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THE INSTITUTE IN 2013

INTRODUCTION

After all of the excitement last year over John Gurdon's Nobel Prize
and our 21st anniversary symposium, this year has been a relatively
calm one for the Gurdon Institute. Nevertheless, we still have had a
number of causes for celebration. Firstly, Tony Kouzarides was awarded
the Heinrich Wieland Prize for outstanding research on biologically
active molecules and systems in the fields of Chemistry, Biochemistry
and Physiology, and the Biochemical Society's Novartis Medal, as well as
being elected as the Cancer Research UK Gibb Fellow in recognition of
his significant contributions to translating his knowledge of basic cancer
biology into the clinic for the benefit of patients. Secondly, Eric Miska
was elected as the Herchel Smith Professor of Molecular Genetics

and has been promoted to a Senior Group Leader position in the
Institute. It has been a very successful year for Eric all round, as he was
also awarded the Hooke Medal by the British Society of Cell Biology
for his outstanding contribution to UK Cell Biclogy within the first 10
years of establishing his own lab. Thirdly, Magda Zernicka-Goetz was
amongst 44 distinguished medical scientists to be elected a Fellow of
the Academy of Medical Sciences this year: It is not only group leaders
who have been winning prizes as Dr Jerome Jullien won the BioMed
Central Annual Research Award for the best paper in the Molecular
and Cellular Science category for his article “"HIRA dependent H3.3
deposition is required for transcriptional reprogramming following
nuclear transfer to Xenopus oocytes’”.

As well as the scientific awards mentioned above, members of

the Institute have excelled in their efforts to reduce our energy
consumption, which allowed the Institute to make a clean sweep at

the University's green impact awards, winning the Gold awards for
Green Impact, Lab Green Impact and Best Energy Saving Idea, as well

as the National Award for Best Energy Saving |dea. This success has
been masterminded by our Facilities Manager, Kathy Hilton, who fully
deserved her award as Environmental Hero for 2012/201 3. So far; the
Institute has managed to cut its electricity bill by mare than 7.5% mainly
through simple behavioural changes, resulting in an annual saving of over
£30,000, which will go towards renovating our tea room.

As usual, there has been some tumnaver in the group leaders during
the last year. After five very productive years in the Institute, Thomas
Down left us in the spring to start his own company and we wish him
every success in his new venture. Rafael Carazo-Salas has also moved
from his temporary space in the Institute to join his host Department
of Genetics. It has been a great pleasure having Rafael as a colleague
for the last four years, and we hope that we will still see him regularly
now that he has moved to the Pharmacology building just down the

Green Impact Gold Award, 2013

road. Finally, we are delighted to have recruited Meritxell Huch as a
new group leader: Meri is just finishing a very successful postdoc with
Hans Clevers at the Hubrecht Institute in Utrecht, where one of her
many projects led to the identification of stem cells in the adult mouse
liver that appear after damage. Meri will be joining us in February to
start her research group funded by a Wellcome Trust Recruitment
Enhancement Award and will focus on the characterisation of these
adult liver stem cells and their roles in liver regeneration and disease.

The research in the Institute depends on the generous support of our
sponsors, the Wellcome Trust and Cancer Research UK, and group
leaders have been particularly successful this year at securing major
funding. John Gurdon and Rick Livesey have received Wellcome Trust
Senior Investigator Awards to support their work on the “Mechanisms
for the reprogramming of somatic cell nuclei by eggs and oocytes”
and “"Human models of Alzheimer's disease” and Rick also received

a large grant from the Alborada Trust for his Alzheimer's research.
Congratulations also to Julie Ahringer who renewed her Wellcome
Trust Senior Research Fellowship on 'The control of chromatin
structure and function” and Steve Jackson, who leads a team that
secured a Wellcome Trust Strategic Award to study “Mutational
signatures of DNA damage and repair processes”. Finally, john Gurdon,
Tony Kouzarides and Jon Pines were awarded grants by the MRC,
BBSRC and the European Union.This year also saw a strengthening
of our links with the Wellcome Trust Sanger Institute in Hinxton with
the appointment of Eric Miska and Steve Jackson as associated faculty
members.
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THE INSTITUTE IN 2013

CENTRAL SUPPORT SERVICES The University has also been generous in its support of the Institute,
particularly through various student schemes and Herchel Smith

The Institute's ‘core staff’ provides essential administrative, technical and schemes, and its funding of equipment.

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
Research UK, continue to offer the Institute vital backing in the form
of Fellowships, individual programme, project and equipment grants, in
addition to our invaluable core funding.

B Wellcome Trust

B Cancer Research UK
®m EC

B RCUK

O Royal Society

@ Other Charity

O Misc

The Institute on retreat, October 201 3, held at Dunston Hall, Norfolk

RETREAT

Our Annual Retreat this year was held at Dunsten Hall, Norwich on
3rd and 4th October 201 3. The event was highly successful. Many
Institute members attended and all gained from the experience both
scientifically and socially.

