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ABSTRACT  This interview with Antonio García-Bellido explores three aspects of his work. First

and foremost is the origin of his contributions: trying to define what allowed him to become a

pioneer of developmental genetics. The second part deals with the nature of his major contribu-

tions, as seen by himself. In a third section he expresses his views on a number of subjects that

relate mostly to the future of developmental biology and to evolution. A list of his most significant

publications is appended as an annex.
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The difficulty of translating from a language that
doesn’t yet exist is considerable, but there’s no
need to exaggerate it.

Ursula K. Le Guin – "Always coming home"

Introduction: the roots of discovery

The essential contributions of Antonio García-Bellido to devel-
opmental genetics are widely recognized, and in 1998 the Int. J.
Dev. Biol. published a Special Issue entitled Developmental
Genetics of Drosophila that was dedicated to him (see: http://
www.ijdb.ehu.es/web/contents.php?vol=42&issue=3). In addition
to review and research articles, the 1998 Special Issue also
contained a number of personal testimonies by F. Jacob, E.B.
Lewis, P. Lewis (in the form of a poem), R. Nöthiger, J. Merriam,
F. Kafatos, among others. The aim of the present interview is not,
therefore, to give one more account of Antonio’s impressive
achievements. Rather, I was interested in the reasons why this
man, having no better tools nor better information than hundreds
or thousands of others, managed to pioneer a whole field: the
genetics of animal development.

I have always felt perplexity at the ability of a few to see what
was there to be seen by everyone: Gregor Mendel, Charles
Darwin, Isaac Newton, to name but a few. But I never had the
opportunity to ask any of them what had led them to such heights
of insight. I was therefore extraordinarily happy, as well as
surprised, when Juan Arechaga, Editor-in-Chief of the Int. J. Dev.
Biol. asked me if I would be willing to interview Antonio García-
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Bellido on the occasion of this Special Issue about Developmental
Biology in Hispania. This gave me some sort of authority to push
the discussion beyond its ordinary limits and try to uncover the
roots of Antonio’s insights.

Very early on, Antonio decided to become trained in a field that
was not practiced in Spain at the time – a field that, actually, did
not exist yet. How can one decide to work in a non-existent field?
This was the major question that underlied this interview. In
retrospect the interview was closer to a cross-examination than to
a normal discussion. I would repeatedly come back to the same
questions, tracing minute discrepancies to see if they would
reveal some hidden truth, and I must thank Antonio for his
patience and willingness to help me. After several hours of
questioning, we finally uncovered part of the explanation, very
unexpected in a sense, but very fitting as well. What I learned
made me (even more than before) proud of being a scientist, for
the searching mind is truly our most powerful, beautiful and fragile
gift.

I subsequently edited the transcripts (270 min) in terms of
reorganizing and selecting the sections that seemed most rel-
evant to the subject, but I tried to keep Antonio’s part as verbatim
as possible, to keep the spontaneity and flavor of his answers.
The first section deals with the origin of his far-reaching contribu-
tion. The second section summarizes his major achievements
and discoveries. A third section, also based on the interview,
outlines his present views about various questions, including
teaching, development and evolution. A selection of important
papers can be found in the References section at the end.



1278    A. Ghysen

More personal aspects of Antonio’s life, including the unre-
stricted support and contributions of his late wife, Maria-Paz
Capdevila, have been covered in several excellent interviews
(see Aznarez, 2006; Garcia-Bellido, 1988; Mendez, 1999). These
interviews also deal with less scientific matters such as his
impressions about the current state of Spanish universities, his
concerns about the Spanish research system, or his views about
other aspects of society. None of those aspects have been dealt
with here, not that they are not interesting – quite the opposite –
but they did not seem to fit as easily in a scientific journal.

I. Ontogeny of an adventurous mind

Early education

You were born into a family of distinguished academics: your
father was a well known archaeologist, and your maternal
grand-father a Latin philologist.
Yes, I grew up in an atmosphere of academic interest with a
special emphasis on humanities. My father and maternal grand-
father were both members of the Spanish Academy, and my
mother was professor of Greek at the University. My father was
not involved in politics at all, in contrast to my grandfather, who
was one of the leaders in fighting the dictatorship of Primo de
Ribera – he was apparently a pain in the neck for the authorities!

With this strong background in humanities, how is it that you
developed a taste for science very early on?
My father was a very educated and curious man. Not only had he
a wide interest in history, which he transmitted to me, but he also
had a fantastic library of divulgation books, which I read assidu-
ously when I was in my teens. Books on physics, astronomy,
mathematics, biology... He encouraged my interest, and when I
told him that I was more interested in science than in humanities,
he was very happy. In fact he told me once that he would have
liked to choose biology himself. On some occasion he gave me as
a present the famous Allgemeine Biologie  by Hartmann (I could
read German at that time). I also remember a book with an
emphasis on development – I don’t remember the author’s name
– which fascinated me: the origin of animals and how they
develop. It was purely theoretical, but these authors searched for
an interesting problem, and that motivated me.

In parallel to your reading you also did experiments.
There was a coal room in our house, and I converted it into a lab
to keep and observe aquatic animals and do dissections and
things like that. But I was not a naturalist in the classical sense, I
had no interest in the animals per se. The culturing and observa-
tion of animals, of little arthropods and larvae, was part of the
curiosity stimulated by the books I was reading. I was more
interested in the questions, in the problems, in the theory if you
want, than in actual experiments. The observation was to inform
myself, to get acquainted with variation, with the biological world.

