGAN: Well, actually no, because you never know. There's no 

way to interview everybody who has a role, so I really can't answer 

that question, I can only try to infer cause and effect in such a 

complex system. 

 
 
HOOD:  Well, I can say, I've probably made this the major 

professional commitment of my life for the last three years. There 

are times when I say, "gosh, should I have spent so much time 

outside the lab pushing this kind of thing." You know, it's a hard 

thing to balance, because clearly if you spend more time doing 

science, you'll get farther along at that end of things. 

 
 
COOK-DEEGAN:  I asked you that question in hopes of jogging your 

memory about your testimony, but also.. 

 
 
HOOD:  You mean about the testimony.. 

 
 
 
COOK-DEEGAN: You hadn't mentioned that, and I.. you've testified 

as far as I know at least three times.. 

 
 
HOOD: Well, I think where I really did have an impact was the last 

time for DOE. You were there?  Because I think Domenici really 

liked some of the things that got said there, and DOE got their 

budget almost doubled this year.  Now, would it have happened if 

there had been a different cast of characters there?  Who knows, 

Domenici has reasons for plugging the genome project anyway. We all 

know that. 

 
 
COOK-DEEGAN: The place that question was going was, as a kind of 
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a case study in science. This interface, a collision between human 

genetics and molecular genetics, do you sense that there's been any 

change in how scientists, particularly at your level -- the group 

of people who are involved in all this -- has it changed your views 

of the interaction between science and government? One way to ask 

that question is, do you feel more sophisticated about how these 

policy decisions are made now than you did? 

 
 
HOOD:  Yes, I feel a lot more sophisticated thinking about it. I 

also realize how naive I was then. I suspect how naive I am now. 

I'm also a little saddened by understanding what trivial things can 

have an incredible impact on what actually gets passed.  So I've 

gotten to know a couple of congressmen and their wives and things 

like that, and hearing them talk about things that made a 

difference, or having an unnamed congressman's wife call me up and 

say, "we're writing a bill now that's going to put 50 million 

dollars into diseases, that predominantly occur in women, and I 

know you're just the ideal person to tell us what a lot of those 

diseases are".  This isn't related to a need, it's related to a 

cause.  And it's almost like pork barreling in some ways. It is 

pork barreling. 

 
 
So, realizing that is a saddening thing, but on the other hand I 

realize that if you really care about something, you've got to do 

your homework. It isn't simple, and there's a lot to do. You've got 

to go around, and if I ever got involved in the future. I think I'd 

have a lot more understanding. I think I'd be willing to go out and 

pound a few congressional doors. Going to talk with these people 

makes a big difference.  That's been my experience. 
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COOK-DEEGAN: Could you describe a few more of those congressional 

interactions? It wouldn't even necessarily be congressional, it 

might be people in the executive agencies, who you've interacted 

with, that, just to be a little more specific, that's a real good 

example. 

 
 
HOOD: Sure, our local representative, congressman here, is Carlos 

Moorhead, who is pretty conservative, all the way Republican, 

probably not very bright. I got a chance to talk with him for 20 or 

25 minutes, and I think really got him excited about the kind of 

things, in a general sense, that could come from the genome 

initiative. I don't know, maybe I'm reading him wrong, but I think 

that's something he won't forget. I think in a sense he's really 

been primed, so if this thing comes up in the future, he'll really 

have some things he can say about it. He has a couple of concrete 

reasons he really likes it, you know -- technology, and balance of 

trade, and all those kind of things. The congressman on the other 

side of town really is an impressive guy, I got invited over to his 

house for dinner, I'm blocking on his name now, you'd know him.. 

he's a liberal, he's a really effective guy in getting things done 

in the House.. 

 
 
COOK-DEEGAN:  Waxman? 

 
 
 
HOOD:  Waxman, right.  A guy I really like, and again, I got to 

spend a reasonable amount of time with him talking about the thing. 

He claimed to have known nothing about this, and he got excited, 

and his wife called me several times and said "can we help with 

it." She's the person, by the way, who called me and wanted to know 
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woman-related diseases that they could write into this bill. And 

I said, "look", and I told them what I thought about that, and she 

said, "well I respect your opinion", OK. But I think that, in the 

beginning, if a number of us had had the time or the insight or the 

ability to go around and talk to some of the key people like this, 

I think it might have really helped. 

 
 
I had a chance to talk personally with Domenici. Unfortunately I 

just couldn't make it, but, again, it strikes me as, there's a guy, 

with ammunition, you could be effective in persuading. 

 
 
So that's one thing, I think that's one thing I'd be willing to 

spend more time on. Some of them I find really smart. I'm way out 

of my depth in some of the things we talk about.  I find them 

really responsive. Maybe they're more or less willing to listen to 

their constituents, because for the most part, those are the people 

who I talk to. 

 
 
A really interesting experience I had, too, was at the time I went 

out to testify to Congress for DOE, there was a young congressional 

aide, who had actually been in my lab, who was at Berkeley as a 

graduate student, do you know, Matthew Murray. He spent the 

afternoon, that was actually when I visited Moorhead. We spent the 

afternoon talking to a couple of staff as well.  He talked a lot 

about what he'd learned, and I came to realize how naive both DOE 

and NIH are in many ways in these kinds of things. Just doing a few 

reasonable things. You have do be careful, but setting up a few 

reasonable things, you could make a big difference. 
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So, the experiences were real eye-openers. That's something I could 

be good at I think. I'd enjoy it. It worries me about spending too 

much time away from science, so.. But it was one of the more 

interesting educational aspects of my involvement in the genome 

initiative. 

 
 
Parenthetically, returning to the question of what I think I've 

done for the genome initiative. In the end, I think some of the 

technologies that were developing.. 

 
 
COOK-DEEGAN:  You know, just looking at my list of questions, I 

didn't ask you any questions about that, and I should, in fact. It 

would be very useful to have a history of the DNA sequentator on 

tape. I've asked Mike and Tim Hunkapiller to write a history of 

that for Genomics. I did that at least a year and a half ago, and 

I'm not sure that anybody got around to it.. 

 
 
HOOD: Well, you know, if what you got in there is their history, 

I see some of the things slightly differently.. 

 
 
COOK-DEEGAN:  Well go ahead, let's do that. 

 
 
 
HOOD: The other thing is, Bill Dryer had virtually nothing to do 

with developing instruments, OK. The one thing we did collaborate 

with him on was the gas phase instrument (peptide sequenator), and 

it was only basically the idea he had. He worked for a little time 

on a prototype instrument, but it failed utterly. Then we talked 

about it, had some interactions, and I went to him and said "look, 

Mike and I would like to take this over and see what we can do with 
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it." He said "no" for about a year and a half or two years. Then 

finally he said, "I'm not interested in technology anymore. If you 

guys want to do it, you can go ahead".  So, the idea, which is a 

great one, was his, but he had nothing to do with instrumentation. 

