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A new strategy for cryptic telomeric translocation
screening in patients with idiopathic mental
retardation

Saeed R Ghaffari, Elizabeth Boyd, J L Tolmie, Yanick J Crow, Alison H Trainer,
J Michael Connor

Abstract
Cryptic unbalanced chromosome rear-
rangements in the telomeric bands of
human chromosomes constitute a signifi-
cant cause of "idiopathic" mental retarda-
tion. Here, we have described a new
strategy based upon comparative genomic
hybridisation (CGH) to screen for these
abnormalities.. A modified CGH analysis
showed three unbalanced cryptic rear-
rangements in five patients from three
families. These chromosome abnormali-
ties and their balanced forms in the
relatives were then confirmed by fluores-
cence in situ hybridisation (FISH). This
study describes a new approach to the
diagnosis of cryptic translocations between
the G band negative ends of chromosomes
and confirms the significant contribution
ofcryptic telomericrearrangements to idio-
pathic mental retardation.
(aMed Get 1998;35:225-233)
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Molecular cytogenetic and DNA methods are
increasingly used to diagnose cytogenetically
invisible translocations involving the G band
negative ends of chromosomes in patients who
have a normal G banded karyotype.'' When
clinical features suggestive of a known chromo-
some syndrome are present, it is straightforward
to investigate the possibility of a translocation
with specific DNA probes by using fluorescence
in situ hybridisation (FISH) or other molecular
methods.2' However, in routine clinical prac-
tice, the majority of people with unexplained
mental handicap do not have clinical signs that
suggest one particular chromosome abnormal-
ity, although in certain cases there may be a

strong clinical suspicion of an underlying chro-
mosome imbalance. Since cryptic rearrange-
ments that cause mental handicap tend to con-
centrate in gene rich subtelomeric regions,22 a
screening strategy was recently described which
uses a combination of molecular cytogenetic
and DNA techniques to screen for subtelomeric
chromosomal abnormalities.' This approach
constitutes a very powerful diagnostic tool but
several experiments have to be done on each
case to confirm or exclude a telomeric rear-
rangement. Moreover, only chromosomal re-
gions that are specified by the DNA probes
used will be screened. Therefore, it would be
desirable to develop an alternative method that

can screen the whole genome for cryptic
chromosome imbalance in a single experiment.

Comparative genomic hybridisation (CGH)
has the potential to provide genome wide
screening for cryptic unbalanced aberrations.
CGH is a modified FISH technique in which
differentially labelled test and reference DNA
is cohybridised on normal "target" metaphase
chromosomes to assay copy number
differences.2324 Since its development, CGH
has been applied mostly as a research tool in
the field of cancer cytogenetics, but it has also
been used as an adjunct to traditional cytoge-
netic banding analysis.25.2. The smallest possi-
ble chromosome abnormality that CGH will
detect has not yet been defined and, impor-
tantly, telomeric regions have previously been
excluded from CGH analysis because the
absolute green and red fluorescence intensities
gradually decrease at the telomeres and unreli-
able ratio changes may appear as the fluores-
cence intensities approach background
fluorescence.25 26

Here, we show that if certain criteria are met,
CGH can be adapted successfully to detect
cryptic terminal translocations. Three families
in which cytogenetic analysis by standard G
banding (400-500 band level) and higher reso-
lution studies had failed to detect an abnormal-
ity were studied by modified CGH. Subtelo-
meric imbalance was identified in each family
and the findings were confirmed by targeted
FISH.

Methods
PATIENT SELECTION
Three families were carefully chosen for study.
In each, two affected members with an appar-
ently normal karyotype and a similar pheno-
type were related through at least one healthy
first degree relative. These features are highly
suggestive of the segregation of a cryptic chro-
mosomal translocation.

METAPHASE SPREADS
Metaphase spreads were prepared from phyto-
haemagglutinin (PHA) stimulated, methotrex-
ate synchronised peripheral blood lymphocytes
from patients (for FISH) or healthy males (for
CGH) using standard procedures of hypotonic
treatment and methanol/acetic acid fixation
(3: 1, vlv).

