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New roles for Gsk-3b and Wnts during skull vault

osteogenesis

HEATHER L. SZABO ROGERS, LUCY E.
SMITHERS and KAREN J. LIU
Department of Craniofacial Development, Kings
College London, SE1 9RT, UK

The timing of frontal bone ossification is critical for
protection of the newborn brain. Defects in timing
can lead to human disorders such as craniosynostosis
(premature fusion of the cranial sutures). We hy-
pothesize that changes in Wnt/b-catenin signalling are
important for skull ossification, and are using genetic
approaches to test this hypothesis. In both GSK-
3bx/x and Axin2x/x embryos, we observed reduced
osteogenesis in the frontal bone. Loss of either of
these genes leads to up-regulation of the Wnt path-
way, via nuclear localization of b-catenin. Compound
mutant phenotypes suggest that GSK-3b and Axin2
synergize during ossification of the skull. Further-
more, we find differential expression of Wnt inhibitors
between the frontal and parietal bone. These prelimi-
nary data suggest that Wnt antagonists in the frontal
bone are critical for setting the rate of osteogenesis.

Imaging of melanoblast migration in embryonic skin

RICHARD L. MORT, LEONARD HAY and IAN
J. JACKSON
MRC Human Genetics Unit, Institute of Genetics and
Molecular Medicine, Edinburgh, UK

Melanoblasts, the embryonic precursors of melano-
cytes, are derived from the neural crest and migrate
along the dorsolateral pathway. They populate the
epidermis around embryonic day 12 (E12) and loca-
lize to embryonic hair follicles between E13.5 and
E16.5. Historically, imaging of melanoblast migration
during mouse development has been hindered by the

difficulty in culturing embryonic skin and the lack of
good fluorescent markers. To overcome this, we
labelled the melanoblast lineage by crossing trans-
genic mice that express Cre recombinase under the
control of the tyrosinase promoter with ROSA26-
EYFP reporter mice. Using a novel culture system, we
were then able to perform live-cell imaging of mela-
noblast migration in embryonic skin for the first time.
Movies generated by time-lapse confocal microscopy
reveal that melanoblasts are highly mobile and allow
measurement of the dynamics of their migration. It is
anticipated that this technique will allow us to unpick
the molecular mechanisms that control melanoblast
dispersal throughout the embryonic dermis and sub-
sequent localization to the developing hair follicles.

RASSF7: a new possible therapeutic cancer target?

ASHA RECINO1, AMY FLAXMAN1, VICTORIA
SHERWOOD, WENDY COOPER3, ANDREW
WARD1, FARIDA LATIF3 and ANDREW D.
CHALMERS1

1Centre for Regenerative Medicine, Department of
Biology and Biochemistry, University of Bath, Bath
BA2 7AY, UK
2Present address: Cell and Experimental Pathology,
Lund University, Malmo University Hospital, S-205 02
Malmo, Sweden
3Section of Medical and Molecular Genetics, Depart-
ment of Paediatrics and Child Health, University of
Birmingham, Birmingham B15 2TT, UK

The N-terminal (NT) RASSF subfamily represents
a distinct and evolutionary conserved group of Ras
association domain containing proteins RASSF7,
RASSF8, RASSF9 and RASSF10 (reviewed in
Sherwood et al., 2009). Although their biological
function is still unclear, at least some of these proteins
may play a role in oncogenesis. Therefore, the study
of this family may be particularly interesting for
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understanding tumour progression. Our objective is
to understand the function of RASSF7. Previously,
we found that in Xenopus embryos RASSF7 knock-
down provokes cell mitotic arrest, nuclear fragmen-
tation and ultimately cell death (Sherwood et al.,
2008). We are now elucidating the function of mam-
malian RASSF7. We found that RASSF7 is broadly
expressed during mouse embryogenesis and in adult
tissues. It is also expressed in every human cell line
tested so far. Knockdown of RASSF7 in HeLa cells
causes a reduction in cell numbers, an arrest in
mitosis and extensive DNA fragmentation. Finally,
we show that consistent with a role in mitosis
RASSF7 localizes to centrosomes. Thus, RASSF7
represents a new regulator of the fundamental process
of mitosis.

References

Sherwood, V., Recino, A., Jeffries, A., Ward, A. &
Chalmers, A. D. (2009). The N-terminal RASSF family : a
new group of Ras-association-domain-containing proteins,
with emerging links to cancer formation. Biochem. J. 425,
303–311.
Sherwood, V., Manbodh, R., Sheppard, C. & Chalmers,
A. D. (2008). RASSF7 is a member of a new family of RAS
association domain-containing proteins and is required for
completing mitosis. Mol. Biol. Cell. 19, 1772–1782.