I might say, I never talked to him about DNA synthesis, DNA 

sequencing, peptide synthesis, any of that.. 

 
 
COOK-DEEGAN: That's probably only my own misinterpretation, from 

very scanty notes, it's probably nobody's fault but mine. 

 
 
HOOD:  Yeah, he played virtually no role in that. 

 
 
 
Well, as far as sequencing goes, I'll give you my own personal 

history of it.  When Maxam and Gilbert, and Sanger invented the 

sequencing reactions in '76, we, our lab, almost immediately 

started talking about ways to automate things. We had already been 

into the protein sequencer, and we were already thinking about 

maybe sometime in the future, DNA synthesis and so forth. I had a 

really smart post-doc named Henry Huang, who has since gone to St. 

Louis in the microbiology department. Henry decided that we could 

essentially use the current technology, with really simple 

engineering principles, and essentially he designed a reader, a gel 

reader that we really thought could work. Then we spent the next, 

oh, two years futzing with this, and it became obvious that the 

problems of reading four-lane comparisons were enormous. There 

weren't the image analysis, the computational tools, to really 

handle it in a very effective way. This project died, but we 

continued talking about ways that we could really generate an 

automated sequencer, and tossed around lots and lots of different 
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kinds of ideas over the next couple of years. 
 
 

My recollection of really the catalytic moment was, after Lloyd 

Smith had already come on board too, (he came from Harden 

McConnell's lab, really got fantastic recommendations, obviously a 

terrific guy). He came to learn molecular biology, but his heart 

wasn't in it. He really was a chemist in a lot of ways So we were 

just beginning to talk about DNA sequencing again, and could we 

have another shot at automating that. I remember actually sitting 

in the southernmost lab in the Braun building, about 1980 or 
 

something like that, and Tim had something like a Popular Science 

magazine. Mike wasn't there, as a matter of fact. The article had 

one of these spiral glass columns, that had chromite gel, and they 

were talking about high resolution, and you could have very small 

columns because you'd wind them in a spiral, and Tim said, "gee, 

maybe we should think about this for sequencing". And it was, the 

obvious idea then was, if you separated things, on what these coils 

were, you'd then have to have some radioactive assay to detect 

things, as they came out the end. And Tim said, "no, we can do it 

with fluorescence". I think in there, Tim and Mike got credit for 

it driving to an airport or something like that, that certainly 

isn't my memory at all. My memory was, there were two or three of 

us, all sitting around having the conversation. It was a kind of a 

spontaneous thing, I think Tim really did come up with the idea. 

Tim had the spiral column and I think Tim did really come up with 

the idea of the fluorescent compounds, but..  Lloyd was right 

there, and we batted around, I'm sure Tim talked with Mike about 

it, but I certainly remember it being done there. 
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But in any regard, we talked about it a relatively short time 

before Lloyd really got enthusiastic. It was obvious you had to do 

two kinds of things. One, we had to develop chemistries for 

attaching fluorescent compounds to DNA's. At the same time, we had 

to have at least four different dyes that had reasonable quantum 

yields. Second, you had to develop some kind of automated 

instrumentation for analyzing the thing. Lloyd really did take on 

the project in a major way, and at the same time, parallel efforts 

did get started. We talked with Mike about this sort of thing too. 

I think Lloyd actually did some of the chemistry, and proved the 

feasibility of getting four-color detection in DNA. Then when the 

instrumentation got started, what we wanted to do was build just a 

prototype, because we never wanted to . . .  It takes a lot of 

engineering to build something that even approaches 

commercialization, and we did that with only one instrument, that 

was the first gas-phase sequencer. We gave them an instrument that 

was essentially finished. They didn't have to do much to it. 

 
 
COOK-DEEGAN:  You mean the amino acid.. 

 
 
 
HOOD: The protein-peptide sequencer, yeah. And, then it went from 

there. It was a lot of work, but Lloyd first worked out the 

chemistry, then he started putting together the prototype thing. At 

the same time ABI was working on this, and there was some back-and- 

forth. There was some competition, as is true of any good groups. 

Lloyd, and I give Lloyd a lot of credit for really pushing this 

whole thing through, I think he was really the pivotal factor in 

really getting things done. But you know, Lloyd has a big ego, and 

he found it sometimes hard to get along with people, and share the 
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credit in an appropriate way. That alienated ABI to a certain 

extent, and that was unfortunate. In the end, things worked out. 

 
 
One of the big debates about the instrument was of course the 

question of whether to set up multiple columns, or go back to slab 

gels, and I think that was really an important and a smart 

decision. The slab was really pushed at ABI. Then you could put 

together multiple lanes, and get the multiplexing you couldn't 

easily do with columns.  But in a sense, Lloyd is back to that 

again with this capillary electrophoresis approach. He's playing 

with these really rapid separation techniques. Again, are you going 

to try to do it on very very thin gels, which is another 

alternative, or are you going to set up a bunch of columns, and 

have detection systems? Those are issues that will come to the 

fore. 

 
 
Talking in general, before we get into specifics about 

instrumentation, it's always been my view that to be really 

successful in instrumentation and automation, you have to really 

change in fundamental ways the chemistry or how you go about doing 

things. You've got to optimize it for automation. That's a very 

important part of being able to visualize how to automate 

techniques and technologies and things. You know, there were a lot 

of DNA synthesizers before we built the first really successful 

one. Again, the people who did them took manual synthesis and 

tried to make a machine do what humans do, and that's.. You have 

to have people who can think about how to take all the shortcuts, 

and how to take advantage of the real automation that 

instruments bring you. 
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The other place where my own view of the instrumentation may have 

been important, we created the environment here at Caltech where 

that could happen.  And I think creating that environment and 

pushing these people, (and it's taken a lot of pushing. Pushing 

them to say "gee, this isn't good enough" and that kind of thing . 

. .) I think that the role I played in that is a non-trivial role. 

In first formulating the vision, because it really was my idea, in 

the mid-70's basically, that we could put together the four 

instruments that did these kinds of things. People initially were 

skeptical.  For the peptide synthesizer, we spent three or four 

meetings trying to persuade them that they should really do this 

thing. 

 
 
COOK-DEEGAN:  They, the people.. 

 
 
 
HOOD:  This is the ABI people, after they'd had success with the 

solid phase instrument. The reason they weren't going to do it is 

because they'd sent out a number of people to poll their customers 

and find out whether there was a real market.  Their market 

estimate for peptide synthesizers was 24 in the first two years. 

