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THE MAKING OF A SCIENTIST

Mario Renato Capecchi

I hope that the title of this lecture, “The Making of a Scientist,” is not
misleading. [ have no formula for generating creative scientists. To the contrary,
my thesis will be that such a formula may not exist. My skepticism comes from
a deep-rooted prejudice that crealivily in science, or in any other discipline, may
require the ahrasive juxtaposition of unique sets of life experiences that are too
complex to preorchestrate. It is in this spirit that I will share with you my own
experiences as a tribute to such stochastic, chaotic influences. The only general
interest of this story is that it exemplifies the antithesis of a nurturing environ-
ment, when all of us deeply want to believe is a conducive prerequisite for
fostering thoughtful, creative human beings.

I was born in Verona, Italy on October 6, 1937. Fascism, Naziism and
Communism were raging through the country. My mother was a poet, my father
an officer in the Italian air force. This was a time of extremes and the juxtaposi-
tion of opposites. They had a passionate love affair and my mother wisely chose
not to marry him. Considering the times, this took a great deal of courage on her
part.

I have only a few pictures of my mother. She was a beautiful woman with a
passion for language and a flair for the dramatic. This picture was taken when she
was 19 [photo 1]. She grew up in a villa in Florence, Italy —magnificent gardens,
a nanny, gardeners, cooks, house cleaners and private tutors for languages,
literature and sciences. She was fluent in half a dozen languages. Her father was
an archeologist born and trained in Germany. Her mother was a painter born and
raised in Oregon, USA. In her late teens my grandmother, Lucy Dodd, packed up
her steamer trunks and sailed with her mother from Oregon to Florence, Italy. She
was determined to become a painter. This was at the end of the 19th century, a
time when young women were not expected to set off on their own with strong
ambitions of developing their own careers.

My grandmother became a very gifted painter. Let me share with you some
of her work. The first slide is of a scene from Anacapri, a small village on the
island of Capri, off the coast of Naples [photo 2]. This is an earlier painting
brushed in a more classic style. It represents the same woman at three different
stages of her life [photo 3]. This is a painting of my mother in the center and her
two brothers in the olive garden in Florence [photo 4]. The influence of the French
impressionistic painters is evident. This last painting is of my mother, age 10, and
her younger brother, age 7, having a tea party, again at the villa in Florence [photo
5]. Their father, the German archeologist, was killed as a young man in World
War 1. My grandmother finished raising her three children on her own by
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painting and by converting the family villa into a finishing school for voung
women, primarily from the United States.

My mother’s love was poetry. She published in German. She received her
universily training at the Sorbonne in Paris and was a lecturer at that university
in literature and languages. At that time, she joined with a group of poets, known
as the Bohemians, who were prominent for their open opposition to Fascism and
Naziism. In 1937 she moved to the Tyrol, the Italian Alps. This is a picture of our
chalet near Bolzano with my mother in the foreground [photo 6]. I lived in this
chalet until [ was 3-1/2. In the spring of 1941 the Gestapo and SS officers came to
our home and arrested my mother. This is one of my earliest memories. Although
I was only 3-1/2, I sended that I would not see her for many years. She was
incarcerated as a political prisoner in Dachau, Germany.

My family and I recently visited Dachau. Our first haunting impression is
how clean and antiseptic it was. This was the prototype for Nazi concentration
camps, a training ground for the extermination camps later built in Poland and
elsewhere. From 1941 to 1945, 206,000 registered prisoners passed through Dachau.
Although a gas chamber was built there, it malfunctioned and was never used.
Despite this failure, one in four prisoners died at Dachau. They were starved,
overworked, hanged or shot. Misplacing your shoes at the end of the bunk could
be a capital offense [photo 7-9].

My mother anticipated her arrest by the Gestapo. Prior to their arrival, she
sold most of her possessions and gave the proceeds to an Italian peasant family
in the Tyrol so that they could take care of me. I lived on their farm for one year.
It was a very simple life. They grew their own wheat, harvested it and took it to
the miller to be ground. From the flour, they made bread, which they took to the
baker to be baked. In the late fall, the grapes were harvested by hand and put into
enormous vats. The children, including me, stripped, jumped into the vats and
became squealing masses of purple energy. I still remember the pungent odor and
taste of the fresh grapes.

