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Amplification mismatch
analysis as a method of
screening for mutations in
genetic disorders

S M ENAYAT, B D M THEOPHILUS,
F G H HILL

Department of Haematology, Children's
Hospital, Birmingham.

A number of methods are now widely
adopted for the initial screening of large
segments ofDNA for new mutations, before
their subsequent characterisation by nucleo-
tide sequencing. This approach greatly re-
duces the time and effort needed to detect
mutations by first locating the region of the
gene in which the mutation is located. Dena-
turing gradient gel electrophoresis (DGGE)
and single strand conformational polymor-
phisms (SSCP) are both methods dependent
on the mobility of heteroduplex or single
stranded DNA on electrophoresis through
acrylamide. RNase A cleavage relies on the
enzymic cleavage of mismatched bases in a
heteroduplex. In our laboratory, we have
been investigating two congenital bleeding
disorders, haemophilia A and von Wille-
brand's disease, using amplification mis-
match detection (AMD). This method is
advantageous because it enables the analysis
of up to approximately 1 5 kb at a time, and is
the only method that has been reported both
theoretically and practically to detect all pos-
sible mutations. Aside from locating muta-
tions, AMD gives an indication of which
base has been mutated relative to the normal.
AMD involves formation of a heteroduplex
between PCR amplified normal and test
DNA, followed by treatment with chemicals
which specifically modify and cleave mis-
matched C or T residues (mismatched G and
A residues can be detected by analysis of
both sense and antisense strands). Cleavage
products are sized by denaturing acrylamide
gel electrophoresis. Our analysis of the factor
VIII and von Willebrand genes using AMD
has identified several mutations and poly-
morphisms. These have all been authenti-
cated by ASO hybridisation, restriction en-
zyme analysis, and/or by DNA sequencing.

Screening for fibrillin (FBN1)
mutations in Marfan syndrome

C HAYWARD, A L RAE, D J H BROCK

Human Genetics Unit, University of
Edinburgh, Western General Hospital,
Edinburgh.

SSCP analysis has proved to be a simple and
effective technique for the identification of
mutations in many genetic diseases. The
majority of reports use 32P incorporated into
PCR products to detect single strand mo-
bility shifts. We have analysed PCR pro-
ducts, ranging in size from 100 to 450 bp,
from several regions of the fibrillin gene.
Using 16 cm vertical PAGE gels and silver
stain it has been possible to identify several
mutations and polymorphisms. SSCP fol-
lowed by silver staining is fast, sensitive, and
safe. Subsequent fluorescent sequencing of
these PCR products can eliminate the need to
use radioactive methods completely.

Ascertainment of consanguinity
in the antenatal clinic

G A KARBANI*, S R PROCTORt,
J CLAYTONt, I J SMITHt,
R F MUELLER*

*St James's University Hospital, Leeds.
tBradford Hospitals, NHS Trust.

Consanguinity is associated with an
increased risk of perinatal, infant, and child-
hood morbidity and mortality. Ascertain-
ment of consanguinity may be hampered by
language barriers and insensitivity to ethnic
and cultural factors. Forty nine couples from
a normal antenatal clinic were randomly
selected to have a detailed family history
taken by a specialist genetic counsellor, in
addition to the routine one taken at the
booking clinic visit. Twenty six of the cou-
ples were white and none was consanguin-
eous; 23 couples were of "Asian" origin, 22
were Pakistani Muslim, and one was Sikh.
Fourteen of the 22 Pakistani Muslim couples
were determined to be consanguineous by
the rcutine family history, giving an average
inbreeding coefficient for the "Asian" couples
of 0-0319. The detailed family history
showed a further four of 22 Pakistani Muslim
couples to be consanguineous and the con-
sanguinity to be more complex in 10 of the 14
couples previously identified, resulting in a
significantly higher average coefficient of
inbreeding for the "Asian" population of
0-0618. Identifying couples with an
increased risk of untoward outcome of preg-
nancy is important and can be accomplished
by provision of staff with the appropriate
background, training, and skills.

Imprinting in development and
disease

W REIK, R FEIL, J WALTER,
N ALLEN

Laboratory of Developmental Genetics and
Imprinting, AFRC Babraham Institute,
Cambridge CB2 4A T.

Parental imprinting of genes in mammals has
an important role in development, genetic dis-
ease, and cancer. We are studying the mouse
insulin like growth factor 2 (Igf2) gene,
whose maternally inherited allele is largely
repressed in the fetus. In mice carrying only
maternity inherited alleles, this deficiency of
IgF2 can lead to growth retardation. We find
that the repressed copy of Igf2 is potentially
active for transcription: DNase I hyper-
sensitive sites are retained, there is no CpG
island methylation, and primary transcripts
are detected at low but significant levels.
Parent specific methylation differences are
detected in a region several kb upstream of
the first exon. We are now studying these
methylation imprints throughout develop-
ment using a recently developed in vitro
mutagenesis method. These studies may also
provide a better understanding of the role of
the Igf2 gene in the Beckwith-Wiedemann
syndrome. An understanding of imprinting
and epigenetic programming at the molecu-
lar level will require identification of genes
that control these processes, namely modifier
genes. We have set up a genetic screen in
which a major dominant modifier locus
segregates, with the aim of identifying and
cloning the gene. This backcross is now
being characterised with a genome spanning
panel of microsatellite markers to detect as-
sociations of specific loci with the phenotype.
Characterisation of modifiers will be import-
ant in the understanding of imprinting and
epigenetic inheritance and will also provide
insight into the many genetic disorders that
are influenced by variant modifier alleles.

Uniparental disomy in man

I K TEMPLE

Wessex Clinical Genetics Service,
Southampton.

Uniparental disomy (UPD) is the inheritance
of both chromosomes of a pair from one
parent with no contribution from the other.
It may affect human development if the chro-
mosomes involved have imprinted regions
or if an autosomal recessive mutation is
unmasked. UPD in humans is a rare event
but has been described for chromosomes 4,
6, 7, 10, 11, 13, 14, 16, 21, 22, and X. Few
consistent clinical syndromes have yet been

The next British Genetics Conference will be held
at York University on 12 to 14 September 1994.
Further details are available from Dr Peter Farn-
don, Clinical Genetics Society, Birmingham
Maternity Hospital, Edgbaston, Birmingham B15
2TG. (Tel/fax 021 627 2634.)
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recognised with the exception of Prader Willi
and Angelman syndromes (chromosome 15)
and Beckwith-Wiedemann syndrome (chro-
mosome 11). Where more than one case has
been described, common clinical features are
emerging. Maternal UPD of chromosome 14
is associated with short stature, scoliosis,
premature puberty, and arrested hydroceph-
alus. Maternal UPD of chromosomes 7 and
16 affects growth. Maternal UPD of chromo-
some 22 appears to have no phenotypic
effect.

A systematic search for
uniparental disomy: an interim
report

R S JAMES*, I K TEMPLEt,
P A JACOBS*

*Wessex Regional Genetics Laboratory,
Salisbury District Hospital, Odstock,
Salisbury SP2 8BJ'. tPrincess Anne
Hospital, Coxford Road, Southampton S09
4HA.

Three main mechanisms have been sug-
gested to result in uniparental disomy:
gamete complementation, monosomy dupli-
cation, and trisomy rescue. All of these
mechanisms can result from a non-disjunc-
tional event at meiosis producing aneuploid
gametes. We are conducting a systematic
search for uniparental disomy in persons
with unexplained phenotypic abnormalities
who have either Robertsonian or apparently
balanced reciprocal translocations, because
they are at increased risk of non-disjunction.
Parental origin of the two chromosomes
involved in the translocation is determined
by PCR amplification of appropriate poly-
morphic microsatellite repeat sequences. To
date our study population comprises 69 pro-
bands with 138 target chromosomes. We
have determined the parental origin of 130
chromosomes, and maternal uniparental dis-
omy of chromosome 14 has been found in
only one subject, who has a Robertsonian
t(13;14) translocation. We therefore con-
clude that uniparental disomy is a rare event
within this study population.

Parental origin of transcription
from the human GNAS1 gene

R CAMPBELL*, D T BONTHRONt

*Department of Obstetrics and Gynaecology,
Centre for Reproductive Biology. tHuman
Genetics Unit, Department of Medicine
(WGH), University of Edinburgh,
Edinburgh.

Albright's hereditary osteodystrophy (AHO)
is seen in patients with pseudohypoparathyr-
oidism (PHP) but also in those with normal
biochemistry (pseudopseudohypoparathyr-
oidism, PPHP). PHP can result from null
mutations of GNAS1 (20q 13.11), which
encodes the a subunit of the stimulatory G
protein G,. The inheritance pattern of AHO
suggests genomic imprinting, with maternal
inheritance of a mutation resulting in PHP,
but paternal inheritance leading only to the
partial features of PPHP. The mouse G,a
gene lies in interval 2E1-2H3, which is
known to show parental imprinting effects.

However, complete imprinting ofGNAS1 in
all tissues is unlikely, since patients with null
mutations have about 50% red cell G, ac-
tivity, implying no preferential allelic origin.
We have addressed this question by direct
analysis of the parental origin of GNAS1
expression in human fetal tissues. PCR con-
ditions were established for analysis of a FokI
dimorphism in exon 5 of GNAS1. Thirteen
fetuses heterozygous at this site, whose
mothers are homozygous for one allele, were
analysed by reverse transcription and PCR of
RNA, from up to 10 tissues per fetus. PCR
products were digested with FokI and the
relative amounts of cDNA from each allele
determined. Expression of both parental
alleles was seen in all tissues examined,
including kidney, the major target organ
mediating biochemical effects of PTH. If
genomic imprinting regulates GNAS1
expression, its effect is either subtle, tempor-
ally restricted, or confined to a subset of
hormone responsive cells.

Expansion of an FMR-1 triplet
repeat allele within the normal
range: implications for the
mechanism of FRA(X) mutation

Ireland. Five out of seven analysed non-
PKU HPA patients carry a C to T transition
at codon 380 in exon 11, resulting in the
substitution of threonine for methionine
(T380M). In four of these patients, muta-
tions known to cause severe classic PKU
were identified on the other chromosome.
One non-PKU HPA patient carries two new
missense mutations: a T to C transition at
codon 245 in exon 7, resulting in the replace-
ment of valine by alanine (V245A), and a T
to C transition at codon 194 in exon 6,
changing leucine to proline (L194P). The
degree of PAH deficiency caused by V245A
or L194P still has to be established. None of
the three new mutations was found in 70
analysed PKU alleles. Screening for the mu-
tations is possible with the following restric-
tion enzymes: MaeIII (T380M), Fnu4H I
(V245A), and Eco57 I (L194P). Recognition
of HPA mutations allows confirmation of
non-PKU HPA at an early stage after a
positive Guthrie test, which is clinically use-
ful and reassuring for the patients. With one
mutation responsible for over 70% of HPA
mutations in Northern Ireland, screening for
non-PKU HPA is simple and relatively inex-
pensive.

J MACPHERSON*, C PATCHt,
P A JACOBS*

*Wessex Regional Genetics Laboratory,
Salisbury District Hospital, Odstock,
Salisbury SP2 8BJ. tPrincess Anne
Hospital, Coxford Road, Southampton S09
4HA.

We present a family in which the FMR-1
triplet repeat tract appears to have expanded
in one meiosis from 28 copies of the CGG to
39, and is associated with the allele 3 of
flanking CA repeat FRAXAC1, which is
relatively depleted on fragile X bearing chro-
mosomes. Such an event must be very rare,

because (1) no such instability has yet been
reported in alleles lower than 40 repeats, and
(2) there is a significant negative linkage
disequilibrium between FRAXAC1 allele 3
and all CGG repeat numbers greater than 33.
This expansion event may therefore repres-

ent the initial stage in the progressive muta-
tion leading to fragile (X) syndrome.

Non-phenylketonuria
hyperphenylalaninaemia
mutations in Northern Ireland

J ZSCHOCKER*, C A GRAHAM*,
F J STEWART*, D J CARSONt,
N C NEVIN*

*Department of Medical Genetics, Belfast
City Hospital. tDepartment of Child Health,
Queen's University, Belfast, N Ireland.

Non-phenylketonuria hyperphenylalaninae-
mia (non-PKU HPA) is defined as phenyla-
lanine hydroxylase (PAH) deficiency with
blood phenylalanine levels above 125 1mol/l,
but below 600 pmol/l on a normal diet. Af-
fected subjects usually carry a classical PKU
mutation and a less severe HPA mutation.
We have been able to identify three new

missense mutations, one of which accounts
for over 70% of HPA alleles in Northern

Screening for Y mosaicism in
patients with Turner's syndrome

C E CHU*, M D C DONALDSONt,
J M CONNOR*

*Duncan Guthrie Institute, Glasgow.
tDepartment of Child Health, Glasgow.

The survival rate of Turner's syndrome (TS)
mosaic fetuses is much higher than those
with a 45,X genotype. This has led to the
theory that all liveborn children with TS are
mosaic for a normal cell line, and in view of
the usual situation of loss of a paternal sex
chromosome a proportion would be pre-
dicted to be Y mosaics with the risk of
gonadal malignancy. The aim of this study
was to look for Y mosaicism using PCR in a
large unselected group of TS patients pre-
viously screened for mosaicism by a routine
cytogenetic analysis. We analysed 91 TS
patients with a variety of karyotyopes with
seven sets of Y specific primers. Eight
patients were positive for Y sequences. Four
were known to have Y material cytogeneti-
cally, three had a 45,X/46,XY karyotype and
one had an iYp. The other four were cytoge-
netically negative. The first had a small
marker and was positive for all primer sets.
The second, originally reported as having a
45,X karyotype, was found to be positive for
centromere and all long arm sequences. The
third had a 45,X karyotype and was positive
for two primer sets mapping to the long arm.
She developed a primary lung tumour at the
age of 16 years. The last patient has a 45,X/
46,XiXq karyotype and is positive for two
primer sets from the long arm. In view of this
relatively high frequency of unsuspected Y
mosaicism and the presence of Y material in
patients with other types of mosaic karyo-
types, we would advise screening all girls
with TS with PCR using a series of Y
primers.
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Bone marrow (BM)
proliferation as reflected in ALL
cytogenetics: relevance for
prognosis and treatment

J-U WALTHER, I ARNDT

Kinderpoliklinik, Munich University,
Germany.

