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Gertrud (Trudi) Schüpbach is Emeritus Professor of Molecular
Biology at Princeton University. She was a Howard Hughes Medical
Institute Investigator between 1994 and 2014, was elected to the
National Academy of Sciences in 2005 and to the European
Molecular Biology Organization as an Associate Member in 2000,
and won the Society of Developmental Biology’s Edwin G. Conklin
Medal in 2006. She has a long-term interest in the genetic and
molecular control of oogenesis in Drosophila, work she continues in
her retirement. In this interview, conducted at the Latin American
Society for Developmental Biology’s 2019 meeting in Buenos Aires,
she surveys her career, discusses the rich seam of science that came
out of a maternal-effect screen and gives her advice for people
considering a career in research.

Let’s go back to the beginning: when did you first become
interested in science, and biology in particular?
I had always liked math, from a very young age. Therefore the
sciences were of interest to me in general; but biology won out
because it seemed the most diverse and complex. Even in high school
(the ‘gymnasium’ aswe called it in Switzerland), it felt that therewere
so many open questions that would provide lots of different
possibilities for doing science. I also preferred doing experimental
science, and that was a deciding factor that took me away from pure
math. It was great to be able to look through a microscope and see
tissues and organisms, which I had an opportunity to do at my school.
I then completed a general biology degree at the University of

Zurich, and was given another great opportunity to experience
actual science. For two semesters we were given lab space, and
every month or two a different laboratory in the Biology department
would bring in a new object for us to study. For instance, they gave
us fly strains with attached-X chromosomes, and we had to figure
out what was happening with their inheritance patterns. We were
also given planarians and Hydra to cut into pieces. It was a lot of fun,
because while we were provided with guidance, we were allowed to
come up with our own questions. I think most of us who took that
course ended up going into research.

Sowas the decision to do a PhD an obvious and easy choice?
At that time I just really loved being in the lab and doing
experiments. I thought I could worry about career and money later –
as long as I could afford to pursue a PhD, I would be happy. And so
I ended up joining Rolf Nöthiger’s lab. At Zurich there was a
tradition of working with flies and pursuing developmental
genetics. For instance, Ernst Hadorn and his group had done work
transplanting imaginal discs and seeing how fragments regenerated,

which posed fascinating questions. Shortly after I joined the
Nöthiger lab, Rolf and the rest of us students and postdocs became
very interested in mosaic analysis – it was a new and exciting
technique. My PhD was focused on using mosaics to analyse
development of the genital disc.

The good thing about having Rolf Nöthiger as my adviser was
that he was very hands off – very supportive, but he basically let us
pursue our own ideas. This approach can sometimes be to the
detriment of certain students, but in my case it really suited me, and
it gave me the opportunity to try a lot of other things aside from my
main project. When Eric Wieschaus came to the lab as a postdoc, as
well as Janos Szabad, a postdoc from Hungary, we had a lot of
stimulating discussions. We spent a lot of time in the lab, and on
Saturdays, when the University dining room was closed, we would
even cook together there. We started a new project studying
mosaicism in the larval hypoderm together, which wasn’t part of my
proscribed PhD. And then I started to look at ovaries –when I had to
dissect the genitalia for my main project, the ovaries were always
there and interesting mosaic patterns could also be observed in
them, so I became really interested in how ovaries develop. Eric and
Janos also had a project on germline development, which again
provided for interesting discussions and comparisons. Finally,
working with ovaries also spurred an interest in sex determination,
which the Nöthiger lab began to be very involved in investigating,
for example analysing the transformer genes. So sex determination
of the germline was another project I was starting to do on the side.
I usually had lots of different things going on – some, of course,
were complete failures, but it taught me that it is best in science to try
a number of experiments, because usually only some of them
will succeed.
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Given the interest in mosaicism at that time, were you
influenced by the work of Antonio Garcıá-Bellido?
Antonio García-Bellido and my advisor were actually friends, as
García-Bellido had been a postdoc in Ernst Hadorn’s lab, and Rolf
and he had met there in Zurich. Every 2 years or so we used to have
meetings – Nöthiger and García-Bellido, as well as Peter Lawrence,
and each brought some students and postdocs. In this small group,
everyone was into mosaics and what we could do with them, and
that heavily influenced my PhD. At the time, we didn’t have
molecular biology tools to follow cell determination and gene
expression patterns, but using mosaicism to study cell linages and
cell determination in terms of compartments was incredibly
powerful. Later, other labs working with Drosophila also joined
these meetings and it gave me the opportunity to meet many young
scientists who became life-long friends and colleagues.
García-Bellido was a positive influence, but he was very tough.

