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Abstracts of the meeting of the Association of Clinical
Cytogeneticists held on 5 to 7 July 1988 in Edinburgh

Mild clinical effects in unbalanced carriers of a familial
translocation
L BURVILL-HOLMES*, C STONE*, R J FOXt, AND R T HOWELL*
*SW Regional Cytogenetics Centre, Southmead Hospital,
Bristol; and tUniversity Department of Obstetrics, Bristol
Maternity Hospital, Bristol.

An abnormality of the short arm of chromosome 9 was
identified in a 27 year old woman with short stature,
secondary amenorrhoea, and infertility. Subsequently her
father was found to carry a balanced reciprocal trans-
location, 46,XY,t(9;11)(p24.1;q25) and it was concluded
that the proband had an unbalanced karyotype resulting in
detectable monosomy for the tip of the short arm of
chromosome 9. More extended family studies have shown
not only cousins with the monosomy, who display similar
minor dysmorphic features to the proband, but also a
brother and a cousin with the corresponding trisomy, in
whom the chromosomal imbalance apparently has minimal
effect.

A translocation involving the short arm of an acrocentric
chromosome: problems in diagnosis
A M FIFER*, A MERCERt, M CREASYt, M J GRIFFITHS*,
D A G THOMSON*, P R YOUNG*, P R MILLER*, AND

J SZOLLARt
*Regional Cytogenetics Unit, Birmingham Maternity
Hospital, Edgbaston, Birmingham B15 2TG; tRegional
Cytogenetics Laboratory, East Birmingham Hospital,
Bordesley Green East, Birmingham B9 SST; and
itSemmelweis University of Budapest Medical School,
Budapest, Hungary.

We report a family with a subtle translocation between the
short arms of chromosomes 13 and 17, t(13;17)(pll;p13).
Two dysmorphic children (whom we learned later were
cousins) were referred for chromosome analysis, one to the
Cytogenetics Laboratory at East Birmingham Hospital and
the other to the Laboratory at Birmingham Maternity
Hospital. In both cases the tiny cytogenetic abnormality
was only established after karyotyping the parents, two of
whom (brother and sister) were found to be balanced
carriers of the 13;17 translocation. The two original
cousins and two subsequent pregnancies in this family (one
liveborn and one termination) are all unbalanced carriers
of the translocation. In each case the derived chromosome
13 has been inherited, making them effectively partially
trisomic for 17p. It is interesting that there are no known
unbalanced members of the family carrying the derived
chromosome 17, although published reports suggest that
this would be potentially viable (Miller-Dieker syndrome).
The unbalanced products of this translocation, with the

derived 13, would be difficult to detect prenatally by
cytogenetic methods.

Down's syndrome without detectable karyotypic anomaly
but with a microduplication within chromosome 21
J L HURET*, Z RAHMANYt, J L BLOUINt, J TANZER*,
P M SINETt, AND J M DELABARt
*Hematologie, Hopital J Bernard, F-86021 Poitiers; and
tBiochimie Genetique, Hopital Necker, F-75730 Paris
Cedex 15, France.

We recently reported a case of Down's syndrome (Hum
Genet 1987;75:251) with typical clinical features but with-
out detectable karyotypic abnormality, even in a mosaic.
However, superoxide dismutase (SOD,) gene dosage
showed a microduplication which has been located within
band 21q21-q22.1 by in situ hybridisation. Since this
report the oncogene ETS2 has also been found to be
duplicated but not the gene for cystathionine B synthetase
(CBS). The duplicated segment should not exceed 2000 to
3000 kb. Our patient is now four years old, his dysmorphism
has almost disappeared, and his IQ is 104. Since then, a
typically dysmorphic and mentally retarded adult Down's
syndrome patient without detectable karyotypic anomaly
but with a microduplication of SOD, and CBS has been
reported (Hum Genet 1987;76:225). We are at present
working on a probable third case, an 18 month old girl
presenting with typical dysmorphism, a DQ of 30, and a
normal karyotype. Probes are currently being tested.
Finally, we have heard of a case of Down's syndrome with
an apparently balanced t(3;21). Further cases and col-
laborative studies with careful clinical and psychometric
evaluations are needed to find out which genes within
chromosome 21 are responsible for the syndrome and to
extend to our understanding of typical Down's syndrome.

Hypervariable minisatellite regions are hotspots for recom-
bination at meiosis in man
A C CHANDLEY AND A R MITCHELL
MRC Clinical and Population Cytogenetics Unit, Western
General Hospital, Crewe Road, Edinburgh.