The role of cytogenetics in classification and
follow up of leukaemia has been firmly estab-
lished. However, failure to determine a
karyotype is not rare, especially in ALL,
owing to lack of metaphases or of sufficient
quality. We felt that neglecting these nega-
tive results lost information about the state of
the BM reflected on the "poor" slides and we
started investigating the relationship
between metaphase rates and clinical out-
come. Earlier studies had shown reproduc-
ible results of proliferation assessment for
different types of leukaemia, so the same
standardised protocol was followed. One
hundred and twenty six paediatric ALL
patients were studied with 101 remaining in
complete first remission between six and 40
months; 25 relapsed within the same time
interval. Conventional unstimulated 24 hour
incubation of BM aspirates and routine har-
vesting procedures adhering to a stan-
dardised volume protocol for semiquantita-
tive comparability of cell and metaphase
counts was performed. Mitotic rate was
scored according to metaphase counts per
slide. Contrary to preliminary findings the
profile of proliferation of later relapsing ALL
cases at diagnosis was shifted to the right,
that is, a higher risk is characterised, on
average, by higher mitotic activity. The cyto-
genetic technique allows some insight into
the proliferative machinery of the BM thus
yielding information beyond the qualitative
finding of clonal chromosomal changes,
helping the clinician design individual thera-
peutic strategies.

Counselling for birth defects:
the differing perspectives of
obstetricians, geneticists, and
genetic counsellors

T M MARTEAU*, H DRAKE*,
M BOBROWt

*Psychology and Genetics Research Group,
UMDS, Guy's Campus, London SEI 9RT.
tPaediatric Research Unit, UMDS, Guy's
Campus, London SEI 9RT.

Women receiving a positive diagnosis of an
abnormality during pregnancy may be coun-
selled about a termination by one of several
health professionals including obstetricians,
geneticists, and/or genetic counsellors.
There is anecdotal evidence to suggest that
these groups differ in both their approaches
to counselling and their attitudes towards
abnormality. The aim of the current study is
to document how genetic counsellors, geneti-
cists, and obstetricians report counselling
women at risk for having children with a
range of conditions. Obstetricians were sig-
nificantly more directive than geneticists,
who in turn were more directive than genetic
counsellors in how they reported counsel-
ling. The extent to which the groups differed
in their approaches varied across conditions.
The most marked difference was evident for

Down's syndrome: 94% of genetic counsel-
lors, 57% of geneticists, and 32% of obstetri-
cians reported counselling non-directively.
Future research needs to focus on what these
different groups see as the objective of coun-
selling in this situation, how they actually
counsel, and with what effects.

Genetic heterogeneity in
malignant hyperthermia

J L HALL-CURRAN*, P J HALSALLt,
P M HOPKINSt, F R ELLISt,
S P WESTI, A D STEWART*

*DNA Lab, Regional Genetics Services.
tMalignant Hyperthermia Investigation
Unit, St J7ames's University Hospital, Leeds.
Northern Regional Genetics Services,

Newcastle upon Tyne.

Malignant hyperthermia (MH) is an autoso-
mal dominant genetic disorder manifesting
under general anaesthesia. We have ex-
amined 12 large well characterised MH
families with hypervariable microsatellite
markers around the region where there is a
candidate MHS locus (RYRI, 19q13.1-
13.2). Multipoint lod scores were calculated,
then analysis with HOMOG showed genetic
heterogeneity (p <0002) among the British
families studied, with 40% estimated to be
linked to the candidate locus. Linkage has
also been claimed between MHS and a re-
gion on 1 7q2 1. We have examined two of our
non-19 families with relevant markers, and
found evidence against linkage in both (lod
scores at candidate loci of less than -2).
Other physiological candidate genes have
also been examined for linkage and, as yet, no
other significant linkage has been shown else-
where in the genome.

A laminin A variant gene
(LAMA3) is present on
chromosome 6q21

A J RICHARDS*, L AL-IMARA*,
N P CARTERt, J C LLOYD*,
F M POPE*

*Dermatology Research Group, Clinical
Research Centre, Harrow, Middlesex HA1
3 UJ. tDepartment of Pathology, University
of Cambridge, Cambridge CB2 1QP.

Laminin is a basement membrane glycopro-
tein consisting of three chains, A, B1, and
B2, which are separate gene products. We
have isolated a partial cDNA which encodes
a protein homologous to the C-terminal, G
domains, of laminin A. Amplification of a
1-4 kb region of the gene (LAMA3), contain-
ing one large intron (approximately 1-2 kb),
from flow sorted chromosomes, localised the
gene to chromosome 6. We have also isolated
a yeast artificial chromosome, containing
LAMA3, which hybridised to 6q21. Initial
analysis of the 3' end of the gene shows the
presence of several introns, indicating that it
is large. The transcript (approximately
6-45 kb) is expressed in skin, heart, placenta,
lung, and to a lesser extent skeleton muscle
and pancreas. This is a similar tissue distri-
bution to that determined, by immunofluor-
escence, for kalinin and nicein, recently de-
scribed laminin homologues, which are ab-
sent from the skin of the patients with junc-

tional epidermolysis bullosa. It is possible
that the A chain encoded by LAMA3 is a
constituent of an isoform of these molecules,
or alternatively is the A chain in the molecule
described as K laminin.

Allele loss on chromosome 16p
in hamartomata and tumours
from patients with tuberous
sclerosis (TS)

A J GREEN, J R W YATES

Department of Clinical Genetics,
Addenbrooke's Hospital, Cambridge.
Cambridge University Department of
Pathology, Cambridge.

TS is an autosomal dominant disorder char-
acterised by skin abnormalities, mental han-
dicap, seizures, and hamartomatous lesions
in the heart, eye, and kidney. Two definite
disease loci have been described for TS, on
chromosomes 9q34 and 16pl3.3. In eight
patients with TS, we analysed 16pl3.3
markers in normal DNA and DNA from five
renal angiomyolipomas (AML), one giant
cell astrocytoma (GCA), three renal cell car-
cinomata (RCC), and one cardiac rhabdo-
myoma (CRM). DNA was extracted from
frozen or paraffin embedded tissue. From
proximal to distal, the markers used were the
CA repeats D16S423, D16S94, D16S283,
D16S291, KG8, the RFLP D16S259, and
the VNTRs D16S309 and D16S85. Five
lesions showed partial or complete loss of
alleles. The GCA showed allele loss for
markers D16S309 and D16S85, but not
D16S291. Two AMLs and the CRM showed
allele loss for KG8, but not D16S291. One
AML showed allele loss for KG8, but not
D16S309. In the one case of familial TS,
which appeared to be linked to 16pl3.3, the
allele lost in the AML was the normal allele.
No allele loss was found for the 9q markers
ASS, D9S64, or D9S66. This is the first
report of allele loss in hamartomata in TS. We
suggest that the product of the TS gene on
16p13.3 may function as a tumour suppressor.

Use of a translation based
method to screen rapidly for
point mutations in Duchenne
muscular dystrophy patients

R J GARDNER, F L M NORWOOD,
M BOBROW, R G ROBERTS

Paediatric Research Unit, Division of
Medical and Molecular Genetics, UMDS,
8th Floor, Guy's Tower, Guy's Hospital,
London SE) 9RT.

Duchenne muscular dystrophy results, in
approximately 65% of cases, from frame-
shifting gross rearrangements in the dystro-
phin gene. The causative mutations in the
remaining 35% are postulated to be point
mutations and small deletions which also
disrupt translation. Primers have been
designed so that the 11 kb coding sequence
can be amplified from ectopic lymphocyte
transcripts in 10 sections using reverse tran-
scription and nested PCR. A T7 promoter
and eukaryotic translation signals are incor-
porated into the 5' internal primer, allowing
the product to be transcribed and translated
in vitro without further purification. 35S-
methionine is incorporated and the products
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are separated by discontinuous SDS-PAGE
and autoradiographed. Mutations causing
premature termination can be localised by
sizing and characterised by direct sequenc-
ing. This system has been tested on known
mutations (Roest et a!) and we are now using
it to screen rapidly a large number of patients
for previously unknown mutations. To date
eight mutations have been detected using this
technique. These comprise seven nonsense
mutations and one small (4 bp) frameshifting
deletion. The merits of this technique in-
clude: ease of performance, insensitivity to
neutral changes, precision of localisation, and
coverage of the entire coding sequence. This
technique therefore has direct diagnostic use
and will contribute extensively towards data
on the distribution of point mutations within
the dystrophin gene.

Fine mapping of the
facioscapulohumeral muscular
dystrophy gene region on 4q35

T J WRIGHT*, C WIJMENGAt,
R LYLEt, L N CLARK:, R R
FRANTSt, J E HEWITT*t, R
WILLIAMSON*

FSHD cases (Wijmenga et al, 1992) has
provided the potential for a direct diagnostic
test for FSHD. Our panel of FSHD families
from the UK includes 19 new mutation cases
where both parents have been examined and
showed no signs of FSHD. In 16/19 a de
novo fragment is detected with p13E-1 1,
which in two families cosegregates with
FSHD in the next generation. Clinical data
in these certain new mutation cases are as
follows: nine male, seven female, median age
at examination 23 years (range 16-50 years),
significant lower limb weakness in 12/16 (six
in wheelchairs at a median age of 16 years),
high tone sensorineural deafness in 3/16,
visual acuity and direct ophthalmoscopy
were normal. Diagnoses previously made in-
cluded myotonic dystrophy (one case with
infantile onset), limb girdle dystrophy (two
cases), ?Becker dystrophy (one case with calf
pseudohypertrophy), and spinal muscular
atrophy. No correlation was seen between
fragment size and either age of onset or age of
being confined to a wheelchair. There was no
obvious clinical difference between this
group and the three cases which did not show
a new fragment.

*Department of Biochemistry and Molecular
Genetics, St Mary's Hospital Medical
School, London. tDepartment of Human
Genetics, Leiden University, The
Netherlands. +Department of Cell and
Structural Biology, Manchester University,
Manchester.

pl3E-11, a probe for D4F104S1, identifies a

polymorphic EcoRI fragment containing
3-2 kb tandem repeats (designated D4Z4)
and detects DNA rearrangements associated
with facioscapulohumeral muscular dys-
trophy (FSHD). The aim of this work was to
characterise this region further. We have
isolated a 470 kb YAC (y25C2E) and a

930 kb YAC (y956A1 1), containing
D4F104S1, from the ICI YAC library and
CEPH megabase library respectively and
used these to produce a fine restriction map
around this locus. Both YACs also contain
the loci D4S139 and D4F35S1. A cosmid
library was constructed from y25C2E and
from this a cosmid contig was produced
linking D4F35S1 to D4F104S1 and extend-
ing distal to the EcoRI fragment detected by
p13E- 1 1. A fine restriction map of this region
has been generated using EcoRI, KpnI, and
rare cutter enzymes, allowing the orientation
of the EcoRI fragment rearranged in FSHD
to be determined; p 13E- 11 maps proximal to
the tandem repeats. CpG islands were identi-
fied between D4S 139 and D4F35S1 and
within each copy of the tandem repeat.

New mutation cases of
facioscapulohumeral muscular
dystrophy (FSHD): a clinical
study

P JARDINE*, M UPADHYAYAt,
P HARPERt, P LUNT*

*Institute of Child Health, Bristol; tInstitute
of Medical Genetics, Cardiff.

The finding of altered fragment lengths
detected by probe p 1 3E- 11 in new mutation

Improved screening for FAP:
experience from the West
Midlands FAP register

J MORTON*, D MORTONt,
F MACDONALD*, Y WALLIS*,
P RINDL*, J HAYDON*, R CULLEN*,
J NEOPTOLEMOSt, M KEIGHLEYt,
M HULTEN*, C McKEOWN*

*West Midlands Regional Genetic Services,
Birmingham. tDepartment of Surgery,
University of Birmingham.

In 1988, the West Midlands regional FAP
register was compiled. The aims of the regis-
ter were to facilitate identification, genetic
counselling, and screening of at risk subjects.
Sixty two families have now been identified.
These include 183 subjects at 50% risk of
FAP. The institution of the register resulted
in improved compliance for screening from
50 to > 90%, an increase in cases diagnosed
per year from six to 13 per year and a fall in
mean age at diagnosis from 35 to 25 years.

Only three cases of colorectal carcinoma have
been identified in the screened population
(Dukes' stage A/B) while the incidence of
carcinoma was 70% in the unscreened popu-
lation. DNA analysis, initially with linked
polymorphic probes and more recently with
direct mutation analysis, has enabled us to
modify prior risk from 50% to < 10% or

> 90% chance of developing FAP. It is
hoped that the lessons learned from the de-
velopment of an integrated, multidisciplin-
ary screening programme in FAP families
will now be extended for the use in HNPCC
families.

Mutation analysis in familial
adenomatous polyposis (FAP):
partial prediction of phenotype

K P NUGENT*, R K S PHILLIPS*,
S V HODGSON*t, S COTTRELLt,
J SMITH-RAVINt, K PACKt,
W F BODMERt

*St Mark's Hospital, City Road, London
ECI V 2PS. tImperial Cancer Research
Fund, Lincoln's Inn Fields, London.

