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PAUL BERG: Wally Gilbert and myself to try and lead that 

discussion. And it's with some trepidation that I begin. From 

my own point of view, I had not known of any previous 

discussions on this other than the usual kind of speculations 

that people have made from time to time of predicting when 

they thought, or how long it would take before we would know 

the sequence of the human genome. But after I got here I 

discovered that in fact there had been several occasions and 

conferences in the last year or so at which such discussions 

had been underway, and that there is in fact a good deal of 

thought in various agencies of the government of how such a 

project might actually be undertaken. And so I think Wally, 

who's participated in some of those discussions, might 

summarize them for you and give you some background about 

where and from whom such proposals have emanated. And then we 

can begin to...I'd like to sort of maybe frame the discussion 

with a few 
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questions, mainly to focus the discussion and try to keep it 

in the bounds of one hour. So let Wally start by describing a 

little bit of the history, more recent history of that 

discussion. 

WALLY GILBERT:Okay, I think over the last year there have 

been several small group meetings, that I've been involved in, 

discussing the possibility of sequencing the entire human 

genome. 

The first was a meeting, organized by Bob Sinsheimer and 

Bob Edgar, in California a little over a year ago at which a 

group of about twenty people met and spent two days talking 

about “would it be possible to sequence the genome in a finite 

time, and, if possible, how long might it be” and questions of 

that, would it be at all useful. I think that meeting roughly 

concluded, “yes, it's a project that might be doable in a 

reasonable time;” that it would be unadvisable to do the 

project in a way which competed with the R01 grants; and that 

the only way in which one could see doing the project was to 

do it with some structured funding that was separate from the 

normal granting mechanism. We'll come back to that, I think, 

later, much later in this discussion, if we can. 

The Department of Energy became interested in the project 

and organized a meeting at Los Alamos earlier this year. And 

that was a one-day meeting at which a large group 
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of people, some fifty at this time, got together and talked 

randomly about the project. It's not clear to me that the 

meeting had a full conclusion other than probably again to 

conclude, well, such a project might be technically feasible 

and would be interesting if it could be done. 

What I'd like to stress for you is really both how 

difficult and how possibly feasible the project is. 

The human genome is three billion bases long. We have 

what we consider to be rapid DNA sequencing techniques 

available today. I view those techniques as, on the average, 

meaning something that a single person working in a laboratory 

might sequence of the order of ten to twenty thousand bases a 

year. On occasion, people,working flat-out, sequence of the 

order often to the fifth base pairs per year. And the 

difference between these two numbers is one way of looking at 

the problem. This is a rate above, let us say, the average 

today. But if we are working at this level, to sequence the 

genome is thirty thousand person years. 

And another way of looking at this problem is to 

realize that of the order of six million bases of DNA have 

been sequenced today and are in the data bases. And the rate 

of DNA sequencing today, in therate of DNA sequence 

acquisition, let's say aroundthe world, the entire 

scientific community, is of the order of two megabases a 

year. So that if the current rate of sequencing continues 
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to the indefinite future, it would take something of the order 

of a thousand, fifteen hundred years, to sequence this amount 

of DNA. 

Now what can one do about this? 

One possibility is to say fine, let us let the current 

way in which we do science continue, as far as this project is 

concerned. Let's simply wait for the gradual improvement in 

techniques. So that's one choice. And that probably does mean 

that it won't take a thousand years, with a gradual 

improvement of techniques, but it does mean that it will take 

probably of the order of a hundred years. 

The second possibility is try to focus some level of 

effort at the problem. Because thirty thousand person years, 

although a very large number, is not an impossible social 

effort. It's an effort of the size of a space shuttle. And so 

it's an effort which society could do obviously at some level, 

at some cost. We could imagine working on this problem over a 

moderate period of time-- something of the order of, let us 

say, twenty to thirty years, with a moderate improvement-- a 

factor of five or ten times improvement in rate. This sort of 

effort, thirty years is an involvement of a thousand people a 

year at this rate, or a hundred people a year at ten times 

that sequencing rate. 

The third possibility is to try to do this in, let's say, 

a scientist's immediate lifetime, a much shorter time 
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than this. And, let's say, let us try to develop a map of 

the human genome and a sequence by the year 2000--fifteen 

years from now. 

I think the third is a more striking proposal. The third 

is a proposal in which, if you discuss what you could learn 

from looking at the human genome, it's something which you can 

imagine being here in a reasonable time. This is a proposal 

which I doubt that one can energize around. This proposal 

leaves us two times on the order of a hundred years. 

Okay, I think that's the background of the situation. 

Paul, why don't you formulate your three questions. 

PAUL: The questions I had put together on a little piece of 

paper here was before I knew whether Wally was going to be here 

and give this or not. But in fact he's already posed some of 

the questions. 

I think there's an assumed premise here, and this is 

that it is worth knowing the sequence of the human genome. 

I don't know if anybody would like to offer a rebuttal to that 

premise, because I think it is one that starts with the 

assumption that it is worth knowing that and therefore worthy 

of some major effort. Now that may sound like a trivial 

question, and I'd like to have people who would respond to it. 

So let me just flush out that question, 
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because I think one would have to give both reasons why one 

would want to know it and what we could learn from it. 