Sources of funding 2013

Other sources of funding, both direct and indirect, include the
European Commission, BBSRC, MRC, the Royal Society, NIH, the
European Molecular Biology Organization, HFSF the Isaac Newton
Trust, the Association for International Cancer Research, the
Alzheimer's Research Trust, the Federation of European Biochemical
Societies, the Japan Society for the Promotion of Science, the Ramon
Areces Foundation, the March of Dimes, the Sankyo Foundation of
Life Science, the Wenner-Gren Foundation, the Erasmus Programme,
the Amgen Scholars Programme, the Croucher Foundation, the Woolf
Fisher Trust, the Darwin Trust, the Thai Government, the Liechtenstein
Government, the Turkish Government, the Cambridge Cancer Centre,
Gates Cambridge Scholarships, Riken, SystemsX.ch, G5K and KAUST.
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Julie Ahringer

The regulation of chromatin structure and function

Co-workers: Alex Appert, Dasha Ausiannikava, Fanelie Bauer, Ron Chen, Mike Chesney, Duccio Conti,Yan Dong, Kenneth Evans, Bruno Fievet,
Moritz Herrmann, Jirgen Janes, Djem Kissiov, Alicia McMurchy, Josana Rodriguez, Przemyslaw Stempor, Christine Turner; Eva Zeiser

The regulation of chromatin structure in transcription and
other events plays an important role in the determination
and expression of cellular identity, and chromatin disregulation
is implicated in many diseases, including developmental
defects, ageing, and cancer:\We use the power of functional
genetics and genomics in C elegans to address fundamental
questions in chromatin regulation and transcriptional control,
by analysing epigenetic state and function in wild-type and
mutant animals and tissues. C elegans is an excellent system
for studies of chromatin function due to its small well-
annotated genome, powerful RNAI technology, and rich
resource of chromatin mutants,

To provide a resource for investigations into transcription
control, we determined the genome-wide landscape of RINA
polymerase |l transcription initiation and elongation in C
elegans. In addition to mapping transcription start sites for
protein coding genes, we discovered extensive transcription of
enhancer regions, with transcription elongation often oriented
towards the nearest downstream gene.\We are investigating
functions of enhancer and other non-coding transcription and
the relationship between promoters and enhancers and their
developmental regulation.

Within chromatin, particular sets of histone modifications
and/or chromatin proteins co-occur, and different “chromatin
states’” are associated with different genomic features. By
generating and analysing a C elegans chromatin state map, we
have found that the genome is organised into blocks of active
and inactive chromatin separated by boundary regions.\We
are studying the formation and function of different types of
boundary region and how this global genomic organisation
arises.

We also study the functions of C elegans counterparts of
rajor chromatin regulatory complexes implicated in human
disease, including the histone deacetylase complex NuRD,
the retinoblastoma complex DRM, and a TIP6D histone

" acetyltransferase complex. Our work makes extensive use of

high-throughput sequencing and computational methods.

Selected publications:

= Chen RA-J, Down TA, Stempor P. Chen QB, Egelhofer TA,
Hillier LW, Jeffers TE and Ahringer | (2013) The landscape of
RINA polymerase |l transcription initiation in € elegans reveals
enhancer and promoter architectures, Genome Research, 8,
1339-47.

Woods 5, Coghlan A, Rivers D,Warnecke T, Jeffries SJ, Kwon
T, Rogers A, Hurst L and Ahringer | (2013) Duplication and
retention biases of essential and non-essential genes revealed
by systematic knockdown analyses, Plos Genetics, 9(5):
€1003330. doi: 101 37 | /journal pgen.1 003330.

* Vielle A, Lang ), Dong Y, Ercan S, Kotwaliwale C, Rechtsteiner
A, Appert A, Chen QB, Dose A, Egelhofer T, Stempor

P Dernburg A, Lieb ), Strome S and Ahringer | (2012)
H4K20me| contributes to downregulation of X-linked genes
for C elegans dosage compensation, Plos Genetics 8(9):
el002933

s Gerstein MB, modENCODE Consortium, Ahringer |, Strome
S, Gunsalus KC, Micklem G, Liu XS, Reinke'V, Kim SK; Hillier
LW, Henikoff S, Piano F, Snyder M, Stein L, Lieb D, Waterston
RH. (2010) Integrative Analysis of the Caenorhabditis elegans
Genome by the modENCODE Project. Science 330, 1775-87

« Kolasinska-Zwierz P Down T, Latorre |, LiuT, Liu XS and
Ahringer | (2009) Differential chromatin marking of introns
and expressed exons by H3K3éme3. Nature Genetics 41,
376-381







Andrea Brand

Stem cells to synapses: regulation of self-renewal and differentiation in the nervous system

Co-workers: Janina Ander, Elizabeth Caygill, Seth Cheetham, Esteban Contreras Sepulveda, Melanie Cranston, Abhijit Das, Catherine Davidson,
Paul Fox, Katrina Gold, Jun Liu, Owen Marshall, Leo Otsuki, Chloe Shard, Tony Southall, Pauline Spéder, Christine Turner

8

Discovering how stem cells are maintained in a
multipotent state and how their progeny differentiate into
distinct cellular fates is a key step in the therapeutic use
of stem cells to repair tissues after damage or disease.\We
are investigating the genetic networks that regulate neural
stem cells in Drosophila. Stem cells can divide symmetrically
to expand the stem cell pool, or asymmetrically to
self-renew and generate a daughter cell destined for
differentiation. The balance between symmetric and
asymmetric division is critical for the generation and
repair of tissues, as unregulated stem cell division results in
tumourous overgrowth. By comparing the transcriptional
profiles of symmetrically and asymmetrically dividing stem
cells, we identified Notch as a key regulator of the switch
from symmetric to asymmetric division.

