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Begin Tape 1, Side 1

PRUD’HOMME: Professor Lewis, where are you from originally?

Lewis. | wasbornin Wilkes-Barre, Pennsylvania, in 1918. My father was a watchmaker; my
mother was a housewife. She completed high school, but my father didn’t have the opportunity to
go to high school. Hisfamily was very poor, and so he was sent to a trade school to learn watch-
making. | have one brother, who is about five and a half years older than | am. He went into the
foreign service—he' sretired now. There were just the two of us children, and we went to public

schoolsin Wilkes-Barre.

PRUD’HOMME: What about your undergraduate education?

Lewis: | spent my first year at Bucknell College in Lewisburg, Pennsylvania, on amusic
scholarship. Then | transferred to the University of Minnesota, which had the lowest fees for out-
of-state residents of any state university in the country, | think, except for Berkeley—but Berkeley
seemed too far away.

PruD’HOMME: Did you know you were going to be a scientist?

LeEwis. | had aninterest in animals at avery early age. | liked chemistry and biology. | also took

up the flute rather early, so there was alittle conflict about whether or not to major in music.
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PRUD’HOMME: But you stuck with science. Did you have any special teachers that you remember

at the university?

LeEwis. Therewas a professor of genetics at Minnesota named Clarence P. Oliver, who gave me
gpacein hislab. Actually, | started work on Drosophilain high school, by getting Drosophila
stocks that were procured indirectly through Caltech. | started that in 1934, fifty years ago.

PRUD’HOMME: S0 you knew about Caltech.

Lewis. Wehad agood library in Wilkes-Barre. They had one scientific journal, Science, and in
Science | saw an ad for Drosophila stocks that could be obtained from a Professor Rifenberg at
Purdue. My interest in genetics and Drosophila was a so sparked by abook by Herbert Spencer
Jennings called The Biological Basis of Human Nature, which had some very nice diagrams of
Drosophila mutants illustrating the laws of heredity. | had afriend in high school, Edward
Novitski, who is now an emeritus professor of genetics at the University of Oregon. Heand |
teamed up to order the flies from Purdue. We grew them in the biology lab at the high school. 1t
was a modern high school for the time and had anice laboratory. Novitski began a correspondence
with the professor at Purdue and was soon put in touch with Dr. Calvin Bridges, who was of course
at Caltech. Although we had had to pay for theinitial cultures from Purdue, Bridges sent us more
strains at no charge. Actually, Novitski went to Purdue because of this connection. Purdue had a
system whereby if you passed some written exams that were sent to high school students, you
could get a scholarship. So he got a scholarship and went through Purdue in two years and came
here to Caltech as a graduate student. | spent two years at Minnesota and got my bachelor’ s degree
in biostatisticsin 1939.

PRUD’HOMME: Two yearsisn't bad!

Lewis. Wdll, at that time you could do it, at both institutions, by taking examinations for credit.

So during the summer I’ d study the courses. For example, | took calculus that way—by exam,

rather than taking acourseinit. |1 cameto Caltech in August 1939. 1'd had offers from Texas and

http://resolver.caltech.edu/CaltechOH:OH_Lewis_E



Lewis-3

from here, and this seemed a better place. Novitski had already come here.

The professor at Minnesota you asked about, Oliver, had studied with [H. J.] Muller. He
was one of Muller’ sfew students—Muller didn’t have very many students. Muller was at the
University of Texas, and Oliver was a Texan; in fact, he returned to the University of Texas afew
years after | left Minnesota.

Minnesota had a strange chairman of zoology whose name was Dwight Minnich, and he
was very eager that all majorsin zoology—which was what the field was there; they had botany
and zool ogy—he wanted them to be very cultured, so he had an awful lot of required courses
outside zoology. Therefore, if you were going to magjor in zoology, it would take you at least four
years. So | decided | liked biostatistics, and that department was in the medical school. Actualy, |
was the first undergraduate ever to major in biostatistics; the result was that they had no
requirements to speak of. So | took some mathematical statistics and the courses they offered, and
| had amajor. | got out in two years because | was eager to get into graduate work and do genetics,
do exactly what | wanted to do.

But there were some nice courses in zoology | took there. And the main thing—to get back
to your point—was that Oliver was very generous about giving me laboratory space and some of
histime. Although I worked mainly on my own, he was very helpful, and he didn’t know me from
Adam! At the time, there was another geneticist there—Mel Green, who isnow a professor at
Davis and who was a so a student of Clarence Oliver. Hewas ayear ahead of me; he'sjust retiring
at Davis. Oliver has had a couple of people like that as his students, who have gone out and

populated the world.

PrRUD’HOMME: When you came herein 1939, what was your impression of the Biology Divison?
Lewis: Well, for me, growing up in the Depression, | would say first of all that Minnesotawas a
wonderful place. It wasvery exciting. | used to play in the university symphony orchestra. And
the same thing was true when | came here—it was very exciting here.

PrRUD’HOMME: But very different from Minnesota, | would think.

LeEwis. Oh, yes. The graduate work was very exciting. Y ou had peoplelike [Alfred H.]
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Sturtevant, who first mapped genes. And people like [ Theodosius] Dobzhansky, who was quite the

opposite kind of personality; he was a very entertaining and interesting fellow.

PrUD’HOMME: Could you describe the two personalities for me—Sturtevant and Dobzhansky?

