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Aim To identify cryptic subtelomeric rearrangement, a possible cause
of idiopathic mental retardation by means of multiprobe telomere fluo-

rescent in situ hybridization (T-FISH).

Methods Hundred patients (median age 3.0 years) with mental retar-
dation and dysmorphic features were screened using specific T-FISH
probes. Multiplex ligation-dependent probe amplification and compar-

ative genomic hybridization were used for the confirmation of results.

Results Telomere fluorescent in situ hybridization revealed 11 subtelo-
meric abnormalities in 10 patients (10%; 95% CI, 5.0-17.5). Four of
these had only a deletion of subtelomere 2q, which was apparently a
normal variant. Among 6 true aberrations (6%; 95% CI, 2.5-12.5) we
found 2 de novo subtelomeric deletions and 4 unbalanced subtelomeric
rearrangements (one de novo). All clinically significant subtelomeric
rearrangements were confirmed by multiplex ligation-dependent probe
amplification. Comparative genomic hybridization was used to inves-
tigate the whole genome of patients in whom a subtelomeric anomaly

was found, confirming some, but not all subtelomeric rearrangements.

Conclusion Telomere fluorescent in situ hybridization and multiplex
ligation-dependent probe amplification are both very useful and in-
terchangeable methods for the detection of unbalanced chromosome
rearrangements, but T-FISH also detects balanced rearrangements. In
our experiment, the resolution power of comparative genomic hybrid-
ization was too low for subtelomeric screening compared with T-FISH

and multiplex ligation-dependent probe amplification.
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A significant diagnostic challenge exists to iden-
tify the new causes of mental retardation. Men-
tal retardation is present in about 1-3% of indi-
viduals in the general population, but it can only
be explained in about half of the cases, despite
thorough clinical and laboratory investigations
(1). Several lines of evidence indicate that genet-
ic factors are involved in many of the idiopathic
cases, as they often show prenatal and postnatal
signs such as dysmorphic features, growth retar-
dation, and malformations or have a family his-
tory of mental retardation (1).

The subtelomeric regions are interesting from
a genomic perspective, as they are gene rich and
often involved in chromosomal rearrangements
(2). Most telomeres stain lightly with-G-band-
ing, and small rearrangements are therefore dif-
ficult to detect. In 1996, a complete set of fluo-
rescence in situ hybridization (FISH) probes
located within a distance of 300 kB from the
telomeric repeats was presented, and an updat-
ed set was announced (3,4). These probes made
it possible to analyze all chromosome ends for
subtelomeric rearrangements in one experiment
(5). Today, the most frequently used methods
to screen for chromosomal abnormalities in’ pa-
tients with mental retardation arethe following:
FISH with a complete set of subtelomere probes
(T-FISH) (5), multicolor FISH/spectral karyo-
typing (M-FISH/SKY)(6,7), multiplex ampli-
fiable probe hybridization (MAPH) (8), multi-
plex ligation-dependent probe amplification (9),
comparative genomic hybridization (10), high
resolution-comparative genomic hybridization
(11), microarray-comparative genomic hybrid-
ization (12-14), primed in situ labeling (PRINS)
(15), and genotyping (1). The prevalence of ab-
normalities in the entire group of patients with
idiopathic mental retardation is 5.1% but the fig-
ure is higher (6.8%) in the individuals with mod-
erate to severe mental retardation (16).

We analyzed 100 patients with mental re-
tardation and/or dysmorphic features using T-
FISH. By means of multiplex ligation-depen-

dent probe amplification, positive results of
T-FISH were confirmed and by means of com-
parative genomic hybridization the whole ge-
nome of patients with subtelomeric aberrations
was screened.

Patients and methods

Patients

We screened 100 patients, 54 girls and 46 boys
aged 0-19 years (median age 3.0) (Figure 1). Pa-
tients were selected according to the following
criteria (1):-mild to moderate mental retarda-
tion (IQ<70) or developmental delay with dys-
morphic features (2); normal karyotype at the
level of resolution >450 bands, except in one
case (case 3), in which the source of the translo-
cated material was confirmed using T-FISH and
one subtelomeric deletion was found (3); exclu-
sion of other possible etiologies by a full genet-
ic assessment and relevant tests, for example, for
Fragile X syndrome. Children aged 0.1-6 years
(60%) were investigated because of dysmorphic
features and children aged 6.1-19 years (84%)
were investigated because-of idiopathic mental
retardation. Ethical approval was granted by the
National Medical Ethics Committee of Slovenia
(No. 64/05/04).

