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Comparison of high resolution cytogenetics,
fluorescence in situ hybridisation, and DNA
studies to validate the diagnosis of Prader-Willi
and Angelman's syndromes

A Smith, M Prasad, Z-M Deng, L Robson, T Woodage, R J Trent

Abstract
Eighty seven referrals with Prader-Willi
syndrome and 49 with Angelman's syn-
drome were studied. High resolution cyto-
genetics was performed on all probands.
Molecular studies, performed on the
proband and both parents in each case,
utilised multiple probes from within and
distal to the 15(qll-13) region in order to
establish the presence ofDNA deletion or
uniparental disomy. In addition, FISH,
with probes at DlSSll and GABRI3 from
the Prader-Willi syndrome/Angelman's
syndrome region, was performed on a
subset of 25 ofthese patients.

In the referral group with Prader-Willi
syndrome, 62 patients had a normal
karyotype and 25 were deleted on high
resolution cytogenetics. Twenty nine
were found to be deleted with DNA tech-
niques. In the Angelman's syndrome
group, 37 had a normal karyotype and 12
were deleted on high resolution cyto-
genetics while 26 were deleted on
molecular studies. The diagnosis was
reassessed in 35 referrals with Prader-
Willi syndrome and 11 with Angelman's
syndrome following a non-deleted, non-
disomic result. Of individuals who were
neither deleted nor disomic on DNA
studies, a false positive rate of 11 4%
(4/35) for Prader-Willi syndrome and
16-7% (2/12) for Angelman's syndrome
was found for a cytogenetically detected
deletion. The false negative rate for
deletion detected on high resolution cyto-
genetics was 19-5% (12/62) for Prader-
Willi syndrome and 35% (13/37) for
Angelman's syndrome. Thus high resolu-
tion cytogenetics was shown to be unreli-
able for deletion detection and should not
be used alone to diagnose either syn-
drome. There were no discrepancies with
FISH in 25 cases when FISH was com-
pared with the DNA results, indicating
that FISH can be used reliably for dele-
tion detection in both syndromes.
(Arch Dis Child 1995; 72: 397-402)

Keywords: deletion, uniparental disomy, abnormal
phenotype.

The Prader-Willi syndrome was first described
in 1956 in nine patients who had diminished
fetal activity, severe infantile hypotonia,

feeding problems in infancy, hypogonadism
and hypogenitalism, short stature, small hands
and feet, delayed psychomotor development,
characteristic facial appearance, mild mental
retardation, insatiable hunger leading to the
onset of gross obesity during early childhood,
behaviour problems, and tendency to develop
diabetes in adolescence.1 These features can be
quite variable between individual patients, and
a diagnostic scoring system has been devised to
aid diagnosis.2 The scoring system gives points
to features present from birth to 3 years of age
and for features after 3 years of age, when it is
generally considered that the diagnosis is more
straightforward. Angelman's syndrome was
first described in 1965 on the basis of features
in three young children.3 These features
included severe mental retardation, epilepsy,
tongue thrusting and drooling, an ataxic gait,
and microcephaly. The facial features of
Angelman's syndrome are subtle and non-
specific4 and atypical cases have been
described.5 A simple reliable diagnostic test
would be extremely valuable for both syn-
dromes in early childhood when the diagnosis
is first suspected.
The association between an interstitial

deletion of chromosome 15 and Prader-Willi
syndrome was shown in 1981,6 and a similar
interstitial deletion of the same region of
chromosome 15 was shown in Angelman's
syndrome in 1987.7 Cytogenetically detected
interstitial deletions provided the first labora-
tory diagnostic test for these syndromes and
considerable reliance came to be placed on the
results of high resolution cytogenetics.
Deletions of the proximal part of chromosome
15q were reported in about 60% of patients
with Prader-Willi syndrome and a similar pro-
portion of those with Angelman's syndrome
with high resolution cytogenetic techniques.8
Approximately one third were apparently
normal cytogenetically, and 3-50/ showed
other chromosomal anomalies involving
chromosome 15.9 10
The development of molecular probes for