Lewis. Wdll, they were complete opposites. All of thisiswell described by William B. Provine,
in abook [Dobzhansky' s Genetics of Natural Populations, R. C. Lewontin, John A. Moore,
William B. Provine, and Bruce Wallace, eds. (New Y ork: Columbia University Press, 1981)].
Provine has tried to pin down why these two men had afalling out eventually. Unfortunately, he
cites Dobzhansky’ s reasons after Dobzhansky was some eighty years old, and Dobzhansky really
says some outrageous things. But anyway, | think they were fundamentally entirely different
persondity types. They hit it off very well at the beginning, when Dobzhansky cameto Morgan’s
group at Columbiafrom the Soviet Union as quite arelatively young assistant professor.
Sturtevant was older. They had afalling out, and | think the falling out between Sturtevant and
Dobzhansky is largely due to the failure of other researchers to duplicate some things
Dobzhansky had done. Sturtevant’s name was on some of his papers, and Sturtevant was furious
that he’ d been involved with some results that couldn’t be duplicated. Some of Sturtevant’s
students discovered some of these difficulties. Dobzhansky went too fast. He was a man who
wrote a paper aweek, and he reviewed books. He was very good at writing and reviewing things
and he wrote interesting books. But as alab scientist, he tended to go too fast and depend too
much on assistance and this kind of thing and not check everything himself. He did a prodigious
amount of work, far more than he probably should have done. He rushed into print, and
Sturtevant was the opposite. Sturtevant was very much a perfectionist, and he didn’t want any
mistakes, and so on. |’ m pretty sure it was amost entirely that. But it was also said that
Dobzhansky was somewhat wearing, because he talked al thetime. Sturtevant was very quiet and
didn’'t say aword. The story isthat Dobzhansky was in this room, next door here [William G.
Kerckhoff Laboratories of the Biological Sciences]. They shared aroom together, these professors.
Now, that’ s ridiculous—two professors sharing alab! But that was the way they worked. | think
it was because in the early days Morgan had the Fly Room at Columbia, with six or eight peoplein
it, all packed like sardines. Anyway, thiswastold to me by [Boris] Ephrussi, who said that
Dobzhansky would spend half the day talking. Sturtevant, being a quiet person, couldn’'t just say to
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alot of the microbia geneticsin those courses, so | didn’'t haveto do that. | worked up lectures
that tried to emphasize human genetics where | could—it was not really a human genetics course.
And | would try to keep up with the modern developments and get them into the course. Because
you'd redize that half the class would probably become medical doctors, and medical people were
not getting any genetics at that time. Medical schools didn’t have coursesin genetics—or very few
did at thetime. In thefifties there might have been a handful in the whole country, maybe three to
six medical schools that would teach genetics—Johns Hopkins, Michigan, Texas—but that’ s about
it. And often they were almost experimental courses, given by a professor in the zoology or
biology department. But of course now things have changed and it’s become a leading subject in
the field, and there' s great interest init.

PRUD’HOMME: As agraduate student, where did you live? Where did you eat?

LeEwis. | had aroom across the street, in alittle rooming house. It’'sal torn down; it was where
the graduate student houses are. George Rudkin lived at home, but most of us found aroom
someplace like that. There were plenty of cottages around, and people liked to rent out roomsto
students. We didn’t have much money. Actually, my brother had helped me get through college.
He was older and had ajob, and he' d sent me some money when | was at Minnesota. Here we got
just enough stipend to live; | don’t think | had to get extramoney. So we were ableto live on that.
The rent was cheap and the food was very cheap. So that’s how it was.

PRUD’HOMME: From what you describe, | get a sense that your fellow students and the work you

were doing you found extremely satisfying.

LEwis: Yes. Thefield wasn't overwhelming yet, either. Right now, geneticsisjust
overwhelming. | feel sorry, in away, for young people who comein. There's so much to learn, so
much competition, and it'ssuch avast field. It'swhat iscalled “big science” now; then it wasjust
beginning, getting off the ground. Everything seemed exciting—all the problems. They aso
seemed beyond solution. That sounds contradictory—to be excited about something that’ s beyond
solution. But you could not approach genetic problems directly—that is, we didn’t know what the

geneswere. So we tried to deduce what they were from experiments. And it’s an abstract subject,
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which alows you to deduce the linear order of the genes without any knowledge of what the genes
are, or anything. It'sjust amazing what you can do. We thought no one would solve that question
in our lifetime—what the genes were and how the thingswork. So in that sense, too, it was
exciting. You felt you could make a contribution without knowing the actual physical chemistry of
everything. Infact, it didn’t help at all to know physical chemistry during that time, or even
biochemistry. It didn’t really help solvethings. It was along time before the molecular approach
finally allowed people to think about genesin anew way, whereby you could eventually hope to
even bypass breeding experiments and analyze the DNA directly. Potentialy we can now
sequence, say, al the DNA in ahuman being, and with the proper computer analysis you could
almost figure out how things work and find the solution to everything, almost—that is, all the
diseases that would be molecular. All kinds of medical conditions that are hereditary could be
figured out by brute force, whichiswhat | liketo call it. But at that time, you see, it seemed
hopeless that you could ever study human beings and find out very much. And that’s still true, but
it will change very rapidly. It’'schanging every day, at atremendous pace. The pointis, it'samost
overwhelming for a young person nowadays.

But we were lucky. | think we lived in the golden age, in many ways, even in societal
matters. We didn’t have nuclear threats. We didn’t have quite the overpopulation problem we
have now. And also, to have come from a poor background without intellectual contacts of any
kind, it was aways exciting to me. You didn’t get turned off in your second year of college, the
way the children do now. | heard [George W.] Beadle expressthis. When Beadle was chairman
[of the Division of Biology], during the sixties, we had all these problems with students. |
remember that site visits were made here, to determine whether we should support our graduate
students, or how we could get enough money to support our graduate students. The students would
haveto givelittletalks. Beadle's comment at the end was on how unhappy the graduate students
were. “When | wasin college, everything was exciting,” he said. “Y ou were thrilled, excited, and

now these students are unhappy.” That wasthe sixties. But | think it’s still somewhat true.

PrUD’HOMME: What did you do during the war?

Lewis. Wdll, | finished my PhD in June 1942 and in afew months| joined an Army Air Forces

cadet program in meteorology here. | don’t know how long that course lasted, but | think it was
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some four or five months, and then | was one of asmall group who went to study oceanography at
UCLA with [Harald] Sverdrup. | lived in Westwood. It was a crash course in oceanography, about
six or eight weeks. Then | was assigned to the Pacific theater and | forecasted weather in Honolulu
at Hickam Field, for about ayear. Somehow | got to be the weather officer for the Tenth Army and
| got assigned to the G-2 section. That was quite nice, because you got out of alot of the routine.
Then | was shipped out to Okinawa, where | was aboard one of the big command shipsasa
weather officer, using naval datato tell the ground troop air force what was happening in the local
weather in Okinawa—these were mostly reconnaissance planes. So | would forecast the weather
aboard ship, and it would be sent to shore, where the weather people ashore would take my weather
maps and predict what was going to happen. It was aterrible job, becauseit’ s very hard to
forecast. Weredly didn’'t know very much. We had terrible data. Anyway, it was afascinating
life, because | lived aboard this big ship, where you had al the services that go with anaval

