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Abstract

Background Copy number variants (CNVs) play a key role in the etiology of autism spectrum disorder (ASD). Therefore,
recent guidelines recommend chromosomal microarrays (CMAs) as first-tier genetic tests. This study’s first aim was to
determine the clinical usefulness of CMAs in children diagnosed with ASD in a Turkish population. The second aim was to
describe the CNVs and clinical phenotypes of children with ASD.

Methods and Results This was a single-center retrospective cross-sectional study. Data were obtained from the medical
records of children with ASD followed at Gazi University Hospital, (Ankara, Turkey). The sample consisted of 47 ASD
cases (mean age: 60.34 +25.60 months; 82.9% boys). The diagnostic yield of the CMAs was 8.5%. Four pathogenic CNVs
were identified: 9p24.3p24.2 deletion, 15q11—q13 duplication, 16p11.2 deletion, and 22q13.3 deletion. Also, four variants
were found at 2q36.3, 10p11.21, 15q11.2, and Xp11.22, which were classified as variants of uncertain significance (VUS).
Conclusions The TRAP12 and PARD3 genes in CNVs classified as VUS may be worth investigating for autism. The initial
identification of both clinical and biological markers can facilitate monitoring, early intervention, or prevention and advance
our understanding of the neurobiology underlying ASD.
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Introduction

Autism spectrum disorder (ASD) is a common neurode-
velopmental disorder characterized by difficulties in social
communication and interaction, restrictive and repetitive
behavior patterns of interests and activities, and sensory
processing abnormalities [1]. The prevalence of ASD is
estimated to be 12%, with a male-to-female ratio of around
4:1 [2]. The clinical presentation of the disorder includes
a wide range of symptoms and varying severity. ASD is
often accompanied by psychiatric disorders, such as atten-
tion deficit hyperactivity disorder (ADHD), developmental
delay (DD)/intellectual disability (ID), anxiety disorders,
and sleep problems [3].
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Studies focusing on the pathophysiology of autism have
suggested several genetic, epigenetic, and environmental fac-
tors. Although the complexity of the genetic factors involved
does not allow an accurate estimate [4], twin studies have
estimated that heritability in ASD ranges from 64 to 91%
[5]. In 20-25% of children with ASD, a genetic cause can
be identified using standard medical genetic assessments
[6]. Chromosomal microarrays (CMAs) identify copy num-
ber variants (CNVs), which are DNA copies or deletions
that can sometimes affect the activity of genes. CMAs have
shown that 5.4—14% of ASD cases have a definite patho-
genic CNV [7]. Therefore, recent guidelines recommend
CMAs as first-tier diagnostic tests for unexplained ASD, ID,
and multiple congenital anomalies [8]. The most common
pathogenic CNVs associated with ASD are 16p11.2 deletion
and duplication, 15q11.2—q13 duplication, 15q13.2—-q13.3
duplication, 1q21.1 duplication, 22q11.2 deletion, 16p13.11
deletion, 7q11.23 duplication, 16p12.2 deletion, and 17q12
deletion [4, 9—11]. Approximately 17% to 42% of ASD cases
have CMA findings if variants of uncertain significance
(VUS) are included. Determining a genetic etiology provides
clinicians with more information about the prognosis and
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the risk of recurrence of the disorder. Moreover, it can help
identify and treat or prevent emerging medical conditions,
directing cases and families to condition-specific resources
and helping to avoid unnecessary testing [7].

CMA studies are important for determining the etiology
of ASD and identifying new syndromes [4]. Although some
CNVs and their effects are well defined, more studies are
needed to identify ASD-specific loci. To contribute to this
research, the first aim of this study was to determine the
clinical yield of CMAs in the evaluation of ASD in Turk-
ish children. The second aim was to describe the CNVs and
clinical phenotypes of children diagnosed with ASD.

