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The outline holds the basic information you need

• to test the viability of your project before you begin to write the case for support

• to cost the project

• to create checklists for writing a good case for support.

This page sets out the information to be recorded in the outline. Overleaf is an example from one of my projects.

• Outline one or more sub-projects from your chosen project.

• Can you create the outline (or at least the activities lists) for an entire project?

1 Title of Sub-project

1.1 Outcome

• Should be just one outcome

1.2 Activities

• Bullet or numbered list of all the activites needed to produce the outcome.

• Should include dissemination activities if relevant.

1.3 Skills

• Bullet or numbered list of all the skills needed to carry out the activities.

• Likely to overlap with other sub-projects.

– Should take care to use same terminology as other sub-projects.

– Could use a database approach

• Skills may determine hiring

• Will need to give evidence for skills of the tem.

1.4 Resources

1.4.1 University Resources

• Bullet or numbered list. Should be prepared to move items between this sub-list and the grant sub-list depending on
funder restrictions.

1.4.2 Grant Resources

• Bullet or numbered list. Should be prepared to move between this sub-list and the grant sub-list depending on funder
restrictions.

See overleaf for an example
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2 SURVEY OF SPATIAL-SCALE INTERACTIONS IN MOTION-PERCEPTION

2 Survey of spatial-scale interactions in motion-perception

2.1 Outcome

1. Reliable measures of incidence of coarse/fine inhibitory interactions in perception of direction of motion and of coarse-
fine reversals of motion perception.

2.2 Activities

1. Set up psychophysics lab. Write programmes for experiments

2. Recruit subjects (100)

3. Collect data on duration thresholds for correct discrimination of direction of motion using coarse stimuli, fine stimuli
and combinations of coarse+fine

4. Collect data on direction-discrimination performance with very short duration compound stimuli to identify cases
where performance is sgnificantly below chance (reversals)

5. Analyse data, plot graphs, Write reports

6. Write paper for publication

2.3 Skills

1. Visual display hardware troubleshooting, Stimulus calibration: PI/post-doc (Ideally a PhD in visual psychophysics or
neurophysiology - PI could train other PhD with programming/ data analysis skills)

2. Psychophysics: PI/Graduate - could train a programmer

3. Programming MatLab: PI, Any programmer

4. Experimental design: PI/post doc (Ideally a PhD in visual psychophysics or neurophysiology - PI could train other
PhD with programming/ data analysis skills)

5. Secretarial and administrative skills: Senior sec

6. Project management; Scheduling: Post-doc, PI

7. Lab Skills; general computer skills, spreadsheets, Data analysis: PI, Numerate graduate

8. Data Presentation & Graphics; Scientific report-writing: PI, Science graduate

9. analysis & synthesis; paper-writing: Science PhD

2.4 Resources

2.4.1 University

1. Psychophysics lab space

2. Office Space

3. Computer psychophysics setup

4. Photometer

2.4.2 Grant

1. Postdoc 100 person-days

2. PI time, 20 person days

3. Secretarial time, 10 person days ,

4. Computer tech support 5 Days

5. Lab tech support (5 days)

6. Printer (or page charges)

7. Publication Costs
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Guidance notes for creating the project outline

The project outline consists of a series of 5 lists which will be used at different stages of writing the
case for support. This document sets out what should be in the lists and suggests a way of compiling
the lists and checking that they are complete.

The first two lists, which should be broken down by sub-project, are

• a comprehensive list of all the research activities to be carried out during the project, which will
be used both to guide the writing of the description of project in the case for support and to
compile the three remaining lists, and

• a list of the outcomes of the project, which will be used in writing the background to the project.
In the simplest case these will be discoveries, new knowledge, or contributions to your discipline
or to society. Ideally, there will be one item per sub-project.

The research activities list is used to compile the remaining three lists, which are as follows.

• The third list is the skills that are needed to carry out the research activities of the project. This
list is important because in order to convince readers that the project team are competent to
carry out the project, the grant application will need to contain evidence that the PI and the
research team possess all the skills of the project.

• The fourth list is the list of resources that will be paid for by the grant requested. This list
allows you to ensure that the project is described in such a way that it is clear that all the
resources requested in the grant are necessary to carry out the project.

• The final list, the resources that will be provided by the institution, will help you ensure that the
project is described in a way that makes it clear that these resources are available, even though
they are not provided by the grant. You may also need to discuss this list with your institution in
order to secure the commitment of the necessary resources to the project.
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The first three lists are used principally as checklists but the two resources lists will also be used to
guide the calculations of costings. For this reason it may be worth developing a spreadsheet to hold
the lists.
It is useful to have the lists broken down to sub-project level and even to maintain a personal portfolio
of potential sub-projects so that new projects can be created and old projects can be adapted quickly
and with a minimum of effort.

Creating a sub-project and adding to the discoveries and activities lists

The first step in creating the lists is to generate a sub-project. There should be three or four
sub-projects in a typical project, so if you are starting from scratch you just think of a piece of research
that you want to do and that will take roughly 30% of the total time available for the project.
If you have already designed your project it is up to you how you break it down into sub-projects. The
main reason for breaking the project into sub-projects is to make it easier for committee members to
appreciate your proposal.

• If you have too few sub-projects then your project risks falling into the “probably interesting but
I’m not sure what they are going to do” pile.

• If you have too many, you risk falling into the “lots of research here but I can’t remember what it
is” pile.

Decide - or work out - what will be discovered by that piece of research and add it to the discoveries
list.
Before you put in any more work ask yourself the question “Will I be able to make a convincing case
that we need to know this discovery?” If the answer is no, then you need to discard this sub-project
and think of another.

2



If you are happy that you will be able to “sell” the discovery then build up a complete list of all the
activities that are needed to produce that outcome and add them to the activities list. When you have
done this you are ready to compile the sections of the skills and resources lists that correspond to this
subproject.