the Prader-Willi syndrome and Angelman's
syndrome region of 1 5(ql 1-13) enabled alter-
nate or complementary means for the detec-
tion of deletions in patients.1012 Molecular
studies not only demonstrated deletion, but
also the parent of origin of the deletion. The
deleted 15(qll-13) chromosome in patients
with Prader-Willi syndrome always originates
from the father'1 13 while in Angelman's
syndrome patients the deletion originates
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exclusively from the maternal chromosome
15.12 14 DNA studies further showed that some
cases of Prader-Willi syndrome and
Angelman's syndrome displayed uniparental
disomy - the inheritance of two copies of a
chromosome pair from one parent and none
from the other parent.'3 15 In Prader-Willi syn-
drome the uniparental disomy is maternal
whereas in Angelman's syndrome the two
chromosomes 15 are inherited from the father.
Uniparental disomy occurs in approximately
25% of Prader-Willi syndrome and in only
2-3% of Angelman's syndrome. Cases with
neither deletion nor disomy have also been
found - in Prader-Willi syndrome they
occurred rarely and were frequently due to
misdiagnosis.16 Non-deleted, non-disomic
cases comprise 25-30% of Angelman's syn-
drome and are a particular concern because
recurrence occurs commonly within this
group.17 When reports of the DNA studies
became available'6 18 some discrepancies were
noted between cytogenetic results and the
DNA findings.
The technique of fluorescence in situ

hybridisation (FISH) is a relatively new
molecular cytogenetic technique in which
specific DNA probes are applied directly to
chromosome spreads on slides.'9 20 These
slides can be used for routine analysis first with
high resolution G banding, or FISH can be
applied to freshly prepared preparations. The
technique is simpler than standard DNA
studies and does not require specimens from
the parents of the patient for deletion detec-
tion. FISH has proved to be highly accurate
with many probes.'9-21 FISH utilising probes
from the Prader-Willi syndrome/Angelman's
syndrome chromosome region has not been
formally compared with DNA studies in these
patients.

In the present study, 87 patients with the
referral diagnosis of Prader-Willi syndrome
and 49 patients referred with the diagnosis of
Angelman's syndrome were examined with
high resolution cytogenetics and detailed mol-
ecular analysis. Several patients whose diag-
nosis did not clearly fit either syndrome but
who displayed some similar features were also
included. Examination of such individuals is
important for determining the range of clinical
features that could potentially be associated
with deletion or uniparental disomy of
chromosome 15.16 22-24 In addition a cohort of
25 of these patients (seven with Prader-Willi
syndrome and 18 with Angelman's syndrome)
was examined by FISH. From the comparison
of these findings, a strategy for the laboratory
diagnosis of Prader-Willi syndrome and
Angelman's syndrome can be proposed.

Patients and methods
PATIENTS
Patients with a diagnosis or suspicion of
Prader-Willi syndrome or Angelman's syn-
drome were referred by clinicians throughout
Australia and New Zealand or the diagnosis
was made by one of us (AS) in consultation
with the referring doctor. The criteria used to

establish the diagnosis of Prader-Willi syn-
drome were neonatal hypotonia, hyperphagia
in early childhood with obesity, mild mental
retardation, short stature, the characteristic
facies seen in Prader-Willi syndrome, and
hypogonadism. The clinical evaluation of
many of these patients has been previously
described (patients 1-3024; individual
patients25 26). Subsequent patients were classi-
fied in the same way using standard diagnostic
criteria.2 For Angelman's syndrome the
features used as guidelines were a large mouth,
happy smiling disposition, jerky ataxic or wide
based gait (if walking), severe mental retarda-
tion, no speech, epilepsy, abnormal electro-
encephalography, and inappropriate outbursts
of laughter.4 Angelman's syndrome patients
1-10 have been described,23 and also an indi-
vidual case,27 and subsequent patients were
diagnosed in the same way. Patients who did
not completely satisfy the criteria were con-
sidered to be atypical. When the results of
DNA testing became known and were normal
(that is neither deletion nor uniparental
disomy was present) the clinician was asked to
reassess the patient and possibly reconsider the
diagnosis.
Of the 87 patients with Prader-Willi syn-

drome there were 52 males and 35 females;
ages ranged from newborn to 39 years. Among
the 49 patients with Angelman's syndrome
there were 26 females and 23 males; ages
ranged from 1-5 to 32 years.

