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Abstract
The interaction of neurexins (NRXNs) in the presynaptic membrane with post-

synaptic cell adhesion molecules called neuroligins (NLGNs) is critical for this

synaptic function. Impaired synaptic functions are emphasized in neurodevelop-

mental disorders to uncover etiological factors. We evaluated variants in NRXN
and NLGN genes encoding molecules located directly at the synapse in patients

with neuropsychiatric disorders using clinical exome sequencing and chromosomal

microarray. We presented detailed clinical findings of cases carrying heterozygous

NRXN1 (c.190C > T, c.1679C > T and two copy number variations [CNVs]),

NRXN2 (c.808dup, c.1901G > T), NRXN3 (c.3889C > T), and NLGN1 (c.269C > G,

c.473T > A) gene variants. In addition, three novel variants were identified in

the NRXN1 (c.1679C > T), NRXN3 [c.3889C > T (p.Pro1297Ser)], and NLGN1
[c.473T > A (p.Ile158Lys)] genes. We emphasize the clinical findings of CNVs of

the NRXN1 gene causing a more severe clinical presentation than single nucleotide

variants of the NRXN1 gene in this study. We detected an NRXN2 gene variant

(c.808dup) with low allelic frequency in two unrelated cases with the same diagno-

sis. We emphasize the importance of this variant for future studies. We suggest that

NRXN2, NRXN3, and NLGN1 genes, which are less frequently reported than NRXN1
gene variants, may also be associated with neurodevelopmental disorders.

K E Y W O R D S
attention deficit hyperactivity disorder, autism spectrum disorder, intellectual disability, NLGN
genes, NRXN genes

1 INTRODUCTION

Synaptic dysfunction is implicated in the etiopathogenesis of
neurodevelopmental disorders such as autism spectrum disor-
der (ASD), developmental delay (DD), intellectual disability
(ID), and attention deficit hyperactivity disorder. Disorders
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resulting in altered synaptic function are referred to as synap-
topathy (Molloy et al., 2023). Rare variants in genes expressed
at the synapse are responsible for the genetic etiopathogenesis
of synaptopathy.

Neurexins (NRXNs) are presynaptic cell surface recep-
tors involved in synaptic signal transduction and regulating
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synapse specification (Al Shehhi et al., 2019). Three NRXN
genes, NRXN1 (OMIM *600565), NRXN2 (OMIM *600566),
and NRXN3 (OMIM *600567), are highly conserved among
other species (Béna et al., 2013). This gene family uses
the same intracellular domains but has different extracellular
structures (Wu et al., 2023). Two main isoforms, alpha-NRXN
and beta-NRXN, are encoded by independent promoters at
different positions in the NRXN genes. These isoforms are
mainly expressed in the brain (Béna et al., 2013). However,
variable expression patterns exist due to the use of vari-
able promoters and alternative splicing (Schaaf et al., 2012).
NRXN1 is the longest gene in the NRXN family with 24 exons,
23 coding exons, and a transcript length of 7578 bps accord-
ing to Ensembl transcript ENST00000404971.5 (Xu et al.,
2023).

NRXNs interact with neuroligin proteins (NLGNs) located
in the postsynaptic membrane. NLGNs are encoded by four
different NLGN genes: neuroligin 1 (NLGN1, OMIM no
*600568), neuroligin 2 (NLGN2, OMIM no *606479), neu-
roligin 3 (NLGN3, OMIM no *300336), and neuroligin 4
(NLGN4, OMIM no *300427) (Uchigashima et al., 2020).
NLGN1 is a postsynaptic adhesion molecule found in exci-
tatory or glutamatergic synapses. In contrast, NLGN2 is
localized at inhibitory or GABAergic synapses (Bemben
et al., 2019; Chubykin et al., 2007). NLGN3 is involved
in both synapse subtypes, especially in excitatory synapses
(Molloy et al., 2023). NLGN4 is present at inhibitory
glycinergic synapses (Marro et al., 2010). The interaction
between NRXNs and NLGNs is critical for synaptic func-
tion, mainly synaptic transmission, synapse formation, and
synaptic identity. These genes are not tolerant to loss-of-
function variants (probability of loss-of-function intolerance
(pLI) scores = .85–1 and have been reported as strong can-
didates for ASD in the SFARI database (https://gene.sfari.
org).