Well, they've sold, I don't know, 500 peptide synthesizers, 700 

peptide synthesizers.  And, you know, it was exactly the thing 

Beckman ran into. When you go out and do these market surveys, the 

people who do these surveys have to have the vision, they have to 

communicate to the customer what this is all about. They have to 

tell them what it's all about. Look, if people don't understand it, 

they're going to say, "no, I'm not going to spend $50,000 for an 

instrument that I don't quite understand".  I think I played a 

really critical role in persuading ABI in several cases that these 
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were things that they had to do. Peptide synthesis, it was finally 

just going head-to-head with Sam Molitor, and saying, "look, you've 

done two things that have been incredibly successful, if you're not 

convinced at all, trust me, I was right on the first two." To a 

certain extent I think he gave up under those conditions, and did 

it. The same is true of the people in the labs. You know, it's a 

little daunting to think about the first time, automating DNA 

sequencing. It takes people that have enormous courage. You have to 

really have a lot of courage to take that on. You know, really 

persuading them, convincing them that they can really do that, and 

then pushing them. 

 
 
Tim is a classic one. Tim is infinitely smart, but Tim has 

incredible problems with getting things done. It's the bane of my 

existence, whether it's writing papers, or, he must have had some 

interface with it, and if you put Tim and Mike together, they sum 

this property to some extent. I suspect you'll never get a view for 

genomics, of how DNA sequencing was really done. 

 
 
So, anyway, those are good. 

 
 
 
COOK-DEEGAN:  You talked a little bit about the Beckman and ABI, 

that's another thing I'm a little fuzzy on. For historical 

purposes, when you were talking about doing DNA sequencing, there 

is a, I've got many confused notes from conversations with you and 

Mike and Tim about the cycles ABI and Beckman, and what the 

involvement between the two companies was. 

 
 
HOOD: Yeah, well, in essence the real story was, in about '77-'78, 
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we were getting the gas phase sequencer to the point where one 

could really think about commercializing it. We could, with that 

instrument, do things that were one to two levels of magnitude 

better in sensitivity than any other instrument. I was starting to 

get criticized by a lot of my colleagues that it was unfair. There 

was only one of these instruments. That wasn't the way science.. 

 
 
I agreed with them to a certain extent. So I went to Caltech and 

I said, "look, there are some people who are really pushing to 

commercialize this thing, will you?" I didn't know anything about 

it. I hadn't done that kind of thing before. "Will you help?" They 

said, "no, we're not really interested in that, if you want to do 

it you'll have to go talk to them". 

 
 
So, at that time, I went out and talked to, on the order of 19 

companies. I made a terrible mistake, because I talked to middle- 

level management. You can't start with middle-level management for 

this kind of thing, because it was a completely new kind of vision. 

Most of the companies just said, straightaway, they absolutely 

weren't interested. In fact, the only company that professed any 

interest was Dupont, and that was because one of the guys I talked 

to was really a smart guy. He went to them, tried very hard to 

persuade Dupont to do it, and in the end they said no. They had a 

certain amount of money to do this kind of thing, and they wanted 

to develop a clinical analyzer, so they opted out of it totally. 

 
 
The story with Beckman was that I went to them three different 

times, and really got a surprisingly hostile reception, because I'd 

interacted with them over the years. Their arguments were, "well, 
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this isn't any different from what we have, this isn't a real 

advance over what we have, this would just be a lot of money." I 

said, "look, here are the data, that just isn't true." It was 

really hard for me. That was why I went back so many times. I just 

couldn't believe that the people up there couldn't be rational. 

Well, the people at the bench were rational, they thought it was 

terrific, but those middle-level people, for what ever reasons, 

just decided that that wasn't the way it was to be. 

 
 
So, I gave up, and then, a venture capitalist from 'Cisco called me 

up and said, what was his name, Bill, ... called me up and said, 

"look, I hear you've been shopping this instrument, and this vision 

of other instruments around Have you thought about starting a 

venture capital company, starting a company, and just produce these 

things?" I said, "I don't have time to do that, I'm not really 

interested, I don't know anything about it." He said "we'll help 

you.  I can get together the investors; I can assure you that 

you'll have money to do this kind of thing."  So I said, "well 

look, put together a business plan, and come down, and I'll take it 

to Caltech and see what they think". 

 
 
Caltech was absolutely uninterested. They said, "venture capital? 

Don't give me that, that's disreputable. These companies, you know, 

we only want to deal with companies that have reputations." I said, 

"look, I've gone to 19 companies that have reputations, and they're 

not interested. I'm getting criticized about this thing, you give 

me another alternative." The president kind of reluctantly said, 

"OK, we'll sit down and talk and see if we can hash this out." So, 

this guy and I, well, he shopped around and got candidates for CEO, 
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and I got together and interviewed these people. One really stood 

out, Sam Altovelu did. And then with Sam, we put together a very 

formal plan. We got together with Caltech so many times, and they 

were still ambivalent. Sam, interestingly enough, offered Caltech 

straightaway without anything else, a quarter of the initial stock 

in ABI, and the president said, "we aren't going to dirty our hands 

with stock, from a venture capital company." Well that stock would 

have been worth a lot more money that what Beckman has given us in 

this last go-around, for example. But, finally we got essentially 

to the point where the deal was signed. Fortunately or 

unfortunately, I don't know in retrospect, I was asked to give a 

talk to a subset of the trustees that had met at Caltech. Arnold 

Beckman was among them. Think about it. What I talked about was the 

automation of all these microchemical instruments, and the kind of 

things we were going to do, and the vision of the future, and that 

kind of thing. The trustees really love that kind of thing. Arnold 

came up afterwards and he said, "this is fantastic"... 

 
 
*** INTERVIEW PAUSES 2/3 THROUGH TAPE 1 SIDE B. 

 
 
 
*** INSERT "Leroy Hood - Tape 2", SIDE A. 

 
*** INTERVIEW RESUMES AT BEGINNING OF TAPE 2 SIDE A. 

COOK-DEEGAN: OK.. 

HOOD:  So, I said, "I talked to your people, and they hadn't 

professed to really be interested in it at all".  And he said, 

"there's got to be some mistake here, I'm going to talk to them." 

I went to the president and I said, "look, there could be a real 
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problem here, because Arnold was interested in these things". And 

I said, "I think what I had better do, is write a detailed history 

of what's happened over the last year or so, and my interactions at 

Beckman, and just who I interacted with." Unfortunately, there 

wasn't anything on paper to speak of because it was all done 

orally. The president said, "Absolutely not", that was something he 

was going to handle; he could take care of the whole thing. There 

was no problem. 

 
 
And I won't document the . . . . Well, essentially what happened is 

Arnold went back to his mid-level managers, and they started 

covering their tails like mad. They ended up saying things that 

were blatant lies about what had happened. In the end, I heard this 

just indirectly from what salesmen were talking about. They accused 

me of misleading them on this instrumentation. All the time I had 

in mind wanting to start my own company and get rich on it, and 

that kind of thing. Our president really mishandled the situation, 

every way it could be mishandled. Arnold was angry for six or seven 

years.  The Beckman Institute, if this event had been handled 

right, would have happened two or three years earlier.  It was 

getting over that thing that took so long. It was really a mess. 