You were so interested that you built your own microscope
at age 16!
I built it because my father did not want to give me one. He did not
want this to be converted into a toy, and he said: if you want to
have one, try to make it yourself. Therefore I constructed a

compound microscope by myself. It was horrendous in terms of
aberrations, but it was very stimulating. My father's stimulation
was of the silent, quiet type. At the end of high school I was clearly
decided to study biology, in particular the biology of development.
My family would have preferred me to study medicine or agronomy,
as they were afraid biology would not support me, but my father
never tried to change my decision.

Your father was also a good painter – may this have influ-
enced you?
My father's painting was mostly analytical; it was professional
painting, although he also had his own frivolities and liked to do
landscape watercolors. In fact he made use of that in his career
enormously. I think he went to archaeology because he was
interested in art and the history of art. He was a very sensitive

Fig. 1. Antonio Garcia-Bellido in 1956, aged 20. Picture taken by his
father.

Fig. 2. With Maria-Paz and their first son, Antonio, in Zürich (1963).

Picture communicated by Diego, the third of their four children, now a
distinguished paleontologist.
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person; he even spent a few months in the
lab of T.H. Morgan in 1930. At the end of his
course, he gave an exam which I consid-
ered I had done very well because I had
read a lot of books, I mean five, six, on
genetics, whereas his lectures were just
dictated – I don’t think he ever went beyond
Mendel's third law . After the exam was
over, he called me and said my exam was
to be flunked because I had believed that I
could educate myself. For him the role of
the students was simply to learn what your
teacher tells you, like in medieval times.
This was my first experience of genetics in
the University: I was horrified!

His was not the only course that bored
you?
University was a long and heavy period.
Themes were obsolete, courses were dic-
tated, and professors taught a lifeless biol-
ogy, a biology of lists and classifications.
They were so boring that I stopped attend-
ing classes altogether. In third year I went
to a lab during the afternoons. This was the
lab of Eugenio Ortiz. He was working on
genetics, which I thought was a powerful
tool to enter the arcanes of developmental Fig. 3. At Caltech, discussing with Sturtevant (1967). Picture taken By Eric Bahn.

man, in a positive way. The feeling I received from him as a painter
is the feeling of plastic art, the feeling of things that exist in the
world and are self-contained, are solid, are expressive, are
colorful.

Studies

You grew up in the aftermath of the Spanish civil war. How did
it affect your studies?
Franco disliked intellectuals, he feared them because they have
arguments – not simply opinions. The majority of the University
professors used to be Republicans and they were substituted
when he came to power, substituted by very incompetent persons
that were put in as professors in the university – just like that. On
the other hand, since it was impossible to do any politics, we
devoted all our time to reading and discussions. With a group of
friends of different disciplines, we met once a week to contrast our
visions and exchange our opinions of the world.

Did you like high school?
I keep happy recollections from this period. The teachers were
young and inexperienced, but very enthusiastic. Some of the
professors made us present talks to the other students, to force
us to digest and to synthesize our readings. I don’t think I made
any particular discovery during this period, except that I realized
I had to train myself exactly as I did with languages. I needed a
language, and I would think to myself well let’s go there and work
it out!

University turned out to be more disappointing...
The professor of genetics, Antonio de Zulueta, was a learned

biology. In my fourth and fifth years I would spend all my time in
this lab.

Thesis

You decided to do a thesis in the laboratory of Ortiz. Did he
supervise your work closely?
Oh no, he did not care about it. Ortiz was working on mutagenesis
and he had just obtained a series of alleles on the X chromosome.
An allelic series with half lethals, total lethals, and I said well, let’s
explore it – using all the available techniques, reading Hadorn,
just getting acquainted, putting my mind in a mess. My interaction
with Ortiz was nil! I was just working in his lab and that was it.

But was he interested in your work?
The only thing I know is that I produced one thing, which is the
analysis of the sensitive period for mutations in spermiogenesis,
and he wanted to publish the paper with his name and I said No,
this is my work and I will not give it to you. I was still doing my PhD
and this was a problem because he was going to throw me out of
the lab, and then some friends of his said No, you cannot do that,
you have to yield and let him. Ortiz did not teach me anything, he
did not even read my thesis – but it was the only place where I
could do what I wanted.

Did your father keep an interest in your biological work?
I remember coming from the lab late in the evening and having
dinner alone and he would just sit in front of me and ask me how
things were going. He could not understand the details, but he
was simply encouraging me to do science and putting in me the
feeling of respect and professionalism and seriousness which he
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himself had applied to all his work.

Retrospectively, what made you decide to concentrate on the
genetic approach to development?
The thing that most interested me was the evolution of an embryo,
but the classical perturbations used at the time were just with a
scalpel, changing pieces and I realized that this was a bit too
superficial, that the actual guide to development must be the
genes. This came to me very early, through reading again. I
remember a very good book by Waddington, where he put
emphasis on the analytical power of genetics. I believed at that
time, very early indeed, that the role of genes in the control of
development was profound, was in the deep structure of the
system. The idea that the terms in which development could be
positively described were genes is a very early - not a finding, but
rather, a very early conclusion on my side, yes.