officer’ slife—silver service and marvelousfood. We had air raids every night, but | didn’t have to
go on deck, because | was not anaval officer. The naval officers spent the night usually on deck
with the anti-aircraft guns, which were fired on the kamikaze planes that were coming in every
night—every single night. And we had a dense oil fog, which was so dense that the inside of the
shipwaslike.... Butit didn’'t bother us; it was just diesel fuel; it vaporized, so it was like smog
inside. Anyway, it didn’'t bother me. We could watch old movies. | stayed up al night, because |
was forecasting the weather, and | dept al day. So | redly enjoyed that. And then findlly, after
about six weeks of living aboard ship, | went ashore; the G-2 had been set up by then. We stayed
about three months, until the war ended. | came home somewhat earlier than | would have
otherwise. My father had died, and my brother sensed that it might be smart if | got out of there.
So it was very thoughtful of him; he sent acable. Anyway, they told meto return, so | came back
and stayed with my mother alittle while after that.

Then | came back to Caltechin’46. Actualy, Millikan had promised me before | went into
the army that there’d be ajob here, so | knew about that al along. When | came back, | was
offered ajob at Cold Spring Harbor, but | decided to take the one here, because Cold Spring Harbor
had no academic status; it was aresearch job, and this had an academic future. So| came here as

an instructor.
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EDWARD B. LEWIS
SESSION 2
October 11, 1984

Begin Tape 2, Side 1

PRUD’HOMME: | want to talk about your research work on Drosophila. Why Drosophila?

LEwis: Because of the ease with which you can find mutations and study them. The short life
cycle allows you to have a new generation every ten days, and there' s no other animal that can
do that. There was an immense background. All the obvious things had been done by then, so
you could go into greater depth and into analysis of the genes and find out whether there were
subgenes and begin to try to see how a gene is constructed—though DNA, at that time, had not
been determined to be the hereditary material. People thought that genes were proteins at that
time—but that doesn’t matter. Genetics has never depended on knowing what the genes were
chemically; that doesn’t help at all in terms of what you can learn by just breeding experiments.
So genes were mapped linearly on the chromosomes and al of thiswas done. It’s an abstract
field, and | like abstract things.

PruD’HOMME: And Drosophila was really Morgan’s legacy in a sense, too.

LEwiS: Yes, that's quiteright, and thisisthe ideal placefor it. All the stocks were kept here.

PRUD’HOMME: Where were they kept?

LeEwis: Wéll, they’re kept down the hall here. We still keep them pretty much the same as they

were when | first came here.

PrRUD’HOMME: What was your lifein the lab like after the war?
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LeEwis. Wédll, it was much the same as before the war, when | was a graduate student, because
the same faculty was till here. | came in as an instructor, so it was easy to fit into the system.
There was always a lot of freedom to do research, and alot of communication among the faculty
in biology, and we talked about problems alot—mostly | talked with Sturtevant and Jack

Schultz. They were the main people who were still growing alot of Drosophila at that time.

PRUD'HOMME: Can you describe for me the 1942 discoveries at Caltech?

LeEwis: Well, that was just the year | graduated.

PrRUD’HOMME: | had understood that that year it was discovered, at Caltech, that there were
places in the chromosomes where what at first appeared to be a single gene turned out to be a

cluster.

Lewis: Well, | wasworking on a project like that for my thesis, and | took it up again when |
came back after the war, using a system that has turned out to be quite favorable for this. It has
turned out to be a giant cluster of genes, anywhere from ten to thirty. We don’t know yet; we
won’'t know until the entire molecular work is done. But we can identify genetically about ten
units, and if you look at it more at the molecular level, you might find that there are ten or twenty

or thirty or some multiple of that.

PRUD’HOMME: What is this system you use?

Lewis: Well, we use genes concerned with making the fly develop abdomina segments. All of
the segments start out alike, but certain segments have to form the head and others the thorax and
others the abdomen. And thisisagroup of genesthat very early determines the abdominal and
part of the thoracic regions of the fly. In away, the abdomen isthe highest level of development

in many respects. It’snot aniceidea, but it’strue.

PRUD’HOMME: You left briefly in’48 and taught at Stanford.
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LEwiS: For just oneterm. Someone was on leave of absence.

PruD’HOMME: Were the students at Stanford different?

Lewis: Well, the classes weretoo big. | had very little contact. | gave alecture there a couple
of timesaweek. | think there were 500 people in a huge auditorium; it was quite the opposite of
this place. We used to have nice small classes in genetics here—eight or ten students. Now it's

up around twenty or thirty, and sometimes forty.

PruD’HOMME: Did you find that you liked teaching better after the war? Because you said that

when you were younger you hadn’t—

LeEwis: When | was a graduate student, | would say it was just lab teaching. It wasall right; |
didn’t mind. | think we all expected to do certain things like teaching, and no one was really
pressing for a career other than research. And everybody who did research was expected to
teach, because the general feeling was that people who work in labs without doing any teaching
don’'t develop enough breadth. 1t's almost a diversity that’s desirable in your life, to have a
certain amount of teaching. | really liked to teach the beginning genetics course. After many
years it got to be boring and more difficult to teach. The subject was much easier to teach in '46

than it is now.

PRUD’HOMME: How do you produce the mutations?

Lewis: Well, when we started, we had nothing but X rays, which we used alot—we're till
using them alot, actually. Later on, it was discovered that you could use a number of
chemicals—feed the flies on chemicals. And that has some virtue, because the chemicals are not
asdestructive as X rays. But for some things we want, it’s now turned out that X rays are the
most desirable of al. It’'sjust atechnical point. The people who look at the DNA in
chromosomes need to have some disturbance in the DNA that’ s considerable—a piece of DNA
that has 1,000 bases turned around, or deleted. X raysdo that all the time, but chemicals don't.
And if you take a chemically induced mutation, generally speaking, the molecular people can’t
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find it. Youwouldn't think that’s true, but their methods are exceedingly crude compared with
the geneticists method.

PRUD’HOMME: Who pays for the maintenance of these stocks of flies?

LEwis: The Nationa Science Foundation.

PRUD'HOMME: They’ ve been going on for how long?

