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. INTRODUCTION

Autism spectrum disorder (ASD) is a constellatiaaf highly heritable
neurodevelopmental disorders with permanent pheiotyand genetic heterogeneous
conditions (Hayek et al.,2020). These complex disy affect all areas of child development
(Aishwriya et al.,2022). They are characterized ibmpairments in social interactions,
repetitive and restricted stereotyped behaviowssary abnormalities (Cao et al.,2022), and
stubborn behaviour patterns (Liu et al.,2022). @lgbhit is estimated that the prevalence of
autism is 0.62-0.7% (Choi et al.,2017), indicatthgt 6 in 1000 are associated with autism
and believed to have unclear aetiology(Faras €204l0). A multitude of causative agents
contribute to autism, accompanied by a large nunolbgenetic and environmental factors
(Muhle et al.,2004). Genome-wide linkage and asdimri studies (GWAS) have recognized
multiple mutations in hundreds of risk genes asgedi with ASD in all human chromosomes
(Genovese & Butler,2020).

The pleiotropic trait of ASDs made it challengitogdetect the ASD-connected genes
with rare missense variants that enhance the msigre of neurodevelopmental disorder
autism. (Diarmid et al.,2020). The genetic divgrof autism is attributed to irreversible
ASD-associated syndromes (Choi et al.,2017). Theeefearly prediction is essential to
prevent the onset of ASD-associated phenotype. bgftuland Jiang et.al.,2017) The
advancements in genome editing technologies halecked the door for early diagnosis
(Sandhu et al.,2023). They can alter the geneti@mtons that contribute to the development
of neurological disorders like ASD. (Kareklas et,2023). CRISPR-CAS9 is a promising
genome editing tool aimed at curing a spectrumenfrodevelopmental disorders, including
autism (Kennedya& Henderson,2017). It is regardedh& most accurate and advanced
technique with a low mutation rate, high target aast efficiency. The rising era of CRISPR-
CAS9 enables the understanding of disease-reladtetiopypes and can be the diversity
underpinning the pathogenesis of ASD. (Sandhu 20&13) It has excellent therapeutic
potential against incurable genetic disorders W&D(Sharma et al.,2020). Globally, this
technology is considered a triggering revolutionggnome editing (Lopez et al., 2020) to
mimic the ASD-associated phenotype in differenttesys likein vitro cell lines,vitro 3D
organoid models aniah vivo animal models. (Sandhu et al.,2023) Therefore, SPIR-CAS9
is a powerful and most accepted technique for inleASD-associated genes (Shao et
al.,2016).

II. AUTISM SPECTRUM DISORDER (ASD)

Autism spectrum disorder (ASD) includes a wide genof early-onset
neurodevelopmental disorders (Hoffmann et al.,20@ith an estimated prevalence of 1 68
in children across the world (Choi et al.,2017).unelevelopmental disorders like autism
affect the mental, physical and social lives of A8fiected individuals and their families.
Early studies of autism were started in 1910 bywas$ psychiatrist, Eugen Bleuler, who
described patients diagnosed with schizophrenianiigdya& Henderson,2017). Later, in
1943, Leo Kanner developed a study on a group @eAger’s syndrome child patients
experiencing social impairments in communicatioraanoderate form of autism. In 1977,
Folstein and Rutter studied abnormal neural deveéoy in twins possessing behavioural
anomalies due to the presence of causative gerastiom (Domadenik et al.,2018). Recent
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studies suggest that the outbreak rate of autismillings is approximately 2% to 8%,
estimated to be about 60% in monozygotic twins @l&rLakouvheva,2023).

Autism is not a disease but a syndrome with uncediology (Muhle et al.,2004).
Recent studies have suggested that genetic factosibute to 50% - 60% of ASD cases
(Wang et al.,2022). Most ASD-associated gene loeipaesent on chromosome X (Deneault
et al.,2018); this proves that the ASD ratio of ena female is about 4:1 (Lopez et al.,2020).
MRI studies identified that autism patients areoagganied by increased brain weight and
size (Bailey et al.,1998), which regulates the impant of neural and synaptic
developmentand leads to dysfunctions in the regadribe brain that control high cognitive
functions (Gordon & Geschwind,2020). The Researom&in Criteria guide advancements
in genetics and neuroscience that help develop igwac medicine against
ASD(Canitano&Bo0zzi,2017). Research on these genetitations helps in the clinical
discoveries for affected individuals (Kennedya& Kerson,2017). Therefore, these ASD-
connected genes provide a therapeutic targetdatiig ASD(Sandhu et al.,2023).

[11.BEHAVIOURAL PHENOTYPE

Autism is a subgroup of a broad spectrum of neewelbpmental disorders referred to
as pervasive developmental disorders (PDD) (Fdrak,2010). It is clinically characterized
by deficits in 3 behavioural domains, including isbinteraction, language communication
and range of interests (Muhle et al.,2004). Theifastations of social impairment in autism
are complex and are accompanied by social dystamckack of emotions, and stubbornness
(Bailey et al.,1998). The hallmarks of languagebpgms include delayed speech, poor
defensiveness, preserved eye contact, hyperacawity repetitive hand and finger patterns
(Clifford et al.,2007). A study on pleiotropic genef ASD revealed that the specific skills,
interests and characteristics of relatives willtabate to the phenotypic behaviour of autistic
individuals (Bailey et al.,1998) associated withraad spectrum of other characteristics such
as intellectual disability(ID), anxiety, motor ptelns and developmental deficits (Gabellini
et al.,2022)All these behaviours are long-lasting declining quality of life (Hoffmann et
al.,2021) .

IV.CLASSIFICATION

Depending on the origin of ASD, it is broadly @dzed into two groups: Syndromic
ASD and Non-Syndromic ASD. Syndromic ASD has arcksstiology (Lopez et al.,2020)
and is accompanied by severe symptoms contribyteddmogenic syndromic forms of ASD
like Fragile X, RettMECP2 duplication, and Timothy syndromes. These Syndromres
attributed to about 5% of ASD studies (Ayhan& Kokaj2018). It is estimated that 80% of
ASD cases do not possess a clear aetiology categonnder non-syndromic ASD. It is also
called an idiopathic syndrome, caused by multigk factors, including environmental and
epigenetic factors (Santos et al.,2023).

1. Aetiology: Even though the prevalence of ASD is increasingaly, the principal cause
of ASD is not yet known (Choi et al.,2017), andréhés a poor understanding of the
mechanisms and pathogenesis involved in autisnrifiget al.,2020). ASD is caused by
multiple prenatal, perinatal and postnatal factbhat may be either genetic or
environmental (Lopez et al.,2020). More than 108egecontribute to the aetiology of
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ASD (Diarmid et al.,2020). Recent studies prove &BD is caused by multiple genetic
mutations that collectively influence the brainwetk pathways (Liu et al.,2022). Many
researchers believe that the majority of ASD-asgedi genes control the expression of
other genes (Rea &Raay,2020), and each gene isnabje for < 1% of autism cases and
none of them have a complete contribution to théhgmenesis of ASD (Diarmid et
al.,2020). Studies on twins revealed that monozgdatns have a 90% concurrence rate,
whereas in dizygotic twins, it is approximately 1@fFaras et al.,2010). The pleiotropic
nature of ASD-connected risk genes (Domadenik .€2(Hl8) is the major challenge in
diagnosing and treating ASDs (Diarmid et al.,2020).