World War II was now in full swing. As a constant reminder, curfew was on
every night; no lights were permitted. Above we could hear the drone of a
reconnaissance plane which we nicknamed “Pepe.” One hot afternoon, American
planes swooped down from the sky and began machine gunning the peasants in the
fields. A senseless exercise. A bullet went through my leg, fortunately not break-
ing any bones. I still have the scar, which my daughter proudly displayed to her
third-grade class.

For reasons that have never been clear to me, my mother’s money ran out
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after one year and at age 4-1/2 | set off on my own. I headed south, sometimes
living in the streets, sometimes joining gangs of other homeless children, some-
times living in orphanages and most of the time being hungryv. My recollections of
those four years are vivid but not continuous, rather like a series of snapshots.
Some of them are brutal beyond description, others more palatable.

In the spring of 1945, Dachau was liberated by the American troops. My
mother survived the concentration camp and set out to find me. In October 1946,
she succeeded. As a reminder of her flair for the dramatic, she found me on my
ninth birthday. I am sure this was by design. I did not recognize her. In four years,
she had aged a lifetime. I was in a hospital when she found me. All of the children
in this hospital were there for the same reason: malnutrition. The prospects for
most of those children ever leaving that hospital were slim because they had no
nourishing food. Our daily diet consisted of a bowl of chicory coffee and a small
crust of old bread. I had been in that hospital in Reggio Emelia for approximately
one year. Scores of beds lined the rooms and corridors of the hospital, one bed
touching the next. There were no sheets or blankets. It was easier to clean without
them. We lay naked on those stripped beds. Our symptoms were monatonously the
same. In the morning we awoke fairly lucid. The nurse, Sister Maria, would take
our temperature. She promissed me that, if I could go through one day without a
high fever, I could leave the hospital. She knew that without any clothes I was not
likely to run away. By late morning the high, burning fever would return and we
would pass into oblivion.

The same day that my mother arrived, she bought me a complete set of
clothes, a Tyrolean outfit complete with a small cap with a feather in it. I still
have the hat. We went to Rome, where I had my first bath in six years, and then
to Naples. My mother’s younger brother, Edward, had sent her money for two
boat tickets to America. | was expecting to see roads paved with gold in America.
I found much more: an opportunity.

My mother and I lived with my Uncle Edward and his wife Sarah. Edward
Ramberg, my mother’s younger brother, was a brilliant physicist. Among his many
contributions was his discovery of how to focus electrons, knowledge which he
used to build the first electron microscope. His books on electron optics have been
published in many languages, including Japanese. Another achievement of which
he was less proud was being a principal contributor to the making of both black
and white, and color televisions. While I grew up in his home, television was not
allowed. These are pictures of my uncle Edward in his laboratory [photo 10, 11].

My aunt and uncle were Quakers, and could not support violence anywhere
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in the world. During World War [I, Edward did alternative servise. He worked in
mental institutions, cleared swamps in the South and was a guinea pig for the
development of vaccines against tropical diseases. After the war, he lived on a
commune in Pennsylvania, which he helped found. It was a marvelous place for
children: beautiful woods to explore; communal activities of all forms, painting,
dance, theater, sports, electronics; and sessions devoted to the discussion of
religious philosophies, just to name a few [photo 12].

Sarah and Edward took on the challenge of converting me into a productive
human. This was a formidable task. I had received no formal education or training
for living as a social being. Quakers do not believe in frills but rather in a life of
service. My aunt and uncle taught by example. I was given few material goods but
every opportunity to develop my mind and soul. What I made of mvself was
entirely up to me. The day after [ arrived in America, I went to school. I started
in third grade.

