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Modelling oral-facial-digital syndrome type 1, a human

ciliary disorder, in zebrafish

LEILA ROMIO1, SILVIA CASTRO2, CARLA
LOPES3, REBECCA HAMES3, SALLY A
FEATHER4, ANDREW M FRY3, STEVEN W
WILSON2 and ADRIAN S WOOLF1

1Institute of Child Health, UCL, 30 Guilford Street,
London WC1N 1EH, UK; 2Department of Anatomy,
UCL, London, UK; 3Department of Biochemistry,
University of Leicester, Leicester, UK; 4Department
of Pediatrics, University of Leeds, Leeds, UK

Oral-facial-digital syndrome type 1 (OFD1) is an X-
linked disease in which hemizygous males die pre-
natally; affected females display facial dysmorphisms,
cleft lip and palate, digital and central nervous system
malformations, and polycystic kidneys. At the cellular
level, we previously proved that OFD1 protein is a
core centrosomal component and localizes to basal
bodies of primary cilia in renal epithelia. To study
OFD1 function in development, we used morpholino
technology in zebrafish. We obtained morphants
characterized by hydrocephalus and pericardial
edema (50%), bent body axes (30%), randomization
of brain and abdominal viscera laterality (25%),
and otolith anomalies. Less frequently pronephric
cysts also occurred. A similar phenotype in zebrafish
has been described following targeting of ciliary
proteins (e.g. inversin or intraflagellar transport pro-
teins), supporting a role of OFD1 in ciliary function.
Kupffer’s vesicle in fish is a transient structure,
thought to have a similar role in determining laterality
as the mammalian embryonic node. In OFD1 mor-
phants, we find that Kupffer’s vesicles do form but
that their cilia appear slightly stunted. Our new data
firstly demonstrate that OFD1 deficiency profoundly
perturbs development and secondly suggest that
OFD1 protein is required for morphological matu-
ration and function of cilia.

The cytoskeletal gene Ablim1 is expressed asymmetri-

cally across the left-right axis and can be activated in a

Nodal-independent manner in the left lateral plate

mesoderm

JONATHAN STEVENS1,2, ALEXANDER
ERMAKOV1, JOSIE BRAGANCA3, HELEN
HILTON1, PETE UNDERHILL1, SHOUMO
BHATTACHARYA3, NIGEL BROWN4 and
DOMINIC NORRIS1,2

1MRC Mammalian Genetics Unit, Harwell, Oxford,
UK; 2Department of Physiology, Anatomy and
Genetics, University of Oxford, Oxford, UK;
3Department of Cardiovascular Medicine, University of
Oxford, Oxford, UK; 4St George’s Medical Centre,
London, UK

We have carried out a microarray-based screen com-
paring left and right embryonic tissues and identified
actin-binding lim protein 1 (Ablim1) as being asym-
metrically expressed. Ablim1 has previously been
shown to bind to the cytoskeleton and to affect cell
morphology. It has been argued to be an adapter
protein bringing lim-binding proteins to the cytoskel-
eton. We demonstrate that Ablim1 is asymmetrically
expressed in the left lateral plate at E8.5 and further
shows a highly dynamic and asymmetric expression
pattern at the node between E7.5 and E8.5. Ablim1
is the first structural gene to be implicated in
mammalian left–right (L–R) establishment. Nodal is
upstream of all known left-sided genes in mammals
and is expressed in the left lateral plate at E8.5.
Analysis of Ablim1 expression in known L–R mutants
shows that Ablim1 can be activated in the absence of
Nodal in the left lateral plate. This demonstrates that
a Nodal-independent left-sided signal must exist.
Analysis of Ablim1 node expression reveals that nodal
flow and calcium signalling, normally argued to direct
patterning information away from the node, also af-
fect events internal to the node. We present a model
that integrates current knowledge of the stages of
nodal flow with our observations.
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Genetic interactions between Gas1 and Shh during

early craniofacial development

MAISA SEPPALA1, CHEN-MING FAN2,
MICHAEL DEPEW1, PAUL SHARPE1 and
MARTYN COBOURNE1

1Department of Craniofacial Development and
Orthodontics, GKT Dental Institute, King’s College
London, London SE1 9RT, UK; 2Department of
Embryology, Carnegie Institution of Washington,
Baltimore, MD 21210, USA

