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Abstract

Background: Chromosomal microarray analysis is a first-stage test that is used for the diagnosis of intellectual
disability and global developmental delay. Chromosomal microarray analysis can detect well-known microdeletion
syndromes. It also contributes to the identification of genes that are responsible for the phenotypes in the new

copy number variations.

Results: Chromosomal microarray analysis was conducted on 124 patients with intellectual disability and global
developmental delay. Multiplex ligation-dependent probe amplification was used for the confirmation of chromosome
22q11.2 deletion/duplication. 26 pathogenic and likely pathogenic copy number variations were detected in 23 patients
(18.55%) in a group of 124 Turkish patients with intellectual disability and global developmental delay. Chromosomal
microarray analysis revealed pathogenic de novo Copy number variations, such as a novel 29-Mb de novo deletion at
18022 region with intellectual disability and autism spectrum disorder, and a 22g11.2 region homozygote duplication

with new clinical features.

Conclusion: Our data expand the spectrum of 22q11.2 region mutations, reveal new loci responsible from autism
spectrum disorder and provide new insights into the genotype—phenotype correlations of intellectual disability and

global developmental delay.

Keywords: Chromosomal microarray, Intellectual disability, Global developmental delay, Copy number variations, 22q11.2

homozygote duplication

Background

Advancements in molecular technology, such as chromo-
somal microarray analysis (CMA), has led to the discovery
of new microdeletions and microduplications in patients
with intellectual disability (ID), global developmental delay
(GDD), epilepsy, and congenital anomalies (CA). ID and
GDD are clinically heterogeneous neurodevelopmental
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disorders seen in 1-3% of children [1]. CMA is a first-tier
test in the evaluation of individuals with ID and GDD with
the diagnostic yield ranging from 5 to 20% varying based
on population examined [2, 3]. The International Standard
for the Consortium of Cytogenomic Array recommended
CMA as a first-stage cytogenetic diagnostic test for pa-
tients with CA and ID / GDD.

CMA can detect well-known microdeletion syndromes.
It also contributes to the identification of genes that are
responsible for the phenotypes in the new copy number
variations (CNVs). Chromosome 22ql11.2 deletion
syndrome and 22q11.2 duplication syndrome are good ex-
amples for microdeletion/microduplication syndromes.
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Chromosome 22q11.2 duplication syndrome was first ex-
plained in 1999, but research continues to explore new
phenotypes of this syndrome [4]. When there are three
copies of the 22q11.2 region, it is called 22q11.2 duplica-
tion, whereas four copies of this region are referred to as
the tetrasomy of 22q11.2 region. When there are two cop-
ies of 22q11.1 region in both alleles, this is referred to as
22q11.2 homozygote duplication. If there are three copies
in one allele and one copy in the other, it is called 22q11.2
triplication.

Autism is a childhood disorder that expresses itself
through core problems in communication and social
interaction skills, along with the presence of stereotyp-
ical behaviors. Autism spectrum disorder (ASD) does
not have a fixed pattern since a number of different
genes have been reported as responsible for this disorder
[5]. CMA studies have a high potential in revealing novel
gene-phenotype associations in relation to this disorder.
In this study, new loci for autism have been discovered
which will help us better understand the cause of the
disease.

Herein, we present the diagnostic rates for CNVs, and
the aberrations, with major clinical findings detected by
CMA in a group of 124 Turkish patients with ID and
GDD. We also present a case with 22q11.2 homozygote
duplication and new phenotypic findings as a result. Our
study will help better explain the genotype-phenotype
associations of the 22q11.2 region.

Methods

DNA extraction

Genomic DNA of family members was extracted accord-
ing to the manufacturer’s standard procedure using the
MagNA Pure Compact Nucleic Acid Isolation Kit I
(Roche Diagnostic GmbH, Mannheim, Germany).

Microarray analysis

Affymetrix CytoScan Optima® chips were used to per-
form CMA in 124 patients with ID and GDD at Trabzon
Kanuni Training and Research Hospital. Data analysis
was performed using Chromosome Analysis Suite 3.1
software. Data were presented as minimum coordinates
(sequence positions of the first and last probes within
the CNV) in the NCBI37/hgl9 genome assembly. Vari-
ants were evaluated based on phenotype and using
standard in silico tools [6]. The analysis and interpret-
ation of the obtained results were performed by using
public genomic databases, such as UCSC, OMIM, DGV,
DECIPHER, CLINGEN.