Stays abroad

After you completed University, you did physiology with
Wigglesworth at Cambridge before you began your thesis
work; and after the thesis you learned cell biology with
Hadorn in Zürich, and finally genetics with Ed Lewis at
Caltech. Why did you not go straight into genetics?
Because I needed physiology and cell biology as well as genetics!
I wanted to prepare myself, to get acquainted with the problem.
Development is not an easy thing, and I needed a context. You
cannot simply go there and start analyzing mutants: you have to
know more things in order to interpret the effect of mutations.
Physiology first, because it’s the context in which things occur.

You have to learn about hormones, you have to learn about the
physiology of the growth of imaginal discs or of organs, so you
have to go through a very descriptive, although a very experimen-
tal, aspect.

You give the impression that it was all very well planned.
As a matter of fact I remember that I had a program: I am going
to learn this first, other things second, this is going to take me
some years but I am going to go step by step, and then I was  very
fortunate; because of my work in Hadorn’s group, I won the
recognition of Caltech and they awarded me a fellowship.

What was thought of the role of genes at the time?
The mentality was - genes do not exist! The things we have are
mutations, mutations that perturb things, and therefore you can
spend a lot of time in describing the phenotypes of mutants in
different conditions. It is a pure, very superficial description, that
is what genetics was at the time. Mutations are responsible for
evolution, but after all it may be that their effect is completely by
accident and that genes have nothing to say, that they are
irrelevant, that nothing is to be expected but a chain of effects that
ends up having a morphology. The notion that genes play a role
in development, the positive feeling that the crucial thing is what
the genes are doing, I learned that by sheer experience in
Caltech.

But we have a problem here. You knew that you had to learn
physiology to understand what the genes are doing, several
years before you acquired the notion that genes play a role
in development, at Caltech?
I see your point – but this is the way it was. You have to realize that
I had almost no experience in the real world, what an animal is, so
I had to learn. I did not know that genes were going to be relevant
in development before doing all these things. I was confronted
with this world step by step, not with a foresight of what is going
to be at the end. I had to pass through this period of education.
During my early education I wanted first of all to get informed, to
learn, to be filled with information, with points of view, with
perspectives. But it is true that very early I programmed the three
steps, which fortunately I succeeded in carrying out. Why? Well,
because maybe all three were going to be important and I did not
know which was the most important. But I knew that I had to go
through it, and this I knew from my reading.

But this was not written anywhere! You present this as if it
were obvious.
Well... no, it was not written anywhere. But for me it was very
obvious. It was just the curiosity of knowing what we do know,
which perspectives are there; the curiosity to know the world that
I was going to be confronted with. I simply needed to have
information on different aspects of development, right? And
different aspects of development pass through physiology, the
general control of development as a whole, the cellular level, and
genetics – genetics at that time was no more than the construction
of chromosome tools, and mutations.

An organized curiosity?
This is true. I believed from the very beginning that at the end, the
more subtle and more profound descriptions were going to be at

Fig. 4. In front of Maria-Paz and Antonio’s house in Viñuelas, near

Madrid (1981). From left to right: Alain Ghysen, Christine Dambly-
Chaudière, Antonio Garcia-Bellido and Maria-Paz Capdevila. Self-timer.
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trinsic, development and what was brought to you by your
stays abroad?
Absolutely. I learned clonal analysis – the real one! – in Caltech.
And the manipulation of the genome – these are instruments
that I used very much later on. The same with Hadorn, for other
reasons. You depend very much on the context. So, what if I
hadn’t been there at the time? Well, it’s a mystery. I don’t know.
If I had not gone to Caltech, if I had stayed in Madrid – it’s
difficult to answer, but I would probably have done other things.

You mean that the essential role of your postdocs in your
training was due to a specific interaction between you and
these labs – that it was neither you alone nor the labs per
se.
I would summarize saying that, yes. The fundamental change
was the realization that development is a question of cells, and
a question of genes – wild type genes. And this came from
results that suggested more and more that most genes act cell-
autonomously, and that suggestion requires you to think about
it, to produce – not models, but conclusions.

Teachers

You had essentially four teachers: Wigglesworth, Hadorn,
Lewis and Sturtevant. Could you summarize what you
received from each of them?
Those people not only represent an aspect of science, but also
an atmosphere. What I learned in Cambridge was my first
contact with a lab, with a decent University, with a way of
thinking. This was my first experience with real research. I was
not so alone in the world anymore. Learning by myself the
transplantation technique told me that after all I was capable of
doing things on my own. And scientifically speaking,

Wigglesworth, for reasons that I ignore, esteemed me highly.

What did you learn from Hadorn?
We had a different mentality. Already at the time, I thought that
there were causes and effects and that whenever you have some
results, you have to propose a hypothesis. But Hadorn was more
of the let’s see what happens type, which is very contrary to my
mind. I learned, not so much from Hadorn, but because of the
atmosphere again. This is where I began to use the cell dissocia-
tion and recognition experiments, which were crucial for the rest
of my career. What I did learn, personally, is the fantastic individu-
ality of cells, the fantastic amount of information in cells. So the
experience in Hadorn’s lab was a marvelous education for me –
it was the first time I mentally reached the world of cells.

At the time most of Hadorn’s lab was working on
transdetermination, yet you took a different subject. Was it
because you wanted to be completely independent?
I was doing things that were my own, not just the work of others,
or with others. But I had that to begin with. When I went to
Cambridge I was independent, when I did my PhD I was indepen-
dent, I had learned that already. In Hadorn’s lab, I was completely
independent all the time. Only Maria-Paz [Capdevila] helped me
with the study of the development of the testis.

