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ABSTRACT

Objective: Intellectual disability (ID) is a complex, variable, and clinically heterogeneous neurodevelopmental disorder that affects 1% 
– 3% of the global population. Copy number variations (CNVs) contribute to approximately 15%–20% of ID cases. Array comparative 
genomic hybridization (aCGH) is the first-line test for diagnosing patients with ID with/without multiple congenital anomalies (MCAs). This 
study aimed to present CNVs identified in a retrospective aCGH cohort of Turkish patients with ID with/without other medical conditions.

Materials and Methods: The study population consisted of 210 patients (139 male, 71 female) aged 2–18 years. aCGH analysis was 
performed using oligo and bacterial artificial chromosome (BAC)-based microarray platforms. CNVs were interpreted using public 
databases and literature mining and categorized according to international guidelines.

Results: Forty-five CNVs were detected in 38 (18%) patients. Among these CNVs, 21 (46.6%) were pathogenic, 4 (8.8%) were likely 
pathogenic, and 8 (17.7%) were variants of uncertain clinical significance (VUS). Nineteen CNVs corresponded to rare microdeletion/
microduplication syndromes.

Conclusions: This study reports rare CNVs or syndromes among Turkish patients with ID with/without other medical conditions. Data 
revealed an overall diagnostic rate of 11.43%, which confirms aCGH as the first-line technology allowing geneticists to diagnose complex 
phenotypes, identify candidate genes involved in ID, and explore novel CNV effects.
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INTRODUCTION

The Diagnostic and Statistical Manual of Mental Disorders, 
fifth edition (DSM-5), describes intellectual disability (ID) as 
a neurodevelopmental disorder that is complex, variable, 
and clinically heterogeneous (1). Approximately 1%–3% of 
the global population has ID (2) with or without multiple 
congenital anomalies (MCAs) (3). Environmental factors 
and genetics play a role in ID etiology (4). Genetic causes 
include copy number variations (CNVs), chromosomal 
aberrations, and single gene mutations (5).

Current analyses have indicated that submicroscopic CNVs 
contribute to approximately 15%–20% of ID cases (3). 
Conventional karyotyping has a resolution of 5–10 Mb and 
detects chromosomal aberrations in 5% of individuals with 
ID (except clinically recognizable chromosomal syndromes 
such as Down syndrome). Array comparative genomic 
hybridization (aCGH) enables identifying CNVs responsible 
for ID, with a commonly reported average diagnosis rate of 
15%–20% (6). aCGH is still accepted as a first-line test for 
diagnosing patients with ID, global developmental delay, 

*The current study is part of a master’s thesis entitled “Detection of deletions and duplications that cause mental retardation by whole 
genome microarray method” by Deniz Sunnetci- Akkoyunlu. 
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MCAs, and autism spectrum disorders (ASDs) (2).

Thus, this study aimed to present CNVs identified in a 
retrospective cohort of 210 patients having ID with/without 
other medical conditions (such as ASDs, psychomotor 
retardation, epilepsy, attention deficit disorder, dysmorphic 
facial features, and/or MCAs) referred to our laboratory 
between 2009 and 2012. The CNVs identified in 38 patients 
with ID were summarized.

MATERIALS AND METHODS

Patients

This single-center retrospective cross-sectional study included 
210 patients (139 male, 71 female, male/female ratio of 1.96) 
with unexplained ID with/without other medical conditions 
(such as ASD, psychomotor retardation, epilepsy, attention 
deficit disorder, dysmorphic facial features, and/or MCAs) and 
referred to our genetic laboratory from Pediatric Neurology, 
Pediatric Psychiatry, Pediatric Cardiology and Pediatric 
Endocrinology Departments of Kocaeli University, between 
2009 and 2012. The median age was 8 (range, 2–18) years. The 
medical history (anamnesis, personal and family histories, and 
physical and dysmorphological examination) of the patients 
was provided by medical geneticists. Patients who refused 
to provide informed consent and whose genetic alterations 
explaining their clinical features were detected by one of 
the other techniques (e.g., karyotyping, fluorescent in situ 
hybridization (FISH), multiplex ligation-dependent probe 
amplification, and sequencing) before the aCGH were excluded 
from the study.

