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Objective Although autism spectrum disorder (ASD)
occurs worldwide, most genomic studies on ASD were
performed on those of Western ancestry. We hypothesized
ASD-related copy number variations (CNVs) of Japanese
individuals might be different from those of Western
individuals.

Methods Subjects were recruited from the Hirosaki
5-year-old children’s developmental health check-up
(HFC) between 2013 and 2016 (ASD group; n = 68, control
group; n = 124). This study conducted CNV analysis

using genomic DNA from peripheral blood of 5-year-old
Japanese children. Fisher’s exact test was applied for
profiling subjects and CNV loci.

Results Four ASD-related CNVs: deletion at 12p11.1,
duplications at 4q13.2, 8p23.1 and 18q12.3 were detected
(P=0.015, 0.024, 0.009, 0.004, respectively). Specifically,
the odds ratio of duplication at 18q12.3 was highest
among the 4 CNVs (odds ratio, 8.13).

Conclusions Four CNVs: microdeletion at 12p11.1,
microduplications at 4q13.2, 8p23.1 and 18q12.3 were

Introduction

Autism spectrum disorder (ASD) is an innate neu-
rodevelopmental disorder (NDD) characterized by
impairments in social communication/interaction, repet-
itive and restrictive behavior (American Psychiatric
Association, 2013). The US Centers for Disease Control
and Prevention has reported that the overall ASD prev-
alence per 1000 children aged 4 years was 13.4 in 2010,
15.3 in 2012 and 17.0 in 2014, 15.6 in 2016 (Shaw ¢z al.,
2020). We showed that adjusted ASD prevalence was
3.22% in Japanese 5-year-old children (Saito ez a/., 2020).
Many studies on ASD from various points of view, such
as biochemistry, genetics and epidemiology, have been
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detected as ASD-related CNVs in Japanese children in
this study. Although these CNVs were consistent with
several reports by Western countries at cytoband levels,
these did not consistent at detailed genomic positions
and sizes. Our data indicate the possibility that these
CNVs are characteristic of Japanese children with ASD. We
conclude that Japanese individuals with ASD may harbor
CNVs different from those of Western individuals with
ASD. Psychiatr Genet 31: 79-87 Copyright © 2021 The
Author(s). Published by Wolters Kluwer Health, Inc.
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conducted; however, the etiology of ASD has not been
clarified completely. Owing to unexplained etiology, ther-
apeutics for ASD have not been established other than
behavioral therapy.

The etiology of ASD is complicated due to its multifac-
torial nature, and both genetic factors and environmental
factors are involved in the onset, phenotype and severity.
This complexity is expressed as ‘a complex dynamic of
genexenvironment effect’ (Esposito er a/., 2017; Kikusui
and Hiroi, 2017). Some twin studies showed that the con-
cordance rate for ASD was 60-92% in monozygotic twins
and 0-10% in dizygotic twins (Bailey ez a/., 1995); it has
also been suggested that approximately 50-60% of ASD
etiologies are caused by genetic factors (Hallmayer, 2011;
Gaugler et al., 2014). In brief, this evidence indicates that
genetic factors have a large impact on the etiology of
ASD, conferring high heritability. Numerous studies sug-
gest that chromosomal abnormalities such as copy num-
ber variation (CNV) and single-nucleotide polymorphism
(SNP) contribute to an increased risk of ASD. According
to a systematic review, the mean rate of cytogenetically
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Fig. 1
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Flowchart of the HFC and CNV analysis. The schematic figure of this
study was shown as described in Methods. HFC was carried out

as reported previously (Saito et al., 2020). Random subjects were
extracted; those who participated in the genetic test and those who
fulfilled the criteria of microarray (quality check >0.4, MAPD <0.4)
were subjected to CNV analysis. Finally, 68 children with ASD and
124 non-ASD/ADHD children were eligible for this study. ADHD,
attention deficit hyperactivity disorder; ASD, autism spectrum disor-
der; CNV, copy number variations; HFC, Hirosaki 5-year-old children
developmental health check-up.

detectable chromosome abnormalities is 7.4% of ASD
cases, with a range from 0-54% (Xu ez al., 2004; Reddy,
2005).