Homozygous variants of NRXN1 cause Pitt Hopkins-like
syndrome 2 (PTHSL2, OMIM no 614325). Among the genes
directly involved in synaptic function, the NRXN1 gene has
been the most implicated gene in previous reports of neu-
rodevelopmental disorders and neuropsychiatric conditions
(Blazekovic et al., 2022; Fromer et al., 2014; Satterstrom et al.,
2020; Takata et al., 2018; Taşkıran et al., 2021; Truty et al.,
2019; Wang et al., 2020).

There is limited information on the relationship between
neuropsychiatric disorders and the NRXN1 gene, and even
less information on the association between neuropsychi-
atric disorders and other genes involved in synaptic function.
In this study, we investigated the effect of NRXN and/or
NLGN genes on the underlying genetic etiopathogenesis of
neurodevelopmental disorders.

2 MATERIALS AND METHODS

2.1 Patients

The data of patients who underwent molecular genetic testing
(clinical exome sequencing [CES] and chromosomal microar-
ray analysis [CMA]) with a diagnosis of DD, ID, and/ or
ASD between 01.10.2019 and 01.05.2023 were retrospec-
tively evaluated. All molecular genetic testing was performed
solo. All cases were included if they met the criteria for
DD/ID and/or ASD in the Diagnostic and Statistical Man-
ual of Mental Disorders Fifth Edition (DSM-5) (Blesson &
Cohen, 2020). All subjects were recruited from the Balıkesir
Atatürk City Hospital. We interviewed each participant and
their parents and reviewed their medical records to collect
their clinical information. This study was retrospective and
cross-sectional.

CES data from cases were screened by creating custom
gene sets for variants in each of the NRXN1, NRXN2, NRXN3,
NLGN1, NLGN2, NLGN3, NLGN4X, and NLGN4Y genes
involved in synaptic function. Patients with benign and likely
benign variants in any of these genes are included in Table
S1. Other variants and clinical findings were reported in Sec-
tion 3. Family segregation analysis was performed by Sanger
sequencing. Parental samples were available for Cases 2, 3, 4,
5, 7, 9, and 10.

2.2 DNA extraction

Informed consent was obtained from all patients before the
collection of blood samples. DNA extraction was performed
from these 200 μL peripheral blood samples. We extracted
DNA using the High Pure PCR Template Preparation Kit
(Roche) protocol.

2.3 Clinical exome sequencing (CES)

The obtained genomic DNA was enriched using two capture
kits used for CES: the Twist CES kit and KAPA Hyper-
Cap DS CES Target Enrichment Probes (Roche). These
were sequenced using the MGI-DNBSEQ-G400. In addition,
WES was performed using the TruSeq Exome Enrichment
Kit from Illumina following the manufacturer’s protocol. It
was sequenced using a HiSeq2500 Sequencer (Illumina). An
average read depth of 20× and 95% coverage, including
exon-intron junction boundaries (±10 bp), were evaluated.
Furthermore, the amount of human genome covered by the
Twist CES kit is 34.9 MB (in megabase pairs of DNA).
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2.4 Sanger sequencing

Before sequencing, the PCR products were purified using the
Thermo Scientific GeneJET PCR Purification Kit (Thermo
Fisher Scientific). After the completion of the thermal cycle
step, the sequence reactions were purified according to
the protocol of the ZR-96 DNA Sequencing Clean-up Kit
(Zymo Research Corp.). Capillary electrophoresis of the puri-
fied sequence products was performed using ABI 3130 XL
(Applied Biosystems Inc.). Variants were then analyzed using
SeqScape 2.5.0 (Applied Biosystems Inc.) software.

2.5 Data analysis

GenomizeSeq (Version 6.13.1) software was used for anal-
ysis with the reference human genome (hg19/GRCh37).
Human Phenotype Ontology was used for phenotypic fil-
ters, and Online Mendelian Inheritance in Man (OMIM,
https://www.omim.org/) was used for gene sets. The Human
Genome Mutation Database (HGMD, http://www.hgmd.cf.
ac.uk/ac/index.php), Franklin (https://franklin.genoox.com/
clinical-db/home), VarSome (https://varsome.com/), ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar/), and novel variants in
the databases were checked. The pathogenicity score of new
variants was interpreted using the in silico variant prediction
programs Mutation Taster, Combined Annotation Dependent
Depletion. The data were classified according to the American
College of Medical Genetics and Genomics (ACMG) criteria
(Richards et al., 2015).