Method
Sample

This was a retrospective cross-sectional study. Data were
retrieved from the medical records of 59 children and ado-
lescents who referred to the Child and Adolescent Psychia-
try Outpatient Clinic of Gazi University Hospital, Ankara,
Turkey between August 2017 and August 2018. The inclu-
sion criteria were an age of 1-18 years and ASD diagnosis
according to the Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition (DSM-5) criteria by two child and
adolescent psychiatrists, at least one of whom had more than
five years of experience treating children with ASD. Chil-
dren and adolescents with ASD who did not meet the inclu-
sion criteria, children and adolescents who met the inclusion
criteria but whose genetic tests were not completed for any
reason, and children and adolescents with a clear ASD etiol-
ogy were excluded. Four cases were excluded because they
were evaluated by only one psychiatrist. Eight cases were
excluded because they never applied to the Genetics Depart-
ment after being diagnosed with ASD. The families of these
cases were contacted via phone and were asked to participate
after being verbally informed of the aim and methods of the
study. Then written informed consent was obtained from
the parents of all participating cases. Thus, the final sample
consisted of 47 cases.

Procedure

The DSM-5 criteria were used to collect multiple pieces
of information on the symptoms of ASD. Additionally, the
symptoms were assessed using the childhood autism rating
scale (CARS). The CARS is a 15-item Likert-type behav-
ioral rating scale used to detect and quantify the symptoms
of autism and to distinguish them from other developmental
disabilities. Each item is scored from 1 (no signs of autism)
to 4 (severe symptoms). Scores of 30.5-37 indicate mild to
moderate autism, whereas scores of 37.5-60 indicate severe
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autism. The scale has been reported to have good reliability
and validity in Turkish children with autism [12]. In this study,
it was used to determine ASD severity. The final diagnosis
of ASD was established according to the DSM-5 criteria by
another researcher who had more than five years of experience
working with children and adolescents with ASD. DD was
assessed using the Ankara Developmental Screen Inventory
(ADSI) [13], which has been shown to have good reliability
and validity in Turkish children. The ADSI includes 154 items
aimed at determining the social, motor, cognitive, and com-
municative development levels of children aged 0-6 years. It
consists of four subscales—language—cognitive, fine motor,
gross motor, and social skills—self-care—whose total score
indicates the general developmental level of the child [13]. ID
was evaluated using the Wechsler Intelligence Scale for Chil-
dren—Revised (WISC-R), which has shown good reliability
and validity in Turkish children [14]. For cases who could not
perform the test, a clinical diagnosis of ID was made by two
child and adolescent psychiatry specialists.

After being diagnosed with ASD, all children were referred
to the Medical Genetics Department of Gazi University for
genetic examinations. Firstly dysmorphism examinations
were performed to identify possible syndromes accompany-
ing ASD before karyotype analysis. Karyotype analysis was
then performed using conventional cytogenetic methods.
All cases were found to have normal karyotype structures in
terms of numerical and structural chromosomal abnormali-
ties. CMAs were performed on DNA obtained from periph-
eral blood samples using the SurePrint G3 ISCA V2 CGH
8% 60 K microarray (Agilent Technologies, Santa Clara, CA,
USA). The obtained data were analyzed according to human
genome 19 (Chr37) using Agilent CytoGenomics software.
For the interpretation of the CNVs, the Database of Genomic
Variants (DGV; http://dgv.tcag.ca), ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar), UCSC Genome Browser (https://
genome.ucsc.edu), Database of Genomic Variation and Phe-
notype in Humans using Ensembl Resources (DECIPHER;
https://decipher.sanger.ac.uk), PubMed (https://www.ncbi.
nlm.nih.gov/pubmed), Online Mendelian Inheritance of Man
(OMIM; https://www.ncbi.nlm.nih.gov/omim), and in-house
databases were used. The CNVs were classified as pathogenic,
likely pathogenic, VUS, likely benign, and benign according to
the 2020 American College of Medical Genetics (ACMG) and
Genomics and Clinical Genome Resource recommendations
[15]. However, likely pathogenic, likely benign, and benign
variants were not specified.