The involvement of multiple genes, as opposed to a sin-
gle gene, further complicates the etiology of ASD and
makes it difficult to elucidate genetic effects. SFARI
GENE (https://gene.sfari.org/. released on 20 June 2019)
reports that 1089 genes and 2170 CNVs, including those
with rare frequency, are related to ASD. Given that the
number of human protein-coding genes is approximately
20 000 according to EMBL-EBI (https://www.ebi.ac.uk/)

and NCBI (https://www.ncbi.nlm.nih.gov/), it is surpris-
ing that approximately 5% of all genes are related to ASD.

CNV isastructural variation in genomic sequence, includ-
ing large multiplications and deletions ranging from 1
kilobase (kb) to several megabases (Mb) of DNA (Iafrate
et al., 2004; Sebat ez al., 2004). One of the representative
CNVs in ASD is a maternal 15q11-q13 duplication that
is found in 1-3% of individuals with the disorder (Cook
et al., 1997). Indeed, this is the most common cytoge-
netic abnormality in ASD. It has also been indicated that
7-10% of individuals with sporadic ASD carry de novo
CNVs (Sebat ez al., 2004; Marshall ez a/., 2008). There are
also many rare ASD-specific CNVs, for example, 2p16.3
deletion, 19q13.32 duplication and so on (Prasad er a/.,
2012). Not only CNVs including genes but also intergenic
CNVs can cause changes in gene expression and function
(Klopocki and Mundlos, 2011; Walker and Scherer, 2013);
CNVs may confer phenotypic heterogeneity and differ-
ent susceptibilities to disorders (Freeman ez a/., 20006).
In addition, several studies have revealed differences in
the number and size of CNVs between individuals with
typical development and individuals with ASD (Sebat ez
al., 2007; Cho ez al., 2009; Prasad ez a/., 2012). The num-
ber and size of CNVs may be related to genomic diver-
sity and alter susceptibility to ASD because of unstable
genomic structure. Thus, examining the number and size
of CNVs is as important as identifying CNV loci.

Most genome-wide association studies have been car-
ried out using samples of Western ancestry, including
European and North American, even though ASD occurs
worldwide (The Autism Genome Project Consortium,
2007; Pinto ez al., 2010). Therefore, the genomic informa-
tion associated with ASD thus far may differ from that
of other ancestries. Asian areas, including Japan, are no
exception, and there have been only a few studies regard-
ing CNVs among Asian individuals with ASD. Moreover,
several studies have reported some differences in CNVs
among different ethnicities; as an example, Melanesian
and Papuan individuals harbor more CNVs than other
populations, with Kalash individuals harboring fewer
CNVs than the average (Itsara ez /., 2009). We hypoth-
esized that ASD-related CNVs of Japanese individuals
may be different from those of Western individuals.

To examine differences in ASD-related CNVs between
those of Japanese ancestry and Western ancestry, this
study conducted CNV analysis using genomic DNA from
peripheral blood of Japanese children.

Methods

Ethics approval

This study was approved by the Research Ethics
Committee of Hirosaki University Graduate School of
Medicine (approval number: 2013-293). All subjects were
recruited with informed consent. The information secu-
rity policies of Hirosaki city were followed to protect the
personal data of the participants.
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Study design of health check-up study

The flow chart shows our study design (Fig. 1). Subjects
were recruited from the Hirosaki 5-year-old children
developmental health check-up (HFC) between 2013
and 2016. The HFC has been held annually in Hirosaki,
a city located in Aomori prefecture in Japan, and targeted
all 5-year-old children in the city. The city is approxi-
mately 524.20 km? in size, and the total population was
175 777 as of 2016. The HFC consisted of two stages,
the initial screening stage and the comprehensive assess-
ment stage, as reported previously (Adachi ez al., 2018;
Saito ¢ al., 2020).

