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INTRODUCTION

This has been an exciting and successful yvear for the Institute in a
number of ways. First, we have been delighted to welcome two new

. group leaders to the Gurdon. Eugenia Piddini joined us from Dr
Jean-Paul Vincent's group at the National Institute of Medical Research,
and has set up a group investigating the role of cell competition in
development and cancer. Eugenia has been awarded a Royal Society
Research Fellowship and has also obtained a Cancer Research UK
programme grant to support her work. She is joined by Rafael Carazo-
Salas, who moved with his group from the ETH in Zurich. Rafael is
supported by a European Research Council starting grant and is taking
systems biology approaches to investigate how fission yeast cells
control their shape and microtubule cytoskeleton as they grow.We
are also very pleased to have recruited Jenny Gallop, whao will join the
Gurdon next summer from Marc Kirschner's group at Harvard Medical
Schoal. Jenny's arrival will enhance our expertise in superresolution
total internal reflection fluorescence Imaging and In vitro reconstritution
with her studies on how filopodia form in vitro and in vivo.
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Much of my time this year has been taken up by preparations for the
five-year review of the Institute by the Wellcome Trust
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THE INSTITUTE IN 2010

CENTRAL SUPPORT SERVICES

The Institute’s ‘core staff’ provides essential administrative, technical and
computing support to our scientists so that the scientists can spend as
much time as possible on their research,

FUNDING
Our two major funding bodies, the Wellcome Trust and Cancer & Wallcome Trust
Research UK continue to offer the Institute vital backing in the form = mrkits
of Fellowships, individual programme, project and equipment grants, in S Rowiit o8 GRAch
addition to our invaluable core funding. . Citar i

B Cther Gowt

8 Other Industry

Grant sources (July 2009 - fuly 2010)

RETREAT

Our Annual Retreat this year was held at the Five Lakes Hotel, Maldon,
Essex on 29th and 30th September 2010. The event was highly
successful. Many Institute members attended and all gained from the
experience both scientifically and socially.

1 % W W W W W W @ 0 @ 0 04 05 M 7 04 0 10
Yoar

Total grant income 1992 - 2010

Other sources of funding, both direct and indirect, include The
European Commission, BBSRC, MRC, the Royal Society, NIH, the
European Molecular Biology Organization, HFSE JDRE, the Isaac
MNewton Trust, the Association for Internaticnal Cancer Research,

the Alzheimer's Research Trust, the Ernst Shering Foundation, the
Federation of European Biochemical Societies, the Japan Society for
the Promotion of Science, the Sankyo Foundation of Life Science, the
Swiss MNational Science Foundation, the VWenner-Gren Foundation, the
Wiener-Anspach Foundation and Astra Zeneca.

The University has also been very generous in its support of the The Institute on retreat, October 2010 (image by John Overton, Brown Group)
Institute, particularly in funding equipment.
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Julie Ahringer

Chromatin regulation in transcription and splicing, and cell polarity establishment and transduction

Co-workers: Anne Vielle, Ron Chen, Michael Chesney,Yan Dong, Sky Feuer, Bruno Fievet, Moritz Herrmann, Paulina Kolasinska-Zwierz, Josana
Rodriguez, Przemyslaw Stempor, Christine Turner; Eva Zeiser

-
-

Regulation of chromatin structure plays a central role in
transcriptional control and also impacts mRINA post-
transcriptional events.The small well-annotated genome,
powerful RNAI technology, and rich resource of chromatin
mutants of C. elegans make it an excellent system for
studies of chromatin function. To provide a framework
for such work, we generated a genome-wide map of 18
histone modifications in C. elegans. We found that many
modifications are organised into broad chromosomal
domains that differentially mark the more recombinagenic
distal arm regions and the central regions. In addition, we
found that exon and intron sequences are differentially
marked by trimethylation of histone H3 K36, a pattern
we also found in mouse and human.We are studying

the formation and function of the broad domains,

and the function of H3K36me3 exon marking and its
relationship with splicing. \We are also investigating the
functions of C. elegans counterparts of major chromatin
regulatory complexes that are implicated in human
disease including the histone deacetylase complex NuRD,
the retinoblastoma complex DRM, and a TIP&O histone
acetyltransferase complex We study the function of
these proteins in transcriptional control and development
using chromatin immunoprecipitation followed by deep
sequencing, global mRINA expression analyses and other
genetic and genomic methods.

Cell polarity is important for many of the functions

of animal cells, such as migration, axis formation, and
asymmetric cell division. Many of the known molecules
involved in cell polarity are conserved across animals,
however, the mechanisms by which these function are
not well understood. We use the one-celled C. elegans
embryo to investigate the polarity cue, its reception, and
how polarisation leads to downstream events such as
asymmetric spindle positioning. Ve have completed a
large number of genetic interaction RNAI screens that
have identified many new cell polarity genes. We are

incorporating these into a large cell polarity network
and probing their functions using a range of technigues,
including live cell imaging, genetics, and biochemistry.