I mean, Dulbecco's proposal just more or less threw out 

the idea that if we knew the entire sequence of the genome, 

we'd solve the problem of human cancer. And it wasn't clear, 

to me at least, how that leap of faith was made, especially 

since the genes he was referring to as being hard to know 

about were not going to spring out at one right from a 

printed-out page. 

So why do we want to know the genome? Do we want to 

know the sequence? Or why don't we want to know? Or why 

isn't it worth it? So that's one question. 

Wally has already addressed the question which was my 

second one: Is it feasible? And what's the scale and the 

timing over which that feasibility would be measured? 

The third question I had, which Wally alluded to, is: 

Is it worth the cost? So somewhere along the line we have to 

know something about the cost. And not just in absolute 

dollars, but in fact where is the money going to come from? 

Organized in what way? Is it going to impact on the nature of 

what we'll call, what Dan Koshner referred to as "small 

science?" Is it going to be at the expense of that, or is it 

in fact going to be supplementary? 

And we have somebody here from the Department of Energy 

who has agreed to at least make some comment about what their 

view is in trying to promote it. 

Cold Spring Harbor - page 6 



If there's time, having taken care of some of those 

questions, it might be interesting to kick around some of the 

strategies, or alternate strategies, that one might consider 

in trying to do it if one were going to undertake it. 

And, I mean, it can be staged. One might aim, for 

example, to just sequence a single chromosome. And, given that 

there'll probably be some debate, then might settle on a 

chromosome--just for the sake of argument, let's say the X 

chromosome. Could we learn enough from looking at one 

chromosome to pick up some of the secrets that have evaded us 

in just the sequencing of the genes that people have been 

working on? 

One approach which has been proposed is to actually begin 

to look at only those genes that are expressed; so to make 

large DNA banks from different kinds of cells under different 

kinds of conditions, and use the DNAs as an indicator of 

expressed genes, and then look for those genomic sequences 

that correspond, and focus on those initially. 

There are a lot of other questions: how such an effort 

should be organized if it were to proceed in that direction; 

the need for instrumentation; the need for another level of 

computing capability; information retrieval; and the software 

that's needed to utilize that massive amount of information. 
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So those were just some thoughts that I had put down as a 

basis for discussion. 

So the first question, I think, is...and I noticed that 

there was a head that nodded when I said the premise was that 

it was worth having that information, and I assumed that that 

was either generally agreed to, or perhaps not. 

And so I noticed that you at least were willing to respond 

to the question, or at least suggest that maybe it's not 

worth knowing. So why don't you be our guest. 

MACCELLO SINISCALCO: No, what I wanted to say is perhaps 

continuing on what I was saying yesterday at the beginning of 

my session. First of all, whose genome are we going to do this 

for? Because obviously this can be done only once or a few 

times. And we are an outbreak species, and indeed it would be 

an enormous work. You know, mapping has been my craziness for 

the whole life, and I am for it. But I would really be not 

happy at all to see all that money spent at expenses of other 

type of research for doing this systematically. And it seems to 

me that it would be certainly better to localize the problem. 

For instance, I would be very enthusiastic to map the regions 

of the genomes which are known to be hot spots of 

recombination. I would be enthusiastic about the sequencing 

around the oncogenes, which everybody has been bringing data 

about it, and show how important they are in ontogenesis. And I 

wonder when the day will come that they 
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will be called ontogenes rather than oncogenes. And indeed the 

sequencing area about that would be extremely important. 

I would dream about the time when, if this hot spot 

recombination would be recognized, some of those diseases 

which appear to be nothing else but the result of wrong 

recombination, like deletions or like the DM differences, 

for each one of those area perhaps they will be pert-like 

probes which one could use to detect the disease even when 

it isn't there as yet. Because we have been learning that 

mutation of this kind occurs even in perfectly normal 

families. And you can't follow the abnormality from 

generation to generation. Information of this kind, like 

distribution of crossing over of the genome and stopping 

hotspot of recombination would be extremely valuable. 

And of course it goes without saying that there are 

certain areas of the genome where, if crossed, information 

would be just enough, like the repeated DNA or the Y 

chromosome or most of the centromedic area and things like 

that. 

So it seems to me that point number three is what 

indeed one should enthusiastically go for. And, even more 

than that, one should try to define, much better, things 

which could be done before the year 2000. 

PAUL: I misunderstood, because I thought you were going to 

get up and tell us why it's a waste of time to strive to 
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know the sequence, but you in fact were expressing your 

preference for what regions you want to know the sequence 

of. Which is an issue of the strategy, I think. And I think 

those are perfectly valid points; I don't mean to think. But 

they don't relate to the issue of: Is it worth knowing the 

sequence. 

[Inaudible person in audience] 

PAUL: You don't think it's worth knowing the whole 

sequence. 

[Inaudible reply] 

PAUL: I would assume. Yes, Dan? Faith, do you want...? 

DAVID BOTSTEIN: Okay, it seems to me that the real issue here 

is: Why are we talking about this in the first place? Right? 