MLPA (multiplex ligation-dependent probe Amplication)
analysis

MLPA was performed as suggested by the manufacturer
(MRC-Holland®, Amsterdam, The Netherlands). The
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SALSA® MLPA® probemix P250 DiGeorge was used for
the confirmation of chromosome 22q11.2 deletion/dupli-
cation. The standard deviation of all probes in the refer-
ence samples were < 0.10 and the dosage quotient (DQ) of
the reference probes in the patients’ samples were between
0.80 and 1.20. DQ of the probes were between 0.40 and
0.65 for heterozygous deletion. DQ of the probes were be-
tween 1.30 and 1.65 for heterozygous duplication. DQ of
the probes were between 1.75 and 2.15 for heterozygous
triplication or homozygous duplication.

Results

Between May 2016 and April 2017, 124 patients were
examined at the department of genetics for GDD/ID and
CA. There were 73 males and 51 females. The age of the
patients ranged from 15 days to 17 years. The Denver
Developmental Test was used with patients up to 3 years
of age, whereas the Standfort Benet Test was used for
patients 4—6 years of age, and the WISC-R test for pa-
tients older than 6. This study was conducted with
patients who were not diagnosed with any syndromes
previously and CMA was performed as the first-tier test
on the subjects. Table 1 shows the clinical features of
these cases and the CMA results.

In 23 individuals (from 23 families), CMA analysis re-
vealed CNVs including 6 microduplications (2p25p24,
22q11.2 [2 cases], 2p25, 14q32, and 15q11.2), 14 microde-
letions (1p36.3, 1q21 [2 cases], 2q36, 6p25.1p23, 6q25q27,
14932, 15q11.2, 16q24, 18p11.3, 18922, 18q21q23, 19p23,
and 22q11.2) and 1 homozygote duplication identified in
same locus (22q11.2) in a patient (Fig. 1).

Twenty one of the 26 CNVs were interpreted as
pathogenic, whereas 5 of the 26 CNVs were inter-
preted as having uncertain clinical significance (UCS);
likely pathogenic in accordance with the clinical find-
ings about the patients and literature [7]. 7 of 26
CNVs were associated with well-known microdele-
tion/ microduplication syndromes. Interestingly, mul-
tiple CNVs have been identified in two of the patients
including 2 different deletions (6q13q14 and 8q21.3)
in one and 1 deletion (6q25) and 2 duplications
(6gq24.1 and 6q26) in another (Table 1).

The length of 17 of the CNVs were below 5 Mb and
they could not be detected with conventional karyotyp-
ing. The length of 7 of the CNVs were between 5 and
10-Mb. It is worth to note that siblings, whose parents
were in consanguineous marriages and carried
22q11.2 duplication, were also diagnosed with 22q11.2
homozygote duplication. 23 of 26 CNVs were de
novo. Eight out of 23 families had consanguineous
marriages. Only two of the case studies are presented
below in detail, however, the summary of all clinical
features and mutations observed in patients can be
found in Table 1.
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t C18:GDD, ID, Dysmorphic features,

Region 22q11.2 duplication/ homozygote duplication
family (cases 23 in Table 1)

An 11-year-old male patient (case 23) was diagnosed
with learning disabilities. He started to walk in his first
year and began speaking two-word sentences at the age
of two. He was unable to learn how to read and write in
his native language in the first year of elementary school,
and was not able to keep up with his classmates. His his-
tory revealed that he had been hospitalized during the
neonatal period due to high indirect bilirubinemia. His
parents have a consanguineous marriage (Fig. 2a).

At his neurological examination, head circumference
was 52 c¢cm (25th—50th percentile), height was 121 c¢cm
(<3rd percentile), and weight was 25 kg (<3rd percent-
ile). Round face, a broad nasal bridge, hypertelorism,
downslanting palpebral fissures, long philtrum, and
over-folded helix were observed (Fig. 2b). Hyperactivity
and attention deficit disorder were not detected. No pyr-
amidal system involvement was present, and reflexes
were normoactive. Cerebellar system examinations were
normal except for dysmetria and dysdiadochokinesia.

Tandem gait exhibited no abnormality. Echocardiog-
raphy revealed small patent ductus arteriosus. T2
weighed MRI shows basillar impression and hypoplasia
of clivus. Odontoid process was measured approximately
15 mm above the Chamberlain line (Fig. 2e). Serum
electrolytes, electroencephalography, and abdominal
ultrasonography were normal. Psychometric evaluation
revealed borderline mental disability. 2.5 Mb triplica-
tion or homozygote duplication was detected at 22q11.2/
Di George Syndrome region with CMA. Both his
mother and father had the duplication of same region.
The results were in accordance with the MLPA ana-
lysis (Fig. 2d).