The Growth arrest-specific gene 1 (Gas1) encodes a
GPI-linked transmembrane glycoprotein, originally
identified by its ability to arrest the cell cycle in mouse
fibroblasts. In vitro studies on cultured somites have
implied that Gas1 can physically bind to Sonic
hedgehog (Shh) protein and inhibit Shh-induced
growth. Shh plays a critical role during early cranio-
facial development, being required for normal div-
ision of the forebrain and the establishment of facial
symmetry. Loss of Shh signalling in both mice and
humans can lead to defects in midline patterning of
the face and holoprosencephaly. Our analysis of Gas1
mutant mice reveals the presence of multiple cranio-
facial defects characteristic of mild holoprosence-
phaly, including cleft palate, maxillary hypoplasia,
fused maxillary incisors and anomalies of the pitu-
itary gland. This suggests that Shh transduction might
be impaired in the absence of Gas1 function, a finding
confirmed by the presence of reduced Ptc1 transcrip-
tion in the fronto-nasal region and palatal processes
of Gas1mutant embryos. Positive interaction between
these two molecules was further reiterated by genetic
analysis ; the loss of a single Shh allele in a Gas1
mutant background produced a more severe defect of
the facial midline, including the presence of only a
single external nostril.

Lack of the murine homeobox gene Hesx1 leads to a

posterior transformation of the anterior forebrain

CYNTHIA ANDONIADOU, MASSIMO
SIGNORE, EZAT SAJEDI, CARLES GASTON-
MASSUET and JUAN PEDTRO MARTINEZ
BARBERA
Neural Development Unit, Institute of Child Health,
UCL, 30 Guilford Street, London WC1N 1EH, UK

The homeobox gene Hesx1 is an essential repressor
that is required within the anterior neural ectoderm
for normal forebrain development in mouse and
humans. Combining genetic cell labelling and marker
analyses, we demonstrate that the absence of Hesx1
leads to a posterior transformation of the anterior
forebrain during mouse development. Our data

suggest that the mechanism underlying this trans-
formation is the ectopic-catenin signalling within
the activation of Wnt/Hesx1 expression domain in the
anterior forebrain. When ectopically expressed in the
developing mouse embryo, Hesx1 alone cannot alter
the normal fate of posterior neural tissue. However,
conditional expression of Hesx1 within the anterior
forebrain can rescue the forebrain defects observed
in the Hesx1 mutants. This rescue experiment has
revealed a differential sensitivity of the telencephalon
and eyes to Hesx1 dosage. The research presented
here provides new insights into the function of Hesx1
in forebrain formation.

This work is supported by the Wellcome Trust.

Foxg1 and the informative relevance of the Foxg1-

Dlx5-Pax6 network in cephalogenesis

CLAUDIA COMPAGNUCCI and MICHAEL J.
DEPEW
Department of Craniofacial Development, King’s
College London, GKT Dental Institute, Guy’s Tower
Floor 28, London Bridge, London SE1 9RT, UK

Fundamental to this project is the further elucidation
of the developmental importance of Foxg1, a member
of the Fox winged-helix/fork-head transcription fac-
tor gene family, during cephalogenesis. Foxg1 (for-
merly BF1) has been shown to be critical for
prosencephalic development; here we show that the
loss of function of Foxg1 in mice is critical during
cephalogenesis for both prosencephalic and skull
development. Thus we support the notion of Foxg1
being instrumental in the specific set of interactions
that informs the coordination and integration of the
brain and skull. The early expression pattern of Foxg1
in the anterior neurectoderm and rostral surface ec-
toderm leads us to the presentation of a second aim of
this research, i.e. an investigation of the genetic in-
teractions of Foxg1 with Dlx5 and Pax6, transcrip-
tion factors likewise expressed early in development in
the overlapping regions of the neural and non-neural
ectoderm and known for their relevance in brain and
skull development.

This work is supported by the Royal Society and an EU
Marie Curie Early Stage Research Training Fellowship.

Tooth phenotype on the Tbx1 mouse model for

DiGeorge syndrome

JAVIER CATON1, MARIA ZOUPPA1, MARTYN
COBOURNE2, ABIGAIL TUCKER2, DAVID
RICE2 and THIMIOS MITSIADIS3

1Department of Craniofacial Development, King’s
College London, GKT Dental Institute, Guy’s Tower
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Floor 28, London Bridge, London SE1 9RT, UK;
2Department of Craniofacial Development and
Orthodontics, King’s College London, GKT Dental
Institute, Guy’s Tower Floor 22, London Bridge,
London SE1 9RT, UK; 3Department of Orofacial &
Structural Biology, University of Zurich, Faculty of
Medicine, Plattenstrasse 11, 8032 Zurich, Switzerland

