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Parental-origin specific histone H4 acetylation in the
imprinted Igf2-H19 domain

L. O’NEILL, T.SADO, B. TURNER and ANNE
FERGUSON-SMITH

Department of Anatomy, University of Cambridge,
Downing Street, Cambridge CB2 3DY, UK; Depart-
ment of Anatomy, University of Birmingham Medical
School, Edgebaston, Birmingham B15 2TT, UK

Parental-origin specific regulation of imprinted genes
is controlled by modifications to the DNA and
chromatin. In the mouse /gf2-H 19 domain on chromo-
some 7, many of the key regulatory sites have been
identified and parental-specific regions of DNA
methylation have been mapped. Indirect evidence has
suggested that chromatin modification may play a
role in the regulation of imprinting. In this study we
have directly assessed whether histone acetylation
may be implicated in gene regulation at this domain.
Analysis of H4 acetylation on the two parental
chromosomes was compared using a panel of antisera
generated against the four different acetylated iso-
forms of histone H4. Chromatin was compared from
fibroblasts made from normal embryos and embryos
containing maternal duplication/paternal deficiency
of the imprinted region on distal chromosome 7.
Chromatin was immunoprecipitated and DNA iso-
lated from bound and unbound fractions, then
hybridized with probes from key areas in the imprinted
domain. The CpG-island H19 promoter, which shows
parent-specific methylation and nuclease accessibility,
exhibited hyperacetylation on the unmethylated active
maternal allele with all four antibodies. The meth-
ylated inactive paternal promoter was deacetylated.
Interestingly, the Igf2 promoter, which is also a CpG
island but is not methylated on either the maternal or
paternal chromosome, also showed hyperacetylation
of the active allele. In contrast to the H19 promoter,
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the inactive maternal allele did not show hypoacetyl-
ation; however, the acetylation level was considerably
lower than that on the active allele. These results show
a correlation between acetylation and allelic activity
and are consistent with a recently described role for
methylation in the recruitment of deacetylase activity.

Histone deacetylase complexes in mammals and Dro-
sophila

COLIN A.JOHNSON, DARREN A.WHITE,
ANDREW L. BARLOW, ANN M. KEOHANE and
BRYAN M. TURNER

Chromatin and Gene Expression Group, Department of
Anatomy, The Medical School, University of Birming-
ham, Birmingham B15 2TT, UK

The steady-state level of histone acetylation in
eukaryotes is established and maintained by multiple
histone acetyltransferases and deacetylases (HDACS)
and affects both the structure and function of
chromatin. HDACs form a highly conserved protein
family in many eukaryotic species and they can
mediate gene inactivation as components of large
complexes. HDACs have been shown to interact with
sequence-specific DNA-binding transcriptional re-
pressors and the sequence non-specific repressor,
methyl-CpG-binding protein 2 (MeCP2). We have
investigated the cytological distribution, biochemical
properties and composition of these multisubunit
complexes, and of the HDAC components, in both
mammals and Drosophila. In mammals, two separate
nuclear complexes can be identified, with either
HDAC1/HDAC2 or the smaller HDAC3 as the
histone deacetylase components. The minimum size of
these complexes, as determined by glycerol gradient
sedimentation, is approximately 140 kDa. We have
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identified the novel orthologue of mammalian
HDAC3 in Drosophila. The dHDAC3 protein is
predicted to be 84 amino acids shorter than the other
known Drosophila histone deacetylase, dHDACIT.
This additional domain in dHDACT1 is quite repetitive
and is rich in charged amino acids, which may
comprise a nuclear localization signal. The localiz-
ation, function and post-translational modification of
dHDAC1 are therefore likely to differ from the
smaller dHDAC3. We also present evidence that all
HDAC s are zinc-substituted metalloproteins, on the
basis of homology with known metal-substituted
hydrolyases, dose-dependent activation of activity by
zinc and other biochemical analyses.

H4 acetylation, XIST RNA and replication timing are
coincident and define X; autosome boundaries in two
human derived X chromosomes

ANN KEOHANE!, ANDREW L. BARLOW!,
JONATHAN WATERS? DAVID BOURN? and
BRYAN M. TURNER!

Y Chromatin and Gene Expression Group, University of

Birmingham Medical School, Edgbaston, Birmingham
B15 2TT, UK; ® Regional Genetics Services, Birming-
ham Women’s Hospital, Birmingham B15 2TG, UK

Dosage compensation in mammals requires the stable
genetic silencing, during early embryogenesis, of one
X chromosome in each female cell. This process has
an absolute requirement for the presence, in cis, of a
region defined genetically as the X inactivation centre
(Xic). Establishment of the inactive X requires rapid
dissemination of the silencing signal across an entire
chromosome, a process that is often described as
spreading and seen as analogous to position effect
variegation (PEV) in Drosophila. The inactive X (X))
in mammals differs from its active homologue (X,) in
a number of ways, including increased methylation of
CpG islands, replication late in S-phase, underacetyl-
ation of histone H4 and association with XIST RNA.
The XIST gene lies within the Xic and produces a
large, non-coding transcript that is, uniquely, expres-
sed exclusively from X;. Global changes in DNA
methylation occur relatively late in development but
the other properties all change during or shortly after
the establishment of X, and may play a role in the
spreading mechanism. We describe the use of a
cytogenetic approach to define the distribution of
XIST RNA, deacetylated H4 and late replicating
DNA across two human X: autosome translocations.
The results show complete coincidence of these three
parameters, with all three being excluded from the
autosomal component of the derived X chromosome.
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The role of protein kinase C (PKC) in mouse neural
tube defects

ANDREW M. HYNES, PATRICIA COGRAM and
ANDREW COPP

Neural Development Unit, Institute of Child Health,
London WCIN 1EH, UK

The curly tail (cf) mouse is a model for folate-resistant
neural tube defects (NTD). We have previously shown
that NTD in ¢z mice can be prevented by exogenous
myo-inositol which operates by a PKC-dependent
pathway. We have now analysed the expression of
PKC isoforms during mouse embryo development
and investigated the substrates phosphorylated by
PKC during TPA and myo-inositol treatment of ct
embryos. The developmental expression of PKC in
CD1 embryos was analysed by Western blotting. The
individual isoforms of PKC showed distinct patterns
of expression, which varied according to distribution
between subcellular fractions, onset time, duration,
and number of waves of expression. PKC 2, 4, ¢, 3, 0,
¢ and i/A were expressed strongly in E10-5 embryos
whilst PKC « and y were undetectable. Use of PKC
inhibitors in whole embryo cultures suggested that
PKC p, 6 and # are most likely to mediate the
preventive effect of myo-inositol in ¢t embryos. PKC
substrates can be detected by two-dimensional PAGE
analysis of **P-loaded ct embryos. The identity of the
proteins detected by this method will be discussed and
their potential role in neural tube closure outlined.

