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Introduction: Autism spectrum disorder (ASD) is a developmental disorder that can cause substantial social, communication, and 
behavioral challenges. Genetic factors play a significant role in ASD, where the risk of ASD has been increased for unclear reasons. 
Twin studies have shown important evidence of both genetic and environmental contributions in ASD, where the level of contribution 
of these factors has not been proven yet. It has been suggested that copy number variation (CNV) duplication and the deletion of many 
genes in chromosome 22 (Ch22) may have a strong association with ASD. This study screened the CNVs in Ch22 in autistic Saudi 
children and assessed the candidate gene in the CNVs region of Ch22 that is most associated with ASD.
Methods: This study included 15 autistic Saudi children as well as 4 healthy children as controls; DNA was extracted from samples 
and analyzed using array comparative genomic hybridization (aCGH) and DNA sequencing.
Results: The aCGH detected (in only 6 autistic samples) deletion and duplication in many regions of Ch22, including some critical 
genes. Moreover, DNA sequencing determined a genetic mutation in the TBX1 gene sequence in autistic samples. This study, carried 
out using aCGH, found that six autistic patients had CNVs in Ch22, and DNA sequencing revealed mutations in the TBX1 gene in 
autistic samples but none in the control.
Conclusion: CNV deletion and the duplication of the TBX1 gene could be related to ASD; therefore, this gene needs more analysis in 
terms of expression levels.
Keywords: autism spectrum disorder, chromosome 22, copy number variations, Saudi autistic children, TBX1

Introduction
Autism spectrum disorder (ASD) refers to a heterogenous neurodevelopmental disorder that includes problems with social 
communication and behavior. According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), the 
professional diagnosis of ASD is based on two areas—difficulties in social communication and restricted, repetitive and/or 
sensory behaviors.1 Symptoms can vary depending on their various degrees of severity and the age of onset.2 Furthermore, 
the symptoms of autism could arise early in childhood, with onset earlier than three years of age. However, the symptoms 
may not show clearly until school age or later, as not every child has the same symptoms or the same level of development.3–6

ASD has a complex etiology, and its mechanism remains largely unclear.7 According to the Centers for Disease 
Control and Prevention (CDC) and the Autism and Developmental Disabilities Monitoring (ADDM) Network, the 
prevalence of ASD globally has increased. However, in the United States of America (USA), the prevalence of ASD was 
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estimated to be 1 in 40 children in 2018,8,9 while in the Kingdom of Saudi Arabia, the prevalence of ASD was estimated 
to be (2.51%, 1:40, 25 per 1000), with male-to-female ratio of 3:1.10,11 Moreover, the prevalence of ASD is affected by 
gender, where the rate in males is four times greater than that in females.12,13

Several studies have indicated that genetic, epigenetic, and environmental factors are implicated in ASD.14–20 Genetic 
factors, including mutations and various submicroscopic structural chromosome variations, such as CNVs, could increase 
the risk of ASD.17 In addition, a previous study observed a consistently higher incidence of ASD in monozygotic twins 
than in dizygotic twins.20,21

CNVs are a type of structural variation that can affect chromosomal structure via duplications or deletions that alter 
DNA sequence.22–27 CNVs are considered as a source of genetic variation that is important for genetic diversity in 
humans, gene evolution and phenotypic diversity.4,22,25,27 CNVs can affect critical gene, which is susceptible to a specific 
disease and is associated with several neurodevelopmental disorders including ASD and other diseases,28–30 for example 
microdeletion of CAPG reduced its expression level in ASD patients.30 The effect of CNVs is based on their size and 
location, which are most strongly associated with neurodevelopmental disorders.30,31 However, CNVs can be detected by 
various genome analysis platforms and cytogenetics techniques, such as fluorescent in situ hybridization (FISH), array 
comparative genomic hybridization (aCGH), SNP genotyping array, and next-generation sequencing.2,32–34