Methods

Cytogenetic and multiprobe fluorescent in situ hy-
bridization. Metaphase slides were prepared
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Figure 1. Age and gender of patients included in the study. Open bars
- males, closed bars - females.
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Table 1. Locus specific FISH probes, their characterization, and results on derivative chromosomes in patients with clinical significant

subtelomeric rearrangements*

Case Probe region Probe name Gene marker FISH results on derivative (der) chromosome

Case 1 (F) 2q37.3 YAC 762G3 D2S2042 der(2): one signal
Xp22.33 PAC dJ617A9 AC005295 der(X): no signal
Xp22.33 BAC bA155F12 AC027389 no signal
Xp22.33 BAC bA751F9 DXYS104 (AC068583,2) no signal
Xp22.33 BAC bA131H1 AC073615 no signal
Xp22.33 BAC bA215A12 AC084716 no signal
Xp22.3 YAC 742C6 AFMB290XG5 no signal
Xp22.31 BAC bA483M24 AC073583 no signal
Xp22.31 BAC bA126022 AC073488 no signal
Xp22.31 BAC bA382D24 ends’ one signal

Case 2 (M) 10923.3 RP11-402D21 AL359198 der (13): no signal
10q24.1 RP11-7D5 AL356632 no signal
10q24.1 RP11-34E5 AL138765 one signal
10q24.2 RP11-548K23 AL355315 one signal
13933.3 RP11-15L1 AL138914 one signal
13q34 RP11-120J20 AL157875 one signal
13934 RP11-75F3 AL136032 no signal
13934 RP11-245B11 AL161774 no signal
13934 RP11-569D9 AL160396 no signal

Case 3 (M) Xp22.33 PAC dJ617A9 AC005295 der (X): no signal
Xp22.33 BAC bA155F12 AC027389 no signal
Xp22.33 BAC bA751F9 DXYS104 (AC068583,2) no signal
Xp22.33 BAC bA131H1 AC073615 no signal
Xp22.33 BAC bA215A12 AC084716 no signal
Xp22.3 YAC 742C6 AFMB290XG5 no signal
Xp22.31 BAC bA483M24 AC073583 no signal
Xp22.31 BAC bA126022 AC073488 one-split signal
Xp22.31 BAC bA382D24 ends’ one signal on Xp
Xq28 PAC dJ231B19 NA one signal on Xq
Xq28 RP11-157E12 AF282854 one signal on Xq
Xq28 RP11-402H20 AC016977 one signal on Xq
Xq28 YAC 810M4 AC027048 one-split signal

Case 4 (M) 8q24.22 BAC bA269124 AC090987 der(21): no signal
8q24.22 RP11-21D15 AC019342 no signal
8q24.3 YACT774G12 D8S1741 one signal
21922 YAC886G8 D21S266 one signal
21922.3 RP11-433E24 ends' no signal

Case 5 (F) 9p24.1 bA31M2 AL158147 der(9): no signal
9p24.1 bA125K10 AL133283 no signal
9p24.1 bA4T2F14 AL353718 no signal
9p24.1 bATTE14 AL354694 no signal
9p23 bA50C21 AL356054 one signal

Case 6 (F) 10926.3 RP11-108K14 AL161645 der(11): one signal
10926.3 RP11-408L20 AC067746 one signal
10q26.2 RP11-333H4 AL160174 one signal
10g26.2 RP11-21M8 AL15771 one signal
10926.2 RP11-16P8 AL583860 one signal
10g26.13 RP11-359B3 AL929444 one signal
10g26.13 RP11-564D11 AC073585 no signal
11925 RP11-265F9 ends’ no signal
11925 RP11-828F10 AP001110 no signal
11925 RP11-90A13 endst no signal
11q24.3 RP11-535N6 AP004371 no signal
11q924.3 RP11-589G12 AP003782 no signal
11q924.2 RP11-480C22 AC074180 no signal
11924.2 RP11-15J15 ends’ one signal
11924.2 RP11-417F7 AP003069 one signal

*Abbreviations: M — male; F - female; NA - not available.

tDetermined by bacterial artificial chromosomes-end (BAC-end) sequencing.