Selected publications:

* LiuT, Ahringer | et al (201 1) Broad chromosemal
domains of histone modification patterns in C. elegans.
Genome Research [in press]

= Gerstein MB, Ahringer | et al (2010) Integrative
Analysis of the Caenorhabditis elegans Genome by the
modENCODE Project. Science 330, | 775-1787

s Egelhofer TA, Ahringer ] et al (2010) Assessment of
histone-modification antibody quality, Nature Structural
and Molecular Biology 18,91-93

+ Kolasinska-Zwierz R Down T, Latorre |, Liu T, Liu XS and
Ahringer | (2009) Differential chromatin marking of introns
and expressed exons by H3K36me3. Nature Genetics 41,
376-381

+ St Johnston D and Ahringer | (2010) Cell polarity in
eggs and epithelia: parallels and diversity. Cell, |41, 757-
774
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Nick Brown

Molecular analysis of morphogenesis

Co-workers: Natalia Bulgakova, Jonathan Friedlander, Annabel Griffiths, Sven Huelsmann, Yoshiko Inoue, Benjamin Klapholz, Matt Newton, john
Overton, Peerapat Thongnuek, Jutta Wellmann, Jari Ylanne
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Cellular adhesion and communication are vital during the
development of multicellular organisms. These processes
use proteins on the surface of cells, which stick cells
together or transmit signals from outside the cell to the
interior, so that the cell can respond to its environment.
Members of one family of cell surface receptors, called
integrins, can perform both of these activities, and
therefore provide a molecular link between cell adhesion
and signalling. Our research is focused on determining
how proteins inside and outside the cell assist the integrins
in their developmental roles: mediating cell migration,
adhesion between cell layers, and cell differentiation.

We use the genetics of the fruit fly Drosophila to elucidate
integrin function within the developing animal, to identify
the proteins that work with integrins and decipher how
they function. In this way, we aim to discover how integrins
perform such distinct roles at different times and places
during development. In the developing embryo a major
function of integrins is to attach the ends of the large
multinucleate muscles to the epidermal tendon cells (Fig.
). In the absence of certain integrin-associated proteins,
such as talin, integrin-mediated attachment of the muscles
fails (Fig. 2), while paxillin controls the number of cell
fusions, thus dictating muscle size. In the follicular epithelia,
integrins organise dynamic actin structures (Fig. 3) that
drive changes in cell shape. Some integrin-associated
proteins have multiple tasks, including those that are crucial
for integrin function and those within other pathways.

We are dissecting out how these molecules act in diverse
ways, such as mapping the part of talin that controls the
expression of another cell adhesion molecule, which in
turn is critical for the earliest polarity in the developing egg
(Fig. 4).

THE GURDON INSTITUTE

Selected publications:

* Delon | and Brown NH (2007) Integrins and the actin
cytoskeleton. Curr Opin Cell Biol 19, 43-50

*» Delen | and Brown NH (2009) The integrin adhesion
complex changes its composition and function during
morphogenesis of an epithelium. | Cell Sci 122, 4363-437
« Bataillé L, Delon |, Da Ponte |R Brown NH and Jagla

K (2010) Downstream of identity genes : Muscle-type
specific regulation of fusion process. Dev Cell 19, 317-28
* Sabino D, Brown NH and Basto R (201 1) Ajuba restrict
Aurora A activity to the centrosome but it is not an
Aurora-A activator: | Cell Sci [in press]




Fig. I Live imaging of muscles in the developing embryo. Their
outer surfaces are outlined in green (CD8-GFP), and they use
integrins and their associated protemns to regulate their size
by controlling the number of cell fusion events, visible by the
number of nudler (red, histone-RFP) in each muscle, and by
generating specialised attachments sites at the r e ends,
with concentrated integrins (blue, integrin-inked-kinase-BFP)
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Model for the DNA damage response.
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Tony Kouzarides

Function of chromatin modifications and their role in cancer

Co-workers: Hatice Akarsu, Paclo Amaral, Andrew Bannister; lsaia Barbien, Till Bartke, Gongalo Castelo-Branco, Maria Christophorou, Alistair
Cook, Mark Dawson, Miranda Landgraf, Nikki Parsons, Sam Robson, Helena Santos-Rosa, Marc Schneider, Peter Tessarz, Emmanuelle Viré, Beata
Wyspianska, Blerta Xhemalce

Our group is interested in defining the mechanisms by
which chromatin modifications function regulate cellular
processes. Our attention is focussed on a set of enzymes
(acetylases, deacetylases, methylases and kinases), which
regulate transcription by covalently madifying histories.
We would like to understand what biological processes
these enzymes control and the precise role of each
modification an chromatin dynamics. In addition, a
number of chromatin maodifying enzymes have been
implicated in the genesis of cancer so we are dissecting as

far as possible, in the pathways misregulated in cancer cells.

Histones are very highly modified. Despite their
abundance, we believe that more modifications are likely
to exist on histones. This complexity is probably necessary
because histones integrate many signalling pathways with
biological processes involving DINA manipulation. We

are taking a number of complementary approaches to
characterise the function of chromatin modifications. Ve
use yeast as a model system whenever possible to define
pathways. We use human cells to characterise function in
higher organisms and probe connections to cancer.