I was a good, but not serious student in grade school and high school. 1
attended an excellent high school, a Quaker school north of Philadelphia, George
School. The teachers were superb, caring, challenging and enthusiastic. The
campus was magnificent, particularly in the spring when the cherry trees burst
with blossoms [photo 13]. George School had a vigorous sports program and an
emphasis on Quaker beliefs that permeated all of the academic and sports
programs. A favorite period for many, including me, was Quaker meeting, a time
of silence set aside for meditation.

Sports were very important to me in high school. I played football, soccer,
baseball and I wrestled. 1 was particularly proficient at wrestling; [ enjoved both
the psychological and physical challenges of the game. At Antioch College, I
became a serious student, converting all of my energy previously devoted to sports
to academics. [ first majored in political science in the hope of using this knowl-
edge as a basis for the betterment of humankind. However, I soon became
disillusioned with this field and switched to the physical sciences. I found great
pleasure in the simplicity and elegance of mathematics and classical physics. 1
took almost every mathematics, physics, and chemistry course offered at Antioch,
including Boolean algebra and topology, electrodynamics and physical chemistry.
Although physics and mathematics were intellectually very satisfying, everything
that I was learning came from the past. The newest physics that was taught was
quantum mechanics, a revolution that had occurred in the nineteen-twenties.
Fortunately, Antioch had a work-study program and every three months we
packed up our bags and set off for a new city and a new work experience. So off
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I went Boston and M.L.T.

There, I encountered molecular biology. This was a new breed of science and
scientist. Everything was new. There were no limitations. Enthusiasm permeated
this field. Devotees from physics, chemistry and biology joined its ranks. The
common premise was that the most complex biological phenomena could, with
persistence, be understood in molecular terms and that biological phenomena
observed in simple systems such as viruses and bacteria were mirrored in more
complex organisms. An implicit corollary to this premise was that whatever we
learned in one organism was directly relevant to all others, and that similar
approches could be used study biological phenomena in all organisms. Genetics,
along with molecular biology, became the principal means for dissecting complex
biological phenomena into workable subunits. Initially, the focus of molecular
biologists was bacteria and bacterial viruses. Soon all organisms came under its
scrutiny.

After Antioch, I set off for the “mecca” of molecular biology, Harvard
University. I interviewed with Professor James D. Watson, of Watson and Crick
fame, and asked him where I should do my graduate studies. His reply was curt
and to the point: “You would be fucking crazy to go anywhere else.” The simplic-
ity of the message was very persuasive.

Professor James D. Watson had a profound influence on my career [photo 14].
He personified molecular biology and his students were its eager practitioners.
His bravado encouraged self-confidence in those around him. His stark honestry
made our quest for truth uncompromising. His sense of justice encouraged com-
passion. He taught us not to bother with small questions, for such pursuits were
likely to produce small answers. At a critical time, when I was contemplating
leaving Harvard and going to Utah, he recognized my self-sufficiency and coun-
seled me that I could do good science anywhere. The move turned out to be a good
decision. In Utah [ had the luxury to pursue long-term projects that were not
possible at Harvard, a bastion of short-term gratification.

Doing science in Jim's laboratory was a blast. As a graduate student, | was
provided with what appeared to be limitless resources. I could not be kept out of
the lab. Ninety-hour weeks were common. We were cracking the genetic code,
determining how proteins were synthesized and isolating the enzymatic machinery
required for transcription. At this time, Walter Gilbert also was working in Jim’s
laboratory. He was a member of the physics department, but was bitten by the
molecular biology bug. Jim and Wally complemented each other brilliantly,
because they approached science from very different perspectives. Jim was intui-
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tive, Wally quantitative. As students, we received the benefits of both.

From Jim's laboratory, I joined the faculty in the Department of Biochemis-
try at Harvard Medical School. I stayed there for four years, then decided to go
to Utah. This was an unexpected move, but I enjoyed the maverick reputation
acquired by moving west. Utah provided wide open space and an entirelv new
canvas upon which I could create a new career. These are views from our home
in Utah which I share with my wife and daughter [photo 15-21].