Patient phenotype in familial adenomatous
polyposis (FAP) varies in the number of
colorectal polyps and the presence or absence
of a variety of extracolonic manifestations.
Specific germline mutations within the cod-
ing sequence of the APC gene have been
identified and may explain this heteroge-
neity. The phenotype of 27 members from
seven different families with an identical 5
base pair (bp) deletion at codon 1309 was
compared with: (1) a group of 61 age and sex
matched patients with FAP where the muta-
tion has not yet been identified; and (2) seven
other different mutations in 24 subjects.
Patients with codon 1309 deletion have signi-
ficantly more colorectal polyps at the time of
colectomy than the 61 age and sex matched
FAP patients with unknown mutations
(p=0 0001, Mann Whitney U test). The
median number of polyps in their colectomy
specimens was 4000 (interquartile (IQ) range
3000-4875), compared to 600 (IQ range 488-
1400) in the 61 matched patients. Six of the
27 patients with the 5 bp deletion at codon
1309 developed extracolonic cancers, com-
pared with one of 61 controls (p = 0003,
Fisher's exact). These findings suggest that
there is a correlation between a specific
germline mutation and the number of large
bowel polyps. The residual heterogeneity in
phenotypic expression may be influenced by
constitutional or environmental epipheno-
mena.

The origin of the pi thalassaemia
mutations in the United Arab
Emirates (UAE)

J OLD*, R QUAIFEt, A FITCHES*,
D VALLER*, S ABBESI,
P FITZGERALD§, L AL-GAZALIt,
S THEIN*, S DAARIl

*Institute of Molecular Medicine, Jrohn
Radcliffe Hospital, Oxford, England.
tDepartment of Paediatrics, UAE
University, Al-Ain, UAE. IDepartment of
Biology, UAE University, Al-Ain, UAE.
§Department of Haematology, Al TAWAM
Hospital, Al-Ain, UAE. IMolecular
Haematology Unit, SQU Hospital, Muscat,
Oman.

The fi thalassaemia mutations in 27 families
from the UAE national population were
identified by screening with ARMS primers
for 23 different alleles. Seven mutations were
found: IVSI-5 (G--C) 66%; CD8/9 (+ G)
8%, 25 bp deletion 8%; CD5 (-CT) 6%,
IVSII-1 (G/lA) 6%; CD3O (G- C) 4%, and
CD15 (G-+A) 2%. The high frequency of
IVSI-5 and the spectrum of alleles is com-
pletely different from our results from simi-
lar studies of patients from Iran and from the
published results from Saudi Arabia. A close
linkage of the IVSI-5 allele with the surname
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Baluchi and our finding of IVSI-5 at a fre-
quency of 35% in NW Pakistan suggests that
this mutation and the other Asian Indian
mutations found in the UAE were intro-
duced by population migration across the
Straits of Hormus via Oman from the region
previously known as Baluchistan. A prelim-
inary study of 1 thalassaemia patients from
Oman has shown the IVSI-5 allele to be
present at a very high frequency (85%), in
support of our hypothesis.

Mutation size and age at onset in
Huntington's disease

D CRAUFURD*, A DODGE*,
J S SNOWDENt, R HARRIS*

*Department of Medical Genetics, St Mary's
Hospital, Manchester. tDepartment of
Neurology, Manchester Royal Infirmary,
Manchester.

The mutation responsible for Huntington's
disease has recently been reported, involving
a polymorphic trinucleotide (CAG). repeat
which is expanded and unstable on HD chro-
mosomes, located within the coding se-

quence of a new gene in the candidate region
on chromosome 4p. We have examined the
relationship between size of the expanded
region and age at onset in 229 affected sub-
jects from families known to the North West-
ern HD register. Data are also available for
401 normal chromosomes. The number of
repeats varied from 3 to 34 in the control
chromosomes and 36 to 102 in the HD chro-
mosomes. Additionally, we have confirmed
the diagnosis in 9/13 subjects where HD was

suspected in the absence of a family history; a

tenth subject with atypical clinical features
had 27 repeats. There was a clear relation-
ship between the size of the expanded region
and age at onset; the youngest (onset 9 years)
had 102 repeats, while the mean number of
repeats was significantly greater in those with
onsets between 11 and 25 years (61-4 repeats)
than for onsets between 25 and 40 (47-6
repeats), 40 and 65 (43 3 repeats), and over

65 years (412 repeats). Mutation size was

significantly larger in HD chromosomes of
paternal than maternal origin.

Clinical features and population
genetics of juvenile Huntington's
disease in Northern Ireland

P J MORRISON, N C NEVIN

Department of Medical Genetics, Belfast
City Hospital, Belfast BT9 7AB.

Juvenile Huntington's disease (JHD, onset
<20 years) is rare; population prevalences
range from 3 to 10%. Childhood onset Hunt-
ington's disease (COHD, onset < 10 years) is
very rare with population estimates of
<05%. Prevalence surveys of HD rarely
achieve near full ascertainment, or look spe-
cifically for JHD, hence few reliable preval-

ence estimates are available. The Northern
Ireland (NI) population has been surveyed
with virtually full ascertainment; data were
analysed to estimate the prevalence and clini-
cal features of JHD/COHD. The total 1991
prevalence of HD was 6.3/100 000: 7% had
JHD (including 2% COHD). All had vari-
able mental retardation, rigidity, and cere-
bellar signs. Subtle chorea was detectable in
all patients. Four patients had epilepsy. The
four youngest patients inherited the disease
from their affected father. All cases presented
with a markedly different clinical picture
from adult HD. A family history of HD is
found in all cases but may not be easy to
elicit. Clinical differences within the sub-
group were striking. This is an accurate
prevalence estimate of the disease.

Maternal serum screening for
Down's syndrome and other
fetal chromosomal
abnormalities: results from a

two year prospective study

S F GOODBURN*, J R W YATES*,
P R RAGGATTt, C CARRt,
M E FERGUSON-SMITH*,
P J D MILTONt,
M A FERGUSON-SMITH*

Departments of *Clinical Genetics, tClinical
Biochemistry, and the tRosie Maternity
Hospital, Addenbrooke's Hospital,
Cambridge.

Maternal screening using the three serum

markers alphafetoprotein (aFP), human
chorionic gonadotrophin (hCG), and uncon-

jugated oestriol (uE3) is an effective method
of identifying women at risk of a Down's
syndrome pregnancy. Since its introduction
to East Anglia in 1991 25 359 singleton preg-
nancies have been screened, representing a

79% uptake; 77% (36/48) of Down's syn-

drome pregnancies were detected with a false
positive rate of 4 0%. All affected pregnan-
cies were identified in women aged 35 years
and over, and the detection rate in women

aged less than 35 years was 50% (false posi-
tive rates 18% and 2-6% respectively). If uE3
had been excluded from our screening proto-
col and the risk calculated using only aFP
and hCG, only 63% of affected pregnancies
would have been identified, a loss in detec-
tion of 12%. None of the affected pregnan-
cies missed through the screening pro-
gramme would have been identified if only
two serum markers had been used. uE3 also
contributed significantly in identifying preg-
nancies associated with trisomy 18 (3), 45,X
(6), and 69,XXX (5). Other fetal abnormalit-
ies identified through the screening pro-
gramme included open neural tube defects
(26), hydrocephalus (7), abdominal wall de-
fects (4), in addition to six cases of steroid
sulphatase deficiency. We conclude that (1) a

screening protocol which includes uE, is
more effective at identifying Down's syn-
drome associated pregnancies than protocols
which exclude uE3 and (2) fetal abnormalities
other than Down's syndrome are also associ-
ated with recognisable analyte patterns.

Impact of screening using
maternal serum AFP and hCG
on the birth incidence of Down's
syndrome in the west of
Scotland

J A CROSSLEY, E BERRY,
D A AITKEN, J M CONNOR

Duncan Guthrie Institute of Medical
Genetics, Yorkhill, Glasgow.

In September 1991 a double marker screen-
ing programme for Down's syndrome was
introduced in the west of Scotland, adding
hCG analysis to the existing AFP/age com-
bination. In this region there are around
37 000 births per year and biochemical
screening is taken up by 80% of women. Up
to September 1992, 30 084 women were
screened and 5 1% assigned to the high risk
group (risk > 1:220). The uptake of dia-
gnostic testing among these women was
70%. There were 37 Down's syndrome preg-
nancies identified in the screened population.
Of these, 26 (70%) were within the high risk
group and 21 (56%) were prenatally diag-
nosed. In addition three Down's syndrome
pregnancies were diagnosed by first trimester
chorionic villus sampling. There were an
additional 10 Down's syndrome pregnancies
identified at birth, eight to women who had
not had a screening test, and two to women
who had moved into the area after being
screened elsewhere, making a total of 50
Down's syndrome pregnancies identified in
the whole pregnant population (1-35 per
1000). The overall prenatal diagnosis rate
was 24 out of 50 (48%), a considerable im-
provement on the 12 to 15% that was being
achieved using maternal age alone as the
criterion for selecting women for diagnostic
testing.

The Read Codes in clinical
genetics

F V ELMSLIE*, H WARDt,
D CRAUFURDt, A STEWART$,
R M WINTER*

*Institute of Child Health, London. tSt
Mary's Hospital, Manchester. tDepartment
of Genetics, University of Leeds.

The Read Codes were developed in the 1980s
by a GP, Dr James Read. The Clinical
Terms Project was launched in April 1992, to
produce a comprehensive thesaurus of clini-
cal terms, abbreviations, and synonyms for
use in clinical computer systems. All medical
specialities as well as specialities allied to
medicine are represented by the 40 specialty
working groups on the project. The Clinical
Genetics Specialty Working Group has used
Victor McKusick's Mendelian Inheritance in
Man as the starting point for the single gene
disorders. The McKusick codes have been
split up into the different systems that the
coded disease affects and distributed to the
relevant Specialty Working Group for incor-
poration into their list of terms. Congenital
malformations are our prime responsibility,
our starting point being the BPA update of
ICD-10. We have approached the different
groups for the classifications of malforma-
tions used within their specialty, and intend
to incorporate these into our thesaurus. We
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are also developing a list of terms for referral
to the cytogenetics and DNA labs for use by
a clinical geneticist. It is envisaged that codes
for internal laboratory use will be developed
in collaboration with the relevant scientists at
a later stage. The main bulk of the task
should be accomplished by October 1993.
The work so far will be presented and com-
ments and suggestions invited, in order to
make this important coding system accept-
able to the specialty.

Prenatal diagnosis of spinal
muscular atrophy

A SILVER*, S PLYTE*, J TAYLOR*,
S ROSS*, K MORRISONt, K DAVIESt,
M BOBROW*, C MATHEW*

*Division of Medical and Molecular
Genetics, UMDS, Guy's Hospital, London;
tMolecular Genetics Group, Institute of
Molecular Medicine, John Radcliffe
Hospital, Oxford.

The childhood spinal muscular atrophies
(SMA) are autosomal recessively inherited
disorders which cause degeneration of the
anterior horn cells. The mapping of SMA
types I-III to chromosome 5qll.2-ql3 by
genetic linkage analysis made prenatal dia-
gnosis of SMA using linked DNA markers
possible. We have typed 79 SMA families
who were referred to us for prenatal dia-
gnosis with four CA repeat polymorphic
markers which flank the SMA gene. Criteria
for inclusion in the study were (1) the avail-
ability ofDNA samples from the parents and
the affected child and (2) a confirmed dia-
gnosis of SMA I or II without the presence of
atypical clinical features such as arthrogry-
posis. The markers and map distances (in
cM) were as follows: D5S125(EF.TG/AG
and EFTA)-2-SMA-2-D5S112 (JK53CA)-
4-D5S127 (YN.CT). Risks of the fetus being
affected with SMA were calculated using
MLINK, and included a 5% probability that
the disease phenotype in the family was not
linked to the chromosome 5q markers. Two
families were not offered prenatal diagnosis.
In one, the phenotype was not linked to the
5q markers, and clinical reinvestigation
showed the presence of arthrogryposis. In
the other, the affected and unaffected sibs
had the same genotype with flanking
markers, suggesting genetic heterogeneity or
a new mutation. Prenatal diagnosis was car-
ried out in 32 at risk pregnancies. In the 10
fetuses diagnosed as high risk, eight preg-
nancies were terminated and two are conti-
nuing. In the 22 low risk pregnancies, two
miscarried spontaneously, 13 resulted in the
birth of healthy infants, and six are continu-
ing. The outcome of the other one is
unknown. Our current data are consistent
with the conclusion that reliable prenatal
diagnosis for the disorder is possible, pro-
vided that rigorous diagnostic criteria are
applied in selection of families for linkage
studies.

Identification of interstitial
22qll deletions in contruncal
anomaly face syndrome

J BURN*, D WILSON*, J GOODSHIP*,
A TAKAOt, A MOMMAt, I CROSS*,
P SCAMBLERt
*Division of Human Genetics, University of
Newcastle upon Tyne; tHeart Institute of
Japan, Tokyo; tlInstitute of Child Health,
London.

We and others have shown that interstitial
deletions in chromosome 22ql 1 are the major
cause of DiGeorge syndrome, Shprintzen
syndrome, and familial outflow tract defects
of the heart. In order to establish that sub-
microscopic 22ql 1 deletions are not a coinci-
dental polymorphism we have analysed
DNA from 50 subjects who have structurally
normal hearts on the basis of angiography.
No deletions were detected. We have
extended our investigation to a series of five
subjects previously diagnosed as having the
conotruncal anomaly face syndrome with
tetralogy of Fallot and major aorticopulmon-
ary collateral arteries. All have been shown
by fluorescent in situ hybridisation using
probe D0832 to have a 22qll. Fluorescent
in situ hybridisation using this probe is of
major value in identification of the cause of
outflow tract defect of the heart.