The origin of asymmetry: Pkd1l1 as a mechanosensor

of nodal flow

DANIEL T. GRIMES, SARAH FIELD, KERRY-
LYN RILEY, PAM SIGGERS, DEB BOGANI,
ANDYGREENFIELD and DOMINIC P. NORRIS
MRC, Mammalian Genetics Unit, Oxfordshire, UK

The early vertebrate embryo is bilaterally symmetri-
cal, but gives rise to a markedly asymmetric body or-
ganization, with various internal organs positioned
and patterned in a left–right asymmetric manner.
Specification of the mammalian left–right axis is
controlled by motile cilia-driven fluid flow in the
embryonic node, a pit-like structure located at the
anterior tip of the primitive streak. How the embryo
perceives this nodal flow remains the subject of much
debate. During an N-ethyl-N-nitrosourea (ENU)-
driven forward genetic screen, we isolated a develop-
mental mutant, rks, which displays striking defects in
left–right patterning; no left side was specified, re-
sulting in right isomerism. The rks mutation disrupts
a conserved motif within an extracellular polycystic
kidney disease (PKD) domain of the polycystic kid-
ney disease gene family member Pkd1l1. Other mem-
bers of this family are involved in flow-induced
calcium signalling, and we hypothesize that Pkd1l1
plays a similar role at the embryonic node, where

symmetry is first broken and Pkd1l1 expression is
enriched. The rks mutant largely phenocopies the
Pkd2 null mouse, leading to the notion that Pkd1l1
and Pkd2 act together to sense nodal flow: we are
currently investigating the biochemical basis behind
this possibility. Taken together, our results indicate
that Pkd1l1 is the long-undiscovered sensor of nodal
flow, required for the determination of the left–right
axis.

Identification of putative neural tube defect-causing

mutations in planar cell polarity genes

ALEXIS ROBINSON, KIT DOUDNEY,
NICHOLAS D. E. GREENE, PHILIP STANIER
and ANDREW J. COPP
Neural Development Unit, Institute of Child Health,
UCL, 30 Guilford Street, London WC1N 1EH, UK

Neural tube defects (NTDs) are a common group
of birth anomalies affecting approximately 0.1% of
pregnancies worldwide. NTDs arise when the neural
tube, the embryonic precursor of the brain and spinal
cord, fails to close during embryo development.
Craniorachischisis, the most severe form of NTD,
results from failure of closure throughout the hind-
brain and the entire spinal neural tube. Genetic fac-
tors are known to play a major role in determining
NTD risk, but few genes for human NTDs are
known.

The generation of NTD mouse mutants and the
subsequent identification of NTD-causing genes have
shown that mutations in genes associated with a non-
canonical Wnt signalling pathway – the planar cell
polarity (PCP) pathway – can cause the cranior-
achischisis phenotype in mouse. In this study, a
number of PCP and PCP-related genes have been
screened for mutations in an attempt to investigate
their potential pathogenicity in human cranior-
achischisis. DNA sequence analysis involving 36 cases
led to the identification of a number of unique, non-
synonymous sequence changes in two genes : SCRB1
and CELSR1. Of particular interest was the finding of
five non-synonymous sequence changes in CELSR1
and three non-synonymous sequence changes in
SCRB1, all ofwhichwere absent fromcontrol chromo-
somes.

Investigation into the effect of the identified puta-
tive SCRB1 and CELSR1 mutations on protein
function is currently underway. One hypothesis being
tested is that SCRB1 and CELSR1 mutations may
disrupt protein function by altering interaction with
known binding partners. To date, CELSR1 protein
interactors are not known. However, SCRB1 is
known to interact with the PCP protein VANGL2, a
guanine nucleotide exchange factor (GEF) protein
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b-PIX and an apical–basal cell polarity protein lethal
giant larvae 2 (LGL2). Immunoprecipitation ex-
periments suggest that putative SCRB1 mutations
do not affect interaction with VANGL2, b-PIX or
LGL2, indicating that SCRB1 mutations may affect
protein function in another way, not known as yet.
Additional functional assays are currently ongoing in
an attempt to elucidate the pathogenicity of these
genetic variants. Confirmation that SCRB1 and
CELSR1 mutations are causative in humans with
severe NTDs would be a step towards identifying the
genetic basis of human NTDs.