2.6 Chromosomal microarray analysis
(CMA)

DNA isolated from the patient’s sample was analyzed
using the HumanCytoSNP-12 v2.1 BeadChip Kit (300K)
(Illumina)/GenetiSure Cyto CGH Microarray Kit, 8 × 60K
(Agilent). The Ensembl version 74 and GRCh37 Genome
build names were used. The data obtained from the
analyses were searched in Genomic Variants Databases
(DGV, http://dgv.tcag.ca/dgv/app/home), DECIPHER
(https://www.deciphergenomics.org/), OMIM, and other
relevant databases. The LogR value of the microarray data
obtained from the study was determined to be .15 (<.2), and
the median call rate value was .98 (.98–1).

2.7 Ethical publication statement

This study was conducted at Balıkesir Atatürk City Hospital.
Ethical approval was obtained from the institutional Ethics
Committee, dated May 04, 2023 and numbered 2023/2/22.

The study was evaluated as a research file, and it was decided
that it was scientifically and ethically appropriate.

2.8 Homology modeling of mutant NRXN1,
NRXN2, and NLGN1 variant analysis

Protein sequence information was obtained from the Uniprot
database. Then, pdb format was obtained with Protein Homol-
ogy/analogY Recognition Engine (Phyre2, V 2.0) (Kelley
et al., 2015). Using this format, three-dimensional modeling
of proteins was performed by the PyMOL Molecular Graphics
System Version 2.5.5 (Schrödinger LLC).

3 RESULTS

In this retrospective study, we presented detailed clinical
and genetic data for 10 patients (n = 7 male, 70%; n = 3
female, 30%) carrying NRXN1, NRXN2, NRXN3, or NLGN1
gene variants. The current mean age of these 10 patients was
7.3 years (interquartile range: 1–30 years). We found seven
different single nucleotide variants (SNVs), including two dif-
ferent NRXN1 gene variants (Case 1: c.190C > T, Case 2:
c.1679C > T), and two different NRXN2 gene variants from
three patients (Case 3 and Case 4: c.808dup (n = 2), Case
5: c.1901G > T (n = 1)), one NRXN3 gene variant (Case 6:
c.3889C > T), and two different NLGN1 gene variants (Case
7: c.269C > G, Case 8: c.473T > A) (Table 1). In addition,
two copy number variations (CNVs), including the NRXN1
gene, were detected using CMA analysis in Case 9 and Case
10 (Table 2). According to NRXN gene variant results, 66.6%
(6/9) were missense type, 22.2% (2/9) were deletion type,
and 11.1% (1/9) were frameshift type variants. All SNV
variants detected in this study were heterozygous. We catego-
rized SNVs as variants of uncertain significance and CNVs
as likely pathogenic based on the ACMG criteria. Three
novel variants were identified in the NRXN1:c.1679C > T
(p.Thr560Ile), NRXN3:c.3889C > T (p.Pro1297Ser), and
NLGN1:c.473T > A (p.Ile158Lys) genes. Most of the SNVs
in this study had not been previously reported, according to
the gnomAD genome.

The clinical results of patients with these variants and their
families are shown in Table 1. Eight of these ten patients with
the NRXN1, NRXN2, NRXN3, and NLGN1 genetic variants
had ID. Five patients (n = 5, 50%) had comorbid epilepsy.
Dysmorphic facial features, ASD, and obesity were other
findings.

In the CMA analysis of patient 9, a copy number loss of
293-kb was detected in the 2p16.3 chromosome region, which
is paternally inherited. This case had early infantile epileptic
encephalopathy, dysmorphic facial findings, and hypotonia. A
de novo 320-kb copy number loss (1 copy) was detected in a
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6-year-old male (Case 10) suffering from ASD and ID. There
was no pathogenic or likely pathogenic variant in the CES
analysis of Case 10. In this case, no problems were described
during the perinatal period (an uneventful 36-week birth).
Although he has been attending special education since the
age of 2, no progress in his development has been described.
He still has no the words, eye contact, or other social skills.
No self-care skills had been acquired. In the psychiatric exam-
ination of the patient, the diagnosis of severe ASD and ID was
accompanied by behavioral problems, including hyperactivity
and self-mutilation. Additionally, the family described clini-
cal worsening with the melatonin they had previously used
due to sleep problems.