DiGeorge syndrome is associated with the deletion of
a portion of the 22q11 chromosome in humans. This
syndrome is characterized by abnormalities in tissues
developing from the pharyngeal apparatus. Patients
with this syndrome display, amongst others, cranio-
facial anomalies including ear malformation, short
mandible and cleft palate. Some of these patients also
display enamel hypoplasia along with enamel hypo-
calcification. The portion of the deleted 22q11 chro-
mosome has numerous candidate genes, but recent
studies suggest Tbx1 as the most likely candidate.
There is a mouse model with a null mutation on the
Tbx1 gene that mimics the DiGeorge syndrome
phenotype. In this study we look at the relationship
between Tbx1 and tooth development at the stage of
enamel formation. Tbx1 expression is restricted to the
epithelial component of tooth primordia and appears
to mark the epithelial cells destined to give rise to the
enamel-matrix-producing ameloblasts. Here we show
the importance of Tbx1 in the regulation of genes in-
volved in tooth development and differentiation.
Tbx1 mutant teeth grown to maturity in kidney cap-
sules display a tooth phenotype. Taken together these
results suggest a relationship between Tbx1 and tooth
development and mineralization.

Elevated maternal expression of the imprinted

PHLDA2 gene is associated with low birth weight

SAYEDA ABU-AMERO1, SOPHIA
APOSTOLIDOU2, KEELIN O’DONAGHUE3,
JENNIFER FROST1, OLOF OLAFSDOTTIR3,
KONSTANTIA CHAVELE3, JOHNATHAN
WHITTAKER4, PAM LOUGHNA5, PHILIP
STANIER1 and GUDRUN MOORE1

1CMGU, Institute of Child Health, 30 Guilford Street,
London WC1N 1EH, UK; 2Translational Research
Laboratory, Department of Gynaecological Oncology,
The Windeyer Institute of Medical Sciences, 46
Cleveland Street, London W1T 4JF, UK; 3Institute
of Developmental and Reproductive Biology, Division
of Paediatrics, Obstetrics and Gynaecology, Imperial
College London, Hammersmith Campus, London
W12 0NN, UK; 4Department of Epidemiology and
Population Health, London School of Hygiene and
Tropical Medicine, London WC1E 7HT, UK;
5Academic Division of Obstetrics and Gynaecology,
City Hospital, Nottingham NG5 1PB, UK

The identification of genes that regulate fetal
growth will help establish the reasons for intrauterine
growth restriction (IUGR). Most autosomal genes
are expressed biallelically, but some are imprinted,
expressed only from one parental allele. Imprinted
genes are associated with fetal growth and develop-
ment. The growth of the fetus in utero relies on ef-
fective nutrient transfer from the mother, to the fetus
via the placenta. The expression levels of three
imprinted genes – the paternally expressed insulin
growth factor 2 (IGF2), the mesoderm-specific tran-
script isoform 1 (MEST) and the maternally ex-
pressed pleckstrin-homology-like domain, family A,
member 2 (PHLDA2) – and the polymorphically
imprinted insulin-like growth factor 2 (IGF2R) gene
are all known to have roles in fetal growth and
were studied in the placentae of 200 white European,
normal-term babies. Quantitative expression analysis
with real-time PCR showed the maternally expressing
PHLDA2 but not the paternally expressing IGF2
and MEST nor polymorphic maternally expressing
IGF2R placental levels to have a statistically signifi-
cant effect on birth weight (BW). PHLDA2 expression
levels are negatively correlated with size at birth.
These data implicate PHLDA2 as an imprinted gene
important in fetal growth and also as a potential
marker of fetal growth.

Postnatal metabolic consequences of prenatal over-

expression of Dlk1/Pref1 in mouse

SIMÃO TEIXEIRA DA ROCHA1, M.
CHARALAMBOUS1, G. MEDINA-GOMEZ2,
C. ANGIOLINI1, A. J. VIDAL-PUIG2 and A. C.
FERGUSON-SMITH2

1Department of Physiology, Development and Neuro-
sciences, University of Cambridge, Cambridge, UK;
2Department of Clinical Biochemistry and Medicine,
University of Cambridge, Cambridge, UK