One of the major ways in which madifications work is by
the recruitment of proteins. Ve have developed an assay
for capturing such modification-binding proteins, which we
call SNAP (Silac Nucleosome Affinity Purification). This
involves making modified nucleosomes in vitro and pulling
out of nuclear extracts interacting proteins. This approach
has been successfully used to identify proteins recruited
by histone and DMNA methylation and to find a ‘cross talk’
between these two distinct classes of modification.

A major drive for us in recent years has been to identify
new histone modifications, as the pathways that control
them may well be deregulated in cancer. We have
identified several novel pathways that modify chromatin
such as arginine deimination, proline isomerisation,

- THE GURDON INSTITUTE

tyrosine phosphorylation and histone clipping. In the
case of tyrosine phosphorylation by the |JAKZ enzyme,
we uncovered a novel pathway which takes place in the
nucleus. We showed that phosphorylation of H3 by JAK2
can displace a repressor, HP [, from a gene implicated in
leukaemia. Misregulation of this pathway may explain the
cancer-inducing potential of JAK2 mutations frequently
found in leukaemia.

Selected publications:

* Dawson MA, Bannister A], Gottgens B, Foster SD,
Bartke T, Green AR and Kouzarides T (2009) JAK2
phosphorylates histone H3Y4 | and excludes HPI from
chromatin. Nature 461, 819-822

* Xhemalce B and Kouzarides T (2010) A chromodomain
switch mediated by Histone H3 Lysine 4 Acetylation

regulates heterochromatin assembly. Genes Dev 24(7),
647-652

+ Bartke T,Vermeulen M, Xhemalce B, Robson SC, Mann M
and Kouzarides T (2010) Nucleosome-interacting Proteins
Regulated by DNA and Histone Methylation. Cell 143:
470 - 84







Rick Livesey

Neural stem cell biology, fundamental and applied

Co-workers: |essica Alsio, Therese Andersson, Juliet Barrows, Chibawanye Ene, Peter Kirwan, Moyra Lawrence, Jodo Pereira, Stephen Sansom,
MNathalie Saurat, Yichen Shi, James Smith, Uruporn Thammongkol
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The cerebral cortex, which makes up three quarters

of the human brain, is the part of the nervous system

that integrates sensations, executes decisions and is
responsible for cognition and perception. Given its
functional impartance, it is not surprising that diseases of
the cerebral cortex are major causes of morbidity and
mortality. Understanding the biology of cortical neural
stern cells is essential for understanding human evalution,
the pathogenesis of human neurodevelopmental disorders
and the rational design of neural repair strategies in adults.
During embryonic development, all of the neurons in the
cortex are generated from a population of multipotent
stem and progenitor cells. Much of the research in the lab
centres on the cell and molecular biclogy of cortical stem
cells, using mouse as a model system. We are particularly
interested in the molecular mechanisms controlling
multipotency, self-renewal and neurogenesis, and haw
these are coordinated to generate complex lineages in a
fixed temporal order: A number of ongoing projects in the
group address the functional importance of transcriptional
and epigenetic mechanisms in this system, including
microRMNAs and the polycomb chromatin-modifying
complexes. In the other major strand of research in the
group, we have used our understanding of murine cortical
stem cells to develop methods for directing differentiation
of human pluripotent stem cells to cortical neurons, via a
cortical stem cell stage.\VWe are using this system for basic
studies of human cortical neurogenesis and to generate
models of cortical diseases, with an initial focus on Down
syndrome and Alzheimer's disease.

Selected publications:

* Pereira |D, Sansom SN, Smith |, Dobenecker MW,
Tarakhowvsky A and Livesey F] (2010) Ezh2, the histone
methyltransferase of PRC2, regulates the balance between
self-renewal and differentiation in the cerebral cortex.
Proc Matl Acad Sci USA 107, |5957-15962.

:‘%‘%}dﬁhﬁ GURDON INSTITUTE

* Andersson T, Rahman S, Sansom SN, Alsio JM, Kaneda M
Smith ), ©'Carroll D, Tarakhovsky A and Livesey FJ (2010)
Reversible block of mouse neural stem cell differentiation
in the absence of dicer and microRMNAs. PLoS ONE 5,

el 3453

= Subkhankulova T, Yano K, Rabinson HP and Livesey F
(2010) Grouping and classifying electrophysiologically-
defined classes of neccortical neurons by single cell,
whole-genome expression profiling. Front Mol Meurasci
3,10

* Sansorn SN, Griffiths DS, Faedo A, Kleinjan DJ, Ruan

Y, Smith J, van Heyningen V. Rubenstein JL and Livesey

F} (2009) The level of the transcription factor Pax6 is
essential for controlling the balance between neural stem
cell self-renewal and neurogenesis. PLoS Genetics 5,
el00051 |

+ Sansom SN and Livesey F] (2009) Gradients in the brain:
the control of the development of form and function

in the cerebral cortex. Cold Spring Harb Perspect Biol
1:a002519




Layer-specific gene expression in
neurons of different layers (red,
green and yellow) of the cerebral
cortex.
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Masanori Mishima

Molecular mechanism of cytokinesis

26

Co-workers:Tim Davies, Lynn Froggett, Nimesh Joseph, Kian-Yong Lee, Julia Mason, Eva Pablo-Hernando

Cytokinesis is essential for cell proliferation. Its failure
leads to aneuploidy, which is often associated with cancer.
In spite of its importance, the molecular mechanism of
cytokinesis has not yet been fully clarified. We would like
to understand cytokinesis more fully, in terms of how
molecular machines assemble dynamically. The central
spindle is a microtubule-based molecular assembly that
forms between the segregating chromosomes during
anaphase. During telophase, it associates with the
ingressing cleavage furrow and matures into the midbody:
These microtubule-based structures play crucial roles in all
stages of cytokinesis from initiation to completion, We will
address the following questions:

* How is the central spindle/midbody assembled?