GENOMIC DNA PROBES AND LABELLING
PROCEDURES FOR CGH EXPERIMENTS
Test and controlDNAwas extracted by protein-
ase K and RNase digestions. Control genomic
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DNA was prepared from the blood of healthy
males (46,XY) or females (46,XX). Test
(patient) human genomic DNA was directly
labelled with FITC-12-dUTP (DuPont), and
control DNA was labelled with Texas Red-5-
dUTP (DuPont) by standard nick translation
reaction. DNase I concentration was adjusted
to result in an average fragment size of
500-1000 bp.

HYBRIDISATION AND POST-HYBRIDISATION

WASHINGS

Metaphase chromosomes from normal males
were denatured for two minutes at 70°C in
70% formamide, 2 x SSC, pH 7.0 (2 x SSC: 3
mol/l NaCl, 30 mmol/l Na3-citrate); thereafter,
slides were put through an ice cold ethanol
series (70%, 90%, 100%) and air dried. Ten
microlitres of hybridisation solution contained
1 zig of labelled test DNA, 1 ,tg of labelled con-
trol DNA, and 50 [tg of unlabelled human Cot
1 DNA (BRL Life Sciences) in 50% forma-
mide, 1 x SSC, and 10% dextran sulphate.
After denaturation at 74°C for seven minutes,
the hybridisation mix was applied to the slide
with the denatured metaphase chromosomes,
covered by an 18 x 18 mm coverslip, and sealed
with rubber cement. After 48-72 hours'
hybridisation at 37°C, slides were washed 3 x
five minutes with 50% formamide and five
minutes with 2 x SSC at 42°C and another five
minutes with ST (4 x SSC, 0.05% Tween 20)
at room temperature. Slides were then dehy-
drated in an ethanol series (70%, 90%, 100%)
and air dried. Finally, they were counterstained
with 4,6,diamino-2-phenylindole (DAPI, 0.1
[tg/ml), resulting in coarse banding of the chro-
mosomes, allowing individual chromosomes to
be identified.

DIGITAL IMAGE ANALYSIS

Images for CGH analysis and FISH were
obtained using an epifluorescence microscope
(Axioplan: Zeiss, Germany) equipped with a
cooled CCD camera (Photometrics) control-
led by an image analysis system (Smart
Capture V2. 1, Digital Scientific, Cambridge,
UK). For standard CGH analysis, green, red,
and blue fluorescence images were captured
from each high intensity, uniformly hybridised
metaphase and were analysed as separate grey
scale images. The image representing the blue
DAPI counterstain was inverted and used for
chromosome identification based on its coarse
banding pattern. The mean of the individual
ratio profiles of at least 10 and generally 20
metaphase spreads was calculated. The green
and red fluorescence intensities were calculated
and the green to red ratio profiles along the
chromosome axis were displayed. For normali-
sation of the ratio profiles, the model value of
the green to red ratio for the entire metaphase
was set to 1.0. Finally, the individual ratio pro-
files were combined to yield the average ratio
profiles, which were displayed next to the chro-
mosome diagrams with significance intervals of
0.5 and 1.5.

INTERPRETATION OF CGH RESULTS AND QUALITY
CONTROL
Chromosomal regions with a green to red ratio
above 1.5 were considered to be over-
represented (gained), whereas regions with a
ratio below 0.5 were considered to be
under-represented (lost). These limit values
were slightly different in each experiment
depending on the thresholds deduced from the
analysis of negative control experiments where
two sets of differently labelled normal DNA
were hybridised against one another. More-
over, a telomeric area was considered to be
gained when: (1) these ratios were present in
both homologues of each individual meta-
phase as well as averaged ratio profiles in a
global CGH analysis, and (2) the pattern of
fluorescence intensity at the chromosomal
ends for the test and control DNA was differ-
ent, that is, increasing for the curve corre-
sponding to the fluorescence intensity of test
DNA while decreasing for that of control
DNA. Reliability of the results was controlled
in different ways. Negative and positive
controls were included in each CGH experi-
ment. Hybridisations of directly FITC labelled
normal female DNA and Texas-Red labelled
normal male DNA were used as negative con-
trols and DNA samples with known gains and
losses as positive controls. In the case of JK,
different control DNA, including parental
DNA, and also different fluorochromes, were
used to check the findings. FISH using appro-
priate telomeric or whole chromosome probes
then confirmed all abnormalities found. Using
this approach, no modifications in the stand-
ard CGH software were required.