And it seems to me there are two components to this. One is 

political, and we shouldn't forget about the political, 

because we hope to get something, right? And another is 

scientific, because we hope to learn something. And the 

question is: How much is it going to cost? And the real issue 

is: If indeed everybody is going to say, “well, let's 

do this,” in addition to everything else that we're going to 

do, it's really a sequence service. They're going to 
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sequence just anything, from the beginning to the end, and 

then of course it'll be useful. We'd all love to know such a 

sequence. We'd much rather look it up on a laser disc than do 

it, right? Everybody agrees to that, okay? And to some extent 

we can maybe arrange that. But if means changing the 

structure of science in such a way as to indenture all of us, 

especially the young people, to this enormous thing like the 

space shuttle, instead of what you feel like doing, or even 

like they used to do in little companies-- a third of your 

time you sequence and the other two-thirds of the time you 

can do whatever you want, okay? When you think about it in 

those terms, the question is: What's the price? What's the 

price? And I think that that's really the relevant question. 

For nothing, I'd love to know the sequence. For a little bit, 

I'd love to know the sequence probably still. For a lot, I 

don't know. That's the first thing, why are we asking this 

question? And we should be very careful. We should not go 

forward under the flag of Asilomar, okay? (laughter) Because 

we are amateur politicians and we're about to be dealing with 

professionals, okay? 

Second point, okay? You wanted my opinion--again my 

opinion, okay. The second point is it seems to me that not 

all sequences are equally valuable. 

And the analogy which I like to make is, oh, suddenly 

someone gets it into his mind to survey all of the United 
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States, okay? Lewis and Clark, right? They sent them out there 

and they went to look. Now how did they go about that? What 

they didn't do was the first place that they found--chromosome 

one or chromosome X--they started to survey by millimeters, 

okay, so you would know exactly how far it is from the 

Mississippi to the Columbia. If they had done that, they'd 

still be looking, okay, they'd be somewhere in North Dakota. 

Now, okay? Right? 

So the question is: Do you want to do smart, or you don't 

want to do smart? And it seems to me that talking about 

sequence now is not smart. People who have to sequence, like 

the little companies, Genetech,(laughter) when they have to 

sequence, they can sequence very fast, a short period. Ten to 

the fifth is probably reasonable for very short bursts. It's 

like sprinting, right? Okay? That isn't a problem. 

What we really need is to be able to put our hands on the 

DNA quickly when we need it. And so the idea of a physical 

map, okay, maybe makes a lot more sense, and then you've 

sequenced those parts that it makes sense to sequence. I'm not 

interested in the sequence of 10,000 Alu fragments--are you?--

unless I've got a reason why the 9,999th is going to be 

interesting, okay? There's got to be a reason. Why do we want 

to indenture ourselves to mindlessness? There's got to be a 

reason. 
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And so it seems to me we should do as little as we can to 

make it efficient and still maybe have the goal, but not to give 

away our ability to decide what's important because we have 

decided on the space shuttle. And that's my point. (applause) 

PAUL: Wally, you want to respond to that? We'll let you have 

a microphone here. 

WALLY: Okay, I think David's point is very well taken. 

Actually, my approach to the sequencing problem is the opposite 

of Fred Blattner's, as just expressed in Nature. I think if you 

approach this sort of problem as a random sequencing, then you 

spend a great deal of time before any information whatsoever 

comes out, and you also sequence ten times as much as you ever 

needed to. The only way I'd even conceive of such a problem is 

basically as ordered sequencing. In fact, when I think of this 

problem, I would subdivide into the first one percent of 

sequence, which is thirty megabases. And this is probably all 

genes, all DNA. And the second ten percent, which is three 

hundred megabases... In fact, this first one percent is probably 

all of the most interesting biological properties. We don't even 

know today what biological properties are in the rest of the 

DNA. We do know that there's a lot of biology in this one 

percent. The next ten percent and the next ninety 
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percent is unfortunately most of the physical problems. I 

would expect almost any attack on the problem will do it best 

to sequence an interesting one percent first, and then move, 

as technology improves, on to larger and larger areas. So I 

think that element of David's comment is true and necessary, 

and I think this is much better as a way of doing things. 

PAUL: David, I don't think anybody brought this group   

together to discuss the ways to do-in small science or 

investigator-initiated science, that wasn't the premise. 
 

DAVID: No, but there's a risk involved. 

PAUL: Of course. And you've become very sophisticated 

politically, more so than you were in 1975. 

DAVID: I'm not that... 

PAUL: So I think there is the risk that you've mentioned, 

and we can discuss the nature of that risk in more detail. 

I think what I would wonder how you would answer is: 

Assuming it  was guaranteed, you had the three billion bucks 

in the bank, okay, drawing ten percent interest. You could 

count on it and it was going to be there. And you could 

organize it in the way that you or scientists want to do it, 
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okay? I mean, we'll start at that level and say: Do we want to 

know it? 

DAVID: Well, I've got an answer to that. The first thing I 

would do is to... I think... I'm not going to talk for long... 

The first thing I would do is to find a... what it means. In 

this meeting, you see, I would estimate a couple of hundred 

kilobases of sequence, and they all went by and they were 

invisible, and there were little boxes around things, and 

everybody said just pay attention to the boxes, okay. Well, I 

did, I follow instructions, I just paid attention to the 

boxes, because that's... I'd rather use some of that three 

billion to pay a whole bunch of... to understand what 

proteins... All are labor intensive, also very expensive. 

Maybe that's more worth knowing, how 81 protein works, that's 

what all their sequences are... 

WALLY: Well, that's actually the question before you. And 

I think that's the question Paul was putting, which is 

really a question of what's worth knowing. I think we 

shouldn't confuse, let's say, sequencing the human genome 

with a total knowledge of all science. 