Results

Of the 47 children, 8 were girls and 39 were boys. Their ages
ranged from 2 to 12 years (22—143 months). The median age
was 5 years (60.34 +25.60 months). According to cognitive


http://dgv.tcag.ca
https://www.ncbi.nlm.nih.gov/clinvar
https://www.ncbi.nlm.nih.gov/clinvar
https://genome.ucsc.edu
https://genome.ucsc.edu
https://decipher.sanger.ac.uk
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/omim

Molecular Biology Reports

evaluations, ASD was accompanied by either DD or ID
in 46.2% of the boys (n=14 and n=4, respectively) and
in 62.5% of the girls (n=2 and n=3, respectively). Eight
CNVs ranging in size from 55 kb to 6.5 Mb were identi-
fied in seven cases (five boys). The CNV detection rates in
boys and girls were 12.8% and 25%, respectively. Four of the
identified CN'Vs were classified as pathogenic: 9p24.3p24.2
deletion 3 Mb in size [arr(hgl19) 9p24.3p24.2(204,193-3,22
1,675)x 1], 15q11—q13 duplication 6.5 Mb in size [arr(hg19)
15q11.2q13.1(22,765,628-29,253,376) X 3], 16p11.2 dele-
tion 598 kb in size [arr(hgl9) 16p11.2(29,592,783-30,190,
568) % 1], and 22q13.3 deletion 55 kb in size arr(hg19) 22q
13.33(51,123,491-51,178,264) X 1. Four VUS were detected
in three children. One of them showed a paternal inheritance
pattern. Parental studies were not performed for the other
two cases. Table 1 shows a summary of the case character-
istics and CNV findings.

Case I was a 6-year-old (73-month-old) girl living with
her biological parents. There was no consanguinity between
the parents. The girl started speaking her first words at
around 36 months. The complaints upon referral to our
clinic were limited eye contact, inability to imitate, difficul-
ties in speech, stereotypy (hand clapping, head shaking),
and hypersensitivity to loud sounds. She had marked tan-
trums and behavioral problems (e.g., hair pulling, pinch-
ing). Due to her behavioral problems, she was receiving
1 mg of risperidone daily. She had been receiving special
education for three years. She was diagnosed with severe
autism according to the CARS (total score: 41). She could
not perform the WISC-R test. Her level of intelligence was
clinically determined to be consistent with moderate intel-
lectual disability. Her weight was in the 90th percentile, her

Table 1 CNVs in the children with ASD

height was in the 75th percentile, and her head circumfer-
ence was in the 50th percentile. She had no neurological
deficits, and her electroencephalography (EEG) and mag-
netic resonance imaging (MRI) findings were normal. Phe-
notypic examination revealed no dysmorphic features. Her
karyotype analysis was normal. Array comparative genomic
hybridization (CGH) showed a deletion in the 9p24.3—p24.2
region (3017 kb). The deletion included 13 genes, the most
relevant of which were DOCKS, KANKI, SMARCA2, and
RFX3. Karyotype analysis and array CGH performed on
both parents revealed that the CNV, which was classified as
pathogenic, was inherited from her mother.

Case 2 was a 9-year-old (110-month-old) boy living with
a foster family. Information before the age of 1 year was
not available. The boy was diagnosed with ASD in a differ-
ent hospital around the age of 2 with complaints of inade-
quacy in social interactions, no speech, and tantrums. Upon
referral to our clinic, tantrums, difficulty making friends at
school, inappropriate gestures, and limited interests were
reported. He was using 5 mg of aripiprazole daily for his
tantrums. He had been receiving special education for seven
yvears. He was diagnosed with mild to moderate autism
according to the CARS (total score: 34). He could not per-
form the WISC-R test. His level of intelligence was clinically
determined to be consistent with mild intellectual disability.
His weight was in the 40th percentile, his height was in the
85th percentile, and his head circumference was in the 15th
percentile. No deficit was detected in his neurological exami-
nation. However, his EEG revealed a focal epileptic disorder
originating in the left frontotemporal region. On phenotypic
examination, grooves in the gum between the upper incisors,
clinodactyly of the fifth finger of the right hand, syndactyly