You’d go into Rolf’s office and García-Bellido was sitting there – you
had to explain what you’d been doing, and he would really challenge
everything you said. I think it was good for me, because Rolf was very
gentle, and wouldn’t criticise us too much, not to the extent of García-
Bellido.Hewould peppermewith questions: ‘Howdo you know this?
How many clones have you counted? Couldn’t it be an artefact?’. He
was always trying to find holes in our logic and in our approach. As
well asmakingme extra careful aboutmy data, it alsomademe think –
well, I’m going to show him! I’ll come back with the data! Having
grown up in Switzerland, I think it was good for me to experience
a much more direct, and often somewhat aggressive, challenge.

How did you come to do your first genetic screen?
Eric had moved to his first job at Heidelberg at the European
Molecular Biology Laboratory, while I stayed back in Zurich to
finish my PhD. He and Christiane Nüsslein-Volhard decided to do a
mutagenesis screen for embryonic lethal mutations. In order to
isolate those mutations you have to set up thousands of little sub-
lines. If a lethal mutation had been induced on a particular
chromosome, they then took that line and studied the embryos. But
there were many lines where no lethal had been induced, but
nevertheless had females that were homozygous for a mutagenized
chromosome, and this chromosome had the potential to carry a
mutation affecting oogenesis. So I went up to Heidelberg a couple of
times and dissected those flies to look for ovary phenotypes, and
also looked at their eggs and embryos. It soon started to look really
interesting, as there were a few mutations with specific phenotypes.
When the Heidelberg time neared its end, it was clear to Eric and

me that we would like to be together somewhere, and he wanted to
move back to the USA. We decided it would be interesting to carry
out large scale maternal-effect screens: Christiane’s lab would focus
on the third chromosome, and I would focus on the second
chromosome, and then we would exchange mutants.
In Princeton, after using a postdoc stipend I’d got from

Switzerland to do the screen, I then needed to apply for grants.
I was very lucky to get a National Science Foundation grant in 1985.
I was not yet a faculty member but in a ‘Research Biologist’ role,
and while I had isolated a number of mutants that looked interesting,
nowadays that of course would not be enough – you need more to
prove that the project is really going to work and provide
fundamental new insights. So it was really nice that NSF took that
risk with me and gave me that grant to establish my own group. Two
years later, after Jim Price, my first postdoc, had shown that the gene
that we called torpedo encoded theDrosophila homolog of the EGF
receptor, we could apply for National Institutes of Health grants, and
the lab could grow further.

Your lab’s work was defined by the mutations that came out
of the screen, particularly with regard to the dorsoventral
patterning of the egg. But I guess you had no ideawhere they
were going to lead you?
That is true, the genes corresponding to the mutants could have
encoded any type of protein. We had some luck with timing: at the
time of the screens, molecular biology began to become possible in
whole organisms. At the start of my PhD, to domolecular biology in
higher organisms was only possible for genes that produced very
highly expressed proteins like histones or haemoglobins.
I remember one day going with my advisor to a person at the
university who was establishing a molecular biology laboratory. We
told him we wanted to find the molecular nature of some of the
genes we were working on – how could we do this? He basically
told us it was going to be impossible to clone developmental genes
in Drosophila. But then, just 10 years later, people had invented
methods like chromosomal walking, and if you had enough
chromosomal aberrations such as breakpoints within your gene
you could look at the salivary glands and pin down the location of
the gene within your molecular walk. It really was transformative,
and soon the methods became even more powerful combined with
the wealth of other genetic resources we already had in Drosophila.