Lewis: It started with the Carnegie Institution. That should be in the record—that Morgan had a
Carnegie grant that supported Schultz. Schultz was sort of in charge when | first came, but |

took it over, and heleft in’43. Then | think the Rockefeller took it for awhile, and the ONR
[Office of Naval Research], and finally at some point the National Science Foundation started
supporting it. It’s possible the Atomic Energy Commission supported it, too; | can’t remember

the history of it. They support it now, heavily.

PRUD’HOMME: Can you describe your work on the bithorax complex?

Lewis: Wéll, I’'m hoping to write a Scientific American article. | was just noticing last night that
Goethe, of all people, wrote on the tendency for plants to have structures that are homologous—
like petals and leaves; parts of the flowers come from the leaves—and he was the first man to
write that. Apparently he was anticipating Darwin. So I’m planning to put that in the article.
Wouldn’t that be nice, to develop that theme? | just looked it up in the encyclopedia, because |
was trying to find out who proposed all of this business in plants—of having homologous
organs. Usualy it’ s the highly devel oped organ that reverts back to the original organ, like aleaf
would be the original organ, and it’s due usually to mutations or some damage. At any rate, in
doing so, | found that Goethe was mentioned as having contributed to this. [Laughter]

The general ideais that we started studying a group of genesin order to investigate this
so-called fine structure in the genes—namely, how many subunits there are to the gene. We
don’t think of them as subunits now; we think of them—and always did—as separate genes so

close together that they mimic one gene. So that turned out to be verified, and it’s a nice system.

http://resolver.caltech.edu/CaltechOH:OH_Lewis_E



Lewis-17

But in addition, it had as adividend alot of information about how the devel oping embryo
works—namely, early development of genes we were studying that control how the abdominal
segments start to change. Each segment is alittle different, and in order for each one to become
different, additional genesturn on. | don't know exactly what the best analogy isfor that. But
you have a chromosome with the genes lined up in the same order in which they’re turned on in
development of the embryo. And it still isn’t clear why they’re turned on. It’s probably because
one of them triggers its neighbor to do something, and then it’ s like falling dominoes—except
that instead of being destructive when they all fall down, it’sthe opposite. So that’swhat’s

currently attractive. 1t's quite alot of fun.

PRUD’HOMME: Genes regulate genes.

LEWIS: Yes, those genes regulate the other genes. But how they are regulated is what really
interests me, because you can ask, “Who regulates the regulators?” That’s a big question and
nobody has aclueyet. It may bein the same way that the regulators regul ate other genes.

WEe're getting back to the very beginning, that’s the point. Y ou keep going back. We've
backed it pretty much to the beginning. In fact, thereisn’t much time, because the embryo has
only afew minutes in which to start this whole process going, and these are the first set of genes,
almost. There are other genes that precede them in development, in the group we' re working
on—namely, those that establish the front and back end of the animal, which somehow hasto be
set. The dorsal and ventral halves are set by afew genes, perhaps—and then these genes come
on. You've got to have afront and a back and atop and a bottom before you can begin. There
are genes that make a certain number of segments, and [the segments] are all alike initialy.

So there are some genes that precede these genes we' re studying, but those other genes
are not clustered; they’re just scattered everywhere. Nobody knows how to analyze them;
nobody can say which gene startsfirst or what it’sdoing. And then, all of a sudden, these genes
take advantage of the environment they see around them and start making the segments different

[from one another].

PRUD’HOMME: Do you work with achemist on this?
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Lewis: Well, fortunately there’'sagroup at Stanford, and another at Harvard Med that originated
at Stanford. Dave [David S.] Hogness at Stanford has had a number of very good postdoctoral
people and they’ ve set up labs now at Harvard Medical School and at Cambridge, England. One
fellow’sjust starting again in Australia; he’ s been alowed to start working on this. They had put
him on mosquito work, or some applied work, and now he’sfinally got ajob where he can start
looking at this. And Dave Hogness still has alot of postdocs, so there are about three or four big

labs in the world working on this system.

PRUD’HOMME: Do you al communicate with each other?

LEwiS: Yes, we telephone each other frequently. About three or four timesaweek. The
telephone has really been agreat advance, you might say. | seem to communicate much better
with them than with any colleagues here. Or even if they were here, | would still communicate
better [on the phone]. You know how it is. Walking into somebody’slab is much more of a

disturbance than telephoning them. So that’s the way it works.

PrRUD'HOMME: Could you tell me about Polycomb?

LeEwis: Well, that’s one of the genes that makes the front/back difference. It was found,
actually, by my wife [Pamela Harrah Lewis|, when she was a student [1947]. It took usyearsto
realize that this gene had something to do with our system. It had effects on the flies that didn’t
resemble the particular characters we were studying but it did have effects that are typical of
another group of genes, which make head structures instead of abdominal structures. Now it
looks as though there are two clusters—one for the head and one for the abdomen, and those
clusters have separated in evolution, but they’re still on the same chromosome arm. And
Polycomb is working on both systems. The normal gene keeps them turned off in the front end
of the animal, and we think none of the Polycomb substance is present in the rear end of the
animal, and in between, you have a gradual turning on of the genes as aresult of the amount of
this substance. It got to have that name because there are little sex combs on the legs of the male
and they normally occur on the first leg. But in Polycomb they occur on all thelegs. So that’s

an example of this. Thelegsare al aike but they become different during development. You
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have the sex comb normally only on the front leg; you don’t need them on the second leg. But
this mutation loses the ability to suppress the sex comb, so they start appearing on al the legs. It
does other things that are similar; it does things that we now recognize are similar types of
changes that you’ d expect to occur if it's affecting these bithorax genes. So, in away, it
precedes bithorax as one of those earlier genes that we were talking about. And it may be a
fairly smple gene—just one, perhaps. That’s a case where eventually the molecular work
should pay off, in finding out what it is and how it works. Right now, nothing much is known
about it. It'll be maybe five years before that can be solved. It should be less than that; it
depends, really, on how hard people are pushing. For example, it's so trivial, but the one man
who’ s doing this now hasto start job-hunting. These young people, who do all of this work
here, have to spend ayear, at least, looking for positions. Hundreds of people are applying for
all the good jobs. It sterrible! Y ou tend maybe not to recognize the best people when you have

such broad selection procedures. They’ve got to please everybody.