During asymmetric division cell fate determinants, such

as the transcription factor Prospero, are partitioned from
the neural stem cell to its daughter:\We showed that
Prospero acts as a binary switch between self-renewal and
differentiation. We identified Prospero’s targets throughout
the genome and showed that Prospero represses genes
for self-renewal and activates differentiation genes. In
Prospero mutants, differentiating daughters revert to a
stem cell-like fate: they express markers of self-renewal,
continue to proliferate, fail to differentiate and generate
tumours.

Neural stem cells transit through a period of quiescence
at the end of embryogenesis. We discovered that

insulin signalling is necessary for these stem cells to exit
quiescence and reinitiate cell proliferation. Ve showed
that a glial niche secretes the insulin-like peptides that
reactivate neural stem cells in vivo. We are investigating the
systemic and local signals that regulate stem cell growth
and proliferation and the role of glia in inducing neural
stem cell exit from quiescence.

For more information, see the Brand lab home page:
http:/www.gurdon.cam.ac.uk/~brandlab/

THE GURDON INSTITUTE

Selected publications:

» Southall TD, Gold KS, Egger B, Davidson CM, Caygill
EE, Marshall O] and Brand AH (2013) Cell type-specific
profiling of gene expression and chromatin binding
without cell isolation: Assaying RNA Pal Il occupancy in
neural stem cells. Developmental Cell 26, 101-112.

+ Cheetham SW and Brand AH (2013} Insulin finds its
niche. Science 340,817-818

« \Wolfram V, Southall TD, Brand AH and Baines RA (2012)
The LIM-homeodomain protein Islet dictates motor
neuron electrophysiological properties by regulating K+
channel expression. Neuron 75, 663-674

« Gold KS and Brand AH (2012) Transcriptome analysis
of Drosophila neural stem cells. Methods Mol Biol 916,
99-110

» Chell )M and Brand AH (2010) Nutrition-responsive
glia control exit of neural stem cells from quiescence. Cell
143(7), | 161-1173
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Nick Brown

Molecular analysis of morphogenesis

Co-workers: Natalia Bulgakova, Hannah Green, Annabel Griffiths, Sven Huelsmann, Benjamin Klapholz, Tarun Kurnar; Miranda Landgraf, Aidan
Maartens, Juan Manuel Gomez, John Overton, Paula Rodriguez, Peerapat Thongnuek, Susan Tweedie

10

Cellular adhesion and communication are vital during the
development of multicellular organisms. These processes
use proteins on the surface of cells, receptors, which
stick cells together (adhesion) and/or transmit signals
from outside the cell to the interior, so that the cell can
respond to its environment. Our research is currently
focused on how adhesion receptors are linked with the
cytoskeleton to specify cell shape and movement within
the developing animal. This linkage between the adhesion
receptors and the major cytoskeletal filaments contains
many components, giving it the ability to grow or shrink
in response to numerous signals, For example, as the
cytoskeleton becomes contractile and exerts stronger
force on the adhesion sites, additional linker proteins are
recruited in to strengthen adhesion.

We use the fruit fly Drosophila as cur medel organism

to discover how the complex machinery linking cell
adhesion to the cytoskeleton works, and contributes

to morphogenesis. Ve are seeking to discover how
adhesion receptors form contacts of differing strength and
longevity, at one point mediating dynamic attachments as
the cell moves, and at another point stable connections
essential for the functional architecture of the body.

A good example of stable sites of adhesion is the
integrin-dependent attachments of the muscles (Fig I).
Using super-resolution microscopy we can visualise the
orientation of the proteins with the adhesion site (Fig
2).To combine biophysical approaches with genetics,

we are developing a method of primary cell cutture of
embryonic muscles, where we can now generate bipolar
muscles with integrin adhesions at each end (Fig 3). Of
particular interest are the mechanosensitive properties of
cell adhesion, where acto-myosin contraction with the cell
exerts force on sites of adhesion, causing the recruitment
of proteins like vinculin to strengthen adhesion, and actin
protrusions are capable of pushing the nucleus to one side.
Cell-cell adhesion is regulated by dynamic microtubules

THE GURDON INSTITUTE

(Fig 4),and we have discovered that a novel adhesion
subcomplex controlled by microtubules is required to
maintain segmental boundaries, which are crucial for the
generation of the pattern within the embryonic epidermis.

Selected publications:

+ Huelsmann S,Yldnne | and Brown NH (2013) Filopodia-
like actin cables position nuclei in association with
perinuclear actin in Drosophila nurse cells. Dev. Cell 26,
604-615.

+ Bulgakova NA, Grigoriev |, Yap AS, Akhmanova A and
Brown NH (2013) Dynamic microtubules produce an
asymmetric E-cadherin-Bazooka complex to maintain
segment boundaries. | Cell Biol. 201, 887-901.

