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Purpose: Autism is a chronic neurodevelopmental disorder characterized by deficits in reciprocal social interaction,

language and communication, and by the presence of stereotypical behaviors. The disorder is a complex genetic trait

with no known predisposing genes. We report the results of a pilot project to screen for aberrations in the gene-rich

subtelomeric chromosomal regions of a cohort of children with autism. Methods: For our pilot project, we used a

multiprobe system that includes probes for the subtelomeric regions of all human chromosomes. We assessed the

subtelomeric regions of chromosomes from 10 children with a diagnosis of autism. Results: The screen identified one

child with an apparent deletion of the subtelomeric region of chromosome 2q; nine children and pooled control samples

yielded normal results. The deletion in our patient was confirmed with two other subtelomeric probes and a targeted

cytogenetic study revealed a subtle difference in appearance for one chromosome 2 homologue. Conclusion: There

have been several reports of children with dysmorphic features, autistic behaviors, and 2q deletions detectable with

standard cytogenetic techniques. It may be that the distal region of chromosome 2q harbors a gene or genes that may

predispose to autism. Genet Med 2002:4(1):10–14.
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Autism (OMIM: 209850) is a chronic neurodevelopmental
disorder characterized by pervasive deficits in social relating,
language and communication, and by the presence of stereo-
typed behaviors. This disorder has an approximate prevalence
rate of 2 to 5 cases in 10,000 children.1 Although the diagnosis
is primarily clinical, several tools exist to gather the necessary
history and behavioral observations to determine whether cri-
teria from the American Psychiatric Association’s Diagnostic
and StatisticalManual ofMental Disorders, 4th edition (DSM-
IV),2 are fulfilled. Gold standard assessment tools include the
Autism Diagnostic Interview-Revised (ADI-R)3 and the Au-
tism Diagnostic Observation Scale-Generic (ADOS-G).4

Formost children with autism, the underlying cause leading
to their stereotypic behaviors is unknown5 and laboratory analy-
ses (hematological, biochemical, and cytogenetic) do not offer
assistance.6 Although extensive studies have not revealed a defin-
itive biologicalmarker for autism, the disorder has been shown to
be a complex genetic disease. A variety of genetic factors, includ-
ing chromosome abnormalities, have been implicated in the
pathogenesis of autism.7 Abnormalities in chromosome 15 and
the sex chromosomes are themost common findings in studies of
children with autistic disorder;6 however, aberrations in the ma-
jority of individual chromosomes have been reported.7

Family and twin studies support the involvement of numer-
ous genes involved in autism.8,9 Recently, genome screens have
identified several areaswith potentially significant linkage.10–15

These studies report the strongest evidence for an autism sus-
ceptibility locus on 7q. In addition, regions on 2q, 16p, and 19p
were found to be suggestive of linkage by at least two genome
scans.15,16 Buxbaum et al.14 presented evidence suggestive of
linkage to distal 2q, particularly in patients with autism and
delayed onset of phrase speech.
Over 70% of individuals with autism have comorbid cogni-

tive impairment.17 Chromosomal abnormalities are known to
be one of the most common causes of mental retardation and
several studies have reported using a novel technique to screen
for cryptic, submicroscopic chromosomal aberrations in pa-
tients with idiopathic mental retardation.18–20 Deletions and
rearrangements in the subtelomeric regions were detected in a
significant proportion of individuals withmental impairment,
with aberration detection rates ranging from 3% to 23%.21–23

These studies suggest that rearrangements in the clinically im-
portant subtelomeres may be relatively common and that they
may serve as markers for the underlying causes of idiopathic
mental retardation.
The subtelomeric regions of human chromosomes are spe-

cialized units of chromosome-specific DNA just proximal to
the simple tandem telomeric repeats delineating the physical
ends of the human chromosomes. A high concentration of
genes and several candidate genes for recognizable syndromes
are known to be present in the subtelomeric regions.24 To de-
termine whether cryptic rearrangements and deletions in the
subtelomeric region represent a significant source of pathology
in autism, the use of a screening assay is of great utility. Re-
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searchers at the Institute of Molecular Medicine in Oxford,
England, have developed an easy-to-use device that allows for
simultaneous detection of all subtelomeric sequences on a sin-
gle microscope slide.18 Thus, a large number of individuals
may be analyzed relatively quickly and inexpensively. We used
this technique for a pilot screening study of 10 children with a
diagnosis of autism.