* How does the central spindle/midbody contribute to the
progression of cytokinesis?

To address these questions, we have been combining
various approaches including genetics in Caenorhabditis
elegans, biochemistry and live observation in mammalian
cultured cells and observation at the single maolecule level
by total internal reflection fluorescence microscopy (TIRF).

Centralspindlin, a stable protein complex of a kinesin and

a RhoGAR is crucial for the assembly of the central spindle
and midbody, and for signalling cleavage furrow formation.
VWe have discovered that centralspindlin travels along
microtubules of the central spindle as higher-order clusters
and that clustering is essential for both microtubule-
bundling and motility along microtubules in vitro, and
midbody formation in vivo. Based on these findings, we
have proposed a positive feedback loop model to explain
the distinct localisation pattern of centralspindlin during
cytokinesis. Furthermore, we have revealed that the
clustering of centralspindlin is regulated by Aurora B kinase
and 14-3-3 protein. This adds ancther layer of regulation
to the positive feedback loop, ensuring co-ordination of
cytokinesis with chromosome segregation.

THE GURDON INSTITUTE

Selected publications:

* Douglas ME, Mishima M (2010) 5till entangled: assembly
of the central spindle by multiple microtubule modulators.
Semin Cell Dev Biol 21, 899-908

* Douglas ME, Davies T, Joseph N, Mishima M (2010)
Aurora B and 14-3-3 coordinately regulate clustering of
centralspindlin during cytokinesis. Curr Biol 20, 927-33
* Hutterer A, Glotzer M, Mishima M (2009) Clustering
of centralspindlin is essential for its accumulation to the
central spindle and the midbody. Curr Biol |9, 2043-9




I A _ i | Centralspindlin is an evolutionarnily-conserved microtubule-bundling protein
clustering Aurora B/14-3 complex (A). Both Kinesin-6 and RhoGAP compronents are essential for in
mﬁm [——— ZEN-4/MKLP1 | vivo formation of the central spindle and for in vitro microtubule-bundling
stabli bind activity. During early cytokinesis, centralspindlin sharply accurmulates to the
centralspindlin centre of the central spindle (B). This is critical for proper cleavage furrow

& . CYK4 RacGAP positioning since centralspindlin is the most upstream maolecule in a signalling
. T pathway for contractile ring assembly (C).

B..

Tubulin CYK-4 DNA MKLP1 CYK-4
'C track 1 track 2 C
oS 2 > Aurcra BI4-3-3 reguiaiony maotil s the C-terminal domain of MKLF1
Snropie, pT— : RHRRSRSAGDRW
one — iridlin —s e sl [ H. sapiens SRS
5 contralspindlin—e ECT2 Rhn‘__\ " ving D. melangaster RHRRSREAGDEW
e C. glegans YQRRSESASRLL
CDK1 .
BRGueFiaTed rednsed
mow_MT MT aisparsed chusiened
transiont MT binding siable MT binding |

to
us end

frans
— " the

local 7 interaction ><hund|iﬂg
cancentration
N

Using total internal reflection fluorescence (TIRF) microscopy, we have succeeded in directly
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Jonathon Pines

How do cells control mitosis?
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Co-waorkers: Philippe Collin, Barbara Di Fiore, Anja Hagting, Daisuke |zawa, Mark Jackman, Agata Lichawska, Jorg Mansfeld, Pacla Marco, Takahiro
Matsusaka, Oxana MNashchekina, Jackie Simcox, Bernhard Strauss, Samuel Wieser
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How do cells regulate entry to mitosis? And, once in
mitosis, how do cells coordinate chromosome segregation
with cell division itself (cytokinesis) to ensure that the two
daughter cells receive an equal and identical copy of the
genome! The answer lies in the interplay between protein
kinases, protein phosphatases, and APC/C-mediated
protealysis, and this is the focus of our research. Because
mitosis is a highly dynamic process we study living cells by
time-lapse fluorescence microscopy but to complement
this with biochemical analyses we are using somatic cell
recombination to knock-out and mutate specific mitotic
regulators. This has given us remarkably accurate and
precise in vivo kinetics for protein degradation.

To understand how cells initiate mitosis we are analysing
the behaviour of the key mitotic kinases, the Cyclin

A- and B-dependent kinases, and their regulation by
phosphorylation and dephosphorylation. Ve recently
developed a FRET biosensor to assay Cyclin BI-Cdkl|
activity in vivo and are using this to define the events
that link DMNA replication with the initiation of mitosis.
To identify the proteins responsible for regulating the
Cyclin-Cdks, and provide insights into their substrates, we
have analysed protein complexes through the cell cycle by
SILAC mass spectrometry and are following up some of
the exciting results from this screen.