In situ hybridisation to human meiotic metaphase I (MI)
preparations, using the labelled minisatellite core sequence
33.15, shows that clustering of autoradiographic grains
occurs principally at or around chiasmata, autosomal sites
where crossing over has occurred. For the XY bivalent, the
pairing region formed between the terminal regions of the
two short arms (XpterYpter) is also a principal site of
labelling. An additional site is the terminal region of the X
long arm (Xqter). Control experiments using a member of
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the human 'Alu' family of dispersed repeated DNA
sequences show that a much more randomised distribution
of grains occurs, clustering over chiasmata being far less
obvious. The data provide support for the suggestion that
polymorphic minisatellite regions within the human genome
might play a significant role in the pairing or recombination
process or both.

Resolution of 45,X/46,r(?) and 46,X,+mar karyotypes
using X and Y specific probes and non-isotopic in situ
hybridisation
J A CROLLA*, J LLERENA JRt, M SMITHt, AND M BOBROWt
tPaediatric Research Unit, Division of Medical and
Molecular Genetics, United Medical & Dental Schools of
Guy's and St Thomas's Hospitals, Guy's Hospital, London
SEJ 9RT; *MRC Experimental Embryology and Teratology
Unit, Medical Research Council Laboratories, Wood-
mansterne Road, Carshalton, Surrey SM5 4EF.

The sex chromosomal origin of the ring chromosome in a
prepubertal non-virilised female patient with a 45,X/
46,X,r(?) karyotype, together with the origin of a small
marker chromosome in a 13 year old mentally retarded
male (46,X,+mar), were resolved using X and Y specific
probes and non-isotopic in situ hybridisation. Biotinylated
X (pSV2X5) and Y (Y84) alphoid centromere specific and
Yp (pY190) probes were hybridised overnight to conven-
tionally spread metaphases made from PHA stimulated
lymphocytes. Stringent washes were carried out in
0*2xSSC/50% formamide at 37°C for 40 minutes and the
hybridisation signal was detected using an immunocyto-
chemical avidin/horseradish peroxidase and diaminobenzi-
dine precipitation method. In this way the X origin of the
ring in the Turner mosaic was identified and the small
marker from the 13 year old male gave a strong hybridis-
ation signal from both the Y centromere and Yp probes.

The use of linkage disequilibrium in the genetics of cystic
fibrosis (CF)
M SCHWARZ
DNA Laboratory, Paediatric Genetics Unit, Royal Man-
chester Children's Hospital, Manchester M27 IHA.

Since 1985, when the gene for CF was mapped to 7q31, a
number of closely linked probes have been isolated and
these have allowed accurate first trimester prenatal diag-
nosis of the disease. However, until recently it has not
been possible to offer any assurance to families where the
CF proband has died or where a known carrier has
remarried. The probes KM19 and XV2c are in strong
linkage disequilibrium with the CF gene. Using empirically
derived data, it is possible to attach a particular risk to
a given XV2c/KM19 haplotype. For a subject with no
family history of CF, the risk of carrying the CF gene may
vary from 1 in 3 for a homozygote of the 'high risk'
haplotype down to 1 in 250 for a homozygote of the 'low
risk' haplotype, given a prior risk of 1 in 20 (that is, the
population figure). This approach has also been used
successfully in determining the carrier risk of sibs of CF
probands (who have an increased prior risk) where the

proband has not been available. Furthermore, the method
can be used in the presence or absence of the parents of the
proband, but it is essential that the phase of the two
markers is established, so that individual haplotypes are
identified. Until the gene defect can be analysed directly,
XV2c and KM19 linkage disequilibrium data should
continue to be of use in CF risk estimation.

Prenatal diagnosis of a familial interstitial deletion of llpl2
without phenotypic effect
J C K BARBER, H MAHL, J PORTCH, AND M D A CRAWFURD
The Kennedy-Galton Centre, Level 8, Clinical Research
Centre, Northwick Park Hospital, Watford Road, Harrow,
Middlesex HAI 3UJ.

Amniotic cell culture from a gravida 4 para 2 woman
referred with an advanced maternal age of 39 years showed
an interstitial deletion of the whole of band p12 from
chromosome 11. Because of the previous reports of benign
interstitial deletions of 13q21 and Spl4, familial bloods
were cultured and an identical deletion of lpl2 was found
in the proband and her two year old son. Although the
proband has suffered two miscarriages, the absence of
apparent phenotypic effect in the mother, son, and the
daughter delivered at the end of this pregnancy further
confirms that dark G band deletions are indeed compatible
with a normal phenotype.