When you do a mutagenesis screen and end up with so many
lines, you have to decide which ones to work on. I think that in the
case of gurken (which we later found encodes a TGFα-like protein),
the ventralisation phenotype was so striking, reliable and intriguing,
and the mutants were so fully penetrant, that you could both believe
in the gene’s importance and work easily with it. Because of my
prior exposure to mosaic analysis, I tested a lot of the genes to see
whether they were required in the germline or the follicle cells.
gurken was required in the germline but torpedo (which we and
Benny Shilo’s lab later found encodes the EGF receptor) was
required in the follicle cells. So that finding stood out: you could get
ventralised eggs when either the germline (gurken) or the follicle
cells (torpedo) were affected. It pointed to a communication
between those two cell types that was necessary to establish the
whole dorsoventral pathway for the organism.

In the early 1990s I had two postdocs – Shira Neuman-
Silberberg, who was cloning gurken, and Siegfried Roth who was
cloning cornichon, a gene he’d identified while in Christiane
Nusslein-Volhard’s lab (gurken means cucumber in German, and
cornichon does in French). When gurken turned out to encode
TGFα it was immediately clear how it functioned, whereas
cornichon encoded a protein that had something to do with
secretion of Gurken, and was in a way less special, a ubiquitously
expressed ‘helper’ protein. But Siegfried is an excellent scientist and
he had noticed that that the phenotypes of gurken and cornichon
included a duplication of the anterior follicle cell fates at the
posterior of the egg, leading to a second micropile. He decided to
investigate this further and pretty quickly found out that the true null
mutations in both genes also caused aberrations in the anterior-
posterior axis formation, which led to an important insight on
axis formation during oogenesis, and he ended up with a very
nice publication. It is a good example for how an initially
unpromising story can turn around and blossom into something
important, if you’re paying attention to what may initially look like
an unexplained curiosity.

We also had other ventralising mutants which had amore variable
phenotype, and it turned out they were DNA repair enzymes. This
made them initially less obviously interesting, and frankly, baffling,
but fortunately a graduate student, Amin Ghabrial, was not daunted
by this finding – he insisted on trying to figure out why DNA repair
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enzymes would have a ventralising phenotype. He completed a
really nice story showing that the problem with the mutants arose in
meiosis, when the oocyte needs these repair enzymes. If damaged,
broken DNA is not repaired efficiently, there is a block on
development activated by a damage checkpoint, and because of that
block, Gurken protein is not produced at the right time and to the
right amount. Eventually this block is somehow relieved, egg
development resumes, but now it’s too late for correct dorso-ventral
patterning of the egg. Hence, one sees these variable, ventralised
phenotypes. Without the mutants, we would never have thought of
meiotic DNA repair as being a prerequisite in egg patterning.

How important has modelling been in your investigation of
egg patterning?
It’s been very informative. Some years ago I met a young colleague,
Stas Shvartsman, who came to Princeton working in the Department
of Chemical Engineering. His background was in modelling of
signalling pathways, like the ERK pathway, and he came to our lab
interested in whether he couldmodel something in egg patterning. He
didn’t knowmuch about flies or genetics, and I didn’t know anything
about modelling or coding, but we soon found some brave graduate
students who went back and forth between the labs and learned to do
both. It was very enriching to our research. People coming from such
a different field ask questions that initially you think are very naïve –
‘how many molecules of this factor are released?’ or ‘what’s the
concentration of that particular protein?’. You think, well, of course
we can’t measure that in flies. But why not? And would there be a
way to estimate, or at least approximate it? And often you realise
genetics can help here because it allows you to do things like halving
the dose of a receptor by using a chromosomal deficiency: then you
can measure how this affects the signalling response. Your
model then has to be able to correctly predict the outcome. Such
quantitative experiments can tell you a lot about directness, feedback,
compensation mechanisms and so on. All of these processes have
become really interesting to many of us working in development. It is
always fun in science to be confronted with something new that you
initially don’t know anything about – you can feel like a graduate
student again, which I think is a great privilege.

It is always fun in science to be confronted
with something new that you initially don’t
know anything about

Given how helpful modelling has been for you, can genetics
alone only get you so far in understanding development?
Yes, I agree, there is a limitation. This then raises the question of the
position of genetics in the field. Nowadays we do so much
genomics, and you can get long lists of transcripts in different
tissues, and now even from single cells. But once you get this list,
how do you know which ones are the important ones? Even if
you can refine your candidates, it is usually still a long list, and then
mutant analysis is vital. So there will always be a need for genetics
to test things out, even though we are now doing genetics
differently –CRISPR, morpholinos, RNAi. It’s still a very strict test
of functionality.