By that time, it was pretty irreversible. We had essentially signed 

things with ABI. From my point of view, it was extremely fortunate, 

because ABI got the job done. I don't think Beckman had the vision, 

or the will, or the people, quite frankly, to do what ABI's been 

able to do. 

 
 
COOK-DEEGAN:  And this was the agreement for the peptide 

synthesizer.. 
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HOOD: Well, no, when we signed with (ABI?), we signed an agreement 

for the peptide instrument, but for the other instruments in the 

vision as well. So they had the whole array of things. And then 

we went on to develop them. 

 
 
COOK-DEEGAN: And those were exclusive license agreements. 

HOOD: Those were exclusive license agreements. 

COOK-DEEGAN:  Caltech holds whatever patents there are? 
 
 
 
HOOD: Well, Caltech holds patents on some instruments and not on 

other instruments.  For example, one of the instruments that 

unfortunately didn't get included in the agreement was the peptide 

synthesizer, and that was a dumb, inadvertent mistake in my life, 

on my part.  When Steve Kent and I started to develop this 

instrumentation, I went to Caltech and said.. and we had decided to 

do it in conjunction with ABI, as everything else had been done, 

and there were a lot of standardized things.  Some of the valves 

and stuff we needed, they had. Caltech said, and this was just in 

the middle of the worst of the Beckman times and everything, 

Caltech said, "there's absolutely no way that we'll let you stick 

any more instruments in this, they've already cost us too much 

trouble." I said, "look, it was a part of the vision", and I showed 

them some other documentation that had it. It was just a piece of 

paper that they had didn't have it on. They said "absolutely not, 

there's no way we'll let you do it". So I said "OK, I'm going to 

play it out front, we'll develop it up at ABI, and Caltech won't 

get any patents, we won't get any patents, but it'll get done 
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right".  And they said "that's fine, we don't care." They didn't 

want to be in the position of, you know, somebody telling Arnold 

that Caltech had given yet another thing away to ABI. 

 
 
So with the peptide synthesizer, there are no patents. 

COOK-DEEGAN: No patents or they're held by ABI 

HOOD:  Well, the patents on the instrument that was developed up 

there were all held by ABI. For the other instruments, we do have 

patents, though in some cases there have been enough modifications 

that the patents aren't terribly important, and in fact, more 

recently, ABI has just bought out the protein patents, so they can 

deal with foreign competition more effectively. You know, it's a 

common story that universities don't want to deal with patent 

infringements, straightaway.  And, there's a big competitor in 

Japan that's about to come out with a virtual copy of the gas phase 

sequencer. 

 
 
COOK-DEEGAN:  Who's this, Hitachi, or.. 

 
 
 
HOOD:  No, it's, I can get the name, I just don't have it.  It's 

not one of biggies, it's a smaller one.  And ABI tried to get 

Caltech to deal with it, and Caltech didn't want to deal with it, 

so ABI said, "look, let us buy the patent and let us deal with it, 

it's our business, it's really going to hurt us." So Caltech 

finally decided to just give the patent up and let ABI deal with 

the whole thing straightaway. 
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It raises a lot of interesting questions about patents, and the 

most effective ways to do them. I've been through all of them, 

believe me. But, Caltech still has the DNA synthesis patents, and 

the.. although the ABI machine, now I think, doesn't use any of 

those, but, obviously the chemistry patents on the sequencing are 

really absolutely critical. And again, the instrumentation patent 

ABI has, because it's the multiplex gel approach rather than the 

column approach that we used. 

 
 
So, as I told you, it took Arnold Beckman 6 years to gradually get 

over and forget this thing. Of course the irony of it now is that 

he did give us the money for the Beckman Institute. Our groups are 

in there, and the groups that are developing the instrumentation 

are in there. It's a wonderful environment. He's very happy. He 

thinks everything is terrific and fine.  There are a lot of 

interesting what-if's. In retrospect, clearly I should have gone to 

Arnold.  I think in two seconds he would have seen exactly what 

this is, and he would have said, "well do it".  Well, in 

retrospect, if I'd done that, I'm not sure we'd be where we are 

today.  So, it has a real mixed blessing. 

 
 
COOK-DEEGAN:  Did you learn any lessons about how to handle all 

this stuff, I mean you now are doing, your group has got 

collaborations with zillions of companies.. 

 
 
HOOD:  We have collaborations with zillions of companies, and 

that's really important, because we can't be seen as an academic 

lab that's pouring everything out into one company.  Well, I've 

learned an enormous number of things, but the most important one 
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is, in this kind of thing you go right to the top, you deal with 

people at the top. But that isn't sufficient. If you get there OK, 

then you have to go back to the middle level people and persuade 

them as well. I remember, I had a classic experience with Dupont 

on, you know we had the first amino acid sequence of human and 

mouse interferon genes. I went to an unnamed middle level manager 

at Dupont, and I said "look, we're in a wonderful position, we can 

clone the interferon gene, because we've got this amino acid 

sequence, and the ways to synthesize the oligos. It's a 

straightforward kind of problem.  And this guy thought of 17 

reasons, he said "well we've already thought of that, we're going 

to do it completely in-house", and I said, "look, I've talked to 

your in-house people, and they don't feel they have the expertise 

to do it", and he said "that's your opinion". 

 
 
It really annoyed me, and it turned out that I knew Jefferson, who 

was the CEO at Dupont. So I went to Jefferson, and I said "look, 

let me tell you about this problem, and whether it'll make money or 

not, it'll be a spectacular thing for Caltech and Dupont to have 

done". Jefferson loved it, he said "it's going to happen". Well, 

this middle level guy put every road block you could imagine in the 

way. It never happened. I learned that, true, you may have a 

pronouncement from on high, but that doesn't mean a damn thing 

unless you've persuaded the middle level manager guys that this is 

a good thing to do. This guy was so, he did it so smoothly that in 

the end, there just wasn't much of anything you could say, except 

Charlie Weissman cloned the first interferon gene, and not Caltech 

and Dupont. 
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I've learned a lot about hierarchical organizations. I think you 

have to start near the top with the vision. You have to get that 

across, because if it isn't sanctioned there, and the middle level 

management people don't know it, a lot of them are just P&L people, 

they're interesting in profits and not much else, they're not going 

to think very.. Arnold, in later years, when we got back together 

said, "look Lee, you know that these mid level guys are interested 

in nothing more than profit, and they have very narrow visions. Why 

didn't you come to me?" I mean, I said I was very inexperienced in 

these things. I went to Caltech, I said "how should I do it?" They 

said "we're not interested, you go figure out how to do it if you 

want to do it." 