Scribble is required for lumen formation in the mam-

malian lung

LAURA YATES1, CARSTEN SCHNATWINKEL2,
JENNIFERN.MURDOCH1, DEBORA BOGANI1,
STUART TOWNSEND1, ANDY GREENFIELD1,
LEE A. NISWANDER2 and CHARLOTTE H.
DEAN1

1Medical Research Council, Harwell, Oxfordshire,
OX11 0RD, UK
2Howard Hughes Medical Institute, Department of
Pediatrics, Section of Developmental Biology, Uni-
versity of Colorado Denver School ofMedicine, Aurora,
CO, USA

Lung development results in the production of a net-
work of branches specialized for gas exchange.
Correct lumen formation is essential for lung func-
tion; however, the mechanism of lumen formation in
the lung is poorly understood. In vitro studies have
shown cell polarity, cell–cell adhesion and establish-
ment of an apical membrane are pre-requisites for
lumen formation. Scribble has a role in apical–basal
polarity in Drosophila and is required to maintain
tight junctions, thus we sought to determine the role
of Scribble in mouse lung lumen formation.

ScribbleCrc lungs appear smaller, with fewer, mal-
formed branches compared to wild-type. In culture,
Crc/Crc lungs are denser, and buds are less visible
compared to controls. E14.5 Crc/Crc lungs display a
46% reduction in the number of ‘normal ’ airways
with an organized lumen. Immunostaining high-
lighted severely disorganized airways in Crc homo-
zygotes. Consistent with previous studies, both
adherens junctions and tight junctions are disrupted
in Crc/Crc lung epithelia, yet apical–basal polarity
appears largely unaffected.

We therefore propose that Scribble is required for
normal lumen formation in the mammalian lung.
Mutations in Scribble lead to defects in lumen for-
mation as a result of disrupted cell adhesion and
loss of cell–cell contacts during epithelial tube for-
mation.

Characterization of imprinted genes in mouse: Grb10
and Dlk1

MARTAM.MADON, ALASTAIR S. GARFIELD,
MICHAEL COWLEY and ANDREW WARD
University of Bath, Claverton Down, BA2 7AY, UK

Genomic imprinting provides an exception to the
Mendelian rule of inheritance. Imprinted genes are
preferentially expressed from only one of the parental
alleles and play important roles in the development of
embryonic and extra-embryonic lineages and post-
natally in the maintenance of glucose homeostasis.
The conflict theory predicts that maternally expressed
genes act as growth suppressors, limiting the usage
of maternal resources, and paternally expressed
genes function in an opposite manner. We propose
the hypothesis that the Grb10 (maternally expressed,
inhibitor of foetal growth) and Dlk1 (paternally ex-
pressed, growth promoter) genes act antagonistically
in a common genetic pathway. To test this hypothesis,
we have generated Grb10/Dlk1 double knockout mice
and performed a phenotypic characterization. Results
obtained from allometric and metabolic analyses,
together with histological studies, reveal strong
similarities between the phenotypes of Grb10 and
Grb10/Dlk1 knockout mice. According to our hy-
pothesis, these results imply that the Dlk1 and Grb10
genes are indeed involved in the same genetic path-
way, in which Dlk1 is an inhibitor of Grb10 which is
in turn acting as a growth suppressor. Our finding
provides an insight into a novel gene network which
involves two imprinted genes known to play signifi-
cant roles in normal growth, development and
metabolism.

Effects of a truncation in the imprinted Gnas cluster : an
emerging bone and growth phenotype

SALLY EATON, SIMON BALL, COLIN
BEECHEY, CHRISTINE WILLIAMSON and JO
PETERS
MRCHarwell,MammalianGeneticsUnit,Harwell Sci-
ence & Innovation Campus, Oxfordshire OX11 0RD,
UK

The imprinted Gnas cluster contains a complex
group of paternally, maternally or biallelically ex-
pressed genes. Within this cluster are paternal Gnasxl,
and Gnas, which is maternally expressed in specific
tissues.

Previous mouse studies have shown that ablation of
paternal Gnasxl results in severe growth retardation
and reduced adiposity, while ablation of maternal
Gnas results in an opposite phenotype of increased
adiposity.
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Comparing two paternally inherited transgenic
mouse lines we show that one line results in over-
expression of Gnas in imprinted tissues. These mice
exhibit the inverse phenotype to the maternal Gnas
knockout with moderate growth retardation and re-
duced adiposity. Our second line results not only in
over-expression of Gnas but also in truncation of
Gnasxl, expected to result in a non-functional protein.
These mice exhibit severe growth retardation and re-
duced adiposity. Moreover, it is only when Gnasxl is
truncated that a reduction in bone mineral density is
observed. To our knowledge, this is the first time that
a bone phenotype has been reported in whole animal
Gnas cluster mutants and we hypothesize that Gnasxl
may provide a new link between bone and fat metab-
olism.