My entry into what was going to become the field of gene targeting started
in 1977. I was experimenting with the use of extremely small glass needles to
inject DNA directly into the nuclei of living cells. The needles were controlled by
hydraulically driven micromanipulators and were directed into nuclei with the aid
of a microscope [photo 22]. Using this experimental paradigm, [ asked whether 1
could introduce a functional gene into cells by injecting the DNA directly into
their nuclei. This procedure turned out to be extremely efficient. One in three cells
received the DNA in functional form and went on to divide and stably pass the
gene on to its daughter cells (Capecchi, 1980). The high efficiency of microinjection
meant that it was now practical to use this technology to generate transgenic mice
by the injection of DNA into one-cell zygotes which were then allowed to come to
term as embryos in foster mothers. Indeed, this has become a cottage industry in
many laboratories throughout the world (Gordon et al., 1980; Costantini and Lacy,
1981; Brinster et al., 1981; Wagner, E. F. et al,, 1981; Wagner, T. C. et al., 1981).
Generation of transgenic animals in this way involves introduction of exogeneous
DN A segments at unpredictable locations in the recipient genome, and not target-
ed genetic alterations at defined sites.

An observation that I personally found fascinating from these early microin-
jection experiments was that when multiple copies of 2 DNA segment were
injected into a cell, although they were integrated into a random location within
the host chromosome, they were always present in head-to-tail concatemers [photo
23]. Such highly ordered concatemers could be generated in two ways; (1) By
replication, for example by a rolling circle type mechanism; or (2) by homologous
recombination. We were able to prove that the concatemers were generated hy
homologous recombination (Folger et al., 1982). The significance of this observa-
tion was its demonstration that mammalian cells contain an efficient machinery
for mediating homologous recombination. At the time, this was a startling
discovery, because it was always asssumed that the function of homologous
recombination in all organisms was to ensure broad dissemination of the parental
genetic traits to their offspring by shuffling these traits in the germ cells. Finding
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evidence for this activity in mouse fibroblast cells implied that all cells, somatic
as well as germ cells, were capable of mediating homologous recombination. The
machinery in somatic cells appeared to be very efficient, since I could inject over
one hundred copies of a DNA sequence into a cell nucleus and they were all neatly
incorporated into a single ordered head-to-tail concatemer. I realized immediately
that, if I could harness this machinery to carry out homologous recombination
between a newly introduced DNA molecule of our choice and the same DNA
sequence in the cell’s chromosome, I would have the ability to mutate at will
specific gene in the cell.

Homologous recombination between two similar DNA molecules involves
the breaking and rejoining of these molecules [photo 24]. The exchange is done
with such precision that the DNA sequence at the point of the exchange is not
altered. If one of the DNA molecules has a mutation or alteration relative to the
other, then the modification is transferred to the other DNA molecule during the
exchange. Gene targeting involves the transfer of a designed alteration in an
exogenous DNA sequence to the cognate DNA sequence in the living cell genome
via homologous recombination.

To put gene targeting in mammalian cells into perspective, remember that
the DNA in a human or mouse cell contains three billion nucleotide base pairs.
The order of these nucleotide base pairs in the DNA conveys information, much
as the sequence of letters in a word conveys meaning. If the letters representing
the nucleotide base pairs in our DNA were written down in order so that a page
carried 3,000 characters, the manual would occupy 1,000 volumes each consisting
of 1,000 pages. By analogy, gene targeting in mammalian cells would involve
choosing a specific page in a predesignated volume and changing one letter, one
sentence or several paragraphs on that page.