Numerous non-syndromic factors contribute to therettpment of ASD
(Sandhu et al.,2023). Multiple environmental fast@ccompany the development of
ASD, including parental age, pregnancy and birslies, vitamin D deficiency (Lopez et
al.,2020), maternal diabetes (Liu et al.,2022),ematl smoking (Lyall et al.,2014) and
prenatal exposure to toxins, teratogenic agents e likvalproate acid,
(Canitano&Bo0zzi,2017) bacterial, viral pathogerSp(don & Geschwind,2017) certain
medications and heavy metals (Domadenik et al. R0l epigenetic mutations and
parental and infant microbiome will also influentlee pathogenesis of ASD (Rea
&Raay,2020). Chaste and Leboyer demonstrated tl&D-Associated children will
experience more prenatal and perinatal complicatiban their siblings, revealing that
environmental risk factors easily influence childmgith ASD. ASD is also correlated to
the birth order; the first-born offspring have aler risk rate of ASD than later
individuals (Liu et al.,2022). These factors maylune genetic mutations and cause
damage to genetic codes that result in the impaitroé brain development (Lyall et
al.,2014).

It is evident that there is no unanimously agreadse of ASD, as multiple
genetic and environmental traits contribute to A&iall et al.,2014); hence, it is referred
to as a highly heterogeneous and inheritable dssqi@andhu et al.,2023). Despite many
environmental stimuli, the pleiotropic nature of B&ssociated genes has a more
significant contribution to the aetiology of ASD yW#an& Konopka,2018). The genetic
diversity combined with various environmental fastas a challenging problem for
developing potential therapeutics against ASD (RReaay,2020).

2. Genetic lceberg of ASD: In 2020, the whole genetic information of ASD ripbnes was
assembled in a promising database known as thenSiFmundation for Autism Research
Initiative (SFARI) Gene Database (Lopez et al.,20Recent studies have reported that
approximately 913 genes have enrolled in the SFARfabase (Lu et al.,2020).
Depending on the contribution of individual genasthe progression of ASD, a gene
scoring system has been established by the SFARbase (Rea &Raay,2020). ASD-
associated genes are categorized into three idimpedtegories: Score 1 genes are high
confidence ASD risk genes with at least three deonmutations in ASD individuals,
whereas Score 2 genes are strong candidates watldéwnovo disrupting mutations in
ASD patients and score three genes are suggestisdlenee with one recorded de novo
disrupting mutation associated with ASD (Lopez €t2620). Current studies have
discovered 255 high-confidence ASD risk genes. Agntirem, 161 genes regulate the
progression of ASD by haploinsufficiency (Tamurake022).
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The present era has gained much success in deteistingenes associated w
Autism Spectrum Disorder (ASD) (Hong &koucheva,2023). The genetic anomalie
ASD are classified into three categories: monogemitations (shank3, MeCP2, Cntn
Fmr, Ube3a, Chd, Tsc, Oxtr), polygenic mutationd eopy number variations. (Wang
al.,2022). Current GWAS studies reveale@t the specific phenotype of autism
contributed by singlewcleotide polymorphisms (Choi et al.,2017), anel fimction of
individual gene and their interactions will be asated with the complex gene
architecture of ASD (Rawsthorne et al.,2020he rare de novo mutations of A-
connected genes (Santos et al.,2023) will cod¢éhiproteins that regulate transcript
and neural and synaptic development (Gabellinilg2G22), and their mutations w
eventually lead to impairment in the braiigions that regulate cognitive functions of
individual (Sandhu et al.,2023). It is observed i@ expression of these risk gene
considerably higher during prenatal brain develapm@&ordon & Geschwind,202(C
Therefore, this plethora of studiesill help better understand molecular and celli
mechanisms underlying ASD (Hoffmann et al.,2C

* Shank: SH3 and multiple ankyrin repeat domain proteinssaafold proteins of th
postsynaptic density that help bind neurotransmitéeeptors and ioichannels to
actin cytoskeleton and -proteincoupled signalling pathways. Genetic mutation
the shank are associated with ASD, characterizedefigits in social interaction ar
communication, restricted interests, repetitive dwabural phenotype (Wig et
al.,2022) and neuronal morphological impairment étwl.,2020). Shank3, a meml
of the Shank gene family (Kumita et al.,2019),0edted in the 229q13.3 chromoso
(Liu et al.,2022). Single gene mutations in the S8 gene, which encodes f
scafblding proteins, play a vital role in the developmef ASD (Tu et al.,2018
Additionally, deletion of the SHANK3 gene results the development of Phe-
McDermid syndrome, which is characterized by lowsnole tone and intellectu
disability that aresimilar to ASL-associated individuals. It is observed that
disruptions of the SHANK3 gene were identified 8% of ASD patients (Liu €
al.,2022). The principal mechanism involved in ti&ank 3 mutation i
haploinsufficiency (Tu et al.,2018), whiclighly contributes to the development
autism and schizophrenia in humans (Kumita et G192 In addition, geneti
modifications in Shank 2 gene will enhance the neimiif synapses and alter 1
diversity of the dendritic tree (Gordon & GeschwR@R0) which results in thi
abnormal functioning of chromatin, ribosomes, niimedria, GABA {-amino
butyric acid) neurons, and oligodendrocytes of A&3ociated individuals (Wang
al.,2022).
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Figure 1: TheGenomic Locatiorof SHANK3 Gene irHuman.

* MECP: Methyl CpG binding prote-2 (MECP2) is an epigenetic regulatory prot
encoded by an Xnked gene MECP2 (Cleber& Truijillo,2021). Currestudies
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revealed that MECP2 is a transcriptional reguldlb@t can act as an activator ¢
repressor based ot accompanying partner (Rea &Raay,2020). It hasoader role
in regulating synaptic development (Trujillo et,2021), chromatin modificatiol
alternative splicing, and micro RNA synthesis, raliely stabilizing the whol
genome transcription (Xiai et al.,2020). Mutations in the MECP2 gene may im
synaptogenesis and neural circuit organization @wvan al.,2022), which leads
neurodevelopmental impairment.(Trujillo et al.,2RPisruptions in MECP2 i
hemizygous males result in encephalopan infants, which is lethal. In contrast,
females, it can cause a complex neurodevelopmewtalrome on the wide range
autism spectrum referred to as Rett syndrome (R{R@a &Raay,2020). Th
prevalence of Rett syndrome in females is estimttdpbapproximately 1 in 10,00(
Individuals with RTT are characterized by neurobadji traits such as cogniti
deficits, motor anomalies, epilepsy and autistigawours (Tsuchiya et al.,201
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Figure 2: TheGenomic Location of MECP2 Genelituman:

 UBES3A: Ubiquitin protein ligase E3A (UBE3A) encodes an HEBiquitin ligase
which controls the function of various neurodevehgmta-associated genes a
regulates target protein degradation by proteasdhdeitionally, it can perforn
transcriptional coactator activity for steroid receptors (Elamin et2023). Recen
human neuron and brain organoids studies repotiggitin-mediated degradation
calcium and voltageependent ample potassium (BK) channels silenceonal
anxiety (Sun et al.,2019). UI3A is the only gene that is expressed exclusivedyni
the maternal allele, suggesting that any duplica{ielamin et al.,2023) in this ge
will result in the maternally heritable syndromélea Dup15qg (Elamin et al.,202:
Globally, the duplication irthe maternal isodicentric 15 chromosome 1-q13 is
observed in 19%8% of ASC-associated individuals (Xu et al.,2017). It is itifeed
that both deletion and owexpression of UBE3A will change the dendr
organization, revealing that the balar expression level dflbe3a is essential for a
stable dendritic networlWang et al.,2022).
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Figure 3: TheGenomic Location of UBE3A Gene kuman:

* Chromatin Helicase DNA-Binding Protein (CHD): The members of the Chroma
helicase DNAbinding protein family have a wider role in axonogression an
synaptic adherence that are essential for braireldpment. CHD8, CHD9 ANI
CHD11 are exclusively involved in the aetiologyA8D (wang et al.,202. CHD8 is
one of the most commonly mutated genes observeXSIh patients (Hoffmann ¢
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Spengler,2021). That encodes a transcriptionalessor protein called CHDS tr
binds with theB-catenin to control the 'NT signalling pathway(Rea & Raay,202
Mutations in CHD8 will create a fluctuation between exaitg and inhibitory signal
that are associated with AS[Wang et al.,2022) and are characterized by f:
dysmorphisms commonly observed in the foreheadeged and dorsally rotated e.
(Hoffmann & Speagler,2021) impairment in social interaction foliedv by
macrocephaly. Slow myelination is observed in-third of the individuals carryin
CHDS8 mutations. The Past research studies on detetnh the CHD8 gene report
that upregulated genes enhancee functions of the cell cycle, RNA splicing a
transcription dowrregulated genes promote neuron differentiation aagnitive
development (Hoffmann et al.,2021). The heterozyghs$ruptive de novo mutatio
in CHD8 have a high contribution to the patlenesis of ASD. The most comm
symptom CHD8 de novo mutated patients exhibitypiatl wide head circumferen
(Hoffmann & Spengler,2021).Moreover, most of theDA&ssociated genes such
ARID1B, ADNP, ASH1L, CUL3, DYRK1A, PTEN, RELN, SHAKS3, SCN2A,
SETD5, and SYNGAPP1 are well known targets for CHD84Rnd Raay,202!
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Figure 4: TheGenomic Location of CHD8 Gene Human:

» Patched Domain Containing 1(PTCHD1): Patched domain containing 1 (PTCHL
and its antisense Inc RN(PTCHD-AS) are located onXlinked chromosom:
(Xp22.11). PTCHD1 consists of 12 knowtransnembrane domains and th
expreson was observed with plasmamembrane of dendritic spines neural
network. It is prominently expressed in pituitarkargd and cerebellum regions
human brain. The @il PD2 binding domain of PTCHDL1 interlink the cpaments
within retromer complex and post synaptic densityling a potential evidence
endosomal protein sorting in dendritic spines. Bhgénomic analysis of PTCHIL
revealed that it pkss an important role in the aetiology of A. A study performeidn
2008 reportedthe copy number variants (CNVs) containimicro deletioiof first
exon around167kb in Xp22.1 chromosome were transmitted from a carrier mc
to an ASD associated maled his dizygotic cognitive disabletivin brother leads t
the production of null allel (Pastore et al., 2022 he genetic disruption of PTCHI-
AS enhanceshe number of synapses (Gordand Geschwind,202) results in the
impairment oéxcitatory neurotransmissiom males (Ross et al.,2C). A plethora of
studies on ASD ma patients have found, heritable and de novo disvoptiin
Xp22.11 influence both PTCHD1, PTCH-AS and produce point mutations in tl
coding sequence oPTCHD1 which strongly contribute in the production
missense , nonsense ¢ truncating variants (Pastore et al.,2022)
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Figure 5: TheGenomic Location of PTCHD1 Geneltuman:

* Neurexins 1 (NRXN1): Neurexins are preynaptic cell adhesion proteinWang et
al.,2022) that regulate synaptic function and dlisesion in the central nervous sysit
of the vertebrates. NRXNL1 is a synaptic adhesion mitge@ea &Raay,2020) locat:
on chromosome 2p16.3 (Kim et al.,2008). It produzeslciun-associated neurex
network in the synaptic region that contributesthe progression of excitato
neurons (Re&Raay,2020). A study regarding multiple clinical goiotypes of twc
subjects with disruptions in the 2p16.3 chromostae reported NRXN1 as a no
autism risk gene (Kim et al.,2008). Heterozygousrodeletion in NRXNL1 is th
primary mechanism involved the pathogenesis of autism (Rea &Raay,2020).
NRXN1, NRXN2 is accompanied by autism spectrum mdieo (ASD), mediating
synaptogenesis and maintaining synaptic equilibrjumet al.,2020). The complexi
in the expression of NRXN1 is a challenging blem in diagnosing ASD (Re
&Raay,2020).
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Figure 6: TheGenomic Location of NRXN1 Gene Human:

* Fragile X Messenger Ribonucleoprotein (FMR1): The FMR1 gene is located c
X- a linked chromosome that encodes fragile X mewrtardation protein (FMRF a
polyribosomedependent molecule that regulates protein traoslat neuronsWang
et al.,, 2022) synaptic plasticity (Giri et al., 2)1and modifications in dendrit
spines. The most common mutation of the FMR1 gen&lentified in the five'
untranslated regions formed due to the repeated exparsfidhe CGG triplicat
followed by hypermethylation of the X chromosome nmales and active
chromosome in females. The polyribos«-dependent protein (FMRP) represses
translation process to regle the synthesis of other neural proteins in theagiio
region. The disruptive FMR 1 gene is estimateddntribute to 5% of ASD cast
worldwide. (Rea and Raay,2020) Mutations in the AMfene associated with Frag
X Syndrome (FXS) are characterized delayed brain development and aut
behavioural phenotypes (Giri et al.,20:
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Figure7: TheGenomic Location of FMR1 Gene kHuman:
* Sodium Voltage-Gated Channel Alpha Subunit 2 (SCN2A): Sodium channel,

voltagegated, type Il alpha subunit (SCN2A) encodes aage-gated sodium
channel (VGSC) expressed in the initial segment(RRaay,2020). It mediates t
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synthesis of action potentials in excitatory caiticieurons followed I benign
familial neonatal (infantile) seizur and developmental and epileptic encephaloj-

11 (Ghosh et al.,2023). Hagnsufficiency of SCN2A is the major contributing fac
for ASD (Sanders et al.,2018). Loss of function F)@nutations in th SCN2A gene
are characterized by auti-like behaviour, while gain of function (GOF) mutats
are accompanied by neonatal epile (Ghosh et al.,2023). In 2012, a study found

approximately 200 de novo missense mutations apgorsible for 1% of epileps
cases (Wong et al.,2021). Any deletions and mutatio SCN1A are associated w
Dravet Syndrome, characterized by infar epilepsy and ton-clonic seizures.
Therefore, SCN2A is a potential therapeutic tafgettreating neurodevelopmen
disorders like autism (Ghosh et al.,20
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Figure 8: The Genomic Location of SCN2A Gene Human:

* Neuroligins (NLGNSs): Neuroligins (NLGNS) are postynaptic cell adhesion protei
(Rawsthrone et al.,2020) with different domaing;hsas extracellular cholinester-
like globular domain and PDZ binding intracellutiymain located on multiple gen
in humans. NLGN1 and NLGN2 are locd on autosomal chromosome (3g26)
(17p13), respectively, while NLGN 3 (Xg13), 4X (Xp3) are located on- linked
chromosome and 5 (Yqll.2) located or linked chromosome(Zhen Liul
al.,2022). The Xinked genes play a broader role in neural syic function (Choi et
al., 2017).NLGNs are transmembrane proteins thataot with pre and pc-synaptic
receptors to promote signal transmission betwearons. R451C mutation is the fil
recorded mutation on NLGN3, identified in two sigs associat¢ with ASD that are
characterized by membrane trafficking of NLGN3,aldéd protein response (UPI
catalytic degradation of NLGN3 by the proteasorbel (et al.,2022), misfoldinc
impaired synaptic function and plasticity (Rawstigt al.,2020
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Figure9: TheGenomic Locatiorof NLGN 4X Gene irHuman:

e Contactin-Associated Protein-Like 2 (CNTNAP2): Contactinassociated prote-
like 2 (CNTNAP2) is considered one of the most gBigant genes that encode
axon-linked cellanchored protein, contactins with 1,331 amino awdidues
CNTNAP2 is a tranmembrane molecule that belongs to the NLGNSs fe of post-
synaptic cell adhesion proteins that promote syumtesis in the neural netwo
Genetic modifications in CNTNAP2 include copy rien variants, deletions au
missense variants, which are associated with delgyewth of cortical nerves at
impaired excitatory and inhibitory neural transmissioresulting in the developme
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of neurological syndromes such as Tourette syndrand ASD (Rea &Raay,202(
Studies on the contac-associated proteilike (CNTNAP) family showed that the
play an essntial role in synaptic progression and sociallskfFor example, CNTN
regulate the changes in neural morphology. Sinyil&@@NTNAP3 forms complexe
with scaffold proteins and synaptic adhesion mdexiWang et al.,2022
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Figure 10: The Genomic Locatiorof CNTNAP2 Gene irHuman:

Transient receptor potential canonical (TRPC) clkénare encoded by tl
TRPC6 gene that belongs to a family of Calciumarapermeable channels. De nc
disruptions in TRPC6 induce hyperexcitability asater with impairment in
socialization, suggesting TRPC6 have a solid couation to the aetiology of AS
(Shin et al.,2023). (Kaiser et al.,2022) addred?8H5 as a potential risk factor f
ASD as its breakdown may produce a monogenic fofrASD. Phosphase and
tensin homologRTEN) has been observed as a candidate risk gene ofaAS@riate
with impaired social interaction (Rea &Raay,2020) grotein instability caused |
missense mutation of the gene (Wong et al.,202G)otfer gene, DYRK1A
contributes to the onset of ASD and is described as a sogmfidriver of 21g22.1
truncation, leading to the inherited cause of ctgmidisability microcephaly an
autism spectrum disorders (Kim et al.,2(. MBD5, a candidate risk gene f
neurodevelopmentalisorders like ASD, encodes methyl-Ciiixding domain five
protein. In addition to the haploinsufficiency ofBd5, de novo mutations at
significant copy number variants (CNVs) collectiwveontribute to the pathogene
of ASD (Seabra et al.,2020). POGZcodes Pogo transposable element derived
ZNF domain POGZ), a transcriptional repressor protein (Papadiotret al.,2021)
Individuals with a missense mutation of the POGzeéhave an intellectu
disability, a characteristic feature of ASD (Mataura et al.,2020). ITGB3 is an ide
risk gene for ASD that encodes the extracellulatrin$3 integrin receptor. Hap-
insufficiency oflI TGB3 induces hyperexcitability of cortical neurons that
causes fragile X syndrome, a monogenic form of ASD (Jaudbkl.,2022).

3. ASD Associated Syndromes: The term autism spectrum disorders (ASD) defines
complex aetiology of ASD (Faras et al.,2010). Esdcsyndromic ASD is caused |
various pleiotropic genes, contributing to a widage of ASI-connected syndrom
(Domadenik et al.,2018). A recent study on genoamalysis reported that over 10%
individuals with genetic deficits express ~100 dgenesyndromes characterized
autismiike behaviour (E Deneault et al.,2018). Moreo¥e8D cohorts exhibit multipl
symptoms, including hyperexcitability, impaired stization, depression and cogniti
deficits that are associated with various gengticisomes like Rett syndrome, Angelr
syndrome, Timothy epilepsy, Fra¢-X syndrome(Sandhu et al.,2023), duplica
syndrome. Globally, over-5% of ASD individuals are associated with FragileaXd
Rett syndrome, while 3% of them exhibit Angelman syndrome (Rea &Raay)}(
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Even though the exact cause of ASD is unclearth@®)pathogenesis of ASD is highly
diverse and notably heterogeneous (Hong &LakoucRéva).

* Fragile X Syndrome: Fragile X Syndrome (FXS) is a neurodevelopmenisdrder
caused by a monogenic mutation of X- the linked Fy#Re. The healthy FMR1 gene
consists of 6-45 CGG trinucleotide repeats, enapdiiagile X mental retardation
protein (FMRP) protein essential for normal cogmtdevelopment. In permutation,
the expansion ofCGG repeats vary from 55 to 20@hef range exceeds 200, it is
referred to as a complete mutation characterizeselbgre deficits, including delayed
brain development, abnormal behaviour (S Cliffardle2007), hyperactivity, anxiety
and intellectual impairments are prominently obsdrin males due to X-linked mode
of inheritance (Rea &Raay,2020). A recent studydusiee Autism Diagnostic
Observation Scale-Generic (ADOS-G) and the Autisiagbostic Interview (ADI-R)
to assess the autism behaviour in FXS patientsrggpaited that 90% of male FXS
patients exhibit autism features. In comparison, @2demales met this criteria.
Moreover, FXS carrier mothers play an essentiak riml their children's early
development. It is identified that intellectual aligdity is the ultimate cause of co-
morbidity between FXS and Autism (S Clifford et 2007).

* Rett Syndrome: Rett syndrome (RTT) is a critical X-linked genetiisorder caused
by de novo mutations in methyl-CpG binding prot@ifMeCP2), a candidate risk
gene of ASD (Xiang et al.,2020). The characterig@tures of Rett syndrome are
early onset of cognitive regression (Rea &Raay,2@P@racterized by delayed head
growth, regression of acquired abilities, and sigq@es (Trujillo et al.,2021)
followed by impaired speech and motor function de&fi Other symptoms include
gait anomalies, primary microcephaly and seizuRsa(&Raay,2020)and synaptic
deficits (Trujillo et al.,2021). Recently (Xiang at.,2020) found that MeCP2 has a
significant role in neural development; its loss foihction mutation leads to
dysregulation of neural development genes, neurdoattion regression and
plasticity. Although mutations in MECP2 solely agobfor Rett syndrome (RTT), the
severity of symptoms depends on the cellular distiton of MECP2 (Trujillo et
al.,2021). RTT individuals exhibit autism-like sytopms such as intellectual
disability, impaired motor skills, and declined odgye development (Wang et
al.,2022).