843



844

Croat Med ] 2006;47:841-850

from a lymphocyte culture of peripheral blood
as described previously and all patients were
karyotyped using classical cytogenetic techniques
(17). Following the manufacturer’s protocol, the
Chromoprobe Multiprobe T System (Cytocell,
Ltd, Banburry, UK) was used to detect subtelo-
meric regions.

A minimum of five metaphases was analyzed
for each chromosome. More than 10 metaphases
and 10 interphases were analyzed when a chro-
mosome rearrangement was detected. The slides
were analyzed in a Zeiss Axioplan fluorescence
microscope (Zeiss, Gotingen, Germany) and
images were captured by a cooled CCD cam-
era (Cohu, San Diego, CA, USA). The Applied
Imagine software system was used (Applied Im-
aging, Newecastle, UK) (5)

Abnormal FISH results were confirmed with
locus-specific subtelomeric probes derived from
yeast artificial chromosomes (YACs), P1 arti-
ficial chromosomes (PACs), and bacterial arti-
ficial chromosomes (BACs) which were a kind
gift from Dr M. Rocchi, University of Bari, Italy
(Table 1).

Multiplex ligation-dependent probe amplifi-
cation. The method was performed as previous-
ly described (9,18) using a commercial kit SAL-
SA P036 for multiplex ligation-dependent probe
amplification assay (MRC, Amsterdam, Hol-
land) according to the manufacturer’s protocol
(www.mrc-holland.com/mlpa_info.html).  Sam-
ples were analyzed using a Beckman CEQ 8000
capillary electrophoresis system (Beckman Coul-
ter, Fullerton, California, USA).

Microsoft Excel software 2002 (Microsoft,
Seattle, WA, USA) was used to record peak areas
corresponding to the signal from each probe. In
order to produce normalized ratios reflecting the
relative probe dosage, each peak area was divided
by the sum of all peaks. For each probe, this ratio
was divided by the same ratio from an unaffect-
ed control run in the same experiment. Expect-
ed normalized values were 1.0 in the absence of
copy number change, and 0.5 and 1.5 in the case

of heterozygous deletion and duplication, respec-
tively.

Comparative  genomic  hybridization. 'The
method was performed as described previously
(19). Briefly, the patient’s DNA and normal ref-
erence DNA were labeled with Spectrum Green
and Spectrum Orange (Vysis, Downersgrowe,
Iinois, USA). A total of 1 pg of DNA and 30
ug Cotl DNA were hybridized to normal meta-
phase chromosomes. Slides were hybridized for
three days, washed, and counterstained with 4,6-
diamidino-2-phenylindole (DAPI). Compara-
tive genomic hybridization image capture was
performed with a Cytovision (Applied Imaging,
Sunderland, UK) interfaced to a fluorescence
microscope Axioplan (Zeiss, Gotingen, Ger-
many). In each case, at least 10 metaphases were
analyzed. Karyotyping was performed based on
the DAPI-banding pattern. Green and red flu-
orescence intensities were measured along the
length of each homologue chromosome. The av-
erage green to red ratio fluorescence intensity ra-
tio profile was calculated foreach chromosome.
In regions of normal sequence copy numbers, the
average green to red ratio was found to be around
1.0. Chromosomal regions with a ratio above 1.2
were considered to be gained, whereas regions
with a ratio below 0.8 were considered to be lost.

Results

Frequency with T-FISH

Testing with the T-FISH method revealed sub-
telomeric chromosomal rearrangements in 10 of
100 proband patients (10%; 95% CI 5.0-17.5),
where 11 independent subtelomeric rearrange-
ments were found. Among them, 4 patients had
an unbalanced cryptic rearrangement, 2 patients
had a deletion of the subtelomeric region (one of
whom had 2 subtelomeric deletions — one clini-
cally significant and one polymorphism-deletion
of region 2qter), while 4 patients showed only an
apparently normal variant of 2qter deletion. The




frequency of clinically significant subtelomer-
ic aberrations was 6% in our study population
(95% CI 2.5-12.5), when the cases with 2qter
polymorphism were excluded.