Impaired thermogenesis and persistent hypothyroidism

caused by altered dosage of imprinted genes

M. CHARALAMBOUS1, S. T. DA ROCHA1,2,
T. ROWLAND1, S. FERRON1, M. ITO1,
E. RADFORD1, K. SCHUSTER-GOSSLER3,
A. HERNANDEZ4 and A. FERGUSON-SMITH1

1Department of Physiology, Development and
Neuroscience, University of Cambridge, Downing
Street, Cambridge CB2 3EG, UK
2Present address: CNRS UMR218 – Nuclear Dyna-
mics and Genome Stability, Institut Curie Section of
Research, Pavillon Pasteur – 26 rue d’Ulm, 75248
Paris Cedex 05, France
3Institute for Molecular Biology, Medizinische Hoch-
schule Hannover, Carl-Neuberg-Str, 1, D-30625,
Germany
4Departments of Medicine and Physiology, Dartmouth
Medical School, Lebanon, New Hampshire, USA.

Neonatal survival in mammals is crucially depen-
dent upon the maintenance of body temperature.
Thermogenesis by brown adipose tissue (BAT) com-
prises the majority of neonatal heat production. BAT
develops perinatally in mice, and requires the inte-
gration of adipogenic and thermoregulatory gene
pathways. We describe a regulatory mutation in the
imprinted cluster on mouse chromosome 12 that re-
sults in animals that are severely compromised in the
early postnatal period due to failure to maintain body
temperature. This cluster contains the genes encoding
Delta-like homologue 1/Preadipocyte factor (Dlk1/
Pref1) and iodothyronine deiodinase type 3 (Dio3),
the expression of which is perturbed in mutants. We
show that Dlk1 and Dio3 functions converge on the
development of brown fat at the transition to inde-
pendent life. Surviving mutants exhibited persistent
alteration to the thyroid hormone axis, increased
adipose mass and glucose intolerance. This confirms

that imprinted loci can act as critical determinants in
establishing and maintaining metabolic set points in
mammals.

Endothelial thymosin b4 acts during vascular develop-

ment to facilitate mural cell recruitment to the vessel

wall

A. ROSSDEUTSCH1, N. SMART1, M. TURNER2

and P. R. RILEY1

1Molecular Medicine Unit, UCL Institute of Child
Health, London, UK
2Laboratory of Lymphocyte Signalling and Devel-
opment, The Babraham Institute, Cambridge, UK

Thymosin b4 is an endogenously occurring 43-amino
acid peptide, which has been shown to be secreted
by the myocardium during embryogenesis. In this
setting, T b4 stimulates epicardial progenitor cell
invasion of the myocardium in order to form the
coronary vasculature. We expanded these investiga-
tions to determine whether T b4 plays a role in the
development of the systemic vasculature.

In situ hybridization and immunofluorescence
studies revealed expression of T b4 in the endothelium
from E9.5 onwards. Initially, a T b4 knockout mouse
was used to assess the effect of global loss of T b4
function on vascular development. A proportion of
T b4 null embryos display pericardial and coelomic
cavity haemorrhage at E10.5, caused by reduced mu-
ral cell recruitment to the dorsal aorta. In order to
further understand the mechanism through which
T b4 acts, T b4 was knocked down specifically in the
endothelial cell lineage using a Tie2-Cre T b4 shRNA
mouse. This recapitulates the phenotype of the global
knockout and suggests a model by which T b4 acts in
a paracrine fashion to stimulate the differentiation,
migration or maturation of mural cells recruited to
developing vessel walls.

DKK1 and GPCRX, two new transgenic mouse models

for innovative Alzheimer’s disease drug discovery

GIUSI MANFREDI, KIM MOORWOOD, JO
STEWART-COX, IRYNA WITHINGTON and
ANDREW WARD
Department of Biology and Biochemistry, University of
Bath, Bath, UK

Alzheimer’s disease (AD) may arise from the depo-
sition of a small peptide called Amyloid-Beta (Ab)
that is normally found in healthy individuals, but is
abnormally abundant in the brains of AD patients.
In vitro studies have shown that primary rat cortical
neurons challenged with Ab peptide up-regulate a set
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of genes. Among these up-regulated genes two drug-
targetable candidates, DKK1 and a G-protein
coupled receptor (GPCRX), have been chosen to de-
velop inducible in vivo models to investigate correla-
tions between their up-regulation and AD features
and to screen new compounds against this common
form of neurodegenerative disorder.

DKk1 could contribute to the neurodegenerative
pathology through the activation of Gsk3-b and may
lead to a hyperphosphorylation of Tau protein that in
turn is responsible for the breakdown of microtubules
in affected neurons contributing therefore to the pro-
cess of neuronal loss. Direct or indirect Pharma-
cological modulation of tau hyperphosphorylation
might therefore represent a therapeutic strategy for
such disorders.