 
 
The other thing is that's been really difficult in these 

interactions, is making sure that all the people who deserve it get 

the credit. A lot of the problems that we've had with ABI have 

centered from the fact that.. my reputation is so large, people who 

work on these problems feel they get no credit.  That's a non- 

trivial problem. The only you can deal with it is in papers and 

things like that, and making sure that when you give talks that 

people get the right credit. 

 
 
It's been exciting. From your point of view, and it doesn't matter 

what you want to put in, but I think what was really important 

frankly in getting a lot of this stuff done were two things. One, 

creating an environment where it could be done, and two, persuading 

people that it could be done, that it wasn't impossible.. 

 
 
*** Tim Hunkapiller walks in at this point. 
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You got my phone call!.. Wait a minute, we've got to talk about 

this.. 

 

*** (conversation turns to the 1980 experience in the Braun 

building, as referenced above. Tim is some distance from the 

microphone - his speech is difficult to decipher.) 
 
 
 
HOOD: In Braun, and you had some Popular Science magazine 

or something that you showed me. Some technical throwaway, that 

had one of these spiral glass columns in it. 

 
 
HUNKAPILLER:  That's right.. 

 
 
 
HOOD:  And you pointed out the fact that, gee, maybe we could do 

DNA on these things and separate them, and then almost immediately 

came to the idea of fluorescent labels and things like that. Lloyd 

wasn't there, I do remember that, but Mike wasn't there, was he? 

 
 
HUNKAPILLER: Well, OK. Essentially.. it was way back in Church. 

[a lab building]). 

 
 
HOOD:  Was it in Church?  It was in an office, I remember.. 

 
 
 
HUNKAPILLER:  .. I think it was in your office, as a matter of 

fact. You had an office downstairs, you were a chairman already. 

You had an office downstairs. You were .. looking at your notes. 

This whole thing is in fact true.  Now Mike and I had already 

talked at that point about the spiral business. 
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HOOD: But the fluorescent idea came up there for the first time, 

isn't that right? 

 
 
HUNKAPILLER:  Fluorescent thing, it came up in, in fact, your 

office, downstairs, Mike was in fact there.. 

 
 
HOOD: He was, I.. I don't think so, I think it was you and me and 

one or two other people, not Lloyd.. 

 
 
HUNKAPILLER: Oh no, I don't think anybody else. 

HOOD: Maybe it was you and me, I don't know. 

HUNKAPILLER:  Well let's ask Mike, see what he remembers, I mean 

certainly the fluorescent thing, I remember the discussion 

actually.. 

 
 
HOOD:  I remember talking, because it seemed like such a self- 

evident idea.. 

 
 
HUNKAPILLER:  Well, we had already discussed how to do the 

sequencing of the spiral thing, the question came up obviously.. 

 
 
HOOD:  Labeling. 

 
 
 
HUNKAPILLER: Report four in a row, do it in one lane, then we'll 

say "of course it came up". Yeah, there wasn't anybody else. Mike 

and I had a long discussion about it on the way to the LAX [Los 

Angeles airport] actually one day, and it's a little unclear.. 
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HOOD: Well, I think the fluorescent idea actually first came up in 

that room, where we were, where you showed me this picture of this 

spiral column, and we started talking about that, and the idea of 

how to compress them all into one column, anyway, that's a trivial 

footnote on history. 

 
 
I was revealing to Bob, about the Beckman episodes over the years. 

 
 
 
HUNKAPILLER: Did you tell him about the poster that lost money for 

a year and a half, whatever?  About the sequencer.. 

 
 
HOOD:  Tell him that story. 

 
 
 
HUNKAPILLER: Well, they'd pretty much decided to go ahead.. he'd 

[Beckman] already reneged twice (in donating to Caltech) I think, 

said "here's the check, oops" [withdraws the check]. As I recall, 

anyway.  And they asked me to have somebody, a graduate student, 

present something to the industrial relations people.. As I recall, 

you were actually in total compliance with that idea. .. [I wasn't] 

one of those guys who wanted to inflate things, just wanted to keep 

a low profile.  As I recall they insisted upon it, and I was the 

only graduate student involved who knew anything related to the 

technology. We did a poster on the sequencing stuff, it wasn't out 

yet . . . It wasn't a commercial issue, no. .. There's about 25 

people .. so I started telling him about the Beckman stuff, and the 

instrument stuff.. telling them how Beckman wanted to take it.. 

Well, apparently (a guy affiliated with Beckman) was standing 

nearby, listening, and he heard this whole story, and he went back 

and reported to Arnold, and then once again, ha ha! 
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HOOD: There were several things. That was one of them. The other 

thing that happened is, I got asked to go up to Stanford, and give 

a talk on technology development or something at a symposium. All 

the Beckman people went over. And I swear to God, I mentioned in 

that entire symposium ABI one time, and look, it was in connection 

again with the instrument, I couldn't really not.. And, so, they 

sent a famous fax or whatever it was at that time down to Arnold. 

Arnold was furious. There were two of these things, where he'd 

almost come around, and then these little events, just ignited the 

fury. And it was again these guys back at the company just pumping 

up the whole thing, and it was just.. 

 
 
See, if Goldberger at the very beginning had let me write this 

detailed history, and then go talk to Arnold and say.. See, I 

wanted to write the history, and then I wanted to go to him and say 

"let me tell you all the things that have happened, the people I've 

talked to, how it happened", and I said, "look, I'd be willing to 

say I made a mistake, I didn't go to you", I didn't know I was 

supposed to go to Arnold Beckman, so.. 

 
 
But, you know, this president, he was going to handle it himself. 

Actually he was a guy that Beckman so terrified, that he could 

never get up his dander to say anything. I think he probably 

didn't, I think he probably never said anything, and so this thing 

just festered. What happened is for years, these Beckman guys kept 

pumping this, making it worse and worse, we had a president who 

just couldn't deal with this. 

 
 
HUNKAPILLER: Right, I remember at least three times, the money was 
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supposedly okayed and on the counter.. 
 
 
 
COOK-DEEGAN:  What was Mabel's role in all this? 

 
 
 
HOOD: I don't know, I think she was more ticked off at Caltech for 

her perception that Caltech didn't appreciate Arnold appropriately. 

Arnold has an insatiable appetite for praise, and that's OK, he's 

earned it.  Caltech, it's true for a few years, under this 

president who was afraid of him basically, and just didn't court 

him in an appropriate fashion. All these things kind of summed up 

to make things really bad. But he's back firmly in the fold now. 

 
 
 
 
 
I've actually interacted with him several times. I gave a talk on 

what we're doing at the Beckman institute, back at the National 

Academy center, that Arnold went to. It was a big lecture sponsored 

by Irvine, and he looked, he came up afterwards and said "it was 

terrific, it was exactly what he'd given the Beckman Institute for, 

he was delighted, could he help". I said "well, I'm sure you can 

in the future". 

