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The Journey of a Biologist

Walter Jakob Gehring

This commemorative lecture gives me the opportunity to address my outlook
on life and my philosophy by going through my personal life history as I see it
in retrospective and to describe some of my plans for the future.

The Gehring family has lived for over 800 years in Riidlingen [photo 1], a
beautiful little village located on the banks of the Rhine River in the north of
Switzerland near Schaffhausen. For the first time the name Gehring, Graf Gerungus
de Rodelingin (Duke Gehring of Riidlingen) is mentioned in the year 1084 in the
archives of the monastery of Allerheiligen in Schaffhausen. For centuries Riidlingen
was a village of farmers, wine growers and fishermen. The farmhouse of my great
grandfather Johann Gehring is still standing in Riidlingen [photo 2], and my grand-
father Jakob Gehring started out as a farmer in this house, but when the small
farm no longer supported the family, my grandfather had to move to the town of
Zurich, where he found a job as a workman at the town’s waterworks. In order to
supplement their small income my grandmother worked as a shirtmaker at home
[photo 3]. My father, Jakob Gehring, was born in 1903, still in Riidlingen, but he
went to school in Zurich after the family had moved [photo 4]. To finance his stud-
ies he also had to take various jobs at night and between semesters. He studied
engineering at the Federal Institute of Technology (ETH) in Zurich. At that time
the social system in Switzerland was such that a son of a worker could move up
the social ladder and become an academic within one generation. My father got his
degree in engineering in 1926 and a couple of years later he emigrated to France,
where he was offered a position at the Alsthom Company in Belfort. He became
the chief engineer in turbine construction. His most gratifying task was to con-
struct the turbines for the oceanliner Normandie [photo 5], the most beautiful
ship the French have ever built. In Belfort my father first met my mother, Marcelle
Rebmann, who came from an Alsatian family. Therefore, half of my genome comes
from the Alsace. During the economic crises after the crash of the stockmarket
in 1929, my father was able to retain his position in Belfort, but in 1933 he had
to choose between two options, either to move to Lille in the north of France or
to return to Switzerland. At the advice of my grandfather, my father returned to
Zurich, since they considered Lille not to be a safe place. My grandfather predicted
in 1933 that Hitler’s army would invade France and bypass the French defense line,
the Maginot line, entering through Belgium into the north of France, invading Lille
first. This is in fact exactly what happened in 1940, seven years later, indicating to
me that my grandfather, even though he was a simple farmer, had a deep under-
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standing of politics and great political foresight. In 1936 my older sister, Marcelle,
was born in Zurich, where my father found a job, first as an assistant at the
Federal Institute of Technology and later in industry.

I was born in 1939 at the beginning of the Second World War in Zurich where
I spent my childhood [photo 6]. There was a strong competition between me and
Marcelle who was three years older, but with my younger sister, born when I was
already in kindergarden, I got along very well. I took her everywhere on my bicy-
cle and protected her against other children. I did not inherit the enormous
physical strength of my grandfather, who was as strong as a bear, and 1 was fre-
quently ill, so that at one time, my parents sent me to the Alps for curing my lung
disease. Nevertheless, I became a fairly good soccer player, and in contrast to my
sons who grew up in front of a computer, I spent much of my time playing soccer
[photo 7]. I was drawn into biology by a very specific event, which I remember
precisely.

When I was a small boy, my uncle Albert sent me a large cardboard box and
a letter from the place where he was serving in the military. The box had small
holes punctured into the cover. My mother read the letter for me. It said that the
parcel contained some pupae of butterflies and that we should put them on the
attic for hibernation, so that the butterflies would emerge in spring. With great
curiosity I opened the box, but I saw only brown camouflaged creatures that did
not move, and [ thought they might have died during transportation. My mother
assured me that they were not damaged, and we put them in the attic and I forgot
about them. Next spring, on a fine day when the sun threw light through the small
window in the roof, I opened the box. At first it was difficult to see, but then the
newly emerged butterfly spread its wings and displayed its fantastic beauty [photo
8]. This experience transformed me into a dedicated biologist for the rest of my
life. 1 brought home all sorts of insects and other animals that I caught in the
woods, and one day I returned from kindergarden with my lunch box, and when my
mother opened the box there was a huge toad jumping out. Mothers of a young
zoologist do not always have an easy time.