« Angelman Syndrome: Angelman syndrome (AS) is a monogenic (Kennedya&
Henderson,2017) neurodevelopmental disorder cabgedhe breakdown of the
maternally inherited ubiquitin-protein ligase E3BBE3A) gene (Sandu et al.,2023).
Most ASindividuals are associated with suppression of the UBE3A gene on (Sun et al
.,2019)maternal 15911.2-q13 chromosaneis loss of function is likely a significant
drive for Uniparental disomy (UPD) observed in 34.0f AS patients characterized
by irregular ubiquitin-proteasome signalling reswtin the dysregulation of brain
neurons. In humans, AS cohorts clinically exhibitygical anomalies, including
obesity, muscle stress, delayed growth, speecltigetincontrolled laughing and
smiling. Most of the defining features of AS arengar to autism phenotype, which
impacts brain development, speech deficits andakdoteractions (Kennedya&
Henderson,2017).
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* Duplication Syndrome: Duplication syndrome (Dupl15q) is a maternally el
neurodevelopmental disorder caused by the mutatiorthe long arm of the 15th
chromosome in the 11.2-13.1 position. E3 ubiquityase, encoded by the UBE3A
gene, has a solid contribution to the aetiologglgslication syndrome as it is the only
gene that is inherited from the maternal alleleeeding that maternal duplications are
the primary drive of Dupl5q syndrome. High mutasion UBE3A exhibit Dup15q
phenotype such as hypersensitivity, which can é&ted by regulating UBE3A levels.
The only difference in the array of neurodeveloptaerdisorders caused by
overexpression of UBE3A and Dupl5q is the synap@haviour of Dupl5g-
associated neurons. This suggests that overexpnesdi UBE3A is the major
contributor to disease phenotype, but a small porf it is also associated with other
alleles. The two defining characteristics of thymdrome are Autism and seizures,
which are also associated with intellectual defiaihd motor function regression. It is
identified that ~77% to 100% of Dupl5q individuaghibit autism behaviour
phenotype (Elamin et al.,2023).

* Timothy Syndrome: A mutation in a calcium channel-regulating alleBACNALC,
causes Timothy syndrome (TS). Various autism symptcharacterize this sporadic
autosomal dominant disorder. CACNALC encodes thhaall C subunit of voltage-
gated calcium channels (Cavl.2). It was indepetylehscovered from 3 studies
performed in 1992, 1995 and 2004. In the majorftthe TS-associated children, de
novo mutations are observed rather than inheritederof modifications. De novo
disruptions are produced during gametogenesis apessed after fertilization. The
behaviour anomalies associated with TS were fiegiorted in 13 individuals
displaying syndactyly of fingers and toes, neungimial features resembling ASD
(Bauer et al.,2021).

4. CRISPR /Cas9: In 1970, the evolution of rDNA technology unlockig door for many
advancements in gene editing technology (Hsu g0dl4). Gene editing system contains
highly efficient gene tracing tools to alter the@hse-causing gene that is used for a better
understanding of gene interactions and the aetyotogtributing to the disorder(Wang et
al.,2022). Gene modification involves the correctmf DNA fragments from a single
base pair to large segments, followed by the mecatifon of desired cells to an individual
organism.(Roderguez et al,2023) The double-strarnmtedks (DSBs) generated during
gene editing will be removed by two prominent meusims, including homology direct
repair and non-homologous end joining; the prioresistant to errors, while the latter is
susceptible to errors. They correct the errorseeitly insertions, deletions or substitutions
in the gene of interest (Rodriguez et al.,2019).

In genetic engineering technology, Megan nucleages;-finger nucleases
(ZFN) and transcription activator-like effector hemses (TALEN) are the most
frequently used programmable nucleases. Despitgepssg humerous applications, they
are highly laborious and show low accuracy (Shaal€2016). In 2013, a DNA-RNA
recognition-dependent technique called CRISPR warcome by these limitations
(Jiang &Doudna,2017). It is an excellent gene trganethod with a highly efficient
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delivery system(52). In contrast to former methdtie, CRISPR/Cas9 is cost-effective,
requires a short experimental period and can Henpeed easily. (Rodriguez et al,2023)

* Mechanism: In the present era, many researchers are aimiatutty the mechanism
involved in CRISPR/CAS9 (Hsu et al.,2014). The naatdm of RNA-guided DNA
degradation mediated by Cas9 protein involves stagfe recognition, cleavage
followed by repair (Sandhu et al.,2023)

* Recognition: The attachment of sgRNA to its complementary segei@n the gene
of interest initiate the recognition process. la thitial stage, to connect sgRNA and
cas9, the REC domain plays a crucial role in dguetpthe sgRNA -cas9 complex.
The cas9 nuclease identifies the target DNA. PAMremusly contributes to the
accurate binding of the sgRNA-cas9 complex to thget sequence. The DNA
recognition and unwinding is carried by PAM-depeardeas9 nuclease. The cas9
identifies PAM followed by the pairing of sgRNA-&@scomplex with its
complementary sequence to capture the gene ofestteind regulate target site
binding while preventing spontaneous self-mutilaticAccurate recognition is
essential for precise cleavage (Sandhu et al.,2023)

* Cleavage: The RNA-DNA heteroduplex mediates the unwinding dfDNA at
specific PAM regions. The unwinding enhances thalgtc activation of RuvC and
cas9's HNH. The PAM molecule highly regulates thdanuclease activity of cas9. In
the cleavage process, the cas9 mimics the role aé&aular scissors. The HNH
nuclease domain of cas9 breaks the target DNA, mmgntary to sgRNA, while the
RuvC domain cuts the displaced strand, promotiegstte-specific cleavage (Shao et
al.,2016).

* Repair: The two fundamental cellular pathways involvedthie repair mechanism
include non-homologous end joining (NHEJ) and haggldirected repair process.
The generation of double-stranded breaks (DSB$héyuclease activity initiates the
repair process. NHE mediates the error-suscepiiNé repair. In NHE-mediated
repair, the endogenous DNA repair machinery prosl@aebitrary insertions, deletions
and modifications by breaking and ligating the eafidouble-stranded breaks at the
gene coding sequence, resulting in the disintegratif targeted gene followed by
frameshift mutations and the formation of earlypstmdons. While HDR mediates
error-resistant DNA repair. Double-stranded brestiest the HDR-mediated repair in
this mechanism, providing accurate modificationg&bt al.,2016).

5. CRISPR/Cas9 Engineered Celular Models. ASD, a strongly heterogeneous genetic
neuroatypical disorder, requires a highly realistitd reliable technique to detect the
modifications in the ASD-associated genes undeglyhre disease pathology (Hayek et
al., 2020). Although in vitro models are heterogers they have notable advantages in
discovering candidate ASD risk genes, mechanismghiad and associated symptoms
underlying the aetiology of ASD. CRISPR/cas9 ovares the heterogeneity of in vitro
variants and helps generate efficient homogenolls ¢@andhu et al., 2023). In the
present era, CRISPR/Cas9 has opened the doordovdisng numerous in vitro models
with abundant clinical applications. Gene theramg libeen extensively used to treat
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human neuropsychiatric disorders (Choi et al.,20¥Whole genome sequence analysis
identified CRISPR/Cas9 as a potent tool in celtdpees with high specificity (Geen et
al.,2015). CRISPR cellular models have numerousmidges over traditional methods,
including that they can be easily maintained inofakory conditions, are inexpensive,
have a short proliferation period and have no atlioncerns (Sandhu et al.,2023). From
individuals while presenting the genetic notatiomsderlying the ASD (Lopez et
al.,2020). The most commonly used cellular modatiude pluripotent stem cells, human
embryonic cells (hESCs), and induced pluripotefis@GBSCs) (Choi et al.,2017).