 
 
COOK-DEEGAN:  Move it up to Berkeley, right? 

 
 
 
HOOD:  (Looking at question sheet):  Oh here, there's some 

interesting questions, you can get Tim's comments on this too: 

"who were the villains", we didn't ever talk about that. 

 
 
COOK-DEEGAN:  That's right, I was about to ask that. 
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HOOD:  Or number 12, what is your view about the reasons the 

project was redefined to emphasize genetic linkage maps and 

physical maps. This is your view, obviously. I mean, it's what had 

to come first, it made logical sense, and it was the only way it 

was going to be accepted by the community.  You couldn't have a 

project that was large-scale sequencing at this level even be a 

viable idea with the technology even as it is now today.. 

 
 
But, "do you believe the genome project will succeed?"  That's a 

really complicated question, and it gets back to, is NIH going to 

be able to do it right, and is DOE going to do it right? I think 

there will be really major benefits coming from the genome 

initiative.  Can we really get the whole thing done?  In my view 

the answer is yes, if we can keep a real major focus and financial 

commitment on technology development for at least another 8 or 9 

years. If we can't, that is, if we start splitting the money off, 

and if everybody's mapping their favorite disease genes and things 

like that, if the view that Ruth Kirchstein held for so long that 

the genome initiative is just molecular biology only more of it. If 

those hold sway, then I don't think we'll develop the technology 

and it could fail. I don't think the answer is clear at this point 

in time, how strong the commitment is. 

 
 
What I worry about at NIH, is that the peer review system works 

only if true peers do the reviewing.  If you have on the review 

boards people who are opposed to aspects of the project, or opposed 

to large-scale sequencing, things like that, then you may not have 

moneys going out to really push the technology developments. You 

may have enough moneys going to molecular biology, as usual. 
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And, with DOE, in some ways I'm more sanguine that they may have a 

real shot at having the right priorities, if the national labs can 

really succeed in having, bringing on board really good biologists 

to drive the project, and/or having linkages with really good 

biologists. 

 
 
COOK-DEEGAN:  What about that if? 

 
 
 
HOOD:  I think it's a critical issue.  And actually, what I've 

proposed to Galas is that he think about encouraging each of the 

centers to have, whatever he wants to call them, associate 

directors, who would make a commitment, not just to give advice, 

but to really get involved in some aspect of the technology, tying 

it to the biology to make sure things got done. That is, that you 

broaden the community of people that could take advantage of the 

technologies, and could feed in the right kind of ideas to the 

technologies, and so forth. I think that that won't be easy, and 

I don't know that there are that many people that would be willing 

to do it, but there are a few, and I think there are a few pretty 

good ones who would be willing to do it.  And I think something 

like that could make a big difference.  And of course LBL at 

Berkeley is in the most favorable position. They ought to be able 

to get a reasonably good person as director there. And if they do, 

I would see one of his major jobs, as I saw one of mine, would be 

to create real linkages with Berkeley in molecular biology. 

 
 
HUNKAPILLER:  Lee, what would be your criteria for making, for 

finding the initiative being successful? 
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COOK-DEEGAN:  That's the next question! 
 
 
 
HOOD:  Well, I think some criteria are relatively simple and 

straightforward, and others less so, but, I would say it would be 

successful if, at the end of 15 years, we had pretty good physical 

maps of all of the human chromosomes.  I won't get into model 

organisms, and what I think we should have.  I would say we'd be 

successful if we had a reasonably detailed genetic map, and I would 

say it would be successful if we'd done most of the human sequence 

that was not massively, tandemly repeated centromeric sequences, 

and things like that.  Now, what is that, is that 85 or 90%?  I 

would say yes, if we had 85 or 90% done, I would say that probably 

would have been a tremendous success. 

 
 
But the other thing I would judge the genome initiative by is, what 

kind of technologies has it really led to? Has it really given us 

a two-or-three order of magnitude increase in potential throughput 

for sequencing? Has it really developed all of these computational 

tools that are going to be absolutely critical? Has it automated 

and essentially taken out of the surveillance of the ordinary 

molecular biologist, all front-end kinds of things for sequence? 

Those are all kinds of things I would look at very carefully. I'd 

ask, too, whether all of this has had the kind of impact on the 

general biological community..  So I think you could win in some 

areas and not in other areas. My overall feeling is, I think we 

really have quite an excellent chance at succeeding at all those 

endeavors, if the funding levels are reasonable.  Now, if we got 

things frozen, what, together DOE and NIH together have 130.. 
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COOK-DEEGAN: 120, 130, something like that, I haven't added it up 

actually in my own mind.. 

 
 
HOOD:  I mean, I really think if our 15-year objective is 

realistic, I think we'll have to get up to the 200-plus million 

dollar range fairly quickly in dollars of '90 or something like 

that.  If we don't have that, then I think you have to factor in 

different.. as to whether you ask whether it's succeeded or failed. 

But at 200 million I think we'd have a real shot at it, in 

somewhere, this 15-year range. Watson starts it from this year, is 

that where he starts it from?  Give or take a year or two, who's 

going to worry about it. 

 
 
COOK-DEEGAN:  Make my job very easy, I can stop my book when the 

project starts, which is what I'm doing, pretty much. 

 
 
HOOD:  So, I'm guardedly optimistic, but I've got to say, if DOE 

doesn't solve.. DOE has been really useful I think in supporting 

some really good science that NIH study sections didn't find 

interesting. Tim could have never got the BISP chip funded at the 

level we needed to get it funded, to do what we needed to do. 

 
 
HUNKAPILLER: It's interesting the difference, when we resubmitted 

the next version of that.  It had no problem, because they'd 

reconfigured, the way they evaluated that sort of stuff. 

 
 
HOOD: First time around, they must have had some skeptics on the 

committee that were arguing about software as opposed to hardware. 

They funded no computational things, and I had to go back and say, 



48  
 

"come on guys, this is.."  And then the study section were 

molecular biology types basically, so they had no computational 

people, maybe one, so. 

 
 
NIH has the enormous challenge of educating study sections, and 

even recruiting the right people who can judge the kind of things 

that they're going to be faced with. DOE has the equally enormous 

challenge of trying to interface biology into the labs, and that's 

going to be very tough at Lawrence Livermore and Los Alamos.  I 

mean, you're just not going to get really first-class biologists, 

I suspect, to go be so isolated.  I think that Berkeley is a 

different matter, I think they have a shot at getting someone 

better. 

 
 
COOK-DEEGAN: What do you think the impact of all this is going to 

be, assuming your vision of the genome project, and where it's 

going to go. What's it going to do to biology, what's it going to 

do to medicine? 