3.1 Molecular findings

Because of the NRXN1: c.190C > T variant (Case 1), the
positively charged arginine in this position becomes a neu-
trally charged and smaller cysteine amino acid. The mutant
residue is more hydrophobic than the wild-type residue. The
wild-type residue forms a salt bridge with glutamic acid at
positions 176 and 178. This charge difference from the vari-
ant disrupts the ionic interaction of the original residue. The
variant is located within a domain and is annotated in UniProt
as Laminin G-like 1. The mutated residue is on the surface of a
domain with an unknown function. The residue was not found
to be in contact with other domains for which the function is
known within the used structure. However, contact with other
molecules or domains is still possible and may be affected
by this variant. Case 2 (c.1679C > T): Variant of threonine
at position 560 to isoleucine resulted in a more hydrophobic
residue. This change is also predicted to affect hydrogen bond
formation with aspartic acid at position 555 of the wild-type
residue. This mutant residue was not among the other variants
observed at this position in homologous proteins, which may
indicate that the variant probably damages the protein (Vense-
laar et al., 2010). These NRXN1 gene variants are located
within the domain of Laminin G-like. To show the conforma-
tional changes in these protein structures, PyMOL software
was used (Figure 1).

The variant, c.808dup: p.Ala270GlyfsTer27 (Case 3 and
Case 4), introduces glycine at this position. Glycines are very
flexible and can disturb the required rigidity of the protein
at this position. This frameshift variant leads to a premature
stop codon that results in a shorter protein product. Case
5: The NRXN2 gene (c.1901G > T: p.Gly634Val) variant
is located within a domain and is annotated in UniProt as
Laminin G-like 3. The wild-type residue is glycine, which
is the most flexible of all residues. This flexibility may be
necessary for the protein’s function. Variant of this glycine
can abolish this function. The torsion angles for this residue
are unusual. Only glycine is flexible enough to make these
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F I G U R E 1 (a) Schematic representation of the NRXN1 gene exons and introns according to the transcript of ENST00000401669. (b)
Schematic representation of the protein domain structure with SMART diagram (predicted domains and motifs) showing the variant on the protein.
(c) Overview of the mutated proteins (p.Arg64Cys and p.Thr560Ile, respectively) in cartoon presentations using the PyMOL program (ver2.5.5). The
protein is colored cyan, and the side chain of the mutated residue is shown as small magenta sticks.

torsion angles variant into another residue, which will force
the local backbone into an incorrect conformation and disturb
the local structure (Venselaar et al., 2010) (Figure 2).

Case 6: The c.3889C > T variant in the NRXN3 gene
resulted in the conversion of a proline at position 1297 to a
smaller amino acid serine. Prolines have a very rigid structure,
sometimes forcing the backbone into a specific conforma-
tion. Possibly, variant changes a proline with such a function
into another residue, thereby disturbing the local structure
(Venselaar et al., 2010).

In Case 7, the NLGN1 gene c.269C > G variant results in
the substitution of threonine (neutrally charged) with arginine
(positively charged) in the amino acid codon (Venselaar et al.,
2010). The variant is located within a domain, annotated in
UniProt as carboxylesterase type B (Krejci et al., 1991). Addi-
tionally, in Case 8, we identified a novel NLGN1:c.473T > A
(p.Ile158Lys) gene variant (Figure 3). The wild-type residue
charge was neutral, and the mutant residue charge was posi-

tive. Therefore, variant introduces a charge in a buried residue,
which can lead to protein folding problems. In addition, the
variant will cause a loss of hydrophobic interactions in the
core of the protein.

4 DISCUSSION

In this study, we presented detailed clinical findings of cases
carrying heterozygous NRXN1 (c.190C > T, c.1679C > T
and two CNVs), NRXN2 (c.808dup, c.1901G > T), NRXN3
(c.3889C > T), and NLGN1 (c.269C > G, c.473T > A) gene
variants. Moreover, three novel variants were identified in
the NRXN1:c.1679C > T (p.Thr560Ile), NRXN3:c.3889C > T
(p.Pro1297Ser), and NLGN1:c.473T > A (p.Ile158Lys)
genes.