DAVID: That's what I hope will not happen. 
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WALLY: Right, that's what isn't happening. No, it's not 

the answer to the folding problem. It's not the answer to all 

the cancer genes. In fact, if you knew the sequence, you would 

not, from that, know the structure particularly of any 

specific genes. The most you would hope to know from it is 

essentially the total speeding up of all of the things that 

the laboratories have said, "Now work on," which is, you 

identify a gene and then you have to spend a year and a half 

trying to figure out where it is, what it is, and what its 

sequence is before we can go on. That's what you're bypassing. 

And you're bypassing that by an effort that then doesn't, once 

and for all. It doesn't identify any gene for you. You still 

have to go find your genes and find the interesting ones. 

DAVID: Well, if you're going to take that paradigm, then I 

think you're wrong to ask about sequencing. Then I think what 

you really want to know is, you want to have a physical map, 

because the sequencing then becomes a trivial part of the 

effort. If you think of it as a part of an effort to 

understand, let's say, some disease, and you find your disease 

gene, how long is it really going to take you to sequence that 

portion of it, okay? That's trivial at that point, even if you 

can get your hands on the DNA. So maybe we don't want to 

sequence, we want the physical map. 
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?:  What do you mean by a physical map,the picture? 

DAVID: Yes. 

WALLY: No, the physical map is, let's say, I use the term 

here... the physical map is a set of clones for example, let's 

say correlated with a region or gene. 

?: What would they have done if they hadn't done it? 

PAUL:  Good question. 
 
 
 
?: ... 

PAUL:   ... or issue, that's part of the cost. It's cost in 

funding, it's cost in talent, cost in what you're not doing 

while you're doing that. And the question is: Can you make it 

all incremental, or is that unrealistic? Maxine, you want... ? 

MAXINE SINGER: The other night, Dan Koshland put up a slide of 

predictions about science, from a group of very famous 

scientists of the past. And we all had a marvelous time 

laughing at their wisdom. There are many other examples of 

that. And therefore I come to the conclusion that we won't 

know whether it was worth doing a project like this, as a 
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project per se, until we are more or less finished with it and 

see what we learned from it. But what we do know is that the 

history of the last thirty years has told us that when we do 

biochemistry and when we do DNA sequencing, in conjunction 

with genetics, then we learn things, and we learn things at a 

very good rate. There are people who say, for example, that 

the sequencing of the SV40 genome really led us forward. But 

it led us forward because it went hand- in-hand with the 

genetics. And that's why I feel that an approach which 

includes mapping and genetics and CDNAs and things which we 

have some sense of the function of, and taking the sequencing 

as we go with that, makes a lot more sense than devoting a 

large amount of resources, both talent and money, to something 

which we can all agree is ultimately worth knowing, probably. 

But along the way, I think we'll move faster in the kinds of 

things that we like to know and that will be useful both for 

science, for medicine, for agriculture, for whatever. 

PAUL: I'm going to try and respond to some of that comment, 

and a little later. 

SHERMAN WEISSMAN: Large costs, when divided among a large 

number of people, become relatively small. What are the 

interests of the rest of the world in this problem? 
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PAUL: Well, I hadn't. 

DAVID: You're going to speak for the rest of the world? 

WALLY:   We'll start here. No, the probability that 

restriction modification is going to transform the whole 

field, in cancer research, etc., could never have been 

predicted. And hence, number one, may not be so gradual. 

You can't predict that. 

LEONARD LERMAN:  I think that there ought to be a number four 

there, in a very obvious way. And that is whether, instead of 

doing any of one, two, or three, there should be, as a first 

stage, development of methodology. So that, if it really had any 

achievement, it would change the numbers in one, two, and three, 

you might argue that the only reasonable thing is to devote 

effort to methodology. Secondly, I'd like to say that some of 

the discussion here, I think, in comparing the achievement with 

cost, tends to inhibit deeper thinking as to what might be 

gained. Because it puts you off on the wrong track. You think of 

all the things you can't do instead of thinking what you might 

do if you were willing to suspend your incredulity at the whole 

business and just think of what good it might be. 
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PAUL: Well, I think, well, you're both... Yes, no, in my 

own thinking about the way to go at it, I would probably, and 

that might be shared by others, that is, make the major 

investment early in the technology. That is, improved methods 

of sequencing, improved methods of handling the data. That 

benefit would become available to everybody almost 

immediately, long before any major sequencing information 

were coming out. 

LEONARD: That's just the framework... 

PAUL: Well, no, that's just because I think that's 

addressing the strategy: What's the best way to go about it? 

And I would at least agree withyou that improving the 

technology and perhaps changing these kinds of numbers and 

these estimates is probably the first thing to go for. 

LEONARD: One more remark, and that is, if you had the 

sequence, you wouldn't bother with a physical map or any of 

these other... We only do those things because we can't get the 

sequence. 

PAUL: Well, that's what was going to be my response to 

Maxine. Because I think, had the sequence of SV40 been 

known before Dan Nathans had shown a restriction map, I 

think then we would never have bothered to make a 
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restriction map. I mean, in fact, all the map units and 

everything that was organized around arbitrary origins and 

fixed distance and molecular lens would not have been done if 

the whole sequence were available. 

MAXINE: I'm talking about the genetic map, not the physical 

map. 

PAUL: But the genetic map would have been solved... 

MAXINE:   ...a map of function. 