 
 
HOOD: I could take a lot of time on that one. First of all, let 

me say, I think this is going to be one of the major opportunities 

for insuring a real leadership in biotech and molecular biology and 

all. I mean, the money we put into this, particularly if there is 

the focus on technology development, I think is going to be 

terribly important for molecular biology. 

 
 
One of the biggest ways I think biology is going to change if we 

succeed in doing this, I mean it'll absolutely revolutionize 

biology.  First of all, no one will ever again do cloning and 
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sequencing. I agree completely with Wally. We're going to become 

terribly dependent on computers to handle all the information -- 

computers to do the modeling for analyzing life's networks, and 

we'll take that information and go to the biological systems,.. and 

see what happens, using all the fancy tools of genetic engineering. 

I think we'll have the tools to find most of the human genes.  I 

think from them we'll get most of the control regions, which will 

serve as molecular addresses for telling us temporal and spatial 

locations of expression. That means you're going to be able to dial 

into the computer and ask for what genes are expressed where, and 

we'll know where these things are expressed. 

 
 
I think you'll define all the motifs that make up all the building 

block components of proteins from having all the genes and 

everything, and I think with those . . . They'll be one of the key 

elements in solving the protein folding problem, because for a 

given motif, once you've solved the structure of a prototype 

sequence, then most of the members of that motif will probably be 

in the same ballpark -- immunoglobulin homology units and things 

like that. 

 
 
I think the whole, I mean in a sense it'll turn biology.. 

 
 
 
*** INTERVIEW STOPS HERE, 2/3 THROUGH TAPE 2, SIDE A. 

 
*** TURN TAPE OVER, REWIND TO BEGINNING. 

 
*** INTERVIEW RESUMES AT BEGINNING OF TAPE 2, SIDE B. 

 
 
 
HOOD: OK, to get the protein to clone the gene, and in the future 

we'll have all these genes, right? You'll have to invent tools and 
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strategies for going in the inverse direction. It'll be important, 

because there are a lot of genes that are expressed at such low 

levels. We can't get them with current methods. A lot of them in 

the brain certainly fall into that category. It will impact every 

level of molecular biology in a big way.  We will have the 

sequences of all the major model organisms.  We will be able to 

play the games of very high powered BISP chip homology searches, 

finding the equivalents in lower organisms, studying function 

there, and then going back with that knowledge and designing much 

more. You can play the game of going back and forth to solve 

functions of unknown genes and things like that. 

 
 
In medicine, the changes will be equally revolutionary. One of the 

biggest changes, in 15-25 years, we will have identified a lot of 

genes that predispose to disease. We'll be able to fingerprint them 

all. We'll be able at birth to design.. to identify individuals' 

predispositions to disease, and to design therapeutic strategies to 

circumvent them.  In the early 21st century, we'll start to move 

very effectively into preventive medicine, getting rid of a lot of 

things.  We'll certainly have an opportunity to solve the 

interesting multi-genic traits, to identify the multi-genic 

components of a lot of interesting phenotypes, and to design 

therapies that deal with these kinds of things. You know, all the 

obvious.. 

 
 
Certainly genetic engineering is going to be a straightforward 

thing to do, presuming we solve the delivery problems, well, 

delivery and regulation, those are the two big problems that are 

still.. 
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I mean, as I see it, with the bone marrow business, getting the 

genes in is trivial. The real key is, how can you get them into 

stem cells, for whatever progenitor you're interested in, for 

transforming traits. Otherwise, if you just stick them into the 

phenotypically adult cells, you're just doing replacement therapy 

basically. You give them an injection every six months. That isn't 

what you want to do. 

 
 
Those are the views of how things are going to change. If you have 

all the genes, you've got, in theory, 100,000 potential therapeutic 

reagents, only a fraction of which are going to be useful. But 

you're going to have all the building block components. We'll have 

probably identified all the genes in 20 or 25 years that regulate 

growth and key differentiation events. We'll be able to use those 

to manipulate all sorts of different kinds of things. 

 
 
COOK-DEEGAN:  Let me ask you a really horrible question, that I 

wish I'd thought of before. I'll have to ask this of everybody from 

now on. There does seem to be a kind of a vision that the 

informational content, the technologies and the information created 

by the project will in fact change the way you do biology in some 

fundamental ways. I don't think even the skeptics would disagree 

with that necessarily, given the.. 

 
 
HOOD:  You know, given reasonable success.. 

 
 
 
COOK-DEEGAN: That's right, the question now becomes, how important 

is it to do that, to get to that point? I wanted to phrase that in 

a way that it would be presented to a member of Congress. If the 
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system were rational, no this is not the way this question would 

ever be posed, but it's a question that should be posed every year 

. . . What proportion of the resources, if you had a pot that's.. 
 
8 billion dollars .. but not all that's research. If you had a pot 

of 4 or 5 billion dollars to give to research, what proportion of 

that should go to things like the genome project, as opposed to 

other stuff?  The R01 stuff is very important, you've all agreed 

with that. 

 
 
HOOD:  Absolutely. 

 
 
 
COOK-DEEGAN:  The genome project is important to those who are 

converted. You're one of the converted. How important relative to 

the other stuff.. at what point would you say it's beginning to 

encroach on these other things? 

 
 
HOOD:  You're asking me that in terms of funding levels, then? 

 
 
 
COOK-DEEGAN: Well, it's not only funding levels, but that's mainly 

it.. 

 
 
HOOD: Well, let me tell you the reasons why I think it's extremely 

important to do it, and to do it in an effective fashion. One, I 

think it's the first and only major initiative at NIH that's really 

fueled technology development. I mean, NIH for the most part has 

been run by M.D.'s. Their view, for the most part has been terribly 

prosaic. We, over the years, sent a number of grants into NIH that 

embodied various visions of what is now the science and technology 

center, and they did very poorly. I had grants where I had lots of 
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1's, and I had lots of 3's or 4's. Depending on who you were you 

thought it was great, or you thought "this will never happen". So, 

I think, independent of what happens with the genome initiative, 

the money pushed into technology is really going to revolutionize 

biology, by itself.  Look, if we can get a sequencer that has a 

throughput that's 100 times greater, it's going to change what you 

do, and it'll cost a penny a base rather than 2 dollars a base. 

That's going to change biology. 

 
 
Or if we can devise computational chips that'll let you do the most 

rigorous computations in minutes, to search whole databases for 

your protein and all. We don't have these kinds of things now at 

all. We're not at all close.  So I think that'll really impact 

biology. 

 
 
I think the second thing is, it is a terribly cost-efficient way to 

do it. If you set about plotting what you need to map, and 

eventually to sequence the human genome.  We all know how many 

times independently, hemoglobin genes have been cloned, and 

independently various portions of them sequenced. If you take all 

of this kind of tedious activity and say "it's finished, we've done 

it, this has been our objective." If you have a broader look of 

things for the future, the cost-efficiency is going to be 

absolutely enormous. 