Characterization of an evolutionarily conserved family
exhibiting homology to the methyl-CpG binding domain
(MBD), the leukaemia-associated-protein (LAP) zinc
finger and the bromodomain

MICHAEL CARR, SUSAN TWEEDIE, BRIAN
HENDRICH, RONALD PLASTERK and
ADRIAN BIRD

ICM B, Darwin Building, Kings Buildings, University of
Edinburgh, Mayfield Road, Edinburgh EH9 3JR, UK

Vertebrate genomic methylation has been correlated
with chromatin alterations and transcriptional in-
activity. Normal murine development clearly requires
DNA methylation as disruption of the DNA methyl-
transferase gene (Dnmtl) is an embryonic lethal and
this phenotype is mirrored following knockout of the
gene encoding the methyl-CpG binding protein
MeCP2. Given these findings it is curious that the
model organisms Caenorhabditis elegans and Dro-
sophilalack detectable methylation. We have identified
a C. elegans cDNA, CeZK, that shares homology with
the methyl-CpG binding domain of MeCP2 and
encodes a protein that contains a bipartite C-terminal
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LAP-type zinc finger (C4HC3) and bromodomain.
We have isolated a number of mammalian cDNAs,
mZK1 and hZK1, that encode proteins with the same
modular organization as CeZK. We have constructed
various GFP-fusions of mZK1 with and without the
N-terminal MBD-like region to ascertain whether
localization is perturbed in vivo following deletion of
this domain. Transient transfections with GAL4-
fusions of mZK1 are being used to determine its
effects on transcription. We have mapped hZK1 by
FISH to 2923 — a region found to be deleted in rare
forms of leukaemia. A homozygous mutant C. elegans
line has been isolated and localization studies with
microinjected GFP-fusions are being used to assess
the functional consequences following loss of this
gene.

Accelerated evolution of a gene dependent on chromo-
somal position

JO PERRY,
ASHWORTH
Institute of Cancer Research, Fulham Road, London
SW3 6JB, UK

STEVE PALMER and ALAN

The X and Y chromosomes of eutherian mammals,
although heteromorphic in both size and gene content,
are thought to have evolved from a pair of homologous
chromosomes. A small region of identity between the
X and Y chromosomes, the pseudoautosomal region
(PAR), is thought to be a remnant of these ancestral
chromosomes. During male meiosis the X and Y
chromosomes pair and recombine along this region
ensuring correct chromosomal segregation. Genes
within the PAR escape X inactivation in females so
that the dosage of genes relative to that of XY males
is maintained. The human PAR has been well
characterized and contains a number of genes, whereas
little is known about the equivalent region in the
mouse. We undertook a genomic walk from the Amg
gene on the mouse X chromosome to the pseudo-
autosomal boundary. We discovered that a gene, Fxy,
spans the pseudoautosomal boundary in mice such
that the 5" portion of the gene resides only on the X
chromosome while the 3’ portion is within the PAR
and is therefore present on both the X and Y
chromosomes. Analysis of the pseudoautosomal
portion of Fxy in humans and mice reveals that it is
evolving at an accelerated rate perhaps as a result of
the high recombination rate observed in the pseudo-
autosomal region.

1. Palmer, S. et al. (1997). Proc. Natl. Acad. Sci. USA 94,
12030-5.
2. Perry, J. et al. (1998). Hum. Mol. Genet. 72, 299-305.
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Comparative mapping of human and important ver-
tebrate genomes by fluorescence in situ hybridization

FRANK GRUETZNER,
ROPERS and THOMAS HAAF
Max Planck Institute of Molecular Genetics, 14195
Berlin, Germany

HANS-HILGER

Z00-FISH has become an important tool for estab-
lishing homology links between humans and other
species. Using DNA libraries from flow-sorted mouse
chromosomes and region-specific clones we have
compared the entire mouse genome with rat chromo-
somes. Seven mouse chromosomes — MMU 2, 4, 9,
12, 16, 18 and X —are conserved as individual
chromosomes in the rat. MMU 3, 6, 7 and 19 are
conserved as contiguous segments on larger rat
chromosomes. MMU 1, 5, 8, 10, 11, 13, 14, 15and 17
are diverged on different rat chromosomes. Zoo-FISH
results were integrated with genetic mapping data of
mouse and man. Taking these results together, we
have identified at least six large linkage groups in the
mouse that are diverged in both rat and humans.
There are at least five linkage groups that are conserved
between rat and humans, but not in the mouse. In
addition, we have established molecular cytogenetics
in the pufferfish, Tetraodon fluvilatilis. In collaboration
with Genoscope (Evry, France) we will map several
hundred pufferfish clones that have orthologous loci
in the human genome on pufferfish chromosomes. In
a pilot study, we are focusing on human X-linked
genes.

A large-scale screen for insertional mutations in
transgenic mice

BILL BENNETT,
ANDREW WARD
Developmental Biology Programme, School of Biology
& Biochemistry, University of Bath, Bath BA2 7A4Y,
UK

DEREK PAISLEY and

We have screened approximately 40 transgenic lines
for insertional mutants by breeding to homozygosity
and are currently investigating four phenotypes. All
are recessive traits that show statistically significant
linkage to the transgene. We have used FISH to
tentatively map the transgene in these four lines, and
are currently using microsatellite PCR to show
concordance or discordance with putative candidate
genes selected on the basis of phenotype and map
position. This dual approach has benefits for labora-
tories that are not set up for large-scale genetic
mapping studies. One line shows a recessive piebald
lethal phenotype, and the transgene insertion maps
very close to the Sox10 locus on chromosome 15. This
is interesting, since the only known mutation at this
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locus in mice is dominant, with homozygosity being
embryonic lethal by E13. The transgene does not lie
within 5 kb of the gene and the mutant mice express
wild-type levels of Sox10 transcript in the central
nervous system. Another line develops corneal opacity
soon after the eyes open around P15, with a
progressive anterior lens cataract developing shortly
thereafter. Combined corneal/lens phenotypes are
rare, and the transgene insertion may map close to the
Tem locus on chromosome 4.

Mapping recombination hotspots in human phospho-
glucomutase (PGM1) using a population-based ap-
proach

S.P. YIP"2, D.A.HOPKINSON' and
WHITEHOUSE!

YMRC Human Biochemical Genetics Unit, Galton
Laboratory, University College London, Wolfson
House, 4 Stephenson Way, London NW1 2HE, UK *
Department of Nursing and Health Sciences, the Hong
Kong Polytechnic University, Hung Hom, Kowloon,
Hong Kong

D. B.

Human PGM1 is a highly polymorphic protein. Three
mutations and four intragenic recombination events
between the three mutation sites generate eight protein
variants including four common alleles that occur
world-wide (1+, 1—, 2+ and 2—) and four that are
polymorphic in Oriental populations 3+, 3—, 7+
and 7—). The mutations 3/7, 2/1 and +/— are in
exons 1A, 4 and 8, and are 40 kb and 18 kb apart
respectively. Eight polymorphic intron markers were
used to investigate the region between exons 4 and 8
(designated site A) in three populations. Allelic
association and haplotype-based analyses indicated
there is a recombination hotspot in site A in a 750 bp
interval including exon 7. Nucleotide sequence analy-
sis provided additional evidence for genomic in-
stability in this region and also the presence of motifs
that have been associated with recombination hotspots
in other genes. Using two markers in the 5" end of IVS
1A, allelic association analysis indicated a second
region of active recombination between exons 1A and
4 (site B). Segregation analysis in CEPH families
identified four instances of intragenic recombination
and the recombination frequency in males was
estimated to be 2:38-3-17 % across the locus.

