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Abstract: Autism spectrum disorder (ASD) is a multifactorial neurodevelopmental disorder influenced by both rare
and common genetic variants. Among the genes implicated, Kinesin Family Member 1A (KIF1A), which encodes a
neuronal kinesin motor protein, has emerged as a potential contributor to ASD pathogenesis. In this case report
and literature review, we describe a comorbidity-free ASD proband carrying a novel de novo KIF1A missense variant
(c.A664C, p.N222H) and evaluate its pathogenic potential through comprehensive bioinformatics analyses. Whole-
exome sequencing (WES) and Sanger sequencing were performed in a family trio, and gene expression profiling
was conducted using the Human Brain Transcriptome (HBT) database to examine spatiotemporal KIF1A expression
during neurodevelopment. The structural and functional impact of four KIF1A variants, including the novel one, was
analyzed using PredictProtein, SWISS-MODEL, and PyMOL. KIF1A was found to be highly expressed during embry-
onic brain development and to stabilize postnatally, indicating an essential role in neuronal maturation. Structural
modeling demonstrated that all four variants disrupted the secondary and tertiary conformations of the KIF1A
protein, altering key hydrogen-bonding patterns and potentially impairing adenosine triphosphatase (ATPase)-driven
vesicular transport along microtubules. The absence of comorbidities in the proband further supports a direct as-
sociation between KIF1A dysfunction and ASD-related behavioral phenotypes. Although functional validation could
not be performed, these bioinformatics findings highlight KIF1A as a plausible ASD risk gene and underscore the
importance of integrating rare variant analysis with polygenic context in understanding ASD genetics.

Keywords: Kinesin Family Member 1A (KIF1A), autism spectrum disorder (ASD), missense variant, bioinformatics,
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Introduction

Autism spectrum disorder (ASD) is an early-
onset neurodevelopmental disorder with a high
prevalence of approximately 1 in 54 individu-
als, characterized by deficits in social communi-
cation and restricted, repetitive patterns of
behavior [1, 2]. In addition to these core clinical
manifestations, the comorbidity rates of intel-
lectual disability (ID) and epilepsy are approxi-
mately 31% and 20-25%, respectively [3-5].
Despite extensive research, no pharmacologi-
cal therapy can cure the core symptoms of ASD,
largely due to its complex and multifactorial eti-
ology. Since 2011, whole-exome sequencing
(WES) has been widely utilized in sporadic ASD

family trios, leading to the identification of hun-
dreds of candidate genes. It is currently esti-
mated that 400-1,000 genes are associated
with ASD susceptibility [6]. Studies have shown
that many ASD-related genes, particularly those
harboring rare de novo or novel variants, are
functionally linked to synaptic growth, neural
development, and neuronal survival as reveal-
ed by WES-based studies [7-9]. Previous stud-
ies have reported that individuals carrying de
novo variants (DNVs) in KIF1A may present with
a broad spectrum of phenotypes, including cog-
nitive impairment, cerebellar atrophy, gait dis-
turbances, exaggerated tendon reflexes, spas-
tic paraplegia, optic nerve atrophy, peripheral
neuropathy, ID, axial hypotonia, and epilepsy
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[10-14]. Three deleterious DNVs in KIF1A have
been described in ASD probands to date -
¢.38G>A (p.R13H), c.746T>C (p.L249P), and
¢.37C>T (p.R13C) [11, 15, 16]. According to
OMIM (Online Mendelian Inheritance in Man),
Kinesin Family Member 1A (KIF1A) is primarily
associated with NESCAV syndrome, neuropa-
thy, and spastic paraplegia 30, and ASD has
not been considered a primary phenotype of
KIF1A-related disorders. Thus, direct evidence
linking KIF1A variants to ASD onset remains
limited. In the present study, we report a case
of an ASD proband carrying a de novo KIF1A
missense variant (c.A664C, p.N222H) who ex-
hibited no additional neuropsychiatric or sys-
temic comorbidities. Symptoms of autism typi-
cally manifest before the age of three, and the
disorder is widely recognized as a congenital
neurodevelopmental condition resulting from
abnormal gene expression during embryonic
brain development [17]. Therefore, preliminary
evaluation of the pathogenic potential of KIF1A
variants requires exploration of their expres-
sion during early neurodevelopmental stages.