We spent the next few years in my laboratory becoming familiar with the
machinery that mediates homologous recombination in mammalian cells in order
to determine its likes and dislikes so that we could exploit this for our purpose of
gene targeting. In 1980, I submitted an NIH grant application outlining experi-
ments intended to test the feasibility of gene targeting in mammalian cells. This
part of the grant was soundly rejected. In the opinion of the reviewers, the
probability that the newly introduced DNA would ever find its matching sequence
within the host genome was vanishingly small and, therefore, the experiments
were not worthy of pursuit. Despite this rejection, I decided to forge ahead with
these experiments using a paradigm that was capable of detecting gene targeting
events at a very low frequency. Once we observed a gene targeting events, we

129



| St St

IR A 3, V=2 d =T 4 v 2RI, 2T R Gl
Tl ) WAIIETTERTE 20755508 W 2L TT. 502 WHFL
MRIATII Y — > 7 —7 T 1 » Z7BIROBULIER IR 728, =7 ADHAMETIH
BEREIT) CEIHRNT WS EZB- &N LTwE L, &N LTLA,
H L3 2{TEORE T2 507 0 — IR E24(LTE L Lo 2, #—7 T+«
VB E F TR TR A2NETH ), I LEET, AAaR
TERMEETEILNTELZ7TARREZILLDICLML LD T W LHZ
F L7z, AL, IMERESNE (E CHNR) Z4-> THERCRX A 725 LT, &
eir) F L e IREES B ) F L7, LA LIBAFEDT—F 77V
YR L) T, ERKHEIZ ) 2RISR S wTREMEA T - L k) i
ZBEVIHiEEMEZ L, EKMIZE, A XV 205 7))y Piihbv—F -
TN ZRR TR S N LT, E CHlE X Va3, =7 2O & Tl
<. WHONEA HHLS L2 & v 8T ¥ (Evans and Kaufman, 1981) (photo 25),
19854E4¢, RLI~—F » « /S AWIRATC L EMZ @I LT, ED L) IT~vTAD
EKfila %153 LIEET U Lol ticLE L, i E2) RA-ADMN
T, 4 X)) 2047 7)) v %3 DI eliOFI T L1z,

19864E408I2 13, R BIITNTOEN2EEL T, BERE SHllar LTHmLHh
TWAEKMBOMRICH N #ilAaZE Lz, £/, 247204 »P =273 #IKTid%
(. TV Zbufb—a ViR M0, =7 T4 7 =7 PV EHRNICEA
FTaIEiLFELL, =7 T4 7 X7 PAEHIRICHATHICIE, w4704

¥Yx2iarDiEiHzvs tafv—2a k) LE3EPIENFECOTTY,

18T 1EOMIE LAEATE L Ww=A, 20 2P 27 a VBT, WEEHIHA
EHLTwE LA, Tv2 badiv—3 a TR 108Eoflass 1 o9k CHfE
TEFT, 2. 242042223y kNEREIV 7 rufr—a ViER
MR IUS, Y= F—7TF 4 ¥ 7HfTE OFFRE HIBL TV S DISBOL2DT
B rwoEZLH N T L, Bobh, E SHROh THBEDMRE L TRA
15B(E T hprt T, G hprilvnwFE T L, ZUC L > THYOBSREI
{ZF2ETHa 2 HER T Z L ATE 5 L5 10k 205 TY, hprtdifz 3 X
fafk bickh ). E SHlaldtn~<7 20 600 L E L72D T, hprt BRI 728{EF
BRAESRBIEZ, DTL 1 2HOMIEEET I X -2 TY, Rehhdi-
7S, PR A~ A ¥ BIET (neo) EHWT hprt7 /& « ¥ —7 » AEBIE L,
20t dA=A L RUETH LG 4 1 8 L, HEN hprt #fz 1% R ollaic i

130

Commemorative Lectures

could optimize the conditions to improve its efficiency. By 1984, we were confident
that it was feasible to do gene targeting in cultured mammalian cells and I
presented our work at a memorable symposium on homologous recombination
held at the Cold Spring Harbor Laboratory (Folger et al., 1984). We resubmitted
our grant application to the NIH. This time, the grant proposal was received with
enthusiasm, and the new critique started with the words, “We are glad that vou
didn’t follow our advice.”