A cDNA selection approach to isolate Y chromosome
genes expressed in testis

ELENI MAKRINOU, YVONNE H. EDWARDS
and KAY TAYLOR

MRC Human Biochemical Genetics Unit, Wolfson
House, University College London, 4 Stephenson Way,
London NW1 2HE, UK
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Over the past 50 years the semen quality has declined
with an overall reduction in male fertility; ‘normal’
sperm count was reduced from 60 x 10°/ml in the
1940s to the present value of 20x 10°/ml. Male
infertility due to defective sperm production is a
serious problem affecting 2% of males worldwide.
Roughly 13% of these carry de novo deletions of the
Y chromosome. It is expected that genes expressed in
the testis and involved in spermatogenesis will occur
on the mammalian Y chromosome. This view has
been confirmed with the isolation of the RBM and
DAZ gene families. In an effort to identify further Y-
linked testis-specific genes, a cDNA selection library
was constructed using adult testis cDNA and DNA
from 1000 Y-linked cosmid clones. This library was
constructed in collaboration between our group, and
M. Lovett and R. Del Mastro at the University of
Texas. Screening with vector sequences and Y chromo-
some repeat sequences has led to the elimination of
787% of the clones. Six hundred potential cDNA
clones remain, and so far 60 have been sequenced.
cDNA clones with homology to STSs on the Y
chromosome have been identified. Thus far, four of
these have been localized on the Y chromosome and
preliminary results from RT-PCRs on tissues that
have not been sex-determined showed that they are all
expressed in testis.

The identification of novel imprinted loci using methyl-
ation-sensitive representational difference analysis

RACHEL SMITH, WENDY DEAN and GAVIN
KELSEY

Developmental Genetics Programme, The Babraham
institute, Babraham, Cambridge CB2 4AT, UK

Genomic imprinting is the phenomenon by which a
subset of mammalian genes is expressed from only
one parental allele. To determine the full extent of the
influence of imprinted genes in mammalian devel-
opment and disease, and to determine the mechanisms
by which imprinted genes are regulated, it is important
to identify as many imprinted genes as possible. A
characteristic of imprinted genes analysed to date is
the presence of allele-specific methylation, a feature
that may be used in their identification. A new screen
has been developed, methylation-sensitive represen-
tational difference analysis (Me-RDA), which allows
the identification of sites of imprinted methylation.
This screen utilizes restriction digest by a methylation-
sensitive enzyme, combined with PCR and subtractive
hybridization, to isolate fragments from the unmethyl-
ated allele. RDA has been applied here to par-
thenogenetic and fertilized mouse embryos, to isolate
restriction fragments with maternal-specific methyl-
ation. This screen has, to date, isolated two known
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imprinted genes and has enriched for other known
imprinted genes. The imprinting status of a number of
candidate genes is currently being determined.

A strategy to identify genes differentially expressed in
the growth plate

D. LESTER, C. FARQUHARSON, D. JEFFERIES
and B. HOUSTON

Bone Biology Group, Roslin Institute,
Midlothian EH25 9PS, UK

Roslin,

Longitudinal bone growth occurs at the epiphyseal
growth plates, which are regions of specialized
cartilage located at the ends of each bone. Growth
plate chondrocytes progress through a proliferative
phase and then gradually acquire a terminally differen-
tiated hypertrophic phenotype, which produces a
mineralized matrix. Understanding the molecular
mechanisms that regulate the key steps in this process
is an important scientific goal as its disruption results
in growth retardation and skeletal abnormalities. Our
laboratory has recently developed a unique strategy
for the identification of genes involved in bone growth
and development. This strategy is based on the use of
agarose gel differential display to compare RNA
isolated from chick growth plate chondrocytes sepa-
rated into maturationally distinct populations by
Percoll density gradient centrifugation. Using this
approach we have identified a number of genes
expressed at different stages of chondrocyte matu-
ration. These genes include beta 7-tubulin, a novel
ubiquitin conjugating enzyme, a novel transmembrane
protein that contains dileucine motifs at its C-
terminus, and a novel member of a recently identified
superfamily of phosphotransferases, which may be
involved in mineralization.

Xist RNA exhibits a banded localization on the
inactive X chromosome and is excluded from autosomal
material in cis

SARAH M. DUTHIE?, TATYANA B.
NESTEROVA'? EMMA J. FORMSTONE!, ANN
M. KEOHANE?, BRYAN M. TURNER?, SUREN
M. ZAKIAN? and NEIL BROCKDORFF!

L X Inactivation Group, MRC Clinical Sciences Centre,
Imperial College School of Medicine, Hammersmith
Hospital, Du Cane Road, London W12 ONN, UK; *

Institute of Cytology & Genetics, Russian Academy of

Sciences, Siberian Department, ac. Lavrentiev Avenue
10, Novouvsibirsk 630090, Russia; ®> Chromatin & Gene
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Expression Group, University of Birmingham Medical
School, Edgbaston, Birmingham B15 2TT, UK

The propagation of X chromosome inactivation is
thought to be mediated by the cis-limited spreading of
the non-protein-coding Xist transcript. In this study
we have investigated the localization of Xist RNA on
rodent metaphase chromosomes. We show that Xist
RNA exhibits a banded pattern on the inactive X and
is excluded from regions of constitutive hetero-
chromatin. The banding pattern suggests a preferential
association with gene-rich, G-light regions. Analysis
of X: autosome rearrangements in mice revealed that
the restricted propagation of X inactivation into cis-
linked autosomal material is reflected by a cor-
responding limited spread of Xist RNA. We discuss
these results in the context of a model for the function
of Xist RNA in the propagation of X inactivation.