The acrocentric chromosome 22 (Ch 22) is the second smallest human autosomal chromosome and comprises 1.6–1.8% 
of the genomic DNA and carries about 50,818,468 bp. According to the European bioinformatics institute (EMBL-EBI), Ch 
22 contains 495 protein-coding genes.35–37 Previous studies have revealed that some genes on Ch 22, such as SHANK3, 
TOP3B, TANGO2, ADSL, and TBX1, are related to neurodevelopment disorders, including ASD.4,38–42 Since 2006, CNVs 
have been recognized as important genetic factors in ASD.43 In recent years, an increasing number of structural genomic 
variations including CNVs have arisen as significant risk factors for neurodevelopmental disorders and have been recognized 
as susceptibility loci for ASD.13,23,44–46 Furthermore, many studies including copy number analysis have discovered many 
new variants, new transcripts and identified genetic risk loci.4,47–51 CNVs in some chromosomal regions are common in 
ASD, including the 22q11.2 region.17,25,50,51 DiGeorge syndrome (DS) is the most frequent chromosomal microdeletion 
syndrome, which is considered as the second most common chromosomal disorder after Down syndrome. Moreover, 
22q11.2DS arises from an interstitial chromosomal microdeletion with a length of 1.5 to 3 Mb of DNA on 22q11.2 that 
may include 40 genes, which affect human health depending on size and gene containing.

Both deletions (22q11.2DS) and duplications (22q11.2DupS) are considered as CNVs that increase susceptibility to 
neurodevelopmental disorders, including ASD.52 Although there are convincing data showing that CNVs in Ch 22 could 
be related to ASD, the detection and characterization of CNVs and mutated genes in Ch 22 still need more analysis.

A human study on 46 patients with nested deletions or duplications of 22q11.2 indicated 25 genes in the 22q11.2 
region which are related to ASD. The list of genes included COMT, PRODH, and TBX1.53 TBX1 is a protein coding 
gene, which is located in the long arm of Ch22. Furthermore, TBX1 plays an essential role in the regulation of 
developmental processes and the formation of tissues and organs during embryonic development, including heart and 
limb development.54–56 In addition to neurodevelopmental disorders, TBX1 may be associated with other diseases, such 
as congenital heart defects and DiGeorge syndrome, in mouse models of 22q11 DS.57–63 Mutant TBX1 sufficiently 
causes most of the physical features of 22q11.2 DS.64 Previous studies have reported that TBX1 is strongly linked to 
behavioral disorders in mice and humans.40,64

Based on previous studies that revealed that the CNVs in Ch 22 could be more susceptible to autism, the detection 
and characterization of CNVs and the mutated genes in Ch 22 still need more analysis. The objectives of the present 
study are to screen the CNVs in Ch 22 in autistic Saudi children in addition to the candidate genes in the CNV regions 
that could be associated with ASD.

Materials and Methods
Participants
This study included 19 Saudi children as samples (male and female); 15 of the samples were from autistic children (12 
male and 3 female), and four non-autistic children (3 male and 1 female) were the control group. The children were aged 
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between 3 and 12 years old. Peripheral blood samples were collected at an autism clinic in Jeddah, and the children’s 
parents signed consent forms for the agreement of the participation of their children in this study. The children were 
diagnosed based on Diagnostic and Statistical Manual of Mental Disorders version 5 (DSM-5) and showed no symptoms 
of malnutrition, active infection, or known genetic disease (such as Down syndrome).1 Anyone with ASD is further 
diagnosed with ASD levels 1, 2 or 3, depending on the severity of the disorder and how much support they need in their 
daily life, according to the (DSM-5). The levels range from least to most severe, where level 3 represents the most severe 
level of ASD symptoms, and level 1 represents the mild of the spectrum.

Array-Based Comparative Genomic Hybridization (aCGH)
aCGH was applied for 15 autistic and three neurotypical sibling samples according to the protocol of the manufacturer 
(Agilent Technologies, USA). DNA was extracted from 2 mL of blood from all samples (autistic and neurotypical 
children) using QIAamp DNA blood mini kit (QIAGEN, Germany) following manufacturer’s instruction. Then, 
a SureTag DNA Labeling Kit was used for DNA fragmentation and DNA labeling. Then, restriction enzyme digestion 
was used to make appropriate DNA fragments suitable for hybridization and DNA labeled with Cyanine 3-dCTPs and 
Cyanine 5-dCTPs by random primer for test samples and reference samples, respectively. After that, a SureTag 
purification column kit was used, along with column purification with 30 KDa Amicon fillers to get rid of impurities 
(unlabeled sample). The hybridization was carried out on Oligo aCGH/ChIP-on-chip Hybridization Kit and washing was 
performed using Oligo aCGH/ChIP-on-chip Wash Buffer Kit. After that, feature extraction software was performed to 
scan images of the array and Cytogenomics software was carried out of aCGH data analysis. Aberration Detection 
Method 2 (ADM-2) algorithm with default settings was used for identification and detection of aberrant copy number 
segments in aCGH data that passed the Quality Control (QC) metrics. The p-values for each probe were calculated, 
providing additional objective statistical criteria to determine the deviation from zero (±0.25), while the most ideal and 
reliable mean log ratios for gain (duplication) and loss (deletion) were around +0.58 and −1, respectively. Furthermore, 
all the detected variants were filtered by overlapping with Agilent CNV reference and global healthy control participants 
(DGV database) and in Saudi control participants to avoid false discovery, and all CNVs except chromosome 22 CNV 
were excluded. The terms of amplification, gain, loss and deletion depend on the mean log ratio, where the normal range 
is between 0 to +0.25 and 0 to −0.25. However, the size of CNV amplification is greater than +0.60 while in gain case, 
the size of CNV ranged between +0.25 and +0.58. On the other hand, CNV deletion is greater in size than −1.0, while in 
loss case, CNV size ranged between −0.25 and −0.99.

