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Introduction

Autism spectrum disorder (ASD) is one of the most common
and complex childhood neurodevelopmental condition that

ABSTRACT

Objectives: Autism spectrum disorder (ASD) is a neurological condition that affects
social communication and causes repetitive behavior. Autistic children often have
comorbidities such as epilepsy. Although the co-occurrence of epilepsy and ASD is
frequent, the genetic basis for this association is not fully understood. Many cases
of ASD and epilepsy remain unresolved without a molecular diagnosis. The purpose
of this study was to determine the molecular diagnostic yield in two Saudi families
with a single affected offspring with both ASD and epilepsy using whole-exome
sequencing (WES).

Methods: Pediatric patients were diagnosed by a pediatric psychiatrist and neurologist,
and diagnosed according to the diagnostic and statistical manual of mental disorders
(DSM-V) criteria. WES was used to analyze the coding region of DNA from the two
trios. Enrichment analysis was performed on the final list of genes.

Results: De novo variations were detected in eleven genes (two in ZBTB17 and FRG,
and one each in CAD, CTNNA3, GILGAS8J, CCZ1, CASKINI1, growth differentiation
factor (GDF7), NBPF10, DUX4L4, and ZNF681). Variations in CTNNA3, GOLGAS]J,
CASKIN1, CCZ1, and NBPF10 genes were correlated to autism. In addition, similar
studies found that CAD, CASKIN1, and GOLGA&8J were candidate genes for epilepsy.
FRG1 and DUX4 variations were associated with facioscapulohumeral muscular
dystrophy. The expression of ZBTB17 and GDF was high in nervous system, and
variations in these genes might be correlated to autism and epilepsy.

Conclusion: Not all the genes presumed to cause ASD and epilepsy in this study were
previously identified, suggesting that more genes were suspected of being involved in
ASD and epilepsy co-occurrence.

Keywords: Autistic spectrum disorder, epilepsy, whole-exome sequencing, De novo
variations, Saudi families

2.9% in Arab countries (Saudi Arabia, United Arab Emirates,
Oman, Kuwait, Qatar, and Bahrain).!®! Studies conducted in
various cities across Saudi Arabia have confirmed a rise in the
prevalence of ASD.F-12

is typically associated with comorbidities of a psychological

or physiological nature.["? Most common comorbidities
include anxiety, depression, attention-deficit/hyperactivity
disorder, epilepsy, gastrointestinal problems, sleep disorders,
eating disorders, learning disability, intellectual disability,
and obsessive-compulsive disorder.’! A recent estimate from
a network funded by the Center for Disease Control shows
that around 1 in 44 children are diagnosed with ASD™ with a

higher prevalence in boys than girls.!

Epidemiological studies worldwide showed that the prevalence
of ASD is increasing,*” with rates ranging from 0.14 to

The etiology of ASD has not been fully attributed to a single
factor. Several influences seem to be involved in the occurrence
of this condition. These involve the epigenetic interactions
between genetic and environmental influences. The previous
studies assumed that several environmental influences
contribute to autism, such as parental age, prenatal exposure,
low birth weight, cesarean delivery, maternal medication and
nutrition status, pollution, and gut flora.>*-*1 Predominantly,
it is believed that ASD is associated with genetic factors that
alter brain development through neural connectivity issues and
cause restricted interests and repetitive behaviors.*”! Therefore,
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interactions between genes and epigenetic influencers can
affect specific molecular and cellular pathways associated
with ASD. These pathways include gene transcription, nRNA
translation, synaptic signaling, abnormal post-translational
modifications, and immune and inflammatory aspects.!?
Several genetic variations linked to ASD have been identified
and annotated using published scientific literature and whole-
exome sequencing (WES).?!! Using the WES approach instead
of whole-genome sequencing (WGS) has several advantages.
One of them is that it produces a smaller number of results
which makes the analysis less challenging. However, while this
approach helps us create a list of potential deleterious variants,
further research including association and functional studies
is needed to determine with more certainty which variants are
causing the disease.” In 2021, a research team compared the
diagnostic yield obtained from different genetic approaches
(chromosomal microarrays (CMA), fragile X mental retardation
protein (FMR1), and WES) in 343 ASD patients. Compared
to CMA or FMRI1 testing, WES had shown a statistically
significant improvement in diagnostic yield for ASD, making
it an appropriate first-tier genetic test to be used. WES had been
found to be highly effective in identifying causative variants
in patients with ASD. In fact, WES had been found to identify
14.6% of causative variants, while the diagnostic yield of CMA
and FMR1 testing was only 2.9% and 0.9%, respectively. About
75% (33/44) of the characterized patients were diagnosed using
WES, indicating its superiority over CMA and FMR1 testing.
A recent meta-analysis investigated the genetic diagnostic yields
of WES and CMA in patients with global developmental delay,
ID, and/or ASD. As a result of this analysis, the authors propose
a diagnostic algorithm that begins with WES when evaluating
unexplained neurodevelopmental disorders.*!