All procedures were conducted following the ethical standards 
outlined in the 1964 Declaration of Helsinki and its subsequent 
revisions. Owing to the patient’s age, guardians or parents 
signed the informed consent forms approved by the Human 
Subjects Research Ethical Committee of Kocaeli University, 
under Project number 2009/102.

aCGH

In this study, 3 mL of peripheral blood was collected from 
each patient, and genomic DNA was extracted using 
DNeasy Blood & Tissue kit (Qiagen, Germany), following the 
manufacturer’s instructions. aCGH analysis was performed 
using the oligo-based CytoSure Syndrome Plus ISCA Design 
(v2) Microarray 4 × 44K (Oxford Gene Technology, Oxford, 
UK) in 142 patients and bacterial artificial chromosome (BAC) 
CytoChip Focus Constitutional (v1.1) arrays (BlueGnome Ltd., 
Cambridge, UK) in 68 patients according to the manufacturer’s 
recommendations. Data analysis was performed using 
CytoSure visualization software (Oxford Gene Technology) for 
oligo arrays and BlueFuse Software v2.2 (BlueGnome Ltd.) for 
BAC arrays. Karyotyping was performed in only six patients 
according to standardized procedures (7) and was used for 
segregation analysis in one patient (case 16). Chromosome 
observations were performed using an Olympus microscope 

and CytoVision analysis software. FISH was performed for 
validation using BlueFish tile BAC probes (BlueGnome Ltd.) 
RP11-101E19 (Chr:8, Start:47728696, and Stop:47901824), 
RP11-327P22 (Chr:1, Start:34876928, and Stop:35068982), 
RP11-14B7 (Chr:3, Start:85446954, and Stop:85621157), and 
Cytocell FISH probes LPU 007-S (Smith–Magenis (FLII)/Miller–
Dieker Probe Combination) and LPU 010 (VCFS N25) according 
to the manufacturer’s instructions.

CNV interpretation

To determine the pathogenicities of CNVs, they were evaluated 
using public databases and literature mining. The UCSC Genome 
Browser was used to display gene distributions. Coordinates 
of aberrations were based on the UCSC NCBI36/hg18. For the 
translation of the coordinates to hg19, UCSC LiftOver was 
used (https://genome.ucsc.edu/cgi-bin/hgLiftOver). Benign 
CNVs were identified using the Database of Genomic Variants, 
which contains CNVs of the normal population. CNVs were 
compared with the Database of Chromosomal Imbalance and 
Phenotype in Humans Using Ensembl Resources (DECIPHER), 
dbVar, ClinVar, and ClinGen that provide CNVs with clinical 
features. The ClinGen Dosage Sensitivity Map was used to 
determine the dosage sensitivity of the genes in the aberrant 
region. The NCBI Gene Database, GeneCards, PubMed, Genetic 
Home Reference, and OMIM provided information on the 
functions of genes located in genomic aberrations. Genes 
related to neurodevelopmental disorders were searched using 
Gene2Phenotype.

According to ACMG/ClinGen guidelines, CNVs were classified 
as pathogenic, likely pathogenic, VUS, likely benign, and 
benign (8, 9). In addition, Franklin by genoox (https://franklin.
genoox.com/clinical-db/home) and XCNV (http://119.3.41.228/
XCNV/index.php) were used in CNV interpretation.

RESULTS

In this study, 45 CNVs were found in 38 (18%) patients. 
Among the CNVs, 18 (40%) were duplications, and 27 (60%) 
were deletions. Thirteen CNVs (28.8%) were large genomic 
aberrations encompassing a region of ≥3 Mb. Forty-five CNVs 
were classified into five categories: 21 (46.7%) were pathogenic, 
4 (8.9%) were likely pathogenic, 8 (17.8%) were VUS, 1 (2.2%) 
was likely benign, and 11 (24.4%) were benign.