The next question we pursued was whether gene targeting could be extended
to a whole animal, i.e., the mouse. Because of the low frequency of targeting
events in mammalian cells, it was clear that doing the experiments directly in
mouse zygotes would not be practical Rather, targeting events had to be
identified first in cultured cells to allow purification of a clonal cell line containing
the desired gene disruption; these cells in turn could be used to generate mice
capable of transmitting the mutation in their germline. | was familiar with the
frustrations associated with previous attempts to obtain germline chimeras using
embryonal carcinoma (EC) cells. However, in the summer of 1984, 1 heard at a
Gordon Conference a discussion of EK cells that appeared to be much more
promising in their potential for contributing to the germline. EK cells, which were
developed in Martin Evans’ laboratory in Cambridge, England, differed from EC
cells in that they were obtained from the early mouse embryo, rather from mouse
tumors (Evans and Kaufman, 1981) [photo 25]. In the winter of 1985, I arranged to
spend a week in Martin Evans’ laboratory to learn how to culture and manipulate
mouse EK cells. It was just before Christmas, a marvelous time to be in Cam-
bridge, England.

By early 1986, our total efforts were focused on EK cells, now known as ES
cells. We also decided to use electroporation, rather than microinjection, as a
means of introducing the targeting vector into cells. Although microinjection was
orders of magnitude more efficient than electroporation for this purpose, injec-
tions had to be done one cell at a time and [ was getting tired of doing microinjec-
tions. With electroporation, 10° cells could be manipulated in a single experiment.
I also thought that the use of the easier electroporation approach would help
facilitate the transfer of the gene targeting technology to other investigators. The
gene that we chose to disrupt in ES cells was kprt, because it provided us with the
luxury of being able to select directly for cells containing the desired disrupted
gene. Since the Zzprt gene is located on the X-chromosome and ES cells were
derived from a male mouse, only a single locus had to be disrupted in order to
vield kprt defective cells. The strategy that we employed was to use a neomycin-
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resistance gene (neo’) to disrupt the Zzprt genomic sequences, then to select for
cells resistant to both G418, a neomycin analogue, and 6-thioguanine (6-TG), a drug
toxic to cells with a functional iprt gene [photo 26]. All such selected cell lines had
lost Ahprt enzymatic activity as a result of targeted disruption of the kft locus.
These experiments showed that ES cells were indeed able to mediate homologous
recombination, and that the selection protocols required to identify cell lines
containing the targeted disruption did not alter their pluripotent state in culture
(Thomas and Capecchi, 1987). This system also provided a good experimental
paradigm for exploring the parameters that affect the efficiency of gene target-
ing. [ believe that this study played a pivotal role in the development of the field
by encouraging other investigators to begin using gene targeting as a means of
determining the function of genes in mammals.

Once ES cells with the desired mutation are obtained, how are they used to
generate mice with the targeted mutation in all of their cells? Briefly, the ES cells
carrying the targeted disruption are injected into an early, preimplantation mouse
embryo, the blastocyst [photo 27]. The blastocyst then is surgically transferred
into the uterus of a foster mother and allowed the embryo to come to term. ES
cells are pluripotent, i.e., capable of giving rise to all cell types in the embryo. In
the embryonic environment, these cells participate in forming all mouse tissues,
most importantly the germ cells. If the source of the recipient blastocyst and the
ES cells are mice of distinguishable coat colors, then the resulting mouse is
recognizable, because its coat will have stripes of both colors [photo 28]. Such
mice, with cells of more than one genotype, are known as chimeras. If the chimera
is a male, some or all of the sperm are likely to be derived from the ES cells that
carry the targeted mutation [photo 29]. On breeding, the mutation will be transmit-
ted, on average, to half of the offspring. These heterozygotes will be healthy in
most instances, because their second, undamaged copy of the gene will still
function properly. But mating of heterozygotes [photo 30] to brothers or sisters
bearing the same mutation yields homozygotes: animals carrying the targeted
mutation in both copies of the gene. Such animals will display abnormalities that
help to reveal the normal function of the target gene.