Gender/ Diagnosis Cytoband Start-stop (bp) (hgl9)  Size Number Relevant genes Del/ Inheritance Interpreta-
Age (kb)  of the Dup tion
genes
F/6 ASD + moder- 9p24.3-p24.2  204,193-3,221,675 3017 13 DOCKS8,KANKI, Del Maternal (from Patho-
ate ID SMARCA2,RFX3 mildly affected genic
mother)
M/9 ASD +mild ID 15q11.2- 22,765,628-29,253,376 6488 135 ATP10A,CYFIP1,GABRB3,MAGEL2, Dup Unknown Patho-
ql3.1 UBE3A genic
M/5 ASD + ADHD 16pl1.2 29,592,783-30,190,568 598 31 TAOK2,KCTD13,MAPK3, SEZ6L2 Del De novo Patho-
genic
M/4 ASD+DD 22q13.33 51,123,491-51,178,264 55 2 SHANK3 Del De novo Patho-
genic
F9 ASD +mild ID 2q36.3 230,479,578~ 472 4 DNER, TRIP12 Dup Paternal vus
230,951,771
M/7 ASD 10p11.21 35,072,047-35,281,153 209 1 PARD3 Dup Unknown vus
M/3 ASD+DD 15q11.2 22,833,122-23,217,514 384 5 TUBGCPS5, CYFIP1, NIPA2, NIPA1 Dup Unknown A4S
Xpl1.22 50,056,856-50,674,794 618 4 SHROOM4 Dup Unknown vus

F Female, M Male, ASD Autism Spectrum Disorder, /D Intellectual Disability, ADHD Attention Deficit Hyperactivity Disorder, DD Develop-
mental Delay, Del Deletion, Dup Duplication, VUS Variants of unknown significance
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of the second and third toes of both feet, and bilateral sandal
gap deformity were observed. His karyotype analysis was
normal. Array CGH revealed a duplication (6488 kb) in the
15q11.2—ql13.1 region. The duplication included 135 genes,
the most relevant of which were ATP10A, CYFIPI, GABRB3,
MAGEL?2, and UBE3A. Since the biological parents could
not be reached, it was not possible to determine whether the
CNV, which was classified as pathological, was inherited.

Case 3 was a 5-year-old (58-month-old) boy living
with his biological parents. There was no consanguin-
ity between the parents. The boy started to speak his first
words at 20 months and simple, two-word sentences at
around 30 months. His family referred to our clinic because
of hyperactivity. He had severe tantrums, inappropriate
facial expressions, restricted joint attention, excessive motor
activity, delayed echolalia, and tactile hypersensitivity. He
was using 1 mg of risperidone daily due to his behavioral
problems, hyperactivity, and tantrums. He had been receiv-
ing special education for two years. He was diagnosed with
mild to moderate autism according to the CARS (total score:
31.5). According to the ADSI, his general development age
was 49-54 months, his language—cognitive development
age was 45—48 months, his fine motor development age
was 45-48 months, his gross motor development age was
61-66 months, and his social skills—self-care development
age was 48—-54 months. His development was found to be
on par with that of his peers. He was diagnosed with con-
comitant ADHD. His weight was in the 99.4th percentile, his
height was in the 89.5th percentile, and his head circumfer-
ence was in the 98.5th percentile. He had no neurological
deficits, and his EEG and MRI findings were normal. His
phenotypic examination revealed syndactyly in the second
and third toes of both feet and an Angelman phenotype. His
karyotype analysis was normal. Array CGH revealed a dele-
tion (598 kb) in the 16p11.2 region. The deletion included
31 genes, the most relevant of which were TAOK2, KCTD1 3,
MAPK3, and SEZ6L2. The CNV, which was classified as
pathogenic, was determined to be de novo.

Case 4 was a 4-year-old (45-month-old) boy living with
his biological parents. There was third-degree consanguin-
ity between the parents. The boy had a history of prenatal
hypoxia. He started babbling after the age of 1 year, but
language development stopped around the age of 2 years.
His parents referred to our clinic with complaints of absence
of speech. He had been receiving special education for two
years. Limited emotional reactions, inadequacy in interac-
tion, insistence on sameness, limitations in imitation skills,
and repetitive movements were observed. He was diagnosed
with severe autism according to the CARS (total score:
47.5). According to the ADSI, his general development
age was 21-23 months, his language—cognitive develop-
ment age was 9—11 months, his fine motor development age
was 14—16 months, his gross motor development age was
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36-38 months, and his social skills—self-care development
age was 12—14 months. He was diagnosed with concomitant
DD. His weight was in the 50th—75th percentiles, his height
was in the 99th percentile, and his head circumference was
in the 25th—50th percentiles. He had no neurological defi-
cits, and his EEG and MRI findings were normal. Posterior
rotated ears were observed on phenotypic examination. His
karyotype analysis was normal. Array CGH revealed a dele-
tion (55 kb) in the 22q13.33 region. The deletion included
two genes, the most relevant of which was SHANK3. The
CNV, which was classified as pathogenic, was determined
to be de novo.

