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Thea Cunningham: What research are
you working on?

Ben Lehner: Our main interest is in
why individuals are phenotypically
different. We are particularly interested
in why a genome sequence is not
enough information to predict an
individual’s character.

TC: What is meant by phenotype?

BL: The phenotype is all the
characteristics and properties of an
individual. We are looking at severe
phenotypes like life and death.

We know from studying model
organisms like mice and the nematode
Caenorhabditis elegans that when you
have organisms with identical genomes
carrying the same harmful mutation,
sometimes only some of the individuals
are affected. This variation is not down
to their environment, because they

are in the same environment. It is not
due to their genome sequence either,
because they have the same genome. It
is not nature and it is not nurture, it is
something else.

TC: If genes or environment are
not determining this variation in
phenotype, what is?

BL: We think some variation happens in
early development. We all start as one
cell with half of our genome inherited
from our mother, and half from our
father. Whether a genetic mutation

you inherit has an effect can depend

on the extent to which other genes are
switched on or off at particular stages
of development.

TC: So this interplay between genes
can have a dramatic effect?

BL: We know that this is true in single
celled organisms like bacteria and
yeast, and in simple multicellular
animals like nematodes. Nearly
everything we know about human
diseases comes from work on bacteria,
yeast, viruses and other simpler
systems. These phenotypes are
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obviously different but the general
principles of genetics still apply.

TC: What type of change in gene
expression can result in a different
phenotype?

BL: One example we study in C. elegans
is a mutation in a transcription factor
that controls the expression of other
genes. Half of the nematodes inheriting
this mutation die after embryogenesis.
The remainder are absolutely fine.

The effect of this mutation depends

on the activity of two other genes
during development. One is another
transcription factor, and the other is
part of the core cell machinery, proteins
that help the folding of other proteins.
If we measure the levels of these two
other genes, how much they’re being
switched on or off, then we can better
predict whether this mutation will have
an effect.

TC: Are we able to predict whether
a person will be born with a certain
trait or risk of disease?

BL: This would be very difficult in
humans. The reason we can do it

in model organisms is because we
can measure how much genes are
being switched on and off during
development. For adult phenotypes,
it might work if you find a phenotypic

APPLICATION DEADLINE — 15 JANUARY 2014

We invite biological and biomedical researchers not older than 35 years, working in Europe, to apply for the

trait to measure that reflects this
variation, such as a protein in the
blood or a metabolite, and you knew
how to connect that with genetics. For
predictive or personalised medicine,

it will have to be a combination of
understanding the genetics and
measuring something about each
person, and then combining those
data together to make predictions. |
don't think you will be able to do it
with the genome sequence alone. We
know of thousands of genes associated
with particular diseases. This is very
different, however, to being able to
sequence a person’s genome and
predict what is going to happen to
them. That is still a long way off for
most common diseases.

TC: Is this something you are working
towards?

BL: A patient going into hospital does
not want to know the typical outcome
for a patient with the same mutation:
they want to know what will actually
happen to them. We are using these
simple organisms to figure out how
to do that. How can you measure
something about an individual after
they develop, and use that information
in combination with genetics to make
accurate predictions? This is what we
really want to understand.
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