Multiplex ligation-dependent probe amplifi-
cation confirmed all clinically significant subtelo-
meric rearrangements. In contrast to T-FISH,
multiplex ligation-dependent probe amplifica-
tion failed to detect 2qter polymorphism.

With comparative genomic hybridization we
confirmed subtelomeric anomalies larger than
8Mb: dim(Xpter) in case 1; enh(10q23.3->qter)
in case 2; dim(Xpter) in case 3; enh(8qter)
in case 4, dim(9pter) in case 5, and in case 10
enh(10qter) and dim(11qter).

Aberrations and clinical features of patients

The karyotypes, clinical features, and paren-
tal studies of the abnormal cases are described,
combining the results of T-FISH, locus-specific
FISH, multiplex ligation-dependent probe am-
plification, and comparative genomic hybridiza-
tion.

Case 1: 46, XX. ish del(X)(pter-)(bA12602
2-), del(2)(qter-)(D2S2986-). With T-FISH we
found the deletion of region 2qter, which was
not clinically significant (Table 1) and a de-novo
deletion of the Xpter region (Figure 2A). A larg-
er deletion on the short arm of the X chromo-
some was confirmed using several probes cover-
ing the Xp22.33 and Xp22.31 regions (Table 1).
The breakpoint was determined to be between
probes bA126022 and bA382D24, which rep-
resents an approximate 9Mb deletion. Both par-
ents had normal X chromosomes, while the fa-
ther had the same 2qter polymorphism as his
daughter. Multiplex ligation-dependent probe
amplification (Figure 2B) and comparative ge-
nomic hybridization (Figure 2C) confirmed the
deletion of chromosome Xpter, but not the poly-
morphism.

This girl with dysmorphic features was the
first child of phenotypically normal parents. Her
birth and birth-weight were normal. Growth re-

Erjzzvec—gleerget et al: Subtelomeric Chromosome Rearrangements

tardation was observed at eight months. Clini-
cal features included: micrognathia, high palate,
broad forehead, flat nasal bridge, hypertelorism,
hydronephrosis, and vesicoureteric reflux.

Case 2: 46,XY,der (13). ish der(13)t(13;10)
(qter-q23.3>qter+). Case 2 has already been
described (21). With T-FISH and a set of
BAC probes we determined the breakpoint on
10g23.3 between BAC’s RP11-402D21 and
RP11-7D5 and on 13q34 between BAC’s RP11-
120J20 and RP11-75F3 (Table 1). The case was
reexamined using the comparative genomic hy-
bridization and multiplex ligation-dependent
probe amplification techniques. The deletion on
13g-was not confirmed by comparative genomic
hybridization, while the trisomic 10q was clearly
seen. Multiplex ligation-dependent probe ampli-
fication detected monosomy of 13q and trisomy
of thel0q subtelomeric region.

The patient had psychomotor and growth re-
tardation, dysmorphic facial features, toe anom-
alies, right choanal hypoplasia, coloboma, geni-
tal anomalies, bilateral renal hypoplasia, and early
chronic renal failure:

Case 3: 46, XY, inv(9)(pl1q13). ish rec(X)
(qter + prer-)(bA126022-, YAC810M4+). Case
3 has already been described (20) but now the
case'was reexamined using multiplex ligation-de-
pendent probe amplification and comparative
genomic hybridization. Cytogenetic and multi-
probe fluorescent in situ hybridization and a set
of BAC probes revealed the unbalanced rear-
rangement in bA1269022 on the Xp22.3 region
and in bA810M4 on the Xq28 region (Table 1).
Multiplex ligation-dependent probe amplifica-
tion revealed a deletion of Xpter and the dupli-
cation of the Xqter region. Only the deletion of
Xpter was detected by comparative genomic hy-
bridization, while trisomy of the Xqter region
Was not seen.