Adding to the Skills and Resources lists

Once the activity list for a sub-project has been compiled you can generate the corresponding sections
of the resources lists and the skills list.
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Staff time is probably the most complex. For each activity you need to work out who will do it, what
skills they will need and how long it will take them. Add the skills to the skills list quickly because the
time calculations can be quite complicated. Before you begin the time calculations you should also
confirm for yourself that the necessary skills will be available within the project team.
If you calculate the time in days remember that you will need to convert it into person-months and
person years. There are surprisingly few working days in a year - about 220. In many institutions the
conversions may be different for different staff categories and different again if some tasks have to be
done at week-ends and during public holidays, For academic staff (lecturers, research fellows, research
assistants) allow 20 working days in a month and 11 months in a year. For other staff take advice from
your research office.
You may need to consult the detailed rules of the funding agency and to have preliminary discussions
with your head of department in order to decide which categories of staff time will be paid for by the
grant and which by your institution. At the same time you should also get guidance on equipment,
consumables, services, space and facilities. Then you can complete the two resources lists for the
sub-project. As soon as you have completed compiling the lists for a sub-project you should check your
progress towards completing the overall project.

Progress checks after each sub-project

You do not need to do the full range of checks in the diagram until you have completed the lists for
four sub-projects. Nevertheless, you should check the resource totals after every sub-project, even the
first, in case you have already exceeded the limits for your project or are dangerously close to doing so.
Most projects are fairly heavily front-loaded in their resource consumption, so you shouldn’t expect
each sub-project to cost the same amount.
For this reason, after each sub-project you should ask yourself whether you are likely to be in the right
range when you have generated four sub-projects. If it looks as if you will exceed your budget, or if you
have already done so, then you should consider whether one or more of your sub-projects can be split
into two, or even three. It is important that you split the sub-project rather than simply trimming its
resources. For reasons we discuss in the book, a grants’ committee is actually less likely to fund an
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under-resourced project than an over-resourced one.
It is also the case, although the reasons are different, that a project that is too cheap is very unlikely to
get funded. So if your preliminary checks suggest that your budget will be well under the
recommended range then you should think about combining sub-projects or about aiming for a
different funding scheme.

Final Project Checks

Once you have four sub-projects and the resource totals are in the right range you need to check that
the four sub-projects go together to make an intellectually coherent and practical project that will
produce an outcome that justifies the funding.
You must check whether you have inadvertently created a ’hostage’. Sometimes it will be the case
that one or more of your sub-projects will not be possible or will not be worth doing unless a prior
sub-project delivers a particular outcome. If that outcome is uncertain, then those sub-projects are
hostages: their viability depends on an uncertain outcome. In my experience this is a very common
reason for failure in large projects.
If your project does look a bit cumbersome when you put together the four sub-projects, check
whether changing the order in which the sub-projects are carried out improves matters. Quite often it
does and sometimes it will even make it possible to rescue a ’hostage’.
The outcome of your research project is the sum of the outcomes of each of the sub-projects. You
need to ask yourself now whether it will be possible to make the case that the outcome will be worth
the investment you will be seeking. If you have doubts, now is the time to take advice about whether
you need more ambitious sub-projects or whether you may need to think more creatively about possible
outcomes.
If your project outline passes all these checks, then you are ready to begin writing the description of
the project in the case for support.

Andrew Derrington
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1. Eukaryotic gene expression is a highly regulated, fundamental cellular process encompassing dis-
tinct steps such as transcription, mRNA processing and nuclear export, translation and degradation
of the mRNA. In this project a novel level in the regulation of gene expression will be analyzed.
We propose that transcription and the correct processing as well as packaging of the newly synthe-
sized mRNA into an mRNP control the translation of this mRNA in the cytoplasm thus coupling
intranuclear events in mRNA biogenesis to translation. Recently, we showed that the transcription
elongation factor Ctk1 functions as a positive factor in translation elongation by phosphorylating
the ribosomal protein Rps2. According to our model, Ctk1 enhances the translation fidelity of mR-
NAs that have been correctly processed and assembled into mRNPs in the nucleus. In the project
proposed here we will analyze how the function of Ctk1 couples transcription to translation and
how Ctk1 functions in translation initiation, in support of which we have already obtained evidence.
Importantly, we will identify additional players in coupling intranuclear mRNA biogenesis events
to translation and unravel their molecular function. In addition, we will determine phosphorylated
residues on ribosomal proteins and translation factors, identify their kinases and phosphatases, and
analyze the biological significance of these phosphorylation events in translation. Moreover, the
conservation in higher eukaryotes of the biological principles obtained with our model organism S.
cerevisiae will be assessed. All these experiments are performed under the aspect that the cell uses
phosphorylation of ribosomal proteins and translation factors to control the efficient and correct
translation of a correctly processed mRNP providing a novel level of gene expression control in
eukaryotes.

2. Early mammalian development is a unique process creating an extraembryonic structure. Despite
its importance for understanding mammalian development and direct relevance to clinical practice,
the mechanism underlying polarity establishment in the mammalian embryo has long been elusive.
One of the major obstacles is the lack of description in molecular terms, since very few genes are
known to specify the early lineages. Our recent studies provide a conceptual basis, suggesting
that the mechanism is unique to mammals. The primary aim of this proposal is to elucidate the
molecular program and the novel principle of early mammalian development at a systems level.
To comprehensively identify molecules involved in early mouse development, we will conduct two
complementary screens. One is a lentivirus-based promoter-trap screen: Venus-reporter is to be
expressed under the endogenous control of the integrated genomic locus, which will be monitored
using our live-embryo imaging system. Embryos showing a differential expression pattern will be
selected for further analysis. As a complementary approach, single-blastomere-derived cRNAs are
generated from embryos of various stages by the recently developed single-cell cRNA amplification
method, followed by microarray analysis to statistically identify gene clusters differentially expressed
in specific blastomeres. Function of the genes identified in two screens will be examined by
RNAi and maternally conditional KO. Finally, the knowledge will be integrated into our computer
simulation that successfully reconstitutes blastocyst morphogenesis. In the long term, the obtained
tools (markers and Venus-trap lines) will provide a basis for functional siRNA screen. Genetic screen
in early mouse embryos has never been achieved. Though we anticipate certain difficulties, we are
confident that with the relevant expertise of collaborators and ourselves, these can be resolved
and a substantial advance will be made in this important area.