Myasthenia gravis: an important
cause of the Pena-Shokeir
phenotype

L BRUETON*, S HUSONt,
E THOMPSON*, A VINCENTt,
S HAWKEI, J PRICE§, D SHIRLEY§,
P BARNESI, J NEWSOM-DAVISt

*Kennedy Galton Centre, Northwick Park
Hospital, Harrow. tDepartment of Medical
Genetics, Churchill Hospital. tNeurosciences
Group, Institute of Molecular Medicine, John
Radcliffe Hospital, Oxford. §Hillingdon
Hospital.

The Pena-Shokeir syndrome is a heterogen-
eous condition characterised by pulmonary
hypoplasia, multiple ankyloses, and facial
anomalies. Inheritance appears to be autoso-
mal recessive in some cases. Myasthenia gra-
vis (MG) has recently come to our attention
as an important cause of the Pena-Shokeir
phenotype. We report eight cases (five male,
three female) from two sibships. The diag-
nosis of maternal MG was established in
both families by demonstration of raised
anti-AChR antibody titres in the mothers,
neither of whom reported any neurological
symptoms. Nine other cases, born to seven
myasthenic mothers, have been published,
but in these the diagnosis of maternal MG
had been established before pregnancy with
all affected women having classical symp-
toms and signs. In contrast, in our families
the mothers were asymptomatic at diagnosis
and gave no history of neuromuscular prob-
lems. The polyclonality and fine specificity of
the anti-AGhR antibodies detected in these
patients are currently under investigation.
For counselling purposes the recurrence risk
appears very high for as yet there has been no
instance of a normal child being born follow-
ing an affected pregnancy. Active manage-
ment of the maternal MG is advocated in the

hope that this may alter subsequent preg-
nancy outcome.

X linked thrombocytopenia in a
large Danish pedigree

M SCHWARTZ*, T HERTELt,
M DONNERt, L HOLMBERGt
*Section of Clinical Genetics and
tDepartment of Growth and Reproduction,
Rigshospitalet, Copenhagen, Denmark.
tDepartment of Pediatrics, Lund, Sweden.

In hereditary X linked thrombocytopenia the
affected boys show many similarities to
boys affected with Wiskott-Aldrich syn-
drome. We have previously reported close
linkage of this disorder, in a Swedish family,
to RFLP markers at the proximal short arm
of the X chromosome. We have extended
these studies to a large Danish family, where
the disease could be followed in seven
generations. We have found strong linkage to
the closely linked markers DXS255, DXS 14,
and DXS146 (Zmax>5 at 0=00), while
recombinants were detected between the dis-
ease locus (XTP) and DXS7 and PGK, sug-
gesting the order DXS7-(XTP-DXS255-
DXS14-DXS146)-cen. X linked thrombocy-
topenia maps to the same region as WAS,
supporting the assumption that the two dis-
orders are caused by allelic mutant genes.
This is also supported by X inactivation
studies detected by the DNA probe M27,B
(DXS255). All female carriers were found
to have non-random methylation of the
DXS255 alleles as found in carriers for Wis-
kott-Aldrich syndrome.

Genetic heterogeneity in X
linked hydrocephalus: a family
showing linkage to markers in
Xq27.3

L STRAIN, D J H BROCK,
D T BONTHRON

Human Genetics Unit, University of
Edinburgh, Western General Hospital,
Edinburgh EH4 2XU.

X linked hydrocephalus, characterised path-
ologically by stenosis or obliteration of the
aqueduct of Sylvius (HSAS), accounts for
7% or more of hydrocephalus in males, with
a birth prevalence of at least 1 in 25000.
Previous studies have suggested the likeli-
hood of genetic homogeneity, with linkage of
HSAS1 to DXS52 and F8C in Xq28. The
LlCAM gene between these markers is
mutated in some HSAS families. We have
studied a family with typical necropsy con-
firmed X linked aqueductal stenosis, in
which there are four obligate carrier females.
All four affected males had severe hydro-
cephalus, three dying perinatally. The family
structure was verified by multilocus finger-
printing. The distal Xq28 markers (DXS52,
F8C) linked to HSASI gave negative lod
scores in this family. However, linkage was
established to the Xq27.43 loci DXS548 and
FRAXA (CGG. repeat), with two point
Zmax= 2 23 at 0= 0. Expansion or instability
of the CGG. repeat were excluded. Multi-
point calculation indicated a likely location
for the gene (HSAS2) in this family between
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DXS105 and DXS296, with a peak lod score
at FRAXA/DXS548. Since ventricular dila-
tation in HSAS may occur only late in preg-
nancy or postnatally, ultrasound diagnosis is
unsatisfactory, and prenatal testing with
linked Xq28 markers has been advocated.
The lack of linkage to Xq28 in our family
suggests caution, unless linkage or mutation
studies within the individual family support
involvement of HSASI/LlCAM. Our ex-
perience also suggests that clinical criteria do
not distiguish genetic types of X linked hy-
drocephalus.

POSTERS

Keratosis punctata palmaris
et plantaris: an autosomal
dominantly inherited
keratoderma associated with
malignancy

H P STEVENS*, M H A RUSTIN*,
K MAcDERMOTt

*Departments of Dermatology and tClinical
Genetics, The Royal Free Hospital and
School of Medicine, Pond Street, London,
NW3 2QG.

A large kindred is reported in which a pal-
moplantar punctate keratoderma is associ-
ated with malignancy; Hodgkin's disease,
renal adenocarcinoma, breast, pancreatic,
and colonic adenocarcinoma. The family was
traced through four generations with 84 sub-
jects in which 38 had punctate palmoplantar
keratoderma. The punctate keratoses appear
to be inherited as an autosomal dominant
trait with variable penetrance. Ten of the 34
adults with punctate keratoses developed
malignancies, five of these developed before
the age of 50. The association of keratoderma
and malignancy is reviewed. The keratins
consist of a large family of in excess of 30
proteins. The keratin genes are grouped on
two chromosomes: the type I acidic keratin
gene cluster (keratins 9-20) at 17ql2-q21
and the type II basic keratin gene cluster
(keratins 1-8) at 12ql 1-q13. The basic struc-
tural unit of keratins is the intermediate
filament which is a heterodimer comprising
at least one type I and one type II chain for
assembly. Keratin expression alters with
both the maturity and the terminal differen-
tiation of the epithelia. Keratin 9 is expressed
exclusively in the epidermis of the palms and
soles, while keratins 6 and 16 are restricted to
areas of hyperkeratosis such as the palms and
soles. A large six generation family, with
uncomplicated diffuse palmoplantar kerato-
derma without malignancy showed linkage to
the acidic keratin gene cluster (keratins 9-20)
at 17ql2-q21 (Reis et al. Hum Genet 1992;
90: 113-16). The spectrum of tumours de-
scribed in the Li-Fraumeni syndrome is
similar to that seen in our family. In the Li-
Fraumeni families a mutation in the tumour
suppressor gene p53, whose function is the
regulation of normal cell proliferation, has
been implicated in the inherited susceptibi-
lity to tumours seen in these families. The
tumour suppressor gene p53 is located on the
short arm of chromosome 17. Tumour sup-
pressor gene(s) in the region of 17q21 may
possibly be involved in the aetiology of fami-
lial punctate palmoplantar keratoderma asso-
ciated with malignancy.

Identifying and characterising
pathological mutations in the
NF2 gene

D BOURN*, S A CARTER*,
D G R EVANSt, T STRACHAN*

*Division of Human Genetics, University of
Newcastle upon Tyne. tDepartment of
Medical Genetics, St Mary's Hospital,
Manchester.

Type 2 neurofibromatosis (NF2) is a domi-
nantly inherited disorder characterised by a
predisposition to multiple tumours of the
central nervous system. Recently a candidate
NF2 tumour supressor gene has been
reported (Trofatter et al. Cell 1993; 72: 791-
800; Rouleau et al. Nature 1993; 363: 515-21)
Primers specific for this gene were used to
screen genomic DNA and cDNA from NF2
patients using PCR or RT-PCR followed by
SSCP and heteroduplex analysis of the am-
plified fragments. Several variants were
identified and the amplified fragments cloned
and sequenced. DNA sequence analysis
showed nonsense mutations in three sub-
jects, frameshift mutations in two (one a 1 bp
deletion, one a 4 bp insertion), and missense
mutations in three others. All of the nonsense
mutations occurred as a result of C> T tran-
sitions in CpG dinucleotides. Two subjects
had an identical mutation, in codon 57 (Arg
> stop) but very different clinical pheno-
types. The identification of patient specific
mutations in NF2 families raises the possi-
bility of presymptomatic diagnosis as well as
being of interest in the study of the biological
function of the NF2 tumour supressor gene.

A variant of the Li-Fraumeni
syndrome: an analysis of two
further families

S N MOHAMMED*, D M BARNESt,
C E GILLETTt, C McGEOCHt,
G TURNER§, D P LANEI,
S V HODGSON*

*Clinical Genetics Unit, Guy's Hospital.
tClinical Oncology Unit, Guy's Hospital.
tICRF Clare Hall Laboratories. §Genetic
Epidemiology, ICRF, Leeds. IICRC
Laboratories, University of Dundee.

Mutations in the p53 gene have been identi-
fied in some Li-Fraumeni families. The mu-
tation can stabilise the p53 protein and this
may be detected by simple immunohistoche-
mical techniques. We have identified two
further families in addition to the one pre-
viously described (Bames et al. Lancet 1992;
340: 259-63) where the affected subjects, in
addition to positive immunohistochemical
staining for p53 in their tumours, also have
high levels of p53 protein in many of their
normal epithelial and mesenchymal cells.
This is not seen in controls. The probands
are all members of families with multiple
cancers, similar to the spectrum of tumours
seen in Li-Fraumeni families. SSCP analysis
of the entire coding region of the p53 gene
with direct sequencing of exons 4-9 in four
affected subjects from these families has
failed to show a mutation. We propose that
high levels of p53 expression in normal tis-
sues in the absence of a mutation in the p53
gene may be a manifestation of a genetic
abnormality causing a variant Li-Fraumeni

phenotype possibly owing to a mutation in
another gene altering the stability and/or
function of the p53 gene product.

Pedigree analysis of newly
diagnosed breast cancer:
implications for screening

J A EDHOUSE*,
R A NEWBURY-ECOBt, K B HOSIE*,
M W REED*, A J SHORTHOUSE*,
O QUARRELL$

* University Department of Surgery,
Sheffield. Departments of Clinical Genetics,
tNottingham and +Sheffield.

Positive family history is a recognised risk
factor for breast cancer. The increased risk is
greatest where the index case has bilateral
disease or early age of onset. In a prospective
study based at the Royal Hallamshire Hos-
pital, detailed family histories were taken
from all newly diagnosed cases of breast
cancer. In an initial six month period 74
patient were interviewed. Only one patient
was aged under 40, 28 were aged 40 to 55
years, and 45 were aged 55 or over. Relative
risk was calculated for 98 first degree rela-
tives under the age of 50. Three women had a
relative risk of 7 35, 46 a relative risk of 3-62,
and 49 a relative risk of 17. Overall 49
women had a relative risk greater than 3-62 of
whom 32 were under 35 years of age. The
benefits of mammographic screening of
women aged 50 to 64 are well established,
but the benefits of screening younger women
are as yet unproven. Women with a signific-
antly increased risk because of family history
may constitute a special group. At present
these women tend to be screened on an ad
hoc demand led basis. This study highlights
the need for a Family Breast Cancer Register
operating with close collaboration between
surgeons, radiologists, and geneticists in
order to provide counselling and targeted
screening for those most at risk.

18q - and 18q + mosaicism in a
mentally retarded boy
(46,XY,del(18)(q21)/46,XY,iso psu
dic(18)(q23)

M AUSEMS*, S BHOLA*,
C BOSMAN*, A KREBBERS*,
C POST-BLOKt, R HENNEKAMt,
H DE FRANCE*

*Clinical Genetics Centre Utrecht, Utrecht,
The Netherlands. tDepartment of Pediatrics,
Lorentz Hospital, Zeist, The Netherlands.
:,Institute of Human Genetics and
Department of Pediatrics, Academic Medical
Centre, Amsterdam, The Netherlands.

We report a 3j year old boy with mental
retardation, prenatal and postnatal growth
retardation, and recurrent upper respiratory
tract infections. He is the second child of
consanguineous parents. Physical examina-
tion showed sparse hair, a broad nasal bridge,
telecanthus, and an everted lower lip. He has
an increased lumbar lordosis. Chromosomal
analysis performed on PHA stimulated lym-
phocytes showed mosaicism consisting of
one cell line with a deletion of the terminal
region of the long arm of chromosome 18 and
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another cell line with a duplication in the
long arm of chromosome 18. G banding
suggested an inversion duplication of an

almost complete chromosome 18. C banding
showed two heterochromatin blocks, indicat-
ing the presence of an additional centromere.
Using fluorescence in situ hybridisation with
a probe for the centromeric region of chro-
mosome 18 it was confirmed to be a pseudo-
dicentric chromosome 18. No normal cells
were seen. Thus, the patient's karyotype
was interpreted to be 46,XY,del(18)(q21)/
46,XY,iso psu dic(18)(q23). Parental chro-
mosomes were normal. As far as we know,
this is a previously unreported mosaicism.
This unusual karyotype may be explained by
the following mechanism: the formation of
an unstable dicentric chromosome 18 after
sister chromatid exchange. After a few cell
cycles this resulted in a stable pseudodicen-
tric chromosome 18 and an 18q- chromo-
some.