The patient’s sister is 17 years old. She started to walk
in her first year and began speaking two-word sentences
at the age of 18 months. She was able to learn how to
read and write in her native language in the first year of
elementary school but she failed in mathematics. It was
reported that she spoke less than her classmates and
struggled building friendships. At her neurological
examination, the circumference of her head was 54 cm
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(25th—50th percentile), her height was 155 cm (25th-
50th percentile), and weight was 45 kg (10th-25th
percentile). Hypertelorism, broad nasal bridge, down-
slanting palpebral fissures were observed. No pyramidal
system involvement was present, and reflexes were
normoactive. Echocardiography and brain MRI was nor-
mal. Psychometric evaluation revealed borderline mental
disability. 2.5 Mb duplication was detected at 22q11.2/
Di George Syndrome region with CMA. The results
were validated with MLPA analysis.

The patient’s father is 48 years old. He is a primary
school graduate and works in the transportation sector.
There were no neuropsychiatric problems observed
other than sudden irritation. The mother is 44 years old.

She is a primary school graduate. She is a housewife and
is interested working in her own garden. She is capable
of doing daily work, but has difficulty doing arithmetic
calculations. Both the mother and the father had the
duplication of the same 22q11.2/ Di George Syndrome
region with CMA. The results were validated with
MLPA analysis.

Case 17 with a new locus for ASD

A 3-year-old male patient (case 17) was diagnosed with
speech delay. He started to walk in his first year and
began speaking by using three words at two and half
years of age. At neurological examination, head circum-
ference was 48 cm (10th percentile), height was 93 cm
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(10th—25th percentile), and weight was 13 kg (10th-
25th percentile). Hypertelorism, broad nasal bridge,
micrognatia were observed. Hyperactivity and poor eye
contact were detected. No pyramidal system involvement
was present, and reflexes were normoactive. Cerebellar
system examinations were normal. Serum electrolytes,
electroencephalography, and abdominal ultrasonography
findings were within normal limits. He had stereotypical
behaviors, deficits in communication, and autism
spectrum disorder, which was diagnosed at 3 years of age.
Denver developmental screening test showed one-year
delay in speech and social skills. CMA revealed 2.9-Mb de
novo deletion at 18q22 region. RTTN, SOCS6, CBLN2,
NETOI genes were located at the deleted region.

Discussion

Global developmental delay is the term that is used to
describe children (aged 5 years or younger) who have
demonstrated several significant delays in the following
areas: cognitive, speech, social/personal, fine/gross
motor, and daily activities. Intellectual disability is a dis-
order with intellectual and adaptive deficits and can be
diagnosed after the age of five [5]. CMA is a first-tier
test in the evaluation of individuals with ID and GDD
which provides opportunities to discover new ID/GDD
associated syndromes, and helps uncover the genetic
background of many syndromes by revealing genetic
heterogeneity and by identifying new loci for novel can-
didate genes [3]. The widespread use of CMA allows pa-
tients to be diagnosed and provides families with
guidance in genetic counseling.

This is the first study shows the diagnostic rate of
chromosomal abnormalities in the northern part of
Turkey, with yield of 18.55%, which is consistent with
the results of previous studies (5-35%) [2, 3]. It is import-
ant to point out that our diagnostic rate is higher than the
rate of other studies performed on a similar platform in
Turkey (12-13.6%) [8, 9]. We found 26 CNV’s in 23 pa-
tients, which indicates the importance of the CMA. Differ-
ent diagnostic rates for different publications are related
to the choice of patient group. If more patients were
involved in the study, the rates could differ.

We also included parents in our study, and 23 of 26
CNVs were de novo. Although 8 out of 23 families had
consanguineous marriages, our analyses revealed de
novo variations in these families rather than homozy-
gous mutations. In Turkish society, where the consan-
guineous marriage is common, it is necessary to
investigate chromosomal abnormalities due to this
phenomenon. We studied such a family, where mother
and father were related and had a chromosome 22q11.2
duplication. The family had a girl with learning disability
and was diagnosed with 22q11.2 duplication, and a boy
(case 23) with milder intellectual disability, dysmorphic
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features and short stature, who was diagnosed with tet-
rasomy of 22q11.2 region. In case 23, parents’ diagnoses
support the duplication of region 22q11.2 in both alleles,
which can be described as homozygous duplication. Case
23 is the fifth patient diagnosed with 22q11.2 tetrasomy
in the literature [4, 10, 11] and the third patient diag-
nosed with 22q11.2 homozygote duplication (Table 2).
In other published 22q11.2 tetrasomy cases, three copies
of an allele were reported. Bi et al. reported two cases
with 22q11.2 homozygote duplication. However, there
are other genomic changes, outside the 22q11.2 region,
which could affect the phenotype of these patients [11].
As those two patients have region 22q11.2 homozygote
duplication, case 23 can be added to this list as the third pa-
tient with a similar situation. Although our patient has cog-
nitive deficiency and dysmorphic facial features in common
with the other three cases, it is important to note that our
patient does not suffer from hearing loss unlike the other
three cases (Table 2). However, while other triplications
may be three copies of a parental tract, it should be noted
that our patient’s mother and father have duplication of
the region. Bi et al. reported that there was no phenotypic
difference between duplication of 22q11.2 region and trip-
lication of 22q11.2 [11]. While the T2 weighed MRI of the
case 23 shows basillar impression and hypoplasia of clivus,
hypoplasia of clivus has not been reported in the other re-
gion 22q11.2 triplication or duplication cases.