WALTER: ...because I think there is an... to Maxine's 

comment. Because the comment you're making, Maxine, is really 

let us do all of biology. And it's true that the problem of 

human biology is ultimately to know all the CDNAs, all the 

connections between genes and function. And that is the 

major, that is the core of the biological effort. You can 

dress that up and say, well, this is a shorthand for that 

project. I don't think this is a shorthand for the other. It 

shouldn't be. At best, this sort of project is a tool to use 

toward the other. 

DAVID: Maybe this isn't what Maxine meant to say, but this 

is what it meant to me, okay? And I think it's a fundamental 

point. We don't want to know just the sequence 
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of nucleotides or the sequence of genes or the sequence of 

promoters, we want to know what it all means for biological 

function, okay? That's the big problem. And my claim is that, 

for better or for worse, knowing the nucleotide sequence is 

just a very bare beginning. I think that's what Maxine was 

trying to get at. Because even now you cannot give me a 

rational explanation for what every gene in SV40 does, let 

alone lambda (λ). Right? You know that. I know that. We all 

assume that. But the greater world out there doesn't know 

that, and so Dulbecco gets quoted in this completely 

incredible statement that you would understand cancer if you 

knew the sequence of every gene involved. That's insane. 

We don't even know how to remember every gene involved, let 

alone what it means, okay? Everybody talks about handling the 

data-- I want to know how we're going to understand what it 

means. 

PAUL:  Far be it from me to defend Renarto Dulbecco, 

so... But the way I interpreted what he meant, what I 

interpreted what he meant is that you'll get to know the genes 

involved in cancer faster by knowing the sequence than not 

knowing it. That's what I think he was arguing. 

Because, I mean, the availability of probes, being able to 

look for prospective genes, being able to make antibodies 

against their open reading frames, searching for proteins. 

I mean, I think that's what he had in mind. I don't think 
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he's that naive that he would have felt that if you just ran 

out the whole sequence of base pairs, that he could tell you 

which was the cancer gene and which wasn't. 

DAVID: No, I don't think anybody in this group is under 

that impression. 

PAUL: No, I don't think... 

DAVID: I just want to make sure that the people out there 

don't think that it's all over when we... 

PAUL: No, well. 

ERIC LANDER: I want to pick up on...comment there, because 

this is the first year, in essence, that we've been even 

thinking about a project like this. It seems foolhardy to 

define the question this way. Shouldn't the question be: How 

can we pick up a factor, two orders of magnitude? Shouldn't, 

if DOE has money to spend, let's not call the question 

sequencing the human genome. If we're going to do the human 

genome, we want the mouse genome, too. We want the chicken's. 

Because then we're going to learn something. 

And if we say let's work out how we get the two billion for 

the human, then you're going to need the homology again. Let's 

define a project, if you want to start spending money, 
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of how do we pick up a factor of ten to the two. I think 

that's a manageable project, something that you could have a 

special initiative program for. But let's stop calling it 

sequencing the human genome. It'll be applicable all over the 

place. It seems like a worthwhile thing. It seems fundable. 

And it seems like the sort of thing that, when we just have a 

horizon in our glimpse, is the next incremental step to take 

properly. And I think that's what's gotten us here so 

successfully. We've now picked up a factor of ten to the six 

over the last decade; a factor of ten to the two's not bad to 

expect. 

PAUL: Well. Yes, somebody back there? 

?: Yes. I think I'd just like to say that perhaps we 

should be politicians at this point and call it sequencing the 

entire human genome, and spend the money on exactly that 

thing. 

PAUL: But... 

?: I think... I think... No. No, no, no. No, because, 

no, no, it's like sending men to the moon. Sending men to 

the moon was extremely expensive and extremely pointless. 

Because we could have got as much information for half the 

cost with machines. Scientifically, at least. But if we go 
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and tell Congress we're going to do something like this that 

the general public can understand, they'll give us the money. 

As long as we agree among ourselves that what we're actually 

going to do with it is maybe sequence the one percent of the 

genome that's interesting, and try to develop technologies 

that in fact will allow us to sequence the human genome in 

1999 just in time to sneak the deadline. 

WALLY?: Congress doesn't really understand the project on 

its merits. 

?: I think he's saying he's not a politician. You know, 

that's the only language those guys understand. Every few 

years, that's exactly what they do. 

PAUL: Hold on. Okay, let's try and keep this... At some 

point... I don't see Dr. David Smith, and so I'm going to 

call on you in a moment to perhaps comment on that. But, 

Hans? 

HANS LEHRACH:  I think there's a strong case for some sort of a 

structural approach to the genome. Because there are three 

types of genes: the genes you can define by a function which 

you know about or the gene product; there are the genes you can 

define by mutations; and there are probably going to be a 

number of genes which you cannot define by any of the two. 
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Because any member of the gene family you will not find, for 

example, by mouse mutagenesis. So if you find an efficient way 

to get ordered cosmid libraries of the mouse and the human, 

and to actually find homologies for each of the homologies 

between mouse and human, and sequence those, all regions 

around those, you're likely to pick up a lot of genes among 

the thirty to sixty thousand genes of the mammal without 

having to necessarily sequence the whole genome. At least in 

our experience, whenever we find the homology, we tend to pick 

up a transcript. If you go into DNA libraries, you are likely 

to miss interesting things because you are not going to be 

able to make DNA libraries from the developing brain at eight-

weeks gestation, or whenever that takes place. So if you go in 

for homology, by some sort of structural approach is going to 

teach a lot. That does not necessarily... Obviously, 

sequencing... the human genome is the ultimate way to go for a 

homology by a structural approach, and it will pick up most of 

the homologies. But maybe it's easier to just pick up homology 

by any other technique. I think that it does offer a 

potentially new window toward the genetic material, which you 

just don't have available even by normal genetics. Because 

gene families, you just don't pick up. 