PRUD’HOMME: Y ou met your wife here.

LEWIS. Yes. She came when Beadle came [1946]. She'd been a student at Stanford and she
was helping him in his course. She had just finished and was about to go to graduate school.

She thought she' d go back East to graduate school in mycology, but Beadle told her she should
come here, and he brought her here when he came; that is, he encouraged her to come here. She
worked as atechnician for awhile and took care of his stock center for a short while. But we got
married after about six weeks. [Laughter]

PRUD'HOMME: So you worked together?

LEwis: Yes. Well, shedidn’t work in the lab too much. | guess she worked the first year or so,
and then we had a baby, and then she didn’t try to work. At that time, you didn’t try to keep up a
career. But we went to Cambridge, England, within three months, and that was quite something.
It took all of our time just to exist; England was in bad shape then. We were there for ayear
[1947-48, on a Rockefeller Foundation fellowship]. But she should have had a career.
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PrRUD’HOMME: Did she go back to graduate school ?

LEwis: No. Shewas very happy to have children and take care of children. But as| said, she
was well equipped to become a career person, and she would have if she'd really wanted to. But
what shereally hasisacareer in painting. She paints all the time and has always kept it up. At

first it wasink drawings; now it’s watercolors.

PRUD’HOMME: Who are some of your colleagues here?

Lewis: Well, there was of course Sturtevant. Sterling Emerson. Beadle. The person I’ ve been
in closest touch with is Norm Horowitz. He and | have always discussed everything together,

and | still see Norm several times ayear.

PRUD’HOMME: Can you describe Beadle to me?

LeEwis: Hewas a brilliant man who still had hisfeet on the ground. He was very practical. He
was born on afarm; he knew how to fix everything; he would wash his own dishes when he was
doing bacteriological work. He enjoyed washing the dishes himself and didn’t want any fancy
electric dishwasher. He wanted to be in touch with the material, | think. | think that came out of
the early days. He was here as a postdoctoral fellow, so he grew up in an atmosphere in which
there was no money for research at al. He recognized the need for modern equipment and saw
to it that everybody got it, but | think fundamentally he was always prepared to make do with the
minimum and use simple methods.

He just had the touch of gold when it came to experimentation. He would figure out
what would work, and then he’d go to the lab and do it, and usually it worked. That was his
style. Hedidn't plug away. He'd finish something, and his mind was such that he wanted to do
something different. He got bored extremely quickly, so he would work on a project, settle it,
publish it, and go on to something el se.

PrRUD’HOMME: | think the thing that impresses me most about your work is that you have hung

in there and you’ ve stayed with it. And it’s gone on and on and on.
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LeEwis: Yes. | diversified, in the sensethat | did look at leukemia and things like that during the
nuclear testing period, and some of us got pretty alarmed at this business—shooting bombs of f
out here and people saying there wasn't the slightest danger. Geneticists knew that was
ridiculous. There's plenty of danger from exposing people. | don’t really like to jump into new
areas, because of the tremendous effort it takesto get a background init. | don’'t read rapidly,
and | just find that once you’ ve gone into depth on something and have it tucked away in your
head, you might as well exploit it, because the problems that arise are quite exciting, they really
are. But if you jump into anew field, you tend to do just what’ s been done somewhere else with
some new organisms. That wasn't true with what Beadle did, but he did follow up some things
in Drosophila. Essentialy everything that he did with Neurospora had been foreshadowed by
what he and Sturtevant and Ephrussi did with Drosophila. They just wanted to nail it down a
little better and expand it alittle more. They were really looking for organisms that would grow
even faster, and the only thing that could be faster would be things like yeast and bacteria. At
that time, it was the beginning of the era of working with microorganisms, when they first didn’t

even know they had heredity. But that was abig factor.

PRUD’HOMME: In 1966 you were made the Thomas Hunt Morgan Professor of Biology. Isthat

an honor for you?

LEwis: Yes, it wasabig honor, sure. | think it was partly because Sturtevant must have retired
about then. 1t had something to do with maintaining the Drosophila tradition, because | was the

only person who was full-time faculty doing Drosophila.

PrRUD’HOMME: Can you tell me about the visit of the Russian scientists[in 1967] and

Lysenkoism and that?

Lewis: Wdll, | guess there must have been a thaw about then, to allow this group of four people
who came. Therewas|[N. P.] Dubinin and [D. K.] Belyaev, [S. I.] Alikhanyan, who'd done alot
of fly work. [B. L.] Astaurov was the senior person of the lot. Astaurov was avery fine man

who was mainly a developmental biologist, and Dubinin had headed a big group of geneticists.
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But apparently he has turned out to be somewhat of a—not a Lysenkoist, but he was so
concerned about saving his own skin, | guess, that he was never a champion geneticist. But we
didn’t know that at thetime. And it wasvery sad. Heissaid to have denounced Astaurov in the
Academy just because | guess he was trying to increase his own power in the system. He's il
an active person. Belyaev isvery nice; he’sin Novosibirsk. Heinvited usto spend aweek in
Novosibirsk in hislab. And Belyaev was responsible for getting some of the geneticists who had
been thrown out of Moscow to hisinstitute in Novosibirsk, where they were allowed to work.
But geneticsis still greatly repressed there.

PRUD’HOMME: Lysenkoism was an entirely different genetic theory.

LEwis: It was essentially what we'd call Lamarckism. A very naive kind of business.

[Lysenko] was akind of practical breeder who knew nothing about the laws of heredity and all
that. He was a person who had come up through political shenanigans. The problem was that
genetics ran somewhat counter to Marxism. Marxism says you can mold the individual; genetics
says there are limitations on how much you can change. So they obviously could exploit that,

the ones who wanted to push Lysenkoism. It was a sad period.

PRUD’HOMME: But they came here, which was terribly exciting.

Lewis: Well, these people are all geneticists, and they were allowed out partly because of a
thaw. It wasthe Khrushchev era. But they were probably watching each other; that is, it's not
clear who was trusted and who wasn't trusted. | think two were trusted maybe and two not
trusted. Belyaev was a Party member, so he would have had no trouble. And they were
academicians. Belyaev, | think, isagood scientist and there’ s no reason to believe that he was a
Lysenkoist. He was very outspoken about problems; his brother was executed by Stalin, this
kind of stuff. So, although he has a position of priority, | guess you have to get that by being
willing to—well, if they tell you to fire somebody, you fire them. You see, that’s the kind of life

of tyranny that you live under.