The GPCRX receptor could be involved in astro-
cyte proliferation leading to astrogliosis. Blocking
these two pathways might ameliorate the process of
neuronal loss. This talk will focus on strategies
adopted to develop these transgenic models and
experiments planned to characterize these animal
models.

The E3 ubiquitin ligase Arkadia2C regulates BMP

signalling in motor neurons

CLAIRE E. KELLY, SHINYA TANAKA, JAMES
E. DIXON, WAI TAM and VASSO EPISKOPOU
MRC Clinical Sciences Centre, Imperial College
Faculty of Medicine, London W12 0NN, UK

TGF-b ligands act as morphogens in the vertebrate
embryo, eliciting different responses dependent on
concentration; additional regulation of signalling
thresholds is provided by intracellular inhibitors. The
nuclear RING-domain E3 ubiquitin ligase Arkadia/
Rnf111 enhances transcription of Nodal/TGF-b
target genes by degrading promoter-bound complexes
of the effector Smad2/3 and its co-repressors SnoN
and Ski. Although these co-repressors also act on
BMP signalling, Arkadia appears to be specific to
Smad2/3.

BMP signalling has been shown to be involved in
patterning of the spinal cord; however, little is known
about cellular responses and threshold levels or its
role in later stages of neuronal development such as
connectivity. We have characterized Arkadia2C, a
novel homologue of Arkadia, which is specifically
expressed in neurons and found evidence that
Arkadia2C enhances BMP signalling in a neural
context where it is involved in motor neuron connec-
tivity.

The Arkadia proteins are highly conserved within
the substrate interaction domains and the RING
domain that is essential for ubiquitin ligase activity.

Arkadia2C mutant mice exhibit abnormal limb pos-
ture and movement and mild hypoxia/cyanosis ; they
die during the first postnatal weeks from dehydration/
starvation most likely due to difficulty in feeding.
Analysis shows defects in motor innervation of the
forelimb and diaphragm.

Sprouty gene function is required for normal sensory

cranial nerve morphology

SUBREENA SIMRICK and M. ALBERT BASSON
Department of Craniofacial Development, King’s
College London, Floor 27 Guy’s Tower, Guy’s
Hospital, London SE1 9RT, UK

Sensory neurons located in the sensory cranial ganglia
innervate the head, heart and gut, and are derived
from the placodes (localized regions of thickened
ectoderm) and late migrating neural crest cells.
Fibroblast growth factors (FGF) have been im-
plicated in both placode and neural crest develop-
ment. The Sprouty (Spry) gene family encodes
feedback antagonists of FGF signalling. Spry1 and
Spry2 are transiently expressed in the region of the
developing epibranchial placodes and late migrating
neural crest cells prior to cranial nerve formation.
Embryos lacking both Spry1 and Spry2 demonstrate
a requirement for Spry in cranial nerve morphogen-
esis, with defects in cranial nerves V, VII/VIII, IX and
X. Aberrant Sox10 expression in these mutants imply
a role for the Spry genes in late migrating neural crest
cells. However, normal sensory cranial ganglia are
found in neural crest-specific conditional Spry1/2
double knockout (Wnt1cre;Spry1floxx ;2floxx) em-
bryos, indicating that Spry expression within neural
crest cells is not required for correct development.
Furthermore, the expression of placodal and early
neuronal markers is altered in Spry1; 2 double
knockouts, suggesting a possible role in placode for-
mation and differentiation.

Wellcome Images

LAURA PASTORELLI
Wellcome Trust, Euston Road, London NW1 2BE, UK

Wellcome Images is the Wellcome Library’s picture
library and consists of an extensive collection of
images on the history of medicine, biomedical science
and clinical medicine. Wellcome Images is composed
of two main collections: historical and biomedical.
The historical collection is made up of images taken
from existing material in Wellcome Library. The
biomedical collection exists thanks to the contribu-
tions of external scientists and teaching hospitals.
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The Wellcome Images website allows unlimited ac-
cess to this vast catalogue of medical images, manu-
scripts and illustrations exploring the meaning of
medicine and its history. It includes images from
light micrographs, election micrographs, x-rays, flu-
orescent images to innovative imaging technologies.
Wellcome Images is a constantly growing resource
that is available to everyone; images are freely avail-
able from the website under a Creative Commons
Licence, for non-commercial purposes. The images
are used to aid teachers and researchers to illustrate
various biomedical themes and bring complex con-
cepts to life. In my talk, I will discuss how to make
the most of this fabulous image resource to assist in
all aspects of research and presentations. I will also
explain how scientists can become contributors to
Wellcome Images and become part of the collections
growth and development.