Parental genome separation and methylation dynamics
during mammalian preimplantation development

W.MAYER, J. OSWALD, A. SMITH,

R. FUNDELE, J. WALTER and T. HAAF

Max Planck Institute for Molecular Genetics, 14195
Berlin, Germany

The possible roles of separated genomes and dynamic
methylation processes in the parental chromatin
remodelling of imprinted genes were examined in
preimplantation mouse embryos. Male mice were
supplied with bromodeoxyuridine (BrdU) in their
drinking water in order to label sperm DNA. After
mating with females, male chromatin could be detected
using an anti-BrdU antibody. In the 1-cell embryos
after nuclear envelope breakdown, the paternal
genome was completely separated from the maternal
genome. Our experiments strongly suggest that par-
ental chromosomes are in separate compartments of
interphase nuclei at least up to the 4-cell stage. In a
second experiment we analysed the methylation
dynamics at the differentially methylated region 2
(DMR?2) of the Igf2 gene during preimplantation
development. In the zygote the paternal DMR?2 allele
becomes demethylated, whereas the maternal allele is
methylated de novo. Both processes are independent
of DNA replication. We propose a model where active
and passive processes of demethylation as well as de
novo methylation and maintenance methylation of
imprinted genes are important parts of remodelling of
parental chromatin. Our observations suggest an
association between separation of parental chromo-
somes and differential activities of methylation and
demethylation during early embryonic development
of the mouse.
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Maternal DNasel hypersensitivity and unusual chroma-
tin organization in an insulator/imprinting control
element upstream of the imprinted mouse H19 gene

SANJEEV KHOSLA, ALAN AITCHISON,
RICHARD GREGORY and ROBERT FEIL
Programme in Developmental Genetics, The Babraham
Institute, Babraham, Cambridge CB2 4AT, UK

The mouse H19 gene, expressed exclusively from the
maternal chromosome, is constitutively methylated
on the paternal allele in a 2 kb region, 2—4 kb upstream
of H19. This element has been shown to be necessary
for the imprinted expression of both H79 and the 5'-
neighbouring /gf2 gene. In particular, on the maternal
chromosome it appears to insulate /gf2 from enhancers
located downstream of H19. We analysed the chro-
matin organization of this element by assaying its
sensitivity to nucleases in nuclei. Six DNasel hy-
persensitive sites (HS sites) were detected exclusively
on the unmethylated maternal chromosome, five of
which were present in all expressing and non-
expressing cell lines and tissues analysed. They were
already established in embryonic stem cells and reflect
the maternal origin of the chromosome, rather than
expression of HI19. Specifically on the maternal
chromosome, micrococcal nuclease assays showed an
unusual and strong banding pattern suggestive of a
non-nucleosomal organization within an interrupted
array, which might be involved in the insulator
function of this element. From our studies it appears
that unusual chromatin organization with presence of
HS sites (on the maternal chromosome) and DNA
methylation (on the paternal chromosome) in this
element are mutually exclusive and reflect alternate
epigenetic states.

Nesp, an imprinted gene on distal mouse chromosome 2

STEPHANIE F.WROE!, GAVIN KELSEY?
COLIN V. BEECHEY!, CHRISTINE A. WELLS!,
CHRISTINE M. WILLIAMSON! and JOSEPHINE
PETERS!

YMRC Mammalian Genetics Unit, Harwell, Didcot,
Oxfordshire OX11 ORD, UK; ®The Babraham In-
stitute, Babraham, Cambridge CB2 4AT, UK

Distal mouse chromosome (Chr) 2 is subject to
genomic imprinting. To date, two paternally expressed
genes have been identified on distal Chr 2: Gnas,
which encodes a G-protein a subunit and is imprinted
tissue specifically, and Nnat. Using methylation-
sensitive representational difference analysis we have
detected a new imprinted gene on distal Chr 2 within
150 kb of Gnas. The gene has been called Nesp
because, on sequencing, it is homologous with bovine
NESPS55 that determines a secreted protein of neuro-
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endocrine tissues whose function is unknown. We
have shown that there are multiple sense and antisense
Nesp transcripts in newborn brain and 12-5dpc
placenta. Furthermore, there is an exclusively ma-
ternally expressed sense isoform and also an ex-
clusively paternally expressed isoform of Nesp. Both
monoallelically expressed Nesp isoforms contain an
open reading frame homologous to the bovine;
however, a 96 bp putative intron present in the
paternally expressed isoform is spliced out of the
maternally expressed isoform. Nesp and Gnas are part
of the same transcription unit for the maternally
expressed isoform is spliced onto exon 2 of Gnas. Nesp
is a candidate for the imprinting phenotypic ab-
normalities associated with distal Chr 2.

Increased IGFII levels affects p57kip2 activity, in vivo
and in vitro

VALERIE GRANDJEAN, MARIE R. WATKINS,
JANET SMITH and ANNE C.FERGUSON-
SMITH

University of Cambridge, Department of Anatomy,
Downing Street, Cambridge CB2 3DY, UK

In human and mouse, the Igf2 gene, localized on
chromosome 11 and 7, respectively, is almost ex-
clusively expressed from the paternal chromosome.
This insulin-like growth factor plays an important
role in embryonic growth. Increased Igf2 expression
has been implicated in several human pathologies,
such as the Simpson—Golabi—Behmel (SGBS) and
Beckwith—Wiedemann (BWS) overgrowth syndromes.
However, IGFII molecular targets have not been
identified. Genetic data strongly suggest that the
pS57kip2 gene, also located on the human chromosome
11 and also implicated in BWS, may be a likely
candidate. P5S7KIP2 is a tissue-specific inhibitor of
cyclin-dependent kinase and is required for normal
mouse embryonic development. Here we assess
whether a relationship exists between Igf2 and p57kip2.
Using both in vive and in vitro models, we find that
pS57kip2 expression is affected by high levels of IGFII.
Our findings have implications for the aetiology of
syndromes involving these growth regulators and for
understanding biological functions of imprinted genes
on chromosome 11.

Epigenetic regulation of the imprinted U2af1-rs1 gene
in the mouse

RICHARD I. GREGORY, SANJEEV KHOSLA
and ROBERT FEIL

Developmental Genetics Programme, The Babraham
institute, Babraham, Cambridge CB2 4AT, UK
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Genomic imprinting is an essential mechanism for
normal mammalian development whereby certain
genes become parental allele-specifically expressed.
We have analysed the mouse UZafi-rsi gene that
encodes a splicing factor and is paternally expressed.
We established that a 10 kb domain comprising the
entire 3 kb gene is fully methylated on the maternal
chromosome throughout development. Analysis of
nuclease sensitivity in nuclei established that this
10 kb domain also displays differential ‘generalized
sensitivity’ to DNasel and Mspl, with greater sen-
sitivity on the paternal than on the maternal allele. In
addition, two constitutive, paternal DNasel hyper-
sensitivity sites were detected in the 5 untranslated
region. The biochemical basis of the generalized
sensitivity differences is unknown. Perhaps the relative
resistance of the maternal allele to Mspl digestion and
the differential generalized sensitivity to DNasel reflect
interaction of proteins with methylated DNA or,
alternatively, are associated with specific histone
modifications. We also performed in vitro studies on
embryonic stem cells that showed that loss of maternal
methylation in UZ2af1-rsl is associated with increased
maternal sensitivity to nucleases and results in biallelic
expression. Our current work aims at determining the
interrelationship between DNA methylation and
conformational features of chromatin in U2afi-rsi,
and their roles in gene expression.

Developmental consequences of disruption of genomic
imprinting on mouse chromosome 12

PANTELIS GEORGIADES
FERGUSON-SMITH
Department of Anatomy, University of Cambridge,
Downing Street, Cambridge CB2 3DY, UK

and ANNE C.