De novo 14q32 microdeletion
on an inherited t(14;21)
Robertsonian translocation
resulting in multiple congenital
abnormalities in an apparently
balanced translocation carrier

D T BONTHRON*, S J L SMITH*,
J FANTESt, C M GOSDENt

*University of Edinburgh Human Genetics
Unit; tMRC Human Genetics Unit, Western
General Hospital, Edinburgh EH4
2XU.

Most Robertsonian translocations are ascer-

tained through abnormal children, hindering
unbiased assessment of any risks attached
to balanced translocations. From molecular
genetic studies, though, some phenotypic
abnormalities in apparently balanced carriers
have been found to result from uniparental
disomy. Molecular explanations for other
cases of abnormality in balanced carriers are

being sought. We have studied an infant with
retarded growth, developmental delay, gross

hypotonia, and dysmorphism (frontal boss-
ing, micrognathia, hooked nose, blue sclerae,
and slender habitus). Cytogenetically, she
seemed to have inherited a balanced paternal
14;21 Robertsonian translocation. Analysis
of DNA polymorphisms, however, showed
that she had no paternal allele at D14S13
(14q32). Study of further 14q markers
showed that her phenotype is the result of an
interstitial microdeletion of 14q32. Fluor-
escent in situ hybridisation showed that this
had occurred de novo on the Robertsonian
translocation chromosome, most likely as a

postzygotic event. Old suggestions of a real
association between Robertsonian transloca-
tions and de novo rearrangements in off-
spring perhaps deserve further attention; a

systematic search for subcytogenetic re-

arrangements in other families, in which
there are phenotypically abnormal children
with apparently balanced translocations, may
be fruitful. These clinical and molecular data
also define a new contiguous gene syndrome,
owing to interstitial 14q32 deletion.

A case of direct duplication of
part of 2p: ?related to paternal
pericentric inversion of
chromosome 2

A C MAGEE, M HUMPHRIES,
N C NEVIN

Department of Medical Genetics, Belfast,
City Hospital, Lisburn Road, Belfast BT9
7AB.

This baby girl had chromosome analysis in
the neonatal period because of dysmorphic
features: small for dates, micrognathia, cleft
palate, hirsute facies, anti-mongoloid slant to
the eyes, double crown on the forehead, and
bilateral syndactyly of the second and third
toes. She also had low set, posteriorly rotated
ears. Her karyotype is 46,XX,dir dup(2)(pl2.3
-p21)inv(2)(pl 1.2q1 1.22). The paternal
karyotype shows the same pericentric
inversion: 46,XY,inv(2)(pl1.22ql 1.22). This
pericentric inversion is not usually associated
with chromosome abnormalities.

X inactivation studies in
Anderson-Fabry disease and
X linked ectodermal dysplasia

E WATKISS*, T WEBB*,
K McDERMOTTt

Departments of Clinical Genetics,
Birmingham Maternity Hospital,
Birmingham*; Royal Free Hospital,
Londont.

Using the VNTR probe M271 and the
methylation sensitive enzymes MspI and
HpaII, X inactivation studies were per-

formed on both manifesting and non-mani-
festing carriers of Anderson-Fabry disease
and X linked ectodermal dysplasia. Ten car-

riers of Anderson-Fabry disease and nine
carriers of X linked ectodermal dysplasia
were studied. Of the 10 carriers of Anderson-
Fabry disease, one was non-manifesting and
had random X inactivation, and one was

non-informative with M27J. Four carriers
with random X inactivation had some clinical
signs. Of the four who showed skewed X
inactivation, all were affected to some degree,
one severely. Ofthese four latter carriers, one
appeared to have preferential activation of
the maternal X chromosome inherited by her
affected brother, while one had preferential
activation of the maternal X homologue not
inherited by her unaffected brother. The
other carriers were sisters and both appeared
to have preferential activation of the mater-
nal X chromosome, but it was unclear
whether this was the same homologue as that
inherited by their affected brother, as their
mother was homozygous with the probe
M271. Of the nine carriers ofX linked ecto-
dermal dysplasia, one was non-manifesting
and had random X inactivation and one was

non-informative with M27,. Three showed
random X inactivation, of whom two were

severely affected and the third had some
clinical signs. Of the four who had skewed X
inactivation, all had clinical signs but two
were severely affected. Two of the four had
preferential activation of the X chromosome
which they had passed to their affected sons.

A further carrier appeared to have preferen-
tial activation of the X chromosome homo-

logue that her affected son did not inherit and
in the fourth family there was no male rela-
tive available for study. It would seem that
there may be a relationship between non-
random X inactivation and manifestation of
symptoms in Anderson-Fabry disease, but
there is less evidence to suggest that there is
such a relationship for X linked ectodermal
dysplasia.

X inactivation studies in female
monozygotic twins

E WATKISS, S BUNDEY, T WEBB

Department of Clinical Genetics,
Birmingham Maternity Hospital, Edgbaston,
Birmingham B15 2TG.

X inactivation was studied in 22 female
monozygotic twin families and one female
monozygotic triplet family using the VNTR
probe M270 and the methylation sensitive
enzymes MspI and HpaII. Results were
obtained for the mother, a non-twin sister,
and the twin/triplet sisters in each family. In
each case, non-random X inactivation was
defined as a skewing of the intensity ratio
between bands of greater than 65:35 as deter-
mined by densitometry. Zygosity of the
twins and triplets was established by Cell-
mark Diagnostics using two multilocus
probes and single locus probes ensuring that
they were in fact monozygotic. Of the 22 twin
pair families, 26/44 of the twins, 14/21 of
their mothers, and 12/22 of their non-twin
sisters showed skewed X inactivation; 9/22 of
the twin pairs showed skewed X inactivation
with the same X chromosome preferentially
active in both, 2/22 pairs show skewed X
inactivation with different X chromosomes
preferentially active, 4/22 pairs showed one
twin with skewed X inactivation and the co-
twin with random X inactivation, and 7/22
showed random X inactivation in both. In
the triplet family, two of the triplet sisters
and their mother showed random X inactiva-
tion, the third triplet showed skewed X inac-
tivation, and their non-triplet sister was
homozygous with M27f. We therefore found
no evidence to suggest that there is a rela-
tionship between X inactivation and the
twinning process.

Prenatal diagnosis of X linked
cardiomyopathy with
neutropenia (Barth's syndrome)
using DXS15 (DX13)

M A PATTON*, R TAYLOR*,
S JEFFERY*, I JEFFREY*, J BURNt

*Department of Medical Genetics,
St George's Hospital Medical School,
London. tDivision of Human Genetics,
University of Newcastle upon Tyne.

A family with an X linked cardiomyopathy is
presented. The first affected boy in this
generation died at 7 months with a diagnosis
of endocardial fibroelastosis. The second af-
fected boy showed mild ventricular enlarge-
ment two weeks after birth and died with a
diagnosis of endocardial fibroelastosis at 5
months of age. The third affected boy de-
veloped frequent infections at 3 months and
was noted to be neutropenic on at least two
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occasions. A diagnosis of Barth's syndrome
was made. Muscle biopsy showed increased
neutral lipid and reduced cytochrome oxi-
dase in all fibres but no ragged red fibres.
Urinary organic acid analysis showed dicar-
boxylic aciduria especially 3-methylglutaco-
nate. Carnitine therapy is being evaluated at
present, but does not appear to have pre-
vented the development of cardiomyopathy.
Two previous reports have shown linkage to
Xq28 (lod 5 5 at 0=0) using DXS52,
DXS15, and DXS134. No recombinations
were identified in published reports. When a
further pregnancy occurred in this family, we
undertook prenatal diagnosis using DXS15
and DXS52. DXS52 was uninformative, but
DXS15 was informative with BglII and a
male predicted to be at high risk was termi-
nated.

First British molecular prenatal
diagnosis for leprechaunism

J A BELL*, A KROOKt, L BRUETON*,
C GARRETT*, S RAHILLYt,
M E ROBERTSON*

*Kennedy Galton Centre, Northwick Park
Hospital, Watford Road, Harrow, Middlesex
HAl 3UJ. tDepartments of Medicine and
Clinical Biochemistry, University of
Cambridge, Addenbrooke's Hospital,
Cambridge CB2 2QR.

Leprechaunism is a rare autosomal recessive
disorder caused by mutations in the insulin
receptor gene. We describe the first DNA
based prenatal diagnosis for this condition in
the UK. Only one other molecular prenatal
diagnosis has been reported worldwide (Bes-
mond et al. AmJ' Hum Genet Suppl 1992; 51:
4). Krook et al (Lancet 1993; 312: 277) have
previously described a child with consan-
guineous parents who has been shown to be
homozygous for a mutation in exon 2 of this
gene. The mutation produce a stop codon
and loss of an MboII site. Both parents are
heterozygous for the mutation. A PCR based
test which amplifies across the mutation has
been devised. The mother recently became
pregnant and requested prenatal diagnosis.
CVS was carried out at 11 weeks; DNA from
the sample underwent PCR, followed by
MboII digestion. The fetus was shown to be
WT/WT for the cut site. The pregnancy is
continuing.

Prenatal diagnosis of fragile X
syndrome: management of the
male fetus with a premutation

L STRAIN, M E M PORTEOUS,
D T BONTHRON

Human Genetics Unit, University of
Edinburgh, Western General Hospital,
Edinburgh EH4 2XU.

Fragile X syndrome, the commonest inher-
ited cause of mental handicap, results from
inactivation of the FMR-1 gene at Xq27.3,
usually secondary to expansion of a trinuc-
leotide repeat (CGG). in exon 1. Normal
subjects have >> 6-50 repeats, premutation
carriers >> 50-200, and affected subjects

> 200. Premutations are unstable in female
meiosis and can be passed from mother to
son either as a premutation, or with further
expansion to a full mutation. Full mutations
show somatic instability, the characteristics
of which could differ between chorionic and
embryonic tissue, making it possible that a
large premutation appearing stable in CVS
DNA may have undergone greater expansion
and somatic instability in embryonic tissues.
We performed a prenatal diagnosis in which
a premutation was transmitted to a male fetus
with a substantial increase in size. Because of
uncertainty over whether the homogeneous
premutation in the CVS could accurately
predict an identical genotype in the fetus,
fetal blood sampling was performed at 20
weeks' gestation. Both fetal blood and cord
blood obtained at term displayed a premu-
tation indistinguishable from that of the
CVS. There is a lack of published data com-
paring the behaviour of large premutations
and full mutations in chorionic and fetal
tissues; until this is available, it will not be
possible to dispense with fetal blood sam-
pling in the management of fragile X prenatal
diagnosis.

Changes in the maternal serum
concentrations of PAPP-A and
SP-1 in Down's syndrome
pregnancies between the first
and second trimesters

D A AITKEN, D McKINNON,
J A CROSSLEY, G W GRAHAM,
E BERRY, K SPENCER, J N MACRI,
J M CONNOR

Duncan Guthrie Institute of Medical
Genetics, Yorkhill, Glasgow.

Recent reports have noted a significantly
reduced level of pregnancy associated plasma
protein-A (PAPP-A) in first trimester mater-
nal serum samples from pregnancies with
Down's syndrome but unaltered levels in the
second trimester. Pregnancy specific 3-1 gly-
coprotein (SP-1) levels are raised in Down's
syndrome in the second trimester, while one
study has noted slightly reduced SP-1 levels
in the first trimester. We have further inves-
tigated this apparent change with gestation in
PAPP-A and SP-1 levels associated with
Down's syndrome by analysis of these
markers in a series of 16 first trimester
samples and 48 second trimester samples
from pregnancies with trisomy 21. Normal
medians for each gestation were established
using a randomly selected series of 750 con-
trol samples from 7 to 20 weeks' gestation.
PAPP-A levels and SP-1 levels were reduced
in the first trimester Down's samples at 0 60
multiples of the normal median (MOM) and
0 73 MOM respectively. In the second tri-
mester samples the corresponding median
MOMs were for PAPP-A 1 00 and for SP-1
1 17 MOM. These results cast doubt on the
validity of using PAPP-A or SP-1 measure-
ments for risk estimation of Down's syn-
drome pregnancies in the first trimester
based on distributions compiled from
samples spanning a wide range of gestations.

Client satisfaction as outcome
measure for audit of a clinical
genetic service

H SKIRTON*, P W LUNTt,
V J McDONALDt

*Clinical Genetics, Taunton & Somerset
NHS Trust. tClinical Genetics, Bristol
Children's Hospital.

Critical evaluation of clinical genetic services
to clients is difficult, as many of the desired
outcomes are not quantitatively measurable.
Audit of service in our department is con-
ducted both internally and externally by peer
review, but it was felt that client feedback
occurred only on an ad hoc basis. In order to
assist the evaluation of the acceptability of
our general genetic service, a client question-
naire was devised and posted retrospectively
to 150 randomly selected families seen
between 1990 and 1992. A total of 85 ques-
tionnaires was returned, a return rate of
57%. Particularly helpful aspects were
reported as the pre-clinic visit in 42 out 44
cases, and a post-clinic summary letter in 57
out of 58 cases. An overall 91% felt pleased
to have received genetic counselling, but
where applicable only 29 out of 66 clients felt
this had influenced a reproductive decision.
The audit has provided a basis for modifica-
tion of some aspects of clinical practice, for
example, post-consultation letters are now
sent to all clients, unless inappropriate. In
addition to quantitative data, much qualita-
tive information was obtained through writ-
ten comments from clients, confirming the
value clients place on the different contribu-
tions from each member of the genetic team.