Genomic imprinting is a form of epigenetic regulation
that causes a subset of genes to be expressed pre-
dominantly from only one of the two parental chro-
mosomes. Imprinted genes are involved in the control
of prenatal and postnatal growth, brain function and
energy homeostasis. Dlk1/Pref-1 is a maternally re-
pressed imprinted gene on mouse chromosome 12.
Dlk1 is highly expressed in the embryo and is down-
regulated in most adult tissues. Dlk1-deficient mice
exhibit increased adiposity, showing the importance
ofDlk1 in inhibiting adipogenesis. We decided to alter
dosage of this gene in vivo to understand more about
its function. We generated transgenic Dlk1 mice car-
rying a 70 kb BAC transgene. Hemizygous transgenic
embryos (WT/TG) express twofold more Dlk1 than
normal littermates, equivalent to levels if Dlk1 were

Abstracts of papers 183

https://doi.org/10.1017/S0016672307008804 Published online by Cambridge University Press

https://doi.org/10.1017/S0016672307008804


not imprinted. Adult WT/TG animals exhibit reduced
accumulation of adipose tissue and lean mass.
Reduced adiposity might be caused by increased
metabolic rate of these tissues and not by a develop-
mental deficit. Loss of adiposity is reflected in signifi-
cantly depressed levels of serum leptin associated with
increased food intake. Mice overexpressing Dlk1 thus
have an impaired ability to store energy as fat. In the
free-fed state, levels of glucose are lower suggesting
enhanced insulin sensitivity. Interestingly, levels of
Dlk1 protein in adult tissues do not differ significantly
between WT/TG and WT/WT adult animals, sug-
gesting a major causal role for Dlk1/Pref-1 over-
expression prenatally in the adult metabolic
phenotypes.

Characterization of the imprinted non-coding RNA

Kcnq1ot1 and its developmental role in targeting im-

printed gene silencing

LISA REDRUP, ANNABELLE LEWIS, WENDY
DEAN and WOLF REIK
Laboratory of Developmental Genetics and Imprinting,
The Babraham Institute, Cambridge CB22 3AT, UK

The mouse IC2 cluster of imprinted genes contains
the ncRNA Kcnq1ot1 gene. It is expressed from the
paternal allele, but repressed on the maternal allele
by germline DNA methylation of its promoter.
This cluster has an important role in fetal growth
regulation with epimutation leading to Beckwith–
Wiedemann syndrome in humans. All other im-
printed genes in this cluster are paternally repressed,
some ubiquitously and others in the placenta.
Prematurely truncating the ncRNA results in loss of
paternal silencing of the surrounding genes, suggest-
ing that either the Kcnq1ot1 RNA or the transcription
of Kcnq1ot1 acts in cis to repress these genes by tar-
geting them with repressive histone modifications.
Here we have characterized Kcnq1ot1 to understand
how it epigenetically silences gene expression in cis.
We show that the Kcnq1ot1 RNA is 121 kb in length,
unspliced, and localized to the nucleus, suggesting
a role in the regulation of gene expression. Kcnq1ot1
is paternally expressed from the 2-cell embryo, prior
to the establishment of repressive histone modifica-
tions of placentally imprinted genes, suggesting sig-
nificant mechanistic parallels with X-inactivation.
Surprisingly, Kcnq1 (antisense to Kcnq1ot1) also
shows imprinted expression in the 2-cell embryo
and so may be initially repressed by a different
mechanism. As the ncRNA is long and nuclear,
we suggest that it may exert its regulatory role on
genes in cis by physical ‘coating’ of the imprinting
cluster.

Investigating the link between retrotransposed genes

and genomic imprinting

ANDREW J. WOOD1, REINER SCHULZ1,
DAVID MONK2, GUDRUN E. MOORE2 and
REBECCA J. OAKEY1

1Department of Medical and Molecular Genetics,
King’s College London, Guy’s Hospital, London
SE1 9RT, UK; 2Unit of Clinical and Molecular
Genetics, Institute of Child Health, UCL, 30 Guilford
Street, London WC1N 1EH, UK

Retrogenes are functional gene duplicates formed by
the reverse transcription of a cellular RNA in the
germ line, followed by integration of the resulting
cDNA into the genome. While a possible link between
retrotransposition and genomic imprinting has been
discussed previously, the nature of this link has
not been defined in detail. In an attempt to address
this, we performed a systematic screen for retrogenes
among mouse genes known to undergo genomic im-
printing. At three of the loci identified, CpG islands
overlapping the retroposed exons undergo methyla-
tion during oogenesis but are unmethylated in sperm.
Inter-species comparative sequence analyses indicate
that the differentially methylated CpG islands origi-
nated either during or after the retroposon integration
events, suggesting that the insertions were linked to
the acquisition of imprinting at these three loci in
ancestral mammals. Common features of these epi-
genetically distinct retrogenes were employed in the
identification of a novel imprinted locus on mouse
chromosome 2. Imprinting is conserved in the human
genome for the three retrogenes that originated
prior to the divergence of rodents and primates, sug-
gesting that selective constraints have acted to main-
tain parental-origin-specific expression at these loci.