Case 5 was a 9-year-old (104-month-old) girl living
with her biological parents. There was no consanguinity
between the parents. The girl spoke her first words at the
age of 3 years. The complaints upon referral to our clinic
were limited eye contact, delayed language development,
repetitive movements (hand clapping, head shaking), and
self-harm. Due to her behavioral problems, she was using
10 mg of aripiprazole daily. She had been receiving spe-
cial education for six years. She was diagnosed with severe
autism according to the CARS (total score: 51.5). She was
unable to perform the WISC-R test. Her level of intelligence
was clinically determined to be consistent with moderate
mental retardation. Her weight was in the 50th percentile,
her height was in the 75th percentile, and her head circum-
ference was in the 50th percentile. Her neurological exami-
nation showed hypotonia. Her EEG and MRI findings were
normal. Arched eyebrows, synophrys, a high nasal bridge,
a short philtrum, and clinodactyly of the fifth fingers of both
hands were observed on phenotypic examination. Her karyo-
type analysis was normal. Array CGH showed a duplication
(472 kb) in the 2q36.3 region. The deletion included four
genes, the most relevant of which were DNER and TRIP12.
Karyotype analysis and array CGH performed on both par-
ents showed that the CNV, which was classified as a VUS,
was inherited from her father.

Case 6 was a 7-year-old (84-month-old) boy living with
his biological mother. There was no consanguinity between
the parents. The boy spoke his first words when he was
14 months old and started using simple, two-word sen-
tences at around 30 months. Upon referral to our clinic, the
complaints were inappropriate gestures, difficulty holding
conversations, limited interests, and insistence on routines.
He had been receiving special education for five years. His
total intelligence score according to the WISC-R test was 85,
which was clinically consistent with ASD. He was diagnosed
with mild to moderate autism according to the CARS (total
score: 34). His weight was in the 96th percentile, his height
was in the 99th percentile, and his head circumference
was in the 33rd percentile. His neurological examination
revealed no deficits. However, his EEG showed inappropri-
ate discharges in the temporal region, and he was followed
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up clinically for temporal lobe epilepsy. On MRI, hypoplasia
was detected in the splenium part of the corpus callosum
(CC). On phenotypic examination, anteverted ears and short
thumbs were detected bilaterally. His karyotype analysis was
normal. Array CGH revealed a duplication (209 kb) in the
10p11.21 region. The duplication included only the PARD3
gene, which is not known to be associated with ASD. Karyo-
type analysis and array CGH were performed only on the
mother. It could not be determined whether the CNV, which
was classified as a VUS, was inherited.

Case 7 was a 3-year-old (39-month-old) boy living with
his biological parents. There was no consanguinity between
the parents. The parents referred to our clinic with com-
plaints of language development delay. A lack of joint atten-
tion, limited emotional reactions, hyposensitivity to pain,
and repetitive movements were observed. He was diagnosed
with autism for the first time in our clinic. His total CARS
score (48) indicated severe autism. According to the ADSI,
his general development age was 12—14 months, his lan-
guage—cognitive development age was 9—11 months, his
fine motor development age was 9—11 months, his gross
motor development age was 21-23 months, and his social
skills—self-care development age was 9—11 months. He was
clinically diagnosed with concomitant DD. His weight was
in the 90th percentile, his height was in the 90th percen-
tile, and his head circumference was in the 75th percen-
tile. No neurological deficits were detected, and his EEG
and MRI findings were normal. A phenotypic examination
revealed no dysmorphic features. His karyotype analy-
sis was normal. Array CGH revealed duplications in the
15q11.2 and Xp11.22 regions (384 kb and 618 kb, respec-
tively). The duplication in the 15q11.2 region included five
genes, the most relevant of which were TUBGCPS, CYFIPI,
NIPA2, and NIPA 1, whereas the duplication in the Xp11.22
region included four genes, the most relevant of which was
SHROOMHA4. It was not possible to determine whether the
CNV, which was classified as a VUS, was inherited, as the
parents did not consent to undergo genetic testing.

Discussion

In this study, we performed an array CGH to evaluate the
genetic construction of CNVs in Turkish children and ado-
lescents diagnosed with ASD. We identified pathogenic
CNVs in 8.5% of the children. This rate is consistent with
previous studies, which have usually reported diagnos-
tic yields of around 9% [7]. This study contributes to an
increasing number of CNV studies on ASD cases in Turkey.