3. Unlike previously thought the nucleus is a highly compartmentalized organelle. Both the genome
and processes associated with it show non-random distribution within the nucleus. This compart-
mentalization has a fundamental impact on nuclear processes. However, the mechanisms driving
this organization are poorly understood. I hypothesize that actin plays a key role in this process.
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Nevertheless, the true potential of nuclear actin has not been fully appreciated, due to two funda-
mental open questions in this field, namely 1) what is the biological significance of nuclear actin
and 2) what is the molecular mechanism by which actin operates in the nucleus? I intend to address
these key questions by manipulating actin specifically in the nucleus, and by identifying nuclear
actin binding partners, respectively. My lab has recently identified the nuclear import mechanism
for actin, which offers us a unique tool to manipulate nuclear actin. We will therefore create cell
lines with decreased/increased nuclear actin, and analyze the sequences by using cell biological and
gene expression tools, combined with deep sequencing. This will disclose the genes that depend
on actin for their expression, and reveal the biological significance of nuclear actin in organizing
the general nuclear landscape. To unravel the mechanisms by which actin functions in the nu-
cleus, we will implement a novel multi-readout, fluorescence microscopy screen to identify nuclear
actin binding proteins, which will be analyzed by different biochemical methods. This approach
will reveal how actin is nected to nuclear machineries, and what biochemical features of actin are
required to power the essential nuclear processes. These techniques will significantly broaden our
understanding on the nuclear functions of actin, and thus likely reveal molecular mechanisms that
regulate nuclear organization, which are highly relevant to basic biological processes, such as cell
differentiation and epigenetics.

4. Chromatin undergoes fascinating structural and functional changes during the metazoan cell cycle.
It massively condenses at the beginning of mitosis with a degree of compaction up to fiftyfold higher
than in interphase. At the end of mitosis, mitotic chromosomes decondense to re-establish their
interphase chromatin structure. This process is indispensable for reinitiating transcription and
treplication, and is thus of central importance in the cellular life cycle. Despite its significance to
basic research as well as its potential medical implications, postmitotic chromatin decondensation
is only poorly understood. It has been well described cytologically, but we lack an understanding
of the underlying molecular events. We are ignorant about the proteins that mediate chromatin
decondensation, the distinct steps in this multi-step procedure and their regulation.Using a novel
in vitro assay, which recapitulates the process in the simplicity of a cell free reaction, we will
identify the molecular machinery mediating postmitotic chromatin decondensation and define the
different steps of the process. The cell free assay offers the unique possibility to isolate and purify
activities responsible for individual steps in chromatin decondensation, to identify their molecular
composition and to analyse the molecular changes they induce on chromatin. Accompanied by
live cell imaging in mammalian tissue culture cells, the proposed approach will not only facilitate
the elucidation of the factors involved in chromatin decondensation, but will also provide insight
into how this process is integrated into mitotic exit and nuclear reformation and linked to other
concomitant processes such as nuclear envelope assembly or nuclear body formation.Thus, using an
unprecedented approach to study the ill-defined but important cell biological process of postmitotic
chromatin decondensation, we aim to expand the frontiers in our knowledge on this topic.

5. In eukaryotic cells the DNA is packaged into nucleosomes and higher order structures which lead
to a condensation and protection of the DNA. During important cellular processes such as tran-
scription or replication access to the DNA has to be granted. This is facilitated by ATP dependent
nucleosome remodelling. The mechanistic details how the involved remodelling complexes succeed
in providing access to the nucleosomal DNA are currently in spite of large experimental efforts not
well understood. The aim of the proposal is to unravel the molecular mechanism of nucleosome re-
modelling using single-molecule fluorescence resonance energy transfer (FRET). By putting labels
on the nucleosomal DNA, the histones or the remodellers we will - step by step - determine the
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conformational changes that occur during remodelling and use this information to build a mecha-
nistic model. We will also use the controlled assembly of 30 nm fibers from purified components in
order to determine how remodelling occurs in this structurally restricted environment. The large
size of the chromatin fibers will dictate that in addition to FRET measurements, which will again
be used to investigate local motion, super-resolution microscopy need to be employed to obtain
information about long-distance movements. To this end we will use stochastic optical reconstruc-
tion microscopy (STORM), which allows for accuracy below 10 nm, thus ideally complementing
the FRET approach. In summary our experiments will lead us to a mechanistic understanding of
ATP dependent nucleosome remodelling, both on mono-nucleosomes as well as in higher order
structures. This knowledge will in return stimulate new initiatives aimed at understanding the
nature and regulation of chromatin dynamics in vivo.