A previous study was conducted to analyze the exome of 19
trios with ASD from Saudi families by using WES. The aim
was to identify de novo or rare inherited coding variants that
could have potential clinical relevance. As a result, variants
in 15 ASD candidate genes were detected, including 5 genes
(GLT8D1, HTATSF1, OR6C65, ITIH6, and DDX26B) that
have not been previously reported in any human condition.

The remaining identified variants occurred in genes previously
linked to ASD or other neurological disorders. The study’s
findings were consistent with previous studies, indicating
that most of the genes implicated were enriched for biological
processes related to neuronal function.!*

In addition, several studies have been conducted to identify
shared pathways and candidate genes for epilepsy or autism using
network-based approaches. Generally, these studies use shared
biological pathways/processes, protein-protein interaction, co-
expression, and other networks to identify relationships between
epilepsy or ASD associated genes from sequencing data or
selected databases. However, few of these studies have studied
ASD and epilepsy in the context of one another.*”! A recent study
published in 2020 recommended the use of WES and CMA in
the clinical evaluation of children with these conditions. By
incorporating these techniques into clinical practice, we can
facilitate more accurate diagnoses and treatment plans.?!

This study aimed to assess the molecular diagnostic yield of
DNA samples taken from children with autism and epilepsy
and discover their influence on brain development and behavior
through WES analysis.

Materials and Methods

Participants

This study was approved by the research and studies
department committee-Jeddah Health Affairs (ethical approval
no. H-02-J-002). Consent to participate in this study was
obtained from the legal guardians of all patients. Only two
Saudi families with one male child affected with autism and
epilepsy (Trio’s analysis) agreed to participate in this study
[Figure 1]. The mean age of the children was 6 years. The
children were diagnosed with ASD, ADHD, and epilepsy at
the age of three. Recruitment was done through the psychiatry
department at East Jeddah Hospital, and the children were
assessed by a trained medical team (a pediatric psychiatrist
and neurologist) and diagnosed according to the diagnostic
and statistical manual of mental disorders (DSM-V) criteria.

Saudi Family 1 Saudi Family 2
Father Mother Father Mother
39 years old 36 years old 39 years old 36 years old

Patient
7 years old
ASD+ADHD+Epilepsy (3 years old)

m OO

Patient
S years old
ASD+ADHD+Epilepsy (3 years old)

Figure 1: The pedigrees of the two participant Saudi families. Squares denote males; circles denote females; solid symbols denote affected
children. The children were diagnosed with ASD, ADHD, and epilepsy at the age of three. ADHD: Attention-deficit/hyperactivity disorder,

ASD: Autism spectrum disorder
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DNA extraction

Venous blood samples from parents and affected children
were obtained for genomic DNA (gDNA) extraction. DNA
extraction was performed in the Center of Excellence in
Genomic Medicine Research at King Fahd Medical Research
Center, Jeddah, Saudi Arabia. A DNA extraction kit (Qiagen,
Hilden, Germany) was used to extract DNA from whole blood
samples following the manufacturer’s instructions.

Determination of gDNA concentration

The concentration of the extracted DNA was measured using
Qubit® 3.0 Fluorometer (Thermo Fisher Scientific, Catalog
no. Q33216, Waltham, MA, USA) using the Qubit quickly and
specifically™ dsDNA HS Assay Kit (Thermo Fisher Scientific,
Catalog No. Q32851, Waltham, MA, USA).

WES and library generation

WES was selected to uncover the genetic composition of
children and their parents. The WES and data analysis for
affected children and their parents were carried out by the
Bioscience Core Lab at King Abdullah University of Science
and Technology (KAUST), Thuwal, Saudi Arabia. RNA/
protein contamination was verified by electrophoresis in 1%
agarose. To sequence the exotic regions of the samples, Nextera
DNA Exome kit (Illumina, Catalog no. 20020616, San Diego,
CA, USA) was utilized using 50 ng of gDNA per sample.