Even though Switzerland was not directly involved in the war, it still affected
our lives. We had to hide in the bomb shelters when bombers flew over Switzerland,
and I still remember vividly how a Swiss airplane was shot down in front of my
eyes by a German Messerschmitt in Zurich.

In primary school I had an excellent teacher, Mrs. Bertsch [photo 9], who
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realized that I was much faster in learning than most of the other classmates. She
gave me a lot of additional work to do and challenged me with problems that were
more difficult to solve. She admired Albert Schweitzer [photo 10], who ran a hos-
pital in Lambarene, in Africa, in aid of the local community. Schweitzer was not
only a medical doctor, but also a musician and a philosopher, whom Churchill con-
sidered to be a genius of humanism. Following Schweitzer’s philosophy, Mrs.
Bertsch tought us to treat all living creatures with due respect, not only human
beings, but also animals and plants. Because of the excellent preparation by Mrs.
Bertsch, I passed the entrance exam to high school, the Gymnasium in Zurich.
This was an excellent and highly competitive school, which has produced a num-
ber of excellent scientists like Max Birnstiel, Charles Weissmann and Max Burger
all of whom are a few years older than me. In Gymnasium I became deeply inter-
ested in philosophy, especially Baruch de Spinoza and his Ethics in which he
attempts to develop a completely logical and rational picture of the world. However,
I later returned to natural sciences, since I strongly feel that we first should try
to understand those aspects of reality which are amenable to scientific analysis,
before embarking upon speculations on the entire universe and subjective aspects
like human nature. Repeatedly philosophers and religious leaders have attempted
to point out the limitations of the scientific approach and to erect bounderies which
science supposedly could not cross; but time after time scientists have torn down
these artificial boundaries, and opened up new horizons. It is this setting off into
new territories which makes science so fascinating. The oppression of pioneering
scientists like Galileo Galilei or Charles Darwin by the Catholic church, which
lasted for three hundred and one hundred years respectively, has always appalled
me, and I had already become deeply involved with human rights during my time
in Gymnasium. Now, [ am still a member of the human rights committee of the
National Academy of Science of the United States and I keep trying to defend aca-
demic freedom.

In Gymnasium I joined a small group of young people, all interested in bird
life, and we undertook numerous bird-watching trips, laying the foundation for my
lifelong hobby, bird watching. When it became time to make a decision about my
future, I told my father that I wanted to become a biologist. My father thought that
there were exiremely few academic positions in zoology and that I would hardly
earn enough money to support myself. Therefore, he sent me to see one of his Chi-
nese friends, Professor Pei Shen Chen, who was working at the Zoological Institute
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of the University of Zurich, and ask him for advice. I went to see him in the old
Zoological Institute that was attached to the main university building, and found
him in his small laboratory.

He showed me the first Drosophila fly cultures [photo 11] and he did not dis-
courage me from studying zoology, realizing that [ was strongly motivated, but he
warned me that [ would have to work very hard to be successful. After passing my
final exam in Gymnasium, the most difficult exam that 1 ever had to take, since
it ranged from Latin to physics, I enrolled as a student in zoology in 1958.

My studies were interrupted after the first year by military service [photo
12]. In Gymnasium I had become a convinced pacifist; the Second World War was
over, but Europe never recovered from it, and it lost its leading role in science and
other cultural activities to the United States of America. By reading Wolfgang
Borchert’s work, including Draussen vor der Tiir, 1 became convinced that there
should never be war again. Borchert was a German writer who had participated
in the war and suffered from it terribly. He became one of the strongest opponents
of any future war, and his writings greatly influenced my thinking. Therefore, 1 was
in a very difficult situation when I was recruited into the Swiss army. On the one
hand I was against doing any kind of military service; on the other hand I felt obliged
to do something for my country, in case of an attack by a foreign army. It is one
of those contradictions that cannot be resolved. As a recruit I felt like a prisoner
being trained in an army camp surrounded by a fence and doing everything on
orders day and night. Fortunately, this initial training period lasted for four months
only, but I counted every single day, and after returning to my studies I cherished
every moment that 1 could spend in the laboratory and do what [ wanted.