Polymerase Chain Reaction (PCR)
To validate the aCGH results, PCR was applied to five samples, four samples from autistic children and one sample from 
control samples. Primer A (forward: 5’-AGGCACCTCAAGTAGTCAGA-3’, reverse: 5ʹTGCAAACTGTGGA 
T GATCTAGG-3’) and Primer B (forward: 5’-TGCCAAAGTGTCCATCCCAT-3’, reverse: 5’- TTTGCCTTTT 
CCCAGACAGC-3’) were designed for different locations on TBX1 to find out if there are CNVs < 1Kb or genetic 
mutations in these locations. PCR amplification products were obtained using a final volume of 25 µL by (GoTaq® Green 
Master Mix, 2X) and gel electrophoresis was used to show the PCR results.

DNA Sequencing
DNA sequencing was applied with forward primers A and B of TBX1 for 5 samples, four from autistic children and one 
control sample to detect mutations in the DNA sequence. After first purification of PCR products (ethanol precipitation), 
cycle sequencing was used with fluorescent dyes in the reactions followed by a second purification of cycle sequencing 
products (ethanol precipitation) and a denaturation step by Hi-Di formamide. The samples were loaded to 96-well PCR 
plates, then placed in a 3500 Genetic analyzer machine, and a 3500 Series Data Collection Software program was used to 
collect the data. Analysis of the sequencing data was applied using the Sequencing Analysis Software program. We used 
a DNA sequencing chromatogram to trace viewer using Finch TV software; then, DNA sequencing results were aligned 
to FASTA format using the BLAST sequence alignment tool.
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Characteristics of ASD Patients
Each family that cooperated in sampling in the study has signed the consent agreement form and filled a questionnaire 
that indicates the participants’ characteristics (Table 1).

Results
The Results of aCGH
Detection of Amplification
The results reported, according to GRCh37, that amplification in two autistic samples varied in size. However, one 
female sample (Autistic Sample-1) showed 171.922 Kb amplification, which starts from region 21,386,562 to 21,558,483 
on 22q11.22, while the male sample (Autistic Sample-2) showed 1.544 Kb amplification, which starts from region 
18,127,933 to 18,129,476.

Detection of CNV Gain
The results showed CNV gain in two male autistic samples (Autistic Sample-2), where one sample had a gain of 
1744.668 Kb on the 22q13.31- q13.32 region, which starts from region 46,288,660 to 48,033,327, while another sample 
(Autistic Sample-3) has a gain of 248.671 Kb, which starts from region 19,584,758 to 19,833,428 and includes the TBX1 
gene.

Detection of CNV Loss
The study detected a loss of CNVs in three autistic samples, varying in size. However, one male sample (Autistic 
Sample-4) showed a loss of 1.983Kb, which starts from region 19,747,494 to 19,749,476, including the TBX1 gene. 
Moreover, in one female sample (Autistic Sample-5), there was a loss of 4.131Kb starting from region 19,746,363 to 
19,750,493 on 22q11.21, including the TBX1 gene. In addition, this sample has another significant loss of 6051.996Kb, 
which starts from region 27,189,774 to 33,241,769 on 22q12.1 - q12.3. Furthermore, in another male sample (Autistic 
Sample-6), there was loss in two regions; the first loss was 6.035 Kb on 22q11.21, including the TBX1 gene, which starts 
from region 19,748,684 to 19,754,718, and the second loss was 852.313 Kb on 22q13.33, including the SHANK3 gene. 
There was another loss from 50,307,561 to 51,159,873 including other genes. The results of aCGH (Table 2) and 
(Figure 1) revealed CNV duplication and deletion in many regions, including some genes located in Ch22.