A semi-automatic slide spreading method for direct CVS
preparations
L PRATSIS, R REBELLO, D MICHEL*, D E ROONEY, AND
D V COLEMAN
Cytogenetics Unit, St Mary's Hospital Medical School,
Praed Street, London W2 IPG; *E Leitz (Instruments) Ltd,
Luton.

A semi-automatic slide making instrument, developed to
produce improved quality metaphase spreads from direct
chorionic villus samples, is described. The instrument
consists essentially of a slide holder, which is moved
manually, and a stainless steel comb positioned above the
slide. Thus when cell suspension is placed between the
comb and the slide, a backwards and forwards movement
produces a cell spreading action. The instrument is used on
a temperature controllable hotplate and can be modified to
fit most standard models. Similarly, the instrument can be
adapted for simultaneous spreading of three or more
slides. Twenty-two CVS samples, prepared by the method
of Simoni et al, were portioned and spread both with the
instrument and with a bent pasteur pipette. A Leitz image
analysis system was used for metaphase finding and
ranking from these slides as an objective comparison and
assessment. Results showed that use of the instrument
improved the quantity and quality of metaphase spreads,
in addition to proving quicker and more convenient in
routine use. Although based on the same principle as the
fully automatic CROMAT 90 (which retails at $6600), the
St Mary's spreader performs a similar function but costs
merely £100.
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Preliminary evaluation of early amniocentesis for chromo-
some analysis
D E ROONEY, N MacLACHLAN, M T REBELLO, M MICHEL,
J SMITH, R W BEARD, C RODECK, AND D V COLEMAN
Cytogenetics Unit, St Mary's Hospital Medical School,
Praed Street, London W2 IPG; and Cytogenetics Depart-
ment, Queen Charlotte's Maternity Hospital, London W6
OXG.

Proposed restrictions on late termination of pregnancy
highlight the urgent need for increased availability of early
prenatal diagnosis. Chorionic villus sampling (CVS) is still
restricted to relatively few centres in the UK, and the
safety of the procedure is still under investigation. Early
amniocentesis represents a potential alternative to CVS,
and a replacement for later tests, which could be accom-
modated within existing resources. Diagnostic amnio-
centesis at 12 to 14 weeks' gestation is already offered in
some centres in the USA, Italy, France, and Northern
Ireland. Results from these series have been encouraging
with a low fetal loss rate and high success rates. We have
undertaken a pilot study of 40 amniocenteses taken from
pregnancies of eight to 14 weeks' gestation, immediately
before termination. All samples were cultured by our
routine method. Fifteen samples taken from 12 to 14 week
pregnancies yielded sufficient cells for harvest in a mean of
12-6 days (range 6 to 20). Twenty-five samples were taken
from eight to 11 week pregnancies of which 17 (68%)
yielded cells for harvest in a mean of 12-3 days (range 10 to
24). The pilot study suggests that amniocentesis at 12 to 14
weeks will provide reliable results within two to three
weeks with little modification of existing techniques.
Results from samples taken before 12 weeks are promising,
but indicate the necessity of evaluating alternative culture
regimens.

The use of transabdominal placental biopsies as a possible
alternative to amniocentesis
J WOLSTENHOLME*, A M HOOGWERF*, H SHERIDAN *, AND
D A LIITLEt
*Department of Medical Genetics, Churchill Hospital,
Oxford; and tDepartment of Obstetrics and Gynaecology,
John Radcliffe Hospital, Oxford.

Rapid karyotyping has been performed on a series of 72
transabdominal placental biopsies taken at greater than 16
weeks' gestation. A sampling success of 95% has been
achieved and the material obtained has proved suitable for
both direct chromosome preparations and long term
culture using methods identical to those used for first
trimester biopsies. Results obtained from direct prepara-
tions were routinely confirmed using either long term
cultures or amniotic fluids taken at the same time. Six
fetuses with chromosomal abnormalities were detected:
46,XX,- 14,+t(14q21q); 47,XX,+21; 47,XX,+21;
47,XY,+21; 47,XX,+18; 45,XO. The latter four were
detected following suspicious findings during routine
ultrasound scanning. Our experience suggests that placental
biopsies are a useful alternative to amniocentesis in cases
of suspicious ultrasound scans, known parental trans-
locations, failed amniocentesis, and late presentations.

The likelihood of mosaics akin to those found in first
trimester biopsies would limit the use of the technique as a
more general alternative to amniocentesis.