PRUD’HOMME: What did they do here at Caltech?
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Lewis: What happened was that | had some job in the Genetics Society of America—I might
have been president. So they came to this country and landed at Harvard. | made alot of effort
to be sure they got around and saw things, and we entertained them here. We took them to
Disneyland, and we did alot of things while they were here and put them up at the Huntington
Sheraton. We got funds for the trip in this country, because they didn’t have enough summer
clothes and various things. And | think it worked out. Dobzhansky told me afterwards—
Dobzhansky was back in New Y ork then—that they had really enjoyed their stay. He wrote me
anice letter about it.

Then they went on to Berkeley, where there was a genetics congress. We had them at our
house when they were here, so Belyaev invited us when we went to the Soviet Union. Dubinin
would never have any contact with us again. We went to the Soviet Union in 1976. When we
were in Copenhagen in 1975, Belyaev invited us. He gave us amarveloustrip. But the people
in Moscow were very wary. Belyaev had ayoung scientist who looked after usin Moscow, but

it was pretty clear that they were scared to death of having contacts with the West.

PRUD’HOMME: In’68, you were elected to the National Academy of Sciences.

LEwWIS: Yes.

PRUD’'HOMME: Y ou studied the relationship between radiation dosage and the incidence of

cancer. Can you tell me something about that work?

LeEwis: Asl said, it was probably partly [because of the nuclear] testing and probably partly
because Sturtevant had taken quite an interest in that, because of the statement that had come out
of the White House that the amount of radiation was far below that which could cause any
damage at all. Sturtevant got really annoyed at this, and he gave alittle paper when he was
president of the Pacific division of the AAAS [American Association for the Advancement of
Science] and he had to give atalk [1954]. Heincluded thisin the talk, about how likely it was
that there would be a small, but not negligible amount of damage. That was afew years before |

was doing anything. But what had not been done was to look at the question of what are called
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somatic effects—cancers and so on. The geneticists had never entered this field—except Muller
had said that probably skin cancers and so on from radiation were due to mutations, somatic
mutations. His paper appeared in Science and proved that X rays make mutations. [H. J. Muller,
“Artificial transmutation of the gene.” Science 66:84-87 (1927).] He mentionsin alittle
sentence that somatic damage, too, would be due to mutation. But nothing much was ever done
in the way of thinking about it genetically. And the big question was. Did cancer increase with
aso-called linear relation to dose, the way X rays had been shown to produce mutations. There
was thought to be no threshold, as it was said, for genetic damage. When | started getting
interested—this was around ' 56 or ' 57—there were enough data to indicate that leukemia was
behaving thisway. So | wrote a paper in Science that summarized three or four months' work,
maybe five months. [E. B. Lewis, “Leukemiaand lonizing Radiation,” Science 125:3255
(1957)] It happened to be well timed, because there was a big testing controversy. In
Washington, the joint committee that existed then on atomic energy had awhole lot of witnesses
to testify about the dangers of somatic mutation, and | went to that. But | had to talk about the
leukemia, the genetic part of it. Muller and a couple of other people talked; the geneticists talked
for the most part only about the genetic damage. And the somatic damage was considered very
controversia at the time, because that area was dominated by medical people, who really had

never learned any genetics.

PRUD’HOMME: They didn’t take geneticsin medical school.

LeEwis: No, not in those days. So they didn’t understand how it could be amutation at all. 1t
took along time, and only very recently has there begun to be an acceptance of this; because for
along time—not then, but afterwards—there were viral theories that had great prominence, and
al the research money went into that. Which isall right; the only way you can approach some of
these things isto have viruses that can be manipulated. Y ou can’t manipulate the genes and
somatic cells very well, because you can’t propagate the cell and mate the cell to another cell and
get the progeny—though there are indirect methods. At any rate, all | looked at were all the
groups of people who had been exposed to radiation, within which there was evidence for

leukemia arising.
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PRUD’HOMME: And there was a greater incidence of leukemia—

LEwIS. It seemsto berelated to the dose they get. Even people like radiologists, who really
weren't putting themselves under the X ray machine, were [still] getting scattered radiation and
they might have accumulated quite abit. They never got high-intensity radiation, yet they died
of leukemia at the rate you' d predict if they had been working around the so-called permissible
dose, which was supposed to be far below damage. It was known that they died of the leukemia,
but it was never known whether it could have been a diagnostic problem, where they were more
likely to be recognized as having leukemia because they were doctors.

So | looked into these problems. | collected 450 death certificates, for example, of
radiologists, and | worked up apaper. That wasin 1963; I'd kept going on this. But for the

leukemia paper, | simply used some rather crude methods of analyzing the death rates and so on.

Begin Tape 2, Side 2

LEwis. Anyway, | tried to do as much research on that subject myself as| could, to fill in gaps.
And we got alot of information. Beadle helped get some of the basic information from the

Atomic Energy Commission.

PRUD'HOMME: What about research on the Hiroshima bombing?

Lewis: Wéll, it had been going on, and [the AEC] had the data, and they were sitting on alot of

it. He helped meto get alook at some of it, and | acknowledged all of this. | think it made them
really mad that | had used some of it. They wanted it kept from the American people. Just wait

and wait and wait—and they never would have published it. So, | used the literature; | looked at
everything that was known.

PRUD’HOMME: Y ou also had concerns with radiation exposure limits in groundwater.

Lewis: Well, that was only an episode that happened here in this area, when a professor | think
at Stanford in environmental health—it was called sanitary engineering in those days—thought it
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would be agood ideato put tritium in the groundwater to see where the water was going. And

he calculated that the amount in our drinking water would be trivial.

PruD'HOMME: Thiswasin thisloca area here?

LEwiS: Yes, right here. So | really got annoyed at that. But that was mostly done without much
publicity; we put a stop to that foolishness. It was a very traumatic time in some respects,
although | made alot of contacts with public health people. | went on acommitteein’59—a
Public Health Service Committee—that had been formed to look into radiation matters, so | saw
alot of the people who were involved at that level, and they were almost completely at odds with
the Atomic Energy Commission, which kept them under its thumb. The AEC classified much of
the material. It wasavery bad period. When | published the article in Science, the editor wrote
avery strong letter and said that this proves that radiation is dangerous and we’ d better not go
ahead with atomic energy without being well aware of it. And the AEC staff rushed over to

Science and gave him avery bad time—he told me all his problems with them.