To date, four de novo KIF1A variants, including
the one reported herein, have been identified in
ASD cases; however, no previous studies have
systematically assessed the spatial and tempo-
ral expression of KIF1A in the human brain or
examined how these variants might affect pro-
tein structure and function. In line with current
models of ASD genetics, rare de novo muta-
tions such as those in KIF1A may act in concert
with a background of common polygenic risk,
although this relationship could not be directly
evaluated in the present study.

Given that the primary structure of a protein
determines its spatial configuration and biologi-
cal function, even a single missense variant
can disrupt the secondary and tertiary struc-
tures of the encoded protein, thereby altering
its biological activity [18]. Accordingly, this case
report integrates genomic, bioinformatics, and
structural modeling analyses to explore the
potential impact of de novo KIF1A missense
variants on ASD pathogenesis.

Case report
Case description

This case report describes a single male pro-
band diagnosed with autism spectrum disorder
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(ASD) at the outpatient department. A psychia-
trist initially applied the Diagnostic and Sta-
tistical Manual of Mental Disorders, Fifth Edi-
tion (DSM-5) for a preliminary diagnosis of the
child. Subsequently, two other psychiatrists in-
dependently used the Autism Diagnostic Ob-
servation Schedule (ADOS) and Autism Diag-
nostic Interview-Revised (ADI-R) to confirm the
diagnosis in both the child and his parents.
Additionally, the Kiddie Schedule for Affective
Disorders and Schizophrenia - Present and
Lifetime Version (K-SADS-PL) was employed to
screen the child for other common psychiatric
conditions. Prior to participation, the parents of
the child provided written informed consent.
The study protocol was reviewed and approved
by the Ethics Committee of West China Second
University Hospital, Sichuan University, and all
procedures adhered to the ethical principles
outlined in the Declaration of Helsinki.

Whole-exome sequencing and trio analysis

A 5 mL peripheral blood sample was collected
from the proband and both parents using EDTA
anticoagulation tubes. Genomic DNA extrac-
tion was performed using the phenol extraction
method, and DNA concentration and purity
were quantified using the Qubit dsDNA HS As-
say Kit on a Qubit® 3.0 fluorometer (Life Tech-
nologies, CA, USA). Exon capture and library
construction were carried out using the Agilent
SureSelect liquid capture system. Low-quality
sequences and duplicates were removed, and
high-quality reads were aligned to the human
reference genome (GRCh37/hg19) using the
Burrows-Wheeler Aligner (BWA).

Sequencing data were processed using SAM-
tools and Picard for sorting, duplicate marking,
and BAM file generation. Duplicate reads were
excluded from downstream analyses. Variants,
including single-nucleotide variants (SNVs) and
insertions/deletions (indels), were identified
using SAMtools mpileup and bcftools. The re-
sulting data were submitted to the China Na-
tional GeneBank (CNGB) database (https://db.
cngb.org/, Reference ID: sub040372).

Variant annotation and filtering

Variant annotation was conducted using AN-
NOVAR, following the methodologies described
by Huganir and Nicoll (2013). Filtering criteria
were applied to focus on rare exonic and splice-
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Figure 1. Expression profile of Kinesin Family Member 1A (KIF1A) in different brain regions and developmental
stages. A. KIF1A expression levels in six brain regions: neocortex (NCX), striatum (STR), hippocampus (HIP), me-
diodorsal nucleus of the thalamus (MD), amygdala (AMY), and cerebellar cortex (CBC). B. KIF1A expression levels
in eleven neocortical areas, including the orbital (OFC), dorsolateral (DFC), ventrolateral (VFC), medial (MFC), and
primary motor (M1C) cortices of the frontal lobe; the primary somatosensory (S1C) and posterior inferior parietal
(IPC) cortices; the primary auditory (A1C), posterior superior temporal (STC), and anterior inferior temporal (ITC) cor-
tices; and the primary visual (V1C) cortex of the occipital lobe. The solid line represents birth, and the dotted lines
indicate different developmental stages. Signal intensity (log,) denotes gene expression level, with higher values
indicating stronger expression.