6. For cells and organisms to survive and propagate, they must accurately pass on their genetic
information to the next generation. Errors in this process may arise from spontaneous mistakes in
normal cellular metabolism or from exposure to external agents, such as chemical mutagens and
radiation. To protect themselves from the consequences of DNA damage, cells have evolved a
vast array of pathways DNA repair mechanisms, each optimised for the resolution of a particular
problem. One method of DNA repair, called homologous recombination (HR), involves using intact
undamaged DNA sequences as a template to repair the damaged copy. HR is used extensively in
meiotic cells to repair DNA breaks that are purposely created by the cell. In this context, HR is
not just a repair mechanism, but also a method to drive interaction and genetic exchange between
maternally and paternally inherited chromosomes, creating haploid genomes which are chimeras
of the parental genetic information.Thus, the study of DNA repair and recombination informs
our understanding of mechanisms that maintain genome stability, but which also generate genetic
diversity, topics that are as critical to the survival of an individual cell as they are for the evolution
and survival of an entire ecosystem. In recent decades a great deal has been learned of the genetic
and biochemical control of the DNA repair and recombination mechanism. In general we infer
gene function from what happens (or doesnt happen) when we mutate a pathway of interest, and
use biochemistry to test function using surrogate, simplified in vitro assays. Here, to bridge the
divide between these classic approaches, I propose to develop biochemical methods using intact
chromatin prepared from living cells. I believe that integrating chromatin biochemistry, with cell
biology and genome-wide analysis will enable a new mode of scientific investigation, detailing how
molecular reactions occur on biologically-relevant chromosomal substrates.

7. Bacterial dehalorespiration is a microbial respiratory process in which halogenated hydrocarbons,
from natural or anthropogenic origin, act as terminal electron acceptors. This leads to effective
dehalogenation of these compounds, and as such their degradation and detoxification. The bac-
terial species, their enzymes and other components responsible for this unusual metabolism have
only recently been identified. Unlocking the full potential of this process for bioremediation of per-
sistent organohalides, such as polychlorinated biphenyls (PCBs) and tetrachloroethene, requires
detailed understanding of the underpinning biochemistry. However, the regulation, mechanism
and structure of the reductive dehalogenase (the enzyme responsible for delivering electrons to
the halogenated substrates) are poorly understood. This ambitious proposal seeks to study repre-
sentatives of the distinct reductive dehalogenase classes as well as key elements of the associated
regulatory systems. Our group has been at the forefront of studying the biochemistry underpinning
transcriptional regulation of dehalorespiration, providing detailed insights in the protein CprK at
the atomic level. However, it is now apparent that only a subset of dehalogenases are regulated
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by CprK homologues with little known about the other regulators. In addition, studies on the
reductive dehalogenases have been hampered by the inability to purify sufficient quantities. Using
an interdisciplinary, biophysical approach focused around X-ray crystallography, enzymology and
molecular biology, combined with novel reductive dehalogenase production methods, we aim to
provide a detailed understanding and identification of the structural elements crucial to reductive
dehalogenase mechanism and regulation. At the same time, we aim to apply the knowledge gath-
ered and study the feasibility of generating improved dehalorespiratory components for biosensing
or bioremediation applications through laboratory assisted evolution.

8. The complex functions of a living cell are carried out through the coordinated activity of many
genes. Since transcription is a key step in establishing such coordinated activity, much effort was
devoted to its study, and tremendous progress was made in identifying many of the transcription
factors and regulatory DNA elements involved in the regulation of specific systems. However, very
few attempts were made at going beyond these phenomenological and qualitative descriptions.
Consequently, we are far from a quantitative and predictive understanding of transcriptional reg-
ulation. Through this program, I aim to develop a mechanistic understanding of transcriptional
regulation, and for the first time model the entire process. We wish to go much beyond identifying
and qualitatively describing the involved components, and arrive at a quantitative understanding
of how transcriptional programs are encoded in the DNA sequences. To this end, my team and I
will first work to mechanistically understand various building blocks of the transcriptional system,
including: mechanisms of activation and repression; binding cooperativity; binding competition;
transcription factors and chromatin interplay; architectural features of promoters that are impor-
tant for its function; and the transcription functions computed by promoters. Since existing data
are clearly insufficient for addressing such questions, I have opened an experimental lab and began
to assemble a multidisciplinary team of scientists whose expertise span the experimental biology,
computer science, physics, statistics, and mathematics disciplines, that will work synergistically
to generate the appropriate data, analyze it, and use it to construct and experimentally validate
models for the above transcriptional building blocks. We will then integrate all the insights gained
into unified and quantitative models that should significantly enhance our understanding of the
mechanistic workings of transcriptional regulation.

9. My goal is to identify novel genetic factors that regulate normal and pathological anxiety. Anxiety
disorders are complex diseases with genetic and environmental susceptibility factors. Stressful
life events, especially in childhood are well-known risk factors for anxiety disorders. We have
previously used inbred mouse strains to identify genes underlying innate anxiety. Here I propose a
new approach using a mouse model of anxiety induced by social stress to identify gene regulatory
networks, to show the causality of the selected networks in vivo, and to investigate involvement of
these networks in the genetic predisposition to human anxiety disorders. Gene regulatory networks
will be identified by using massively parallel sequencing methods (i.e. miRNA-seq and mRNA-seq).
We will generate from four brain regions known to regulate anxiety a complete gene and miRNA
expression atlas, which is used to identify genes, transcripts, miRNAs and isomiRs differentially
expressed between anxious and trol animals. Pathway and network analysis tools are employed to
identify molecular pathways affected by induced anxiety. Datasets sisting of different levels of data
from individual brain regions will then be integrated in light of existing molecular and anatomical
information to struct draft network models that will be curated, filtered and enhanced. On the
basis of these models, we will generate specific hypotheses that are tested in vivo in mice to show
the causality of the most interesting networks. To identify the networks important for human
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anxiety disorders, we have access to a unique population-based cohort from Finland characterized
for anxiety disorders. Candidate genes and miRNAs from selected networks are tested in a genetic
association analysis. This multidisciplinary project will increase understanding of the genetic and
neurobiological basis of anxiety in mouse and human, and has potential to provide targets for the
development of improved anxiolytics.