We found four variants in the NRXN1 gene (n = 2 SNV,
n = 2 CNV). Of the total 491 variants in the NRXN1 gene
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F I G U R E 2 (a) Schematic representation of the NRXN2 gene exons and introns according to the transcript of ENST00000265459. (b)
Schematic representation of the protein domain structure with SMART diagram (predicted domains and motifs) showing the variant on the protein.
(c) Overview of the mutated proteins (p.Ala270GlyfsTer27 and p.Gly634Val) in cartoon presentations using the PyMOL program (ver2.5.5). The
protein is colored cyan, and the side chain of the mutated residue is shown as small magenta sticks.

reported to date in HGMD Professional 2023.2, 83 are mis-
sense/nonsense. These variants are mainly associated with
ASD and ID/DD (Kim et al., 2008; Koshimizu et al., 2013;
Satterstrom et al., 2020; Takata et al., 2018; Wang et al.,
2020; Williams et al., 2019). We detected a missense het-
erozygous c.190C > T (p.Arg64Cys) variant in NRXN1 in
a 7-year-old boy with ASD (Case 1). This variant was not
reported in Leiden Open Variation Database (LOVD), and
updated HGMD, but was associated with Pitt Hopkins-like
syndrome 2 in the ClinVar database. In in silico variant
analysis programs such as Polyphen-2 and SIFT, this vari-
ant was predicted as disease-causing. This missense variant
lies in exon 2 of NRXN1 according to the NM_004801.5
transcript. We identified a novel missense variant in the
NRXN1 gene c.1679C > T: p.Thr560I in a different patient
(Case 2) with ID/DD and epilepsy. This variant is mater-
nally inherited, and a history of epilepsy has been reported
in her mother. The variants have not been previously reported
in the public population databases of the LOVD (https://

www.lovd.nl) and Genome Aggregation Database (gnomAD,
https://gnomad.broadinstitute.org/) and associated literature.
Our findings are consistent with the previous findings indicat-
ing the potential effect of heterozygous NRXN1 gene variants
on neurodevelopmental disorders.

Deletion of NRXN1 is associated with chromosome 2p16.3
deletion syndrome (OMIM no, 614332). This CNV partially
overlaps with the NRXN1 gene and is associated with auto-
somal dominant inherited “ID and autism (ClinGen)” (Riggs
et al., 2022). In this study, the 2p16.3 deletion was detected
in two different individuals. To date, mono/biallelic CNVs
in NRXN genes have been mainly associated with incom-
plete penetrance and pleiotropy, DD, and neuropsychiatric
disorders such as ASD (Dabell et al., 2013; Gerik-Celebi et
al., 2023; Molloy et al., 2023). Homozygous deletion of the
2p16.3 region, including the NRXN1 gene, has been better
identified.

We emphasize the clinical findings of the two cases pre-
sented in Section 3 to indicate that monoallelic deletion of
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F I G U R E 3 (a) Overview of the NLGN1: ENST00000695368. (b) Schematic representation of the protein domain structure with Uniprot. (c)
Overview of the mutated proteins (p.Thr90Arg and p.Ile158Lys) in cartoon presentations using the PyMOL program (ver2.5.5). The protein is
colored cyan, and the side chain of the mutated residue is shown as small magenta sticks.

the NRXN1 gene also causes a severe clinical presentation.
The first of these cases showed epileptic encephalopathy
and severe DD, which started at the first age of her life
and required intensive unit care. The second case had severe
ASD, ID, and behavioral problems. The 6-year-old case was
not responding to the special education program that he had
started at the age of 2. He still has no word usage, eye contact,
or other social skills. No self-care skills had been acquired.
In previous reports, aggression, hyperactivity, and sleep prob-
lems were marked for deletions of the NRXN1 gene in human
studies, not in animal studies (Chawner et al., 2019; Molloy
et al., 2023).