site variants with a minor allele frequency ies published in English or Chinese up to
(MAF) <1% across population databases, incl- November 2024. Based on the inclusion crite-
uding the 1000 Genomes Project, ESP6500, ria, three relevant articles published between
and gnomAD (ALL and East Asian subsets). 2017 and 2019 were identified [11, 15, 16].
Variants were cross-referenced against dbSNP, These publications described three deleteri-
CADD, and HGMD for annotation of mutation ous de novo KIF1A variants (p.R13H, p.L249P,
type, genomic position, and conservation sco- p.R13C) in ASD probands from different popu-
res. Deleteriousness prediction was perform- lations. These variants were used for compara-
ed using SIFT (http://sift.jcvi.org/www/SIFT), tive bioinformatics and structural analyses with
PolyPhen-2 (http://genetics.bwh.harvard.edu/ our case.

pph2/), MutationTaster (http://www.mutation-

taster.org/), and CADD. Variants predicted to Temporal and spatial expression of KIF1A in
be damaging by at least two tools were validat- the human brain

ed through PCR amplification and Sanger

sequencing. Classification of pathogenicity fol- To explore the spatiotemporal expression pro-

lowed the American College of Medical Genetics file of KIF1A during brain development, expres-
and Genomics (ACMG) guidelines. sion data were extracted from the Human Brain

Transcriptome (HBT) database (http://www.hb-
Literature selection for comparative analysis atlas.org/). Gene expression across multiple

regions - including the cerebellar cortex, medio-
To identify previously reported KIF1A variants dorsal nucleus of the thalamus, striatum, amyg-
associated with ASD, a comprehensive litera- dala, hippocampus, and 11 neocortical regions
ture search was performed across MEDLINE, - was analyzed (Figure 1A, 1B). This publicly
EMBASE, PsycINFO, and CNKI databases. The available database provides transcriptomic
search terms included “autism”, “autism spec- data for both developing and adult human
trum disorder”, “ASD”, “Asperger syndrome”, brains, allowing evaluation of KIF1A expression
and “KIF1A”. We included peer-reviewed stud- trends during neurodevelopmental stages. We
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Figure 2. Secondary structure predictions of the Kinesin Family Member 1A (KIF1A) protein. A. Wild-type KIF1A. B.
Mutant KIF1A (p.N222H). C. Mutant KIF1A (p.R13H). D. Mutant KIF1A (p.L249P). E. Mutant KIF1A (p.R13C).

specifically focused on embryonic and postna-
tal periods to assess whether KIF1A expression
coincides with critical windows of synaptic for-
mation relevant to ASD pathogenesis.

Prediction and analysis of secondary and ter-
tiary structures of KIF1A protein

To evaluate the potential structural impact of
KIF1A missense variants, we used Predict-
Protein (https://www.predictprotein.org/) to
analyze secondary structures of the wild-type
and mutant KIF1A proteins (Figure 2A-E). As
no experimentally solved structure of the
mutant KIF1A protein was available, homology
modeling was performed using SWISS-MOD-
EL (https://www.swissmodel.expasy.org/). The
human KIF1A protein sequence was input, and
the most homologous reference template was
automatically selected. The accuracy of the
generated models was evaluated using Global
Model Quality Estimation (GMQE) and QMEAN
Z-scores, where values closer to 1.0 and O, res-
pectively, indicate better model quality. To fur-
ther assess model reliability, the PROCHECK
tool in SAVES v5.0 (https://servicesn.mbi.ucla.
edu/PROCHECK/) was used to generate Ra-
machandran plots, with >90% residues in fa-
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vored regions indicating acceptable model
geometry. Alterations in hydrogen-bonding pat-
terns between wild-type and mutant proteins
were visualized using PyMOL v2.4 (https:/
pymol.org/) to examine potential structural dis-
ruptions at the atomic level. All computational
predictions were performed using publicly avail-
able bioinformatics tools, and no wet-lab func-
tional experiments were conducted; this limita-
tion is acknowledged and discussed in the
manuscript.

Results

Case description and identification of de novo
variants

Whole-exome sequencing (WES) and Sanger
validation identified a de novo missense vari-
ant in KIF1A (c.A664C, p.N222H) and a novel
variant in Crumbs homolog 1, Drosophila
(CRB1) (c.C1982A, p.A661E) in a male proband
diagnosed with autism spectrum disorder
(ASD). Both variants were absent in the pro-
band’s parents and the gnomAD database.
Conservation prediction and multiple in silico
algorithms suggested both variants to be dele-
terious. Following ACMG criteria, the KIF1A vari-
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Table 1. Scores on Autism Diagnostic Interview-Revised (ADI-R) and Autism Diagnostic Observation
Schedule (ADOS) scales for the proband

Scale ADI-R ADOS

Subscale Abnormal quality of social interaction Abnormal quality of verbal communication
Score 10 (=10) 14 (=8)

Values in parentheses indicate the boundary scores of the diagnostic algorithm.