Then you went to Caltech to the lab of Ed Lewis
That was because I had observed in Zürich that in my cell
recognition assay, homeotic transformations change the recogni-
tion properties of cells, as if the cells carried in themselves labels
that define their affinity and histotype. But the homeotic mutations
I used in Zürich were not neat – there was a lot of variability – and
so I wanted to work on the well-defined bithorax system devel-
oped by Ed Lewis. Fortunately, he invited me to come to Caltech,

Fig. 5. With François Jacob in Paris, 1987.

the level of genes. Not the genes, let’s
put it in the context of that time, rather,
the mutants. The wealth of variation
that you can produce with mutations is
enormous, and maybe we wanted to
explore that. We knew that the basis of
this variation was the gene, which could
therefore be a very profound refer-
ence.

The conclusion seems to be that
you had no a priori models or ideas
about development, or about your
own training.
Right. The very original idea of hav-
ing to be trained in physiology, in
anatomy at the level of cells (particu-
larly in imaginal discs), and in the
powerful tools of genetics, this was
produced through experience in these
labs. But it was not present in these
labs; rather, it was something that
came from the experiments.

In retrospect, it seems difficult to
discriminate between your own, in-
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I think via Hadorn. And I started to do dissociation experiments
with bithorax, and mixing cells and trying to convince cells of the
anterior region and cells of the posterior region to talk to each
other – I was at the time full of the Spemann notion of inductive
assimilation.

But anterior cells did not talk to posterior cells...
No! Even though they were in intimate contact, the anterior cells
did not convince the posterior cells and vice-versa; and Ed told me
one thing that illuminated my life, even though it was sort of a
tautology. It is because anterior cells are bithorax+, he said, and
posterior cells are postbithorax+. This is, at the same time, a silly
hand waving and very profound, because it means that genes are
doing something in the wild type condition – and that was a
revelation.

How was your interaction with Ed?
Ed was fantastic at genetic engineering. He taught me about
chromosome construction, and I learned a lot from him, techni-
cally speaking. He was curator of the stocks at Caltech, the most
extensive collection of mutants in the world, and I mounted all the
mutants and looked at them under the microscope. That helped
me a lot. Before that, mutants were only examined under the
dissection microscope, so that brought me again to the micro-
scopic level, which is the one I have never left since. But at the
time, Ed was interested in pseudo-alleles, in gene structure, in
funny aspects of gene function such as transvection, not so much
in developmental phenomena.

Yet he was already interested in the function of the wild type
alleles, doing cell autonomy experiments with chromosome
loss.
Right. He showed that bithorax mutations behave in a cell-
autonomous way, and he did put emphasis on this autonomy. This
is true. But this autonomy remained a curiosity for a while – a
curiosity that turned out to be crucial, because it demonstrated
that systemic changes like bithorax occur in cells, in the individual

cells, and cannot be corrected during subsequent development.

You also had a lot of interaction with Sturtevant..
He was already very old at the time. He was a man with a more
classical education than Ed. For Ed Lewis, words like determina-
tion, induction, morphogenetic fields and all the classical terminol-
ogy was just blah blah, but not so for Sturtevant. Both of them had
personal effects on me, but I praised Sturt’s ideas more, his
perspectives, his profound feelings.

Mosaics: gynanders and clonal analysis

What was the origin of your groundbreaking work on
gynanders?
At Caltech, they had invited me to give a series of seminars about
what was going on in Europe at the time. I mentioned the data
published by Müller on gynanders, which suggested that some
elements were determined early, and that the fly was a kind of
mosaic. Then Sturtevant offered me his collection of about 300
drawings of gynanders he had obtained in D. simulans. John
Merriam happened to be there as a post-doc and he immediately
entered the work on gynanders (and on mitotic recombination,
see below). John also taught me a lot of practical mechanical
genetics that helped me very much.

Why did Sturtevant keep this collection of drawings for so
long without getting to 2D fate mapping? After all, he was the
one who had pioneered 1D-mapping of genes along chromo-
somes.
That is because for him there was confusion with cell determina-
tion. He thought that the presence and position of male vs. female
territories indicated that the tissue was already determined. In
fact, he worked a little bit on tergites, but then stopped; he did not
follow up the idea. But actually, gynanders do not tell you anything
about determination. The idea that you could use the data to fate-
map the entire embryo – this is mine. That was a very stimulating
moment, because gynanders provided a way of mapping the

Fig. 6 (Left). At a meeting in Oviedo, 1988.

Fig. 7 (Right). Antonio and Maria-Paz at Figueiras, North of Spain, around 1990. Picture courtesy of Diego.
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black box at the beginning of development. Sturt followed the
whole thing day by day – he was very excited!

Did the work on gynanders somehow lead to clonal analysis
through mitotic recombination, which was to play such a
crucial role in all your subsequent work?
No, it was independent. The conclusion from my dissociation
experiments in Hadorn’s lab was that certain cell types, for ex-
ample the chaetae, were already determined in late larval imaginal
discs. But this could not be, because according to the descriptions
of Waddington, the cells in the wings of the pupae had to grow a lot
still, and there cannot be a lot of growth if the cells are already fully
committed. So the thing I did was to ask a medical doctor here in
Madrid to get access to an X-ray machine just to irradiate series of
larvae staged every 8 hours. The larvae were heterozygous for
mwh, a fantastic cell marker that I had already used in the
dissociation experiments in Zürich. I collected the resulting adult
flies and brought them to Caltech. Then they invited me to give a
talk in Chicago and I thought, I might as well have a look at that
collection before going. I expected to have very few cases of mwh
homozygous spots because I knew from the work of Curt Stern that
mitotic recombination is very rare. And I had the surprise to find
spots by the hundreds, and that clone size decreased every 8 hours
and so on, and THAT was, I would say, the real revelation of my life.