Library quantity and quality check (QC)

The concentration of the libraries was measured with Qubit,
and the size of the same libraries was measured through
2100 Bioanalyzer instrument (Agilent Technologies, Catalog
no. G2939BA, Santa Clara, California, USA) using a High
Sensitivity DNA kit (Agilent Technologies, Catalog no. 5067-
4626, Santa Clara, California, USA). The libraries were pooled
and then hybridized with the probes. Two pools were created:
pool 1 included samples 1-3 (first family), and pool 2 included
samples 4-6 (second family). After capture and amplification
of the libraries, the quality of those was tested again on the
Bioanalyzer.

Library quantity assessment

Based on the Qubit quantitation and library size measured
through the Bioanalyzer, libraries were pooled equimolarly.
The quantitation of the resulting pool was performed using the
KAPA Library Quantification kit (Roche, Catalog no. KK4933,
Basel, Switzerland) following the manufacturer’s instructions.
The final concentration of the pooled libraries was 17nM.

NovaSeq run

Samples were loaded on an Illumina NovaSeq 6000 (S Prime
(SP) Flow Cell) SP instrument (Illumina, California, USA)
running the 2 x 150 bp paired-end sequencing protocol. The

library was diluted to 2pM for final loading and 1% PhiX was
added to the pool. For sequencing runs, PhiX was used as a
calibration and quality control. PhiX is a nontailed, icosahedral
bacteriophage with single-stranded DNA. It contains a small
genome of 5386 nucleotides and was Fred Sanger’s first DNA
genome to be sequenced. PhiX had been used as a control
for Illumina sequencing runs due to its short, well-defined
genomic sequence. Illumina advises utilizing PhiX at a low
concentration of 1% for most of its library preparations. !

Data analysis

The data analysis was conducted by the Biosciences Core Lab
at KAUST. The applied statistics were calculated using the
[lumina software, NovaSeq control software (version 1.7.0.13),
and real-time analysis software (version 3.4.4). The software
used for this analysis is part of the following pipeline: bebio-
nextgen (version 1.20.0).

Initial data QC was performed by fast QC (in 00 data and
also combined in 01 qc as MultiQC) followed by Mapping
through BWA-MEM (BWA). Second data QC (combined
in 01 _qc as MultiQC), variant calling, and annotation were
performed. Family relationship check was done using Genome
Analysis Toolkit (GATK version 4.1.6.0)" integrated in the
bebio-nextgen (version 1.20.0) pipeline followed by custom
filtering using the Gemini tool (version 0.30.2).

Variant’s filtration

The large number of genome variants was filtered using
criterions from the Gemini tool.”® Filtration of less reliable
variants was first done by GATK’s hard filtration against
VCF files of each family. Quality filter suggested by GATK
developers and minimum depth (5 for single nucleotide variant
(SNV) and 10 for Indel) was applied. Variants passed the first
filter were further filtered by trio information. Impact class
was predicted and variants having low impact were ignored.
Variants which have a high frequency from databases (higher
than 10% in any population) were discarded. Only variants
whose known frequencies were low (<10% in any population)
were selected. We looked for autism-related variants in genes
that were registered in the Simons Foundation Autism Research
Initiative (SFARI) database, and the filtration by mode of
inheritance (de novo) was determined.

Results

DNA concentration

The concentration of the gDNA used in building the libraries
is shown in [Table 1].

Library quantity and QC

The concentration of the libraries measured with Qubit together
with the size of the same libraries measured through the 2100
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Bioanalyzer was calculated. The adapter ID that was assigned
to each sample library was also reported with Index I showing
the traces of each sample library run on the Bioanalyzer. In
addition, all libraries show the expected size [Table 2].

Pre-processing and QC

The initial data QC step (fast QC) returned good sequencing
quality score distributions and no concerns regarding metrics.
Also, family member relationship was checked using variant
information computed by Genomic Analysis ToolKit (GATK
version 4.1.6.0). Both families showed no contradiction
between the datasets and the family trees.