Table 2. Clinical phenotypes of Autism spectrum disorder (ASD) probands with de novo missense vari-
ants in the motor domain of Kinesin Family Member 1A (KIF1A)

Concomitant

Demographic - Mutations - Hazardous chromosomal Clinical features Comorbidities

characteristics related prediction .
abnormality
Sex Age (y) Nation Protein change Nucleotide change Position (hg 19)
Our proband Male 15 China p.N222H c.A664C 241724462
1 Male 20 France p.R13H c.38G>A N
2 Female N UK p.L249P c.746T>C 241723208
3 Male 18 Japan p.R13C c.37C>T 001244008

ant was classified as “likely pathogenic” (PM6,
PM2, PP2, PP3), whereas the CRB1 variant was
designated a variant of uncertain significan-
ce (VUS) (PM6, PM2, PP2). No chromosomal
abnormalities were detected. The sequence
data have been deposited in the China National
GeneBank Database (CNGBdb, accession no.
sub040372). The patient was a 15-year-old boy
with a full-scale 1Q of 122 and no comorbid psy-
chiatric or neurological disorders. He was born
to non-consanguineous, healthy parents via
natural delivery after an uneventful, full-term
pregnancy. Family history spanning three gen-
erations revealed no neuropsychiatric illness.

Since infancy, the proband exhibited reduced
eye contact and delayed language develop-
ment until two years of age. In school, he dem-
onstrated impaired social interaction, lack of
peer relationships, and restricted interests,
often engaging in repetitive behaviors such as
rotating fans and wheels. Financial limitations
delayed medical evaluation. Clinical assess-
ment with ADOS and ADI-R confirmed the diag-
nosis of ASD, and the proband presented no
other systemic, somatic, or chronic medical
conditions (Table 1). Comparative phenotypic
data for the present proband and three previ-
ously reported ASD probands carrying deleteri-
ous KIF1A de novo variants are summarized in
Table 2. Importantly, although a variant was
also identified in CRB1, a gene primarily associ-
ated with inherited retinal dystrophies (e.g.,
RP12 and LCAS8), neither the proband nor his
family members exhibited any visual impair-
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ment or retinal abnormalities. Moreover, large-
scale ASD genetic studies have not implicated
CRB1 as an autism risk gene, supporting its
classification as a non-causal VUS. Thus, the
KIF1A p.N222H variant is more consistent with
the proband’s neurodevelopmental phenotype.

Spatiotemporal expression profile of KIF1A in
the human brain

To explore the potential developmental rele-
vance of KIF1A to ASD, expression patterns
were analyzed using the Human Brain Tran-
scriptome (HBT) database. The analysis dem-
onstrated broad expression of KIF1A across
multiple brain regions, including the cerebellar
cortex, thalamus, striatum, amygdala, hippo-
campus, and neocortex (Figure 1A, 1B). Exp-
ression of KIF1A increased progressively from
the early embryonic stage, peaking around 150
postconceptional days (period 6), correspond-
ing to a key stage of neuronal differentiation
and synaptogenesis. Thereafter, expression
remained stable and elevated into adulthood.
This developmental pattern suggests that
KIF1A may play an essential role during early
brain wiring and synaptic maturation - critical
processes implicated in ASD pathogenesis.

Predicted structural consequences of KIF1A
missense variants

Because the KIF1A variant p.N222H is located
within the motor domain (first 360 amino
acids), we restricted our analysis to this region.

Am J Transl Res 2026;18(2):1195-1205
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Figure 3. Homology-modeled 3D structures and model-template alignment of wild-type and mutant KIF1A proteins.
A. Model of wild-type Kinesin Family Member 1A (KIF1A) protein. B. Mutant model p.L249P (c.746T>C). C. Mutant
model p.N222H (c.A664C). D. Mutant model p.R13C (¢c.37C>T). E. Mutant model p.R13H (c.38G>A). F. Model-
template alignment of wild-type protein. PDB ID 1VFZ.1.A was used as the template for KIF1A protein modeling.

gions (residues 104-217). Conversely,
some secondary elements present in the
wild type - such as strand 281-283 and