The use of gene targeting to evaluate the functions of genes in the living
mouse is now a routine procedure. It is very gratifying to be able to pick up almost
any major journal in the biological sciences and find the description of yet another
gene “knockout” mouse. In the past five years, the ir vivo functions of over two
hundred fifty genes have been determined with this approach. It is relatively easy
to project where gene targeting technology will go in the near future. It will
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continue to serve as the way to determine the roles of individual genes in
mammalian biology. This will be accomplished by the generation of null muta-
tions knocking out the genes of interest. Those investigators who desire deeper
insights will generate an allelic series of mutations in a chosen gene to evaluate
the effects of partial loss-of-function as well as gain-of-function mutations. To
permit evaluation of potential multiple roles of a gene in different tissues, gene
targeting will be used to engineer tissue-specific gene disruptions using the cre/
loxP system (Gu et al., 1994). Further, the technology soon should become avail-
able that will allow the investigator to turn chosen genes on or off in the adult or
during any phase of mouse development. Finally, since most biological processes
are mediated by interactions among a number of the genes, such phenomena will
be studied by combining multiple targeted mutations in a single mouse. There is
no question that the mouse is a very complex organism. Ilowever, the broad range
of genetic manipulations that are now available through gene targeting should
provide a means far us to begin deciphering even the most complex of biological
processes including development and learning.

I have taken you on a brief journey through my experiences. Looking back,
[ marvel at the resilience of the child. As I lay naked on that stripped bed so many
years ago, my constant preoccupation was fixed on plotting an escape. In the
absence of any apparent hope, the will to survive persists.

It is not clear whether those early childhood experiences contributed to
whatever successes I have enjoyed or whether those achievements were attained
in spite of those experiences. When dealing with human life, we cannot do the
appropriate controls. Could such experiences have contributed to psychological
factors such as self-reliance, self-confidence or ingenuity? I have always consid-
ered as a personal strength the ability to concentrate for long periods of time on
a chosen topic at the exclusion of everything else that is going on around me. Is
the ability to participate in such mental exercises learned from experiences of
prolonged precccupation?

What I have learned from my own experiences is that the genetic and
environmental factors that contribute to such talents as creativity are too com-
plex for us to currently predict. In the absence of such wisdom, our only course is
to provide all of our children, with ample opportunity to pursue their passions and
their dreams. Our level of understanding of human development is too meager to
allow us to foresee which of the children in our midst will be the next Beethoven,
Modigliani or Martin Luther King.
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In closing 1 want to dedicate this lecture to the graduate students, post-
doctoral fellows and staff members, past and present, who have made their mark
on our sustained research efforts. I have received great joy in observing their
growth and development. Each is special, each has made his or her own contribu-
tion and become a member of our extended family. Under these circumstances it
is sacrilege to point out one family member at the expense of another. Neverthe-
less, I will commit this blunder and pay my respect to the members that have
made contributions to the development of gene targeting: to Dr. Kim Folger Bruce
(1981-85) and Dr. Eric Wong (1981-85) for characterizing the head-to-tail con-
catemers and for beginning the analysis of homologous recombination in mam-
malian cells; to Dr. Kirk Thomas (1983 to present) who has generated many of the
vectors commonly used by gene targeting community and whose knowledge of
homologous recombination and experimantal prowess have been germane to
maintaining our sustained effort in this field; to both Dr. Thomas and Dr. Suzanne
Mansour (1987-92) for converting an idea, positive/negative selection, into an
experimental reality; and finally to Dr. Larry Okun for a very extensive and
continuing discourse on science and politics whose penetrating insight has pro-
vided clarity and whose humor has provided great pleasure. I also want to express
my deep gratitude to President Kazuo Inamori, to the members of the Inamori
Foundation and to all of you who have given of yourselves in the selection process,
for bestowing upon me the enormous honor of being one of the 1996 Kyoto Prize
laureates. I will treasure this honor for the rest of my life. It is with great pleasure
that I acknowledge President Inamori’s great generosity for establishing the
Inamori Foundation in order to celebrate man's contribution to science, culture
and the arts. The Kyoto Prize stands alone among the coveted prizes in honoring
both the arts and the sciences, which equally lift our spirits.

Arigato gozaimasu!
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