In the initial screening stage, we used the following
measures to screen for ASD: the Japanese version of
autism spectrum screening questionnaire (ASSQ) (Ehlers
and Gillberg, 1993; Adachi er al., 2018), the Japanese
version of the strengths and difficulties questionnaire
(SDQ) (Goodman, 1997; Matsuishi ¢z a/., 2008) and the
Japanese version of parenting stress index (PSI) (Abidin,
1995; Narama ¢z a/., 1999). We also used attention deficit
hyperactivity disorder (ADHD)-rating scale-IV (ADHD-
RS-1V) (DuPaul ez al., 1998; Takayanagi et al., 2016) as a
screening tool for ADHD, and developmental coordina-
tion disorder questionnaire (DCDQ) (Nakai ez a/., 2011;
Wilson et al., 2000, 2009) as a screening tool for develop-
mental coordination disorder (DCD).

We next invited screening-positive children to a compre-
hensive assessment at the medical check-up in Hirosaki
city; screening-negative children also participated in the
assessment as applicants if their caregiver requested an
evaluation. We used diagnostic interview for social and
communication disorders (DISCO) to collect informa-
tion about behavior related to NDD (Wing ez a/., 2002).
Psychologists used the Japanese version of the Wechsler
Intelligence Scale for Children, 4th edition (WISC-IV),
to assess cognitive function (Wechsler and Japanese
WISC-IV Publication Committee, 2010). Children with
ASD or suspected ASD were administered autism diag-
nostic observation schedule (Gotham ez a/., 2009).

The multidisciplinary team consisted of child and adoles-
cent psychiatrists, psychologists, pediatricians and occu-
pational therapists diagnosed NDD based on screening
tools and diagnostic assessment. Children with ASD were
diagnosed using DSM-5 criteria (American Psychiatric
Association, 2013). Children whose IQ was below 70 were
diagnosed with intellectual disability.

Between 2013 and 2016, the 5016 children born in Hirosaki
were eligible for the HFC. Caregivers of 3954 children
(participation rate 78.8%) completed and returned the
screening packet (ASSQ, ADHD-RS, DCDQ, SDQ and
PSI). Preschool teachers completed the teacher-rated
SDQ.Among children who returned the screening packet,
773 children (19.5%) were screen-positive using HFC
original screening criteria (Saito ¢ a/., 2020) and invited
to the comprehensive assessment. Of these screen-pos-
itive children, caregivers of 259 children either refused

to consent or did not bring their children for the assess-
ment. For screen-negative children (V= 3181), caregivers
of 45 children requested the assessment. Therefore, 559
children underwent the comprehensive in-person assess-
ment. Of the 559 children, 87 children (60 boys and 27
girls) were confirmed to have ASDs (Saito ez /., 2020).

Subjects for copy number variation analysis

This CNV study targeted Japanese children who partic-
ipated in the HFC and provided a voluntary blood sam-
ple. The subjects of blood sampling were only those who
consented to this experiment. Of the 87 children diag-
nosed with ASD, 68 children (45 boys and 23 girls, mean
age = 65.1 = 3.1 months) were recruited for the ASD
group. Of 348 children with neither ASD nor ADHD, 169
children provided a voluntary blood sample. Of 169 chil-
dren, 140 children were randomly selected for CNV anal-
ysis. There were no twins or siblings in this study. The
profiles of the subjects were blinded before CNV analy-
sis and opened after the experiment to conduct statistical
analysis. After quality control, 124 children (62 boys and
62 girls, mean age = 65.0 + 3.0) were recruited for the
control group. In both groups, children with other psychi-
atric disorders other than DCD and intellectual disability
were excluded.