(Sun et al.,2019) produced a UBE3A deficient huraanbryonic stem cell lines
(hESC) by using the CRISPR/cas9 technique and fauBH3A knockout hESCs were
(karyotypically typical with stable cell divisionub exhibit hypersensitivity to neuronal
networks associated with ASD-like behaviour.Plutgod stem cells are efficient models
for understanding human neurocytological disord&fartinez et al.,2015). (Trujillo et
al.,2023) They validated the significant role of &2 in neuropsychiatric disorders like
ASD by using pluripotent stem cells. Loss of MedtpZP SCs displayed abnormalities in
the synaptic network characterized by cognitiveampents.(Lu et al.,2020) described a
CRISPR-mediated miR-873 mutation in neuroblastoeils that regulates the expression
of ASD candidate's risk genes. The loss of functrartated miR-873 cells enhances the
levels of targeted genes such as ARIRIB, shank®,@H8. In knockout neuroblastoma
cells, the expression of miR-873 is reduced whike targeted gene expression increases
gradually, resulting in the regression of neuroddferentiation.(Elamin et al.,2023)
identified, UBE3A solely accounts for duplicatiopnsrome (Dup15q), overexpression of
UBES3A associated with the cellular phenotypes. rflihaet al.,2023) silenced UBE3A
allele by using antisense oligonucleotides(ASOsl)iatroducing it in induced pluripotent
stem cells do not exhibit cellular dysregulatiort. the same time, the over-expressed
UBE3A iPSCs possess irregular neuronal firing aeldyked inhibitory synaptic activity,
suggesting the role of UBE3A in Dupl5q.(Matasmutaale2020) They performed a
study to reveal the pathogenesis of the POG2 gsseceted with ASD. The de novo
mutant POG2 gen was derived from ASD patients aad mwtroduced into pluripotent
stem cells (iPSC) (Matsmura et al.,2020). POG2 camft cells exhibit irregular
localization of POGZ protein and slow cognitive dimpment.A study described by (Shin
et al.,2023) showed the significant role of TRP&6andidate gene associated with ASD.
De novo mutations are introduced in TRPC6 througiSPR/Cas9. The loss of TRPC6
in human pluripotent stem cells is characterizediégreased intake of Ca+2 in hPSCs.

6. CRISPR/Cas9 Engineered Organoid Models: The diverse origin of ASD is one of the
significant obstacles in generating target theripgufor ASD. In this aspect, 3D
organoids play a prominent role in understandirggdtnuctural and functional properties
of the human brain. Researchers aimed to mimichilm@an brain's neural network,
allowing them to discover 3D organoids that haveader applications in the study of
autism spectrum disorder. The human stem cells enih@ essential organs, resulting in
the formation of organoids. 3D organoids have @it strengths than 2D in vitro
models; they maintain homeostasis and can be pexdong (Choi et al.,2017). The
formation of 3D organoids has a high resemblancéhéodevelopmental stage of the
human brain (Ayhan& Konopka,2018). These clinicgiplecations assured the 3D
organoids a better model for studying the architectof the cellular network of the
human brain associated with ASD (Gordon & Geschy?i@20). The FOXG1 deficient
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organoid model has been generated using CRISPR/@agthology. The genome
transcriptional study of these organoid models espnts autism-like behaviour
corresponding to dysregulation in the size and tfoncof the human brain (Choi et
al.,2017). The Mecp2 knockout model associated Rett syndrome is characterized by
defects in neuronal formation (Gordon & Geschwif@@®. While the loss of function of
the UBE3A model displays anxiety, cognitive impaamh representing ASD (Sun et
al.,2019). A healthy organoid is induced with REQGNsruption mediated by the
CRISP/Cas9 system. The breakdown of the RECN geharacterized by intellectual
disability. The RECN-associated organoid is notaled for the discovery of target
therapeutics against ASD (Choi et al.,2017).

7. CRISPR-Cas9 Engineered Animal Models of ASD: Animal models are versatile tools
for studying the pathogenesis of autism spectrusorder (ASD) and discovering
potential therapeutics (Shao et al.,2016) by comalgiacontinuous preclinical trials to
enhance the efficiency of novel drugs (Kareklas aét2023). Despite numerous
advantages, cell culture models may not interpretcomplete aetiology of ASD (Lopenz
et al.,2020).In the present era, CRISPR/CAS9 hagtlyancreased the efficacy of
producing gene-targeting animal models (Zhao eR@l6). Since the CRISPR/Cas
system is the only genome engineering technique dbpends on Watson-Crick base
pairing rather than the possibly less specific ggleDNA interaction (Hruscha et
al.,2013), Such advancements are economical anchgbedarge-scale production of
autism-associated models (Hsu et al.,2014).(Lopenzal.,2020) demonstrated the
fundamental characteristics of an efficient modwiluding a high resemblance to human
phenotype. This similar mutation contributes to lhuantdisorders and is homologous to
target therapeutics against human disease. Theythardwo most commonly used
techniques for generating transgenic ASD animal etsodn forward genetics, mutations
are observed in the preferred animal model thatbéshautism behaviours. In contrast,
the selected mutations are introduced into the ainimodel in backward genetics to
observe the disease phenotype(Lopenz et al.,2@82Bpough creating an ASD animal
model is laborious and includes ethical issuews Itelpful for a better understanding of
autism spectrum disorder and to examine the funaifccandidate genes in the aetiology
of ASD (Sandhu et al.,2023). The most acceptedispdor the monogenic mutation
studies of ASD include mice, rats, monkeys, DroflaphAnd zebrafish, based on the
necessity and objective of the study(Wang et £2220

* Drosophila: Drosophila melanogaster, the fruit fly, is a potamimal model for
genetic analysis of ASD as it has numerous advastagcluding inexpensive and
genetically very accessible (Tane et al.,2021)s leseeding period, and massive
production of offspring for accurate and comprehananalysis. A study found that
75% of drosophila genes are analogous to humamasiseausative genes and have
identical neural functions as humans (Wang et@222. These characteristics suggest
that Drosophila is an ideal model for ASD studiethwonsiderable potential for both
high-throughput and in-depth research (Tane eR(Q&l).A recent study used
Drosophila as a research tool and developed a phisdragile X mental retardation
model (dFmrl). The disruptions the Fnrlgene cause fragile X syndrome in
Drosophila. The mutant files are characterized bglayed synaptogenesis,
perturbation of neurotransmission and synaptic-ggpexific mutations in the central
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and peripheral nervous system. The results revediedrl files exhibit anomalies
in Drosophila stress odorant (dSO) response (Wang et al.,2@28).(et al.,2022)

experimented on Drosophila to study the impactesbt®nin levels on autism-like
phenotype and revealed that the 5-HT2B receptoriatesdthe effect of serotonin
levels on Drosophila's social behaviour and repetistereotype. (Cao et al.,2022)
The CRISPR/Cas9 technology deleted the gene ergdben5-HT2B receptor and
observed impaired social communication in mutalgsfiWhen these files are fed
with 5-HTP, social deficits are regulated by senatothrough 5-HT2B receptors in
dFB neurons, proving the functions of 5-HT2B reoeptin social interaction are
independent of circadian rhythm or olfactory newgton

» Caenorhabditis Elegan: Caenorhabditis elegan is a model organism thatighes an
excellent experimental framework for examining ihgact of genetic variations
linked to ASD. The genetic flexibility, basic nen system and gene homology of
humans promote synaptogenesis and systems-levelstigation in C. elegans
(Rawsthorne et al.,2020).(Rawsthorne et al.,2020fppmed an analysis to know the
impact of genetic modifications on autism-like pbgme(Elamin et al.,2023) have
discovered the gene neuroligin has a broader rotbe regulation of crucial social
interaction and (Elamin et al.,2023) used CRISPR2Ga modify R-C mutation that
closely resembles a fully penetrant human variamted to Autism. C. elegans
possessing this mutation will inherit the behavabuabnormalities of a C. elegans
neuroligin null mutant associated with impaired@yonous activity.