To understand how proteolysis regulates progress through
mitosis we complement the analysis of APC/C-dependent
degradation in living cells with biochemical analyses of
protein complexes and ubiquitination activity. These studies
are revealing how the APC/C is activated, how it is able to

select a particular protein for destruction at a specific time,

and how its activity is regulated by the spindle assembly
checkpaint that is essential to the control of chromosome
segregation and cytokinesis.
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Mass spectroscopy andlysis reveals the dynamic interactions of
the different cyclins through the cell cycle.
Credit: Felicia Walton-Pagliuca & Mark Collins (Sanger Institute)
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Lineage-labelled bronchiolar cells (green)
in the growing mouse fung. These ceils are
descended from an embryonic-spedific
progenitor cell population

Low magnification view of
the embryonic mouse lung
showing the branching airways
(blue) and differentiating bron-
chiolar cells (red and green).

Higher magnification view
of a section of the late-
stage embryonic lung. [d2+
progenitor cells (green) are
located at the tips of the
branching airways (red).

Lung bronchiolar cells (red)
and alveolar cells (green) are
located in close proximity.
However, we have shown that
these fung compartments

are maintained by separate
progenitor cefls.

Wholernount early stage e

which is located at the distal tips of the budding epithelium. The lungs

form by progressive branching of an epithelial tube, which is surrounded by

loosely packed mesenchymal cells.
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Studies of clonal fate using a multi-colour inducible genetic label-

ling systern provide a vivid demonstration of neutral drift dynamics
and the progession towards monoclanality in crypt. The left-hand

image shows a section through the base of the crypt showing the
dlonal progeny of the stem/paneth cell compartment at 7
post-induction. The right-hand image shows the migration st

s
of differentiated cells moving up (fully-clonal crypts) and onto willi

1 week 2 weeks

Lineage-tracing studies show that mechanisms of stochastic stem cell fate play a central
role in the homeostasis of adult tissues. However, it remains unclear whether such

patterns of fate play a role in the development of tissue. Currently, we are
experimentalists to resolve the pattern of progenitor cell fate in reting, v
precursors must coordinate to give rise to multiple differentiated cell ty

wiorking with

e retinal
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Daniel St Johnston

Cell polarity, the cytoskeleton and mRNA localisation

Co-workers: Rebecca Bastock, Dan Bergstralh, Héléne Doerflinger; Celia Faria, Alejandra Gardiol, Timm Haack, Jackie Hall, Nick Lowe, Dmitry
Nashchekin, Ross Nieuwburg, Aram Sayadian,Vanessa Stefanak, Vitor Trovisco, Antonio Vega Rioja, Lucy Wheatley, Tongtong Zhao
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Cell polarity is essential both for cell function and

for several key developmental processes, such as cell
migration, axis determination and asymmetric cell division,
whereas loss of polarity is a critical step in the formation
of tumours.We use Drosophila and mammalian tissue
culture cells to analyse how polarity is established, taking
a combination of cell-biological, genetic and molecular
approaches.

Much of our work focuses on how epithelial cells become
polarised along their apical-basal axis, using the follicle cells
as a typical secretory epithelium and the adult midgut as
model absorptive epithelium.We have recently discovered
that the tumour suppressor; LKBI, and the energy sensor,
AMPK, are required for epithelial polarity under conditions
of energetic stress, revealing the existence of a distinct
low energy polarity pathway VWe have identified several
other components of this pathway in Drosophila and
mammals, all of which have been implicated in cancer:We
are currently analysing the functions of these factors and
are performing genetic screens for new genes required
for epithelial polarity under either high or low energy
conditions,

In parallel, we are examining how the Drosophila cocyte
is polarised, since the localisation of bicoid and mRINAs
to opposite ends of this very large cell defines the
anterior-posterior axis of the embrye. We are using
proteomic and biochemical approaches to elucidate how
conserved polarity proteins regulate the organisation

of the microtubule cytoskeleton in the oocyte, and we
are investigating the mechanisms of mRINA transport

by making time-lapse films of moving mRINA particles

in wildtype and mutant oocytes. In addition, we are
performing genetic screens for mutants that affect the
localisations of bicoid and oskar mRNAs, and are analysing
the novel polarity and mRMNA localisation factors that
these identify.
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Philip Zegerman

The regulation of DNA replication initiation in eukaryotes
Co-workers: |uliet Barrows,Vincent Gaggioli, Davide Mantiero, Barbara Schopf

To successfully pass on its genetic information, every cell
must make a perfect duplicate of the genome in every
cell cycle. Failure to copy every chromosome faithfully
leads to genomic instability, which is the cause of cancer
As a result, replication initiation is strictly regulated, both
within the normal cell cycle and after DNA damage.\We
are interested in how this regulation of DINA replication
is achieved in eukaryotes during the cell cycle and when
replication forks stall.

Unlike prokaryotes, eukaryotes replicate their genomes
from multiple origins. This has the advantage of facilitating
the evolution of much larger and more complex genomes,
but it does create a problem: If there are multiple origins in
the genome, how is origin firing coordinated to make sure
that no origin fires more than once!