Role of antisense transcripts at the DIRAS3 locus

JOANNA HUDDLESTON, K. WOODFINE and
A. MURRELL
Cancer Research UK, Cambridge Research Institute,
Li Ka Shing Centre, Robinson Way, Cambridge
CB2 0RE, UK

Imprinted genes are monoallelically expressed in a
parent-of-origin-dependent way. This is regulated by
differentially methylated regions of DNA known as
DMRs. Loss of imprinting (loss of monoallelic ex-
pression) occurs in cancer along with associated
changes in DMR methylation.

DIRAS3 is a paternally expressed tumour sup-
pressor gene coding for a ras homologue with growth
suppressor activity. DIRAS3 undergoes loss of ex-
pression in various cancer types including breast,
ovarian, pancreatic, oligodendrogliomas and ovarian
cancers. Most imprinted genes exist in clusters in-
cluding at least one non-coding RNA, often at least
partially antisense to the imprinted gene. However,
no other transcripts, imprinted or otherwise, have
been identified in the region of DIRAS3. I have
recently identified an antisense transcript that by
virtue of its genomic location could have a role
in regulating DIRAS3 expression and I am working
to understand its function in normal development
and in cancer. I have identified the promoter
region and several different splicing variants of
this transcript. I am working to understand whether it
has a function in regulation of DIRAS3 using in vitro
assays to mimic the genomic organization of the
locus.

A case-by-case analysis of imprinted retrogene evol-

ution

RUTH B. McCOLE and REBECCA J. OAKEY
Medical and Molecular Genetics, King’s College
London, 8th Floor Tower Wing, Guys Hospital, Great
Maze Pond, London SE1 9RT, UK

Retroposition is a widespread phenomenon resulting
in the generation of new genes that are initially related
to a parent gene via very high coding sequence simi-
larity. We examine the evolutionary fate of four ret-
rogenes generated by such an event ; mouse Inpp5f_v2,
Mcts2, Nap1l5 and U2af1-rs1. Being subject to par-
ental imprinting unites these genes. We first provide
new data on the age of these retrogene insertions.
Using codon-based models of sequence evolution, we
show these retrogenes have diverse evolutionary tra-
jectories, including divergence from the parent coding
sequence under positive selection pressure, purifying
selection pressure maintaining parent-retrogene simi-
larity and neutral evolution. Examination of the ex-
pression pattern of retrogenes shows an atypical,
broad pattern. Protein 3D structure modelling reveals
that a positively selected residue in U2af1-rs1, not
shared by its parent, may influence protein con-
formation. Our case-by-case analysis of the evolution
of four imprinted retrogenes emphasizes that retro-
genes are a widely varied group of genes, in terms of
expression pattern and evolutionary path.

Variable methylation of the imprinted gene, SNRPN,

supports a relationship between intracranial germ cell

tumours and neural stem cells

SHIH-HAN LEE1, VANESSA APPLEBY1, JENNIE
N. JEYAPALAN1, ROGER D. PALMER3,4,
JAMES C. NICHOLSON4, VIGINIE SOTTILE2,
ERNING GAO1, NICHOLAS COLEMAN3 and
PAUL J. SCOTTING1

1Children’s Brain Tumour Research Centre, Institute of
Genetics, University of Nottingham, Queen’s Medical
Centre, Nottingham NG7 2UH, UK
2Wolfson Centre for Stem Cells, Tissue, Engineering
and Modelling (STEM), School of Clinical Sciences,
The University of Nottingham, Nottingham NG7 2RD,
UK
3MRC Cancer Cell Unit, Hutchison/MRC Research
Centre, Box 197, Hills Road, Cambridge CB2 0XZ,
UK
4Department of Paediatric Oncology, Addenbrooke’s
Hospital, Box 181, Hills Road, Cambridge CB2 0QQ,
UK

Germ cell tumours (GCTs) are a diverse group
of tumours found in the midline of the body. GCTs
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found within and outside the gonad are generally be-
lieved to derive from a common origin, primordial
germ cells. The evidence in favour of this model is that
extragonadal GCTs, including intracranial GCTs,
share molecular features, such as the degree of
methylation of imprinted genes and the expression of
GCT markers, with other GCTs. However, the origin
of extragonadal GCTs is still contentious. We have
proposed that in the brain, endogenous neural stem
cells (NSCs) are a more plausible origin of so-called
’intracranial GCTs’. We showed that methylation was
variable in NSCs derived from embryonic mouse
brains. Consistent with this observation, a human
NSC line exhibited remarkably variable methylation
of SNRPN. Together, these observations suggest
that, at an early developmental stage, NSCs exhibit
features consistent with a role as the cell of origin of
some GCTs, such as teratomas and yolk sac tumours.
These findings undermine the assumption that all
GCTs arise from germ cell progenitors, equally sup-
porting the alternative suggestion that NSCs may give
rise to some so-called ‘ intracranial GCTs’ during
early development.