o Zebrafish: The unique characteristics of zebrafish have ghitiee attention of
numerous researchers working on neurological dessrdike ASD (Kareklas et
al.,2023). They are well-established models folgdiiscovery due to their short life
cycle and large number of offspring each reprodectession, the tiny size of the
body, minimal maintenance requirements, and eabewding a large number of them
in a small aquarium. Regarding the structure of lbin@n, nervous system, and
neuronal signalling pathways, zebrafish exhibitosty similarities to humans.
Additionally, zebrafish exhibit outstanding abilifgr the development of particular
social behaviours that are crucial for replicatihg symptoms of ASD (Beik et
al.,2022). Zebrafish are notable for having vibremiour vision, which gives them a
clear edge over rodent models (Park et al.,201@neGc studies suggest that
zebrafish and humans share approximately 62% oBH8genes involved in ASD
pathogenesis, which is extremely useful for precdihresearch. (Beik et al.,2022)
With techniques like CRISPR, it is relatively sirapio alter the zebrafish genome,
which enables the use of large samples that arallysmpossible in mammalian
models. (Dallman et al.,2020). Zebrafish with sh#miee mutations exhibit reduced
locomotion activity and lower amounts of synapticgotpins produced by
CRISPR/Cas9, leading to ASD-like symptoms. Addiidy; gastrointestinal
dysmotility, which is similar to gastrointestinaymsptoms frequently observed in
people with ASD, is caused by diminished shank3&sgion in the zebrafish model
system, whereas zebra fish with Cntnap2 mutatiotsbeeed vulnerability to drug-
induced seizures, were hyperactive at night, amd@®aBAergic deficits, particularly
in the forebrain (Wang et al.,2022). (Kareklas e2823) It generated a zebrafish
shank3a mutant to identify the contribution of #mank3 protein in the expression of
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emotion and empathy that are associated with thel@gy of human ASD. (Kareklas
etal.,2023) Delayed cognitive development, coortiima abilities, and
communication defects are joint in humans with A8 SHANK3 mutant zebrafish.
All of the evidence points to the possibility tteitank3 mutations in zebrafish cause
impairments in social skills.(Rea &Raay,2020) Tlasldressed a knockdown model
of the ARID1B gene in zebrafish by utilizing morpino oligonucleotide injection to
study delayed embryonic growth, a significant daii symptom of ARID1B
mutations in humans. In addition, (Rea &Raay,202&)fied two models used to
examine the social interaction of fmrl knockout raéish, showing specific
characteristics like those of human FXS, such geetexcitability and memory loss.
FMR1 disruptions in zebrafish cause aberrant plypest and impairments in
craniofacial growth. The knockout shows specifimpyoms associated with anxiety
but no common morphological abnormalities. (Rea &Rr&020) Demonstrated in a
study conducted in the Harold Burgess lab, anedteebra line (chd8y608/+) was
generated through a CRISPR-mediated 5-base paovann the fourth exon, which
led to a frameshift mutation in the resultant tcaipd. Zebrafish chd8 was previously
knocked down by morpholino injection in two separaxperiments validated by (Rea
&Raay, 2020). In line with CHD8 loss of function ihuman ASD patients,
morpholino-mediated knockdown of CHD8 causes mapbaly (extension of the
forebrain/midbrain). Breakdown of CHD8 in zebrafisis compatible with
macrocephaly, and a decrease in post-mitotic entagurons that results in
gastrointestinal motor deficits contributes to gaistestinal concerns in ASD patients
(Rea &Raay, 2020).With the help of the CRISPR/Csggftem, (Zhang et al.,2022)
created NDE1 knockout zebrafish to study this gempression pattern during
development. In exon 2, the deletion causes a ®hiftenutation and an early stop
codon. Additional research was done on shoaling@lype, social interest, and kin
preferences. The findings show that the group tecyles minimal in NDE1 knockout
zebra fish during adolescence as well as in adotthédnalyses of morphology,
anatomy, and behavioural phenotype indicate thaENDQeletion mutations lead to
neuron morphological and functional anomalies.(@ebet al.,2022) Created zebra
fish setd5 mutants using the CRISPR/Cas9 technolegyl studied their
morphological, behavioural, and molecular phenaype model human SETD5
haploinsufficiency and observed that setd5 hetegoay mutants exhibit impaired
socialization and motor function required for shaglactivity as well as they are
uninterested in sociality.

Using CRISPR/CASY, the functional significance ehgs including CHDS,
FMR1, nuclear receptor subfamily 3 group ¢ membgra2d SHANK3 in the
zebrafish model of autism spectrum disorder has lieestigated. These zebrafish
models exhibit defined features of ASD, such asrowephaly, hyperactivity, anxiety,
decreased social behaviour, sleep difficulties, abtormal neural development
(Sandhu et al.,2023).

* Rodents. Rodents have been considered a standard pretlitooh for better
understanding the complicated pathogenesis of A&Dta validate new therapeutics
before clinical trials. One of the factors conttibg to their success is their ability to
replicate the primary symptoms of ASD. They hauwiaf generation period and can
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be maintained easily in the laboratory becauseheir tsmall size and gregarious
nature. Their DNA has also been sequenced, denatingtra high resemblance to
humans. Additionally, techniques to alter both sg®genomes are established to
identify the ASD-associated mutations. (Lopez eR@R0). In a mouse model, early
mutation induces the expression of FMRP proteirgnio/e bioenergetics, Zinc-
dependent synaptic protein, SH3 and SHANK3, whigh associated with fragile X
syndrome. The mutant mice exhibit irregular cogmitibioenergetics, impaired
SHANKS expression and abnormal zinc levels, countmly to neurodevelopmental
disorders (Canitano and Bozzi et al.,2017).In tHeQ®2 knockout mouse model, the
pyramidal cells within the primary somatosensoryteo are associated with Rett
syndrome, characterized by delayed temporal suromatid irregular neuronal firing
and synaptic network of the neurons. The RTT-linkexhaviour phenotypes are
reversed by using CRISPR CAS to treat the mutdateabf MECP2, suggesting a
novel therapeutic technique for RTT individuals (Weaet al.,2022).

In the cortical hippocampus of CHD8 deficient micg&SD-associated
symptoms include hyperactivity to chemical stimuliecreased motor function,
impaired interactions with peers, and enhancedrsgnization. In the female carrier
of Chd8+/N2373K mice, declined coordination activity, ibhory drive regression
and high spontaneous firing are strongly expreg¥eaing et al.,2022). (Hayek et
al.,2020) developed a KAm5A deficient mice modehika+) using Forward genetics
.The loss of function of kdm5A knockout mice exkshiepetitive stereotypic patterns,
indifference to social responses, impaired braiebéergetics, and anomalous dendrite
production. The defining features of disrupted kédmfariants are the autism-like
phenotype and impaired speech. (Hayek et al.,20@@aled the role of forward
genetics in examining the pathogenesis of ASD-aataut genes.(Rea &Rayy,2020)
addressed multiple studies on heterozygous Aridbdnsa model, expressing irregular
GABAergic neuron network resulting in high cell tearate and low cell
division during juvenile development. The carrigidib possesses hydrocephalus that
is associated with ASD. Mutations in the cerebellwtnongly contribute to
neuroatypical ASD cognitive impairment.