Identification of candidate genetic variants

To interpret phenomenological analysis for screening and
annotation, GATK 4 was used to search for small variants
(SNP + Indel). The consortium of GATK 4 suggested a quality
filter to remove unreliable variants (i.e., wrong predictions).
However, each family has numerous variants different from the
human reference (hg19). For this reason, a first-round analysis
using SNVs was performed and checked to eliminate any errors
in indel calls. Furthermore, the current study focused on two
scenarios: de novo mutation and autosomal recessive patterns
only, to shorten the number of variations. From the given
family trees, other types of inheritance, such as autosomal
dominant or X-linked cases, were ignored. Family 1 showed
42199 SNVs with 4826 indel calls, while Family 2 showed
46289 SNVs with 5250 indel calls.

Table 1: Samples volume, concentration, and amount of gDNA
used to prepare the libraries

Sample Number Volume Concentration Volumes for

(uL) (ng/uL) preparation (uL)

Family 1

1 (Father) 40 22 2.3

2 (Mother) 40 45.8 1.1

3 (Patient) 40 31 1.6
Family 2

4 (Father) 40 19.9 2.5

5 (Mother) 40 16.2 3.1
6 (Patient) 40 27 1.9

Table 2: Libraries adapters, concentration, and sizes

Sample Indexi7 Index Concentration Volume for size
Number i5 (ng/uL) capture (uL) (bp)
1 H711 H517 96.6 52 353
2 H714 H503 100 5 353
3 H705 H505 94 5.3 353
4 H714 H506 88.8 5.6 340
5 H711 H505 90.4 5.5 340
6 H711 H506 80.8 6.2 340
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De novo mutations in offspring

De novo mutations in offspring were annotated using multiple
databases such as SFARI Gene, genome aggregation database
(gnomAD), and Ensembl Variant Effect Predictor. Variant’s
annotations of each gene were reported in Table 3 for family
1 and in Table 4 for family 2.

Discussion

In this study, WES was performed on two Saudi families
with one affected child, each presenting with both autism
and epilepsy. De novo variations were detected in seven
genes (CAD, CTNNA3, ZBTB17, GOLGAS8J, CCZ1, FRGI,
and CASKINI) in family 1’s child and four genes (growth
differentiation factor-7 [GDF7], NBPF10, DUX4L4, ZNF681)
in family 2’s child. Not all of the genes with presumed
causative mutations identified here were previously reported
in ASD studies.

The CAD gene, located on chromosome 2 (2p23.3),
encodes a multifunctional enzyme consisting of carbamoyl-
phosphate synthetase 2, aspartate transcarbamylase, and
dihydroorotase, hence the acronym CAD. These enzymes
catalyze the first three steps in de novo synthesis of pyrimidine
nucleotide, which are of vital importance to DNA, RNA, and
metabolites of many cellular processes such as glycosylation
and phospholipid synthesis.*” The CAD gene has been shown
to be associated with epilepsy®! and its mutation causes
inborn errors of metabolism and early-infantile epileptic
encephalopathy. CAD protein catalyzes the first three steps of
the de novo uridine 5’-monophosphate (UMP) biosynthesis.
In CAD-deficient patients, oral supplementation with uridine
or UMP controlled seizures, and improved development.
Growing evidence shows that uridine supplementation can
also help patients who suffer deficiencies happening in the
early steps of pyrimidine synthesis, including those with CAD
mutations.’?34 In the central nervous system, pyrimidine
metabolism defects are thought to cause pathology through
pathophysiology cellular mechanisms that are still largely
unknown. Successful treatment of epileptic activity may
significantly improve cognitive impairment. Genetic testing
is the only way to diagnose CAD deficiency due to the lack of
biomarkers.? Therefore, WES was conducted in this study to
predict all the genetic defects the patients could be carrying.
In addition, it is crucial to develop thorough, commercially
available epilepsy gene panels to screen this population and
prevent the long-term effects of inborn errors of metabolism,
particularly in the context of the growing number of reported
cases of epilepsy.t

The Catenin Alpha 3 gene (CTNNA3) is a cell adhesion-
encoding protein that has been implicated previously in
ASD and other neurodevelopmental disorders.?5*7 Based on
western blot analysis, mouse CTNNA3 is highly expressed
in the cortex and hippocampus, suggesting it has a neuronal
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Table 3: De novo mutations in family 1