TWO COLOUR FISH

FISH to metaphase chromosomes from pa-
tients was carried out as follows: metaphase
chromosomes were denatured for two minutes
at 70°C in 70% formamide, 2 x SSC, pH 7.0;
thereafter, slides were put through an ice cold
ethanol series (70%, 90%, 100%) and air
dried. In each case, appropriate biotin or
digoxigenin labelled probes were first dena-
tured and reannealed according to the manu-
facturers' instructions and then mixed in equal
ratios. Ten microlitres of hybridisation solution
containing equal amounts of each hapten
labelled probe was applied to the slide with
denatured chromosomes, covered by an 18 x
18 mm coverslip, and sealed with rubber
cement. After overnight hybridisation, post-
hybridisation washes were carried out as
described above. Thereafter, slides were incu-
bated for 10 minutes with blocking agent (15%
human serum (Sigma) in ST solution) at 37°C.
Slides were then incubated with avidin DCS
conjugated to FITC (fluorscein isothiocyanate,
Vector Laboratories) for 30 minutes at 37°C to
visualise biotin labelled probes. Digoxigenin
labelled probes were detected at the same time
by incubation with sheep antidigoxigenin con-
jugated to rhodamine. No amplifications of the
signals were needed. Slides were then washed 3
x five minutes in ST solution at room tempera-
ture. Finally, slides were dehydrated, air dried,
and mounted, as described above.
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Results
DETECTION OF CRYPTIC CHROMOSOMAL
TRANSLOCATIONS
Family 1
Patient JK was referred to the Clinical Genetics
Department because of craniofacial dysmor-
phism in association with tetralogy of Fallot,
laryngomalacia, and inguinal hernia. He died
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Figure 1 CGH and targeted FISH results ofJK and his
father using the strategy described above are depicted. (A)
Standard ratio profile ofchromosome 17 is shown below the
chromosome idiogram. The three horizontal lines below the
idiogram represent the balanced state of the chromosomal
copy number (middle line, ratio 1.0) and the lower (lower
line) and upper (upper line) thresholds applied to detect
chromosomal losses and gains, respectively. These thresholds
correspond to ratios of 0.5 and 1.5, which are the
theoretical values expectedfor a monosomy or trisomy
present in 100% of diploid cels. The polygon graph above
the idiogram shows thefluorescence intensity along
chromosome 17. As shown, while at the distalp arm both
colours are decreasing as usual, at the distal q arm the
intensity offluorescence is increasingfor the green signal
and decreasingfor the red. This shows that the decreasing
effect offluorescence at the telomere is compensated by the
extra copy of the DNA in this region.
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at the age of 6 months as a result of his cardiac
abnormality. On taking the family history, it
was noted that a paternal uncle who died in
infancy from heart failure was reported to have
had "classical features of Noonan syndrome".
Our patient, although sharing some dysmor-
phic features associated with Noonan syn-
drome, did not have that condition but the
close similarity to his uncle led to a suspicion
that a cryptic translocation was segregating
within the family. The results of chromosome
analyses carried out on JK, his parents, and
other relatives in different service laboratories
were all normal.