Extraction of genomic DNA

Peripheral blood from subjects was collected for
extraction and purification from genomic DNA using
a QIAamp DNA Blood Mini kit (QIAGEN, Hilden,
Germany) in accordance with the manufacturer’s instruc-
tions. The quantity and quality (ratio of absorbance at
260 and 280 nm) of genomic DNA were estimated with
a Microvolume Spectrophotometer Q5000 (TOMY
SEIKO, Tokyo, Japan) and all samples showed a ratio
between 1.8 and 2.0.

DNA microarray

Fifty nanograms of genomic DNA was used for a gen-
otyping array using Genome-Wide Human SNP Array
6.0 (‘ThermoFisher Scientific, Waltham, Massachusetts,
USA) in accordance with the manufacturer’s instruc-
tions. This product contains approximately 1.8 million
genetic markers that cover the whole genome, including
more than 906 600 SNPs and more than 946 000 probes
for the detection of CNVs. Genomic DNA (250 ng) was
digested with Sty and Nsp. Fragmented and labeled
DNA was hybridized at 50 °C and 60 rpm for 16 h using
GeneChip Hybridization Oven 640 (Thermo Fisher
Scientific). After washing and staining with GeneChip
Fluidics Station 450 (Thermo Fisher Scientific), the
array cartridges were scanned with a GeneChip Scanner
3000 7G System. After scanning the array cartridge, qual-
ity check was performed by Genotyping Console soft-
ware. We ascertained whether all the array data fulfilled
the following criteria: quality check >0.4 and median of
the absolute values of all pairwise differences (MAPD)
<0.4, as recommended quality check metrics according
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Table 1 The profiles of the subjects

Number of intellectual

Age (months) disability cases (%)
ASD (N =68) 65.0 £ 3.0 23 (33.8%)*
Boys (n = 45) 64.7+28 13 (28.9%)
Girls (n=23) 65.5 £ 3.3 10 (43.5%)*
Control (N =124) 65.1 £ 3.1 19 (15.3%)
Boys (n = 62) 65.0 £ 3.3 10 (16.1%)
Girls (n =62) 65.2+2.9 9 (14.5%)

Among the subjects who participated in HFC, CNV analysis was performed
against 68 children with ASD and 124 children with neither ASD nor ADHD.
The average age (month), the breakdown of boys and girls, and the presence or
absence of intellectual disabilities were shown. Subjects with intellectual disabili-
ties were included in this study. Asterisks indicate significant differences between
control subjects of same sex or total (*P < 0.01); means + SD.

ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder;
CNV, copy number variations; HFC, Hirosaki 5-year-old children developmental
health check-up.

Table 2 Number of CNVs (>1 kbp)

Total P value

ASD (N =68) 374+ 23 0.466

Boys (n = 45) 38.0+ 2.8 0.528

Girls (n = 23) 36.8+ 2.1 0.342
Control (N =124) 378+ 19 -
Boys (n = 62) 38.2+ 2.0 -
Girls (n=62) 374+1.8 -

The numbers of CNVs (>1kbp) was shown. The P value indicates the result when
compared with control subjects of same sex or total.
CNV, copy number variations.

to the manufacturer’s instructions. Some array data were
excluded from CNYV analysis because they did not fulfill
the criteria. All of the DNA microarray data that fulfilled
the criteria were deposited at Gene Expression Omnibus
(https://www.ncbi.nlm.nih.gov/geo/) under accession
number GSE144918.

Estimation of log R Ratio and B allele frequency

Both log R Ratio (LRR) and B allele frequency (BAF)
were estimated using PennCNV. The LLRR was the nor-
malized values of the signal intensity for each CNV and
SNP probe in array chips. After the normalization, copy
numbers were estimated by signal intensity around 0
was set to two copies. Higher and lower values than 0
mean duplication and deletion, respectively. BAF refers
to the fraction of reads supporting nonreference alleles
at a given SNV position and estimated the patterns of
allelic duplication or deletion. In the case of normal copy
(copy number = 2), the values of BAF around 0, 0.5 and 1
indicate AA, AB and BB genotypes, respectively.