The UniProt Knowledgebase: a useful resource for

developmental biology

MICHELE MAGRANE1 and UNIPROT
CONSORTIUM1,2,3

1European Bioinformatics Institute, Wellcome Trust
Genome Campus, Hinxton, Cambridge CB10 1SD,
UK; 2Swiss Institute of Bioinformatics, CentreMedical
Universitaire, 1 rue Michel Servet, 1211 Geneva 4,
Switzerland; 3Protein Information Resource, George-
town University, 3900 Reservoir Road, Washington,
DC 20057-1414, USA

The UniProt Knowledgebase (UniProtKB) provides
the scientific community with a single, centralized,
authoritative resource for protein sequences and
functional information. It consists of two sections:
UniProtKB/Swiss-Prot is manually curated to ensure
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high-quality information content while UniProtKB/
TrEMBL is a preliminary section enriched with
automated classification and annotation. The manual
curation process involves extracting experimentally
validated data from scientific literature and combin-
ing these with the results of a range of sequence
analysis programs to provide a complete overview
of both sequence and functional information.
UniProtKB also acts as a focal point of database in-
terconnectivity by providing links to more than 70
other biological resources. The UniProt Knowl-
edgebase offers a number of features that are specifi-
cally useful in the context of developmental research
and is a valuable resource for those working in the
field. The database can be accessed at http://www.
uniprot.org.

p21WAF1 expression in the developing embryo

DOUGLAS VASEY1, ROLAND WOLF2, KEN
BROWN3 and BRUCE WHITELAW1

1Department of Gene Function and Development,
Roslin Institute, Roslin, Midlothian EH25 9PS, UK;
2University of Dundee Biomedical Research Centre,
Ninewells Hospital and Medical School, Dundee
DD1 9SY, UK; 3CXR Biosciences Limited, Dundee
DD1 5JJ, UK

Normal patterning and morphological development
requires the precise coordination of cell proliferation,
differentiation and programmed cell death. To con-
trol these processes a large complex network of regu-
latory genes has evolved to specify when and where in
the developing embryo cell proliferation, differen-
tiation and cell death occur. The cyclin-dependent
kinase inhibitor p21 has many roles within the cell
and has been implicated in many processes including
cell cycle arrest, cell death and cell differentiation. As
p21 is involved in these processes which occur
through development it would be expected that p21
would be expressed within the developing embryo. By
combining the use of p21-LacZ transgene mice and
OPT scanning we have demonstrated the three-
dimensional expression profile of p21WAF1 during de-
velopment. Crossing these mice to various knockout
lines will further our knowledge of p21 regulation
during development.

This research is funded by the BBSRC and CXR
Biosciences.

Valproic acid-induced skeletal malformations : associ-

ated gene expression cascades

VALENTINA MASSA1*, ROBERT M.
CABRERA2, FRANCESCA DI RENZO1,
RICHARD H. FINNELL2 and ERMINIO
GIAVINI1
1Department of Biology, University of Milan, Milan,
Italy; 2Center for Environmental and Genetic
Medicine, Institute of Biosciences and Technology,
Texas A&MUniversity System Health Science Center,
Houston, Texas, USA
*Present address: Neural Development Unit, Institute
of Child Health, UCL, 30 Guilford Street, London
WC1N 1EH, UK

Valproic acid (VPA) is an anticonvulsant drug widely
used therapeutically for a variety of neurological
conditions, including epilepsy. VPA is also well
known for its teratogenic potential in both humans
and experimental animal models. Nevertheless, the
mechanisms underlying VPA’s anticonvulsant efficacy
or its teratogenicity remain to be elucidated. In order
to study valproic-acid-induced teratogenic effects,
two approaches were utilized. In the first project,
gene-expression profiles were analysed, whereas the
second study was focused on histone acetylation
status. Analysis of cDNA microarray indicated
that several ontological groups (histone deacetylase
complex, GTPases, cell proliferation, apoptosis and
cytoskeletal) have significantly enriched gene ex-
pression changes in response to the teratogenic insult.
The histone deacetylase (HDAC) enzymes participate
in the nucleosome structure control. Several studies
showed that VPA is a strong inhibitor of HDAC
activity in cell and animal models, producing
histone hyperacetylation. Using antibody anti-hyper-
acetylated histone H4 we showed that VPA exposure
in utero induced hyperacetylation of embryonic pro-
teins, specifically those localized in the caudal neural
tube and in the somites, the main target organs of
VPA teratogenic effects. The results of these studies
suggest that VPA induces congenital malformations
through gene-expression alterations by chromatin
structure misregulation.
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Discovery of a novel GNB3 mutation that causes the