 
 
So for Congress, I guess I would couple the front end, the 

technology leadership and biotechnology aspect of it, with the back 

end, that it is going to be cost-efficient. It may really 

revolutionize, in a much shorter time period, how we do these 
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things. Without the incentive, the really driving force..  And, 

written goals, that are going to push us incredibly, even the five- 

year goals, I think are going to at least for the first few years, 

push the technology to get to the point where we really can do it. 

I suspect the first five-year goals we'll really surpass in almost 

every case, but right now, it isn't obvious we can do that. We're 

really going to have to invent technologies. 

 
 
Now, the level at which I think it should be supported: I guess my 

own thinking about it is, the 200 million a year never really made 

sense. What I think will happen if it's successful, is we'll 

recruit more and more really good young people into the endeavor, 

either in the technology or combined technology application areas. 

So I guess I'd like to see a funding level that, I couldn't even 

give you numbers, but I certainly think after a five-year period, 

if things are successful and the recruitment of good people into 

the area goes as you'd expect, I think you could spend 3 to 4 

hundred million dollars a year easily, in things that would be 

worthwhile. 

 
 
I think we ought to have some governor, some way of looking back 

and checking, saying have we.. well, the other question you get 

into is, how much of this money is spent just on normal molecular 

biology? If you have a big slop factor, then really the amount of 

money you.. In the early days, a fair amount of genome money was 

spent on better molecular biology. It wasn't spent on the things 

that I think are really going to count in the end for the genome 

initiative. It can absorb probably easily twice as much as we've 

programmed in, although I think we can deliver a lot with 200 
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million a year, if.. 
 
 
 
COOK-DEEGAN:  What I was trying to do was, hold your feet to the 

fire though. Obviously you're correct, but pretending you're Joe 

Congress now, and somebody comes in and says, "this is extremely 

important, this is an investment that's very cost-effective for 

you, to do this, and it's very important, we can't absolutely 

guarantee you that we're going to have this, but, this is the way 

biology works. We can predict this. We can use 300 million dollars 

a year. We can use it very well".  So, you leave the room, and 

Zaven Khachaturian from NIA comes in. The Alzheimer's Association 

comes in and says, "this is the most important medical problem 

facing our society now, and we need a solution to Alzheimer's 

disease, and we need it sooner not later. We don't need in 15 years 

when the genome project's done. We need it right now. It's a first 

priority issue". And they leave the room, and the NCI people come 

in, and say "we've got 200 cancers, every tissue of the body has a 

cancer associated with it".. 

 
 
HOOD: Well, you know, I think, Bob, the compromise we've come up 

with is this 200 million a year. I think we've all agreed that 

that's what we're going to fight for, and argue for, as a number 

that we think we can really do something with. So, if you said.. 

Another way of doing it is, I'd be willing to take on head-to-head 

Alzheimer's disease, and cancer, and any of these other ones, in 

terms of talking about relative priorities and things like that. 

Whether it's time to do it. What you can hope to get done with the 

kind of technologies that we have. Whether what we're proposing to 

do in the end is going to be really more important for helping you 
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to solve some of these problems than anything we can do 

immediately. I could argue for a lot of things that pouring more 

money on them. I'm not sure we are. . .  Well, we are clearly at 

that place with AIDS.  Particularly if we readdress some of the 

money that's being wasted to areas where you still might do some 

fruitful kinds of things, so.. But I have to say, I'm comfortable 

with the 200 million dollars a year, and I think that's a 

realistic.. well, 1990 dollars, I'd put in the inflation factor 

there, depending on what's going to happen in the Middle East, and 

all these other things that are coming up.. I'd be really willing 

to go to bat for that and say we can deliver pretty well with that. 

 
 
COOK-DEEGAN:  (question addressed to Tim):  What's your sense? 

 
 
 
HUNKAPILLER: For that last question? I think it's not a fact for 

waiting for the end of the genome for the benefits to accrue. If 

nothing else, just the ability to ask questions faster and better 

at a higher level, which will come day by day from the genome 

mission. You're developing that knowledge, and developing a way of 

thinking about the problems. You just generate data. You'll have 

in hundreds of ways, impacts on all these other fields, as you go 

along.  ..  [very hard to decipher, Tim is far from microphone] 

 
 
HOOD: The other point that I would make, is that, the other thing 

I think the genome initiative is going to really implement, is 

driving interdisciplinary science. I don't see the genome as big 

science, in the same way one sees the supercollider as big science. 

I see it as a science that needs lots of people that have different 

talents and skills to interact with one another. The model we have 
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here of the science and technology center is really a good one. I 

wouldn't say it's big science. I'd say it's interdisciplinary 

science. Any of the groups we have, the biggest group we have in 

the science and technology center is, I don't know, four or five, 

something like that. 

 
 
But each of those groups has its own objectives, but they're 

available for enormous interaction, and collaborative solving of 

problems, and things like that. But each of them has a different 

focus, and each of the people in those groups has an independent 

kind of objective.  They aren't all sequencing the human genome. 

 
 
This interdisciplinary science, mixed together with the cottage 

industry science, which is a real wellspring for ideas and stuff, 

has to be the way it's going to go in the future. The problems are 

just getting so complicated and so difficult. If we get into this 

whole business of analyzing networks, you're going to need to be 

able to throw a lot of things at that to truly make an impact on 

things. 

 
 
I think the genome has really driven this, the imperatives of 

interdisciplinary science. Those are some of the real advantages 

that some of the national labs have, I must say. 

 
 
HUNKAPILLER: I think it's also clear that as much as we all want 

to strive for efficiency in this process, it's not going to happen 

in a straightforward fashion. We're not going to start at the 

beginning of chromosome one and mark it all the way along. It'll 

be driven in some piecemeal sort of way by other people's 
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priorities.. It will reflect, at least at some level, these other 

questions.  It won't be a random process.. 

 
 
HOOD:  Sure, we're doing T-cell receptors, that's not exactly a 

random start. 

 
 
HUNKAPILLER: .. Dealing with large-scale mapping.. they had very 

specific questions in very specific areas, and so you already have 

that sort of falling-off of people.. I think it'll have a lot of 

impact.. 

 
 
COOK-DEEGAN:  I'm getting tired, so I'm going to have to stop 

listening, and then I'll expostulate.. OK, was an interview with 

Lee Hood, and the person who came in in the middle is Tim 

Hunkapiller. It is the 12th of January 1991, and I'm at Lee Hood's 

home, Pasadena California. 

 
 
*** INTERVIEW ENDS, ABOUT 1/3 THROUGH TAPE 2 SIDE B. 