Copy number variation analysis

CNV analysis refers to the human genome version of
GRCh37/hgl9 because it contains probe information
for Genome-Wide Human SNP Array 6.0 and more
information than the latest version (GRCh38/hg38). For
the estimation of copy number, PennCNV (Wang ¢z a/.,
2007) and Partek Genomics Suite 7.0 (Partek, St. Louis,

Missouri, USA) were used with a hidden Markov model.
Copy number = 2 was determined as the standard copy
number, copy number = 3 or more was determined as
duplication, and copy number = 1 or less was determined

as deletion. We calculated the average number and size of
CNVs (>1 kbp) in each group.

Copy number variation and gene loci

Based on the results of CNV analysis, CNV loci were
confirmed by AutDB (http://autism.mindspec.org/autdb/
html) (Pereanu ez a/., 2018), SFARI GENE (https://gene.
stari.org/), ENCODE at UCSC Genome Browser (http://
genome.ucsc.edu/ENCODE/) and Ensembl genome
browser (http://www.ensembl.org/index.html). The lists
of genes located within the CNV loci were confirmed by
ENCODE at the UCSC Genome Browser.

Statistics

SPSS (version 25.0) was used for statistical analyses.
Fisher’s exact test was applied for profiling subjects and
CNV loci. A P value of less than 0.05 was considered sta-
tistically significant.

Results

The profile of the subjects

The schematic figure of this study is shown in Fig. 1.
The profile of the subjects in this study regarding age,
sex and the comorbidity rate of intellectual disability
are shown in Table 1. Since participants were recruited
from the HFC, there was no difference in age between
the ASD group and the control group (65.0 + 3.0 and
65.1 + 3.1, respectively). The comorbidity rate of intellec-
tual disability was significantly higher in the ASD group
than in the control group (33.8 and 15.3%, respectively;
¥* = 8.79588, P = 0.0056).

The average number of copy number variation

There was no significant difference in the average num-
ber of CNVs between the ASD group and the control
group (Table 2,37.4 = 2.3 and 37.8 = 1.9, respectively), as
shown in Table 2. There were also no sex differences in
the average number of CNVs.

Characteristic copy number variations in Japanese
children with autism spectrum disorder

Four characteristic CNV loci among the Japanese chil-
dren with ASD compared to the control group were iden-
tified: deletion at 12p11.1, duplications at 4q13.2, 8p23.1
and 18q12.3 (Table 3, Supplementary Figure A-D,
Supplemental digital content 1, Az#p://links.lww.com/PG/
A250, Fisher’s exact test P = 0.015, 0.024, 0.009, 0.004,
respectively. odds ratios = 2.91, 3.11, 6.15, 8.13, respec-
tively). The odds ratio of duplication at 18q12.3 was high-
est among the four CNVs (odds ratio = 8.13). Average
sizes of deletion at 12p11.1, duplications at 4q13.2, 8p23.1
and 18q12.3 in the ASD group were 5621, 67 503,487 929
and 5322 bp, respectively; all of these were microdeletion
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Fig. 2
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lllustrations of LRR and BAF values for each CNV in children with ASD. Representative values of LRR, BAF in 12p11.1 (a), 4q13.2 (b), 8p23.1 (c)
and 18q12.3 (d) were shown with scatter plot. Copy number state was shown with line plot. The values of LRR and BAF in the CNV region were
indicated by square, and their surrounding area were indicated by circle. The LRR values centered around zero mean copy number = 2. The BAF
values around 0, 0.5 and 1.0 mean AA, AB and BB genotypes, respectively. BAF, B allele frequency; CNV, copy number variations; LRR, log R

ratio.
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Table 4 The list of genes within each CNV