retinopathy globe enlarged phenotype and possibly

hypertension in chickens

HEMANTH TUMMALA1, MANIR ALI2, PAUL
GETTY1, PAUL M. HOCKING3, DAVID W.
BURT3, CHRIS F. INGLEHEARN2 and
DOUGLAS H. LESTER1

1Molecular Vision Group, School of Contemporary
Sciences, University of Abertay, Dundee DD1 1HG,
UK; 2Section of Ophthalmology and Neuroscience,
Leeds Institute of Molecular Medicine, School of
Medicine, University of Leeds, Leeds LS9 7TF, UK;
3Division of Genetics and Genomics, Roslin Institute,
Roslin, Midlothian EH25 9PS, UK

The autosomally recessively inherited condition re-
tinopathy globe enlarged (rge), was recently mapped
to chicken chromosome 1. Rge chickens first experi-
ence visual problems at 3 weeks of age and lose all
vision by 8 weeks of age. The ubiquitously expressed
GNB3 protein, which mapped to the same rge locus,
was identified as an obvious candidate gene. Fol-
lowing sequence analysis of GNB3 exons, we ident-
ified an in-frame 3 bp deletion, which results in the
deletion of a single aspartic acid residue at codon 153
(del153D) in rge-affected birds. Following blotting
studies, using a GNB3-specific antibody, we demon-
strated a significant decrease (y70%) in GNB3 pro-
tein and a resultant decrease in cAMP levels in retina,
liver, heart and kidney, in affected rge/rge birds.
There was a significant increase in cGMP levels in the
retinas of rge-affected chickens, resulting in a down-
regulation in the visual transduction pathway. The
decrease in cAMP levels has previously been shown
to be associated with tissue oedema. Our results may
therefore help to explain the characteristic enlarged-
globe phenotype in rge chickens. We are currently
investigating whether our severe del153D mutation
has a similar biological affect to the common and
milder human 825C>T GNB3 mutation, which pre-
disposes individuals to hypertension.

Characterization and regulation of the human TBX22
promoter

ERWIN PAUWS, ARTEMISIA ANDREOU,
GUDRUN MOORE and PHILIP STANIER
Neural Development Unit, Institute of Child Health,
UCL, 30 Guilford Street, London WC1N 1EH, UK

Although cleft palate is a common birth defect, little is
known about its aetiology. The T-box transcription
factor TBX22 is one of the few genes established as
a major cause with missense, nonsense, frameshift
and splice site mutations identified in patients with

X-linked cleft palate and ankyloglossia (CPX).
Characterization of the transcript and putative pro-
moter sequences identified a novel upstream uncoding
exon and two alternative transcripts encoding an
identical open reading frame. Promoter activity was
observed only in the distal promoter. The minimal
promoter sequence contains several putative T-box
binding sites and we demonstrate that TBX22 itself
has repressor activity on this promoter. Truncated
constructs map the repressor domain to the
N-terminal region while the C-terminal fragment
contains an activation domain. Although the repres-
sing activity of TBX22 is dominant in this system,
post-translational modifications might be the switch
between TBX22 acting as a transcriptional repressor
or activator. These results suggest TBX22 transcrip-
tion might be autoregulated or regulated by other
T-box proteins with overlapping expression domains.
Full-length TBX22 constructs containing naturally
occurring missense mutations lose the ability to re-
press promoter activity. The novel upstream exon and
promoter could be a candidate region for novel mu-
tations in CPX-like patients without coding region
mutations.

Neuregulin3 signalling in epithelial and mammary

gland development

HEENA PANCHAL, OLIVIA SOPP, ALAN
ASHWORTH and BEATRICE HOWARD
The Breakthrough Breast Cancer Research Centre,
Institute of Cancer Research, London SW3 6JB, UK

Neuregulin3 (Nrg3) mediates the specification of
mammary placodes in mice. Nrg3 is a member of the
neuregulin family of secreted and membrane-attached
growth factors and is a ligand for the receptor tyro-
sine kinase, Erbb4. The aim of this research is to
further characterize the role of Nrg3 signalling in
mammary and epithelial morphogenesis. We have
generated transgenic mice expressing Nrg3 under the
control of the human keratin 14 promoter. The K14
promoter directs the expression of the Nrg3 transgene
to the basal epithelia and hair follicles from E9.5
onwards. All 13 transgenic founders have displayed
striking skin and epithelial appendage phenotypes,
including the mammary glands. These results show
that Nrg3 signalling can regulate cell fate during early
mammary gland morphogenesis and suggest that
Nrg3 can also regulate other pluripotent epidermal
cell populations.