10. Ribonucleic acid (RNA) is a large class of macromolecules that plays a key role in the communica-
tion of biological information between DNA and proteins. RNAs have been also shown to perform
enzymatic catalysis. Recently, numerous new RNAs have been identified and shown to perform
essential regulatory roles in cells. As with proteins, the function of RNA depends on its structure,
which in turn is encoded in the linear sequence. The secondary structure of RNA is defined by
canonical base pairs, while the tertiary (3D) structure is formed mostly by non-canonical base
pairs that form three-dimensional motifs. RNA is similar to proteins in that the development of
methods for 3D structure prediction is absolutely essential to functionally interpret the information
encoded in the primary sequence of genes. For proteins there are many freely available methods for
automated protein 3D structure prediction that produce reasonably accurate and useful models.
There are also methods for objective assessment of the protein model quality. However, there are
no such methods for automated 3D structure modelling of RNA. There are only methods for RNA
secondary structure prediction and a few methods for manual 3D modelling, but no automated
methods for comparative modelling, fold-recognition of RNA, and evaluation of models. Only
recently a few methods for de novo folding of RNA appeared, but they can provide useful models
only for very short molecules. Recently, inspired by methodology for protein modelling, we have
developed prototype tools for both comparative (template-based) and de novo (template-free)
modelling of RNA, which allow for building models for very large RNA molecules. These tools
will be further optimized and tested. The major goal is to developed tools for RNA modelling to
the level of existing protein-modelling methods and to combine RNA and protein-centric methods
to allow multi-scale modelling of protein-nucleic acid complexes, either with or without the aid of
experimental data. This proposal also includes the development of methods for the assessment of
model quality and benchmarking of methods. The software tools and the theoretical predictions
will be extensively tested (also by experimental verification of models), optimized and applied to
biologically and medically relevant RNAs and complexes.

11. The greatest differences between mammals are size. As well, the large evolutionary expansion
of the cerebral cortex is a defining feature humans. Despite this, much remains to be learnt
about the developmental and evolutionary factors controlling organ and organism size. This is
in marked contrast to the exquisite detail in which developmental patterning has been defined
in model organisms. The identification of genes for human disorders of extreme growth failure
(micro-cephalic primordial dwarfism) provides a means to gain new insights into the regulation
of human brain and body size. I have identified eight genes regulating cerebral cortex volume
and organism size, all of which encode fundamental components of cell machinery regulating cell
division. This proposal aims to ascertain the genes causing the other 85% of primordial dwarfism,
and define their cellular and developmental functions.The central hypothesis for the proposed
work is that such primordial dwarfism and microcephaly genes are components of common cellular
pathway(s) relevant to organ and organism growth. I propose to pursue complementary approaches
involving human disease gene identification, cell biology studies, and model organisms, to address
this hypothesis and further define the pathogenesis of these conditions. These cross-disciplinary
studies will contribute to our understanding of vertebrate growth regulation and help us understand
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how the human brain evolved. They may provide insights into neural stem cell division relevant
to brain repair. Finally and not least, regulation of DNA replication, centrosome function and
DNA damage response signalling are key cellular processes perturbed in many important human
diseases, from developmental disorders to cancer.

12. Our knowledge of the functioning of eukaryotic cells has emerged from thorough investigation
of the molecular mechanisms driving cellular events. However, the complexity of the underlying
regulatory networks has made it difficult to understand the core control of essential functions. In
the same way that model organisms were chosen for their ease of manipulation or simplicity, model
pathways need to be developed to decipher the design principles of regulatory circuits. Using fission
yeast, I demonstrated the possibility to replace cell cycle control by a simple synthetic system in
vivo and proposed a novel paradigm for the core cell cycle engine. This established the foundation
for the proposed projects, which use a synthetic approach to dissect the organisation, complexity
and evolution of cellular reproduction.Our work will focus on four axes of research. First, we will
investigate the properties of the cyclin dependent kinase (CDK) circuit that ensure reproducibility
of cell cycle sequence between cells. Next, we will assess CDK activity dynamics and study their
role in progression through cell cycle transitions as well as in the maintenance of population
homogeneity. Third, we will investigate the rationale behind the complexity in cell cycle control
observed in modern cells, as my previous work has demonstrated that entire branches of the
network are dispensable. This will finally lead us to take a unique approach to explore evolutionary
principles, assessing how cells operating with simplified CDK circuits adapt and overcome defects
in cell cycle progression. These studies relying on mathematical modelling and synthetic rewiring
of cell cycle control will shed light on fundamental aspects of this essential process and bring new
perspectives to our understanding of its evolution. As cell cycle progression is a foundation of
cellular life, our work will have important implications for multicellular organisms and pathological
situations.

13. Organisms and cells face a myriad of environmental changes with periods of nutrient surplus
and shortage. It is therefore not surprising that in all kingdoms of life, cells have evolved the
means to store energy and thereby minimize the effects of environmental fluctuations. While the
capability for energy storage has obvious advantages, deregulated energy accumulation can also
be detrimental and is the hallmark of many diseases such as obesity.In most cells energy is stored
as neutral lipids in a dedicated cellular compartment, the lipid droplets (LDs). LDs are found
in virtually every eukaryotic cell and play a central role in cellular lipid and energy metabolism.
Despite their ubiquitous presence and importance, the physiology of LDs is poorly understood.
LDs are composed of a single lipid layer and therefore distinct from all other cellular compartments.
How do LDs originate at the endoplasmic reticulum (ER) and what is the machinery involved? How
is the size, number and the storage capacity of the LDs regulated? How are specific proteins and
lipids targeted to LDs? Addressing these questions is fundamental for understanding the life cycle
of LDs and for a global picture of the cellular energy homeostasis.The main goal of this proposal
is to reveal the molecular mechanisms controlling neutral lipid dynamics and their storage in LDs.
We will focus specifically on the role of the endoplasmic reticulum in the biogenesis of LDs. First,
we will identify the ER protein complexes required for LD formation and regulation. Second, we
will develop an assay to dissect the targeting of proteins to LDs. Finally, we will develop a cell-free
system that recapitulates the biogenesis of LDs in vitro. Altogether, our strategy constitutes a
systematic, in-depth analysis of LD dynamics and will lead to significant insight on the mechanisms
of cellular energy storage. Our findings will likely offer a better understanding of human pathologies
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such as obesity and lipodistrophies.