Genomic imprinting is a process that makes the
maternally inherited genome functionally different
from the paternally inherited genome, despite the fact
that both genomes carry the same genetic information.
This manifests itself at the gene level as parental-
origin-specific differences in expression between the
two alleles of imprinted genes. Recent studies showed
that mouse distal chromosome 12 (Chr 12) is imprinted
and its correct imprinting is necessary for viability,
because mice have both copies of distal Chr 12
inherited from their father (paternal uniparental
disomy, or pUPD), or from their mother (maternal
UPD, or mUPD), were not detected during early
postnatal life. However, the timing of UPD12 lethality
as well as the nature of UPD12 phenotypes are not
known. To address these issues, we used a method
that generates UPD12 embryos for the entire Chr 12,
and a molecular assay to identify these embryos.
Results indicate that both mUPD12 and pUPD12 can
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survive to late gestation. Furthermore, mUPD12
embryos display growth retardation that is evident
from at least embryonic day 16 (E16). pUPD12
embryos display growth defects and have skeletal
anomalies and approximately half of them die between
E16 and E19. We will discuss these findings in relation
to the phenotype of human UPD for the long arm of
Chr 14, which shows syntenic homology to distal
mouse Chr 12.

Characterization of a gene trap integration displaying
liver-specific reporter expression

ALISTAIR WATT and LESLEY FORRESTER
Centre for Genome Research, Roger Land Building,
University of Edinburgh, King’s Buildings, West mains
Road, Edinburgh EH9 3JQ, UK

The 1114 gene trap cell line was isolated from an in
vitro retinoic acid responsive pre-screen that enriches
for vector integrations into genes with restricted
expression patterns during embryogenesis in vivo [1].
The reporter activity profile associated with the 1114
integration displays restricted spatio-temporal ex-
pression marking the ontogeny of the fetal liver.
Reporter activity is observed as early as the 9-somite
stage (8:0-8:5 dpc) in endodermal cells of the foregut
in the region destined to form the liver diverticulum
and is restricted to the hepatic lineage until late
gestation. Breeding of the gene trap integration to
homozygosity reveals no overt phenotype but its
unique pattern of expression prompted us to clone the
endogenous sequence. This has proven to be more
complex than predicted as insertion of the gene trap
vectors produces more than one fusion transcript. The
most abundant fusion transcript is a novel ankyrin
repeat containing gene which is expressed ubiquitously
but does not produce reporter activity. However, the
expression pattern of a less abundant fusion transcript
correlates exactly with expression of the reporter gene.
These two fusion transcripts are linked at the genomic
level and work in progress indicates that they could
represent tissue-specific isoforms of the same gene.

1. Forrester, L. M. et al. (1996). Proc. Natl. Acad. Sci.
USA 93, 1677-82.

Pathways controlling left-right specification and heart
development in the mouse

T. F. KING!, R.S. BEDDINGTON?
BROWN!

! Department of Anatomy and Developmental Biology,
St George’s Hospital Medical School, Cranmer Ter-
race, London SW17 ORE, UK; *Mammalian De-
velopment, The National Institute for Medical Re-
search, The Ridgeway, Mill Hill, London NW7 14A,
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We are interested in the left-right specification in
mammalian embryos. Three TGFg-related genes,
leftyl, lefty 2 and nodal, and a transcription factor,
Pitx2, are expressed asymmetrically in mouse em-
bryos. We have found the hearts of Brachyury 7/T
mice, which fail to form a normal node and notochord,
exhibit consistent morphological abnormalities, re-
sulting in ventrally displaced ventricular loops, and a
50% incidence of inverted heart situs. We find that
nodal, normally expressed around the node and left
lateral plate in early somite embryos, is absent in 7/T
embryos. In contrast, leftyl and lefty2, normally
expressed in the left half of prospective floorplate and
left lateral plate respectively, are expressed only in a
broad patch of ventral cells in, and just rostral to, the
node region in 7/T embryos. These results implicate
the node as a signalling source driving left-sided nodal
and lefty2, and subsequently looping and situs of the
heart. The expression of the transcription factor Pitx2
proposed to link nodal/lefty2 to asymmetrical mor-
phogenesis initially mimics nodal/lefty2 subsequently
remaining in the left of the caudal heart and left lung
bud. We expect absence of Pitx2 expression in 7/T
mice. In iv/iv mice (heart looping also randomized) we
find predominantly bilateral Pitx2 expression in the
heart. The implications for heart morphogenesis and
regulation by lefty and nodal are discussed.

The role of WNTs in axonal remodelling

KAREN E.CLEVERLEY, ANITA C.HALL,
OLGA KRYLOVA and PATRICIA C. SALINAS
Developmental Biology Research Centre, the Randall
Institute, King’s College, 26/29 Drury Lane, London
WC2B 5RL, UK

Whnt-7a is expressed in cerebellar granule cells as they
begin to extend axons and make contacts with their
synaptic partners, the mossy fibres. WNT-7a induces
axonal spreading and increases the level of synaptic
proteins in developing neurons, suggesting a role for
WNT-7a in axonal remodelling and synaptogenesis.
Lithium has been shown to mimic the effects of WNT-
7a in these neurons by the inhibition of glycogen
synthase kinase-38 (GSK-34), a component of the
WNT signalling pathway. It is proposed the WNT-7a
and lithium cause cytoskeletal reorganization through
the inhibition of GSK-34. We have successfully
obtained a soluble, active form of WNT-7a and used
it to investigate the effect of GSK-34 inhibition on the
neuronal cytoskeleton. Soluble WNT-7a induces
shortening of axons, enlargement of growth cones and
spreading along the axon shaft. This effect is associated
with a loss of stable microtubules from spread areas
and down-regulation of the phosphorylated form of
MAP-1B, a microtubule-associated protein known to
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be phosphorylated by GSK-34. We show here that
soluble WNT-7a and lithium affect microtubule
stability in both cerebellar granule cells and mossy
fibres, causing dramatic changes in cell morphology.
Time-lapse recordings of neurons exposed to WNT-
7a indicate that these changes occur rapidly. These in
vitro studies, together with the analysis of the Wnt-7a
null mutant, support a role for WNTs in axonal
remodelling in vivo.

Amino-terminal deletion in a desmosomal cadherin
causes the autosomal dominant skin disease striate
palmoplantar keratoderma

LISA RICKMAN!' DANIJELA SIMRAK®?
HOWARD P.STEVENS?, DEBBIE M. HUNT?,
IAN A.KING!', STEVEN P. BRYANT? ROBIN
A.J. EADY?, IRENE M. LEIGH?, JOACHIM
ARNEMANN? ANTHONY I. MAGEE', DAVID
P. KELSELL? and ROGER S. BUXTON!