Work in our laboratory is supported by Breakthrough
Breast Cancer.
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The Teashirt 3 transcription factor marks a novel renal

tract lineage and enhances development of the mam-

malian ureter and kidney papilla

CLAIRE M GANNON1, XAVIER CAUBIT2,
HELEN SKAER3, LAURENT FASANO2 and
ADRIAN S WOOLF1

1Nephro-Urology Unit, Institute of Child Health, UCL,
30 Guilford Street, London WC1N 1EH, UK;
2IBDML,Marseilles, France; 3Department ofZoology,
University of Cambridge, Cambridge, UK
In Drosophila, teashirt (tsh) is expressed in meso-
dermally derived stellate cells as they undergo
mesenchymal-to-epithelial transition, integrating into
the renal tubule. We found that all three mammalian
Tsh orthologues (Tshz1–3) are expressed throughout
metanephrogenesis, with Tshz3 transcript levels fall-
ing markedly postnatally. We used heterozygous mice
with LacZ knocked-into the Tshz3 coding sequence
to further study Tshz3 expression. At the inception
of the metanephros we observed b-galactosidase ex-
pression exclusively in loosely associated cells around
the ureteric bud stem: thereafter, differentiating
ureteric smooth muscle and a subset of stromal cells
in the metanephric papilla expressed the transgene;
in adults, rare medullary interstitial stromal cells
expressed Tshz3. Homozygous, null mutant late-
gestation mice displayed gross hydronephrosis with
attenuation of smooth muscle in the renal pelvis and
proximal ureter. Additionally, the kidney papilla
failed to grow, with downregulation of local BMP4
expression. We suggest that Tshz3-positive cells mark
a ‘third lineage’ in metanephric development, in ad-
dition to ureteric bud and nephrogenic mesenchyme.
Precursors in this third lineage promote lower renal
tract smooth muscle differentiation and also populate
niches in medullary stroma to nurture growth of
papillary tubules.

Identification of a new mutant with spina bifida and

other birth defects

VICTORIA PATTERSON, PAM SIGGERS and
JENNIFER MURDOCH
MRC Mammalian Genetics Unit, Harwell, Oxon
OX11 0RD, UK

Birth defects remain the greatest cause of infant
mortality in the Western world, yet their genetic aeti-
ology remains largely undiscovered. During ongoing
mouse ENU mutagenesis programmes, several new
mutants have been created that exhibit a range of
birth defects. The hitchhiker mutant is characterized
by multiple developmental abnormalities, including
exencephaly, spina bifida, oedema and polydactyly.
Using a positional cloning strategy we have identified

the causative mutation in hitchhiker as a splicing de-
fect in the Tulp3 gene.

This work is funded by the Medical Research Council with
support from the Genetics Society.

Identification of a novel gene for primary ciliary dys-

kinesia

VICTORIA CASTLEMAN1, RAHUL
CHODHARI1, CHRISTOPHER O’CALLA-
GHAN2, ORIT REISH3, COLIN WALLIS4,
R. MARK GARDINER1, EDDIE. M. K. CHUNG1

and HANNAH M. MITCHISON1

1General and Adolescent Paediatric Unit, Centre of
Human Molecular Genetics, Institute of Child Health,
UCL, London WC1E 6JJ, UK; 2Department of Child
Health, University of Leicester, Leicester Royal In-
firmary, Leicester, UK; 3Genetic Institute, Assaf
Harofeh Medical Center, Zerifin, Israel; 4Respiratory
Unit, Great Ormond Street Hospital for Children NHS
Trust, London, UK