Detection of Mutation in TBX1
DNA sequencing was applied with primers A and B of TBX1 for four autistic samples and one non-autistic control 
sample. DNA sequencing was performed on ASD to validate the result of the aCGH that there is a mutation on TBX1. 
The detection limit of sequencing allowed for detecting insertion, deletion and substitution mutations in DNA sequences 
of less than 1Kb in samples with autism.

Table 1 Demographic Characteristics of ASD Children

Patient Number Gender Age 
(Years)

Birth 
Type

Severity of 
ASD

Onset of 
Symptoms

Family 
History

Autistic Sample-1 Male 9 Natural Mild/level 2 After 2 years No

Autistic Sample-2 Male 8 Caesarean Mild/level 2 After 2 years No

Autistic Sample-3 Male 7 Natural Mild/level 2 After first year Yes

Autistic Sample-4 Male 8 Caesarean Severe/level 3 After 2 years Yes

Autistic Sample-5 Female 6 Caesarean Mild/level 1 After 2 years No

Autistic Sample-6 Female 10 Natural Simple/level 1 After 2 years No
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Table 2 Results of aCGH

Samples ID Gender Autism 
Level

Region Gene Type of 
CNVs

Size of CNVs 
(kb)

Autistic Sample-1 Female Level 1 22q11.22 MIR650 

MIR5571

Amplification 171.922

Autistic Sample-2 Male Level 2 22q11.21 TBX1 Amplification 1.544

22q13.31- 
q13.32

LINC00898 
LOC284930/MIR3201/FAM19A5/ 

LOC284933/MIR4535/LINC01310

Gain 1744.668

Autistic Sample-3 Male Level 1 22q11.21 SEPT5/SEPT5-GP1BB/GP1BB/TBX1 /GNB1L Gain 248.671