Case 1, diagnosed with concomitant moderate ID, had
a large deletion in chromosome regions 9p24.3—p24.2
involving the SMARCA2, DOCKS, RFX3, and KANKI
genes. Several studies have suggested that these genes

contribute to the ASD phenotype [16—19]. A previous study
found that the deletion of DOCKS is associated with ID,
DD, and/or ASD [20]. Another study reported that del-
eterious variations in RFX3 in cases of monogenic ID,
ADHD, and ASD may play a critical role in neurodevel-
opmental disease pathogenesis [18]. Vanzo et al. reported
that paternally inherited KANK] deletions might be related
to clinical features of ASD, motor delay, and ID [19]. Simi-
larly SMARCA2 mutations have been reported in several
cases diagnosed with ID and ASD, to our knowledge, this
is the first study to report a SMARCA?2 deletion in a case
diagnosed with ASD and moderate ID [17]. Although our
findings support a pathogenic role of the 9p24.3 deletion,
we cannot draw conclusions regarding the specific con-
tribution of the deleted genes to the phenotype of Case 1.

Case 2 carried a 6488-kb duplication at 15q11.2—q13.1
involving the 15q11-q13 duplication syndrome (Dupl5q
syndrome). This region contains several genes that are
critical for brain development and synaptic function, espe-
cially ATP10A, CYFIP1, GABRB3, MAGEL2, and UBE3A,
which have been associated with autism [21-24]. Dup15q
syndrome is considered the most common CNV contribu-
tor to the etiology of ASD, accounting for an estimated
1-3% of all cases [25]. In most cases, the duplication
is inherited from the mother or occurs de novo on the
maternally inherited chromosome, with a broad spectrum
of neurodevelopmental phenotypes [23]. In our case, it
was not possible to examine the biological parents because
the case was adopted. Among the dysmorphic features, we
observed clinodactyly in the right hand and syndactyly and
gap deformity in both feet, which have also been previ-
ously observed in Dup15q syndrome [26]. The GABRB3
gene plays a role in GABAergic neurotransmission, and
genetic variants within the GABA receptor gene complex
at 15q11-q13 have been linked to epilepsy and ASD in
both humans and animal models [24]. Therefore, it is
plausible that the GABRB3 gene duplication contributed
to both ASD symptoms and focal epileptic disorder in
Case 2.

Case 3 had a de novo deletion of at least 598 kb in the
16p11.2 region, which includes the TAOK2, KCTD13,
MAPK3, and SEZ6L2 genes. Deletions of 16p11.2 are de
novo in approximately 80% of the cases [27]. Case 3 had
obesity, macrocephaly, and syndactyly in the second and
third toes of both feet. The case was diagnosed with con-
comitant ADHD, which is quite common in patients with
16p11.2 deletions (19-38%) [28]. Besides ASD, deletions
in this region have been associated with macrocephaly, intel-
lectual disability, schizophrenia, learning disabilities, DD,
and behavioral problems [29]. Reciprocal 16p11.2 CNVs
exhibit mirrored phenotypes: obesity/underweight and mac-
rocephaly/microcephaly in deletion and duplication carri-
ers, respectively [30, 31]. In line with previous reports, our
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case showed phenotypic features such as behavioral prob-
lems, ADHD, obesity, macrocephaly, and ASD.

Case 4, diagnosed with concomitant DD, had a 58-kb
deletion at 22q13.33 involving SH3 and multiple ankyrin
repeat domain SHANK3. Deletions or sequence variants
of the SHANK3 gene are required for the diagnosis of
Phelan—McDermid Syndrome (PMS). As in our case, PMS
patients often present with ID, ASD, dysmorphic facial fea-
tures (posterior rotated ears), obesity, and severely delayed
or absent speech [32].