Case 17, who was diagnosed with autism spectrum
disorder, had a 2.9 Mb deletion at 18q22 region. RTTN,
SOCS6, CBLN2, NETOI genes are located at this region.
RTTN homozygote mutations are associated with micro-
cephaly, short stature, and polymicrogyria with seizures
(OMIM 614833). [12]. Homozygote mutations of this
gene also affect brain migration and volume [12]. Our
patient had a deletion of 1-10th exons with milder
phenotype. The MRI was normal and he had speech
delay and autism spectrum disorder. These results show
that the RTTN gene heterozygous mutations could be
responsible for ASD.

SOCS6 gene, which encodes Suppressor of Cytokine
Signaling 6 protein, was deleted in case 17. The SOCS6
gene has not yet been associated with a disease, however
it may be related to syndromic obesity [13]. Although
this gene is deleted in our patient, he is not yet obese.
Even though SOCS6 and SOCS7 have been reported to
be necessary for cortical neuron migration [14], there
was no evidence of migration defect in the MRI of our
patient. The other gene in the deletion region in case 17,
which may be important for ASD/ID, is CBLN2. CBLN2
gene encodes Precerebellin 2. Common variants of
CBLN?2 are associated with increased risk of pulmonary
arterial hypertension [15]. It is noteworthy that CBLN2
expression is highest in cerebral cortex and hypothal-
amus of mouse reference [16].
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Table 2 Clinical features of patients with tetrasomy of region 22q11.2

Features Yobb et al. 2005

Bi et al. 2012

Vaz et al. 2015 This study (case 23)

22q11.2 region 4 copies (3/1)

Age at last evaluation 8 years
Gender Female
Heart defect -
Velopharyngeal insufficiency -
Hearing impairment +
Failure to thrive -
Sleep apnea -
Urogenital abnormalities -
Cognitive deficits +
Psychiatric disorders -
Behavioural problems +
Headache -
Recurrent infections +
Hand/foot abnormality +

Dysmorphic and other features Epicanthal folds,
Broad nasal bridge,
Left ear pit, Secondary

hearing impairment

4 copies (2/2)

4 copies (3/1) 4 copies (2/2)

29 mounts 20 years 11 years
Male Female Male

- + +

_ + _

+ + -

- - +

N/D + -

N/D + -

+ + +

N/D + -

N/A - -

N/D + -

+ - _

Left preauricular Long narrow face, Round face,

pit, Plagiocephaly,
Facial asymmetry,
Teeth abnormality,
Hypoplastic iris and
corectopia

Epicanthal folds,
Hypertelorism,
Downslanting
palpebral fissures,
Prominent nose,
Long philtrum,
Dental cavities,
Retrognathia,

Hypertelorism,
Downslanting
palpebral fissures
Broad nasal bridge,
Long philtrum,
Overfolded helix,
Hypoplasia of clivus

Neuropilin and Tolloid-Like 1 (NETOI) gene was de-
leted in case 17. NETOI is a CUB domain-containing
transmembrane protein, which have been reported to
immuno-precipitate with assembled NMDA receptors
via GIuN2A or GluN2B subunits [17]. Ng D et al. have
shown that NETOI plays a critical role in maintaining
the delivery or stability of NR2A-containing NMDARs at
CA1 synapses [18].

Cody et al. reported that genes located distal to 18q
were associated with ASD, and NETOI was among these
genes [19]. The only common point between the
deletion in our patient and the region that Cody et al.
have reported is the NETO1. O’Donnell et al. also re-
ported that NETOI and FBXOIS5 genes in region
18q22.3 may be risk factors for ASD [20]. When the
synaptic plasticity is thought to be important in the
development of ASD, heterozygous NETO! deletions
may be considered as a risk factor for ASD. After doing
a thorough evaluation of the literature, particularly the
studies with mice, we conclude that NETOI should be
added to the list of risky genes that should be investi-
gated for ASD.

Conclusion
Our data expand the spectrum of 22q11.2 region muta-
tions and provide insights for genotype—phenotype

correlations of ID, GDD, and autism. It also underlines
the importance of CMA and its use in understanding
the pathophysiology of certain diseases. Based on our
findings, we suggest that CMA should be used as a
first-step test for the identification of new loci and the
expansion of known phenotypes.
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