Table 3. Reliability analysis of wild-type and mutant
models of Kinesin Family Member 1A (KIF1A) protein

SWISS-MODEL PROCHECK ; 1

Model Template Sequence identity (%) helix 310-were lost in the mutant form

- (Figure 3B). Similar secondary-structure
Wild-type 1VFZ.1.A 98.33 perturbations were observed for three
P.N222H (c.A664C) 98.06 previously reported ASD-related KIF1A
p.L249P (c.746T>C) 98.06 variants (p.R13H, p.L249P, and p.R13C).
p.R13C (c.37C>T) 98.06 Each mutation produced distinct com-
p.R13H (c.38G>A) 98.06 binations of gained or lost o-helices,

PredictProtein analysis revealed that the wild-
type KIF1A motor domain contained 15 a-he-
lices and 19 B-strands, representing 19.17%
and 19.12% of residues, respectively, with
61.11% forming loop regions (Figure 3A). Com-
parative analysis of the mutant versus wild-
type protein revealed multiple secondary struc-
Specifically, the p.N222H varlant mtroduoed an
additional B-strand (residues 105-107) and
a-helix (residues 208-209), and created new
potential protein-, RNA-, and DNA-binding re-
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B-strands, and binding regions, indicating

a convergent pattern of structural desta-
bilization within the motor domain (Figure
3C-E). Homology modeling via SWISS-MODEL
yielded highly reliable tertiary structures, with
sequence identities exceeding 98%, GMQE val-
ues >0.75, and QMEAN Z-scores close to O,
confirming high model accuracy (Table 3; Figure
3F). Ramachandran plot assessment using
PROCHECK revealed >90% of residues in fa-
vored regions, consistent with acceptable ste-
reochemical quality. Comparative visualization
using PyMOL demonstrated specific disrup-
tions in hydrogen-bonding networks following
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Figure 4. Hydrogen-bonding patterns in wild-type and mutant Kinesin Family Member 1A (KIF1A) proteins. A. Hydro-
gen bonds formed by residues 222, 13, and 249 in the wild-type protein. B-E. Hydrogen bonds involving residues
222, 13, and 249 in mutant proteins: p.N222H (c.A664C), p.R13H (c.38G>A), p.R13C (c.37C>T), and p.L249P

(c.746T>C), respectively.

mutation (Figure 4). In the wild-type KIF1A pro-
tein, residue Asn222 formed three hydrogen
bonds with residues 145 and 245, whereas in
the mutant protein, the hydrogen bond involv-
ing residue 245 exhibited a noticeable shorten-
ing, indicating altered local interactions (Figure
4A, 4B). Similarly, the R13H variant showed a
marked reduction in the number of hydrogen
bonds - from seven in the wild type to only one
in the mutant - resulting in significant changes
in local folding (Figure 4C, 4D). In contrast, for
the L249P variant, the hydrogen bond between
residues 249 and 95 present in the wild-type
structure was completely absent following
mutation (Figure 4E). Collectively, these obser-
vations indicate that missense mutations with-
in the KIF1A motor domain disrupt local hydro-
gen-bonding interactions, leading to secondary
structure instability and potentially impairing
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ATPase-driven vesicular transport along neuro-
nal microtubules.

Discussion

In our investigation, we conducted whole-
exome sequencing (WES) on an autism
spectrum disorder (ASD) family trio, revealing
that the proband harbored a de novo miss-
ense variant in Kinesin Family Member 1A
(KIF1A) (c.A664C, p.N222H) and another vari-
ant in Crumbs homolog 1, Drosophila (CRB)
(c.C1982A, p.A661E). Both were confirmed by
Sanger sequencing. Additionally, we identified
three previously reported de novo KIF1A vari-
ants from ASD studies. Comprehensive bioin-
formatics analysis demonstrated that all four
KIF1A variants induced significant structural
changes in the protein, supporting a functional

Am J Transl Res 2026;18(2):1195-1205
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link between KIF1A and ASD. To our knowledge,
this study provides the first integrated bioinfor-
matics-based exploration of KIF1A pathogenic-
ity in ASD.