The assembly of the eukaryotic replication apparatus

at origins is tightly regulated in two critical steps.The

first step, pre-replicative complex (pre-RC) formation,
involves the loading of the replicative helicase Mcm2-7

in an inactive form at origins. This complex can enly form
in G| phase of the cell cycle when the APC/C is active
and CDK activity is low. This is because CDKs and other
APC/C targets such as Gerninin are potent inhibitors of
pre-RC formation. Once cells enter 5-phase, the APC/C is
inactivated, CDK activity (and also Geminin) rises and any
further pre-RC formation is blocked.

In addition to its role as an inhibitor of pre-RC formation,
CDK, together with a second kinase - DDK (Cdc/7/Dbf4),
are essential for the second step in replication initiation,
which involves the activation of the Mcm2-7 helicase

and the recruitment of DINA polymerases to origins. We
have previously shown that CDK phosphorylates the
twio essential initiation factors SId2 and SId3, which in
turn allows binding to another essential initiation factor
called Dpb| I. How CDK phosphorylation of these targets
facilitates replication initiation is not known, but the
transient association of these factors at origins has been
termed the pre-initiation complex (pre-IC). Since CDK
activity bath inhibits pre-RC formation and is essential to
initiate replication, this produces a switch that only allows
replication initiation in S-phase.

Our research is focused on the pre-initiation complex

step in the replication reaction. This step is the key CDK

regulatory step, but the function of this intermediate is not

known. Furthermaore, the pre-IC also integrates information

from other kinases, such as the DINA damage checkpoint

and may be responsible for regulating how efficiently

and when an erigin fires during S-phase. Much of our

understanding of the pre-IC in eukaryotes comes from

studies in budding yeast, but how replication initiation is

regulated in other eukaryotes is largely unknown. Our aim

is to take advantage of the expertise in the wide variety of

organisms within the institute and extend these budding

yeast studies to the nematode C.elegans and to mammalian

cells.

Selected publications:

* Zegerman P and Diffley |F (2010) Checkpoint dependent

inhibition of DINA replication initiation via phosphorylation

of Sld3 and Dbf4. Nature 467, 474-478

* Zegerman P and Diffley |F (2009) DMNA replication as

a target of the DNA damage checkpoint. DNA repair )

8,1077-88

» Zegerman P and Diffley |F (2007) Phosphorylation of

SId2 and SId3 by cyclin-dependent kinases promotes DNA

replication in budding yeast. Nature 445, 281-5
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Magdalena Zernicka-Goetz

Cell polarity, cell position and gene expression in the first cell fate decisions in the mouse embryo

Co-waorkers: Anna Ajduk, Stoyana Alexandrova, Paula Almeida Coelho, Florencia Barrios, Helen Bolton, John Crang, Sarah Graham, Agnieszka
Jedrusik, Manuela Monti, Samantha Marris, Bedra Sharif, Maria Skamagki, Bernhard Strauss, Krzysztof Wicher

Setting aside the pluripotent cells that give rise to the
future body from the extra-embryonic tissues is key to
early mammalian development. It requires that some
blastomeres divide asymmetrically to direct cells to the
inside of the embryo, where they retain pluripotency. Is
this regulated or does it occur at random and then what
rmakes inside and outside cells different from each other?
To address these questions, we have traced the origins
and followed the division orientations and fates of every
single cell in three-dimensional space throughout the

first four days of development of mouse embryos. This
revealed a spatial and temporal pattern of symmetric
versus asymmetric cell divisions that depends on a cell's
history and defines the orientation of the embrycnic-
abembryonic axis of the embryo. Our findings suggest that
the first cell fate decision of the mouse embryo is a result
of the generation of heterogeneity among blastomeres
and this affects whether blastomeres undertake symmetric
or asymretric divisions. Our recent studies show that
second fate decision that leads to the formation of the
second extra-embryonic tissue is bound up with the later
asymmetric divisions. Currently we are addressing:

*The role of epigenetic modifications at very early stages,
specifically histone H3 arginine 26 methylation that we
found affects the extent of cell pluripotency.

* The cellular mechanisms regulating asymmetric divisions.

*The contributions of cell polarity and cell position in
determining specific patterns of gene expression in both
fate decisions.

*How the first signalling centres arise in the two extra-
embryonic tissues and function immediately after
implantation.

To address these questions we combine methods of
classical experimental embryology with modern 4D time-
lapse microscopy and molecular cell biology techniques
that we have previously developed or optimised in the lab.