Did you see immediately all the implications of that finding?
I remember when I saw that in Caltech, before the talk I gave in
Chicago, I said: This is it!. This is the radiography of development
– you can describe development at the level of cells, and other
things start appearing because there were certain limits that the
clones would not cross. Also the possibility of associating mutants
with cell markers on the same chromosome to produce and
analyze mosaics at the single cell level – the whole idea of clonal
analysis and of studying the genetics of somatic cells was there.

Why did you decide to go back to Spain, having several

I came back, I had an inventory of questions ready and the tools to
answer them. The productivity at that time was enormous. There
were problems jumping from everywhere. It was a new world, a
new way of seeing things, and the access to this new world
immediately asked you for generalizing theories, for systematic
thinking about what you were finding. We had to allocate the results
in a new frame of thought.

The end of the quest

Coming back to an earlier question, that of the biased view, I
recently had a discussion with C. Sotelo about whether Cajal’s
views were biased or not.
Tremendously biased! Cajal was a very intelligent person and with
a very large perspective of things. When the cell theory started, the
only exception was the nervous system and obviously he asked:
Why should there be an exception? and he just started looking at
cell discontinuities using the Golgi technique. For Cajal, neurons
are cells a priori, he was convinced. He spent most of his life
documenting this, in embryos, with comparative anatomy, and he
demonstrated with time that neurons were indeed just individual
cells. He was a model for all of us.

You had a similar bias about the role of genes in development.
Was it already present at the time of your thesis?
No, absolutely not. I was just a member of a society where cells
were simply blastemes, and genes were alleles, and nothing to it!
I was born into this mentality. The discovery came in Caltech, that
the genes, the wild type genes, do the job. The perturbations may
help to understand the wild type function, but they are not interest-
ing. These are convictions that are based not on intuition but on too
much data pointing in the same direction and nothing that contra-
dicts it – it’s got to be right! I gave a seminar one of the last days I
was there, under the title Lineages, cells and genes. These were
the units to be dealt with, and development had to be explained in
these terms. Among the audience was Max Delbrück, normally a

Fig. 8. With Ed Lewis, 1996. Picture taken by Sue Celniker.

possibilities of staying in the States,
and knowing it would be more difficult
in Spain?
The major component is that I missed Spain.
Not so much the climate, because in Caltech
the climate is similar, but the Spanish cul-
ture. And I wanted to see whether I was
capable of setting up a lab by myself. When
I arrived, I gave a series of seminars on my
recent work and some students came to
see whether I wanted to accept them and I
said yes to three of them: Pedro Santamaria,
Gines Morata and Pedro Ripoll. As you
know all three presented their thesis on the
same day.

The work on clonal analysis literally
exploded when you came back to Spain,
with several crucial discoveries in a
matter of a few years.
Before my return to Madrid, I had spent 5
years abroad and during that time I was
doing experiments. That means that when
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severe critic of speakers, and he was enthusiastic about my talk.

I am still trying to get at the very origin of your singularity as
a pioneer of developmental genetics. Could you define what
was your state of mind before it all began?
None! It is the experience, the encountering of situations that have
certain rules, certain constraints, certain logic, that shaped my
state of mind. The moment you start finding resonance, there has
got to be an invariant property. It’s not a curiosity, it’s not an
accident – it’s got to be right! The discovery of that logic is what
brings you to take a priori positions, mental positions from which
you continue working.

In another interview (Mendez, 1999), you said that the idea that
variety can be reduced to rules was not an intuition, but a few
lines later in the same interview you say that it was one. Could
you clarify?
[Silence] Well, it is an intuition... and a question. Now, why is it an
intuition? This is the right question. I think it arises from a historical
education. When you analyze history you do the same: history is
contingent to some extent, but the same circumstances usually
generate the same reactions, and revolutions are, in general, very
similar to each other. The idea that there is some order in the world,
that when things seem complicated, it may be because we have not
analyzed them sufficiently, that there is something that is invariant,
that there is modularity – this is a notion that I derived from the
atmosphere of my house.

And this gave you the idea that even in events that seem very
historical, very chaotic...
That there is order, there is order, yes I believe that. This is not an
intuition, it is part of the atmosphere where you grow up, believing
a priori that things are susceptible to understanding with some rule.
Yes, that is a notion I have had since I was very young. I like
theoretical aspects of biology. I like them because those are the
aspects where you can find order and justification. And then the
associated question is, where did I get that? Well, look, I don’t think
it came from my father. My father was not a theorist. He was deeply
embedded in historical or archeological reality. But my grandfather
liked theory very much – he wrote several books on philology –
linguists and philologists look for order!

Philology is very close to the order of the brain, which,
certainly, is a most ordered structure.
He liked to put in order, to find order.. The theoretical components
that I have – and I believe that I have many, not necessarily good
but still present – come from this educational inclination to find
order. The conviction – it is not intuition, in the end, it is a conviction
– that there is order, and that we simply have to discover it. Yes, this
would be the summary of my life.

II. A life of discoveries

Could you summarize the major achievements of your career
so far?
The cell dissociation-reassociation experiments, and the discov-
ery of specificity in cell recognition, is one. It was very important, not
because of the theoretical aspects, but because it opened a new
way of looking at development as a whole. It also allowed me to

start visualizing cells and cell properties.