The patient had severe growth and develop-
mental delay, ichthyosis, hypogonadism, limb
shortness, hypoplasia of the corpus callosum, a
round flat face, and a thin upper lip as a conse-
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Figure 2. Two cases (case 1 and 4) showing subtelomeric anomalies detected either by multiplex ligation-dependent probe amplification, partial
G-banding with tripsin and Giemsa (GTG) and R-banding with heat and Giemsa (RHG) banding, comparative genomic hybridization and T-FISH (Mul-
tiprobe T-System) (green signals for p-ter and red signals for g-tel). (A) T-FISH result of chromosome X in case 1 (left panel), showing the absence
of one Xpter signal. In case 4, T-FISH of chromosomes 8 (middle panel) shows an additional signal on der (21); T-FISH of chromosome 21 shows
the absence of one 21ptersignal (right panel). (B) Multiplex ligation-dependent probe amplification showing a del(X)(ptel) in case 1 (left panel) and
dup(8)(qtel) and a del(21)(qtel) in case 4 (right panel). (C) GTG and RBG banding of chromosomes. In case 1 (left panel), banding and comparative
genomic hybridization and comparative genomic hybridization (CGH) shows a del(X)(ptel) on chromosome X. In case 4 (right panel), amplification
of chromosome 8 [amp(8)(qtel)] was detected, but not the deletion of chromosome 21.

quence of a subtelomeric deletion of the chromo-
some X (STS, SHOX, ARSE, and KAL genes)
and duplication of complete region Xq28.

Case 4: 46,XY. ish der(21)1(21;8)(qter-qter+)
(YAC886GS8-RP11-21DI5+). After testing
with T-FISH, an additional signal of the 8q
subtelomere region on a G-group chromosome
and the absence of one signal of the 21q subtelo-
mere region were noticed (Figure 2A). Fluores-
cent in situ hybridization results from different

BACs and YACs determined the breakpoint on

8q24.23 between BAC RP11-21D15 and YAC
774G12 and on 21q22.3 between YAC 886G8
and BAC RP11-433E24 (Table 1). Multiplex li-
gation-dependent probe amplification confirmed
the same results as T-FISH: deletion of the sub-
telomere on chromosome 21q and trisomy of
the subtelomere on chromosome 8q (Figure 2B).
Approximately 8Mb of material of chromosome
8 was trisomic (confirmed by comparative ge-
nomic hybridization — Figure 2C and 3.9Mb of

material of chromosome 21 was missing (not de-




tected by comparative genomic hybridization).
A balanced translocation with the same break-
points on chromosomes 8 and 21 was found in
the patient’s father.

Mongoloid slant of the eyes was the only dys-
morphic feature observed in this patient. Early
development was delayed: he sat at the age of one
year, walked at 18 months of age, and spoke at
the age of 4 years. He has suffered from epileptic
seizures since the age of 30 months. He was obese
and clumsy and had poor fine motor skills. He
had borderline intelligence and problems with
concentration, but finished primary school.

Case S: 46,XX. ish del(9)(pter-)(23-prer-).
Using T-FISH we found a deletion of the 9pter
subtelomeric region. With locus-specific BAC
probes the breakpoint of the deletion, which oc-
curred de novo, was identified. RP11-50C21
(9p23) was the most terminal probe on the de-
rivative chromosome 9 (Table 1), which means
that the whole 9p24 region was missing (about
10Mb). The deletion was confirmed by multi-
plex ligation-dependent probe amplification and
comparative genomic hybridization.

This female infant was born after a normal
pregnancy to healthy, unrelated parents. She had
dysmorphic features, including epicanthal folds
and mongoloid slanting eyes, and suffered from
epilepsy.

Case 6: 46,XX. ish der(11) 1(11;10)(qter-,
gter+)(RP11-15]15-,RP11-359B3+). Using T-
FISH we revealed three red signals for subtelo-
meres of chromosome 10 and one red signal for
subtelomeres of chromosome 11. With locus spe-
cific FISH, we confirmed them and determined
the size of subtelomeric abnormality (Table 1).
The chromosome 10 was trisomic of the segment
10q26.13—10qter and the chromosome 11 had
a deletion of the segment 11q24.2—11qter. Us-
ing multiplex ligation-dependent probe amplifi-
cation and comparative genomic hybridization
we confirmed the results. On the derivative chro-
mosome 11, approximately 8Mb of chromosom-

al material was deleted and replaced with 8.3Mb

Erjzzvec—gleerget et al: Subtelomeric Chromosome Rearrangements

material of chromosome 10. The results of sub-
telomeric FISH in patient’s father showed a bal-
anced translocation: 46,XY. ish t(10;11)(qter-,
pter+;qter-,pter+).