! Division of Membrane Biology, National Institute for
Medical Research, The Ridgeway, Mill Hill, London
NW7 14A, UK; ? Institut fiir Humangenetik, Universi-
titsklinik, Theodor-Stern-Kai 7, Haus 9, 60590 Frank-
furt am Main, Germany; *Centre for Cutaneous
Research, St Bartholomew’s & The Royal London
School of Medicine & Dentistry, Queen Mary &
Westfield College, Clinical Sciences Research Building,
2 Newark Street, London E1 2AT, UK; *Gemini
Research Ltd, 162 Science Park, Milton Road,
Cambridge CB4 4GH, UK; ® Department of Cell and
Molecular Pathology, St John’s Institute of Derma-
tology, Guy’s, King’s and St Thomas® Hospitals’ School
of Medicine, St Thomas’ Hospital, London SE1 7EH,
UK

The N-terminal extracellular domain of the cadherins,
calcium-dependent cell adhesion molecules, has been
shown by X-ray crystallography to be involved in two
types of interaction: lateral strand dimers and adhesive
dimers. We have found the first human mutation in a
cadherin present in desmosome cell junctions, which
removes a portion of this highly conserved first
extracellular domain. The mutation, in the DSG1
gene coding for a desmoglein (Dsgl), results in the
deletion of the first and much of the second beta-
strand of the first cadherin repeat and part of the first
Ca**-binding site, and would be expected to compro-
mise strand dimer formation. It causes a dominantly
inherited skin disease, strait palmoplantar kerato-
derma (SPPK), mapping to chromosome 18q12.1, in
which affected individuals have marked hyperkeratotic
bands on the palms and soles. In a three-generation
Dutch family with SPPK we have found a G-to-A
transition in the 3’ splice acceptor site of intron 2 of
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the DSG1 gene which segregated with the disease
phenotype. This causes aberrant splicing of exon 2 to
exon 4, which are in-frame, with the consequent
removal of exon 3 encoding part of the prosequence,
the mature protein cleavage site, and part of the first
extracellular domain. This mutation emphasizes the
importance of this part of the molecule to cadherin
function, and of the Dsgl protein and hence desmo-
somes in epidermal function.

Gv1, a gene controlling endogenous proviral expression,
maps to mouse chromosome 13

PETER OLIVER and JONATHAN STOYE
National Institute for Medical Research, Mill Hill,
London NW7 144, UK

The genomes of inbred strains of mice harbour
multiple integrated endogenous retroviruses and many
of these sequences are homologous to murine leu-
kaemia virus (MLV). Gvl is a single locus that co-
ordinately regulates the expression of proviral sequen-
ces, although its mode of action remains unclear. A
positional cloning strategy has therefore begun with
attempts to map Gvl in a genetic cross. A reliable
quantitative nuclease protection assay has been
established to type backcross mice of known Gvl
genotype. Use of this assay demonstrates that the
segregation of a single gene is responsible for the
endogenous MLV expression phenotypes observed
and that not all classes of provirus are responsive to
Gvl. Results from REVEAL PCR have identified two
markers that show linkage to the Gvl locus. Using
somatic cell and radiation hybrid mapping panels,
both have been mapped to chromosome 13. Micro-
satellite markers have been analysed to refine the map
around Gvl, which lies at approximately 37 cM from
the centromeric end, although a more detailed position
will be required for the isolation of positional
candidates.

Identification of candidate genes for X-linked cleft
palate and ankylglossia in an Icelandic kindred

CLAIRE BRAYBROOK, GUDRUN E. MOORE
and PHILIP STANIER

Molecular Biology Laboratory, Institute of Obstetrics
and Gynaecology, Queen Charlotte’s and Chelsea
Hospital, Goldhawk Road, London W6 0XG, UK

Facial clefting disorders are among the most common
dysmorphologies seen in man. Isolated cleft palate
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(CP) occurs with a frequency of 1 in 1500 and is
inherited most commonly as the result of interaction
between genetic and environmental factors. An Ice-
landic kindred displaying an X-linked mode of
inheritance of non-syndromic cleft palate and/or
ankyloglossia (CPX) has been used in a positional
cloning approach to identify the gene responsible. The
CPX critical region is estimated to be 2:0 Mb, and is
spanned by a contig of yeast artificial chromosomes
(YACs) between Xq21-31 and Xq21-33. To facilitate
gene isolation strategies, a contig of P1 artificial
chromosomes (PACs) has also been completed across
the CPX interval. Using this resource, the interval is
currently being DNA sequenced in collaboration with
the Sanger Centre. An ACEdb database has been set
up to display the results of genomic sequence analysis.
In an effort to further define coding sequences, exon-
trapping has been performed on the majority of CPX
PAC clones. Identification of the defect responsible
for CPX will allow a better understanding of the
mechanisms involved during craniofacial develop-
ment.

Genetic analysis of placental dysplasia in mouse
interspecific hybrids

M. HEMBERGER?, R. S. PEARSALL?, U.
ZECHNER!, W. MAYER!, R. ELLIOTT? and R.
FUNDELE!

YMax Planck Institut for Molecular Genetics, 14195
Berlin, Germany; ® Roswell Park Cancer Institute,
Buffalo, NY, USA

Placental dysplasia, caused mainly by overgrowth of
the spongiotrophoblast, was observed in interspecific
hybrids between Mus musculus (mus) and Mus spretus
(spr). Genetic mapping analysis resulted in a sig-
nificant linkage for the whole proximal and central
part of the X chromosome. Congenic mouse strains
were generated to reveal critical intervals within this
large chromosomal region. One of these strains
retained a spr-derived part on the X chromosome
between 11-5 and 31-7 cM. This line clearly developed
enlarged placentas, although placental hyperplasia
was less pronounced compared with F1 females.
Further dissection of this portion resulted in the loss
of weight increase in each of the subcongenic strains.
However, it could be shown that at least in two of
these subcongenic lines the spongiotrophoblast layer
was still enlarged. Interestingly, the spr-derived
regions of these subcongenics did not overlap. Further
investigations will have to show which genetic mech-
anism causes placental dysplasia in mouse interspecific
Crosses.
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Progress towards the positional cloning of the murine
deafness gene bronx waltzer (bv)

MICHAEL A. CHEONG, ANNEMARIE KELLY,
TRACY BUSSOLI, CLAUDIA NOGUEIRA and
KAREN P. STEEL

MRC Institute of Hearing Research, University Park,
Nottingham NG7 2RD, UK

Bronx waltzer (bv) is an autosomal recessive mouse
mutation with a unique pathology of the inner ear
sensory epithelia [1]. In the cochlea, the inner hair cells
of the organ of Corti are specifically affected and
degenerate between gestational day 17-5 and birth,
which accounts for the hearing impairment in bronx
waltzer. In the vestibular system, the hair cells of the
maculae and cristae are affected, resulting in bronx
waltzer hyperactivity, head-bobbing and circling be-
haviour. Previous analysis of a large intraspecific
backcross generated a high-resolution genetic map
around the bronx waltzer locus on mouse chromosome
5[2]. In the current backcross, a total of 1073 animals
have been analysed and we have positioned bv in a
1-86 cM region, lying between the markers D5Mit25
and D5Mit209. We have also constructed a physical
map of bronx waltzer using yeast artificial chromo-
somes (YACs) that forms a contiguous array across
the region. We are currently using smaller bacterial
artificial chromosomes (BACs) to further map the bv
mutation to a single BAC clone. Two publically
available interspecific backcross mapping panels are
also being used to locate the positions of our markers
from the intraspecific backcross. This is allowing us to
define the order and position of other markers and
genes in the bv region, which will help with the
physical mapping.