Multiple CNVs were found in 7 (18.4%) patients. Segregation 
analysis could be performed in only one patient (case 16) using 
karyotyping, which resulted in a de novo deletion. Detected 
CNVs were validated by FISH in five patients (cases 26, 27, 
29, 32, and 35) and karyotyping in one patient (case 16). The 
clinical features of patients with CNVs are shown in Table 1.

Among 45 CNVs, 19 corresponded to rare microdeletion/
microduplication syndromes. Microdeletions associated with 
syndromes were Smith–Magenis syndrome (n = 2), 8p23.1 
microdeletion syndrome, 6q terminal deletion syndrome, 
Angelman syndrome, distal chromosome 7q11.23 deletion 
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syndrome, Silver–Russel-like syndrome,15q11.2 BP1-BP2 
microdeletion syndrome, 3p11.2–p12.1 deletion syndrome, 
16p13.11 microdeletion syndrome, ATR-16 syndrome, and 
22q11.2 deletion syndrome. Microduplications associated with 
syndromes were 15q11.q13 microduplication syndrome (n = 
3), Mowat–Wilson syndrome, distal trisomy 10q syndrome, and 
fragile X syndrome.

In this study, pathogenic CNVs, including deletions of 21q22.3 
and 4q12q13.3 and duplications of Xp22.33p22.2, 1q23.2q23.3, 
and 1p34.3-p34.2, were not found to be associated with a 
syndrome.

Breakpoints of the marker chromosome detected by 
karyotyping were identified using aCGH in one patient. Case 
31 showed a gain for the region 15q11.2q13.3 with a size of 
approximately 12 Mb. In 172 patients (82%), no aberrations 
were observed.

The pathogenic/likely pathogenic chromosomal changes that 
could explain the phenotype or be related to the patient’s 
findings were detected in 24 of 210 (11.43%) patients. The 
diagnostic rate in this study was 11.43%.

DISCUSSION

In the present study, 45 CNVs were found in 38 (18%) patients. 
Among the CNVs, 18 (40%) were duplications, and 27 (60%) 
were deletions. A study reported that random duplications may 
occur less frequently than random deletions in the genome (6).

Among the CNVs, 21 (46.7%) were pathogenic, and 4 (8.9%) 
were likely pathogenic. Pathogenic CNVs were more prevalent 
in our study by detecting large CNVs, and the detected CNVs 
were predominantly deletions.

In this study, deletions were found to be associated with 
Smith–Magenis syndrome (n = 2), 8p23.1 microdeletion 
syndrome, 6q terminal deletion syndrome, Angelman 
syndrome, distal chromosome 7q11.23 deletion syndrome, 
Silver–Russel-like syndrome,15q11.2 BP1-BP2 microdeletion 
syndrome, 3p11.2–p12.1 deletion syndrome, 16p13.11 
microdeletion syndrome, ATR-16 syndrome, and 22q11.2 
deletion syndrome. Duplications were associated with 
15q11.q13 microduplication syndrome (n = 3), Mowat–
Wilson syndrome, distal trisomy 10q syndrome, and fragile 
X syndrome. Microduplication syndromes are frequently 
unnoticed because of their mild phenotype, although 
microdeletion syndromes have been more frequent owing to 
their recognizable features (10).

In this study, pathogenic CNVs, which could not be found to 
be associated with a syndrome, have been also detected. A 
pathogenic deletion of 21q22.3 encompassing PCNT, COL6A2, 
COL6A1, LSS, and FTCD was detected in case 1 with a specific 
learning disability, ID, nasal speech, tubular nose, thin and 
long fingers, and a cardiac anomaly. S100B, DIP2A, PCNT, and 
PRMT2, which are located in the breakpoints of our CNV, are 

candidate genes for dyslexia. A study suggested that COL18A1, 
COL6A1, and COL6A2 are causal for cardiac abnormalities such 
as ascending aorta dilatation (11).