Selected publications:

» Zernicka-Goetz M, Morris 5 and Bruce A (2009) Making
a firm decision: layers of regulation in early mouse embryo.
MNature Rev Genet|0, 467-77

* Jedrusik A, Parfitt DE, Guo G, Skamagki M, Grabarek |B,
Johnson MH, Robson P and Zernicka-Goetz M (2008)
Role of Cdx2 and cell polarity in cell allocation and
specification of trophectoderm and inner cell mass in the
mouse embryo. Genes Dev 22, 2692-706

» Bischoff M, Parfitt DE, Zernicka-Goetz M (2008)
Formation of the embryonic-abembryonic axis of the
mouse blastocyst: relationships between orientation
of early cleavage divisions and pattern of symmetric/
asymmetric divisions. Development |35, 953-62

* Torres-Padilla ME, Parfitt DE, Kouzarides T and Zernicka-
Goetz M (2007) Histone arginine methylation regulates
pluripotency in the early mouse embryo. Nature 445,
214-218
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member of the EMBO Young Investigator Committee, Chair of the Selection
Committee, Genetics and Developmental Biology Unit, Institut Curie (Paris,
France), member of the Review Panel of the Developrental Biology Unit,

EMBL (Heidelbe member of the Scientific Advisory Board for the
MRC Centre fo pmental Neurobiology (King's College London) and
external advisor to the Management Board of the MNational Cﬂr‘T e Fcr Biclogical
Sciences (Bangalore, India). She is also a member of the Univ Cambridge
MNeuroscience Co'“r*“nL ee, the steer oup of the Cambri v’”ﬂr’.cr in
Science, Engineering and Technology Initiative, Patron of the Cambr 1dge Science
Festival, nd morr'L;m of Council, Jesus College.

JOHMN GURDON is a member of the Scientific Advisory Board of the Harvard
Stem Cell Institute (USA) and the Rambam Medical Center (lsrael), a member
of the British and American Anatomical Societies, Chairman of the Co.'\.par‘u__» of
Biologists, and a board member of Diagnostics for the Real World

STEVE JACKSON is Chairman of the Board of the Scottish Centre for Cell
Signalling (SCILLS), a member of the Cancer Research UK Drug Discovery
Advisory up, the Strategic Board of the Drug Discovery Program (IFOM-
IEC, Milan, laly), the Radiation Oncology and Biology External Adwisory Board
and the Scientific Advisory Board for the Beatson Institute

Dl

Transcription factors stoined in red, green and blue colocalise in different cells to act

combinatorially in the D 'CG:J,T-'H la brain to regulate neural stemn cell differentiation.

(Alyson Thompson, Brand Group, 2010)
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The prospective wing area (wing pouch) of a Drosophila wing imaginal disc. Anterior
cells are labeled in red. (Eugenia Piddini, 201 0)

TONY KOUZARIDES is a member of the Cancer Research UK Scence and
Strategy Advisory Group, part of the Scientific Advisory Board for the Centre
for Genomic Research (Spain). the Institute of Molecular Biclogy (Crete) and

the Centre for Epigenetics and Bi ology (Spain). He is the founder and director of
a Spanish cancer charity Vencer el Cancer (Conguer Cancer) and a founder of
Chroma Therapeutics and Abcam Plc. He is a Director of Abcam FPlc and on the
Scientific Advisory Board of Glaxo Smith Kline and Cellzome

JONATHORN PINES was the Membership Secretary of the British Society for

Cell Biology, (2002-2008) and is a member of the Association for International
Cancer Research Grants Committee.

DANIEL 5T JOHNSTON is a Director of the Wellcome Trust Four-Year PhD
programme in Developmental Biology at the University of Cambridge, and is a
non-executive Director of the Company of Biclogists.

AZIM SURANI is Chairman of the Scientific Advisory Board of the Centre

for Trophoblast Research, University of Cambridge; Member of the Steering
Committee of the Cambridge Stem Cell Initiative, and Leader of the
Pluripotency Programme; Member of the Cambridge India Partnership Advisory
Group; Founder and Chief Scientific Advisor for CellCentric Ltd; Member of the
Steering Committee for the UK Stem Cell Bank; Member of the Royal Society
MNominations Committee:Visiting Professor, University of Kyoto, Japan

MAGDALENA ZERNICKA-GOETZ is a Stanley Elmore Senior Research Fellow

at Sidney Sussex College and Board Member of the Cambridge Philosophical
Society.



HONOURS AND AWARDS

ANDREA BRAND - Fellowship of the Royal Society

NICK BROWN - Membership of the European Molecular Biology Organization
JOHM GURDON - Hon. Fellowship of the Cambridge Philosophical Society
AZIM SURANI - Awarded Royal Medal of the Royal Seciety

MAGDALENA ZERNICKA-GOETZ - Professorship in University of
Cambridge

EDITORIAL BOARDS OF JOURNALS

JULIE AHRINGER — Public Library of Science Biology, Molecular Systems
Biology

ANDREA BRAND — MNeural Development, Fly, Biology Image Library

JOHN GURDON - Current Biology, Development, Growth and Differentiation,
International journal of Developmental Biclogy, Proceedings of the MNational
Academy of Sciences of the USA

STEVE JACKSON — Carcinogenesis, EMBO Journal, EMBO Reports, Mature
Reviews, DNA Repair; Aging, Science, Genes and Development, Current Biology,
The Scientist.

RICK LIVESEY — BMC Developmental Biology, Molecular Autism
JON PINES — EMBO Journal, EMBO Reports.
DANIEL 5T JOHNSTON — Development, Faculty of 1,000.

AZIM SURANI — Cell, Nature Communications, Cell Stem Cell, BMC
Epigenetics and Chromatic, Epigenome, Epigenomics, Epigenetic Regulators,
Regenerative Medicine, Differentiation, Stemn Cell Research and Therapy, Faculty
of 1,000.