1. Deol, Gluecksohn-Waelsch (1979). Nature 278, 250-2.
2. Bussoli et al. (1997). Mamm. Genet. 8, 714-17.

The role of the POU domain transcription factor Oct4
in development of the mouse blastocyst

JENNIFER NICHOLS, BRANKO ZEVNIK,
KONSTANTINOS ANASTASSIADIS, HITOSHI
NIWA, DANIELA KLEWE-NEBENIUS, IAN
CHAMBERS, HANS SCHOLER and AUSTIN
SMITH

Centre for Genome Research, University of Edinburgh,
West Mains Road, King’s Buildings, Edinburgh EH9
3JQ, UK

Oct4 is expressed exclusively in the pluripotent stem
cells of the mouse embryo. Embryos lacking Oct4 fail
to develop after implantation, resulting from failure
to establish a true inner cell mass (ICM). Cell numbers
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in mutant blastocysts are normal and appropriately
partitioned into putative ICM and trophectoderm.
However, mature ICM or epiblast derivatives do not
develop, either in vivo or in vitro. In culture the inside
cells consistently differentiate into trophoblast giant
cells. The prior commitment of these mutant inside
cells to a trophectodermal lineage is evidenced by their
expression of the epithelial marker Troma-1. Fgf4 is a
candidate target gene of Oct4 and its expression is
greatly reduced in Oct4 mutant embryos. Embryos
lacking Fgf4 also fail to develop beyond implantation.
Addition of Fgf4 to Oct4 mutant embryos does not
rescue the ICM. Instead Fgf4 causes proliferation of
cells expressing markers for extra-embryonic ecto-
derm. Extra-embryonic ectoderms from normal em-
bryos also respond to Fgf4. This suggests that Fgf4 is
the signal from the ICM that sustains proliferation of
the polar trophectoderm. Oct4 therefore controls
pluripotent identity and paracrine growth signalling
in the blastocyst.

Investigation of the role of arylamine N-acetyl-
transferase, an enzyme of folate metabolism, in de-
velopment

S. BOUKOUVALA', G.FAKIS', N.JOHNSON!,
M. PAYTON!, V. A. SMELT, A. UPTON,
J. ADJAYE?, F. BROOK?, H.PRIDDLE! and E.
SIM*

! Department of Pharmacology, University of Oxford,
Mansfield Road, Oxford OX1 3QT, UK; * Institute of
Child Health, University College London, 30 Guilford
Street, London WCIN 1EH, UK; ® Department of
Zoology, University of Oxford, South Parks Road,
Oxford OX1 3PS, UK; * Centre for Genome Research,
University of Edinburgh, Edinburgh EH9 3JQ, UK

Arylamine N-acetyltransferases (NATs) have been
extensively studied as enzymes metabolizing aryl-
amines and hydrazines. More recently, a folate
catabolite, p-aminobenzoylglutamate (pABGlu) has
been proposed as a potential endogenous NATI1
substrate in humans. We have previously demon-
strated a good correlation between NAT1 activity and
PABGIlu N-acetylation activity in human placentae of
different gestational ages. Here, we report evidence
that mouse NAT2 (the equivalent of human NAT1)
can also metabolize pABGlu in a variety of tissues.
pABGlu N-acetylation activity was much higher in
the ‘fast’ than in the ‘slow’ N-acetylator strains and
correlated well with the N-acetylation activity of p-
aminobenzoic acid (pABA), which is a known mouse
NAT?2 (and human NAT1) substrate. The implication
of NAT in folate metabolism may further suggest a
possible role in the folate-dependent protection against
neural tube defects. If this is the case, it should be
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expressed very early in development, before the onset
of neurulation. We were recently able to detect human
NAT1 expression as early as the blastocyst stage,
by screening a cDNA library constructed from human
preimplantation embryos. Mouse NAT2 expression
has also been demonstrated in mouse embryonic stem
cells, by RT-PCR. Interest has now focused on the
production of NAT2 knock-out mice. This is assisted
by a mapping project in the vicinity of the mouse
NAT loci, which has provided a detailed restriction
map of the area, as well as significant information
about the relative position of the three NAT genes.
Phenotypic analysis of the knock-outs will provide
very useful information about the role of NAT2 in
mouse development.

Generation and propagation of neural precursors derived
from embryonic stem cells

MENG LI', LARYSA PEVNY? ROBIN LOVELL-
BADGE? and AUSTIN SMITH*

Y Centre for Genome Research, University of Edinburgh,
Edinburgh EH9 3JQ, UK; ® MRC National Institute
for Medical Research, The Ridgeway, Mill Hill, London
NW7 144, UK

Mouse embryonic stem (ES) cells are pluripotent cells
derived from preimplantation embryos. In culture
these cells can differentiate into a broad variety of cell
types, including neural cells. This capacity for multi-
lineage differentiation is retained during genetic
manipulation and in vitro propagation. Therefore, ES
cells provide an attractive system for the molecular
and genetic dissection of developmental pathways in
vitro. They are also a potential source of cells for
transplantation studies. These prospects have been
frustrated, however, by the disorganized and het-
erogeneous nature of development in culture. We
have therefore developed a genetic selection strategy
which enables the isolation of purified neural precursor
from differentiated ES cell progeny. This approach is
based on targeted integration of a selection marker
pgeo into the Sox2 gene, expression of which is
restricted to the proliferating neuroepithelial cells
during development. Sox-selected cells differentiate
efficiently into neuronal networks in the absence of
other cell types. A fraction of Sox-selected cells can be
expanded as a morphologically homogeneous popu-
lation capable of giving rise to both neurons and
astrocytes.

Transcription of homeobox genes in human oocytes and
preimplantation embryos

JAMES ADJAYE and MARILYN MONK
Molecular Embryology Unit, Institute of Child Health,
30 Guilford Street, London WCIN 1EH, UK
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In most animal species the regulation of early
embryonic development is under the control of
maternal mRNA and protein until the embryonic
genome is activated. Despite the fundamental im-
portance of this transition in the developmental
programme, very little is known about the molecular
basis of embryonic gene activation in mammals
(especially humans) and the repertoire of genes
involved. Therefore, identifying maternal and em-
bryonic genes whose structures would imply a role in
transcriptional regulation, such as Oct3 and Oct4,
which are maternally expressed homeobox genes
essential for mouse embryogenesis [1, 2] might lead to
a greater understanding of early human development.
We describe a highly sensitive method for mRNA
purification and solid-phase cDNA synthesis on oligo-
(dT) magnetic beads followed by PCR amplification
in a single tube to generate cDNAs and corresponding
libraries with complexities ranging from 10°-10°
clones from four unfertilized oocytes, single 2-cell, 4-
cell, 8-cell and blastocyst stage embryos, and 10-week-
old whole fetus. Using these libraries, we also present
data showing that PCR using primers that amplify the
homeodomain of homeobox genes [3] can be used
rapidly and efficiently to survey for the presence of
homeobox sequences. Preliminary analyses have re-
vealed the presence of HOX, POU, HEX and novel
homeobox genes.
1. Rosner et al. (1991). Cell 64, 1103-10.
2. Palmieri et al. (1994). Dev. Biol. 166, 259-67.