Is inappropriate Y Gene expression in XY females a

cause of their impaired fertility?

SHANTHA K. MAHADEVAIAH1, MARIA
SZOT2, JULIE COCQUET1 and PAUL S.
BURGOYNE1

1Division of Stem Cell Biology and Developmental
Genetics, MRC National Institute for Medical
Research, London NW7 1AA, UK
2Department of Genetics and Evolution, Jagiellonian
University, Krackow, Poland

XY females in mouse and man are typically sterile or
nearly so. We have been studying two XY female
mouse models that differ markedly in their fertility.
The first, XYTdym1, carries a Y chromosome with
an 11 kb deletion removing Sry, and are near sterile.
The second, XYd1, has a Y chromosome with a 3–4
megabase deletion removing the majority of copies
of Rbmy and bringing Sry close to the centromere
where it is no longer transcribed; these mice are
of good fertility. We surmised that the near sterility
of XYTdym1 females was due to ‘ inappropriate ’ ex-
pression of Rbmy in oocytes. Although Rbmy is in-
deed expressed in XYTdym1 oocytes, addition of an
Rbmy transgene to XYd1 females did not impair their
fertility. We then made the chance discovery that XO
females carrying a Zfy2 transgene are sterile. Zfy2 is
located just proximal to Sry so it seemed possible that
it may be repressed in XYd1 oocytes but expressed in
XYTdym1 oocytes and this proved to be the case. Zfy2
is a putative transcription factor so the challenge now

is to try and identify the downstream genes that when
expressed in oocytes result in severely impaired fer-
tility.

Molecular characterization of hitchhiker, a mouse mu-

tant exhibiting spina bifida

VICTORIA L. PATTERSON1, CHRISTINE
DAMRAU1, ANJU PAUDYAL1, BENJAMIN
REEVE1, DANIEL T. GRIMES1, MICHELLE E.
STEWART2, DEBBIE J. WILLIAMS1, PAM
SIGGERS1, ANDY GREENFIELD1 and
JENNIFER N. MURDOCH1

1Mammalian Genetics Unit and
2Mary Lyon Centre, MRC Harwell, Harwell Science
and Innovation Campus, Oxfordshire, OX11 0RD, UK

Hitchhiker (hhkr), a mutant exhibiting spina bifida,
exencephaly and polydactyly, was identified through
an ENU G3 recessive screen at Harwell. The mu-
tation was mapped to Tubby like protein 3 (Tulp3),
and is predicted to cause loss of all functional do-
mains. Detailed examination of hhkr mutant embryos
has revealed a failure to complete neural tube closure
in the head or spine, and we are trying to identify the
primary cellular defect leading to this phenotype.
Reduced dorsolateral hinge points were observed in
the caudal neural tube, and this is likely the result of
increased Shh pathway activity. In contrast, in the
head, Shh pathway activity appears to be unaffected.
Examination of cellular processes reveals no change
in apoptosis or proliferation in this region. The rate of
apoptosis in hhkr hindbrain is normal ; however, there
is a significant increase in proliferation in the hind-
brain of mutant embryos.

Examination of markers of dorso-ventral pattern-
ing in the neural tube reveals a ventralization of
the caudal spinal cord, in hitchhiker. This phenotype
suggests that Tulp3 normally acts as a negative regu-
lator of the Shh signalling pathway. Crosses with
other mutants demonstrate that Tulp3 acts genetically
downstream of Shh and Smoothened, but upstream
of Gli2. Whether Tulp3 acts directly or indirectly on
the pathway is unknown. We are investigating the
interacting protein partners of Tulp3, using affinity
co-purification combined with data generated from a
yeast-2-hybrid screen, in order to determine the mol-
ecular function of Tulp3 and help to define how Tulp3
promotes neural tube closure.
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A new mouse ciliopathy with a deletion in the Talpid3

gene, first identified in chicken

FIONA BANGS and CHERYLL TICKLE
Department of Biology and Biochemistry, University of
Bath, Bath BA2 7AY, UK