Primary ciliary dyskinesia (PCD), a member of the
ciliopathies (incidence 1 : 20 000), is a genetically
heterogeneous autosomal recessive disorder as-
sociated with dysmotility of ‘motile ’ cilia and
sperm flagella due to ultrastructural abnormalities.
It is progressive and affects the respiratory tract,
middle ear and reproductive organs, characterized
by recurrent respiratory tract infections, sinusitis,
bronchiectasis and subfertility. Patients also exhibit
left–right laterality defects arising from defects in
embryonic nodal cilia. Following a genome-wide
linkage scan we identified a new locus for PCD in
two consanguineous Arabic families on chromosome
6p21.1 (maximum multipoint lod score of 6.7).
Candidate gene sequencing revealed a homozygous
single amino acid deletion in all seven affected in-
dividuals in RSP9, a gene encoding a ciliary structural
protein homologous to the Chlamydomonas re-
inhardtii radial spoke head protein. The affected
patients have a rare ultrastructural defect of inter-
mittent absence of the ciliary central pair micro-
tubules. This is an unusual form of PCD since none
have laterality problems and their respiratory cilia
retain a normal beat frequency with a circular beat
pattern similar to that of embryonic nodal cilia, but
which is ineffective for mucociliary function. Screen-
ing of a larger cohort of PCD families for RSP9
mutations is in progress and in situ probes and mor-
pholinos targeting the gene in mice and zebrafish have
been developed in an effort to characterize its function
in relevant tissues.
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The Drosophila microtubule-associated protein

Futsch is phosphorylated by Shaggy/Zeste-white 3 at

a homologous GSK3 beta phosphorylation site in

MAP1B

STEFANIE GOGEL*, SARAH WAKEFIELD,
CHRISTIAN KLAEMBT, GUY TEAR and
PHILLIP GORDON-WEEKS
The MRC Centre for Developmental Neurobiology,
New Hunt’s House, Guy’s Campus, King’s College
London, London SE1 1UL, UK
*Present address: Developmental Biology Unit,
Institute of Child Health, UCL, London, UK
The Drosophila homologue of the microtubule-
associated protein MAP1B is encoded by the futsch
locus. The deduced protein Futsch is about twice the
size of MAP1B and shows high homology in the N-
and C-terminal domains. Futsch co-localizes with
microtubules and is necessary for the organization of
the microtubule cytoskeleton during axonal growth
and synaptogenesis. To further analyse the functional
relevance of Futsch as a MAP1B-like protein, we
performed a molecular analysis of the conserved
protein domains. Using a number of antisera, we
show that, unlike MAP1B, Futsch is expressed as a
single protein. The function of MAP1B is in part
regulated by phosphorylation mediated by kinases
that include casein kinase 2 and glycogen synthase
kinase 3b (GSK3b). We show here that at least one
GSK3b phosphorylation site of MAP1B is conserved
in Futsch and that this site can be phosphorylated by
GSK3b and its Drosophila homologue, Shaggy (Sgg).
To test the functional relevance of these findings we
generated a number of minigenes and assayed their
ability to rescue the phenotype of futschmutants. Our
data highlight some differences between MAP1B and
Futsch but demonstrate that important structural
and functional aspects are conserved between fly and
vertebrate members of this protein family.

Time-lapse confocal imaging of wound healing in the

murine corneal epithelium

RICHARD L. MORT1, THAYA RAMAESH1,
STEVEN D. MORLEY2 and JOHN D. WEST1

1Division of Reproductive and Developmental Sciences,
Genes and Development Group, University of
Edinburgh, Hugh Robson Building, George Square,
Edinburgh EH8 9XD, UK; 2Clinical Biochemistry
Section, Division of Reproductive & Developmental
Sciences, University of Edinburgh, Centre for
Reproductive Biology, The Chancellor’s Building, 49
Little France Crescent, Edinburgh EH16 4SB, UK

The corneal epithelium is maintained by a constant
centripetal migration of cells. In X-inactivation
mosaics, striping patterns develop in the corneal epi-
thelium between 6 and 8 weeks of age, often forming
whorling patterns towards the centre of the cornea.
These stripes represent streams of clonally related
cells migrating inwards from stem cells at the periph-
ery of the cornea. When the corneal epithelium is in-
jured the surrounding epithelial cells migrate on the
corneal stroma to cover the defect. In whole-eye or-
gan culture, a 1 mm central wound involving the full
thickness of the epithelium is fully healed by around
18 hours after wounding. At this point the wound
area is covered by an intact epithelial layer one or two
cells thick. X-gal staining of healed, centrally woun-
ded X-inactivation eyes reveals that striping patterns
are reconstituted during wound healing. In GFP mo-
saics the healing process can be imaged using time-
lapse confocal microscopy. It is demonstrated for the
first time that clones remain contiguous throughout
their migration. Healing of peripheral wounds was
observed to form de novo whorling patterns, revealing
that basal cells in the epithelium can migrate both
away from and towards the limbal region.
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