Clonal analysis was a new way of looking at cells in a developmen-
tal context, and of defining numerical and temporal parameters. It
allowed a quantitative assessment of growth properties at the
cellular level, as well as an analysis of cell autonomy. This revealed
that most developmental genes act in a cell-autonomous way,
suggesting that development is mostly an intrinsic property of the
cells. More than that, clonal analysis of morphogenetic mutants
revealed that there are genes that are territorial genes, systemic
genes, that was a fantastic change – mentally.

The discovery of compartments is also a very important one, as it
points to a modular way of making development, and to the
associated genes. It also led to the idea that if development is
modular, then the genes associated with it must work in a combi-
natorial way, and to all the theory that goes behind. This turned out
to be important, not only because of the discovery at the time, but
because it has later been shown to be common to many develop-
mental processes.

The analysis of lethals in mosaics was also an important progress.
This was made possible by the development of clonal analysis.
Before using clonal analysis, the only thing you could do with
lethals is just to describe them histologically, describe what hap-
pens as the embryo is falling apart, and in many cases you could
not even do that, because you did not have an embryo. Most lethal
mutations act so early in development that they kill the organism
from the very beginning. In the long run, lethal mutation analysis
was probably the most productive application of clonal analysis –
theoretically. It was the one that led me to the most interesting
conclusions in developmental genetics.

The idea that groups of genes, syntagmata, interact to define a
developmental operation; this was not a discovery, it was a mental
contraption. The moment you start analyzing transregulation in
systems like, say, bithorax or achaete-scute, you start seeing that
the genes are specifically related to each other and form what I
would call a computer chip. Chips like these, and the operations
they perform, have been invented hundreds of millions of years
ago. They have been ready ever since, and have been used for
particular purposes in particular moments of development.

Then another very important discovery, which I would say is still not
perceived completely by our colleagues, is the problem of accom-
modation. When you have a mosaic, the mutant territory often
produces changes in the surrounding territories. This is produced
not by diffusion, not by non-autonomy, but because he system is
continuously trying to generate a continuous landscape of posi-
tional values. This led me to the problem of entelechia – the
attainment of final size and shape – and of growth control, which I
am still working on.

III. Reflections on the past and the future

Teaching and research

Let me introduce your views about teaching with a quote
Concepts cannot be transmitted; the student has to abstract them
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himself by comparing attributes. This pedagogy comes naturally to
professors that are well acquainted with the field they are teaching,
and who have enthusiasm. I believe enthusiasm fits everywhere.
Not only in art, history and philosophy, which are attractive be-
cause of their emotional component, but also in the seemingly drier
scientific disciplines. Science must be presented for what it is: an
adventure of thought. The student must read more than study, and
think about what he reads more than learn it. It does not matter if
his interpretation is wrong: further reading will correct it. (Garcia-
Bellido, 1988).

Would you agree that it is also important to help students open
their eyes to the world?
To open their eyes to the world is too vague. You do not go to the
world and learn or observe things just for the sake of it. You go to
the world with questions first, and your work depends on the
questions you put forth. The world is not structured: it is the mind
of every one of us that organizes it. There is nothing such as a world
in front of you that you will know by studying it. No, we are
continuously interpreting.

This is what I meant by opening their eyes: realizing that you
can ask questions about essentially everything.
Then I would agree. You educate yourself to ask – which is by the
way the Greek way of educating. It’s teaching you to ask. To ask
yourself continuously why that? Not what for?, but rather why does
it occur? This is a very important question. I think the best way to
educate future researchers is to use the Socratic way, to try to get
a statement and decompose, analyze, deconstruct the statement
and ask which alternatives there are. This type of dialectic educa-
tion is very stimulating.

What are the qualities you praise most in your own students?
Motivation and ambition are two very important aspects. Ambition,

not in the sense of being successful, or of obtaining some pretty or
spectacular result, but the ambition of aiming at understanding
things that are not immediately accessible. Things become inter-
esting when you have licked them dry and what remains is of more
universal value. And to reach this stage you have to be very
motivated – even somewhat obsessed, as my father used to say –
, turning the questions around and around. Motivation is a desire,
something that arises within you and reaches out rather blindly.

Those are not rational qualities?
But there is another aspect, which is also important. If motivation
comes from a question a priori, that arose from your readings or
from your experiments, fine; but if it also deals with the question of
which of two questions is the most interesting, and why, then this
is even better, because it reaches further. This is more rational. It
says that some things are more important than others, and that in
this life, we have to make choices. And in my view, the most
important is that which is the most mysterious. This is what
motivated the diaspora of molecular biologists when they aban-
doned bacteria and phages: the mystery of the brain.

But you have the counterexample of Driesch who obviously
went to the most mysterious (the control of embryo size and
shape) and failed completely.
You have to go to the most important... that can be solved! The
problem of Driesch was that the solution to his question was not
accessible with the tools he had at the time. It is not a question that
you can solve by pricking the embryo. Maybe that was one of the
reasons why I liked genetics, because I knew that, one way or
another, it dealt with entities that were inheritable and that were part
of evolution. This was indeed an intuition, but an intuition based on
culture, on readings, on extrapolation.

Don’t you think that very often when we ask a question, we

Fig. 9 (Left). Antonio discovering the 1998 issue of the Int.