CYTOGENETICS
Cytogenetic analysis was performed on all
probands either in the Children's Hospital,
Camperdown laboratory or in the state or New
Zealand laboratory associated with the refer-
ring doctor. Peripheral blood lymphocytes
were cultured using methods that increase the
frequency of late prophase to early metaphase
chromosomes.22 28 Karyotype analysis with
GTG banding (G band chromosomes with
trypsin and Giemsa) was performed to search
for a chromosome 15 microdeletion. Resolu-
tion varied from the 650 to 850 band stage but
when difficulties of interpretation were
encountered, the cytogenetic results were con-
sidered as non-deleted. The parents of
probands were not routinely tested by cyto-
genetic techniques.

DNA ANALYSIS
Molecular studies were performed on the
patients and both parents in each case. High
molecular weight DNA was prepared from
peripheral blood specimens according to stan-
dard methods. Polymorphism analysis was
performed with restriction fragment length
polymorphisms, variable number of tandem
repeats, and the polymerase chain reaction
based simple sequence repeats with probes for
loci from within the Prader-Willi syn-
drome/Angelman's syndrome chromosome
region (D15S18, D15S9, D15SlI, D15S13,
Di1SS10, D15S113, D15S97, GABR,B3,
D15S12) and outside the region distally on
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Figure 1 Representation of the expected signals on the two
chromosomes 15 after FISH using either D15S I or
GABRf33 combined with the control probe at 15q22.

chromosome 15 (D15S24, ACTC, THBS1,
D15S87, D15S86). DNA patterns at each
polymorphic locus were recorded according to
the bands seen on the autoradiographs or poly-
acrilamide gels. Detailed methods and the
probe-enzyme combinations used have been
previously described.22 24 Usually five poly-
morphisms per patient were sufficiently infor-
mative to establish whether a deletion or
uniparental disomy was present, the parent of
origin, or if the patient was non-deleted, non-
disomic.

FISH
The probes used were from the 15(qll-13)
region and comprised DNA specific for the loci
D15S11 for Prader-Willi syndrome and
GABRP3 for Angelman's syndrome (Oncor).
The probes are supplied as single stranded
DNA labelled with digoxigenin. After
hybridisation on to denatured chromosomal
preparations19 26 detection was via immuno-
cytochemical incubations with an anti-
digoxigenin mouse monoclonal antibody
(Boehringer Mannheim) and a fluorescein
conjugated sheep antimouse IgG antibody
(Boehringer Mannheim). The preparation was
counterstained with a combination of pro-
pidium iodide (Calbiochem) and 4',6-dia-
midino-2-phenylindole (Sigma). The probes
available for FISH have been modified to
provide ease of usage by the incorporation of a
DNA marker (also digoxigenin labelled) on the
long arm of chromosome 15 at q22 (fig 1). The
distal marker acts as an internal control for
successful hybridisation and aids in the quick
assessment of a deletion (fig 2).

Results
The results of high resolution cytogenetics and

Figure 2 Upper: patient with Angelman 's syndrome
(number 17 in table 2) showing metaphase spread with two
chromosomes 15 (arrowed) each containing two signals:
one for the Angelman 's syndrome region (recognised by
probe GABRJ33) and one from the 15q22 region. The
patient was non-deletedfor GABR,/3. Lower: patient with
Prader-Willi syndrome (number 1 in table 2) showing
metaphase spread with two chromosomes 15. One
chromosome has two signals (small arrowhead) and the
other has a single signal (large arrowhead) emanatingfrom
the 15(q22) marker. The patient was deletedfor D1SS1 1.