14. Understanding how cells control their shape is an important scientific goal, since cells in our body
constantly need to undergo shape changes to perform vital tasks such as growth and division.
Conversely, abnormal cell shape changes contribute to life-threatening diseases such as cancer
and developmental disorders. I propose to resolve the physical basis of active cell shape control
by studying minimal cells built from purified cellular components. The main determinant of cell
shape in animals is the actin cortex beneath the cell membrane, which contains molecular motors
that actively generate forces. There is growing evidence that cells tightly balance these active
forces with passive forces arising from cortex-membrane adhesion and elasticity. However, it is
unclear how these forces are generated and controlled on the molecular level given the enormous
complexity of cells. To circumvent this complexity, we will reconstitute cell-free actin networks and
couple them to model biomembranes with the essential cellular linker protein septin. Using various
advanced microscopy techniques, we will study (1) how active cortical networks and lipid bilayers
influence each other’s spatial organization; (2) how active cortical networks control membrane
shape; and (3) how spatial gradients in cortex contractility can cause cell shape polarization. My
long-term ambition is to bridge the gap between the physical properties of cell-free model systems
and biological functions in living cells. Thanks to recent breakthroughs in our understanding of
the biophysical properties of contractile actin networks, we can now build more relevant cell-free
model systems that can mimic active cell shape changes. To test the biological relevance of our
findings, we will confront our results with live cell observations in fly embryos, together with a
developmental biology group. Ultimately, the model cells developed here will enable a wide range
of further studies of cellular (mal)functions.

15. Accurate partitioning of the genetic material during cell division is critical for genetic stability.
Defects in chromosome segregation produce aneuploidy, an unequal distribution of chromosomes
between daughter cells, which is cause of developmental defects, and one of the cancer hallmarks.
To ensure error-free transmission of chromosomes, feedback control systems verify that processes
at each stage of the cycle have been completed before progression into the next stage. In par-
ticular, the spindle assembly checkpoint prevents initiation of anaphase until chromosomes attach
properly to the spindle, whereas the NoCut checkpoint, which I identified, delays cytokinesis until
chromosome segregation is complete. The discovery of NoCut, which is conserved from yeast
to humans, reveals that eukaryotic cells monitor chromosome segregation during anaphase. The
molecular mechanisms of this, and potentially other anaphase feedback controls remain obscure.
The goal of this proposal is to achieve a detailed understanding of the mechanisms coordinating
chromosome segregation and cytokinesis. Key to this task will be the experimental manipulation
of chromosome architecture in budding yeast, which allows the generation of cells with extra long
chromosome arms. Using this strategy, we have already uncovered one novel feedback system,
which monitors axial chromosome compaction during anaphase. We will investigate this and other
anaphase controls through a multidisciplinary approach, which combines genetic techniques with
state-of-the-art live cell microscopy, genomics and proteomics. We will characterize the feedback
mechanism controlling chromosome compaction, and the molecular basis of chromosome segrega-
tion errors during anaphase. The relevance of these novel processes will be confirmed by analysis
of cell division in animal cells and in a Drosophila tumour model. These approaches will advance
our understanding of how eukaryotic cells prevent aneuploidy and tumourigenesis.

16. Global changes in patterns of neuronal activity or brain state are the first phenomenon recorded in
the awake human brain (1). Changes in brain state are present in recordings of neocortical activity
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from mouse to man. It is now thought that changes in brain state are fundamental to normal brain
function and neuronal computation. Despite their importance, we have very little idea about the
underlying neuronal mechanisms that generate them or their precise impact on neuronal processing
and behaviour. In previous work we have characterised brain state changes in a well characterised
model for neuroscience research the mouse whisker system. We have recorded changes in the brain
state in mouse cortex during whisker movements (2). In this proposal, we aim to use the mouse
whisker system further to investigate the mechanisms and functions of changes in brain state.
First we will use state of the art techniques to record and manipulate neuronal activity in the
awake, behaving mouse to investigate the network and cellular mechanisms involved in generating
brain state. Second we will use 2-photon microscopy to investigate the impact of brain state on
excitatory and inhibitory synaptic integration in vivo. Finally we will use behaviourally trained
mice to measure the impact of brain state changes on sensory perception and behaviour. This
proposal will therefore provide fundamental insights into brain function at every step: mechanisms
of changes in brain state, how neurons communicate with eachother and how the brain controls
sensory perception and behaviour. References 1 Berger H (1929) Archiv fur Psychiatrie und
Nervenkrankheiten 87:527-570. 2 Poulet JFA, Petersen CC (2008) Nature 454:881-885.

17. The process of adaptation to novel environments is of extraordinary importance to understand the
existence of biological diversity. The development of a theory of adaptation during the last 150
years identified natural selection as its cause, and the conditions under which it depends on the
existence of the heritable variation encoded in DNA sequences, introduced in finite populations by
mutation, recombination and migration. Despite the considerable knowledge about the mechanism
of evolution, an understanding of genetic basis of adaptation remains both a theoretical and an
empirical challenge. In this project we propose to conduct an unprecedented large scale evolution
experiment with the androdioecious nematode Caenorhabditis elegans, under varying levels of
outcrossing rates, initial standing genetic variation and frequency of environmental change. With
the integration of information from several levels of structural organization, from fitness-proxy
and life-history phenotypes to genome wide RNA expression, it will be possible to determine
the several genetic and environmental components of diversity. Furthermore, we will perform
whole genome linkage disequilibrium (LD) association mapping with experimental evolution, thus
determining at the DNA sequence level how the genome is organized and how it feeds back into
the population genetic dynamics. Tests of evolutionary theory will be conducted with the data
collected. Directional natural selection is expected to maintain genotype diversity, when there are
non-linear interactions among several loci. But predominantly stabilizing selection will erode this
genetic diversity. While in the first scenario outcrossing will be favoured, in the second it will be a
hindrance to adaptation. After an initial characterization, we will work with ~90 populations and
measure >104 phenotypes. For mapping we will assay an estimated 106 genotypes. Most of the
analytical tools have already been developed.