PRUD’HOMME: Areyou still involved with this?

LEwis: No, | haven't done anything now for severa years. | stayed involved along time
because | was on a number of National Academy committees. The National Academy would set
up a committee in which the geneticists would meet and discuss genetic damage and would just
reiterate all the things they had said before. And then the somatic effects were in the hands of
people who knew absolutely no genetics at all and were still trying to present the materia the
way they did in 1950. Another fellow at Stanford and | were about the only people who were
pretty effective, | think, in getting out a report that made actual calculations of the risks involved.
The data are better for human cancer induced by radiation than for any other environmental
agent. When they say that this chemical or that is going to produce cancer, that may be true, but
it's based on the most sloppy, terrible evidence. It'susually based on some rat colony that

they’ ve overexposed to some chemical, and you don’t have any idea what would happen to
human beings. But to be safe, they say, “Oh, it’s very dangerous!” Well, maybeit is, but there's

a point where you are not doing science anymore.
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The radiation evidence is not only good enough to make some practical, sensible risk
estimates, it also has ascientific value, in that, asfar as| could seeg, it proved that the somatic
mutations are a cause of some kinds of cancers. Thisisnow becoming generally acceptable. If a
virus alters a gene, well, that’s what we call amutation. X rays do a much better job than any
virus, and the viruses that do alter genes do it mostly where the organism is an inbred animal
that’ s very sensitive to certain viruses, and the virus goes in and wrecks the whole system. So
some mice al die of lymphoma; every single one of them, if they live long enough,
automatically dies of alymphoma. It’snot quite clear why, actually. We're not quite like that,
of course—fortunately. There' svery little evidence that any of our cancers are directly due to
viruses. They’re due to spontaneous mutations, and if you induce more mutations, of course

that’ s not very good.

PrRUD'HOMME: 1’d like to discuss Thomas Hunt Morgan alittle more. What was he like?

LEwis. Wédll, I’'m afraid when | knew him he was completely out of it. He was very nice, but he
was deaf. It was hard to communicate with him. He was doing embryology again. He'd
returned to his old loves; he was just working on marine animals that were rather refractory to
any kind of analysis. But they had self-sterility, and he was always interested in things like
that—things that were, you might say, difficult to analyze—and he would just play around with
these. There’'san animal called the sea squirt—Ciona. He went back to working on that, and no
one yet understands that kind of system, because you can’t breed the animals and figure out
what’ s going on. He was down on the first floor; Albert Tyler looked after the lab for him and
was very closely associated with him. In all the yearsthat Tyler was a student and then on the
faculty here, Tyler sort of looked after Morgan, and Morgan appreciated that. But by that time,
Morgan had retired from the division chairmanship and there was a group of people for a
while—Sturtevant, Haagen-Smit, and Borsook—who ran the division. It was Sturtevant, by the

way, who figured out that we ought to get Beadle back here.

PRUD’HOMME: How wasit, to have atriumvirate ruling a division?

LeEwis: Oh, | think it was adisaster! | guess Haagen-Smit might have been the main person who
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ran it; he had more sense about finances and things; Sturtevant was hopeless when it came to
that. And | don’'t know if Borsook did anything or not. There was no sign of outward
difficulties, but it took Beadle to get the money and get the support and liven the place. He was
areal livewire, that guy, and he stepped in just as [Caltech president Lee A.] DuBridge came
[1946]. Those two were very similar, and together they got money for the institute. Everything
was popping in those days; science was gradually beginning to get support. Beadle went out and
got all kinds of money, and he could give lectures and persuade people that they should support

us. Hedid marvelousthings. But Morgan | can't tell you much more about.

PRUD’HOMME: Morgan died [1945]; Dobzhansky left. Can you describe Dobzhansky?

Lewis: Wdll, as| say, he was much the opposite of Sturtevant, but they got along very well
when they first came here. He tended to use graduate students as slaves; he certainly had that
attribute. He expected people to get certain results, and he’d be mad if they didn't. So hewas
somewhat in the European tradition of the big professor. He was young enough, though, that he

wasn't quite at that stage when | knew him.

PRUD’HOMME: How was Sturtevant as head of the department?

Lewis: Well, that was rather brief. He was not a good administrator. The department at that
time, though, didn’t have many severe problems. The Rockefeller gave us money, and when that
was beginning to run out, Beadle came on the scene and got the money going again. But
Sturtevant wouldn’t have been able to go out and get money. He couldn’t give lectures that
would excite people at al. Beadle would go out and lecture at all the local luncheon clubs—
Kiwanis, high schools, and everywhere, and he gave exciting talks and everybody liked him,

especially some of the people with money.

PRUD’HOMME: A good public relations man.

LeEwis: Right. Which issurprising in away; because at the same time he was able to do all the

exciting lab work that he did, which was quite phenomenal. And he commuted to Washington;
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sometimes he flew back here at night and went off the next day. His second wife, | remember,

was furious one time when he hadn’t been home twenty-four hours before he took off again.

PRUD’HOMME: Do you think the Biology Division at Caltech is still as preeminent in genetics as

it once was?

Lewis. Wdll, | think it went down quite a bit, because we lost several people. Bob Edgar |eft
the field, and he was one of our shining new lights. We've had alot of retirements without
replacing them—that was a bad thing. On the other hand, some of genetics took a different
form, in that there was more and more work being done at the microbiological level. But for a
while, genetics itself was going downhill in the eyes of the world. | think what happened was
that the genetics of what are called prokaryotic organisms was so thoroughly worked out that
people thought, “Well, there isn’t much more to learn, so I'll do something else.” Max
Delbrtick, | know, felt that genetics was dead. About ten years ago, the tendency reversed; there
was a sudden rebirth when it turned out that you could start cloning genes. And now you can do
the genetics of any organism, even those that don’t breed very fast, because you can do the DNA

anaysisdirectly. And for that, you still need an understanding of genetics.

PRUD’HOMME: Do you think there should have been a medical school at Caltech?