Autistic Sample-4 Male Level 2 22q11.21 TBX1 Loss 1.983

Autistic Sample-5 Female Level 2 22q11.21 TBX1 Loss 4.131

22q12.1- q12.3 LOC110091768/LINC01422/LOC284898/ 

LOC105372977/LINC01638/LINC02554/ 
MN1/PITPNB/TTC28-AS1/ MIR3199-1 / 

MIR3199-2/TTC28 /MIR5739/CHEK2/ 

HSCB/CCDC117/XBP1/ ZNRF3/ZNRF3-AS1/ 
C22orf31/ KREMEN1/EMID1/RHBDD3/ 

EWSR1/ GAS2L1/RASL10A/ AP1B1/MIR3653/ 

SNORD125/RFPL1S/ RFPL1/NEFH/THOC5/ 
NIPSNAP1/NF2/ CABP7/ ZMAT5/ UQCR10/ 

ASCC2/MTMR3/MIR6818/HORMAD2-AS1/ 

HORMAD2/LIFAS1/ LIF/LOC91370/OSM/ 
CASTOR1/TBC1D10A/SF3A1/CCDC157/ 

KIAA1656/RNF215/SEC14L2/MTFP1/ 

LOC105372990/SEC14L3/SDC4P/SEC14L4/ 
SEC14L6/GAL3ST1/PES1/TCN2/SLC35E4/ 

DUSP18/ 

OSBP2/MIR3200/LOC107985544/MORC2- 
AS1/ MORC2/ TUG1/SMTN/SELENOM/ 

INPP5J/ PLA2G3/MIR3928/RNF185/LIMK2/ 

PIK3IP1/PATZ1/PIK3IP1-AS1/ LINC01521/ 
DRG1/EIF4ENIF1/ SFI1/PISD/MIR7109/ 

PRR14L/DEPDC5 /C22orf24/YWHAH/ 

LINC02558/ 
SLC5A1/AP1B1P1/C22orf42/RFPL2/SLC5A4- 

AS1/ SLC5A4/ RFPL3/RFPL3S/ LOC339666/ 

RTCB/BPIFC/FBXO7/ SYN3/ TIMP3

Loss 6051.996

Autistic Sample-6 Male Level 2 22q11.21 TBX1 Loss 6.035

22q13.3 ALG12/CRELD2/PIM3/MIR6821/IL17REL/ 

TTLL8/MLC1/MOV10L1/PANX2/TRABD/ 

SELENOO/TUBGCP6/HDAC10/MAPK12/ 
MAPK11/PLXNB2/DENND6B/PPP6R2/SBF1/ 

ADM2/MIOX/LMF2/NCAPH2/SCO2/TYMP/ 

ODF3B/KLHDC7B/SYCE3/CPT1B/CHKB- 
CPT1B/CHKB/CHKB-AS1/MAPK8IP2/ ARSA/ 

SHANK3

Loss 852.313
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Figure 1 The number of predicted locations of CNV in Ch22 for 6 autistic samples. The majority of variants are found in 22q11.2.
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The results for Primer A and B of TBX1 in control samples showed no mutations in the target sequences (Figure 2), 
while all autistic samples revealed mutations in many regions in the target sequences (Figure 3) (Figure S1,S2, and S3 
in Supplementary Materials). As shown in Table 3 which revealed the type of mutations in each autistic sample and 
Table 2, mutation severity is related to the size of CNVs (Primer A and B sequences in Figure S4 in the 
supplementary).

A
Primer A

Figure 2 Continue.
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Discussion
Children with ASD suffer from problems with social communication and behavior, which can range from minor 
difficulty to a disability that needs full-time care. The prevalence of ASD has increased worldwide over time, and the 
etiology of ASD is complex and still under research. In recent years, many studies have highlighted that increasing CNV 
deletion or duplication could be a risk factor for psychiatric and neurodevelopmental disorders.65–68

Our findings revealed that six of the autistic samples have multiple CNVs in Ch22, which included significant genes 
(TBX1, LIF, SEPT5, GNB1L, YWHAH, SHANK3, PPARA, SYN3, TUG1, MLC1, PANX2, and HDAC10). The result 
of this study revealed that the 22q11.2 region contains CNVs that include genes that are essential for brain and cognitive 

B
Primer B

Figure 2 DNA sequencing for Primer A and B of TBX1 in healthy control showed no mutation in sequence thus the identity is 100%.
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development and may be related to ASD, such as TBX1 that could play a significant role in neurodevelopmental 
disorders.17,21,39,50–52 Our study found CNV loss in the TBX1 gene in three samples, while two samples showed 
amplification. This finding is consistent with previous studies, which reported that several cases of CNVs in TBX1 are 
associated with ASD.40,64 The results also showed CNV loss in LIF gene, which is related to neurodevelopmental 
disorders where the protein encoded by this gene is involved in induction of neuronal cell differentiation. A previous 
study has indicated that the LIF gene impairs brain development in mice related to the mature and immature nervous 
system.69 Butler and Moudi’s studies showed that genetic variations in the LIF gene may be related to neurodevelop-
mental disorders and related to increased susceptibility to schizophrenia and the degeneration of working memory 
function.69,70 Thus, we suggest that the TBX1 and LIF genes may be candidates for ASD and deserve more focus and 
analysis.

A

Primer A

Deletion Mutation   
Insertion Mutation
Substitution Mutation

Figure 3 Continue.
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In addition, previous studies reported overexpressing of SEPT5 in ASD and suggested that SEPT5 is one of the 
candidate drivers of 22q11.2 synaptic pathology.30 Moreover, Chen et al reported the involvement of GNB1L in ASDs.41 

Furthermore, many studies have revealed the possible implications of YWHAH in psychiatric disorders including ASD, 
schizophrenia, and bipolar disorder.71–73 The result of the identification of CNV duplication in region 22q11.2 is 
consistent with those of Woodward et al who also found that nested 22q11.2 duplications between LCR22B and 
LCR22D could play a significant role in neurodevelopmental phenotypes that are associated with autism, such as 

B

Primer B

Deletion Mutation   
Insertion Mutation
Substitution Mutation

Figure 3 DNA sequencing for autistic sample 5 (Primer A and B of TBX1) revealed mutations in many regions at target sequences. (A) For primer A, there are 12 bases 
deletion,14 bases insertion, and 58 substitution mutations. (B) For primer B, there is one base deletion and one substitution mutation.
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language delay and abnormal behaviors.74 However, it is not yet known which gene in the 22q11.2 region is responsible 
for the observed autistic behavioral phenotypes.