KIF1A, a member of the kinesin family, encodes
a motor protein essential for anterograde trans-
port of synaptic vesicle precursors along axons
[19, 20]. This protein is critically involved in syn-
aptic transmission, neuronal connectivity, lear-
ning, and memory [10, 21]. Knockout studies in
mice have shown that loss of KIF1A function
results in early postnatal death due to axonal
degeneration in the central nervous system,
underscoring its indispensable role in neuronal
maintenance and synaptic plasticity [22]. Given
that ASD is fundamentally a neurodevelopmen-
tal disorder, disruption of such key neuronal
transport mechanisms could plausibly contrib-
ute to its etiology [23]. To date, four de novo
likely pathogenic KIF1A variants have been
identified, three of which were associated with
additional comorbidities such as attention-defi-
cit/hyperactivity disorder (ADHD), intellectual
disability (ID), or seizures. In contrast, our pro-
band exhibited the KIF1A variant without any
accompanying neurological or psychiatric com-
orbidities, suggesting that this mutation may
specifically underlie ASD-related behavioral ph-
enotypes in the absence of global developmen-
tal impairment. This strengthens the argument
for a direct link between KIF1A dysfunction and
ASD pathogenesis. Previous studies have dem-
onstrated that cortical synaptogenesis begins
as early as 18 gestational weeks and peaks
around 15 months postnatally [24-26]. Aber-
rant synaptic pruning and dysregulated early
neurodevelopment have been repeatedly impli-
cated in ASD [27, 28]. Consistent with these
findings, our analysis revealed widespread and
progressively increasing expression of KIF1A
during embryonic development, stabilizing at a
high level after birth (Table 2). This expression
pattern aligns with critical periods of neuronal
differentiation and synaptic formation, sug-
gesting that KIF1A plays an essential role in the
maturation of neuronal circuits relevant to ASD.

De novo KIF1A variants have previously been
associated with neurodevelopmental disorders
such as developmental delay, cerebellar and
optic nerve atrophy, progressive spasticity, and
peripheral neuropathy [10, 12-14]. These con-
ditions, like ASD, involve abnormal neuronal
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development and axonal dysfunction, highlig-
hting a shared mechanistic pathway. The four
KIF1A variants identified in this and prior stud-
ies are localized within the motor domain
(@amino acids 1-361), a region responsible for
microtubule binding and ATP-dependent cargo
transport [29-31]. Our secondary and tertiary
structure analyses confirmed that these vari-
ants significantly alter the distribution of a-he-
lices, B-strands, and nucleic acid-binding re-
gions, potentially impairing motor domain sta-
bility and vesicular trafficking efficiency. Altered
hydrogen-bonding patterns and local structural
distortions further suggest impaired conforma-
tional dynamics of the motor protein. These
findings are consistent with earlier reports that
missense variants can alter not only the prima-
ry but also the secondary and tertiary struc-
tures of proteins, thereby disrupting biological
function [17]. Collectively, these data imply that
KIF1IA missense variants may contribute to
ASD by perturbing axonal transport and synap-
tic connectivity during early neurodevelopment.
In our case, the proband also carried a rare
variant in CRB1 (c.C1982A, p.A661E). CRB1
encodes a human homolog of the Drosophila
gene involved in maintaining apical-basal polar-
ity during retinal development. Mutations in
CRB1 are well established as causative in
severe retinal dystrophies, including retinitis
pigmentosa 12 (RP12) and Leber congenital
amaurosis 8 (LCA8) [32, 33]. However, our pro-
band and his family members exhibited no
visual impairment or retinal abnormalities, and
CRB1 has not been reported as an ASD-
associated gene in large-scale genome-wide
studies. Therefore, the CRB1 variant was clas-
sified as a variant of uncertain significance
(VUS) and is unlikely to explain the proband’s
ASD phenotype.

Importantly, the role of rare de novo variants
such as KIF1A p.N222H should be viewed with-
in the broader context of ASD’s polygenic archi-
tecture. Although we did not perform polygenic
risk score (PRS) analysis due to sample limi-
tations, existing evidence suggests that rare,
high-impact mutations often interact with back-
ground polygenic risk to modulate ASD severity
and expressivity. Thus, our findings may repre-
sent a scenario in which a rare variant in a criti-
cal neuronal transport gene acts synergistically
with a higher polygenic liability to produce ASD
symptoms. This study marks the first identifica-
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tion of a de novo pathogenic KIF1A variant
(c.A664C, p.N222H) in an ASD proband from
China. Our results provide bioinformatic evi-
dence supporting KIF1A as a plausible contrib-
utor to ASD pathogenesis through its essential
role in axonal transport and synaptic main-
tenance.