The patient was a 17-year-old girl with mild
mental retardation, some facial and skeletal dys-
morphic features, aplastic anemia, and thrombo-
cytopenia.

Discussion

We report on the use of 3 different molecular
cytogenetics methods, T-FISH, multiplex liga-
tion-dependent _probe amplification, and com-
parative genomic hybridization in a cohort of
patients with mental retardation, dysmorphic
features, and a normal cytogenetic analysis, using
G-bands with tripsin and Giemsa (GTG) and
R-bands with heat and Giemsa (RHG) banding
techniques (with the exception of one case). In
our series of 100 patients, 11 subtelomeric aber-
rations were detected in 10% of the patients with
T-FISH technique.

Based on the summarized data of 20 studies,
the overall rate of subtelomeric anomalies in'idio-
pathic mental retardation averages 5.1%, ranging
from 0 to 35.7%; with an incidence of 3 to 9%
found in the majority of studies (22). The larg-
est study about prevalence of subtelomere rear-
rangements detected with T-FISH, presents data
compiled from 11 688 cases: the detection rate of
clinically significant abnormalities was 2.5% with
an additional 0.5% detection rate of polymor-
phic variant (23).

In our study 5% of patients had the deletion
of region 2qter (locus D252986), none of which
was confirmed by locus-specific FISH or multi-
plex ligation-dependent probe amplification. Pa-
rental studies were performed in two cases, with
both deletions being inherited from phenotypi-
cally normal parents. A polymorphism at the 2q
subtelomere was first identified by Macina et al
(24). Since then, the deletion of 2qter has been
reported in study populations with a frequency

847



848

Croat Med ] 2006;47:841-850

of 1.5 to 8.2% and an average frequency of 5%
(6,25,26). Based on our results, the segregation
analysis of the 2qter deletion in family members
in two cases showed no correlation with mental
retardation or other phenotypic anomalies. Our
observations support the conclusion that the de-
letion of locus D252986 in the 2qter region is a
common variant, with this clinically significant
result being interpreted as a polymorphism or a
normal variant. Multiplex ligation-dependent
probe amplification did not detect this polymor-
phism because 2qter probe for multiplex liga-
tion-dependent probe amplification subtelomer-
ic kit P036 is located outside the polymorphic 2q
subtelomeric region.

Our study also compared the usefulness of
three different methods, T-FISH, multiplex li-
gation-dependent probe amplification, and com-
parative genomic hybridization for detecting
subtelomeric anomalies in clinical diagnostics.

The usefulness of T-FISH for screening for
chromosomal anomalies in mentally retarded pa-
tients has been well demonstrated (4,27). This
method has the advantage of instant detection
of deletions and balanced or unbalanced trans-
locations, which can be located. Mosaic cases can
also be detected by T-FISH;which is not always
possible with the other two methods (9,19). Po-
tential concerns over using T-FISH are that 11
probes can cross hybridize with other chromo-
some regions (24,26). Thus, this method empha-
sizes the necessity of follow-up studies on par-
ents or other relatives for clinical interpretation
of positive FISH findings. A third generation of
the Chromoprobe Multiprobe System (Cyto-
cell) has been developed, which has a 2qter BAC
probe with no polymorphism. The detection rate
of all detected subtelomeric abnormalities with
third generation of DNA probes is therefore
lower than in previous studies (23).