3. Murtha et al. (1991). Proc. Natl. Acad. Sci. USA 88,
10711-15.

The identification and characterization of genes active
in early human development

JOANNA HURLEY,
MARILYN MONK
Molecular Embryology Unit, Institute of Child Health,
30 Guilford Street, London WC1 1EH, UK

JAMES ADJAYE and

The aim of our research is to identify and characterize
genes involved in human preimplantation develop-
ment. Such studies provide a molecular framework
for further research into early human development
and clinical programmes associated with infertility
and disease diagnosis. Conventional techniques of
screening for genes expressed in different tissues or
stages of development involve the construction of
libraries and subsequent differential or subtractive
hybridization. In the human embryo, where tissue
availability is limited, such methods are difficult.
The recent creation of PCR-generated libraries from
human unfertilized oocytes and single preimplantation
embryos allows the study of gene expression by new
techniques such as differential display and subtractive
hybridization. We present preliminary data on the
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identification and isolation of a number of genes
participating in the early developmental programme
using an adaptation of the differential display pro-
tocol. Sequence comparisons have identified a number
of novel clones and some that show homology to
ESTs. Of particular interest is an embryonic clone
which shows homology to the DNA-binding domain
of a human methyl-CpG binding protein thought to
be involved in transcriptional repression. We have
demonstrated that differential display using human
oocyte and embryo cDNA libraries is an effective
method for identifying genes expressed at specific
stages of preimplantation development. However,
further work needs to be undertaken to confirm the
stage-specific nature of these genes and to determine
their function in early human development.

Mice with a targeted disruption of the Batten disease
gene (CLN3) display a progressive storage disorder

N. D. E. GREENE!, D. L. BERNARD? P.E. M.
TASCHNER?, N. DE VOS?, M. H. BREUNING?,
R. M. GARDINER!, S.E. MOLE!, B.D.LAKE",
R. L. NUSSBAUM? and H. M. MITCHISON"

! Department of Paediatrics, University College Lon-
don, London, UK; *Laboratory of Genetic Disease
Research Branch, NIH, Bethesda, USA; ® Department
of Human Genetics, Leiden University, Leiden, The
Netherlands; * Department of Histopathology, Great
Ormond Street Hospital for Children, London, UK

The neuronal ceroid lipofuscinoses (NCLs) are the
most common neurodegenerative disorders of child-
hood. Batten disease, the juvenile-onset form of NCL,
is caused by mutations in the CLN3 gene which
encodes a predicted transmembrane protein of un-
known function. NCLs occur naturally in a wide range
of animal species and resemble the human NCLs to
varying degrees in terms of clinical symptoms and
accumulation of characteristic storage material.
However, there are no specific models for Batten
disease (CLN3) that mimic the disease both pheno-
typically and genetically. Therefore, a murine model
for Batten disease was generated by gene targeting in
mouse ES cells. Exons 1-6 of mouse Cln3 were
replaced by a Neo cassette, resulting in a null allele
that demonstrates loss of C/ln3 mRNA expression.
Crosses between heterozygous mice yield offspring in
the expected 1:2:1 genotype ratio. Homozygous null
mice are viable and fertile and do not exhibit obvious
clinical symptoms at 7 months of age. However, there
is progressive accumulation of autofluorescent storage
material that parallels the pathology of Batten disease
in humans. More rigorous studies of retinal function
and behaviour are in progress to assess disease
progression.

https://doi.org/10.1017/50016672399003869 Published online by Cambridge University Press

104

Molecular interactions during limb initiation and
development

JACOB  HECKSHER-SORENSEN,
LETTICE and ROBERT E. HILL
Department of Developmental Genetics, MRC Human
Genetics Unit, Western General Hospital, Crewe Road,
Edinburgh EH4 2XU, UK

LAURA

The limb buds initiate at distinct lateral positions as
opposing pairs and subsequently undergo a number of
precisely controlled events to ensure normal devel-
opment. We have used four mouse mutations—
dominant hemimelia (D#), luxate (/x), sasquatch (Ssq)
and extra toes (X7)—to investigate some of these
events. All four mutations belong to the luxoid group,
and are characterized by having pre-axial polydactyly
that correlates with ectopic anterior expression of
Shh. However, it appears that ectopic expression of
Shh can be induced through at least two different
mechanisms. In X7 and Ssq ectopic expression of Shh
at E11-5 is the first sign of abnormal development,
whereas in D& and /x ectopic expression of Fgf4 and
Fgf8 in the AER precedes that of Shh by at least 24 h.
Thus our data suggest that Dh and [x disrupt limb
development at an early stage prior to induction. In
Dh the phenotypic characteristics also include a rostral
shift of the hindlimbs. We have found that in Dh
embryos the anterior boundary of Hoxcl0 is posi-
tioned two segments more anterior than observed in
the wild-type. This shift of expression correlates with
the shift of the limbs, suggesting a role for Hoxc10 in
positioning the hindlimbs.

Lined mice are Rsk2 deficient but are they a good model
for Coffin—Lowry syndrome?

HELEN J. BLAIR and YVONNE BOYD
M RC Mammalian Genetics Unit, Harwell, Oxfordshire
OXI11 ORD, UK

Coffin—Lowry syndrome (CLS) is a rare X-linked
semi-dominant disorder where affected males have
severe mental retardation, characteristic face and
hands, and progressive skeletal problems. Hetero-
zygous females with CLS have also been reported;
they are mildly affected and are usually identified as
they are related to CLS males. Two years ago
mutations in the gene encoding Rsk2, a member of a
family growth-factor-regulated serine/threonine kin-
ases, were identified in CLS patients. Although these
mutations were predicted to affect the function of
Rsk2, it is difficult to correlate them with the different
aspects of the CLS phenotype. We have discovered
that the lined (Li) mouse phenotype results from an X
chromosome deletion that removes the Rsk2 coding
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region. Lined males and some lined heterozygous
females die prenatally whereas surviving females are
unaffected except for fine coat stripes. Despite having
skewed X-inactivation, these females still have a
proportion of cells with an active deleted X chromo-
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some, and it is interesting to study the distribution of
these Rsk2-deficient cells in various cells and tissues.
We are currently characterizing the deleted region and
investigating the phenotype of Li mice to provide
insights into the function of Rsk2.
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