+ Bulgakova NA, Klapholz B and Brown NH (2012) Cell
adhesion in Drosophila: versatility of cadherin and integrin

complexes during development. Curr Opin Cell Biol. 24,
702-712,

« Zervas CG, Psarra E,WilliamsV, Solomon E,Vakaloglou
KM and Brown NH (201 1) Central multifunctional role of
Integrin-Linked Kinase at muscle attachment sites J. Cell
Sci. 124, 1316-1327




Fig 1) Embryonic epidermal cells showing that
the apical array of microtubules (red) is weill
organised into parallel bundles. The ends of
these microtubules regulate the levels of the
cell adhesion molecule E-cadherin (green) to
control cell moverment within the layer

of cells

Fig 3) Primary cell culture, showing
that embryonic muscles become
bipolar on a uniform extracellular
matrix substrate, with integrin
adhesions in green, connected to red
actin filaments, and nudlei in blue.

Fig 4) Magnified view of
the muscle attachment
site by super-resolution
microscopy shows that
the actin-binding region
of the linker protein
talin (red) is pulled
awdy from the integrn
cytoplasmic tails

(green).

Fig 2) Attachment of muscles in the Drosophila embryo is mediated by integrins, which are linked to the actin
cytoskeleton (green) by linker proteins such as vinculin (red).
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Steve Jackson

Maintenance of genome stability

Co-workers: Pallavi Agarwal, Gabriel Balmus, Linda Baskcomb, Rimma Belotserkovskaya, Andrew Blackford, Jessica Brown, Will Chiang, Julia Coates,
Matt Cornwell, Mukerrem Demir, Kate Dry. Josep Forment, Yaron Galanty, Nicola Geisler, Mareike Herzog, Satpal Jhujh, Delphine Larrieu, Carlos le
Sage, Natalia Lukashchuk, Ryotaro Nishi, Fabio Puddu, Helen Reed, Israel Salguero, Christine Schmidt, Matylda Sczaniecka-Clift, jon Travers, David

Weismann, Paul Wijnhoven

Our work focuses on the DNA-damage response (DDR),
the set of events that optimises cell survival and genome
integrity by detecting DINA damage, signalling its presence
and mediating its repair. As DDR defects are associated
with neurodegenerative diseases, immunodeficiencies,
premature ageing and cancer; our research is not only
providing academic insights but is also suggesting new ways
to better understand and alleviate such conditions.

Over the past vear, we have continued to study how

the DDR is controlled by protein post-translational
modifications. For instance, we established that the SUMO
targeted ubiquitin E3 ligase (STUBL) RNF4 promotes
DINA double-strand break DSB repair; shedding new light
on the molecular dynamics regulating DSB signalling and
repair, and highlighting the interplay between ubiquitylation
and sumoylation (1,2). We have also determined how the
key DSB signalling protein ATM can be activated through
chromatin alterations (3). Thus, we established that
tyrosine phosphorylation of the protein acetyltransferase
KATS (Tipé0) is mediated by the proto-oncogene c-Abl,
and that this modification increases after DNA damage

in a manner associated with KATS binding to the histone
mark H3K9me3.This in turn triggers KATS-mediated ATM

acetylation, DDR checkpoint activation and cell survival (3).

Another major recent highlight has been us establishing a
method for microscopic visualisation and quantification of
the (DSB) repair protein Ku at individual DNA-damage
sites (4) — a goal that we and others have sought for

the ~20 years since Ku was first identified as a non-
homologous end joining (NHE]) factor:

|8  THE GURDON INSTITUTE

Selected publications:

» Jackson SP and Durocher D (2013) Regulation of DNA
damage responses by Ubiquitin and SUMO. Molecular
Cell 49, 795-807.

» Kaidi A and Jackson SP (2013) KATS tyrosine
phospherylation couples chromatin sensing to ATM
checkpoint signalling. Nature 498, 70-74.

» Britton S, Coates | and Jackson SP (2013) A new
method for high-resolution imaging of Ku foci to decipher
mechanisms of DNA double-strand break repair: Journal
of Cell Biology 202, 579-595.

» Galanty Y, Belotserkovskaya R, Coates | and Jackson

SP (2012) RNF4, a SUMO-targeted ubiquitin E3 ligase,
promotes DMNA double-strand break repair. Genes Dev
26, 1179-95




Altered
chromatin
structure

c-Abl phosphorylates KATS, which allows KATS to bind to
exposed chromatin mark H3KPme3. This activates KATS,

Protein dynamics to and from sites of DNA breaks. DNA damage
checkpoint and repair factors and modulators of chromatin
organisation are recruited (green armows) to DNA breaks (S5B and
DSB), while transcription machineries are excluded (red arrows), and
the dynamics of structural chromatin components operate in both
directions (orange arrows). HR, homologous recombination; NHE], non-
homologous end joining. Taken from Polo SE and Jackson SP (201 1)
Dynamics of DNA damage response at DNA breaks: A focus on
protein modifications. Genes Dev 25, 409-433

which then acetylates ATM that has been recruited to
DSB sites by the Mre | |-Rad50-Nbs| complex, ATM then
autophospharylates to become fully active and trigger DNA-

damage signalling.