For the first University Ball I invited Elisabeth Lott, the daughter of friends
of my parents, and we danced through the whole night, and as it happens, we fell
in love with each other [photo 13]. We both like to dance and we share many com-
mon inierests, except for science, which she leaves to me. After receiving my
diploma we got engaged and we married in 1964 [photo 14].

At the University of Zurich I got an excellent education in classical biology,
but there was hardly any training in molecular biology, so that I had to acquire the
basics of molecular biology later as a postdoctoral fellow in the U.S. My initial plans
were (o study animal behavior, since I had participated as a high school student in
a research program at Zurich Airport in which bird migration was studied by
means of radar [photo 15]. I was intrigued by the problem of how the migratory
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birds can find their route even under overcast skies and at night. This led to my
diploma thesis, which was a descriptive analysis of these radar observations, which
yielded some interesting results like the regular occurrence of directional changes
of migration in the course of day time, and the observation that the birds appeared
to be disoriented only on occasions when there was an extremely thick layer of fog
through which they presumably were unable to locate the sun, which is thought
to be used for compass orientation. However, it was obvious that such questions
can only be solved definitively through experiments and since it was impossible
to get access to an experimental radar, I switched fields for my graduate work. At
that time, the most prominent biologist on the faculty of the University of Zurich
was undoubtedly Professor Ernst Hadorn [photo 16], an outstanding developmental
geneticist, who gave brilliant lectures and up to his retirement found the time to
carry out experiments with his own hands. So I tried to follow in his footsteps and
soon became his personal research assistant, which was a privilege. Although he
was not an expert on bird migration, he agreed to supervise my diploma thesis,
but for my Ph.D. thesis I switched to developmental biology of Drosophila. In the
early sixties Hadorn made an important discovery, while studying cell fate in imagi-
nal discs. Imaginal discs are disclike sheets of cells in the Drosophila larva, which
serve as building blocks during metamorphosis. There are, for example, three pairs
of leg discs and a pair of wing discs giving rise Lo the respective structures of the
adult fly. Hadorn’s approach to science was some times playful, and one day he
transplanted imaginal discs into adult flies rather than larvae. In the adult fly the
tissue grew in size and cell number, but it did not metamorphose, because of the
absence or low levels of the hormone ecdysone. This allowed him to separate the
study of cell fate determination from the final expression of the developmental pro-
gram. The imaginal disc tissue could be expanded in the adult flies and then
transplanted back into a larva for metamorphosis. When, for example, a culture is
started from a leg disc it generally grows more and more leg tissue. However, with
a certain probability the cells switch into a new developmental pathway and form,
for example, wing structures [photo 17]. This surprising change in determination
was designated as transdetermination, since it involves a change in cell fate. As a
thesis project I examined transdetermination in antennal discs and found that they
can undergo transdetermination and form leg or wing structures. Using genetic
markers I proved that transdetermined wing and leg cells are indeed derived from
the donor. By marking single cells genetically, [ was able to show that transdeter-
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mination is not a clonal event occuring in a single cell, but rather that it occurs
in a group of cells, which implies that it involves interactions between the cells.
However, the mechanism underlying transdetermination remained enigmatic and
the time was not ripe to analyze transdetermination at the molecular level.

I finished my thesis in 1965, shortly after our first son Stephan [photo 18]
was born, who was a delightful little fellow. Around that time the genetic code had
been decyphered, and several outstanding molecular biologists were looking for
new fundamental problems that now might be tackled. One of them was Alan
Garen |photo 19], who previously had been working on bacteria and bacterio-
phages and had identified the stop codons in the genetic code. He came for a visit
to Hadorn's laboratory and wanted to learn about transdetermination. Since Hadorn
was busy he put me in charge of Alan Garen's visit, which was a fortunate coinci-
dence. Initially, Alan considered the possibility of spending a sabbatical year in
Zurich, but at the end of the day it was decided that I would join his laboratory
at Yale as a postdoctoral fellow. This was the beginning of a fruitful collaboration
and a long lasting friendship. We decided to get at the heart of the problem of cell
fate determination by comparing patterns of DNA binding proteins in cells with dif-
ferent fate, but at that time the methodology was not sensitive enough to detect
the relevant differences. However, in retrospect it is pleasing to know that we
were on the right track. Perhaps the most important contribution that 1 made dur-
ing the time that T spent at Yale was the demonstration that the developmental fate
of the earliest cells to be formed in the Drosephila embryo, the blastoderm cells,
was already determined at this early stage of development. After two years of post-
doctoral training in Alan Garen's laboratory, I decided to stay at Yale, where 1 was
offered a position, and began to build up my own laboratory at the Yale Medical
School [photo 20]. Hadorn was very upset, because I did not return immediately
to Switzerland. He considered me as his intellectual son and did not realize that
I had to become independent at this stage.