Protein name Location of variant' Variant Amino Acid Max AFF_
Impact Change All2

CTNNA3 Catenin alpha-3 (Alpha T-catenin) 10:69366696 C/G ~ Missense D/H* -1
ZBTBI17 Zinc finger and BTB domain-containing protein 17 1:16269921 G/A  Missense L -1
ZBTBI17 Zinc finger and BTB domain-containing protein 17 1:16269924 T/C Missense K/R** -1
GOLGAS8J  Golgin subfamily A member 8J 15:30381959 C/G  Missense L/V* -1
cCz1 Vacuolar fusion protein CCZ1 homolog 7:5944898 C/T Splice Region NA 0.00016308
CAD CAD protein [Includes: Glutamine-dependent carbamoyl-phosphate 2:27462578 _C/T Missense L 0.001

synthase; Aspartate carbamoyltransferase; Dihydroorotase]
FRGI Protein FRG1 (FSHD region gene 1 protein) 4:190874243 C/A  Missense I 0.0052632
FRGI Protein FRG1 (FSHD region gene 1 protein) 4:190874240_C/G  Missense P/A** 0.005291
CASKINI  Caskin-1 (CASK-interacting protein 1) 16:2235026_G/A  Missense T/M* 0.007

'Chromosome number: coordinate_reference allele/alternate allele. *The maximum of observed allele frequency for the alternate allele. * Indicates two tools predicted as a damaging change. **Indicates only

one tool predicted as a damaging change

Table 4: De novo mutations in family 2

Protein name

Location of variant!

Variant Impact Amino acid change

Max AFF_AIP

NBPF10 Neuroblastoma breakpoint family member 10 1:145365433 A/G Missense H/R** -1
DUX4L4 Double homeobox protein 4-like protein 4 4:191003144 C/T Missense A/V** -1
ZNF681 Zinc finger protein 681 19:23926425 C/A Stop Gained NA 0.0008
GDF7 Growth/differentiation factor 7 2:20870475_G/A Missense D/N* 0.0030581

'Chromosome number: coordinate_reference allele/alternate allele. *The maximum of observed allele frequency for the alternate allele. *Indicates two tools predicted as a damaging change. **Indicates two

tools predicted the change as benign

role in early development. Therefore, further studies are
needed to investigate the possible role of CTNNAZ3 in synapse
adhesion.*®

Calcium/calmodulin-dependent serine protein kinase
(CASK)-interacting protein 1 or Caskinl gene was detected
as a missense variant. It acts as an adaptor protein regulating
cortical actin filaments,*” plays a role in infantile myoclonic
epilepsy,*” and has been identified as a novel gene associated
with the ASD-like phenotype.[*!)

Another missense variant gene detected was Golgin subfamily
A member 8] (GOLGARS]J), which encodes a protein related to
Golgi function. A study has shown that a rare genic deletion
in the GOLGAR8J gene was found in 19% of patients with
common forms of genetic epilepsy, which could contribute to
brain disorders.*” Another study also indicated its association
with ASD, epilepsy, and mild intellectual disability due to
clinically significant copy-number variations.

Two more missense variants were also accounted for the
ZBTB17 (MIZ1) gene and FRGlgene. The MIZ1 is a
transcription factor with a POZ domain and multiple zinc
fingers™*¥ that are vital for early embryonic development.
1 It functions as a transcription activator when binding to
gene promoters,*! but also can act as a suppressor of many
genes such as pl5Ink4b, p21Cipl, and Pcdhl0 if it was in
a complex with the Myc transcription factor.[***! The other
gene is FRG1, which encodes a protein with an important role
in mRNA binding, and muscle development.’”! The down-

regulation and/or reduced expression of this gene has been
shown to increase the progression of many cancers including
breast cancer,®" prostate cancer®? as well as angiogenesis.P?!
FSHD region gene 1 (FRG1) is a leading candidate for a gene
that, if misexpressed, causes facioscapulohumeral muscular
dystrophy (FSHD). The expression of FRG1 has been detected
in all human tissues studied, including the embryonic brain,
placenta, and muscle, suggesting that it has functions outside
the muscles.’* FSHD patients may also present with mental
retardation and epilepsy, in addition to the typical features of
face, upper arm, and shoulder girdle involvement.!