This study has several limitations. First, it is
based on a single-family trio, and although we
verified the KIF1A variant’s pathogenic poten-
tial through bioinformatic analyses, the sample
size limits generalizability and causal inference.
Second, no in vitro or in vivo functional experi-
ments were conducted to confirm the impact of
the variant on neuronal structure or function.
Third, genome-wide data for polygenic risk
score (PRS) analysis were unavailable, preclud-
ing the evaluation of common-variant back-
ground effects. Future work should include
functional validation using cellular and animal
models and integrate PRS analysis across larg-
er ASD cohorts to clarify how rare KIF1A muta-
tions interact with polygenic susceptibility in
ASD pathogenesis.

Conclusions

In summary, this study provides new evidence
supporting the potential involvement of KIF1A
variants in the pathogenesis of autism spec-
trum disorder (ASD). The identification of a
comorbidity-free ASD proband carrying a novel
de novo KIF1A missense variant (c.A664C,
p.N222H) strengthens the hypothesis that dis-
ruption of neuronal motor protein function may
contribute directly to ASD phenotypes.

Comprehensive bioinformatics and structural
modeling analyses demonstrated that the
mutation induces significant alterations in the
secondary and tertiary structures of the KIF1A
protein, likely affecting its axonal transport
and synaptic regulatory functions. These find-
ings extend current understanding of the
molecular heterogeneity of ASD and emphasize
the role of microtubule-based transport mecha-
nisms in neurodevelopmental disorders.

Future research should include larger cohorts
and functional validation studies to clarify the
precise cellular effects of KIF1A variants. More-
over, integrating rare variant analysis with poly-
genic risk assessment may help elucidate how
KIF1A-related disruptions interact with broader
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genetic susceptibility to influence ASD expres-
sion.
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Table S1. Comparison of STRAND and amino acid number change of KIF1A before and after mutation
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The change of secondary structure in KIF1A mutant protein. The “ V¥ ” corresponds to the area where the amino acid is reduced. The “A” corresponds to the area where the amino acid is increased. The “/\” corresponds to the area where
the amino acid is reduced by one as well as increased by one thus the total number of amino acid is unaltered. “*” represents no amino acid at this site.

Table S2. Comparison of HELIX and amino acid number change of KIF1A before and after mutation

Wild-type

c.A664C,
p.N222H
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The change of secondary structure in KIF1A mutant protein. The “ ¥ ” corresponds to the area where the amino acid is reduced. The “A” corresponds to the area where the amino acid is increased. The “A”
corresponds to the area where the amino acid is reduced by one as well as increased by one thus the total number of amino acid is unaltered. “*” represents no amino acid at this site.

Table S3. Comparison of protein binding region and amino acid number change of KIF1A before and after mutation

Wild-type
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The change of secondary structure in KIF1A mutant protein. The “ V¥ ” corresponds to the area where the amino acid is reduced. The “A” corresponds to the area where the amino
acid is increased. The “/AA” corresponds to the area where the amino acid is reduced by one as well as increased by one thus the total number of amino acid is unaltered. “*” repre-

sents no amino acid at this site.
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Table S4. Comparison of RNA-binding region and amino acid number change of KIF1A before and after mutation

Wild-type 7-15 (9) * * 203-220 (18) *

c.AB64C, p.N222H  9-14 (6)Y 51-52 (2)4 99-106 (8)4  201-206 (6)Y 214-222 (9)4
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The change of secondary structure in KIF1A mutant protein. The “V¥” corresponds to the area where the amino acid is reduced. The “A” corresponds to the area where the amino
acid is increased. The “/\” corresponds to the area where the amino acid is reduced by one as well as increased by one thus the total number of amino acid is unaltered. “*” repre-

sents no amino acid at this site.

Table S5. Comparison of DNA-binding region and amino acid number change of KIF1A before and after mutation

Wild-type 7-17(11) 43-48(6) * * 204-219
(16)
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The change of secondary structure in KIF1A mutant protein. The “ ¥ ” corresponds to the area where the amino acid is reduced. The “A” corresponds to the area where the amino
acid is increased. The “/A” corresponds to the area where the amino acid is reduced by one as well as increased by one thus the total number of amino acid is unaltered. “*” repre-

sents no amino acid at this site.