During the time that we spent at Yale our second son Thomas was born,
who was a happy child with an infectious laughter which nobody could resist
[photo 21]. Stephan used to teeze or tickle him, just to make him laugh. Despite
some rivalry the two boys got along rather well, which made us happy as parents.

The years that we spent at Yale were decisive for my later scientific develop-
ment. At that time the United States was the Mekka of molecular biology, and at
Yale there was this stream of enthusiasm for science which carried everybody
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along. I had metamorphosed into a molecular biologist, at least partially, but in con-
trast to most of my colleagues [ had a broad knowledge of general biology and 1
knew where some of the fundamental problems are that might be amenable to a
molecular approach in order to get at the underlying mechanisms. There was also
a constant stream of visitors giving lectures and seminars, who came to my labo-
ratory to discuss the latest results. This had the great advantage that I was always
informed about the forefront of science, the latest techniques and the new ideas
that were around. However, at a large place like Yale this could also become too
much. There is a big temptation to “jump on the bandwagon” and to do only
mainstream research. This is fine as long as you are ahead of your competitors,
but the competition is fierce. What I have to do occasionally is to withdraw, and go
for a walk in the woods, for example, to conceive some really original ideas that
will open up new avenues into science. What I also learnt at Yale was how to run
a research group and a laboratory.

There is a great cameradery among American scientists, many of whom are
immigrants. Everyone is called by his or her first name, which was quite different
from the “Herr Professor” that was used in Europe at that time. Out of this cam-
eradery many friendships developed that have stood the test of time. After a total of
five years at Yale, I received an offer to join the newly founded Biozentrum in Basel,
providing the opportunity to start a new laboratory in Switzerland [photo 22]. Since
we were quite happy at Yale and Stephan was already going to elementary school,
it was difficult to decide whether to stay permanently in the United States or
to return to Switzerland. Elisabeth and I had long discussions on the positive and
negative aspects of each of the two countries. Yale made a tempting offer to induce
me {o slay, but finally we decided that our deepest roots were in Switzerland. We
returned by boat to give us some more time to adapt, but for a whole year in Basel
we were not sure whether we had made a big mistake by returning. But then we
became readjusted to living in Switzerland and my new laboratory began to take
off.

When I moved to Basel, Eric Wieschaus [photo 23], my first graduate student,
came with me and he was a great help to generate this stream of enthusiasm and
excitement for science, which at that time was not normally found in Europe. The
Biozentrum became an exciting place for doing science. It was conceived as an
interdisciplinary institute, housing six departments ranging from biophysics and
biochemistry to cell biology and pharmacology, and soon [ began some in-house
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collaborations that were quite fruitful. I boldly divided my laboratory space into
three laboratories, one each for embryology, genetics and molecular biology (or bio-
chemistry), realizing that the study of development required a combined approach.
Today those three disciplines have essentially fused. Then I had to recruit students
and postdoctoral fellows. My mentor Hadorn had tought me how to give lively and
stimulating lectures. In the meantime I had developed my own style to capture the
audience, and I had become dedicated to teaching. Giving lectures or seminar
talks, I have recruited my best students and postdoctoral fellows, including Christiane
Niisslein-Volhard [photo 24], who came to my laboratory in Basel to learn about
Drosophila. Subsequently, she kept collaborating with Eric Wieschaus in Heidelberg
carrying out a large mutant screen for which they both got the Nobel Prize in 1995.
Over a hundred and twenty students and postdoctoral fellows have passed through
my laboratory in Basel, and with a very few exceptions they have entered success-
ful careers not only in Drosophila biology, but also working on zebrafish, mice and
plants. Therefore, I am proud of my intellectual progeny.