MATERIALS AND METHODS
Patients and controls

Children with a diagnosis of autism were ascertained from
the Developmental Disorders and Evaluation Clinic at the
Medical University of South Carolina. All patients had previ-
ous normal routine cytogenetic studies. Diagnostic procedures
for each child varied slightly, but each received, at minimum,
an evaluation by an experienced diagnostician using the Child-
hood Autism Rating Scale (CARS)25 and review of criteria for
autistic disorder from the DSM-IV.2 Two of the children, in-
cluding the subject with the deletion, received a more compre-
hensive evaluation from an autism diagnostic team. The team
was composed of a developmental pediatrician, psychologist,
educational specialist, speech/language therapist, occupational
therapist, and social worker. Tools used included the ADI-R,3

Pre-Linguistic Autism Diagnostic Schedule (PL-ADOS),26

CARS,25 and review of the DSM-IV2 criteria. These two chil-
dren were evaluated in 1997 before the use of the updated
Autism Diagnostic Observation Schedule-Generic.4

The PL-ADOS26 consists of a set of structured situations that
allow systematic observation and rating of a variety of behav-
ioral characteristics that may be indicative of autism in pre-
school children. The patient with the deletion met criteria for
autistic disorder on the PL-ADOS26 in both areas: Social/Com-
munication score of 16 (cut-off for autism � 12) and Restrict-
ed/Repetitive Behaviors score of 4 (cut-off for autism � 2).

The ADI-R3 is a lengthy developmental interview, which is
completed with the parent or other caregiver. Responses to
questions are then scored in four areas of concern relative to
autism. Significant ratings must be obtained in all four areas to
indicate the presence of autism. This patient met criteria in all
four areas: Qualitative Impairment in Reciprocal Social Inter-
action, Qualitative Impairment in Communication, Repetitive
Behaviors and Stereotyped Patterns, and Abnormal Develop-
ment Before 36 months. The CARS25 is a 15-item behavioral
rating scale developed to identify a person with autism. The
patient received a total score of 33.5 (cut-off for autism � 30),
which is in the mild-moderate range of autism. Review of
DSM-IV2 criteria found the patient to meet criteria for a diag-
nosis of autistic disorder (299.00).

The study was approved by the Institutional Review Board
for Human Research, and informed consents were obtained
from parents or guardians of all 10 children.

Controls were selected from a pool of anonymized cytoge-
netically normal individuals’ cell pellets. Two pooled control
samples, one made up of five normal 46,XX females and the
other of five normal 46,XY males, were tested.

Case report of patient with 2q deletion

The patient with the deletion of 2q has been diagnosed with
autistic disorder, moderate mental retardation, and disruptive be-
haviors. Originally seen in Developmental Pediatrics at age 28
months for concerns with receptive and expressive language de-
lays, the patient was found to have autistic behaviors as well as
global developmental delays. CARS done at 2 years 5 months fell
into the mild-moderate range of autism with a score of 33.5. The
diagnosis of autistic disorder was further confirmed at 3 years 11
months with the administration of the PL-ADOS and the ADI-R.
He was found to meet criteria for autistic disorder on both the
PL-ADOS and the ADI-R as well as by DSM-IV criteria for au-
tism. Physical exams have revealed normal growth parameters,
and there are no discernible dysmorphic features. Family history
was unremarkable for developmental or psychiatric disorders on
the maternal side. The patient’s father was not involved in his care,
and mother was unaware of his family history.

The patient has been maintained in a self-contained special
education class since age 3 years. He has had difficulty with
hyperkinetic, impulsive, and aggressive behaviors in the school
setting but not at home. He has had problems in the past with
sleep disturbance, but this condition has resolved.

Multiprobe FISH

Peripheral blood cell samples were cultured using standard
protocol. Prepared cell pellets were stored in 3:1 methanol:
acetic acid at 0 to 6�C for no longer than 6 months before
testing, some samples were stored for longer than a month in
the freezer at �20�C.

The Cytocell Chromoprobe Multiprobe-T System (Ban-
bury, England) was used for slide preparation, hybridization,
and detection following the manufacturer’s recommended
protocol. However, NP40 was substituted for Tween 20 for the
stringent washes, and the overnight hybridization was done in
an open, water-filled, plastic container incubating in a 37�C
oven instead of a 37�C waterbath.

During the course of the study, the manufacturer switched
from an indirect labeling system to directly labeled probes.
Two patient samples and the second run of each pooled con-
trol sample were assayed using the new devices. In addition, the
2q deletion was confirmed with the indirect device.

In most instances, five metaphases were scored for each sec-
tion on the slide, and the observed number and color of each
signal were recorded. A chromosome was considered normal if
at least two cells from the section had the correct number of
signals, i.e., two red and two green signals (Fig. 1), or two red
signals for the acrocentric chromosomes. Scoring criteria were
not met for several chromosome-specific areas on a minority
of patient devices. In these cases, single chromosome telomere
coverslips were used to complete the patient analysis.