A complex CNV (pathogenic 6q27 deletion and pathogenic 
Xp22.33p22.2 duplication) was found in case 5 with ID, 
behavioral problems, Simian crease on the left hand, partial 
Simian crease on the right hand, operated strabismus, 
epicanthus, long face, talipes equinovarus, and heart valve 
defects. Interpreting the  phenotypic  consequences of 
patients with complex CNVs is  challenging.  Strabismus, ID, 
epicanthus, and behavioral problems have been reported 
in 6q27 terminal deletion syndrome (12). A large pathogenic 
Xp22.33p22.2 duplication including ARSL, STS, HCCS, SHOX, 
GPR143, MID1, CLCN4, and NLGN4X was detected in the same 
patient. Among these genes, CLCN4 is a morbid OMIM gene 
associated with Raynaud–Claes syndrome. In Genereviews 
(https://www.ncbi.nlm.nih.gov/books/NBK575836/), CLCN4-
related neurodevelopmental disorder (CLCN4-NDD) has been 
reported with phenotypic features such as developmental 
delay or ID, behavioral problems (e.g., ASD, hyperactivity, 
anxiety, and bipolar disorder), epilepsy, and gastrointestinal 
dysfunction. In Genereviews, chromosomal microarray analysis 
(CMA) has been suggested as the first genetic test for diagnosis 
in children with developmental delay or older patients with 
ID. We think that the patient findings were caused by the 
combined effects of the detected deletion and duplication. 
Complex CNVs should be verified whether they arise from a 
parental balanced rearrangement.

Marker chromosomes cannot be identified by conventional 
cytogenetic methods (13). In this study, the CNV size, 
chromosomal breakpoints, and gene content of the marker 
chromosome detected in case 31 were identified using aCGH. 
A large pathogenic duplication was found in case 11. Pure 
and partial trisomy 1q very rarely occur (14). The reported 
duplications are predominantly distal trisomy 1q and are caused 
by unbalanced translocations with partial deletions at other 
chromosomes. The size, location, and genes implicated in the 
duplication determine the severity of its symptoms. Individuals 
with chromosome 1q duplications may have various features 
including developmental delay, learning disabilities, slow 
growth, short stature, birth defects (e.g., cleft palate and heart 
defect), and facial dysmorphic features (e.g., retrognathia). To 
our knowledge, no 1q23.2q23.3 duplication was reported in 
the literature. In addition, in DECIPHER, no duplications overlap 
exactly with our region, and there are either smaller (95–953 
kb) or larger (7–103 Mb) ones. Patient 342100 with ID and 
autism, reported in DECIPHER, has a duplication with a size of 
953.57 Kb. This duplication contains MPZ, SDHC, APOA2, CD244, 
NECTIN4, UFC1, PPOX, USF1, and NDUFS2 overlapping with our 
region. In Franklin genoox, SDHC, UFC1, PPOX, and NDUFS2 
were found to be associated with ID and behavioral problems 
phenotypes. These genes may be responsible for the ID and 
behavioral problems in our patient.
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A large 4q12q13.3 deletion was detected in case 16 with 
ID, autism, dolichocephaly, slanted eyes, long philtrum, 
clinodactyly, and prognathia. Proximal 4q aberrations 
(deletions/duplications) have been reported in different sizes 
and regions so far. ID and autism findings in our patient were 
associated with UBA6 located in the deleted region (15). Thus, 
this gene may be responsible for the cognitive and behavioral 
features.

A pathogenic 13q21.33q22.2 deletion was found in a male 
patient (case 22) with ID, downslanted palpebral fissures, thin 
upper lip, high palate, and dysplastic ears. Partial 13q deletions 
are uncommon. No pure 13q21.33q22.2 deletion was reported 
in the literature. The reported 13q deletions are larger CNVs 
including our breakpoints. Kirchhoff et al. have evaluated 
molecular and clinical data, belonging to 14 European patients 
who had de novo 13q deletions, for the genotype–phenotype 
mapping of 13q. Their data and earlier study have indicated 
that 13q21.1–q21.33 and 13q31 are associated with mild ID or 
even normal mental development (16). In addition, our CNV 
region contains one of the ID-related gene, i.e., PIBF1, which 
has been associated with Joubert syndrome 33.