Chromosome Loci Genes Reference
chr 12 p11.1 - Christian et al. (2008)
Chen et al. (2017)
chr 4 q13.2 UGT2B17 Celestino-Soper (2011)
chr 8 p23.1 ZNF705G DEF4B DEFB103B SPAGT11B DEFB104B Autism Genome Project Consortium (2007)
DEFB106B DEFB1058B  DEFB107B PRR23D1 FAM9OA7P Marshall et al. (2008)
FAM90A10P PRR23D2 DEFB107A  DEFB105A  DEFB106A Pinto et al. (2010)
DEFB104A SPAG11A DEFB4A ZNF705B FAMG66E Prasad et al. (2012)
USP17L USP17L3 MIR54813 FAM85B FAM86B3P
chr18 ql12.3 - Autism Genome Project Consortium (2007)

Prasad et al. (2012)

12p11.1 and 18q12.3 have no genes within detected CNV. 4q13.2 and 8p23.1 has several genes within detected CNV, but these genes have not been reported to be
associated with ASD. References show previous studies that reported characteristic CNVs in patients with ASD at the cytoband level.

ASD, autism spectrum disorder; CNVs, copy number variations.

or microduplication. The representative data of the LRR
and BAF of each CNVs in children with ASD are shown
in Fig. 2.

Discussion

"This study detected four ASD-related CNVs at 12p11.1,
4q13.2, 8p23.1 and 18q12.3. One out of four CNVs
was microdeletion, and three out of four CNVs were
microduplications.

Although these CNVs were consistent with several
reports by Western countries at cytoband levels, these
were not consistent at the detailed genomic positions and
sizes as shown in Table 3 (Celestino-Soper ¢z a/., 2011,
Chen, 2017; Christian ez al., 2008; Marshall ez al., 2008;
Pinto ez al., 2010; Prasad ez a/., 2012; The Autism Genome
Project Consortium, 2007). Many studies have reported
that some microdeletion/microduplication caused charac-
teristic clinical features, and these are called the microde-
letion/microduplication syndrome (Weise ez /., 2012). For
example, microdeletion at 22q11.2 is called Di George
syndrome or CATCH 22. Here, we report that the charac-
teristic CNVs possibly associated with pathogenesis were
found with Japanese children with ASD.

We used ENCODE at the UCSC Genome Browser and
SFARI GENE to assess whether genes that contained in
the detected CNV loci are reported as ASD-related genes
('Table 4, Supplementary Figure A-D, Supplemental dig-
ital content 1, hzzp.//links.lww.com/PG[A250). Table 4 is a
list of genes contained in the four characteristic CNVs
in Japanese children with ASD. Although duplications
at 4q13.2 and 8p23.1 contained genes, none of them
are classified as ASD-related genes in SFARI GENE.
Deletion at 12p11.1 and duplication at 18q12.3 did not
contain any gene, these were intergenic CNVs.

According to the guideline of interpreting the clinical rel-
evance of CNV from the American College of Medical
Genetics (Kearney ¢z a/., 2011), CNVs are classified into
pathogenic, uncertain clinical significance and benign.

Moreover, CNVs classified into uncertain clinical sig-
nificance further classified into likely pathogenic, likely
benign and no subclassification. The CNVs at4q13.2 and
18q12.3 we detected are classified into ‘uncertain clinical
significance; no subclassification’, and CNVs at 12p11.1
and 18q12.3 are classified into ‘uncertain clinical signifi-
cance; likely benign’.

The mechanism of action of these intergenic CNVs,
deletion at 12p11.1 and duplication at 18q12.3, in the
pathogenesis of ASD could be (1) through altering the
necessary copy number or positional context of key DNA
sequence elements required for regulating the proper
expression of nearby genes (Klopocki and Mundlos,
2011), (2) affecting still undiscovered genes or noncod-
ing RNAs residing in the CNV regions and (3) disrupting
uncharacterized isoforms of the adjacent annotated genes
(Walker and Scherer, 2013).