The provision of counselling for
people with haemoglobinopathy
trait in South Glamorgan, Wales

T LIBURD*, J SHANKLEMAN*,
A MAYt

*Cardiff Sickle Cell and Thalassaemia
Centre, Loudoun Square, Butetown, Cardiff
CFJ SUZ. tDepartment of Haematology,
University of Wales College of Medicine,
Heath Park, Cardiff CF4 4WX.

The Department of Health produces cards
for people screened for haemoglobinopathy.
For 18 months the two diagnostic laborator-
ies in South Glamorgan followed different
procedures regarding those found to have a
carrier state. At hospital A, the referring
physician was expected to give the card and
information about the counselling service. At
hospital B, with the agreement of the phys-
ician, counselling was offered and the card
given by the counsellor of the Cardiff Sickle
Cell and Thalassaemia centre (CSCTC). Re-
cords of GP referrals from both laboratories
and the CSCTC were examined in order to
compare the effectiveness of these proced-
ures. The procedure at hospital B (n = 37)
was found to be the most effective with 95%
(100% of those contactable) receiving coun-
selling. At hospital A (n= 15) only 13%
received CSCTC counselling. A question-
naire survey of the GPs involved showed that
although some patients had received coun-
selling elsewhere, at least 30% had not
received any counselling. It is concluded that
expert counselling has to be positively
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offered as part of the routine screening ser-

vice in order to ensure the understanding of
those screened of the implications of a hae-
moglobinopathy trait and also to be able to
monitor the service's effectiveness.

The CAPP Study: a new

European concerted action to
permit placebo controlled trials
in carriers of familial
adenomatous polyposis

J BURN*, L BERTARIOt, T BISHOP+,
S BULOW§, P CHAPMAN*,
J CUMMINGSII, J MATHERS*,
H VASEN'

*University of Newcastle upon Tyne; tC/o A
I Stom, Milan. +Genetic Epidemiology
Laboratory, St J7ames's University Hospital,
Leeds. §Department of Surgical
Gastroenterology, Hvidovre Hospital,
Denmark. IHDunn Nutrition Unit, University
of Cambridge; University Hospital, Leiden,
The Netherlands.

The recognition that APC mutations play a

major early role in sporadic colon cancer

confirms the value of presymptomatic car-

riers of germline APC mutations, who will
develop familial adenomatous polyposis,
in the assessment of preventive strategies.
Twenty-five polyposis registries across

Europe will combine to identify 400 gene
carriers who have yet to undergo surgery in
order to assess, by placebo controlled trial,
whether dietary or pharmacological inter-
vention can delay or reverse polyp formation.
Aspirin use is associated with reduced colon
cancer mortality and the related drug, sulin-
dac, can cause polyp regression. Population
studies show an inverse relationship between
starch intake and colon cancer rates. Resist-
ant starch is indistinguishable from digest-
ible starch but reaches the colon to be meta-
bolised by bacteria to butyrate. Participants
will receive aspirin or placebo, resistant
starch supplements, or digestible starch sup-
plements in a factorial design. The study will
be known as Concerted Action Polyposis
Prevention. FAP gene carriers are motivated
to assess non-surgical treatment strategies.
Registry integration will improve clinical and
molecular genetic knowledge. The paradigm
is environmental treatment strategies in the
genetically predisposed provide an approach
to disease prevention in the whole com-

munity.

Urinary tract abnormalities in
Emilia Romagna (Italy)

E CALZOLARI*, G ASTOLFI*,
M MILAN*, G P GARANIt,
C MAGNANII, G COCCHI§, AND
IMER WORKING GROUP

*Istituto di Genetica Medica, Ferrara.
tIstituto di Pediatria, Ferrara. iJstituto di

Puericultura, Parma. §Istituto di
Puericultura Medicina Neonatale, Bologna,
Italy.

Four hundred and four cases of urinary tract
anomalies (UTA) were ascertained by the

Emilia Romagna Registry in the period 1981
to 1991 among 235 011 consecutive births
(prevalence 17-2 x 10 000; 95% CI 17 02-
17-36). These data are in keeping with those
reported by other registries. Associated an-
omalies occurred in 29% of cases (117/404).
Among the 117 cases of associated defects,
a chromosomal anomaly was found in 18
(15 4%), a recognised condition in 36
(30 8%), and unclassified multiple congenital
anomalies (MCA) in 63 (53 8%). The most
common types of associated defects were
cardiovascular (26-1 %), gastrointestinal
(18 0%), central nervous system (9 0%), and
severe ear defects (8- 1 %). A male excess (sex
ratio 2-4) was found. In about 12% of cases,
congenital anomalies were present in the
family. A significant temporal trend, from
5-8 x 10 000 in 1981 to 22-3 x 10 000 in 1991
(r=0-92; p<0-01) was observed for the ob-
structive isolated cases. This increase was
related to prenatal diagnosis and neonatal
screening which were instituted in Emilia
Romagna in 1982. During the subsequent
years, intrauterine diagnosis increased to the
extent that about 71% of cases were detected
in 1991. This work was supported by grant
3553/65 from the Fondo Regionale Emilia
Romagna.

A new dominantly inherited
ectodermal dysplasia presenting
with natal teeth

P D TURNPENNY*, D DE SILVA*,
D W GREGORYt, E S GRAY+,
J C S DEAN*

Departments of *Medical Genetics, tMedical
Microbiology, and +Pathology, Foresterhill,
Aberdeen AB9 2ZD.

We describe a four generational Scottish
family with an apparently unique hidrotic
ectodermal dysplasia affecting predomi-
nantly teeth, skin, and hair. Two subjects
were born with multiple natal teeth while, in
all but one case, ano/oligodontia was charac-
teristic by late adolescence. Flexural acan-
thosis nigricans during childhood and early
adolescence was variably present and one
subject complained of dry skin. Heat toler-
ance was variable but all subjects sweat.
Light microscopy of the dermis showed
hypoplastic pilosebaceous units. Scalp hair
was thin and slow growing in all cases but
adult females all described much improved
quality during pregnancy. Body hair, includ-
ing axillary and pubic, was scanty. Scanning
electron microscopy of hair samples showed
cracked, flaked, and missing cuticular scales,
consistent with a primary defect affecting
keratin structure. Nails were normal in most
cases. Mild relative macrocephaly, owing to
hyperostosis of the cranial vault, was variably
present, as was mild short stature in some
cases, possibly a separate familial trait. This
family most closely resembles Clouston's
syndrome (CS), with which it may be allelic.
In CS, however, alopecia can be severe,
palmoplantar hyperkeratosis is usually pre-
sent, and teeth are not severely affected.

Screening service for
mitochondrial myopathy: is
non-invasive diagnosis possible
in the younger age group?

D PIKE*, K MORTENt, J POULTONt,
G BROWN+, A SELLER*

*DNA Laboratory, Churchill Hospital,
Oxford. tDepartment of Paediatrics, John
Radcliffe Hospital, Oxford. ,Department of
Biochemistry, University of Oxford.

A routine diagnostic service for mitochon-
drial disease is currently being established.
The investigations provided are the MELAS
3243, 3271, 8356, MERRF 8344, NARP
8993, LHON 11778, 3460, 14484, 15257,
and cardiomyopathy 3260 point mutations
which are all detectable by PCR. Major
mitochondrial rearrangements are detected
by Southern analysis. Routine investigations
are supplemented by more extensive studies
in associated research laboratories. Of the
103 cases studied so far 14 (12%) were
positive (two were positive for the MERRF
8344, seven for the LHON 11 778, one for
the MELAS 3243, one for the NARP 8993,
and three patients showed major rearrange-
ments after Southern analysis). We antici-
pate that the pick up rate will be improved by
using a narrower and more clearly defined
set of inclusion criteria, and we have also
recently expanded the range of mutations
investigated. Variation in the rates of mutant
and wild type mitochondrial DNA (genoty-
pic rates) between tissues is a major feature of
mitochondrial DNA diseases: levels of mu-
tant in muscle are usually higher than in
blood, particularly in major rearrangements.
However, there is mounting evidence that
the level of mutant in blood reflects the level
in muscle more closely in younger children,
in both major rearrangements and the
MELAS 3243 mutation. We are currently
monitoring a comparison of pickup rates
from blood and muscle in the younger age
group in order to assess the feasibility of non-
invasive diagnosis.

Diagnostic experience of
analysis for myotonic dystrophy

G NORBURY, A SELLER, S HUSON

Oxford Medical Genetics, Churchill Hospital,
Oxford OX3 7LJt.

The experience of the first 12 months of
analysis for myotonic dystrophy in a severe
operation is reviewed. The diagnostic
strategy involves expansion analysis by
Southern detection using EcoRI/GB2.2
(Mahedevan et al) and PCR analysis (Mahe-
devan et al). Amplified products are visua-
lised directly by ethidium bromide staining
and are also detected using a radiolabelled
oligo [CTG]10 probe. In this time, 120 sub-
jects have been investigated. Four prenatal
diagnoses were performed, one low risk and
three high risk. Sixty two subjects were given
a presymptomatic test (PST), 53 clinically
affected subjects were investigated plus five
congenitally affected cases. Two subjects
who were said to be clinically affected were
reclassified. In one of these cases the other
partner was found to be the carrier and in the
other case from a DM family, the only clini-
cal feature was cataracts. Two subjects given
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a PST had relatively large expansions
(>30kb). Comparison with published data
(Tsilfedes et al) suggests underascertain-
ment of cases with small expansions. PCR
based linkage analysis has remained of prac-
tical value when insufficient material was
available for Southern analysis.

Characterisation of six patients
who are double heterozygotes
for familial
hypercholesterolaemia and
familial defective apolipoprotein
B-100

D C RUBINSZTEIN*, D RAALt,
H SEFTELt, G PILCHERt,
G A COETZEE*, D R VAN DER
WESTHUYZEN*

*Medical Research Council! University of
Cape Town Research Unit for the Cell
Biology of Atherosclerosis, South Africa.
t University of the Witwatersrand Medical
School, South Africa.

Familial defective apolipoprotein B-100
(FDB) and familial hypercholesterolaemia
(FH) are the common causes of primary
hypercholesterolaemia. A subject of mixed
English and Afrikaner descent with both
FDB and the FH Afrikaner-1 LDL receptor
mutation was identified in our laboratory.
Subsequent analysis of her extended family
showed the presence of heterozygotes for
either FH Afrikaner-1, FH Afrikaner-2, or
FDB as well as five further double heterozy-
gotes for FH Afrikaner-1 and FDB and one
"complex" heterozygote with all three muta-
tions. The hypercholesterolaemic and clini-
cal features of pure FDB subjects were simi-
lar to those of the pure FH heterozygotes.
The double heterozygotes with both FH and
FDB have lipid levels and clinical features
that are intermediate in severity between
heterozygous and homozygous FH.

Exclusion of atrioventricular
septal defect in a large
dominant pedigree from the
Down's syndrome region

L WILSON*, J BURN*, A CURTIS*,
J KORENBERGt,
G CHENEVIX-TRENCHt, L ALLAN§,
J GOODSHIP*

*Division of Human Genetics, University of
Newcastle upon Tyne. tMedical Genetics,
Cedar-Sinai Medical Center, Los Angeles,
USA. tQueensland Institute of Medical
Research, Brisbane, Australia. §Guy's
Hospital, London.

Atrioventricular septal defect (AVSD) may
display monogenic inheritance. We have
identified the largest dominant pedigree yet
recorded spanning three generations and
three continents. Affected subjects displayed
isolated partial or complete AVSD together
with normal dermatoglyphics and facies. In
view of the close association between isolated
AVSD and trisomy 21 we have sought link-
age to the Down's critical region. DNA from
21 family members was used. Microsatellite
polymorphisms were analysed by radioactive

PCR at loci D21S210, S212, S213, S214,
S215, S216, S156, and HMG 14GTI. Data
were analysed using the LINKAGE pro-
gram. Multipoint linkage analysis resulted in
a lod score of less than -2. The defective
gene in this family is probably not in the
Down's critical region.

Angiotensin I converting enzyme
(ACE) polymorphism in
different groups and its
association with hypertension,
plasma renin activity, and
aldosterone

J BARLEY*, N CARTER*,
D CREWS+, K CRUICKSHANK§,
A BLACKWOODt, A OGUNLESIt,
G SAGNELLAt, N MARKANDUt,
M MILLERt, G MACGREGORt,
S JEFFERY*

*Medical Genetics Unit and tBlood Pressure
Unit, St George's Hospital Medical School,
London SW1 7 ORE. +Department of
Anthropology, Ohio State University, USA.
§Department of Medicine, Northwick Park
Hospital, London.

The frequency of an insertion/deletion poly-
morphism in the angiotensin I converting
enzyme (ACE) gene was determined in dif-
ferent black and white populations, and asso-
ciation with blood pressure and renin activity
(PRA) investigated. DNA was partially puri-
fied from 100 pl of whole blood. The PCR
reaction yielded a 490 bp product for the
insertion allele, and 190 bp for the deletion.
PRA was measured by radioimmunoassay.
The three groups studied were (a) a popula-
tion from London including an AfroCarib-
bean cohort, a white hypertensive group, and
a white normotensive group where the upper
and lower quintiles of blood pressure were
known; (b) a black population from Nigeria;
(c) a population from Samoa. The frequency
of the deletion allele in each population was:
London normotensive white 0 53; London
hypertensive white 0-52; London normoten-
sive AfroCaribbean 0-64; London hyperten-
sive AfroCaribbean 0-64; Nigerian black 0-6;
Samoan 0 09. We studied a London based
white population (n = 197) in detail; 106 of
the subjects had established essential hyper-
tension (supine diastolic blood pressure
> 90 mmHg) and the remaining 91 were nor-
motensive. The genotype distribution in the
whole population (II = 20-8%; ID = 513%,
DD = 27-9%) was consistent with Hardy-
Weinberg equilibrium. There was no signi-
ficant difference between the frequency of
the ACE genotype in normotensives
(II = 20-9%; ID = 54 9%; DD = 24 2%) and
hypertensives (II = 208%; ID=481%;
DD=31-1%)(X2= 1-29; df+2; p=0 523).
There were no significant differences in the
mean age or urinary sodium excretion of each
genotype nor was there an association
between supine systolic or diastolic blood
pressures, plasma renin activity, or plasma
aldosterone levels and ACE genotype within
the whole group nor within the hypertensive
or normotensive groups analysed separately.
The results indicate that the ACE genotype
and, by extension, plasma ACE levels play
little part in determining plasma renin ac-
tivity, plasma aldosterone, nor susceptibility
to essential hypertension; however there

were striking population differences in ACE
gene frequency.