DNA testing and their correlation are shown in
table 1. Of the total 87 patients referred with
Prader-Willi syndrome, 62 showed normal
chromosomes and 25 showed a deletion on
high resolution cytogenetics. The DNA find-
ings showed overall that 29 patients had a dele-
tion, 20 had uniparental disomy, and 38 were
non-deleted, non-disomic. All patients with
deletion and uniparental disomy had classical
Prader-Willi syndrome. Clinical reassessment
of the 38 non-deleted, non-disomic patients
resulted in 35 being reclassified as atypical
Prader-Willi syndrome or non-Prader-Willi
syndrome. Re-evaluation of the remaining
three patients (case numbers 28, 29, 30 in
Woodage et al 24) indicated that they had
features supportive of a diagnosis of Prader-
Willi syndrome and have remained in the
classification of classical Prader-Willi syn-
drome patients. The 29 deleted patients and
the 20 patients with uniparental disomy all had
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Table 1 Correlation of high resolution cytogeneticfindings with the DNA results for all
referrals

DNA
Cytogenetics

Uniparental Non-deleted,
Normal Deleted Deleted disomy non-disomic

Prader-Willi syndrome 62 - 12 16 34
(n=87) _ 25 17 4 4

Angelman's syndrome 37 - 13 1 23
(n=49) _ 12 10 1 1

classical Prader-Willi syndrome. Among the 49
patients with Angelman's syndrome, 37 had
normal chromosomes on high resolution cyto-
genetics, 12 had a deletion. The DNA findings
showed overall that 23 were deleted, two had
uniparental disomy, and 23 had normal
chromosomes. Among these non-deleted, non-
disomic patients with Angelman's syndrome,
clinical reassessment indicated that 12 had
classical features of Angelman's syndrome and
have retained that diagnosis. The other 11
patients remain under review with monitoring
of further clinical progress.
There was overall a low pick up rate of

cytogenetic deletion (25 patients of 87 refer-
rals or 29% in the Prader-Willi syndrome
group and 12 in 49 or 25% in the Angelman's
syndrome group). The four Prader-Willi syn-
drome patients with uniparental disomy and
the four non-deleted, non-disomic patients
(8/25) represent a 32% false positive rate for
the detection of a deletion by high resolution
cytogenetics in Prader-Willi syndrome and
2/12 (16-6%) in Angelman's syndrome. The
overall false negative rate for the Prader-Willi
syndrome referrals (12/62) is approximately
20% and for Angelman's syndrome is 13/37
or 35%. When only the 52 classical patients
are considered the deletion detection rate for
Prader-Willi syndrome becomes 48%. High
resolution cytogenetics cannot detect uni-
parental disomy so that if the 20 patients with
uniparental disomy are excluded high resolu-
tion cytogenetics then detected deletion in

Table 2 Comparison of laboratory results on 25 patients with Prader-Willi syndrome
(PWS) orAngelman's syndrome (AS)

Patient Sex/age High resolution
No (years) Diagnosis cytogenetics FISH DNA

1 M/2 PWS Deleted Deleted Deleted
2 M/16 PWS ND ND NDND
3* F/15 PWS Deleted ND Uniparental disomy
4* M/5 PWS Deleted ND Uniparental disomy
5 F/8 PWS Deleted Deleted Deleted
6* M/17 PWS ND Deleted Deleted
7 M/I 5 PWS ND ND Uniparental disomy
8 F/7 AS Deleted Deleted Deleted
9 F/9 AS Deleted Deleted Deleted
10 M/3 AS ND ND NDND
11 F/2 AS ND ND NDND
12* F/1I1 AS ND Deleted Deleted
13 M/10 AS ND ND NDND
14 F/18 AS Deleted Deleted Deleted
15* M/18 AS ND Deleted Deleted
16 M/12 AS Deleted Deleted Deleted
17 F/4 AS ND ND NDND
18 F/6 AS Deleted Deleted Deleted
19 M/5 AS ND ND NDND
20 F/4 AS ND ND NDND
21 M/16 AS Deleted Deleted Deleted
22* M/18 AS Deleted ND Uniparental disomy
23 F/4 AS ND ND NDND
24 F/4 AS ND ND NDND
25 F/3 AS ND ND NDND

NDND=non-deleted, non-disomic; ND= non-deleted.
*Indicates cases with discrepancy between high resolution cytogenetics and DNA results. There
were no discrepancies between the FISH and DNA results.