More broadly, which big questions will dominate
developmental biology in the next decade or two?
We’re at a very exciting point at the moment, with all these
new techniques at our disposal. Microscopy has come such a long

way – it allows us to ask new questions, and there’s still a very rich
field that we can explore. One question is mechanics in development:
we know a little in terms of actin and myosin for instance, but there’s
so much left to find out. And then combine that with the possibility
of single cell transcriptomics, where we’re really at the beginning.
People will say we found 16 cell types in a tissue during
development, but are they really 16 distinct cell types? Or are the
cells going through phases and stages, and have you just taken a
snapshot? Is all gene expression meaningful? These are very
exciting questions to ask. Even in the Drosophila embryo, you
might think everything is known, all of these genes have been
cloned and their expression patterns analysed, and so on. But you
can now visualise transcription live in the embryo, and ask about
the dynamics of a process that was previously just seen in
snapshots.

I understand you’re recently retired: are you still staying in
touch with science?
I’m now officially retired as a faculty member in the university.
I still have a lab space and an office, but no longer have graduate
students or postdocs, even though I’m still involved in collaborations
with other people’s students. I’m finding it quite fun actually not to
have that much responsibility. As a PI you hope that every one of
your graduate students and postdocs has a wonderful experience and
gets great papers and goes on to find a wonderful job. And
sometimes this just doesn’t quite work out, so you ask yourself was it
my fault, did I give them the wrong project? It’s not like anyone in
my lab really failed, but it is a bit of a relief not to have toworry about
that responsibility.

I’m still doing research – in particular I have a number of mutants
that haven’t been well characterised and which I’d like to look at a
little bit more. I’ll investigate whether they are going to be
interesting and reliable, and maybe they could be a project that could
be handed off to someone later. You can’t just give someone a
mutant, but they might take it on if you can make the case for why it
would be interesting to pursue. And then these orphan mutants
would find a home!

Do you have any advice for someone considering a career in
developmental biology?
I always tell undergraduates to read widely and find something that
interests them. The best thing to do is follow some problem that
fascinates you, and only think about your career and so on after the
PhD. I also think as a PhD student you should aim to start out with
the best conditions possible to figure out whether you like research
or not – do you have fun, are you happy in the lab? Finding a good
lab and an adviser who fits your personality is essential, and don’t
worry too much about whether it is this organism or that, or whether
it’s related to cancer or some eminently fundable problem.

After the PhD, people tend to have a good sense of what they like
to do. For instance, I’ve had really wonderful graduate students who
come to the end and tell me they don’t want to work at the bench any
more, they just don’t enjoy that type of work any longer and want to
do something else. By that time they know themselves better – the
PhD hopefully has given the students the opportunity to really
explore what excites them and matches their talents. It also comes
back to choosing the right lab: if you’re in a miserable place and you
don’t like your advisor, well of course you won’t want to carry on.
But if the experience has been good, the student knows what they
like best about science, and what types of problems fascinate them,
then it’s a question of channelling all of this into a new project and a
new laboratory and making it work.
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Is thereanythingDevelopment readerswould be surprised to
find out about you?
Since I have three daughters, there was not that much time between
lab, teaching and parenting to take up many hobbies. Actually that’s
one of the things I’m looking forward to now that I have fewer
responsibilities. For example, I’d love to play more of the piano, and
would like to travel more and not only for work. I like languages and
I want to pursue that a little bit more – Spanish would be a great
place to start, as I’m appreciating here in Buenos Aires.
But on the topic of family, I often find that young women

scientists are worried about whether they will be able to combine

family and work. And so I’d just like to say: yes, you can
combine these things successfully. Our three daughters are
happy young people and don’t seem to have held any grudges
against us, even though we were not always both there for their
school events or sports games. Having a supporting partner, of
course, helps immensely. In the end, our daughters say that they
are actually glad we were not hovering over them every minute,
they feel it allowed them to become more independent. So while
every family has, of course, to find their own balance, it should
not be a hindrance for either parent to be pursuing science at a
high level.
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