Linkage of a non-specific X
linked mental retardation gene
to Xq26.1

R CHARLTON*, S SLANEYt,
A ROBERTSt, C M CHEETHAM+,
S M HUSONt, A SELLER*

*Medical Genetics Laboratories and
tDepartment of Medical Genetics, Oxford.
+Department of Paediatrics, Wycombe
General Hospital.

Non-specific X linked mental retardation
(XLMR) has been shown by linkage studies
to be a genetically heterogeneous disorder.
Therefore, as lod scores from individual
families cannot be summed, it is necessary to
study large pedigrees. To date 13 families
with XLMR have been described where a
lod score of 2 or more has been established.
Only one of the 13 potential MRX loci
mapped (MRX 6) has been localised to the
region Xq25-Xq28. We describe a further
large XLMR family in which 12 family
members, including six affected males, are
available for testing. There are no specific
clinical features in the affected males. Cyto-
genetic and DNA testing for the fragile X
mutation was negative. There are potentially
eight female members of the family who may
require carrier testing and prenatal dia-
gnosis. A tetranucleotide repeat at the HPRT
locus at Xq26.1 showed positive linkage to
the disease with a maximum lod score of 2-00
at 0% recombination. No evidence of linkage
was observed with markers at the following
loci: CRI-232 at Xp22.3, DMD at Xp2l.3,
DXS458 and DXS454 at Xq21.1-q23,
DXS424 at Xq24-25, and ST14 at Xq28.

A new informative NcoI RFLP
in the 3'UTR of the OTC gene

S K KING*, S A GENET*,
B C DAVISONt,
H R MIDDLETON-PRICE*

* Unit of Clinical Genetics and Fetal
Medicine, Institute of Child Health, 30
Guilford Street, London WCIN IEH.
tDepartment of Clinical Genetics,
Addenbrooke's Hospital, Hills Road,
Cambridge CB2 2QQ.

Since the cloning of the OTC (ornithine
transcarbamylase) gene in 1984, many fami-
lies in which the X linked disorder OTC
deficiency is segregating have been offered
carrier detection and prenatal diagnosis
using linked markers or direct mutation de-
tection. However, substantial numbers of
families remain uninformative, emphasising
the need for a continuing search for polymor-
phic markers in or near the gene. We report
the discovering of a new, informative, dialle-
lic NcoI RFLP in the 3'UTR of the OTC
gene which may be detected using a PCR
based assay. Primers were designed to
amplify thr 1019 bp 3'UTR of the OTC
gene. Primer sequences: Forward: 5'CTTT-
GGTGTGTCATCAGGCTGTCA 3'. Re-
verse: 5'CAAATGTTAGTCACCCGCAA-
GAGA 3'. The polymerase chain reaction
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(PCR) was carried out to amplify the 3'UTR
under the following conditions: 100 VI reac-
tion volume containing 0-5 jg DNA, 50 pmol
each primer, 200 jmol/l each dNTP, 3 U
Promega Taq polymerase in 1 x Promega
buffer. The reaction mixture was subjected
to 25 cycles of amplification (95'C, 30s; 58'C,
30s; 72'C, 90s) followed by five minutes final
extension at 72'C. On digesting OTC 3'UTR
amplified DNA from 10 unrelated females
with NcoI, two alleles were seen which
could be separated on 1% agarose gels: the
1019 bp (p = 053) uncut product and the
768 bp + 251 bp (q = 0-47) digested product.
Analysis of Guthrie spot DNA has allowed
use of this RFLP to offer early prenatal
diagnosis to a family in which the affected
child had died.

An investigation of sample
taking technique for the ARMS
cystic fibrosis test

A BUCKEL*, H N HUGHES*,
S LITTLEt

*Department of Biological Sciences, The
Manchester Metropolitan University, Chester
Street, Manchester. tCellmark Diagnostics,
CRB, Gradbrock Park, Northwich, Cheshire.

We report an investigation into the suit-
ability of a number of DNA preparation
methods for use in conjunction with the
Cellmark Diagnostic Standard Amplification
Refractory Mutation System (ARMS) Cystic
Fibrosis (CF) test. The data generated by
this study showed the following points. (1)
Mouth wash samples appear to be a more
reproducible source of DNA than mouth
scrapes. (2) Sucrose, salt, or water were all
suitable sample media. (3) Boiling the
samples in alkali was preferable to boiling the
samples in water. (4) The large numbers of
bacteria in the mouthwash samples did not
appear to interfere with the ARMS reaction.
(5) The addition of excessive bacterial con-
tamination did not compromise test perform-
ance. (6) The samples were stable up to at
least 21 days at room temperature. This
investigation formed part of an extensive
study to trail and validate the ARMS CF
test. Reproducibility and reliability were
conclusively shown in these "challenge"
conditions. It is the opinion of the authors
that the mechanics of "home based" mouth
wash sampling and delivery to the test centre
by post ought not to be a barrier to reliable
test results.

Complementary cytogenetic and
molecular analysis of a referral
for fragile X testing

S BULLOCK, V LINDLEY

West Midlands Regional Genetic Laboratory,
Birmingham Maternity Hospital, Edgbaston,
Birmingham B15 2TG.

Fragile X testing was requested on a 12 year
old Asian girl presenting with developmental
delay. Blood samples from her parents were
also provided and gave normal results. For
the daughter, probing an EcoRI/BstZI
double digest of her DNA with StB12.3
showed a single, normal sized active X chro-

mosome fragment but no band representing
her inactive X chromosome. Our initial fears
concerning the possibility of a sample mix up
were allayed on seeing the results of the
cytogenetic analysis that had been performed
simultaneously on an aliquot of the same
blood sample. This showed that the fra(X) A
locus was included in a deletion from the
long arm of one of the daughter's X chromo-
somes. In situ hybridisation with an X chro-
mosome specific library painted both the
normal and abnormal X chromosomes end to
end. The abnormal X appeared to be a del(X)
chromosome and there was no evidence of
the presence of any material derived from
another chromosome. These results provide
an interesting example of how the different
approaches of molecular testing, in situ
hybridisation, and classical cytogenetics can
be used to inform and confirm each other.

A fragile site at Xq27-28 located
distal to FRAXE and found in a
normal male

J DONNELLY*, L PINDARt,
N SMITHt, A WALKERt,
P R GUILBERT+, J A RAEBURN+,
M C HIRST§, A L SHARIF*,
G S CROSS*

Departments of *Molecular Genetics,
tCytogenetics, and +Clinical Genetics, Centre
for Medical Genetics, City Hospital,
Nottingham. §Institute of Molecular
Medicine, John Radcliffe Hospital, Oxford.

In a family under investigation for familial
Down's syndrome, fragile X cells were
detected in synchronised cultures from a
normal male (20 to 26% expression) and two
normal female sibs (9 to 11% expression).
This fragile site was initially thought to be
the FRAXA site located at Xq27.3. Subse-
quent molecular analysis failed to show a
CGG expansion in an FMR-1 gene in these
subjects. Fluorescent in situ hybridisation
has shown the fragile site in the male to lie
distal to the cosmid markers 141R and
VK21C and therefore distal to the FRAXA
and FRAXE sites. Like the recently de-
scribed FRAXF site, which was also
reported in a family with no obvious associ-
ation between mental impairment and fragile
site expression, this site also lies proximal to
the marker lAl. These results suggest that
cytogenetic screening of subjects with de-
velopmental delay may occasionally lead to a
diagnosis of fragile X syndrome when the
fragile site is not associated with the pheno-
type, with the resulting reproductive advice
being incorrect. This can be avoided by
molecular confirmation of suspected
FRAXA or FRAXE carriers.

Non-radioactive PCR based
screening for fragile X
syndrome

Q WANG, E P GREEN, C G MATHEW,
M BOBROW

Division of Medical and Molecular Genetics,
8th Floor Guy's Tower, Guy's Hospital,
London SE) 9RT.

We have recently shown that direct sizing of
the (CGG)n repeat within the FMR-1 gene

can reliably replace the traditional cytogene-
tic methods for diagnosing fragile X syn-
drome. The first stage of our direct screening
system uses a radioactive PCR with denatur-
ing polyacrylamide gel electrophoresis to size
FMR-1 (CGG)n alleles. We are currently
investigating the possibility of replacing this
step with a non-radioactive based PCR assay.
This has led to the development of two new
assays for sizing FMR-1 (CGG)n alleles.
One system uses 25% 7-deaza-dGTP and
modified amplification conditions to permit
sizing of products by agarose gel electro-
phoresis and ethidium bromide staining. The
other method uses a biotinylated primer in
the PCR, denaturing polyacrylamide gel
electrophoresis, transfer to a nylon mem-
brane, and a chemiluminescent detection
system for the sizing of products.

De novo mutation in a 3'HVR
allele used as a paternity test in
a family with Huntington's
chorea

R TAYLOR, M A PATTON,
S JEFFERY

Medical Genetics Unit, SW Thames
Regional Genetics Laboratory, St George's
Hospital Medical School, London SWl 7
ORE.

Two brothers requested presymptomatic
diagnosis for Huntington's chorea, as their
sister and father were both affected. After the
accepted counselling protocols had been con-
ducted, both brothers were tested using
DNA probes from the Huntington's region;
674 and pK082 were both informative, and
showed that one brother (S) was at low risk,
while his sib (C) was at high risk. The VNTR
probe 3'HVR was used to confirm patemity,
and the brother at low risk showed a maternal
allele, plus an allele present in neither parent
and larger than either paternal allele. This
suggested possible non-paternity, which
meant that the haplotype for the Hunt-
ington's diagnostic probes could be erro-
neous in brother S. Further analysis with
VNTRs 5'HVR and YNH24 suggested
paternity was correct, and this was subse-
quently confirmed with the minisatellite
probe FP 15 on a HinfI digest. This case
illustrates that the dangers of only using a
single VNTR probe to check paternity are
not confined to false positives, it is also
possible to produce a false negative result.

Correlation of clinical features
of Huntington's disease and the
mutation in Grampian region

S A SIMPSON*, M DAVIDSON*,
L BARRONt

*Medical Genetics, Aberdeen Royal Hospitals
NHS Trust, Foresterhill, Aberdeen. tHuman
Genetics Unit, University of Edinburgh.

Grampian region has a very high prevalence
of Huntington's disease, and the current af-
fected population of 64 subjects is well docu-
mented. In several pedigrees, the disease has
been documented for over a century and in
some DNA is available from three genera-
tions of affected subjects. Our results indi-
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cate that there is a significant correlation
between the number of repeated CAG se-
quences and the age ofonset of symptoms. In
Grampian region, however, there is a well
recognised wide variation in the clinical
features of the disease and age of onset in
sibships and between the generations ofsome
families, despite the expansion being of the
same size. Results are available from these
families and the population of 76 subjects
who have undergone presymptomatic pre-
dictive testing, 27 of whom were given an
increased risk of having the gene for Hunt-
ington's disease. Some of these people are
showing early signs of the disease and are
being closely monitored.

HC (CAG). amplified repeat
analysis in Wessex

M CONNARTY*, J HARVEY*,
C PATCHt

* Wessex Regional Genetics Laboratory,
Salisbury District Hospital, Odstock,
Salisbury SP2 8BJ; tPrincess Anne
Hospital, Coxford Road, Southampton S09
SHA.

We report our findings on the application of
HC (CAG), amplified repeat analysis for
confirmational diagnosis of "affected" HC
patients. The amplified repeat fragments
were detected in all 87 patients studied to
date and the repeat fragment sizes fell within
a 38 to 83 repeat range, the largest number of
repeats being observed in two patients with
onset at 11 and 13 years and who had both
paternally inherited the gene defect. The
normal repeat allele sizes ranged from 14 to
33 repeats. One patient had no fragment in
the "normal" range but carried two ampli-
fied fragments, one of 42 and one of 46
repeats. The mechanism leading to this un-
expected observation is currently under in-
vestigation. Artefactual size variation was
encountered when polyacrylamide gel con-
ditions were varied, for example, from 5% to
6% polyacrylamide concentrations, high-
lighting the need to standardise protocols
particularly with regard to the determination
of repeat sizes in the normal/affected border-
line range.

Detection of point mutations in
the dystrophin gene using SSCP
analysis

N CHARLESWORTH,
R MOUNTFORD, A READ

Regional Molecular Genetics Laboratory,
St Mary's Hospital, Manchester.