Of my scientific work T am only going to discuss what I consider my two
most important contributions, the discovery of the homeobox and the identification
of the master control gene for development and evolution of the eyes.

The work culminating in the discovery of the homeobox goes all the way
back to the time when I was a graduate student and discovered a mutation that
transforms the antennae on the head of the fly into a pair of middle legs [photo
25]. Such mutants are called homeotic, indicating that they transform something
into the likeness of something else, for example, antennae into legs. Since the
German poet Christian Morgenstern in one of his poems had described an imagi-
nary animal that can walk on its nose called the Nasobem, I called this mutant
Nasobemia. I mapped it genetically and found that it is localized close to Antennepedia,
but at that time there were no methods available to decide whether the mutations
affected the same or two closely linked genes. In a short paper I described the phe-
notypic effects of the mutation carefully, presented the genetic mapping data, and
in the discussion I interpreted the affected gene as a regulatory gene involved in
the activation of all the genes that are required to form a leg. This was a bold con-
clusion, but in retrospect it was absolutely correct. Ever since I found this
fascinating mutant, [ have been emotionally attached to it. It was intuitively clear
to me that it provided the key to the understanding of cell fate decisions, the ques-
tion of whether an antennal or a leg cell should be formed, but at that time it
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seemed to be impossible to get at the molecular basis and the genetic mechanism
by which this gene acted.

This situation changed radically when, many years later, methods for gene
cloning were developed. The development of new techniques is extremely important
in science, since it opens up new approaches to problems that could not be solved
hefore. I faced the problem of identifying the gene product of the Antennapedia (or
Nasobemia) gene; I was trying to find the needle in the haystack, that is, to isolate
a single gene among thousands of others. However, this became possible by using
gene cloning, Based upon the methods developed by Stanley Cohen and Herb
Boyer [photo 26], my friend David Hogness and his collaborators at Stanford had
isolated the first Dyosophila genes. The first genes to be isolated were either
repeated many times in the genome or expressed so strongly, that their gene
products could be isolated biochemically. However, Antennapedia was not repetitive
and we had no clue what the nature of its gene product could be, except for the
speculation that it might be a gene regulatory protein capable of binding to the
DNA of its target genes. However, such proteins are usually expressed at very low
abundance and were difficult to purify. At this point the Hogness group developed
a method called “walking along the chromosome,” that allowed you to clone any
gene whose position was known precisely from the corresponding mutations. The
walk would start from a previously cloned DNA segment, mapping as closely as pos-
sible to the gene to be isolated, in our case Antennapedia, and progressively
isolating overlapping DNA segments, step by step, until the gene to be isolated
was reached [photo 27,28]. In this way David Hogness and his collaborators cloned
the homeotic bithorax gene, and my group embarked upon a “chromosomal
walk” to find Antennapedia. The walk was primarily carried out by Richard Garber
[photo 29] and Atsushi Kuroiwa [photo 30] my first Japanese postdoctoral fellow.
I met Atsushi Kuroiwa in Tokyo on my first visit to Japan in 1980. He was a doc-
toral student of Shunji Natori, an old friend of mine since the time that we both
were postdoctoral fellows in Alan Garen's laboratory at Yale, and Shunji sent him
to the Biozentrum for postdoctoral training. Atsushi became one of the key persons
in the isolation and characterization of homeotic and segmentation genes. [ was
invited to Japan to give a lecture at the International Congress of Entomology,
which was held at the Kyoto International Conference Hall, the same building that
we are in now. Tetsuya Ohtaki and his wife kindly introduced me to Japanese cul-
ture and gave me a guided tour through Nara. When visiting the Daibutsu [photo
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31] I made an interesting discovery; in front of the beautiful bronze statue of
Buddha there are two vases with lotus flowers and on each of the two vases there
arc a couple of bronze butterflies [photo 32]. The butterflies are unusal in that
they have eight legs instead of six, and therefore they represent the first illustra-
tion of a homeotic mutation known to me. This came as a surprise to my Japanese
colleagues, since nobody had noticed this hefore, and it made the headlines of the
Japanese newspapers. Buddha was trying to tell us that we should study homeotic
mutants, but we did not listen to him for more than a thousand years, until Ed
Lewis by combining several homeotic mutations generated an eight-legged fly, and
we finally have solved some of the mysteries of homeolic genes.