25/32 classical Prader-Willi syndrome
patients (78%).
The FISH results were correlated with high

resolution cytogenetics and DNA studies
(table 2). Of 25 patients, there were six (24%)
discrepant results between high resolution
cytogenetics and DNA. In Prader-Willi syn-
drome, FISH detected one deletion not
detected on high resolution cytogenetics and
showed no deletion on two patients considered
to be deleted with high resolution cytogenetics;
3/7 patients (42%) were discrepant. Among
the patients with Angelman's syndrome, FISH
detected two deletions not seen by high resolu-
tion cytogenetics and could not confirm the
high resolution cytogenetics deletion in one
case; 3/18 patients (16 6%) were discrepant.
There was 100% correlation between the
FISH and DNA results in this group of 25
patients. FISH thus appears to be a reliable
method of deletion detection, validated against
DNA results, in both Prader-Willi syndrome
and Angelman's syndrome.

Discussion
The results of this study show considerable dis-
crepancy between high resolution cytogenetics
and DNA findings. Using DNA as the diagnos-
tic standard, we found for Prader-Willi syn-
drome and Angelman's syndrome false positive
rates of 12% and 17% and false negative rates
of 20% and 35% respectively for deletion
detection with high resolution cytogenetics.
Overall, among the whole group of referrals
with Prader-Willi syndrome, deletions were
detected less frequently than expected,8 16
reflecting the finding that nearly half the
patients were atypical. Among the classical
Prader-Willi syndrome patients, there were
many with uniparental disomy (38%) and high
resolution cytogenetics cannot pick up this
group. Thus it is clear that reliance cannot be
placed upon the result of the high resolution
cytogenetics test for the diagnosis of Prader-
Willi syndrome or Angelman's syndrome.
Discrepant results and submicroscopic DNA
deletions not detected on high resolution cyto-
genetics have been reported in both Prader-
Willi syndrome and Angelman's syndrome in
smaller groups of patients.'6 18 29

Reasons for discrepancies between high
resolution cytogenetics and DNA studies have
been documented. False negative results are
partly due to the greater resolution of DNA
compared with cytogenetics. At the 1000 band
stage of resolution, one cytogenetic band could
contain five megabases of DNA, so that a
normal high resolution cytogenetics result does
not exclude a smaller DNA deletion. False
positive results can be accounted for in part by
common polymorphisms of the chromosome
15 pericentromeric region, which include
duplications and deletions.'8 30-32 Replication
asynchrony between homologues in the
proximal long arm region has been demon-
strated and can result in one chromosome 15
homologue appearing to be shorter than the
other.33 It could be expected that the success
of high resolution cytogenetics would vary
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Figure 3 Flow diagram with suggested protocolfor the investigation of
Prader-Willi syndrome (PWS) and Angelman's syndrome (AS).

between laboratories34 and in the same labora-
tory over time. A further factor in clinical work
is the subjective nature of the assessment,
influenced by the conviction and communica-
tion of the referring doctor. High resolution
cytogenetics is also time consuming and labour
intensive.35
The emergence of FISH as an accurate

molecular cytogenetic technique when vali-
dated against DNA studies'9-21 suggested that
FISH could replace high resolution cyto-
genetics for deletion detection in the
microdeletion syndromes, should suitable
probes become available. The advent ofprobes
specific for the Prader-Willi syndrome and
Angelman's syndrome regions has now opened
this field for FISH work. In our study, the cor-
relation of the FISH and DNA results was