Predictive value of low maternal serum alphafetoprotein
values in screening for pregnancies with chromosomal
aneuploidies
J A CROSSLEY*, M ZEITUNE*, D A AITKEN*, J R W YATESt,
A COOKE*, M A FERGUSON-SMITHt, AND J M CONNOR*
*Duncan Guthrie Institute of Medical Genetics, Yorkhill,
Glasgow G3 85J; and tDepartment ofPathology, University
of Cambridge.

Second trimester maternal serum alphafetoprotein
(MSAFP) levels were studied retrospectively in 142
pregnancies with autosomal trisomy (114 trisomy 21, 19
trisomy 18, and nine trisomy 13), uncomplicated by neural
tube defect or abdominal wall defect. The median value for
all affected pregnancies was found to be reduced, at 0-72
multiples of the median of 113 045 unaffected pregnancies.
This reduction in mid-trimester MSAFP levels, combined
with maternal age risks, may be used as the basis of a
screening test for autosomal trisomies in women aged 25
years and over. Using a cut off risk equivalent to that of the
population risk of finding an affected fetus at mid-trimester
in a 35 year old woman, 37% of autosomal trisomy
pregnancies in the west of Scotland pregnant population
could be detected by AFP screening, with an amniocentesis
rate of 6-6%. Offering amniocentesis to women aged 35
years and over gives a potential amniocentesis rate of 6-7%
but would detect only 30% of autosomal trisomies.
Screening using MSAFP levels and age combined is more
efficient than using age alone. A prospective screening
programme for autosomal trisomies, using low MSAFP
levels, was implemented in the west of Scotland in July
1987. Of those women so far identified with a calculated
risk greater than 1:250, 27% in the 25 to 34 age group and
59% aged 35 years and over have had prenatal chromo-
some analysis, of which one in 78 have been abnormal.

Terminal deletions of the long arm of chromosome 1: a
presentation of two cases
G S DAVIS, M J GRIFFITHS, P R MILLER, D A G THOMSON, AND

J L WArr
Regional Cytogenetics Unit, Birmingham Maternity Hospi-
tal, Edgbaston, Birmingham B15 2TG.

To date, 23 case reports of lq terminal deletion have been
published. The phenotypic characteristics observed in
these cases are sufficiently concordant to suggest their
inclusion in a single recognisable syndrome. This report
considers two further cases and reviews the published
phenotypes. Both patients are moderately retarded infants
exhibiting hypotonia and microcephaly. Facial anomalies
are very similar and include prominent epicanthus, strabis-
mus, full, round face, and a distinctively shaped nose. In
general major organ abnormalities are absent with the
exception of genital abnormalities observed in patient 1.
Cytogenetic studies have shown the following karyotypes:
patient 1: 46,XY,del(1)(q42.3), patient 2: 46,XY,del(1)(q43).
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Both deletions are subtle and similar cases may often be
undetected without the use of prometaphase chromosome
analysis. The phenotype characteristics are in general
agreement with previous reports and lend further evidence
to the delineation of a distinct chromosomal syndrome.

Unbalanced abnormalities of the short arm of chromo-
some 12
C STONE, J G C SAUNDERS, P LIVESEY, AND K S REDDY
SW Regional Cytogenetics Centre, Southmead Hospital,
Westbury on Trym, Bristol BSIO 5NB.

Three cases are presented: (1) a miscarried fetus with
trisomy 12p derived from a paternal translocation, t(12;22)
(qll;qll.21); (2) prenatal diagnosis of tetrasomy 12p with
a supernumerary i(12p); and (3) mosaic free trisomy 12p in
a mentally retarded woman. The resemblance between
these abnormalities and abnormalities involving chromo-
some 21 is considered remarkable and clear differentiation
can be achieved only by high resolution G banding and
reverse banding. It is important to distinguish between
trisomy 12p and trisomy 21 in view of the superficial
resemblance between certain clinical manifestations of the
two syndromes.

When does the fra(X) event occur?
R K SAVAGE * AND M FITCHETrt
*Cytogenetics Section, MRC Radiobiology Unit, Harwell,
Didcot OX]] ORD; and tWessex Regional Cytogenetics
Unit, Salisbury General Hospital, Salisbury, Wiltshire SP2
7SX.