18. Sex differences in life span and aging are ubiquitous across the animal kingdom and represent a
long-standing challenge in evolutionary biology. In most species, including humans, sexes differ
not only in how long they live and when they start to senesce, but also in how they react to
environmental interventions aimed at prolonging their life span or decelerating the onset of aging.
Therefore, sex differences in life span and aging have important implications beyond the questions
posed by fundamental science. Both evolutionary reasons and medical implications of sex differ-
ences in demographic, reproductive and physiological senescence are and will be crucial targets
of present and future research in the biology of aging. Here I propose a two-step approach that
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can provide a significant breakthrough in our understanding of the biological basis of sex differ-
ences in aging. First, I propose to resolve the age-old conundrum regarding the role of sexspecific
mortality rate in sex differences in aging by developing a series of targeted experimental evolution
studies in a novel model organism the nematode, Caenorhabditis remanei. Second, I address the
role of intra-locus sexual conflict in the evolution of aging by combining novel methodology from
nutritional ecology the Geometric Framework with artificial selection approach using the cricket
Teleogryllus commodus and the fruit-fly Drosophila melanogaster. I will directly test the hypoth-
esis that intra-locus sexual conflict mediates aging by restricting the adaptive evolution of diet
choice. By combining techniques from evolutionary biology and nutritional ecology, this proposal
will raise EU s profile in integrative research, and contribute to the training of young scientists in
this rapidly developing field.

19. How genome organisation and architecture respond to variations in selection regimes is indeed
poorly known at the microevolutionary scale. Supergenes are tight clusters of genes which si-
multaneously control the variation of various components of a complex trait, involving elements
with different ontology1-4. Supergenes typically evolve in response to strong epistatic selection
between neighbouring genes.They are usually maintained by some form of balancing selection, but
the modalities of their evolution are still obscure and require empirical investigation. I propose
to take advantage of the remarkable supergene controlling wing-pattern mimicry balanced poly-
morphism in the tropical butterfly Heliconius numata to investigate the structure and evolution
of supergenes at the molecular level. The supergene P is a positional homologue of a loose clus-
ter of loci controlling wing pattern mimicry in a related species. Positional cloning revealed the
supergene is situated in a local inversion. Recombination is largely suppressed around P and two
groups of haplotypes segregate in perfect association with wing pattern in natural populations.I
propose to investigate the detailed structure of the inversion breakpoints and gene shuffling to
test the working model of supergenes arising by rearrangement of distant ancestral loci. Using
population genetics I propose to survey genetic diversity and look for signatures of balancing se-
lection on the genes composing the supergene inversion. We will test for the effect of balancing
selection in a patchy habitat, which has received little empirical data. We are now very close to
genetically characterise the major loci controlling spectacular adaptations, involved in speciation
and radiations, and determining species coexistence.

20. Our objective is to gain a greater understanding of the molecular mechanisms regulating chro-
mosome segregation during mammalian meiosis. Meiosis consists of two rounds of chromosome
segregation, in which bivalent chromosomes are first converted to univalents and then univalents
to single chromatids. We are taking two approaches to study these mechanisms in the mouse, with
the ultimate goal of understanding better the equivalent processes in women. We have adopted
a genetic approach in which oocytes with specific gene deletions are observed in real time using
time lapse microscopy as they undergo the first and second meiotic divisions. Our first approach
recognizes that many if not most of the proteins that drive meiosis are also involved in mitosis
and are therefore essential for development and oogenesis. To create oocytes that lack these
proteins, we have developed a method that removes the proteins specifically from oocytes that
have undergone recombination but before they undergo chromosome segregation. Briefly, we use
the Zp3-cre transgene to delete both copies of floxed alleles of genes known to be important for
mitosis during the growing stage of oocytes. Since the generation of conditional alleles is relatively
labour-intensive, this approach is only applied to a few specific genes about which we have posed
very specific questions as to their function during meiosis. The approach is hypothesis-driven and
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its limitation is that new unknown players will be not be discovered. We therefore plan to comple-
ment this approach by one that could identify genes required for the meiotic divisions for which
there is no prior knowledge of their function. Our second approach relies on identifying sterile
or sub-fertile mutants in a large-scale screen of novel knockout mice carried out by the Mouse
Genetics Programme at the Wellcome Trust Sanger Institute. We test whether these mutants
still produce oocytes and, if so, analyse them using live-cell imaging technology and chromosome
spreads. Mutants displaying defects in chromosome segregation provide candidates for proteins
that might deteriorate in aging oocytes and could explain the maternal age effect. To date, we
lack an understanding of the phenomenon that the risk of producing aneuploid oocytes increases
by more than two logs in human females between the ages of 24 and 45. Our research aimed at
identifying novel regulators of meiotic chromosome segregation will eventually provide insight into
chromosome non-disjunction in older women.