There are fewer studies on other synaptic function-
related genes than NRXN1. However, the NRXN2 gene has
been reported as a high-confidence candidate for ASD
with 11 ASD reports out of 16 reports according to
the SFARI database (https://gene.sfari.org/database/human-
gene/NRXN2). The association between ASD and NRXN2
gene was first demonstrated by Gauthier et al. in 2011. In
their study of individuals with ASD (n = 142), schizophre-
nia (n = 143), or non-syndromic ID (n = 94), they identified a
NRXN2 gene: NM_138732.2: c.2733delT variant in a patient

with ASD (Gauthier et al., 2011). Furthermore, subsequent
studies have also supported the association of the NRXN2 with
ASD (Cukier et al., 2014; Haile et al., 2023; Hu et al., 2023;
Li et al., 2017; Lim et al., 2017; Wu et al., 2018). A total of
118 different NRXN2 variants have been reported, including
benign and likely benign variants (Haile et al., 2023). Sup-
porting these previous findings, we detected a heterozygous
NRXN2 gene variant (c.808dup) in two unrelated cases diag-
nosed with ID/DD. NRXN2: c.808dup had a significantly low
allelic frequency (ƒ = .00003208) in the population dataset
of gnomAD and was not present in the homozygous state.
Because we detected this NRXN2 gene variant (c.808dup)
with low allelic frequency in two unrelated cases with the
same diagnosis, we emphasize the importance of this variant
for future studies.

There are limited studies examining the effects of the
NRXN3 gene on neuropsychiatric disorders, and these stud-
ies found an association with schizophrenia, attention-
deficit/hyperactivity disorder, and ID (Hu et al., 2013;
Prasad A et al., 2012; Vaags et al., 2012). These stud-
ies support that the NRXN3 gene with a pLI score of 1
(observed/expected = 0.03 for LoF variants, z-score of 4.17

 1932846x, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dneu.22941 by B

alikesir U
niversity, W

iley O
nline L

ibrary on [19/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://gene.sfari.org/database/human-gene/NRXN2
https://gene.sfari.org/database/human-gene/NRXN2


166 GERIK-CELEBI ET AL.

for missense variants) is also involved in a shared pathway
in the etiopathogenesis of neurodevelopmental disorders. In
our study, we detected a novel NRXN3 gene variant in a case
followed up with a diagnosis of epilepsy.

In addition to the NRXN gene family, we investigated the
NLGN gene family and detected a novel NLGN1 [c.473T > A
(p.Ile158Lys)] gene variant. Interestingly, an “Isoleucine”
variant at this position, p.Thr90Arg, has been previously
found, but the pathological significance of this variant in
AUTS20 is unknown; it does not affect dendritic spine for-
mation and has no effect on protein abundance; no effect
on subcellular localization (Nakanishi et al., 2017). Reported
variants associated with the NLGN gene family and neu-
rodevelopmental disorders are less common. However, it
maintains its importance in neurodevelopmental disorders
because it is an important part of early neurodevelopment
(Molloy et al., 2023). In particular, variants in the NLGN3 and
NLGN4X genes have been reported as leading impairments
in synaptogenesis for neurodevelopmental disorders (Molloy
et al., 2023; Nguyen et al., 2020). We also support the impor-
tance of the NLGN1 gene variants in neurodevelopmental
disorders.

As a conclusion, synaptopathies are a remarkable research
topic, and homozygous NRXN1 gene variants in particular are
better defined in the literature. Homozygous variants of the
NRXN1 gene are described as Pitt-Hopkins-like syndrome-2,
which is associated with a rare and severe neurodevelop-
mental disorder. In this study, we focused on the clinical
presentations of heterozygous variants in the NRXN1 gene and
other synaptic function genes with limited reports on neurode-
velopmental disorders. We emphasize the clinical findings of
CNVs of the NRXN1 gene causing a more severe clinical pre-
sentation than SNVs of the NRXN1 gene. We support that
NRXN2, NRXN3, and NLGN1 genes, which are less reported
than NRXN1 gene variants, may also be associated with neu-
rodevelopmental disorders. As we detected the NRXN2 gene
variant (c.808dup) with low allelic frequency in two unrelated
cases with the same diagnosis, we emphasize the importance
of this variant for future studies. Further studies focusing
on synaptopathies, including NRXN2, NRXN3, and NLGN1,
will increase our understanding of the neurobiological mech-
anisms related to neurodevelopmental disorders.
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