We have developed a new
technique to visualise DNA repair
proteins at sites of DINA breaks. Ku

accurmulation is shown at sites of laser
micro irradiation (green). yH2AX (red)
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Tony Kouzarides

Epigenetic modifications and cancer

Co-workers: Paulo Amaral, Andy Bannister, Isaia Barbieri, Ester Cannizzaro, Ka Hing (Harvey) Che, Ali Cook, Mark Dawson, Chun Yew Fong,
Namshik Han, Sri Lestari,Valentina Migliori, Jessica Morison, Nikii Parsons, 5am Robson, Helena Santos Rosa, Peter Tessarz, Emmanuelle Vire, Meike
Wiese, Beata Wyspianska

Our group is interested in defining the mechanisms

by which modifications of chromatin and non-coding

(nc) RNAs regulate cellular processes. Our attention

is focused on enzymes which regulate transcription by
covalently modifying histones or ncRNAs. Ve would like
to understand what biological processes these enzymes
control and the precise mechanism by which modifications
act. At the same time we are dissecting how modification
pathways are mis-regulated in cancer cells and exploring
avenues for treatment.

Our recent work has identified two new modification
pathways. The first involves methylation of miRINAI45 by
a new RMNA modifying enzyme BCDN3D. This methylation
disrupts the binding of miRINA145 to dicer and therefore
controls miRNA maturation. The BCDMN3D enzyme is an
oncogene with pro-metastatic characteristics, indicating
that this pathway may be therapeutically important.

The second pathway involves a new class of chromatin
modifying enzyme, which is able to methylate a glutamine
residue within H2A. This modification is restricted to

the rDNA locus and has a role in transcription by RNA
polymerase |. In adidition, characterisation of arginine
cirtrullination by the Padi4 enzyme, a modification we
described some years ago, has revealed a role for this
activity in pluripotency.

Our interest in the intervention of epigenetic pathways
has identified the acetyl-binding BET proteins as a
therapeutic target. A small molecule inhibitor of BETs
(I-BET) was used to prevent the binding of BET proteins
to acetylated histones and suppress a gene expression
program leading to MLL-leukaemia. This small molecule
effectively inhibits primary human leukaemias and halts the
process of leukaemia in model systems. I-BET is currently
in clinical trials.

THE GURDON INSTITUTE

Selected publications:

+ Christophorou M, Castelo-Branco G, Halley-Stott R,
Slade Oliveira C, Loos R, Bertone P Silva |, Zernicka-Goetz
M, Nielsen M, Gurdon |B, Radzisheuskaya A, Mowen K and
Kouzarides T (2014) Citrullination regulates pluripotency
and H| linker histone binding to chromatin. Nature doi:
10.1038/nature| 2942

« Tessarz P Santos-Rosa H, Robson SC, Sylvestersen KB,
Nelson C), Nielsen ML and Kouzarides T (2013) Glutamine
methylation in Histone H2A is an RNA Polymerase |
dedicated modification. Nature doi:| 0.1038/nature| 2819

» Xhemalce B, Robson SC and Kouzarides T (2012)
Human RNA methyltransferase BCDIN3D regulates
microRNA processing. Cell 2012 Oct 12;151(2):278-88.

» Dawson MA, Prinjha RK, Dittmann A, Giotopoulos G,
Bantscheff M, Chan W, Robson SC, Chung CW, Hopf C,
Savitski MM, Huthracher C, Gudgin E, Lugo D, Beinke S,
Chapman TD, Roberts EJ, Soden PE, Auger KR, Mirguet O,
Doehner K, Delwel R, Burnett AK, Jeffrey R Drewes G, Lee
K, Huntly BJ and Kouzarides T (201 1) Inhibition of BET
recruitment to chromatin as an effective treatment for
MLL-fusion leukaemia. Nature 478(7370), 529-533

« 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

Mammalian neural stem cell biology, fundamental and applied

Co-workers: Thérése Andersson, Roberta Cagnetta, Tatyana Dias, Macushla Hughes, Peter Kirwan, Teresa Krieger, Steven Moore, Tomoki Otani,
Nathalie Saurat, Yichen Shi, James Smith, Selina Wray

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 importance, it is not surprising that diseases of
the cerebral cortex are major causes of morbidity and
mortality. Understanding the biology of cortical neural
stem cells is essential for understanding human evolution,
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 complex population

of multipotent stem and progenitor cells. Much of the
research in the lab centres on the cell and melecular
biclogy of cortical stem cells. We are particularly
interested in the molecular mechanisms controlling
multipotency, sel-renewal and neurogenesis, and how
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.

In the other major strand of research in the group, we
have developed methods for directing differentiation of
human pluripotent stem cells to cortical neurons, via a
cortical stem cell stage. Human stem-cell-derived cortical
neurons form functional networks of excitatory synapses
in culture.We are using this system for studies of human
neural stem cell biclogy and to generate models of
cortical diseases. Our initial focus has been on dementia,
where we have used stem cells from people with Down
syndrome and from patients with familial Alzheimer's
disease to create cell culture models of Alzheimer’s disease
pathogenesis in cortical neurons.We are using these
maodels to study Alzheimer's disease pathogenesis and the
efficacy of current therapeutic strategies.