On another note, the CCZ1 gene was the only one detected
with a splice region variant. It acts in concert with MON1 to
form the MON1-CCZ1 complex to aid the activation of RAB7,
amember of the RAS oncogene family and known to regulate
the late endosomal/lysosomal network.**>7 A study has shown
that a rare variant in the CCZ1 gene is present in individuals
with psychosis and ASD,P® and another confirmed CCZ1 as
a rare and novel candidate gene with a loss variant in ASD
cohort only in comparison to the control.*” These studies
support the detection of CCZI in this study and suggest that
unique and rare variants may be responsible for the occurrence
of co-morbid epilepsy and ASD.

The detection of de novo variation in the neuroblastoma
breakpoint family member 10 gene (NBPF10) gave a similar
interpretation of the results as the other genes in the study.
Mutations and SNVs of the NBPF10 gene have been associated
with many cancers and syndromes including Mayer—
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Rokitansky—Kiister—Hauser syndrome,!*” hepatocellular
carcinoma,®! formalin-fixed prostate cancer,'®? micropapillary
breast carcinoma,!® and growth hormone deficiency in adults
with pituitary stalk interruption syndrome./**

In addition, a missense variant of double homeobox protein
4-like protein 4 (DUX4L4) was identified in this study. It is
a pseudogene involved in regulation of transcription by RNA
polymerase II and its mutation has been associated with B-cell
acute lymphoblastic leukemia,*! and may cause muscular
dystrophy in general and FSHD in particular.[*®!

Although zinc finger protein 681 (ZNF681) gene was detected
with stop-gained variant, it shares similar characteristics and
functions with other genes in the study (i.e., it is annotated to
have a role in transcription regulation by RNA polymerase
117! like DUX4L4, and contain a zinc finger domain like
ZBTB17). A study using WES revealed that there are 30%
common missense and loss-of-function variants shared
between metaplastic breast carcinoma and ZNF681.[]

Finally, the GDF7 gene encodes a protein belonging to a
superfamily with roles in the recruitment and activation of
SMAD family transcription factors, thus, critically regulating
cell development and growth, as well as having growth factor
activity properties. In 2020, GDF7 belonged to a list of 11
genes labeled as a risk prognosis model identified to predict
survival of patients with endometrial cancer,'® and later on
in 2022, a study showed how it promotes multiple-lineage
differentiation in tenogenic cultures of mesenchymal stem
cells, as well as stimulates the expression of osteoblastic and
adipocytic genes. A study in mice found that GDF7 prevents
lipopolysaccharide-induced inflammatory response, oxidative
stress, and acute lung injury.l’”

It is believed that the prevalence of ASD is similar across
different racial and ethnic groups. However, there is a
difference in the average age at which children from different
ethnicities are diagnosed with ASD. In the United States,
children of African American, Hispanic, and Asian descent are
more likely to receive a diagnosis at a later age than Caucasian
children. This delay in diagnosis is also observed in some
European and Asian countries, though additional research is
needed to understand this pattern fully. In addition, studies
have shown that there are gender differences in the diagnosis
of ASD. Research indicates that ASD is more prevalent among
males than females.""! This is also supported by the findings
of the current study, as both families had one male child with
ASD and normal female siblings.

Conclusion

The current study identified several genes that were previously
not linked to ASD. This discovery opens up new avenues for
research and could potentially lead to breakthroughs in our
understanding and treatment of ASD. Our findings uncovered
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several unique genes that are likely to have a role in ASD, as
well as providing additional evidence for the function of known
ASD genes. These findings suggest two new findings related
to ASD. The first is the high amount of genetic heterogeneity,
and the second is the fact that the genetic etiology of ASD
and other neuropsychiatric and neurodevelopmental illnesses,
particularly epilepsy, have a lot in common. According to the
results obtained from this study, we concluded that WES can
be useful in the evaluation of children with ASD and epilepsy,
and should be considered in clinical practice. Furthermore,
future functional studies are needed to determine the specific
roles of genes and variants in each patient and this knowledge
should be translated into knowledge of the molecular basis of
ASD that can help patients better understand their condition
and then begin developing more effective treatments. Further
analysis with a larger sample of ASD and/or ASD-epilepsy
patients will aid in a better understanding of the genetic and
variants mapping and provide possible new insights.

Limitations

This study has some potential limitations, such as a small
sample size due to limited cooperation from families and
most of the patients’ parents declined genetic testing on their
children. In addition, we self-funded this project, and the cost
of carrying a large number of samples was quite expensive.
Although this study included a small sample size, it is still
valuable as it provides a rich dataset that uncovered new ASD
candidate genes.
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