A group of 66 non-deleted DMD boys were
screened for mutations in 18 exons of the
dystrophin gene detectable with the multip-
lex PCR method. Sets of three or four exons
were coamplified, denatured, and analysed
on non-denaturing polyacrylamide gels. The
products were visualised by silver staining.
Eleven unique changes were found in the
PCR products containing exons 3, 13, 19, 45,
47, 48, and 51. One of these, in exon 13, was
also seen in an unaffected male relative and is
probably a polymorphism. To date six of the
unique changes have been sequenced. An

intronic change was found in exon 51 (A to G
at position + 13 in intron 52) which may
activate a cryptic splice site. However, only
RNA studies would show if this change
caused the disease phenotype. Exon 45
showed a conservative exonic C to T substi-
tution (R2155L), which is probably not the
cause of the disease in this patient. The four
others appear to be real mutations and con-
sist of a 2 bp deletion in exon 3 (382del AG),
a 1 bp insertion in exon 48 (7188insA), a G to
A substitution at the 3' splice site of exon 48
(2366 + 1 G to A), and an A to T substitution
causing an immediate stop codon in exon 19
(K770X). In addition, 10 polymorphisms
were seen in exons 3, 13, 17, 43, 45, 48, and
53. The detection rate is sufficiently high that
we will now use this technique in our routine
diagnostic service.

Analysis of a fibrillin TGFf8-bp
motif: putative cell adhesion
properties

A P WITHERS, S BURL, M J W FAED,
C D'ARRIGO, M BOXER

Department of Pathology, University of
Dundee, Ninewells Hospital and Medical
School, Dundee DDI 9SY.

Fibrillin, a 350 000 kDa glycoprotein, is a
major component of the 10 nm microfibrils
of the extracellular matrix. Little is known
about the biological function of fibrillin,
apart from its involvement in these macro-
molecular structures. The gene encoding
fibrillin has been identified as the site of
mutations which give rise to inherited dis-
orders of the connective tissue, including
Marfan syndrome. The putative protein
structure, inferred from the DNA sequence,
shows a modular structure of 56 repeating
units including six modules with a TGF-01
binding protein-like motif (TGF bp-like).
One of these, a 71 amino acid long segment,
contains an RGD sequence which in other
extracellular matrix proteins mediates cell
adhesion through cellular receptors belong-
ing to the integrin family. In order to study
the ability of this motif to mediate cell adhe-
sion, it was purified as a fusion protein with
glutathione S-transferase (GST), after clon-
ing of the amplified cDNA sequence into the
bacterial expression vector, pGEX-2T, and
used in in vitro cell attachment assays of
human fetal skin fibroblasts. In serum-free
medium, fibroblasts do not adhere and
spread onto virgin plastic or plastic pre-
viously coated with albumin, whereas the
adhesive proteins fibronectin and collagen
elicit the attachment and spreading of 85 to
95% of fibroblasts after a 60 minute incuba-
tion. Similar attachment and spreading was
found when the fusion protein but not the
carrier molecule GST was used as sub-
stratum. The adhesive activity of this frag-
ment was detectable at concentrations
between 3 x 10-, and 3 x 10-4 nmol cm-2 and
reached a maximum activity at
1-5-3 x 10-2 nmol cm-2. By comparison,
fibronectin was active at 2 x 10- Inmol cm-'
and reached a maximum at 2x 10-3nmol
cm-2, while that of collagen type I was evi-
dent at 10-4 nmol cm-I and was maximum at
7 x 10-4 nmol cm-2. A partial effect on cell
spreading was observed with GST alone but
only at high concentrations, with 25%
spreading at 0-4 nmol cm-I and 80% spread-

ing at 4nmol cm-'. Cell attachment and
spreading on the fusion protein was abo-
lished by competitive inhibition with the
soluble synthetic peptides GRGDS and
GRGDTP. These peptides had no inhibi-
tory effect on fibroblast spreading onto plas-
tic coated with albumin or GST but, in
agreement with published work, abolished
spreading onto fibronectin. These data sup-
port the hypothesis that fibrillin is an adhes-
ive molecule with possible interactions with
the integrin family of adhesive receptors.
Defects in cell adhesion may play a role in
disorders of the connective tissue.

Three novel mutations in the
factor VIII gene

S I BIDICHANDANI*, W G LANYON*,
C SCHIACHt, G D 0 LOWEt,
J M CONNOR*

*Duncan Guthrie Institute of Medical
Genetics, University of Glasgow.
tDepartment of Haematology, University of
Leeds. tDepartment of Medicine, University
of Glasgow.

We report three novel mutations in the factor
VIII coding region of patients with haemo-
philia A. The mutations were detected by
RT-PCR, chemical cleavage of mismatches,
and direct sequencing of asymmetrically am-
plified PCR products. The first mutation is a
G to A transition causing a glycine to aspar-
tate replacement at position 701 (G701D).
This change is at the 5' end of exon 14 and in
the conserved "A2" domain of the mature
FVIII protein. Using the ProSearch 2-0 se-
quence analysis program, the G701D muta-
tion was shown to affect the consensus se-
quence pattern ofmulticopper oxidases. This
region is very highly conserved and es-
pecially so with the copper binding protein,
ceruloplasmin, with which the factor VIII
protein shares its characteristic domain
structure. The second is a G to T mutation
resulting in a substitution of arginine by
isoleucine at position 1869 in the conserved
"A3" domain of the mature FVIII protein
(R1869I). In the above two cases, no other
change was detected on screening the entire
coding sequence, and is suggestive of these
being the causative mutations. Both these
missense mutations have resulted in severe
haemophilia A, and this may signify the
biological importance of these residues. The
third mutation is a conservative C to T
change in exon 17 at the phenylalanine resi-
due at position 1880 (F1889F). This change
also has occurred in the "A3" domain of the
FVIII protein.

Male/female chimaerism
determined by cytogenetic
analysis and DNA
polymorphisms

A J GREEN*, D E BARTONt,
P JENKSt, M E FERGUSON-SMITHt,
J PEARSON§, J R W YATES*

Department of *Clinical Genetics,
tMolecular Genetics Laboratory,
ICytogenetics Laboratory, Addenbrooke's
Hospital, Cambridge. §Department of
Cytogenetics, Norfolk and Norwich Hospital,
Norwich.

An 18 month old child with ambiguous geni-
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talia presented to the genetics clinic. He was
born with a rudimentary phallus, severe
penile/scrotal hypospadias and chordee, and
a palpable right testicle. He had a linear area
ofhypopigmentation from umbilicus to geni-
talia. The remainder of the physical exami-
nation was normal. He was brought up phe-
notypically male. A laparotomy found a left
fallopian tube and ovary, which were
removed, and a right scrotal testis which was
conserved. Penile reconstruction was per-
formed. Chromosome analysis at birth
showed a mixture of 46,XX/46,XY cells, at a
ratio of approximately 50%. Skin biopsy
showed the ratio of cell types to be 83%
46,XX and 16% 46,XY. Parental karyotypes
were normal. No cytogenetic polymorphisms
were identified in the parental cell lines.
Analysis of the multiallelic markers D4S95
(4ppl6) and TH (p1pl5.5) showed that he had
inherited both his mother's alleles at both
loci, and both his father's alleles at D4S95.
Only one of each parental allele was found for
the marker D16S85 (16p13.3). Chimaerism
was therefore the result of postzygotic
fusion. We have shown sex chromosome and
autosomal chimaerism using polymorphic
DNA markers in a child with ambiguous
genitalia, who shows cytogenetic sex chi-
maerism.

Identification of the superoxide
dismutase (SOD1) Ilell3Thr
mutation in three unrelated
amyotrophic lateral sclerosis
patients

C T JONES, S HOLLOWAY,
A M CHANCELLOR, D J H BROCK

Human Genetics Unit, University of
Edinburgh, Western General Hospital,
Edinburgh EH4 2XU.

The recent discovery of mutations in the
superoxide dismutase (SOD1) gene associ-
ated with familial amyotrophic lateral sclero-
sis (ALS) (Rosen et al. Nature 1993; 362: 59-
62) prompted us to analyse a collection of 56
sporadic ALS patients' DNA. Amplification
of SOD I exons by PCR yields products of an
ideal size (around 200 bp) for mutation
screening by SSCP. Short vertical 8 to 15%
gradient PAGE gels run for 16 hours at room
temperature followed by silver staining
showed a band shift in exon 4 in three
patients' DNA. Subsequent direct PCR
sequencing showed a T-+C transition at
codon 113 identical to one of the eleven
familial mutations described by Rosen et al
(Ilell3-*Thr). Investigation of family de-
tails showed no evidence of parental trans-
mission in two cases, while the third subject
was found to be illegitimate and no paternal
clinical details were available.

Identification of two novel
mutations within the
neurofibromatosis-1 gene by
means of amplification and
mismatch detection

S M PURANDARE, W G LANYON,
J M CONNOR

University Department of Medical Genetics,
Duncan Guthrie Institute, Yorkhill, Glasgow
G38SJ.

Using the technique of amplification and
mismatch detection (AMD), we have identi-
fied two novel mutations within the neuro-
fibromatosis-1 gene. The first alteration was
detected in exon 28, after modification with
hydroxylamine. Direct sequencing of this
exon showed a C to T transition at position
5539, changing the third base of codon AAC
to AAT at amino acid position 1776
(N1776N). As the codon AAT also codes for
asparagine, this is therefore a silent mutation.
The change creates a new Hinfl restriction
site, and 24 other subjects with NF-1 and
106 normal controls were screened in this
way, and none of them was found to have this
mutation. This is therefore a rare sequence
variant within the coding region of the NF-1
gene. The second alteration was detected in
exon 34, after modification with both hy-
droxylamine and osmium tetroxide. Direct
sequencing of this exon showed the insertion
of a single guanine at position 6730. This
produces a shift in the reading frame, and is
predicted to result in the translation of 46
altered amino acids, and the creation of a
premature stop codon at position 2220. This
would result in the synthesis of a truncated
protein of 2219 amino acids which may be
unstable or non-functional compared with
the normal protein product of 2818 amino
acids. The characterisation of this mutation
will enable accurate presymptomatic and
prenatal diagnosis within this family.

Molecular analysis of human
trisomies 13 and 18

S C LOUGHNA, G E MOORE

Institute of Obstetrics and Gynaecology,
Queen Charlotte's and Chelsea Hospital,
RPMS, London W6 OXG.

Human trisomies 13 and 18 can be used as

models for the analysis of the role that genes
on chromosomes 13 and 18 play in fetal
development. Trisomies 13 and 18 occur in
approximately 1 in 4000 live births. They are

compatible with life although over 95%
spontaneously abort. Anomalies often
involve the urogenital, cardiac, craniofacial,
and central nervous systems. It is possible
that some of these abnormalities will be the
result of over-expression of developmentally
important genes on chromosomes 13 and 18.
We are therefore investigating the over-

expression of candidate genes on chromo-
somes 13 and 18 at the RNA and protein
levels in various tissues from trisomic fetuses
and comparing the expression to normal age
and sex matched fetal tissues. Two candidate
genes under study are esterase D, localised to
13q14.11, and transthyretin, localised to
18ql 1 -qi 2.1. Over-expression of esterase D
has been observed in the kidney of two
phenotypically abnormal trisomy 13 fetuses,
whereas over-expression was not detected in
the kidney of a phenotypically normal fetus
and in the trisomy 13 muscle tissues. No
over-expression of transthyretin was found
in liver and intestine trisomy 18 tissues.

Molecular and cytogenetic
analysis of 29 Prader-Willi
syndrome patients

C A HARDY, T WEBB, D CLARKE,
M DAHLITZ, M W KILPATRICK

Departments of Clinical Genetics and
Psychiatry, The University of Birmingham,
Institute of Psychiatry, London.

Molecular and cytogenetic analysis of a co-
hort of Prader-Willi syndrome patients was
undertaken as part of a collaborative genetic
and psychiatric study of the Prader-Willi
syndrome. Cytogenetic and DNA analysis
was performed on all the probands and all
available family members including unaffec-
ted sibs. Deletions in 15qll-ql3 could be
detected after GTG banding: 15p polymor-
phisms were studied to ascertain the parental
origin of any deletion and to identify cases of
uniparental disomy. DNA probes detecting
RFLPs and (CA)L repeats in the region
15ql 1-ql3 were used to detect submicro-
scopic deletions and to determine their par-
ental origin. Probes for the highly polymor-
phic loci CMW-1 and pMS620, located
distally to the PWCR, were used to identify
cases of uniparental disomy. In 14 patients a
deletion of paternal origin was detected by
both cytogenetic and molecular means. Mo-
lecular analysis identified deletions in a
further three patients with cytogenetically
normal chromosomes. In four patients a de-
letion was identified only by cytogenetics, as
the families were uninformative for all
RFLPs tested or no paternal DNA sample
was available. Four cases of maternal unipar-
ental disomy were identified. Two patients
had other chromosome 15 abnormalities, one
had an inversion of proximal 15q, the other a
15;Y translocation with a deletion of 15qI 1-
q13 detected by molecular means. Uniparen-
tal disomy was excluded in two patients with
normal chromosomes although no deletion
was observed with any informative RFLP.

A clinical and genetic study of
incontinentia pigmenti

B PETERLIN*, B PODRUMACt,
E STIRN+, T PERKOVIC§

*Division of Medical Genetics, tDepartment
of Dermatology, ,Department of
Ophthalmology, University Medical Centre
Ljubljana. §Institute of Pathology, Medical
Faculty Ljubljana, Slovenia.

Incontinentia pigmenti (IP) is a rare geno-
dermatosis, inherited as a X linked trait and
lethal to males. Eighteen female patients and
one male patient from 13 families with IP
were ascertained in our study. Anomalies of
hair, nails, teeth, and sweat glands were
observed. Therefore we suggest that IP
should be classified in the group of ectoder-
mal dysplasias with all four characteristic
structures affected. A higher percentage of
skeletal anomalies (34%) was found in our
group of patients than previously reported.
Diagnosis of IP was made in three females
who were not aware of their illness. Careful
clinical examination is therefore of great im-
portance in prevalence and penetrance stud-
ies of IP.
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