Selected publications:

» Livesey FJ (2012) Stem cell models of Alzheimer's
disease and related neurological disorders. Alzheimers Res
Ther 4,44

» ShiY, Kirwan P and Livesey F] (2012) Directed
differentiation of human pluripotent stem cells to cerebral
cortex neurons and neural networks. Nature Protocols 7,
|836-1846

» ShiY, Kirwan P Smith ), Maclean G, Orkin SH and Livesey
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Extracellular aggregates (green) of the Alzheimer's
disease pathogenic peptide AB42 in cultures of
human cortical neurons generated from Down
syndrome iPS cells.
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2%

The first miRNA to be identified was the product of
the C elegans gene lin-4, Loss of function of lin-4 leads

‘ Pol Il transcription

LATE LARVAL DEVELOPMENT

Recognition  Uridylation  Degradation

EARLY LARVAL DEVELOPMENT

We have discovered that let-7, LIN-28 and the poly(L)
polymerase form an wltraconserved switch that regulates stem

to the failure of a stem cell lineage to differentiate cell decisions in C elegans
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Forward genetic screens: new biogenesis and function mutants

An in-vivo assay for piRINA
germline. piRNAs and Piv
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sequencing to discover miRNA biogenesrs
and mechanisms.

function in the
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Figure |: Cell competition in wing imaginal discs. Minute mutant
cells (red) are outcompeted by fitter wild-type cells and become
apoptotic (green)

Wild-type calls | Loser celis

o4

oy

a2

proportion of dying cells

a1

oo ——
near far

Figure 2: Minute mutant cells are outcompeted by fitter wild-type cells in the ¢
intestine. Minute cells (labelled in red) display increased apoptosis (marked in green)
if they are in proximity of fitter wild type dones. Right: quantification of apoptosis

frequency in Minute cells next to or far away from wild-type cones.

Figure 3:A wing imaginal disc
showing expression of a gene
upreguiated in Minute cells.

OHrs 12Hrs 28Hrs . 56Hrs

Scribble:WT

Figure 4: Scribble deficient cells, labelled in green,
are outcompeted (top). We have isolated a
population of Scribble deficient cells that instead is
resistant to cell competition (bottom).

Res-Scribble:WT
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Mass spectroscopy analysis reveals the dynamic interactions of
the different cyclins through the cell cycle
Credit: Felicia Walton-Pagliuca & Mark Collins (Sanger Institute)

Mitotic RPE-| cell with a single unattached # : Key (interaction dynamics):

chromosome, Mad?2 in red, Hec! in green, DNA in G1 enriched

blue and spindle MTs in white. (Philippe Collin) = S enriched
G2 enriched
M enriched
All phases

Protein interactor

Mentage of a prometaphase cell in which the Venus fluorescent protein
has been knocked into the Mad2 locus. Mad?2 binds to unattached
kinetochores. The chromosomes are labelled with ectopically expressed
Histone H2B-mRuby. (Philippe Collin)

Venus-Mad?2
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Adult mouse |

secrefory celis

Mouse embryonic lung growing in culture. Blue (X

orafted stermn cells which have been incorborated int
Erajted stem Cens wiich Nave bee CONpore :

Mouse embryonic lung undergoing
branching morphogenesis, stained to
show the epithelium (E-cadherin)

A done of mutant tracheal epithelial
cells labelled with GFFP (green).
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Studies of clonal fate using a multi

colour inducible genetic labelling system
provide a vivid demonstration of neutral
drift dynamics and the progession
towards monoclonality in crypt The

top image shows a section through

the base of the crypt showing the
clonal progeny of the stem/paneth cell
compartment at 7 days post-induction
The bottom image shows the migration
streams of differentiated cells moving
up (fully-clonal erypts) and onto willi

Lineage-tracing studies show that mechanisms of stoch
stem cell fate play a central role in the homeostasis of @
tissues. However, it remains unclear whether such patterns
of fate play a role in the development of tissue. Currently, we
are working with experimentalists to resolve the pattern of
progenitor cell fate in reting, where retinal precursors must
coordinate to give rise to multiple differentiated cell types.
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Figure |.Tracks of growing microtubules
on the apical side of the follicular
epithelium over a two minute period

Apical

Apical junction!

Lateral

Figure 4. A model showing the polarity
factors that mark different cortical domains in
epithelial cells and the inhibitory interactions
between them.

PIP2

PIP3

Scrib/Dig/Lgl

Figure 2. A clone of mutant follicle cells

of nuclear GFP) that have lost their «

been extruded from the basal side of tf

Figure 3. An egg chamber containing two types of follicle cell clones he
for mutations that delay the switch between proliferation and differentia
class of clones is marked by the loss GFP (green), the other by the loss of |

and the nuclei have been counterstained for DNA (blue). The two mutations are
additive as the cells in the double mutant dones (blue only) are smaller than either

single mutant.

Crb/Sdt{PALS1 )/PAR-G/aPKC

W

Baz (PAR-3)

PTEN

PAR-1
o Figure 5.A stage 10 egg chamber expressing a marker for the
Pk microtubule minus ends fused to Cherry fli
(red), counterstained for DNA (biue) The
microtubules are anchored to the anterior cortex of the cocyte

mRMNA

orescent protein

ws ends of the

and direct the localisation of bicoid
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1 re-initiation and re-replication

Replication initiation must be strictly controfled to eccur once, and
only once, in every cell cycle.