PAUL: I just met Dr. Smith earlier, around noon, and he was 

telling Wally and myself at least what very, very 
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preliminary thinking, and maybe it's only your own or maybe it 

reflects a larger group, but in fact, I'll let him tell you, 

but he more or less outlined the strategy which was very close 

to the ones you were mentioning about. The way to go is to 

develop the methodology so that it has broad impact, and to 

start with the more interesting parts of the genome, or even 

existing CDNA sequences as a way, but ultimately the target, 

which is used to justify to make the commitment, the funding, 

and whatever, has to be something or is more likely to succeed 

if it has something of this grander objective than just 

knowing the one percent of the genome. 

You can come up here. Why don't you tell them who you 

are. 

DAVE SMITH:  I'm Dave Smith, I'm with the Department of Energy. 

I'd like to just bring you up to date on what our activities 

have been since the Santa Fe meeting. Again, there are a 

number people in the audience who were at the Santa Fe 

meeting, and I don't want to go over that. But Walter said he 

was there, Charles Cantor was there, Frank Ruddle chaired the 

meeting for us, Sherm Weissman was there. Others, too, I just 

can't remember everybody who was there. So you may want to 

talk to some of these people to get their idea of what went 

on. 
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But one aspect of what went on there was that there's a 

very good likelihood that we can have a factor of two increase 

in the sequencing rate very, very soon. I mean, we're talking 

about three hundred man years. 

PAUL: A factor of ten, you meant, not two. 

DAVE SMITH: A factor of a hundred, I'm sorry. A factor of a 

hundred. Very, very...not unlikely that within a few years we 

can increase this sequencing rate by a factor of one hundred. 

And that puts this whole idea in an entirely different 

framework. 

Anyway, without belaboring that, I would like to just 

tell you what has happened in our department since this 

meeting in Santa Fe, which was held in very early March. We 

got a report back from that meeting in about mid-April. We 

digested that report, summarized it, did some thinking about 

its implications. 

And, by the way, my interpretation of that meeting was 

that there was considerable enthusiastic support for the idea 

in Santa Fe--if not unanimous, close to unanimous. 

Within the department, we then took this idea, with our 

initial thoughts on the subject, to higher levels. And again 

there was enthusiastic support and we were encouraged to 

proceed. So I'm going to tell you what that means. 
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Our initial plans are to, in the next three years maybe, 

maybe five years, to stimulate three areas that are related to 

this effort. One, we want to stimulate (and by stimulate I 

mean we're open to proposals) stimulate the needed 

technologies to speed up sequencing. That is, both the 

biochemical molecular biology technologies as well as the 

automation of the whole operation. If we're going to handle 

data in a short period of time on this magnitude, it would be 

very good to eliminate human intervention as much as we can. 

We can read the gels and have then go directly into the 

computer, for instance. There are a lot of possibilities 

there. So we'd like to stimulate this aspect of it. 

And there are a number of companies that we're aware of 

who are interested in this as well. And we are hoping to pull 

together many, if not all, of these companies to a meeting 

later this summer, to discuss what their interests are and if 

we can facilitate this without competing with them. We want to 

augment their efforts, not compete with them. And maybe we 

don't need federal money to go into this aspect, but we need 

to see about that. 

Another effort that we'd like to stimulate is the 

ordering of large fragments of the physical map, or molecular 

map as some people call it. There are a number of approaches, 

which we heard about earlier in this meeting that seem very 

promising to preparing such an ordered map. 
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And we'd like to receive proposals and select out the most 

promising proposals and see what we can do in the next few 

years to create ordered maps of individual chromosomes. 

And the third area that's really very important we'd like 

to stimulate is in this area of data handling, or the 

computerization and networking of the whole operation. As you 

know, there are various kinds of maps: gene maps, arthropodan 

maps, there's a sequence map, if you want to call it that, and 

there has to be a concordance developed between all of these. 

And the data has to be accessible by people in a way which the 

individual scientist can sit down at his computer and just be 

able to look at what's in these databases without going 

through a lot of frustrating manipulations, which I think, in 

some cases at least, is the situation today. So we'd like to 

stimulate that. 

And we're not talking about scientists only in this 

country, but scientists around the world. I think the 

benefits of developing this kind of data are only going to 

be useful if the scientific community as a whole can have 

ready access to it. 

So that's the three areas that we're trying to stimulate 

in the next few years. And a few million dollars, we hope to 

identify, and pull out some new money in these three areas. 

We are setting up an advisory group. We're just now 

starting this. It will be a broad-based group to provide us 
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some advice on both scientific strategies and political 

strategies, if that's what you want to call it, as to where we 

ought to go next and how we ought to go about this. That 

group, as I said, will be broad based, and I'm sure that 

several people here will be asked to serve on that committee. 