CGH ANALYSIS USING STANDARD APPROACH
(FIG 1 A, B)
CGH analysis was performed on DNA from
JK. Twenty metaphases with high intensity
uniform hybridisation were chosen for image
analysis (see Methods). A standard type of
CGH analysis including background correc-
tion and normalisation was performed using a
fluorescence ratio (FR) threshold of
0.8-1.2.24 26 28 29 Average ratio profiles showed
gains for the short arms of chromosomes 21
and 14 and the distal bands of chromosomes
17q and lp. A loss of DNA material corre-
sponding to the 2q telomeric area was also
observed.
The application of a more restrictive thresh-

old (FR: 0.5-1.5) narrowed the abnormal find-
ings to chromosomes 17, 1, and 2. Using the
more restrictive threshold in global CGH
analysis of 20 metaphases, the same results
were obtained. It was also observed that
although the gain in chromosome Ip and dele-
tion of 2q were consistent in most metaphases,
they were found in only one homologue in each
metaphase. On the other hand, the gain in 17q
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Figure I (B) Standard ratio profile ofchromosome 2 (below the idiogram) shows a loss ofDNA material related to the
last band on 2q. The polygon graph (above the idiogram) shows the different gradients forfluorescence intensity secondary
to the DNA copy loss at this particular area. At the p arm, thefluorescence intensities for both green and red are following
the usual decreasing pattern of the chromosomal ends.
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Figure 1 (C) Standard ratio profile of chromosome 1 (below the idiogram) shows a gain ofDNA material related to the
last band on Ip. However,fluorescence intensity quantification does not support thisfinding (by decreasingfor both
colours).

was consistently present in both homologues of
most metaphases.

In assessing the diagnostic significance of the
above observations, we took into account that
we had failed to observe similar findings in the
telomeric areas examined in 2000 CGH
images from 100 healthy subjects, nor were
these telomeric changes observed in a larger
series of approximately 48 000 CGH images
from 200 subjects with different abnormalities
not involving the telomeric regions.

CGH ANALYSIS BASED ON THE PATTERN OF
FLUORESCENCE INTENSITY AT CHROMOSOME
ENDS (FIG 1 A, B, C)
To investigate the significance of the results
obtained by standard CGH analysis, the
fluorescence intensity of red and green signals
corresponding to test and control DNA in the
20 normalised CGH images was measured.
Fluorescence intensity of the green signal
(patient DNA) at both homologues of the 1 7q
telomere, both before and after averaging,
increased while that of the red signal corre-
sponding to control DNA decreased. At distal
2q, however, both before and after averaging,
fluorescence intensity for green fell sharply but
that of the red signal first slightly increased and
then decreased, but at a slower rate than that of
the green signal. Quantification of the fluores-
cence intensities for both red and green at the
lp region showed decreasing patterns despite
the ratio findings.
To rule out sources of error, the CGH

experiment was repeated with the fluoro-
chromes reversed (red for test and green for
control DNA). Various different control sam-
ples were used, including DNA from both par-
ents and several unrelated subjects. Under all
these conditions the findings for chromosomes
17 and 2 remained consistent. These results

suggested strongly that there was at least one
extra copy of terminal chromosome 1 7q
telomeric region, and if the patient had an
unbalanced translocation, the extra material
was most likely translocated to the distal end of
2q, leading to partial monosomy/trisomy for
chromosomes 2q and 17q.
As expected for chromosomally balanced

karyotypes, CGH analysis showed no gain or
loss ofDNA material in any relative connecting
the patient and his dead uncle, nor were there
any CGH abnormalities in other healthy family
members.

CONFIRMATION OF CGH RESULTS BY FISH
To confirm the CGH findings, FISH was
carried out on metaphase chromosomes from
JK using commercial probes specific for the
telomeric regions of chromosomes 1 7q
(Oncor) and 2q (LI). Three signals for 1 7q telo-
mere were detected, two located at 17q, and
the third signal was translocated to a 2q
telomere (fig 1 D). Conversely, the chromo-
some 2q telomeric probe showed only one sig-
nal that was normally located on one homo-
logue of chromosome 2 (fig 1D).
Using the same FISH probes on the other

members of the family, JK's father and grand-
father were found to be carriers of the balanced
translocation (fig 1E), while the mother and
grandmother had normal results.
The size of the abnormality deduced from

the averaged relative length of each chromo-
some to total haploid autosome was estimated
to be -10 Mb for the duplication of 1 7q and -4
Mb for the 2q deletion (fig IA, B).