MAGDALENA ZERNICKA-GOETZ - Developmental Dynamics, BMC
Developmental Biology, Reproduction, Development, Differentiation

INTERNATIONAL SCIENTIFIC ADVISORY BOARD

DR. GENEVIEVE ALMOUZMNI, Institut Curie, Paris, France

DR STEVE COHEN, Institute of Molecular and Cell Biology, Singapore
PROF NIC JONES, Paterson Institute for Cancer Research, Manchester; UK
DR JUDITH KIMBLE, Department of Biochemistry, University of Wisconsin
Madison, USA

DR ELISABETH KMNUST, Max Planck Institute of Molecular Cell Biology and
Genetics, Dresden, Germany

DR ROBB KRUMLAUF (Chairman), Stowers Institute for Medical Research,
Kansas City, USA

PROF ERICH MIGG, ETH, Zurich, Switzerland
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CHAIRMAN OF THE MANAGEMENT COMMITTEE
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DESTINATIONS OF LEAVERS DURING 2010

SARRITA ADAMS transferred to University of California

CAROLINA ASTRAND returned to the Karolinska Institute, Sweden
KATSIARYNA BELAYA now working at the Weatherall Institute of Molecular
Medicine, Oxford in the Neurosciences Group

ALEX BRUCE moved to the Czech Republic to set up his own group at the
University of South Bohemia

ANTONIO CAMPOS CARO completed sabbatical and returned to the
University of Cadiz

ROSS CHAPMAN is now a Sir Henry Wellcome Postdoctoral Fellow, Simon
Boulton's lab at the London Research Institute, Clare Hall

JAMES CHELL is now a Post Doctoral Fellow in Jonas Frisen's group at the
Karolinska Institute, Stockholm, Sweden

NICOLE CHEUNG is now a Senior Bioinformatician at MNovartis in Switzerland
FABIEN CUBIZOLLES returned to Erich Migg's lab in Basel, Switzerland
EURICO DE SA completed his PhD and took up a postdoctoral position at the
Sunkel lab, Institute for Molecular and Cellular Biology in Porto, Portugal
JAMES DODS accepted a position at Oliver Wyman, London

MAX DOUGLAS completed his PhD and took up a postdoctoral position in
John Diffley’s lab at CRUK's London Research Institute, Clare Hall

SONJA FLOTT is now Business Development Associate for Chromatin and
Muclear Signalling at AbCam

SIMONA GIUNTA completed her PhD and is pursuing postdoctoral
opportunities

SEEMA GREWVAL is now reviews Editor at Development

SOPHIE HAMNINA was awarded her PhD and returned to Oxford to complete
a medical degree

CYNTHIA HILL moved to the US and started a PhD at Tufts University,
Massachusetts

PABLO HUERTAS left to set up his own Research Group at CABIMER,
University of Seville

ANDREA HUTTERER. is now working in science management at the MRC
ANTONIS KIRMIZIS moved to the University of Cyprus to take up an Assistant
Professor and group leader post

SONJA KROSCHWALD is now a PhD student at MPIl, Dresden

ISABEL LATORRE is now a Project Manager at the Broad institute in Boston
SUSHMITA MAITRA completed her project and moved to Durham
SIARHEI MASLAU moved to the University of Oxford to take up a new
position in the Research Group of Prof Chris Ponting

WILLIAM MIFSUD completed his PhD and took up a position at
Addenbrooke’s Hospital

ANNE PELISSIER (MONIER) is now a Post Doctoral Fellow at the
Development Biology Institute of Marseille Luminy, France

JENNY PESTEL returned to Heidelberg to complete her degree course
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SOPHIE POLO took up a new position at the Institut Curie in Paris

DAVID RIVERS moved to wark in the Zegerman Group then left to set up his
own Research Group at Syracuse University, New York, USA

EMILIE RUSSE returned to Ecole Normale Superior, Paris to complete her full-
tme degree

ROBERT SHAW completed his PhD and is now a postdoc at Impenial College.
ISMAHAN SULEIMAN completed her placement, was awarded an MPhil in
Translational Medicine and Therapeutics and is now continuing with a PhD in
Cambridge

FUCHOU TANG has moved to China to take up an Assistant Professor position
at Beijing University

WEE WEI TEE has moved to the LS to take up a postdoctoral position at NYU
ROY (TANG-YI) TEQ retumed to Singapore to continue his PhD at the
University of Singapore

JAKOBVON TROTHA is now a Post Doctoral Fellow in Laure Bally-Cuif's
group at the Laboratory of Neurobiology & Development, CNRS, Gif-sur-Yvette,
France

FELICIA WALTON-PAGLIUCA is now a Post Doctoral Fellow in Doug Melton's
group, at Harvard University

MONAYEKEZARE is now a Post Doctoral Fellow in John Diffley's group, at the
Cancer Research UK Clare Hall Labs




The Institute encourages expression of new ideas. Here, Becky Bastock proposes that human
developmental biology is a myth; pecple are in fact carmied to the Earth on rays of light from the
Sun, causing danger to passing aircraft before landing softly in trees, apparently. All good fun at the
Institute retreat. (photo by John Overton)
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