Blood from two institutionalised male sibs was grown for
72 hours in Iscove's low folate medium to enhance fra(X)
expression. BrdU (10 g/ml) was then added to cancel the
low folate effect and the fall in frequency of fra(X) and
other chromatid type aberrations was monitored by serial
sampling. Both types of damage fell to control (=normal
Iscove's medium) levels well within one average cycle time
after BrdU addition. A repeat experiment showed qualita-
tively similar results. BrdU uptake also enabled us to
assign cells to a precise position in the cell cycle by means
of their replication banding patterns. Thus we were able to
show that pre-S and early S cells had control levels and, by
unscrambling and replacing cells in correct chronological
sequence, an abrupt fall in fra(X) frequency was noticed in
transition from sub-phase SkII to SkIII. This border is
about 70% of S phase transit in lymphocytes, somewhat
earlier than the observed start of replication for Xq27,
which is in SkIV. On the assumption that low folate
conditions affect the fra(X) region at a precise stage of
development, it is reasonable to conclude from our
observations that the fra(X) phenomenon is an S depen-
dent event (as are the other chromatid type aberrations)
and that the critical period lies in the last 30% of S phase
transit.

Cytogenetics of non-Hodgkin's lymphomas
C HARRISON
Paterson Institute for Cancer Research, Christie Hospital
and Holt Radium Institute, Wilmslow Road, Manchester
M20 9BX.

The non-Hodgkin's lymphomas (NHLs) are a highly
heterogeneous group of tumours. A range of morphological
classification methods have been used to characterise
them. This has caused difficulties in attempts to correlate
chromosomal abnormalities with histology. In spite of this,
certain non-random chromosome changes have been
described which are associated with specific histological
and immunological phenotypes. Approximately 85% of
NHL tumours show non-random chromosome changes.
The most common abnormality is t(14;18)(q32;q21) associ-
ated with B cell lymphomas of a follicular morphology.
The more common numerical abnormalities in NHL
include +3, +7, +12, or +21. Structural abnormalities
include 6q-, rearrangements of chromosome 14 involving
qll to q13, and rearrangements of lp3l to p36. The results
of a five year study in the north west of England show a
close correlation to the findings of the Fifth International
Workshop.

Cytogenetics of B cell tumours
P SHERRINGTON, P FISCHER, E NACHEVA, J HOWARD,
D ALBERTSON*, A KARPAS, AND F G J HAYHOE
Department of Haematological Medicine, University Clini-
cal School, Hills Road, Cambridge CB2 2QL; and *Mole-
cular Genetics Unit, MRC Centre, Cambridge.

Characteristic cytogenetic features of B cell malignancies
are translocations involving the immunoglobulin gene loci.
The classical example is Burkitt's lymphoma (BL). In the
majority of cases the heavy chain locus (IgH) at 14q32, or
less frequently the kappa and lambda light chains, at 2pll
and 22qll, are involved in a translocation with chromo-
some 8 at q24. The consequent juxtaposition of c-myc with
an Ig gene results in its deregulation. Translocations
involving 14q32 and 11q13 or 18q21 are also found in a
significant number of 'non-Burkitt' B cell tumours. It has
been suggested, by analogy with the BL model, that these
regions (11q13, 18q21) may be the locations of unknown
oncogenes putatively designated bcl-1 and bcl-2. Cell lines
established from multiple myeloma/plasma cell leukaemia
are useful because they often carry rearrangements seen in
tumours of less differentiated B cells. Four such lines have
been established in this department, Karpas (K) 707,
K929, K1272, and K620. Three of these have translocations
involving 11q13. K707 has a t(4;11), K929 a t(11;12), and
K620 has a t(1;11), a t(8;11), and a t(11;13). Southern
hybridisation with a probe derived from the t(11;14)
breakpoint in JVM2, a prolymphocytic line, detected a
rearrangement only in K620, about 40 kb upstream of the
region designated bc1-1. In situ hybridisation on K620
chromosomes showed IgH sequences on the marker 8;1 1 at
the junction 8q24::11ql3. Additionally K620 has a 14q+
typical of that seen in BL. Since there is no reciprocal 8q-,
the presence of c-myc on the 14q+ was confirmed by in situ
hybridisation. This experiment also showed that c-myc is
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present on the marker 8;11 suggesting that these two
derived chromosomes arose from different translocation
events. Similarly, K929 also has an Ig rearrangement not
detectable at the cytogenetic level. Chromosomes 2 and 8
are normal. The kappa gene is rearranged with sequences
from chromosome 8 not in close proximity to c-myc but
mapping, on chromosomes from normal lymphocytes,
within 8q24.