21. The synaptonemal complex is a tripartite proteinaceous structure that connects homologous chro-
mosomes lengthwise during midprophase/pachytene. Its disassembly is the first, dramatic hallmark
of the progression of cells to the first meiotic nuclear division. At this time, crossovers are ob-
served in molecular assays and chiasmata become cytologically distinguishable. Monopolin loading
has also taken place, facilitating that sister kinetochores co-orient. All of these events promote
homologous chromosomes to segregate to opposite poles during the first meiotic division, thereby
avoiding aneuploidy formation in the gametes. We propose to determine how these events co-
ordinated with cell cycle progression. We have recently demonstrated that two highly conserved
kinases, Ipl1/Aurora kinase and Cdc5/Polo-like kinase, promote SC disassembly. In ipl1Aurora
mutants, SCs are retained in 80% of cells that have transited to diplotene or metaphase I. How-
ever, crossover completion and cell cycle progression occur normally, suggesting that Ipl1Aurora
links SC disassembly to other events occurring upon pachytene exit. The SC disassembly defect is
different in cdc5Polo mutants: numerous, distinct, SC foci are retained at post-pachytene stages.
These observations suggest that SCs may not be homogenous structures and that at least two
mechanisms promote disassembly. In this programme of work, we propose to study SC disassembly
and the integration with crossover formation in the model organism budding yeast. Budding yeast
has proved a very good model for understanding crossing over and the SC in higher organisms, in-
cluding mammals. We have designed cytological, molecular, and proteomic experiments to assess
how the SC disassembles, where in the genome Zip1 is retained in the ipl1Aurora and cdc5Polo
mutants and how Ipl1Aurora might be regulated. Furthermore, we have developed protein kinase
assays that should allow us to identify Ipl1Aurora and Cdc5Polo-specific phosphorylation events,
with a view to understand the mechanistic regulation of SC disassembly and crossover formation.
We have set up relevant collaborations for the various techniques with world leaders in their fields
in order to maximize the probability of success. We envision that our studies will provide valuable
insights into a basic biological phenomenon in addition to generating a good model system for
understanding meiotic regulation in humans.

22. Gene Expression This will be a coherent research programme combining several complementary
threads of investigation focused on eukaryotic posttranscriptional gene expression, using yeast
as a model system. The first component will be the development of a comprehensive systems
model for rate control in the eukaryotic translation pathway and in the route that leads mRNA
molecules into pathways of degradation. This work will be enhanced to incorporate spatial and
temporal resolution into the analysis via an approach termed Spatially (and Temporally) Resolved
Molecular Systems Analysis [SReMSA (STReMSA)]. This will provide a detailed, quantitative
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platform for understanding the dynamic control and regulation of eukaryotic posttranscriptional
gene expression. The above systems approach will be complemented by a series of structural, allied
to functional, studies at the molecular level that will provide the mechanistic detail that is needed
for an understanding of component steps in the pathways. X-ray crystallography, NMR and cryo-
EM will all be used to enhance our structural understanding of the ribosome and its complexes with
translation factors, and of key components of the mRNA decay pathway. Mechanistic studies will
involve the use of FRET, EPR, fast reaction spectroscopy and single molecule studies (particularly
AFM and TIRFM). Various forms of modelling will be used to analyse the data generated in
this research programme, including rate control modelling, local dynamics and kinetic modelling,
intermolecular interactions modelling, and structural modelling.

23. Multifunctional eukaryotic regulatory proteins and their viral functional equivalents control gene
expression by interacting with mRNAs in large macromolecular aggregates. Dissection of the
molecular basis of post-transcriptional regulatory mechanisms has a direct medical relevance, as
changes in the regulation of mRNA metabolism lie at the basis of common genetic diseases, cancer
and viral infection. Current therapies for these diseases do not focus on the post-transcriptional
steps of regulation but rather on the transcriptional ones, that are better understood. Our aim
is to clarify the structure-function relation that is at the basis of mRNA recognition by post-
transcriptional regulatory proteins and to suggest strategies to control this recognition. ||Adenine-
uracil-rich element (ARE)-mediated mRNA decay (AMD) regulates the concentration of mRNAs
that contain AREs within their 3 untranslated regions (3 UTRs) by promoting their degradation.
Transient AMD shut-off up-regulates the stability of these mRNAs and is important for processes
that require a fast response of the organism such as cellular growth, immune response, cardiovas-
cular toning and external stress-mediated pathways. However, impaired AMD and the consequent
pathological long-term increase in the stability of a subset of mRNAs have been related to sev-
eral types of cancer (skin tumours, colorectal cancer, Hodgkins lymphoma, lung carcinoma and
leukaemia) and auto-inflammatory diseases (Crohn-like inflammatory bowel disease and inflamma-
tory arthritis). K-homology splicing regulator protein (KSRP) is an important player in AMD that
interacts with several different AREs mediating the degradation of the corresponding mRNAs. Our
work centers on the analysis of the structural and functional elements that contribute to KSRP-
RNA interactions and to mRNA degradation. We are studying the structure and dynamics of the
different domains of the protein and investigated their relationship to mRNA degradation. Using
structural and functional information, we plan to dissect the details of the interaction with the
RNA and help the design of a strategy for the tuning of KSRP activity.||Herpes viridae induced
infections are a major threat to immunodepressed patients, increasing the risk of transplants and
chemotherapy and reducing the life expectancy of AIDS sufferers. Current herpes virus therapies
(e.g. Acyclovir) aim to block the synthesis of new DNA, but resistance to these treatments is
increasing.||Successful viral replication is achieved through the tightly regulated expression of viral
genes. A key component of the regulatory mechanism is ICP27, an essential HSV-1 RNA binding
protein that regulates protein expression, both at the transcriptional and post-transcriptional level.
We will study both ICP27 and the mechanism of post-transcriptional regulation acted upon by this
protein, in particular 3 mRNA editing. Using the same strategy described above for the protein
KSRP, we will obtain a better understanding of the regulatory cycle of the virus and define spe-
cific structural features amenable to structure-aided drug design. ||Keywords: Post-transcriptional
regulation, cancer, herpes virus, structural biology, RNA-protein interaction
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