J. Dev. Biol. dedicated to him entitled "Developmental

Genetics of Drosophila" . See http://www.ijdb.ehu.es/web/
contents.php?vol=42&issue=3 (Picture taken by Christine
Dambly-Chaudière).

Fig. 10 (Right). Interview in Antonio’s office, June 2007.

Picture taken by Almudena Hernando.
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rience of the variety of nature, of the continuity of the parameters
of nature. I have a very long experience of this lack of understand-
ing. But this may have its advantages. To find and analyze things
which may open the way to something new – this is something you
can only do when you are a little bit isolated. And I think that the
isolation of Madrid was a tremendous help for me.

The problems you examined changed over time. Were there
specific reasons for each change?
There is a moment when you have seen the answer, not in detail
– because this you will never do – but you have seen it. This is the
reason why I left bithorax and the regulators of bithorax and all
that. It was already an established field, and then achaete-scute.
You go to other questions because they call you, because there
is a mystery over there. This also is a motivation in the original
meaning of the word, that is, it is something that moves you. It is
not curiosity – it is theoretical interest. But I think that people in
general are less interested in ideas now – what matters to people
are the data! There are so many things to be described, the
techniques are so powerful that they think first let’s describe and
then we will see. We will leave the ideas for a big computer to spit
them out.

Development

You are not too fond of the expression paradigm shift be-
cause it has been overused, yet this is exactly what you
achieved in developmental biology
The goals in science – and in particular in biology – have changed
over the course of time. The problem associated with this change

is to define what you want to understand, and in terms of what do
you want to understand it. Biology has a long history of pure
description, which is not to be despised: first make an inventory
of what we do want to know. There were several breakthroughs
though. The discovery of cells as units of all living beings was one,
and with it the analysis of gametes and of chromosomes, and later
on, the discovery of hereditary factors as discontinuous elements
that take care of certain characteristics. Finally, the fantastic work
of enzymology, the process of changing one molecule into an-
other and the notion that very similar enzymes are present in all
organisms.

After the structure of DNA and the genetic code were eluci-
dated, a number of people considered that the next frontier
was not development or evolution, but rather, the brain.
At the beginning of the 20th century, there was the notion that you
have genes that code for enzymes. Then you have metabolism,
and this metabolism is very conserved. Evolution and develop-
ment was left as the extrapolation of things that you would know
when you analyze the metabolism of a cell, or the physiology of
the gut, there was nothing more to explain. This mentality reached
all the way up to the discovery of DNA. DNA was the extreme
abstraction, once you have the DNA, then you have the molecular
biology, DNA transcription and translation in proteins. You find
invariants of certain triplets that code for particular amino acids,
and all the machinery of protein synthesis. At that time, it started
to become clear that variation could have the form of a change of
one amino acid as shown by the work on hemoglobin. This led to
the notion that there was nothing profound to be said in biology,
nothing causal to be found, simply the description of these

Fig. 11. With Eric Wieschaus at the Garcia-Bellido hommage workshop held in Madrid in April

2006. Upon seeing this picture Eric commented "A great picture, Antonio especially – like he’s
simultaneously arguing for and thinking through some serious biological controversy, one that is no
longer so controversial to him.." Picture taken by Igor Zhimulev.

already have an answer?
Yes, sure. This is a dialog. You ask ques-
tions because you think that there is possi-
bly an answer to them, and the answer is in
the inventory of things you know – it must
be! The role of the individual, its education,
its memories, the society he belongs to,
and so on, is crucial. When we explore the
world, we don’t go into an empty space.
You are asking things because you have
an interest in them, and you have an inter-
est in them because you may have some
type of answer to begin with. We are not
learning from nothing. We are proposing
things to order the world with respect to our
own memories, our experience.

Sometimes we are very proud of results
that gain little recognition. Did you of-
ten have that feeling?
I would have to make a confession: my
feeling is that most of my work was not
understood when I was presenting it, and
so I am kind of accustomed to that. The
gynandromorphs, the compartments...
people were not prepared. They thought
you cannot have this order that you pro-
pose, it cannot be that the system has an
internal logic. This is contrary to our expe-
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accidents that led to this morphology or to this physiology.
Development is the consequence of a multiple interaction, a
cascade of reactions, and variation results from a change of
amino acids that modifies the Km of an enzyme. This is the
mentality that was around when I started, when I was a student.
There was nothing very mysterious to explain, there was no
problem. This is the time of the diaspora of people like Crick,
Brenner, Benzer, Streisinger, Stent and many others: they
wanted to go to the nervous system because this is still a
mystery.

What do you think was the turning point for the new rise of
developmental biology?
A major factor was the operon discovery, and with it, the notion
that some genes talk with other genes, which I would say is the
main, or one of the main, discoveries of the century. With this
discovery came the notion that the genome is not something
that is deployed along development with a logic of certain
reactions leading to other reactions, but may have its own logic.
The mentality that the whole system is controlled from within,
that it is an internal problem: that, I think, was a change in
paradigm. We understand now how the specific sequence of a
gene encodes the structure of a protein, how the structure
provides shape and from this shape comes the capability to
recognize specific molecules – to talk to other players.

What are the major challenges now?
The change in perspective, from external to internal causality,
still has not reached other systems. For example we still believe
that in development, morphogens are deciding, that you have
an entity with certain receptors, and you get a signal; then the
cells change completely their behavior. This mentality still
operates because too little emphasis is put on the local aspects,
the properties of the responding cells, the identity of the cells,

the sophistication of the inventory of cell reactions, which are
obviously controlled by genes. The role of morphogens is
something we are dealing with recently in my lab, and we see
that size and shape are not determined by something coming
from somewhere outside. Morphogens are just growth factors
which are needed by the machine to continue, but they are not
providing specificity, the specificity is provided from within. And
we still do not know how it is controlled.