The “chromosomal walk” to isolate Antennapedia lasted for more than three
and a half years. There was one advantage to the Swiss system for financing
research: we were not required to obtain results immediately upon receiving our
grant money, but rather we could afford to embark upon a long-term project.
Finally the chromosome walk paid off. When mapping the DNA segments on the
physical map and comparing it to the genetic map, Richard Garber made the inter-
esting observation that one of the DNA segments found inside the Antennapedia
gene cross-hybridized with a neighboring gene, suggesting that Antennapedia and
its neighboring gene shared some common sequences. This was the first sign of
the homeobox. As with many discoveries, only the prepared mind notices it, as
Louis Pasteur has pointed out. We were in fact looking for such homologies,
because Ed Lewis had proposed that homeotic genes, which are clustered on the
third chromosome, could have arisen by gene duplication, which implied that they
shared some similar sequences. The neighboring gene adjacent to Antennapedia
was identified by Atsushi Kurciwa as fushi tarazu, a gene controlling segmentation
in the embryo. The nature of the homology between Antennapedia and fushi tarazu
was pinned down by Bill McGinnis [photo 33]. Interestingly it was not distributed
across the entire gene but confined to a short 180 basepair segment. Since we
found this same segment also in Ultrabithorax, another homeotic gene isolated in
David Hogness' laboratory, we called it the homeobox [photo 34]. The homeobox
encodes a specific segment of the homeotic proteins which we called the homeo-
domain. Homeotic proteins have a gene-regulatory function and use their
homeodomains to recognize and bind to their target genes in order to either acti-
vate or repress them. By using the homeobox as a probe we could isolate an
entire set of other homeotic genes of Drosophila, which justified the term homeo-
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box. Later we proved definitively that homeotic genes have a gene-regulatory
function and encode sequence-specific DNA binding proteins, as I had suspected all
along. They serve as master control genes specifying the body plan.

This point was clearly demonstrated by expressing the isolated Antennapedia
gene all over the fly, in particular in the antennal discs of young larvae [photo 35].
Under these conditions the antennae are transformed into legs. This experiment
was carried out by Stephan Schneuwly, one of my graduate students, and repre-
sented our first successful attempt at redesigning the fruitfly.

The fushi tarazu gene also provided some fundamental insights on how the
body plan is established. At that time another major technical advance was
achieved by Ernst Hafen and Michael Levine in my laboratory [photo 36]; they
developed the method of in situ hybridization to the point where we were able to
detect the messenger RNA transcripts of homeotic genes like Antennapedia in tis-
sue sections. When Atsushi Kuroiwa had isolated the fushi tarazu gene, he and
Ernst Hafen wanted to apply this novel technique to this segmentation gene. Fushi
tarazu mutant embryos lack every other body segment, ending up as embryos hav-
ing only half the number of segments, which is of course lethal [photo 37]. This
suggested that fushi tarazu is normally expressed in every other segment. In order
to localize the fushi tarazu transcripts (mRNA) Atsushi and Ernst hybridized the
radioactively labelled fushi tarazu DNA to sections across the early normal embryo.
I shall never forget the moment when they called me to look into the microscope,
and there were the segmental stripes, representing the body plan of the embryo
at a stage when all the cells looked identical.

We then followed the Antennapedia from antennal legs all the way to the
atomic level. In collaboration with Kurt Wiithrich [photo 38] we determined the
structure of the Antennapedia homeodomain and its complex with the DNA target
site by nuclear magnetic resonance spectroscopy at atomic resolution [photo 39].
These studies have been described in the commemorative lecture presented by
Kurt Wiithrich who received the Kyoto Prize in 1998,