Confirmation of deletion and FISH with YAC probes

The deletion in our one patient was confirmed using the 2q
subtelomeric probe for locus D2S447 (Vysis) according to
manufacturer’s instructions. To determine the extent of the
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deletion in this patient, a biotin-labeled 2qYAC probe, 938A7,
that is estimated to be approximately 10cM from the 2q telo-
mere was hybridized to a slide from the deleted patient as de-
scribed in Kumar et al. 1998.27

RESULTS

We screened the subtelomeres of 10 children with a diagno-
sis of autism and two pooled control samples. The control data
(Table 1) was used to estimate variability in the testing meth-
odology. Each control pooled sample was tested initially using
the indirect detection devices. Several cells were missing one or
several signals (no cells had a pattern consistent with addi-
tional signals), indicating decreased hybridization, decreased
detection efficiency, or both, with some probes. The “abnor-
mal” signal patterns seen in a percentage of control cells were
assumed to reflect technical artifact and not true biologic de-
letions because (1) in a subsequent analysis using the direct
detection devices, all normal patterns were reported for the
same pooled control samples (Table 1); and (2) similar vari-
ability was seen in the autistic patient samples. Thus, scoring
criteria for the patient samples (at least two cells with a normal
signal pattern indicates a normal result) were adopted to ac-
count for the technical variability.

Nine of the 10 patient samples demonstrated normal signal
patterns in 2 or more metaphases in each of the 23 chromo-
some-specific areas (Fig. 1A,B). Thus, there were no abnormal-
ities detectable by the Cytocell Chromoprobe Multiprobe-T
System in these individuals.

Insufficient results were obtained for seven subtelomere hy-
bridizations (2 -#13; 1 each of #14, #15, #16, #19, #20). In these

squares, no cell or only one cell revealed signal because of an air
bubble inhibiting hybridization or other technical problem. Thus,
each of these subtelomere probe hybridizations was repeated us-
ing a single coverslip with the appropriate probe. This single cov-
erslip analysis yielded normal results for each probe studied.

Cells from one patient exhibited an abnormality - the ab-
sence of one red signal on chromosome 2q. Signal patterns for
the remaining 22 chromosomes were normal, with no chro-
mosome appearing to have three signals. A total of 10 met-
aphases gave a signal pattern consistent with a deletion of the
subtelomeric region of 2q at locus D2S2986 (Fig. 1C) for this
patient using the indirect probe methodology. To confirm the
abnormal signal pattern, this patient’s sample was also tested
using the direct detection device and with the Vysis 2q probe
(D2S447). Ten metaphase cells from each assay gave the same
abnormal pattern with these FISH probes (Fig. 1D). The pa-
tient’s blood was re-cultured for chromosome studies with a
targeted analysis of 2q. Although no length discrepancy was
noted, the 2q regions exhibited differing banding patterns sug-
gestive of a subtle abnormality. Each of the apparent abnormal
chromosome 2s terminated in a blunted dark band (Fig. 2).

A peripheral blood sample was obtained from this patient’s
mother (father was unavailable) to look for a balanced rear-
rangement and to rule out the possibility that the abnormal
pattern reflected a polymorphism segregating in this patient’s
family. The mother’s study yielded a normal high-resolution
karyotype and a normal subtelomere study.

To further define the deletion of 2q, a YAC from distal 2q
was hybridized to the patient’s cells. YAC 938A7 revealed sig-
nals on both chromosome 2s, indicating that the deletion was
distal to the marker D2S338 (data not shown).

Fig. 1 Examples of analysis of chromosome 2 subtelomeres in a normal control (A, indirect method; B, direct method) and in a patient with a deletion of 2q (C, indirect method; D, direct
method). Green probe signals correspond to the short arm subtelomere, and the q arm subtelomeres reveal red signals. Yellow arrows depict the deleted chromosome.
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DISCUSSION

Ten percent (1 of 10) of the unselected patients in our pilot
project had abnormal results. This finding suggests that the
subtelomeres may be involved in the pathogenesis of a signifi-
cant percentage of autism cases. This finding is similar to re-
cent reports of an association of subtelomeric deletions/rear-
rangements and idiopathic mental retardation.18,19 In
individuals with mental retardation of unknown cause, dele-
tions and rearrangements in the subtelomeric regions were de-
tected in 3% to 23%.21–23 These studies suggest that rearrange-
ments in the clinically important subtelomeres may be
relatively common and that they may reveal underlying causes
of multiple disorders.