Family 2
Patient CL, a 32 month old girl, was referred to
the Clinical Genetics Department with mild
gross motor and speech delay, a small ventricu-

228
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.35.3.225 on 1 M

arch 1998. D
ow

nloaded from
 

http://jmg.bmj.com/


Cryptic telomeric translocation screening in idiopathic mental retardation

Figure 1 (D) Two colourFISH to metaphasefrom J7K using chromosomes 2q and 17q
telomeric probes: red signals correspond to the chromosome 17 and green signal corresponds to
the chromosome 2 telomeric probe. The picture shows an unbalanced 2q;1 7q translocation
resulting in, respectively, partial monosomyltrisomy for these chromosomes. (E) FISH to
metaphase from JK's father using the same probes, showing a balanced 2q;1 7q translocation.

lar septal defect, and minor facial dysmor-
phism, including low set ears, a flat philtrum,
and a wide mouth. In addition, she had
bilateral vesicoureteric reflux (VUR). In the
family history, a male first cousin had identical,
mild developmental delay, minor facial dys-
morphism, and had undergone surgery for
VUR. Both cousins and their parents had nor-
mal G banded karyotypes (400-500 band

level), but the presence of virtually identical
phenotypes in male and female cousins who are
related through healthy parents again led to the
suspicion that a cryptic chromosome transloca-
tion was segregating in this family.
DNA from CL was subjected to CGH

analysis using our modified technique and this
suggested gain of 20p telomere and loss of 4q
telomere. The size of the abnormality was esti-
mated to be 7 Mb for the 20p duplication and
10 Mb for the 4q deletion. The results ofFISH
analysis using the specific telomeric probes for
these chromosome regions (20p (Oncor) 4q
(LI)) confirmed the CGH results, identifying
an unbalanced translocation between the telo-
meric bands of chromosomes 4q and 20p (fig
2A). Both affected cousins had partial trisomy
for chromosome 20p and partial monosomy for
chromosome 4q. In turn, the mother of one
affected cousin and the father of the other were
found to carry a balanced reciprocal 4q;20p
translocation which was inherited from their
own mother (fig 2B).

Family 3
Patient SB, a first born male infant, was
referred to the Clinical Genetics Department
at the age of 2 years when moderate mental
handicap was diagnosed. He had no major
congenital abnormalities and minimal dysmor-
phism but in the family history his maternal
aunt, FM, had severe, unexplained mental
handicap. This 32 year old woman was
examined and found to have short stature
(height 140 cm), microcephaly (OFC 51 cm),
and non-specific facial dysmorphism. In view
of this family history, high resolution chromo-
some analyses were repeated on both patients
and their relatives on several occasions and,
although no abnormality was detected, an
underlying cryptic chromosome translocation
was always suspected on clinical grounds.

Modified CGH was performed on a DNA
sample from FM and showed partial gain and
loss ofDNA material corresponding to the dis-
tal bands of chromosomes 20q and 1 Oq,
respectively. The size of the duplicated 20q was
estimated to be 5 Mb and loss of 1Oq region
was about 10 Mb. FISH studies using 10q and
20q telomeric probes (LI) confirmed partial
trisomy for 20q and partial monosomy for 1 Oq.
The same unbalanced abnormality was also
detected in SB (fig 3A, B). The balanced recip-
rocal translocation was detected by FISH in
SB's mother (fig 3C, D) and maternal grandfa-
ther, but it was not present in a maternal aunt
of SB.