We also searched frequencies of these four CNVs among
Asian ancestry using gnomAD v2.1.1 (https://gnomad.
broadinstitute.org/). The one deletion at 12p11.1 whose
position (12:33296559-33307366) did not exactly match
with our CNV but located nearby our CNV had been reg-
istered, and its frequency was 0.1229 among East Asian.
Similarly, two duplications at 18q12.3 whose position
(18:38221619-38291063, 18:38224748-38361013) did not
exactly match with our CNV but located nearby our CNV
had been registered; however, there were no East Asian
individuals with these CNVs. The duplications at 4q13.2
and 8p23.1 whose position matched with our CNVs had
not been registered in gnomAD.

In this study, we could not conclude that these CNVs
are specific to Japanese individuals with ASD. Regarding
three of the four CNVs we detected, many studies have
reported associations between ASD and duplication of
4q13.2 (Celestino-Soper ez al., 2011), deletion-duplication
of 8p23 (The Autism Genome Project Consortium, 2007;
Marshall ez a/., 2008; Pinto ez a/., 2010), and duplication of
18q12.3 (The Autism Genome Project Consortium, 2007)
(Table 4). These data suggest that these three CNVs
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are common to Japanese ancestry with ASD as well as
Western ancestry with ASD.

It is difficult to utilize four CNVs we detected for a diag-
nostic algorithm because 4.0-12.1% of the control group
also harbored these CNVs (Table 3). Although genomic
information such as CNVs may not be useful for diag-
nosing ASD because of the complexity, large differences
between individuals and cost, these data may be helpful
in elucidating the etiology of ASD.

Although we did not find a significant difference in the
number of CNVs between the ASD group and the con-
trol group, some studies have reported that individuals
with ASD have a significantly small average number of
CNVs compared to control subjects (Prasad ez al., 2012).
On the other hand, other studies have reported that indi-
viduals with ASD carry a large average number of CNVs
compared to control subjects (Sebat ez a/., 2007; Cho et
al., 2009). These opposite results may be caused by dif-
ferences in sample size, analytic methods and reference
genome version. Furthermore, another study showed
that the number of CNVs depends on ancestry (Itsara ez
al., 2009), and the difference in ancestry might be respon-
sible for the opposite results and our data. Considering
that we have not reached a consensus on the number of
ASD-related CNVs, the current data are not contradic-
tory to prior studies.

The strength of this study is its precision diagnosis
through an appropriate process and focus on 5-year-old
children. We could exclude acquired effects after birth
and focus on the genetic background because this study
was community-based and we targeted 5-year-old chil-
dren. Our results suggest characteristics of CNVs specific
to Japanese children with ASD.

This study has some limitations. First, the sample size
was small. There is a possibility that characteristic CNVs
reported by other studies were not detected in this study
due to our small sample size. In other words, the four
CNVs that we detected despite the small sample size
may be meaningful. Second, some subjects were comor-
bid with other NDDs; therefore, we could not rule out the
effects of them. In HFC, of all children with ASD, 88.5%
of children were found to have at least one co-occurring
NDD (i.e. one or more among ADHD, DCD, intellec-
tual disability and/or borderline intellectual functioning).
Common co-occurring conditions include ADHD 50.6%,
DCD 63.2 %, intellectual disability 36.8% and border-
line intellectual functioning 20.7% (Saito et al., 2020).
Other studies have also reported the co-occurring rate
of intellectual disability in ASD ranges between 25 and
70% (Chakrabarti and Fombonne, 2001; Yeargin-Allsopp
et al., 2003). Particularly, we have not excluded children
with intellectual disability, and 33.8% of children in the
ASD group were comorbid with intellectual disability in

this study. Considering these high co-occurring rates, it
is impossible to completely separate the effects of other
NDDs.

Conclusion

Four CNVs: microdeletion at 12p11.1, microduplications
at 4q13.2, 8p23.1 and 18q12.3 were detected as ASD-
related CNVs in Japanese children in this study. At the
cytoband level, these CNVs were consistent with some
studies on Western countries; however, these were not
consistent at detailed locations and sizes. Our data indi-
cate the possibility that these CNVs are characteristic of
Japanese children with ASD. We conclude that Japanese
individuals with ASD may harbor CNVs different from
those of Western individuals with ASD.
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