There have been several reports of phenotypically abnormal
children with 2q deletions, detectable by routine cytogenetics,
and a diagnosis of autism, or behaviors consistent with this
diagnosis.28 The patients with the most distal deletions tend to
have mental retardation, frontal bossing, macrocephaly, a de-
pressed nasal bridge, and social and communication abnor-
malities with repetitive behaviors.28,29 Ghaziuddin and Bur-
meister29 hypothesized that patients with deletions of 2q37
may form a distinct subgroup within the spectrum of autistic
disorders and that a gene within 2q37, when deleted, may con-
tribute to the etiology of autism. The deletion in our nondys-

morphic patient with autism is smaller than those previously
reported, suggesting that his deletion may contain the gene
strictly responsible for the behavioral phenotype. At least 25
genes have been localized to the possible critical region, several
of which are specifically expressed in the brain or nervous sys-
tem (OMIM Gene Maps).

Whole genome screens have suggested several chromosomal
regions that are potentially associated with a susceptibility gene
for autism.10–15 Three studies revealed positive linkage to
2q10,11,15 and a third study demonstrated linkage in distal 2q of
a subset of patients with autism and delayed onset of phrase
speech.14 Genomic scans are limited by the number of loci that
are assessed, therefore, not all areas may be equally represented. It
is important to note that telomeric regions may have increased
meiotic recombination and may be under-represented in these
types of analyses. Thus, the FISH approach is an important cor-
relative study in the search for susceptibility genes.

Subtelomeres are specialized units of chromosome-specific
DNA just proximal to the simple tandem telomeric repeats
delineating the physical ends of the human chromosomes. A
high concentration of genes and several candidate genes for
recognizable syndromes are known to be present in the subte-
lomeric regions.24 However, some subtelomeric DNA is non-
coding, polymorphic with no clinical significance, or both.30 In
particular, the subtelomeric region of chromosome 2q has
been shown to exhibit a chromosome length polymorphism31

and a 2q polymorphism detectable using the Cytocell indirect
probe (PAC 1011O17) has been reported.32 (Note that this
reference32 reports that the direct 2q telomere probe [P1

Fig. 2 Chromosome 2 homologs from cytogenetic analysis of the patient with the 2q
deletion. The abnormal chromosome is on the left of each pair. Arrows indicate the
blunted end of one homologue in each pair.

Table 1
Pooled control data for the indirect and direct detection devices

Chrom

No. of cells with normal signal pattern

XX pooled control XY pooled control

Indirect Direct Indirect Direct

1 4 5 3 5

2 5 4 3 5

3 5 5 2 5

4 4 5 5 5

5 5 5 5 5

6 5 5 4 5

7 5 5 5 5

8 2 5 4 5

9 4 5 5 5

10 1 5 2 5

11 4 5 2 5

12 3 5 5 5

13 3 5 3 5

14 1 5 4 5

15 5 5 5 5

16 2 5 4 5

17 2 5 5 5

18 4 5 3 5

19 3 5 2 5

20 4 5 5 5

21 5 5 5 5

22 5 5 4 5

Sex 2 5 2 5
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210E14] for the generation 2 Cytocell device revealed normal
results for the patients with the polymorphism.) Therefore,
deletions and rearrangements of subtelomeric sequences may
not always indicate a clinically relevant abnormality. When an
abnormality is identified in a patient with an aberrant pheno-
type, family studies should also be performed to evaluate the
inheritance pattern and to rule out a clinically insignificant
polymorphism. It is possible that the deletion of 2q observed in
our patient was inherited from his father and may represent a
polymorphism. However, confirmation of our patient’s ab-
normality with the generation 2 Cytocell direct detection de-
vice and the more proximal Vysis probe strongly suggests that
this aberration does not represent a polymorphism. In addi-
tion, the cytogenetic analysis also suggested a subtle difference
between the two chromosome 2 homologs (Fig. 2). It seems
most likely that the patient’s FISH results are due to the signif-
icant loss of genetic material.

The simultaneous detection of all subtelomeric sequences
on a single microscope slide allowed for an efficient screen of these
regions in our autistic patients. However, it is important to note
that results may vary from cell to cell, and strict scoring criteria
may need to be developed. As evidenced by our control data using
the indirect detection (Table 1), technical artifact may give false-
positive or -negative results. The direct method provides cleaner
data and may not need as strict a scoring system.

To determine the frequency of 2q and other subtelomeric
abnormalities, additional patients with autistic disorder need
to be analyzed. It may be useful to screen families with multiple
affected individuals, dysmorphic patients with autism, or both,
to increase the likelihood of detecting chromosomal abnor-
malities. Once identified, abnormalities in the subtelomeres
may lead to the identification of genes important in the etiol-
ogy of autism and a better understanding of this disorder.
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