One step into carcinogenesis: chromosome 3 and lung
carcinoma
J J WATERS, J B DOUGLAS, B CARRITr, M C DALY, AND
P H RABBIrTS
Regional Cytogenetics Unit (Level 3), Addenbrooke's
Hospital, Hills Road, Cambridge CB2 2QQ.

Our work on lung carcinoma has used cytogenetic studies
to provide a framework for the search at the molecular
level for a putative tumour suppressor gene on chromo-
some 3. Results to date show that (a) a number of well
characterised cell lines show a critical deleted region of
3pl4-23; (b) other rearrangements of chromosome 3, for
example, translocations, isochromosomes, and whole
chromosome duplications, are also present which may be
implicated in reduction to hemizygosity within the critical
region; (c) polymorphic probes generated by ourselves and
others show consistent homo- or hemizygosity in the cell
lines and reduction of hemizygosity in fresh tumour
material within the critical region.

Chronic myeloid leukaemia trial update
I BRACKENRIDGE
MRC Clinical & Population Cytogenetics Unit, Western
General Hospital, Crewe Road, Edinburgh.

Regular cytogenetic investigation is a crucial part of the
3rd MRC CML trial, because of the suggestions that a-IFN
is able to reduce the percentage of Ph positive cells in the
bone marrow. The trial cytogeneticist liaises with labora-
tories nationwide to provide information, correlate
results, and help out with analysis for any region which
finds the demands of the trial excessive. Since September
1986, 133 patients have been entered into the trial, of
whom 50 are evaluable, 30 in the IFN arm and 20 in the no-
IFN arm. Nine percent of patients have a varient Ph
translocation (similar to other series) but 6% were mosaic
at diagnosis, twice as many as in the CML II trial. This is
thought to result from the larger numbers of cells analysed
for this trial. More patients are also being found with
simple additional abnormalities, many of them known
transforming changes, the significance of which is not yet
clear. Seven patients on IFN are showing a reduction in Ph
positivity with two having gone completely Ph negative.

An unusual case of chromosome instability
M CREASY, C GOULD, AND M HULTfN
Regional Cytogenetics Laboratory, East Birmingham
Hospital, Bordesley Green East, Birmingham B9 5ST.

A five day old girl presenting with slight facial dysmorphism
was found to have an extremely high level of spontaneous
chromosome instability, including breakage and rearrange-
ments. She showed slight developmental delay but no
haematological problems until at nine months she suddenly
developed acute lymphoblastic leukaemia and died within
a week. The pattern of chromosome instability did not
readily fit any of the established instability syndromes, but
was most similar to Fanconi anaemia.

Cytogenetic investigation in Fanconi anaemia
J SZOLLAR
Semmelweis University of Budapest Medical School, Buda-
pest, Hungary; and Department of Paediatrics, George
Eliot Hospital, College Street, Nuneaton CVIO 7DS.

Variability of the clinical picture and differences in
chromosomal instability are well known in Fanconi anaemia
(FA). There is an urgent need for a reliable test not only
for the detection of homozygotes but also for the selection
of heterozygotes in FA families. The clinical and haema-
tological signs, the rate of spontaneous chromosome
breakage, the response to mitomycin C (MMC) in vitro,
the rate of SCE, and the degree of BrdU incorporation
were studied in 10 children with FA and were compared to
the results obtained in controls and 32 relatives. Our
conclusions are the following. (1) All the patients developed
severe anaemia and bone marrow hypoplasia at some stage
and the chromosomal fragility was related to the dropping
haemoglobin. (2) Growth retardation and cafe au lait spots
were found in 70% of the patients, but radius anomalies
were present in only three children, thumb abnormalities
in two, and kidney problems in two. The frequency of
these so-called 'specific' congenital malformations seems to
be overestimated. (3) A high level of spontaneous chromo-
some breaks (at least in 15% of cells), the presence of
interchanges, normal or slightly higher SCE rate, and
domination of first cell cycle metaphases (60%) were
characteristic of FA cells. The number of MMC induced
chromosome breaks was five times higher in FA cells than
in the controls. The lack of response to MMC in relation to
the SCE rate was specific to FA cells. The use of the MMC
test seems to be essential and the cell cycle studies are
helpful. (4) The obligate heterozygotes, parents of children
with FA, showed one or two of these cytogenetic signs, but
one father had the full cytogenetic picture of FA. This
means that carriers could be detected as false positive FA
cases. The confirmation of the clinical diagnosis of FA
should be based on the detection of a high level of
spontaneous breaks, the occurrence of interchanges, lack
of SCE response to MMC with an increased number of
MMC induced chromosome aberrations, and a slower cell
cycle.
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