We've talked with a number of other organizations who are 

interested in this subject and related subjects. You're all, I 

think, aware of the Hughes Foundation's interest, and we've 

had a number of conversations with them. We're trying very 

hard to go about this in an organized, sensible way. But, as I 

think all of you can appreciate, it's a tremendous 

organizational challenge. In a way, it's a bigger 

organizational challenge than it is a technical challenge, so 

there are a lot of unanswered questions at this point. 

PAUL: Is it your idea that this kind of a grant and 

proposal system is going to adhere to the time-honored peer 

review version, or is it going to be somebody off in 

Washington sending some recommendation to you? 

DAVE SMITH: No. No, no, it will be peer reviewed. 

?: Dr. Smith, I'd like to add a fourth ordering, in a 

sense, to your list, because one of the things that follows 

from trying to obtain this map of the genome and then the 
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eventual sequence is that we will actually have the DNA in 

hand. And that's probably, to my mind, almost as great a 

benefit as having large pieces of sequence. Because, if you've 

got the DNA available, you can do functional studies that you 

couldn't do otherwise. So it must be very high on your list of 

priorities, that there be a bank of DNA that is from known 

places that's available in a form which can be propagated, 

such as a cosmid or a lambda phage. It may be easier to store 

phages than cosmids, and so on. But the storage of DNA and the 

availability of these pieces of DNA to investigate, it seems, 

should be very high on the list. 

DAVE SMITH: Just briefly, that gives me a chance to... Our 

thinking about this project largely stemmed out of the gene 

library project that you may have heard about the first 

evening there. That is, to prepare chromosomal-specific DNA 

libraries, which are in repository now. The second phase of 

that project, as you heard, was to develop cosmid libraries. 

And so I think this is quite in accord with what you're 

suggesting. 

?: It's just that they should be... ordered... 

DAVE SMITH:Yes,of course. 
 
 
 
?: ... 
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DAVE SMITH: Of course. Of course.   

?: I'd like to ask a fairly naive question. Why should the 

program be managed by DOE? 

DAVE SMITH:I'm not sure that it should be. 
 
 
 
?: ...  

DAVE SMITH: If I could respond to that first. I'm sure 

there is a diversity of opinions about that. But, as I just 

mentioned, in our opinion it grows out of the gene library 

project. Also, at Los Alamos National Laboratory is GenBank, 

which the computerization and the data handling aspects of 

this are just central to the whole business. The Department of 

Energy is used to managing large-scale projects, 

multidisciplinary organized projects. And I think that in some 

respects that might be an advantage for this. There may be 

other opinions on that. But those are some reasons at least. 

WALTER: ...money... we would much rather... we do not want 

to have the NIH to be in our debt running such a project, 

because in that case it is in direct competition with the RO1 

money. Whereas if it's being run by DOE, if in fact their 

separate agencies of the government can compete. You 
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can at least separate the project from your other sources of 

funding. 

PAUL: Do our European colleagues here think that there's 

any likelihood of some sort of a consortium? ... 

?: Twenty years ago there was this initiative which was 

launched by the International Union of Biological Science. 

To follow the example of the International Geophysical Year, 

there was a launching of an International Biological Year. 

In the beginning, there was a lot of interest held, even from 

America. But then America got disgusted, and I think it was 

right. It was a complete disaster. There was an enormous 

dissipation of money without collecting much information. 

Having said that, I add that insofar... Of course, at that 

time there were no tools that we have now. That kind of 

initiative nowadays would make much more sense. And in fact 

one doesn't care about sequence of genes, one wants to 

understand the makeup of genotypes and perhaps of gene pools, 

to understand what's the relationship between the 

susceptibility to cholera, for instance, and the genetic 

makeup. The arrangement of your genetic makeup, the genes are 

all those, the sequences are always the same. But for obvious 

reasons of activeness and survival, they are arranged in a 

different way. And that we would like to understand, rather 

than going to the very analytical 
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examination of the sample, which makes you lose the picture 

which it's a biological important. That is, after all, I 

suppose all this means that we want to know our genetic makeup 

for some reasons of intervention in health, in whatever. And 

that kind of picture, we will lose it if we don't keep it as 

nature does. And I would accumulate a population, as somebody 

was saying, for availability to everybody, DNA from population 

now living, especially taking into account those which have 

gone through a certain evolutionary time, suffering certain 

conditions which perhaps we might understand what they mean 

and how does one survive those and gain a lot of information 

from. 

PAUL: The eagle back there has been wanting to say 

something, so... 

KART MULLIS: I've been thinking about this for some old time, 

and maybe it seems whimsical, but it has to do with data 

handling, and particularly what I call typographic mutability 

of C and G, when someone has handled your Nature or your 

Science. And before we start accumulating all these three 

billion bases, I mean, it would be reasonable, I think, to 

decide whether or not we wanted it to be legible. 

I mean, most of it's going to be in computers, but we're 

going to be using printed sequences still for quite a few 

years. And looking through a sequence, you know what 
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happens, the C's and the G's sort of blur away after awhile. 

So we need to change one of those letters. Right? I'm serious, 

okay? Before it's too late, because I'm going blind. We 

oligonucleotide chemists can all tell you that A's and T's and 

C's were designed by God, and that guanosine grew up out of 

the primordial slime. So I think guanosine is the one that 

should be changed. And I think that it would be simple enough 

to just change it to a W, because it would be easy to tell 

from the rest of them. Frances has had a letter all this time, 

and I think it's time that Jim should have one, too. We could 

still call it guanosine if we wanted to and just represent it 

with a W, or we could call it wanosine if we needed to. I am 

saying this whimsically, but I'm serious that it's silly to 

keep up this ridiculous C and G business. And we know we can't 

read them from back here. Anyhow, that's about all I have to 

say. I don't know how to get that changed unless I just start 

writing it in my papers whenever I have to sequence. 