LEwiS. No. | wasvery opposed to that.

PRUD’HOMME: Why?

LeEwis: Mainly | think we were worried about financial considerations. It tends to drain the
ingtitute of funds. Also, that was a period when people thought that scientists can’t learn very
much more basic things. “Let’s apply it, because society’ s in such bad shape; let’s apply
everything.” It was something generated as you know, in the sixties and seventies—almost an

anti-science wave that was coming.

PRUD'HOMME: It would have taken away from the research aspect.
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LEwis: Yes, it would. And we' ve aways been successful, | think, because we kept small and
didn’t expand in all directions. It'sdifficult to interact and reach decisions with two groups of
people who train so differently. Oneis research-oriented, the other isnot. And | thought it

would be horrible if we got into that.

PRUD’HOMME: Can you compare Millikan, DuBridge, [Harold] Brown and [Marvin L. “Murph”]

Goldberger as presidents?

Lewis: No. | wasn't very close to any of the power struggles, or the seat of power, at any time.

| think Brown was too concerned with economizing and not enough concerned with raising
money. He was popular with the trustees for that reason, but | think that was a bad thing about
him. Hewas very willing to listen to all sides. Millikan, of course, was in adifferent eraand ran
things more or less autocratically. Goldberger is somewhat of an enigmaright now. 1 like
him—I like the openness that he seemsto have. He saysjust what he thinks and has a wonderful
position on peace—how to achieveit, and so on. He' s not playing the line of the Pentagon or
anybody else. He' s not a hawk, and we have had a history of people who were rather hawkish—
DuBridge was, and so was Brown. Soin that sense, Goldberger’s run into some awkward
situations, not altogether hisfault. He may not be the very clever administrator that the other
fellowswere, and | think that’s unfortunate for the institute, because it apparently takes some
peculiar personality to run the place. Do you know what | mean? Someone different from the

research-oriented or academic-oriented person. Beadle was very exceptional in that way.

PRUD’HOMME: DuBridge was exceptional, too.

LEwis: Hewas exceptional, too.

PRUD’HOMME: Because he retained the respect of the academic community.

LeEwis: Right. And healso didn’t try to keep up aresearch and teaching interest at the time.

Beadle was able to teach and keep close contact with the research—but of course he wasn’t
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president, so it was alittle less responsibility that he had.

| got along with DuBridge; at least, there was no conflict. And everything was going at a
fast clip, too, and there was more and more money. Now Murph [Goldberger] faces aperiod in
which nobody’ s going to give us any money, because there is no tax advantage to giving your
money to Caltech, or very little. So to raise money is very difficult now, and he may not be the
best person in the world to raiseit. That’'s a serious problem. That’s the only serious problem

we have—how to get the old support we used to get from local people.

PRUD’HOMME: What do you think is the current state of the institute? And what do you think its

future should be?

Lewis: Wdll, | don't, of course, see any reason not to go on supporting basic research and trying
to get good people. | think we're doing quite well in biology, and | don’t pay much attention to
the other divisions. | see the other members of the faculty here and there, at lunch. But
everything is so complex now. Astronomers talk about the billions, almost, that are needed for
what they’re doing. Everythingisreally high-priced, and they’re all alittle disturbed about
whether they’ Il get support and how much they’ll be cut. Biology has fared pretty well.

PrRUD’HOMME: Everything isso inflated and so expensive, all of the new equipment and

machinery.

LEwis: Yes. By having agood division that has abig reputation, we are, | think, able to get
funded better than most places by NIH [National Institutes of Health] and NSF [National Science
Foundation]. And the administration has not cut back in science as much as we first expected; |
guess they’ ve got some pretty good advisors who have tried to keep a heavy scientific program
on.

PRUD’HOMME: What isyour present work?

Lewis: Just working on the bithorax.
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PRUD’HOMME: Y ou mentioned afilm you were working on.

LEwIS: Yes. I’'ve made amovie that shows the live flies that exhibit the characters we're
studying. And then | have afilm that uses animation techniques to show how we think the genes
work. That’s an animation stand over there, which we use to do this. | gave a Beckman lecture
about ten years ago and | started it for that, and | put it away, and recently | found the drawings
and | got aninterest again, so | set it up again. Actually, | did this because thereis alittle fund
now for professors, and I’d always wanted to do a better job—so | used the fund to support this,
because you couldn’t ask aresearch agency to support this. | have a motion picture camera and
the animation stand. But that’s a hobby—well, it’s not really a hobby, it'saway for meto
illustrate my stuff when | give lectures. It'svery hard stuff to present, and with the filmit's very
much easier, and everybody’ sinterested in that. 1t'snovel and it’salot of fun. I’'m more

inclined to go out and give talks with that as a prop. I’ ve been accepting alecture a month or so.

PRUD’HOMME: What are you most proud of in your work that you’ ve done so far? Or isit the

whole body of work?

Lewis: Wdll, | think it'spartly.... Thereisone phenomenon, we call it transvection, which is
about the only thing that has come out of it that’s absolutely unique and not understood, and it
must be important. That is pretty exciting.

PRUD’HOMME: What is the phenomenon?

LeEwis: Wédll, it’s a phenomenon in which two chromosomes have material flowing back and
forth between them. No one knew that that could happen. Something is migrating off one and
onto the other, over short distances. We don’t know what the explanation is; we' re beginning to
get anidea. Butit lendsitself to adirect genetic analysis. Biochemists can’t touch it, yet. It's
very subtle, and they tend to have to grind up whole animals or grind up lots of things. What

we' re studying is something that would be a minute part of the whole mess that’ sin the cell.

PRUD’HOMME: Do microbiologists get involved in this?
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LeEwis: No, they can’t find the phenomenon, and the reason they can’t is that it depends upon
having two chromosomes paired. Well, you might do it in yeast, but they haven't really proved
it yet. They haven't even looked for it. | think it has some importance; it might be quite
important. It has something to do, | think, with regulating the gene, the method of how to turn
on genes, especially the ones that are lined up in arow and influence each other. There's
something going on there, and that’ s what this phenomenon will tell us—how it works. So I’'m
hoping that works out. It leads to direct experiments; it’s easy to design experiments to test
thingsin genetics. Geneticsis very exciting; it’s always been exciting, no matter what the

trendswere. Thingsgo in cycles.
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