Discussion
A cryptic translocation is one which cannot be
observed by conventional cytogenetic analysis,
either because the size and banding pattern of
the chromosome regions involved are too simi-
lar for the exchange to be detected, or because
the size of the exchanged segments is close to
the limit of resolution of the cytogenetic
technique.' Small translocations involving
telomeric regions of chromosomes are espe-
cially difficult to detect since most telomeres
have a similar banding pattern. To date, detec-
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Figure 2 (A) FISH to metaphase ofCL using telomere probe for 20p and 4q showing the
presence of three red signals corresponding to three copies of 20p telomere region and one

green signal corresponding to 4q telomere. (B) Metaphase of CL's balanced carrier father
using the same probes.

tion of cryptic telomeric translocations has
mostly relied upon the presence of clinical or

cytogenetic clues that point to a specific chro-
mosome deletion or duplication syndrome.
The availability of DNA probes that permit
informative DNA or molecular cytogenetic

studies is also crucial. To diagnose cryptic
translocations without a specific clue to the
chromosome segment involved requires a
genome wide screening technique.
The data presented here show that modified

CGH analysis can detect unbalanced cryptic,
telomeric translocations of at least some chro-
mosomes. Previously, data relating to the telo-
meric regions of the chromosomes have always
been excluded from CGH analysis,25 26 mainly
because the green and red fluorescence intensi-
ties gradually decrease at the chromosome telo-
meres, and therefore a reliable colour ratio is
not possible with the currently used algo-
rithms. However, by introducing a new strategy
involving close attention to previously ignored
telomeric regions and the application of a
highly restrictive threshold, we have been able
to show translocations involving the telomeres
of 2q and 17q, 20p and 4q, 20q and 10q.

It was noted that partial trisomy was more
readily seen by the modified technique than
was partial monosomy. This phenomenon may
be because of the behaviour of the fluorescence
intensities at the chromosome terminals: when
an extra copy of DNA from a telomere is
present, this may compensate for the decreas-
ing fluorescence intensity at the chromosome
end and the signal shows a sharp rise while, in
contrast, the intensity of signal corresponding
to control DNA gradually decreases at chro-
mosome ends. When this pattern is present and
the above criteria are adhered to, diagnosis of
DNA gain corresponding to at least one extra
telomere is possible. Conversely, in partial
monosomies with loss of one copy of the
terminal band, there is less difference in the
patterns of fluorescence intensity in control
and test DNA. While the intensity of the test
signal decreases sharply, the fluorescence
intensity of the control signal increases slightly
at first and then gradually decreases. The initial
slight increase might be explained by increased
hybridisation of control DNA when it com-
petes with less test DNA from the deleted
chromosome segment. This difference in the
gradient of the fluorescence intensities, al-
though less obvious than that associated with
the partial trisomies, was sufficient to lead to
the detection of DNA deletion in the three
families described here.
There is no reported evidence that the

detection of partial monosomies using CGH
has proved difficult, at least with respect to
larger sizes of DNA loss. On the other hand,
DNA losses of the size seen here, especially
those involving telomeric areas, have only
rarely been described using other techniques
and a study of the sensitivity of CGH in this
situation is warranted. We believe that our
results to date justify using the modified CGH
technique to screen a larger series of patients
where clinical genetic evidence points to cryp-
tic rearrangement.
Although findings related to the telomeric

areas of different chromosomes have previously
been regarded as unreliable, when the standard
CGH approach detects gain or loss of DNA
material of one particular telomere, this obser-
vation should not be discounted. Thus, we can
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Figure 3 FISH to metaphase ofSB using whole chromosome libraries for chromosome 10 (red) and 20 (green) and telomere probes for 20q (green) and
lOq (red), showing the presence of three green signals corresponding to three copies of20q telomere region (A) and one red signal corresponding to 10q
telomere (B). Metaphase ofSB's balanced carrier mother using the same probes (C, D).