 

RUTH HUBBARD: I wish I could think of a funnier way of saying 

what I want to say. I have to take a lesson from you. But I 

wanted to talk a little bit about the cost items--not the 

money costs but intellectual costs. Because, when I first 

heard about this project, it reminded me of a great short 

story that Leo Szilard wrote. And this had to do with the 

problem that he found when he came back to earth after being 
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asleep for fifty years. And he'd gone to sleep because he was 

hoping that the progress of science, by the time he woke up in 

fifty years, would have caught up with his ideas. And he found 

that really there was a better way of slowing down science. 

And that was by offering prizes. And what he proposed for the 

slowing down of science was to set up all these committees who 

would judge. There would be a million dollar prize and a 

hundred thousand dollar prize and a ten thousand dollar prize. 

And for each of these, there would be committees. And, as he 

described it, by the time all the committees had been set up--

and of course all the leading scientists would have to be one 

the committees to judge their peers--there would be no time 

left for anybody to do science. Now I guess it should be 

obvious what is worrisome about this. I mean, I'm a 

geneticist, and I once wrote a book which said, "Genetics is 

the core science of biology.” But it's not the only part of 

biology. And so one really wonders what the intellectual cost 

of a project like this would be, in terms of either absorbing 

the intellectual ideas of a whole generation of growing 

scientists, what the costs would be in terms not only... Of 

course, we would still have our RO1s and there would be people 

doing little science, but would there be something so 

attractive about this kind of very complicated puzzle that it 

would be so absorbing to one's thinking that all the rest of 

biology would simply be left in the lurch for a good long 

while. 
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It's a problem that bothers me and I think it ought to be 

addressed. 

?: ... you have a lot of technicians... order... people... 

RUTH: I'm sorry, it's not the doing it, it's the thinking 

about the results. 

PAUL: And you're prepared to judge that that's unwise or 

useless? 

RUTH: No, no, no. I'm saying. No. No, no, no. No, Paul, 

I'm not saying it's useless, I'm saying knowing about 

sequences is not knowing about all of biology. And, I mean, 

okay, so... 

PAUL: It's the anatomy. It starts with the anatomy, and 

you're not going to understand the physiology unless you 

know something about the anatomy as well. 

RUTH: It has to go in some ordered sort of progression. 

Because we can be so flooded with this kind of information 

that it's going to be very, very hard to think about anything 

else. And it's very nice to have clone-to-gene and have 

sequence-to-gene. We have a fascinating gene in my lab 
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that we've sequenced, and sequence really hasn't helped us 

very much to understand what the gene is doing. 

PETER PEARSON:  I'd just like to respond to Dr. Berg's request 

whether Europeans will be interested. I can't speak for 

Europe; I can speak possibly for a small part of that science. 

And I think the answer is: Yes, with certain provisions. The 

provisions would be that this project is phased in such a way 

that each participating country, or group within the 

countries, they can be identified with one, let's say, small 

section of the genome. I could imagine, for example, that 

those labs which are good at transection experiments, they 

would be concerned with generating overlapping chromosome 

fragments and cell lines, the people that are good at pulse 

fields for analyzing those fragments. On this sort of basis, I 

think that the, as far as I could judge, labs would be 

prepared to be involved. But, otherwise, it's a mind-bending 

sort of concept. I mean, I think everybody's jaws in Europe 

dropped when they heard about it. 

LEONARD:  With respect to Ruth, I don't know if there's any 

time that science has suffered from an excess of data, that 

science has been impeded rather than advanced by having more 

information. Perhaps at the beginning of this century, with 
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all the spectroscopic information coming out, there was more 

data than anyone could understand. Unfortunately, that led to 

quantum mechanics, you know, as a major leap forward. 

Secondly, in commenting on Dr. Smith's proposal about 

the Department of Energy, I wanted to question whether the 

competitive grant mechanism, which I understood you were 

suggesting, is a good way to advance the purposes of this. 

That having single projects brought to the attention of a 

peer review committee one at a time maybe is not what 

something of this sort needs. For several reasons. 

One is that there probably shouldn't be too many 

different attempts going on at the same time; therefore they 

ought to be all on the table before big decisions are made. 

Secondly, the good ones will probably need a lot more 

funding than could be accommodated in any sizeable number 

from the committee. 

And thirdly, there are a lot of good intellects who ought 

to participate in the process who are simply not deeply enough 

concerned with devising technical projects to go to the 

trouble of sending you a proposal to be developed under their 

own auspices afterward. 

I think, if these are right, that there might be a 

better mechanism, though I'm not right now prepared to 

suggest what it is. 
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SHERMAN: It seems to me that competition in the field can 

change this whole task by two or three orders of magnitude, 

and especially since competition now has become 

commercialized. And I think it's sort of silly to make an 

effort of this sort when we have instrumentation being 

developed, from a competitive point of view. And I think in 

the next few years we'll be able to do this probably in a 

decade. 

?: Well, I just think that there is some confusion, or some 

people... [tape ends] 
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