A rare 1p34.3–p34.2 duplication of 6.68 Mb in size was detected 
in a female patient (case 32) with ID, epilepsy, narrow forehead, 
high palate, bulbous nose, tapering fingers, deep-set eyes, 
upslanted palpebral fissures, obesity, supernumerary nipple, 
and cardiac murmur. Few interstitial 1p duplications were 
described. Reported duplications have been larger than our 
duplicated region and have been associated with phenotypic 
features such as severe intrauterine growth retardation, 
ambiguous genitalia, Kabuki syndrome-like symptoms, sex 
reversal, and MCAs including a heart defect. A girl presenting 
with heart defects, developmental delay, midface hypoplasia, 
speech delay, broad nasal bridge, frontal bossing, fifth finger 
clinodactyly, low-set posteriorly rotated ears, tapering 
fingers, microdontia, pes planus, and varus positioning of 
feet was reported previously. She had interstitial 1p34.1–
p34.3 duplication detected by FISH. In that report, COL8A2, 
which is located in our duplicated region, was suggested to 
be responsible for congenital heart defects (17). Jacher et al. 
described a female patient who had de novo 1p34.3p34.2 
deletion with a size of 2.3 Mb and presented delayed 
development, mild ID, bone age delay, vocal cord paralysis, 
bilateral metatarsus adductus, bilateral vesicoureteral reflux, 
aberrant right subclavian artery, kyphoscoliosis, and genu 
valgum. They suggested that the haploinsufficiencies of AGO1, 
SLC2A1, AGO3, RIMS3, and GRIK3 may cause neurocognitive 
impairments and other symptoms presented in their patient, 
and SNIP1 may have an important role in central nervous 
system disorders, particularly delayed development, cognitive 
impairment, epilepsy, structural brain deformities, and ID (18). 
To understand the triplosensitivity effect of SNIP and other 
genes in the 1p34.3–p34.2 region, more cases of patients with 
similar duplications must be reported.

This study presents CNV data from a cohort of 210 Turkish 
patients with ID. Pathogenic/likely pathogenic CNVs were 
found in 24 of 210 (11.43%) patients. The diagnostic rate of 
aCGH is variable and is determined by various factors such as 
the phenotype complexity of the patients being tested and the 
array design being used (19). Our diagnostic rate (11.43%) was 
lower than the average diagnostic rate of 15%–20% reported 
recently (6) but in concordance with the 10%–20% reported in 
previous aCGH studies (20, 21). 

In this study, any CNV could not be observed in 172 (82%) 
patients. One of the next-generation sequencing methods 
such as whole-exome sequencing is recommended for patients 
in whom no CNVs were detected or whom VUS/likely benign/
benign CNV is detected that does not clarify their phenotypes. 
In addition, VUS CNVs should be followed because their 
pathogenicity may change over time.

This study has some limitations. First, parental inheritance 
could not be identified. Parental inheritance information 
would have been useful to interpret CNV data, particularly VUS. 
Second, high-resolution aCGH could not be used. If a high-
resolution aCGH could be used, a higher diagnostic yield could 
be achieved. Third, the study analyzed a small sample. Fourth, 
few patients (n = 6) with CNVs detected by aCGH underwent 
FISH or karyotyping to validate the results of aCGH.

In summary, this study presents rare CNVs or syndromes 
among Turkish patients having ID with/without other medical 
conditions. In addition, our results identified VUS CNVs that may 
be reclassified after further functional studies. CGH remains the 
first-tier technology allowing geneticists to diagnose complex 
phenotypes, identify candidate genes involved in ID, and 
explore novel CNV effects.
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