If the homeobox had been found exclusively in insects, it would have had lit-
tle impact. However, soon after its discovery, following a lively discussion in a
departmental seminar, Eddy De Robertis [photo 40] and I decided to find out
whether vertebrates also had homeoboxes, knowing very well that vertebrates and
insects have very different modes of development. Within a short period of time
the first homeobox gene from the frog Xenopus was cloned by Andres Carrasco
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and Bill McGinnis. In collaboration with Frank Ruddle the first mouse homenhox
genes were cloned, and mainly through the work of Denis Duboule it was found
that, as in Drosophila, the homeotic genes of the mouse are also clustered and
arranged along the chromosome in the same order as they are expressed along the
anter-posterior body axis from head to tail. There is accumulating evidence that the
same homeotic genes are used in both vertebrates and invertebrates to specify the
body plan, and same applies to humans. Therefore, the homeobox uncovered a uni-
versal principle and provides a unifying concept of development.

This universality became even more obvious when we began to study the
genetic control of eye development. In a control experiment my graduate student
Rebecca Quiring quite accidentally cloned a Drosophila gene that is homologous
to the mouse Pax-6 gene. The mouse Pax-6 gene was isolated by Claudia Walther
and Peter Gruss and the corresponding human gene by Tom and collaborators. The
cloned genes correspond to the mutations small eye in the mouse and to Aniridia
in humans. In homozygous condition, with both copies of the gene defective, the
mutant embryos lack eyes, noses and show serious brain damage, so that they die.
Pax-6 contains two boxes, a homeobox and a paired box encoding two different
DNA binding domains in the same protein. The finding of a Drosophila homolog
of Pax-6 was not unusual, but the surprise was that the cloned Drosophila gene as
shown by Uwe Walldorf corresponds to the mutation eyeless in Drosophila [photo
41]. This was a total surprise, since all the textbooks including my own tell you
that the compound eye of insects and the camera-type eye of vertebrates have
evolved separately, and that the various eye-types found in different animal phyla
originated independently in evolution, that is polyphyletically. To the contrary, our
findings suggested to me that the various eye-types might share basically the same
genetic program and that Pax-6 might be the universal master control gene for eye
development. When I presented this idea at our Drosophila workshop in Crete my
colleagues were highly sceptical. 1 proposed to induce the Pax-6 gene in other
regions of body in order to find out whether this single gene can induce the
formation of an eye. I convinced two of my collaborators, Patrick Callaerts and
Georg Halder [photo 42], to try this crazy experiment, and to express the
Drosophila Pax-6 gene in other body regions of the embryo and larva. The results
of this experiment made the front page of the New York Times and the journal
Secience. To everybody's surprise, a single master control gene (Pax-6) is capable
of inducing an entire cascade of some 2000 genes required for eye morphogenesis,
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leading to a complete and functional compound eye on the antennae, wings or legs
of the fly [photo 43]. Even the mouse gene introduced into Drosophila is capable
of inducing an eye, of course a Drosophila eye, since the mouse Pax-6 gene is only
the main switch turning on the entire gene cascade, which is provided by Drosophila.
Most recently we succeeded also in the reciprocal experiment. In collaboration with
my former postdoctoral fellow Shoichiro Kurata and Suji Takahashi and Makoto
Asashima of the University of Tokyo, we succeeded in inducing additional eyes in
the frog by injecting the messenger RNA from the Drosephila Pax-6 gene into frog
embryos [photo 44 —46]. Since we also found a Pax-6 gene in flat worms, round
worms, and a large number of other animal phyla, we are convinced that the vari-
ous eye-types are of monophyletic origin and derived from a single prototypic eye,
as postulated by Charles Darwin [photo 47]. This latest discovery opens up
entirely new aspects of eye evolution and shatters the old dogma that the eye has
evolved as many as 40 to 60 times independently in the various phyla [photo 48,49].

At the end of this lecture I would like to give a briel outlook into the future.
The fruit fly Drosophila has allowed us to study eye development in considerable
depth and the results obtained in Drosophila can in most cases be extrapolated to
humans. Therefore, I would like to use the knowledge that we have acquired in
Drosophila for medical applications. Retinal degeneration is a very common disease
in a large fraction of ageing peaple, including my mother, and can lead to blind-
ness. Therefore, we have joined forces with ophthalmologists in trying to develop a
possible treatment for this disease based on our knowledge acquired in Drosophila.
This friendly little fly has brought us very far on our journey [photo 50].
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