Evolution

You do not give to adaptive selection as much importance
as Darwin did.
For Darwin, the external world was very powerful in deciding,
but we are changing the perspective, we are changing the
framework that we think is relevant to what we want to explain.
Evolution, the more we look to it, the more it becomes just a
problem of development. The notion of adaptation, for example,
in evolution, this was something that explained everything and
did not explain much. This change in perspective goes close to
the notion of the antibodies not being the result of adaptation to
the shape of the antigen, but being a proposition which can be
checked later on by the immune reaction: the logic is not in the
antigen, it’s in the antibody.

In evolution too, do you think that the cellular level may be
the most relevant?
I think we are more and more interested in the ways cells
behave, in the way cells perform. The behavior of cells obvi-
ously is controlled by the active genes within them, but we still
have problems which are unsolved, problems such as how do
you control the size of a population, namely the size of an organ,
or the shape of an organ, the problems are there and they are
very old in fact. Then the problem is, what type of propositions

can genes make about development? How do
they define the performance of cells? How
much do we know about the proposition as-
pect of genes?

Your idea is that internal adaptation is at
least as important as external adaptation.
I think we are getting closer and closer to the
notion of an internal control. The whole chapter
of cell behavior, the rules of the game, the
combinatorial of gene groups, of genetic opera-
tions, the repetition of gene actions and gene
groups in different parts of the organism, the
control of the time when these things happen,
the control of where they do happen, these are
invariant properties but they can lead to a fan-
tastic variety – within limits! Because the thing
you cannot break obviously is that molecules
must recognize each other. The necessity to
preserve molecular recognition is a tremen-
dous constraint, and a key element of evolution.

Don’t you think that developmental genet-
ics has had only a minimal impact on evolu-
tion so far?

Fig. 12. Antonio's group today in the Universidad Autónoma de Madrid, Spain. Standing
(from left to right): Antonio García-Bellido, Juan F. Santarén, Luis Alberto Baena-López, Antonio
Baonza, Jana Alonso and Rosario Hernández. Sitting (from left to right): Ana López-Varea,
Cristina Cruz, Sandra Díaz García (middle), Almudena Hernando and Beatriz Pérez Sanjuan.
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No. Now it’s beginning a lot, with comparative genetics. Few
people are doing that, true, but they are very relevant people.
They are the pioneers and they will get to the core of the problem.
Not people working on population genetics, that was a failure. The
notion that variation is due to changes in the amino-acid se-
quence, that led to the electrophoretic analysis and so on, this is
gone. We know now that most of the relevant variation is in the
enhancer regions, with completely different alteration mecha-
nisms and a fantastic DNA turnover. But gene comparisons are
very difficult. The variations are so large that it is difficult to find
rules and say aha! This variation is associated with this type of
change!

The brain

The major determinant of brain organization was long thought
to be plasticity, that is, adaptation to the external world.
There was a time – I have lived this time and you too – when the
nervous system was a matter of control of cAMP or calcium
pumps. If you have these elements you have the fundamentals of
the problem. Cell projections, target recognition; these are things
that we know are important, and indeed very relevant, but they
came to light only more recently. Maybe we didn’t have the tools;
we had the question but not the way of attacking it. I think many
things in biology have been explained by things outside – the fact
that the organism is in a complex world somehow has led to the
idea that it is the complexity of the external world that decides the
complexity of the organism. But now, I think we are learning, at
last, that there are many more internal constraints and limitations
in what the organism can do.

One of the most evanescent products of the brain is the
feeling of beauty. It is difficult to imagine that it has been
selected for, and one is left with the idea that it is a normal
product of the development of brain complexity.
The perception of beauty is so variable that you lose any feeling
of what the real bases of it are. But this variation is superficial. At
a deeper level, I think that esthetics is universal. I would incline
myself to your second explanation, that the feeling of beauty is a
by-product of the way the system perceives and finds enjoyment
in certain feelings like eating – no doubt –, in music and in other
types of perception. Then, on top of it, is memory, and on top of
that, is conscience. Conscience glues the whole thing together
and with certain elements that are references of the different
cultures. The outcome is that, in the long run, there is an enjoy-
ment in certain perceptions – what we call beauty.

In maths and physics, people are often said to appreciate the
beauty of an equation, do you have any sense of that in
biology?
No, biology is too historical. The thing that is at the core of biology
is molecular recognition; that is what maintains the building. I
don’t think beauty can be used – it can be used for personal
enjoyment, the decorative aspects of different organisms. Going
on safari and seeing lions... but I do not think it produces anything
in science, and for sure not in developmental biology. It’s just
variation. The moment we know the rules for variation, then we
start loosing interest in the particular cases.

How do you think the brain can produce discoveries?
We commented earlier that a scientist has to be somewhat
obsessed, preoccupied, turning his problem around and around.
Maybe we will never know what happens then, but I am of the
opinion that when you plant a problem in the brain – not in a
conscious way, but subconsciously – the system tries to look for
correct connections to solve this problem, and keeps trying in all
directions. If no solution is found today, then it will come tomorrow.
An obsession has this advantage that it helps to maintain the
system in this searching status for long periods!
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