Xenopus laevis embryos at the Midblostula Transition. Left is a normal embryo,
right is an embryo over-expressing limiting replication factors.
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Phospho-peptide array analysis of replication initiation factors. a
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Cultured mouse embryos at the blastocyst stage, just before implantation, stained
with fluorescent antibodies to identify the different cell lineages. The blue cells are
the trophectoderm which will form part of the placenta, The white cells are the
pluripotent epiblast which will go on to form all the cells of the embryo proper, and
the pink celfs are the primitive endodermn which will differentiate into the yolk sac
(Mubeen Goolam)

3D reconstruc
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30 reconstruction of Drosophila adult posterior midgut with APC mutant clones and
stained for Armadillo (magenta) and DINA (blue) (Saskia Suijkerbuijk, Piddini lab)
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JON PINES: 108th International Titisee Conference, Titisee, Germany

PETER SARKIES: EMBO Non-coding Genome Meeting, Heidelberg, Germany
ROOPSHA SENGUPTA: Muclear Structure and Dynamics meeting, European
Molecular Biology Organisation (EMBO), Llsle sur la Sorgue, France

ALEX SOSSICK: Wellcome Trust, London, UK

AZIM SURANI:Weizmann Institute of Science, Rehovot, Israel

AZIM SURANI: Hebrew University, Jerusalem, lsrael

AZIM SURANI: School of Medicine, University of Zagreb, Zagreb, Croatia

AZIM SURANI: National Centre for Biological Sciences (NCBS), Bangalore, India
DANIEL ST JOHNSTON: ABCD Congress, Ravenna, ftaly

PETER TESSARZ: Faculty of Biclogy, HU Berlin, Berlin, Germany

PETER TESSARZ: MPI Immunobiclogy and Epigenetics, Freiburg, Germany

EVA MARIA WEICK: EMBO Non-coding Genome Meeting, Heidelberg,
Germany

PHILIP ZEGERMAN: MPI, Munich, Germany

MAGDA ZERNICKA-GOETZ: Mammalian Embryology Conference, University
of Warsaw, Poland

NOVEMBER

JULIE AHRINGER: Dunn School of Pathology, University of Oxford, UK
PAULO AMARAL: Stephen Hales Society, Corpus Christi College, Cambridg
UK

RAFAEL CARAZO SALAS: Cell Biology of reasts Meeting, Cold Spring Harbor,
USA

MARK DAWSON: MCRI Conference, Liverpool, UK

JOHN GURDOM: Research Institute of Molecular Pathology (IMP),Vienna, UK
KATHY HILTOMN: Lux Review Magazine, London, UK

TONY KOUZARIDES: IMPPC, Barcelona, Spain

TONY KOUZARIDES: Abcam Meeting, Cayman lslands

RICK LIVESEY: Meurological and Psychiatric Diseases: Model Systems an
Treatment Sympaosiurn, Brown University, Providence, Rhode lsland, USA
ERIC MISKA: Copenhagen Biosciences Conferences, Copenhagen, Denmark
JON PINES:Vienna Biocenter PhD Symposium,Vienna, Austria

ALEX SOSSICK: Hauser Forum, Cambridge, UK

BERNHARD STRAUSS: Hauser Forum, Cambridge, UK

AZIM SURANI: MRC Clinical Sciences Centre, London, UK

PETER. TESSARZ: ZMBH, University of Heidelberg, Germany,

PETER TESSARZ: EMBL, Heidelberg, Germany

ASTRID WALRANT: GEM/GERLI, Saint-Jean-Cap-Ferrat, France

DECEMBER

MARK DAWSON: Abcam Meeting, London, UK

JOHN GURDOMN: Hong Kong University Faculty of Medicine + C
Reproduction, Develgpment and Growth and Stem Cell & Regenerative
Medicine Consortiur, Hong Kong

AZIM SURANI: Babraham Institute, Cambridge, UK

AZIM SURANI:Wellcome Trust, London, UK

MAGDA ZERMICKA-GOETZ: Institute for Reproductive Sciences C
MAGDA ZERNICKA-GOETZ Wellcome Trust Researcher Meeting, Ashr
Berkhamsted, LK

=
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GURDON INSTITUTE SEMINAR SERIES

Drosophila ventral nerve cord (Paul Fox, Brand Lab)

LENT TERM

2| January, Randy Schekman, HHMI, University of California, Berkeley:
“Transport vesicle assembly - lessons from yeast applied to mammalian
development”

22 January, Amanda Fisher, Imperial College, London:*Reprogramming and
cellular dominance” (The Anne MclLaren Lecture)

5 February, Nadia Resenthal, Imperial College London; Monash University;
EMBL Australia:“Immune regulation and vertebrate regeneration”

26 February, Alexander van Oudenaarden, Hubrecht Institute-KNAW &

University Medical Center Utrecht, Netherlands:"Controlling gene expression
fluctuations during development”

5 March, Christof Niehrs, Institute of Molecular Biology (IMB), Mainz,
Germany:"Mechanisms of Wht signal transduction”

I9 March, Jiri Lukas, Neovo Mordisk Foundation Center for Protein Research,

University of Copenhagen, Denmark:"Spatial and temporal regulation of the
DMNA damage response”
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MICHAELMAS TERM

15 October, Ken Zaret, Institute for Regenerative Medicine and Perelman
School of Medicine, University of Pennsylvania, USA: “Mechanisms of cellular
programming and reprograrmming”

5 November, Yoshiki Sasai, RIKEN Center for Developrnerital Biology, Kobe,

Japan:“Self-regulatory mechanism of multicellular systems: tissue self-organization
and scaling”

19 November, Tian Xu, HHMI/ Yale University, USA: "Growth and size regula-
tion in development and disease”

3 December, ScottWaddell, Centre for Neural Circuits and Behaviour: Univer-
sity of Oxford:"Bending the not so simple mind of the fruit fly"