Any variant for which there is evidence both for and
against pathogenicity is classified as a VUS according to the
ACMG guidelines [15]. In this study, we detected four VUS
in three cases. A paternally inherited 472-kb duplication at
2q36.3 involving the DNER and TRIP12 genes was identi-
fied in Case 5. A previous study identified four TRIP12 de
novo single-nucleotide variants among 64 candidate genes
for ASD that were re-sequenced in 5979 individuals, as well
as two missense and two truncating variants in individuals
with mild to moderate ASD and ID [33]. As in Case 5 in
our study, studies providing detailed clinical information on
cases with TRIP 12 mutations found that autism was accom-
panied by mild ID, hypotonia, arched eyebrows, synophrys,
a high nasal bridge, a short philtrum, and clinodactyly
[34-36]. Although it is unknown whether the VUS dupli-
cation associated with TRIP12 contributed to the clinical
features of Case 5, we suggest that this gene may be a can-
didate gene for autism. Further investigations are required to
determine the clinical significance of this duplication.

In Case 6, we identified a de novo 209-kb duplication at
10p11.21 harboring only one gene, PARD3, which encodes
the polarity protein partitioning defective 3 homolog (Pard-
3) [37]. Cell polarity has a key role for maintaining several
structural tasks such as, asymmetric cell division, cell migra-
tion and neuronal parts specification [38]. An association has
been found between defects in cell polarity and diseases such
as schizophrenia, autism, and epilepsy, whose pathophysiol-
ogy is assumed to impair neuronal or synaptic development
[39]. In Case 6, who had abnormal activities originating in
the temporal lobe were detected on EEG, and CC hypoplasia
was detected on cranial MRI. Moreover, obesity, bilateral
anteverted ears and short thumbs were observed. CC hypo-
plasia is defined as a CC that is fully formed but thinner
than expected for the person’s age and gender [40]. One
of the most consistent findings in MRI studies on individu-
als with autism is a reduction or thinning of the CC [41].
Although CC hypoplasia has been reported in children with
16pl11.2 deletions and duplications [42], to our knowledge,
our study is the first to report an association between PARD3
duplication and CC hypoplasia. PARD3 has been shown to
play a role in cortical neurogenesis in mice by regulating
the balance between proliferation and differentiation [43].
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Moreover several studies have suggested that PARD3 vari-
ants may be associated with ASD [44, 45]. In light of previ-
ous findings, we suggest that the duplication of PARD3 in
Case 6 may be linked to newly identified phenotypical fea-
tures. Future studies should comprehensively investigate the
possible association between PARD3 duplication and ASD.

In Case 7, who had concomitant DD, we identified two
VUS duplications in the 15q11.2 and Xp11.22 regions,
sized 384 kb and 618 kb, respectively. The 15q11.2 region
includes TUBECPS, CYFIP1, NIPA2, and NIPA1, all of
which are variously involved in axonal growth and neural
connectivity [46]. Previous studies have reported cases
of 15q11.2 microduplications related to ASD, DD, and
epilepsy [46, 47]. Moreover, duplications of SHROOM4,
which encodes a regulator of cytoskeletal architecture,
have been suggested as candidates for DD [48]. In a previ-
ous study, a case with SHROOM4 duplication, diagnosed
with ASD and DD, was reported, similar to the phenotypic
characteristics of the Case 7 [49]. VUS not only adds the
current knowledge, but also proposes potential risk factors
for ASD. Therefore, our results will contribute to interpret-
ing the association of TUBECPS5, CYFIP1, NIPA2, NIPA1
and SHROOM4 variants with ASD in future studies.

This study has certain limitations. The first limitation
is the relatively small sample size. Second, as few par-
ents consented to undergo array CGH testing, informa-
tion about inheritance was not sufficient to help in the
interpretation of CNVs, particularly VUS. The reason for
the parents’ reluctance may have been a failure to explain
to them the purpose of the test in an appropriate man-
ner. Another limitation of our study is that we did not use
control CNV data from normal individuals in the same
population. Our results should be validated by a multi-
center study with a larger Turkish ASD cohort and CNV
data from population-matched controls for interpretation.

Conclusion

In this study, we sought to comprehensively describe the
phenotypic characteristics of children with ASD in whom
either pathogenic CNVs or VUS were detected. The diag-
nostic yield of the CMAs was 8.5%. Our results suggest
that the TRAP12 and PARD3 genes in CNVs classified
as VUS may be worth investigating for ASD. The initial
identification of both clinical and biological markers may
facilitate monitoring, early intervention, or prevention and
advance our understanding of the neurobiology underly-
ing ASD.
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