100% and the cases discrepant on high resolu-
tion cytogenetics could be resolved with FISH.
In another study comparing FISH and high
resolution cytogenetics, FISH was considered
to be superior to high resolution cyto-
genetics,36 but the data presented in that
report were not compared with DNA results
such as has been done here. Our data establish
the validity of the use of FISH as an accurate
technique for deletion detection in both
Prader-Willi syndrome and Angelman's syn-
drome. Furthermore FISH is a fairly rapidly
performed molecular technique and signal
visualisation is not difficult with the incorpora-
tion of the 1 5q22 marker with the probe. The
probes themselves are relatively expensive, but
ultimately FISH may be more cost effective
than high resolution cytogenetics in deletion
detection due to the increased accuracy and
time savings compared with the more labori-
ous high resolution cytogenetics analysis.
Due to the high accuracy of FISH in dele-

tion detection in Prader-Willi syndrome and
Angelman's syndrome, we suggest that this
technique should replace high resolution cyto-
genetics in the diagnosis of these patients.
Routine cytogenetics with GTG banding must
be performed on all suspected patients due to

the possibility of structural rearrangements
involving chromosome 15 which occur in
about 5% of Prader-Willi syndrome and
Angelman's syndrome individuals. For this
reason, FISH cannot be the sole technique
without cytogenetics, as has been suggested.37
A sensible strategy for the investigation of

suspected Prader-Willi syndrome/Angelman's
syndrome patients is outlined in fig 3. Routine
cytogenetics is performed first and then FISH
on the same culture or slides as was used for the
initial routine cytogenetics. Our procedure now
is to make an extra slide for FISH at the time of
the cytogenetic harvest. This protocol will
diagnose the majority of both Prader-Willi syn-
drome and Angelman's syndrome patients as
approximately 70% have a large DNA deletion.
FISH accurately reflects the DNA deletion so
that when a deletion is detected, no further
DNA testing needs to be performed. In those
cases in which a deletion is not detected by
FISH, clinical reassessment is valuable to
suggest if any further testing is warranted. Some
cases may be withdrawn at this stage. If DNA
testing is to be undertaken, this may follow stan-
dard polymorphic marker analysis, requiring
specimens from the parents. For classical
Prader-Willi syndrome patients, uniparental
disomy will be shown to be the mechanism in
the great majority of the non-deleted patients,8 9
and verification of uniparental disomy can be
sought by DNA testing with terminal 1 5q
markers only. Alternatively, DNA testing could
be performed by the methylation technique
which relies on methylation sensitive restriction
enzymes differentially cutting maternal and
paternal DNA.3"0 The methylation patterns
obtained can diagnose Prader-Willi syndrome
and Angelnan's syndrome accurately38-4l but
cannot distinguish between the mechanism of
deletion or uniparental disomy.3"1 Methyla-
tion testing is more rapid and less expensive
than full polymorphic studies and does not
require parental blood samples. Several
methylation sites are present in the 1 5(ql 1-13)
region, including PW7138 which has proved to
be useful for clinical diagnosis4l and can act as a
back up when parental samples are not avail-
able. Among patients with Angelman's syn-
drome approximately one third remain
unresolved with the current DNA probes avail-
able. It is important to establish the mechanism
because the recurrence risks are very low for
uniparental disomy but up to 50% if the patient
is non-deleted, non-disomic. These patients
should be kept under review for retesting as the
Angelman's syndrome gene is defined.

While DNA testing can be time consuming
and expensive, FISH has reduced by two
thirds the number of cases requiring full DNA
work up and is thus additionally cost effective.
The selective use of DNA studies proposed
with this strategy will keep the total cost of
investigation to a minimum but also identify
those patients where further detailed DNA
studies are warranted.

We thank Professor D Sillence, Head, Department of Genetics,
Children's Hospital, Camperdown, for his support. The DNA
work was performed under a grant from the National Health
and Medical Research Council, Australia.
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