summarise the strategy that we suggest for
CGH analysis of telomeric areas as follows. (1)
In cases of gain of DNA material: using a
restrictive threshold, global CGH analysis
should show similar findings in both homo-
logues in most metaphases; intensity of fluores-
cence corresponding to test DNA at a telom-
eric area should increase, while fluorescence
intensity of control DNA decreases. (2) When
loss ofDNA material is suggested, the intensity
of fluorescence corresponding to the control
DNA increases slightly at first and then
decreases, but fluorescence intensity of test
DNA decreases sharply from the beginning of
the deleted segment. These patterns must be
present in the averaged profile as well as in
most individual chromosome profiles. Targeted

FISH studies using appropriate probes are
then used to confirm the CGH results.

Since the technique depends on analysis of
patients' DNA, it is not dependent on a high
quality chromosome preparation. Although
balanced translocations cannot be detected by
this technique, this is only a major disadvan-
tage if there are no living affected subjects.
Stored DNA from subjects who have died may
also be studied, emphasising the importance of
storing a DNA sample from people with unex-
plained mental handicap. Targeted FISH stud-
ies will detect carriers of the balanced abnor-
mality that led to the specified chromosome
imbalance in the proband, or confirm de novo
mutation in the proband if both parents have
normal FISH results.
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Another approach to genome wide analysis is
provided by combinatorial multifluor FISH
(M-FISH)3"' 31 where up to 27 different chro-
mosome paint probes (including some arm
specific paints) have been used. Whole chro-
mosome FISH probes can facilitate the detec-
tion of some small rearrangements, but telom-
eric regions are often under-represented in the
painting probes.32 Recently developed telo-
meric probes33 may prove more informative
using M-FISH or a multiprobe coverslip34
device. However, to cover the telomeric areas
of all chromosomes in M-FISH, 48 different
telomeric probes in at least 24 different colours
(ideally 48 colours) are required3 and the mul-
tiprobe coverslip device requires a high quality
chromosome preparation ofhigh mitotic index.
Although the device has shown the presence of
known abnormalities, it has not yet been tested
in a blind study. With both methods, subtle
cryptic deletions outside the telomeric area
may remain undetected. Our approach, if sub-
stantiated, could provide all the advantages of
the CGH technique including genome wide
screening for unbalanced abnormalities and
dependence on DNA rather than metaphase
spreads. The CGH analysis took approximately
one working day following 48 hours' incuba-
tion for hybridisation. FISH analysis for
confirmation involved overnight hybridisation
and a half day for detection and analysis.
The occurrence of telomeric translocations

has been explained by the finding that non-
homologous chromosomes share common telo-
mere associated repeat sequences.' These may
result in mispairing during meiosis and thus
facilitate translocation. The fact that the highest
gene concentrations in the human genome are in
telomeric bands of metaphase chromosomes22
makes the study of these abnormalities particu-
larly important for understanding the causes of
mental handicap, a common problem which
affects up to 3% of all school age children and is
of idiopathic or unexplained origin in up to 80%
of cases.35 36 Recently, Flint et al5 found three
cases of cryptic de novo rearrangements among
99 patients with idiopathic mental handicap
who were screened for subtelomeric chromo-
somal abnormalities with a combination of
molecular cytogenetic and DNA techniques. All
three cases diagnosed in that report had de novo
rearrangements whereas the patients described
here were selected for detailed study because
inheritance patterns and clinical features
strongly suggested they suffered familial chro-
mosomal imbalance. Our patients also had
larger, cryptic rearrangements (in the range 4-10
Mb, see Results and fig 1A, B) which were only
detected after we adapted CGH to work
successfully at its highest reported resolution in
clinical cytogenetics, close to its ultimate theo-
retical resolution using the current available
technology. Although CGH analysis is presently
unable to detect abnormalities less than 4 Mb in
size, given our discovery of the important
contribution of larger cryptic rearrangements to
familial, idiopathic mental handicap, there is a
high priority to investigate the use of CGH as a
tool for genome wide screening in a larger series

of sporadically affected subjects with idiopathic
mental handicap.
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