For screening purposes, T-FISH method is
expensive and time consuming. Therefore we
sought a faster and cheaper method for detecting
subtelomeric deletions and amplifications. Mul-

tiplex ligation-dependent probe amplification
is a new method for the measurement of gene
copy number that holds great promise for detec-
tion of gene abnormalities (9). We applied mul-
tiplex ligation-dependent probe amplification
for subtelomeric testing by comparing it with the
T-FISH and comparative genomic hybridiza-
tion techniques. Multiplex ligation-dependent
probe amplification confirmed all clinical signifi-
cant subtelomeric rearrangements. Based on our
results there was a 100% concordance between
these two techniques (T-FISH and multiplex li-
gation-dependent probe amplification) when
the polymorphisms were excluded. The multi-
plex ligation-dependent probe amplification assay
is a simple, fast, sensitive, and specific technique.
Its characteristics are suitable especially for high-
throughput screening or testing, A disadvantage
of the multiplex ligation-dependent probe am-
plification method is the fact that confirmation
and location by FISH is still necessary. Recently,
210 patients with idiopathic mental retardation
were tested with multiplex ligation-dependent
probe amplification and-the detection rate of
6.7% was reported.(28). Clinical relevant abnor-
malities occurred in 6.3%;5:1%, and 1.7% of the
mildly, moderately, and severely retarded patients.
In contrast to other screening studies, their high-
est detection rate was among the mildly retarded,
emphasizing the importance of screening subtelo-
meric aberrations in this group of patients (29).
Comparative genomic hybridization pro-
vides a genome-wide screening for chromosomal
imbalances in a single hybridization directly from
DNA samples, without requiring the sample ma-
terial to be mitotically active (19). The main dis-
advantages of comparative genomic hybrid-
ization include its inability to detect balanced
rearrangements or regions consisting of highly
repetitive sequences and its inability to detect the
small amount of pathogenic cells. With compar-
ative genomic hybridization we confirmed sub-
telomeric anomalies larger than 8Mb. Our study
shows that comparative genomic hybridization




has the potential to diagnose aberrations that are
difficult or impossible to detect even with good
quality R- and G-banding techniques, but com-
pared with subtelomeric screening with T-FISH
and multiplex ligation-dependent probe amplifi-
cation, its resolution is too low.

The resolution of comparative genomic hy-
bridization has been reported to be in the range
of 5-10Mb (10), 4-5Mb (16), and, by high reso-
lution comparative genomic hybridization, 2-
3Mb (11,30). First screening approach to detect
subtle chromosome rearrangements in mental re-
tardation patients with dysmorphic features was
carried out with a resolution of 5 Mb (31). High
resolution comparative genomic hybridization
was suited for routine screening for cryptic chro-
mosomal imbalances througheut the whole ge-
nome. The detection rate in patients with mental
retardation was 12% (32).

The resolution in array-based comparative ge-
nomic hybridization is increased significantly, as
theoretically the detection of unbalanced aberra-
tions on the size of the single BAC clone is possi-
ble (12). The similar detection rate as by high res-
olution-comparative genomic hybridization was
also found with it: 8 to 10% of the patients had
clinically relevant chromosomal rearrangements
(33,34).

Based on our results, we concluded that T-
FISH and multiplex ligation-dependent probe
amplification were very useful, efficient, and in-
terchangeable methods, with some exceptions,
while the resolution by comparative genom-
ic hybridization was too low for screening sub-
telomeres. Multiplex ligation-dependent probe
amplification is a method that combines sim-
plicity with high sensitivity (9), but some impor-
tant facts remain unknown (balanced rearrange-
ments, location, mosaicism). Therefore, T-FISH
and multiplex ligation-dependent probe ampli-
fication methods cannot always be interchange-
able as it was previously reported (35). Multiplex
ligation-dependent probe amplification is the
method of subtelomeric screening, which is suit-

Erj:zvec—gkerget et al: Subtelomeric Chromosome Rearrangements

able especially for high-throughput screening. In
combination with T-FISH, which could be used
for result confirmation, it may be the method of
choice for routine cytogenetic diagnostics. For
sporadic diagnostic cases, T-FISH is the most
suitable method.

Until the genome-wide screening techniques,
like array-comparative genomic hybridization are
more accessible for routine cytogenetic diagnos-
tics (both financially and technologically), the
combination of different complementary mo-
lecular and molecular-cytogenetic techniques en-
ables precise interpretation of genetic results. The
choice of the screening method for subtelomere
investigations largely depends also on the num-
ber of patients to be screened and on laboratory
infrastructure.
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