We have generated a Talpid3 mutant mouse by
deleting a highly conserved region of the Talpid3 gene
using the Cre-loxP system. A mutation in Talpid3 is
responsible for the chicken talpid3 mutant phenotype,
which includes embryonic lethality, polydactylous
limbs, dorsalized neural tube and polycystic kidneys.
Similar phenotypes are seen in human syndromes
with mutations in genes encoding centrosomal or
intraflagella transport proteins leading to defects in
ciliogenesis. Chicken Talpid3 localizes to the centro-
some and cells of chicken talpid3 mutants lack pri-
mary cilia. Analysis of the chicken Talpid3 protein
identified a highly conserved region, required to res-
cue ciliogenesis and sufficient for centrosomal local-
isation. Constitutive removal of this highly conserved
region in mouse results in lack of primary cilia, em-
bryonic lethality, pericardial oedema and abnormal
heart looping. Conditional removal of this region in
the developing mouse limb bud results in abnormal
expression of Hh target genes, leading to short poly-
dactylous limbs with abnormal ossification. We can
use the talpid3 mutant mouse mutant to conditionally
remove cilia in different tissues or at different times to
further our understanding of the role of cilia in de-
velopment and cross with other ciliopathy mutants to
test genetic interactions between Talpid3 and other
genes required for ciliogenesis.

Retinal repair by photoreceptor precursor transplan-

tation

MICHAEL BARON1, JORN LAKOWSKI1,
JAMES BAINBRIDGE2,3, AMANDA BARBER2,
RACHAEL PEARSON2, ROBIN ALI2 and JANE
SOWDEN1

1Developmental Biology Unit, Institute of Child
Health, University College London, 30 Guilford Street,
London WC1N 1EH, UK
2Department of Genetics, Institute of Ophthalmology,
University College London, 11–43 Bath Street, London
EC1V 9EL, UK
3Moorfields Eye Hospital, Vitreoretinal Service, 162
City Road, London EC1V 2PD, UK

Degenerative disease of the retina is the leading cause
of untreatable blindness in the developed world, with
inherited degeneration affecting 1 in 3000 of the
population. Visual impairment is often caused by the
loss of photoreceptor neurons and central visual

acuity deteriorates rapidly once the cone-rich macula
is affected. Repair of such damage by cell transplan-
tation is a feasible approach, as photoreceptor
degeneration initially leaves the inner retinal neurons
intact. A transplanted photoreceptor need only make
one synaptic connection to contribute to the re-
tinotopic map.

Transplantation of enriched post-mitotic photo-
receptor precursors from embryonic mouse retinae to
the non-neurogenic adult retina led to integration of
grafted cells in the outer nuclear layer, where photo-
receptor nuclei reside. The majority of photoreceptor
precursors developed into rod photoreceptors with
mature morphology, displaying synapses and light-
sensory structures (inner and outer segments). A small
proportion of integrated cells exhibited cone photo-
receptor features and expressed mature cone markers.
In further transplantation experiments, photorecep-
tor precursors also integrated into the retina of two
models (RetGC1x/x, Crb1x/x) of human Leber’s
congenital amaurosis, an early onset retinal degener-
ation.

The UniProt Knowledgebase (UniProtKB): a freely

accessible, comprehensive and expertly curated protein

sequence database

W. M. CHAN1 and The Uniprot Consortium1,2,3

1The EMBL Outstation, The European Bioinformatics
Institute, Wellcome Trust Genome Campus, Hinxton,
Cambridgeshire CB10 1SD, UK
2Protein Information Resource, Georgetown University
Medical Centre, 3300 Whitehaven St, NW Suite 1200,
Washington, DC 20007, USA
3Swiss Institute of Bioinformatics, Centre Medical
Universitaire, 1 rue Michel-Servet, 1211 Geneva 4,
Switzerland

The UniProt Knowledgebase (UniProtKB), one of
the core activities of the UniProt Consortium, is a
centralized, freely accessible database of protein se-
quences with accurate, consistent and rich sequence
and functional annotation. UniProtKB consists of
two sections, UniProtKB/Swiss-Prot containing
manually curated records with information taken
from literature combined with curator-evaluated
computer analyses and UniProtKB/TrEMBL con-
taining computationally analysed records enriched
with automatic annotation and classification. The in-
formation curated in UniProtKB includes a descrip-
tion of: function(s), enzyme-specific information,
biologically relevant domains and sites, subcellular
location(s), tissue expression patterns, structure, in-
teractions, splice isoform(s) and associated diseases or
deficiencies. UniProtKB also provides links to the
nucleotide sequence sources as well as links more than

Abstracts of papers 78

https://doi.org/10.1017/S0016672310000078 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672310000078


100 other databases including organism-specific, do-
main, family and structural databases. Recent devel-
opments to UniProtKB include: the release of a new
unified website providing added functionality includ-
ing a new interface and search engine, the release
of the first draft of the complete human proteome

in UniProtKB/Swiss-Prot, and the addition of ad-
ditional bibliography information in UniProtKB by
extracting literature citations from external data-
bases. UniProt is updated every 3 weeks and can
be accessed or downloaded from http://www.uniprot.
org.
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