In a study described by (Benger et al.,2022), trenucal stimulation of the
Right crus | region of the TSC mouse cerebellunreigetitively manifested with
behavioural impairments. A knockout mouse with AREDdisruptions expressed
ASD behaviour, including decreased dyskinesia, mgesitivity, decreased
synchronized activity and weight loss. (Wang ek@R2). A CRISPR CAS-mediated
MECP 2 deficient mouse is responsible for develgpett syndrome. It is associated
with psychiatric characteristics such as epilepsgllectual impairments, and motor
skill defects (Tsuchiya et al.,2015). Overexprasstd Ube3A in a mouse model
exhibits fundamental autism phenotypes. While phosgation of Ube 3A by
disrupting protein kinase A leads to hyperexciiapibf Ube3A that manifests with
impaired synaptogenesis (Xu et al.,2017). (Xu e2@23) Ctnnd2 knockout mice
model, characterized by sleep disturbances, isfiainig phenotype of Autism. The
deletions of Ctnnd2 in ASD cohorts enhance the yecthidn of copy number variants.
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* Non-Human Primate Models: Non-human primates are more outstanding models
than other species due to their high resemblanceoghitive physiology (Wang et
al.,2022). These models are simple to understanan{ta et al.,2019). Therefore,
they are widely used in studies of neurodevelopaiatisorders such as Autism and
the complex pathogenesis and diverse genes assbowth Autism (Wang et
al.,2022). (Sandhu et al.,2023) Shank 3 mutatedA8i2 monkey model by altering
exon 21 using CRISPR technology. The F1 progenyifestad with autism-linked
symptoms, including intellectual disability andrstypic behaviour.Overexpression
of Mecp 2 in CRISPR-mediated transgenic cynomolgoskey displayed a harmful
number of rotatory motions, anxiety, and low sywchzation similar to ASD
behaviour. While the loss of function of Mecp 2lesus monkey exhibit core autism
phenotypes, including sleep-wake behaviour, hypergc and repetitive hand
movements (Wang et al.,2022).They also exploretidyson cynomolgus macaques
possessing Shank 3 heritable mutations. The Flepso@f the mutants express
stereotypic behaviour, irregular sleep patterngaimed coordination functions, and
defects in cognitive activity resembling ASD phempa.(Kumita et al.,2019)
developed a transgenic marmoset model by introdgugimutation in Shank 3, C- kit
through the CRISPER CAS technique. (Kumita et @19 observed the ASD-like
features, including intellectual disability, in tkeockout marmoset model.

Table 1: Representative Clinical Studies of Neuro DevelopaerDisorders in
CRISPR/CASY Mediated Models. This Table Provide&xiensive Overview of Genetic
Models Used to Study Neuro Developmental Disordérsluding Associated Genes,
Syndromes and Phenotypes.

Model Gene Syndrome Phenotype Reference
Human embryonic | Ube3A ASD Hypersensitivif Sun et
stem cells y al.,2019
Pluripotent stem Mecp2 ASD Cognitive Trujillo et
cells impairment al.,2023
Neuroblastoma cells miR-873 ASD Regression oLu et
neuronal al.,2020
differentiation
Induced pluripotent | Ube3A Dupl5q Irregular Elamin et
stem cells neuronal firing | al.,2023
Induced pluripotent | POGZ ASD Slow cognitive] Matasmura
stem cells development | et al.,2020
Human pluripotent | TRPC6 ASD Decrease Shin et
stem cells intake of C&* | al.,2023
Organoid FOXG1 ASD Dysregulationi Choi et
n size and al.,2017
function of
human brain
Organoid Mecp2 Rett Defects in Gordon and
neuronal Geschwind,
formation 2020
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Organoid Ube3A ASD anxiety Sun et
al.,2019
Organoid RECN ASD Intellectual Choi et al
disability .,2017
Drosophila 5-HT2B ASD Impaired socialCao et
communication| al.,2022
C. elegans Neuroligin ASD Impaired Rawsthorne
synchronous | et al.,2020
activity
Zebra fish Shank 3 ASD Delayed Kareklas et
cognitive al.,2023
developmnt
Zebra fish Shank 3 ASD Irregular Wang et
motility al.,2022
Zebra fish Cntnap2 ASD GABAergic | Wang et
deficits al.,2022
Zebra fish Arid1b ASD Delayed Rea and
embryonic Raay,2020
growth
Zebra fish Fmrl Fragile X Impairments in| Rea and
syndrome craniofacial Raay,2020
growth
Zebra fish Chd8 ASD Motor defects Rea and
Raay,2020
Zebra fish NDE1 ASD Neuron Zhang et
morphological | al.,2022
and functional
anomalies
Zebra fish Sedt5 ASD Impaired Gabellini et
socialization | al.,2022
Mouse Shank 3 Fragile X | Cognitive Canitano
Mouse bioengergetics | and
syndrome Bozzi,2017
Mouse Mecp?2 Rett Irregular Wang et
neuronal firing | al.,2022
Mouse Chd8 ASD Impaired Wang et
interactions al.,2022
with peers
Mouse Kdm5A ASD Repetitive Hayek et
stereotypic al.,2020
patterns
Mouse Arid1b ASD Irregular Rea and
GABAergic Raay,2020
neuron network
Mouse TSC ASD Behavioural | Benger et
impairments | al.,2018
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Mouse Arid1b ASD Weight loss Wang et
al.,2022
Mouse Mecp2 Rett Epilepsy Tsuchiya et
al.,2015
Mouse Ube3A ASD Hyper Xu et
excitability al.,2017
Mouse Ctnnd2 ASD Sleep Xu et
disturbances | al.,2023
Monkey Shank 3 ASD Intellectual | Sandhu et
disability al.,2023
Mecp?2 ASD High rotatory | Wang et
motion al.,2022
Rhesus monkey Mecp2 ASD Hyperactivity Wang et
al.,2022
Macaques Shank 3 ASD Irregular sleepVang et
patterns al.,2022
Marmoset Shank 3 ASD Intellectual | Kumita et
disability al.,2019

V. LIMITATIONS

Despite numerous notable advancements in CRISP&IC#echnology, multiple
obstacles remain (Hsu et al.,2014). The high ofiet rate of Cas9 is the significant
challenging aspect of the CRISPR/CAS9 system thiaheces the frequency of mutations in
undesired regions with unknown characteristics §8aret al.,2023) associated with various
neurological disorders(Lopez et al.,2020). The D$BRsluced by CRISPR frequently cause
apoptosis, which is also a safety concern. Anosiigmificant issue is the immunogenicity
employed by viral carriers in Cas9 delivery syste@as9 is produced from streptococcus
pyogenes, a pathogen that contributes to multiplmdn diseases, and most patients have
developed anti-cas9 antibodies within them. Inexapeutic approach, if Cas9 is introduced
into an ASD individual to treat a mutated genewill be recognized as a foreign antigen,
and immediately, an immune cascade will develodisitegrate the Cas9 molecule, which
would ultimately stop the gene editing process (Baret al.,2023).

VI.CONCLUSION

The complexity and pleotropic trait of ASD genepaxded the spectrum of autism
resulting in the development of multiple neurodepehental syndromes mimicking the
behavioural phenotype of ASD. Therefore, it is ghly challenging task to identify and
classify them based on the phenotype of individudlespite of many gene editing
technologies, CRISPR/CAS9 have been proven todeanbst specific, efficient gene editing
tool with promising results. Currentlyy, CRISPR/CAS® at the foreground of
biotechnological innovation in behavioural and msgrence domain. The CRISPR/CAS9
mediated in vitro and in vivo models have extentlesl study of ASD pathology for the
discovery of highly efficient target therapies.
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