Furthermore, 22q11.2DS affects brain development in different ways, one of them being brain dysfunction that may 
lead to ASD in cooperation with genetic, epigenetic, or environmental factors.45 Moreover, individuals with 22q11.2DS 
present behavioral features associated with ASD.51 In addition, 22q11.2DS has an effect on intellectual abilities and 
social cognition.52 Furthermore, 22q11.2DS poses a disproportionate risk for the development of schizophrenia, 
congenital cardiac defects, congenital malformations, palatal abnormalities, immune deficiency, characteristic facial 
features, learning difficulties, and neurodevelopmental disorders including ASD.45,52,65,75–78

In the 22q13.3 region, this study found CNV deletion in SHANK3. This gene is a member of the Shank gene family 
that plays a role in synapse formation and dendritic spine maturation, and plays a role in normal neurodevelopment, 
where many studies have revealed that this gene is associated with neurodevelopment disorders including ASD.79–84 

However, SHANK3 is strongly related to ASD, and many studies have shown a relation between CNV deletion in 
SHANK3 and the ASD phenotype in autistic children.80–83 CNV duplication in SHANK3 can lead to various neurode-
velopment symptoms.82 SHANK3 mutations are significantly associated with ASD; they are found in approximately 2% 
of ASD cases and can cause autism-like behavioral changes.84 Moreover, previous studies have found large deletions in 
22q13.3, which contains the autism gene SHANK3 and causes Phelan–McDermid syndrome.85 For instance, PPARA on 
22q13.3 is involved in regulating cellular energy metabolism, as well as playing a role in neuroprotection and synaptic 
plasticity.64,86,87 Moreover, mutation and gene dysregulation were reported for SYN3 and TUG1 on 22q12.1 and q12.3, 
which strongly suggest their involvement in autism.88,89 The SYN3 implicated in synaptogenesis and the modulation of 
neurotransmitter release, suggesting a potential role in several neuropsychiatric diseases.88 While TUG1 is one of the 
long non-coding RNAs (lncRNAs) currently known as essential regulators that have been implicated in ASD, and 
a previous study revealed that some lncRNAs show altered expression levels in autistic brains.89 Moreover, sample-6 
showed CNVs loss on Ch22q13.3 which including many genes such as MLC1, PANX2, and HDAC10 were also found to 
be involved in ASD through various mechanisms. MLC1 mutation has been linked to brain disorders, such as epilepsies 
and autism.90 PANX2 and HDAC10 were both found to be differentially expressed in the brains or blood of individuals 
with autism compared to controls in humans and rodents.91,92

Furthermore, the findings of the DNA sequencing of TBX1, which revealed different mutations in the region out of 
those in detected CNVs by aCGH, suggested that CNVs may cause/or consequence of genome instability leading to 
imbalances affect at other regions of the gene; thus, it may affect the gene expression. In addition, there is no relation 
between the severity of mutation and the size of CNVs in this study. These findings are in line with those of previous 
studies, which suggested that CNVs act as contributors to chromosome instability and that the relative contribution of 
CNV size to the mutation rate may vary across the genome.23,93–95 However, contrary to previous study which 
demonstrated that CNV size has a significant effect on the severity of the phenotype across the spectrum of 

Table 3 Type of Mutations in Autistic Samples

Samples ID Type of Mutations

Primer A Primer B

Autistic Sample-2 Frameshift (two bases insertions) and three substitution 

mutations.

Frameshift (two bases deletions and one base insertion) and 

one substitution mutations.

Autistic Sample-4 Frameshift (five bases insertions) and two substitution 

mutations.

Frameshift (one base deletion) and two substitution 

mutations.

Autistic Sample-5 Frameshift (12 bases deletions and 14 bases insertions) 

and 58 substitution mutations

Frameshift (one base deletion) and one substitution 

mutations.

Autistic Sample-6 Frameshift (20 bases deletions and 17 bases insertions) 

and 62 substitution mutations.

Frameshift (one base deletion and two bases insertions) and 

two substitution mutations.
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neurodevelopmental diseases including ASD,96 there is no relation between the severity of autism and the CNVs size as 
well as mutations type in our study.

Conclusions
Recently, the most significant topic studied in genetics is ASD because of the increasing prevalence of ASD worldwide. 
ASD is associated with many factors, such as genetic, epigenetic, and environmental effects. Therefore, the purpose of 
this study was to screen CNVs in Ch22 in autistic children and identify significant mutated genes in those regions. The 
findings of this study identified many CNVs in Ch22 in autistic patients. Our findings supported our hypothesis that there 
is a correlation between CNVs in Ch22 and ASD, and the study identified some mutated genes in those regions, such as 
TBX1, which could play a significant role in neurodevelopmental disorders including ASD. However, TBX1 is one of the 
candidate genes in Ch22 that needs more analysis, and it has an impact on social interaction and behavioral phenotypes 
that are related to ASD.

Finally, for future research in this field, we recommend using a large sample size of the Saudi population and 
conducting more genetic studies through the use of more advanced technical tools and analysis. In addition, we 
recommend applying gene expression analysis and studying protein levels and the function of TBX1 in autistic children.
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