Human embryonic stem cells differentiated to ventral forebrain neurons (Steven
Moore, Livesey Group)







DESTINATIONS OF LEAVERS DURING 2013

GROUP LEADERS

RAFAEL CARAZO SALAS: Group Leader; Department of Genetics, University
of Cambridge

THOMAS DOWMN: Creator and Lead Developer for Biodalliance, supported by
BBSRC Tools and Resources Development Fund

POSTDOCTORAL RESEARCHERS

JUAN FRANCISCO ABENZA MARTINEZ: Herchel Smith Fellow, Department
of Genetics, University of Cambridge (Carazo Salas Lab)

THERESE ANDERSSOMN: Group Leader; The WennerGren Institute, Stackholm
University, Sweden (Livesey Lab)

BALINT ANTAL: ERC Research Associate, Department of Genetics, University
of Cambridge (Carazo Salas Lab)

FLOREMNCIA BARRIOS: Assistant Professor of Histology and Embryology,
University of Rome Tor Vergata, Research Associate, University of Rome
Sapeienza (Surani Lab)

SEBASTIEN BRITTOM: Senior Postdoctoral Researcher; CNRS, France (Jackson
Lab)

AMNATOLE CHESSEL: BBSRC Research Associate, Department of Genetics,
University of Cambnidge (Carazo Salas Lab)

MARK DAVWSON: Consultant Haematologist and Group Leader, Peter MacCal-
lum Hospital, University of Melbourne, Australia (Kouzanides Lab)

JAMES DODGSON:; BBSRC/ERC Research Associate, Department of Genetics,
University of Cambridge (Carazo Salas Lab)

DAVID DOUPE: Postdoctoral Fellow, Dept of Genetics, Harvard Medical Schoel
(Brand Lab)

BRUMNO FIEVET: Scientist, Fahy Gurteen, Cambridge, UK (Ahringer Lab)
ALEJANDRA GARDIOL: Imaging Specialist at Olympus KeyMed, UK

(St Johnston Lab)

MARCO GEYMONAT: BBSRC Research Associate, Department of Genetics,
University of Cambridge (Carazo Salas Lab)

YOSHIKO INOUE: Transferred to Gallop Research Group (Brown Lab)
ABDERRAHMAMNE KAIDI: Lecturer, School of Cellular and Molecular Medicine,
Bristol University (Jackson Lab)

KAZUHIRO MURAKAMI: Assistant Professor, Hokkaido University, Japan
(Surani Lab)

KRZYSZTOF WICHER: Research Scientist, Medimmune, Cambridge UK
(Zernicka-Goetz Lab)

SELINAVWVRAY: Research Associate, UCL, London (Livesey Lab)

YUYE: Sir HenryWellcome Research Fellow, Department of Chemistry,
University of Cambridge (St Johnston Lab)

RESEARCH ASSISTANTS/TECHNICIANS
XEMIA STUDERA Consultant, PriceSpective, London (Carazo Salas Lab)
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PhD/MPhil STUDENTS

STOYANA ALEXANDROVA: PhD Student, Stem Cell Institute, University of
Cambridge (Zernicka-Goetz Lab)

HELEMN BOLTOMN: Clinician, Department of Obstetrics and Gynaecology at
Addenbrooke's Hospital (Zernicka-Goetz Lab)

JORGE BUENDIA BUENDIA: Research Student, Wellcome Trust Centre for Cell
Biology, University of Edinburgh (Brand Lab)

TARA FINEGAN: School of Biclogical Sciences, PhD Student, Gurdon Institute
(Carazo Salas Lab)

MILS GRABOLE: Postdoctoral Fellow, Roche Pharmaceuticals, Basel, Switzerland
(Surani Lab)

VERONIKA GRAML Consultant, Analytics, Deloitte Consulting AG, Zinch,
Switzerland (Carazo Salas Lab)

JOSEPH HARVETY: Wellcome Trust Mathematical Genomics and Medicine PhD
Student, Department of Genetics, University of Cambridge (Carazo Salas Lab)
JONATHAN LAWSOMN: Wellcome Trust PhD Student, Departrment of
Genetics, University of Cambridge (Carazo Salas Lab)

NIC LEHRBACH: Postdoctoral Researcher, Ruvkun Lab, Department of
Molecular Biology, Massachusetts General Hospital, USA (Miska Lab)

HARRY LEITCH: MB/FhD Student Clinical School, Addenbrooke’s, Cambridge
(Surani Lab)

PAOLA MARCO CASANCVA: Postdoctoral Researcher, David Komander Lab,
MRC LMB, Cambridge (Pines Lab)

YUNG-CHIM OEl: Cancer Research UK PhD Student, Department of Genetics,

University of Cambridge (Carazo Salas Lab)
YICHEN SHI: Managing Director, Axol Bioscience, Cambridge UK (Livesey Lab)
MARK ZIATS: Medical Student, Baylor College of Medicine, USA (Surani Lab)

3D reconstruction of Drosophila imaginal wingdisc with clones of membrane bound
Venus (yvellow) and DNA (biue) (Saskia Suijkerbuiik, Piddini lab)




A happy bunch! The Institute on retreat in Dunston Hall, Norfolk, in September 201 3.
(photo by james Smith, Livesey Group)
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