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Illuminating hidden genetic architecture in autism
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Structural and repeat variation relevant to autism has remained largely inaccessible to short-read 

sequencing. Using long-read genome sequencing, a recent study reveals previously hidden variants at scale, 

quantifies their contribution to autism risk, and links them to gene regulatory disruption in neurodevelopment, 

expanding the mutational and mechanistic landscape of autism.

Autism spectrum disorder (ASD) is among 

the most genetically complex neurodeve

lopmental conditions, with contributions 

spanning rare, highly penetrant mutations 

to common polygenic risk.1–4 Advances 

in short-read genome sequencing have 

transformed gene discovery, particularly 

for single-nucleotide variants (SNVs) and 

small insertions or deletions.1,2 However, 

much of the genome, rich in repetitive se

quences and prone to large-scale rear

rangements, has remained difficult to inter

rogate.5 As a result, structural variants 

(SVs) and repeat expansions, despite es

tablished roles in neurological disease,6,7

are likely underrepresented in our current 

understanding of ASD genetics.

A study by Mortazavi and colleagues le

verages long-read genome sequencing to 

systematically uncover structural and 

repeat variation in individuals with ASD.8

By overcoming limitations of short-read 

technologies, long-read sequencing en

ables more accurate mapping of complex 

genomic regions, revealing previously 

inaccessible or mischaracterized variants 

(Figure 1).5 Mortazavi et al. not only expand 

the catalog of structural variation in ASD 

but also address a central challenge in hu

man genetics: how to interpret functional 

consequences of these variants in a regu

latory and developmental context.6,7

A strength of this work lies in its ability to 

detect a broader spectrum of variant clas

ses, including large insertions, inversions, 

tandem repeat expansions, and complex 

rearrangements. The study also identifies 

recurrent classes of complex structural 

variation, including nested duplication- 

deletion rearrangements, revealing previ

ously unrecognized patterns of mutational 

architecture.8,9 These recurrent configura

tions suggest that specific genomic 

regions may be intrinsically prone to rear

rangement,7,10 consistent with locus-spe

cific vulnerability in ASD. Such variants 

are enriched in genomic regions that are 

highly repetitive or structurally dynamic, 

features that have hindered alignment and 

variant calling using short reads.5 By 

applying long-read sequencing, the au

thors identify previously undetected vari

ants, including de novo and somatic- 

mosaic SVs,5,7 several of which occur in 

genes and regulatory regions implicated 

in neurodevelopment.8 This indicates that 

estimates of genetic contribution to ASD 

are constrained, in part, by prior technolog

ical limitations. Consistent with this, the au

thors estimate that rare variants identified 

through integrated long- and short-read 

sequencing explain 11.7% of the variance 

in ASD case status, corresponding to 

∼7.4% of heritability on the liability scale, 

with SVs (5.7%) and tandem repeats 

(3.2%) contributing alongside rare SNVs 

(4.6%).8 Inclusion of polygenic risk 

modestly increases total variance ex

plained to 13.8% (∼8.9% heritability),8

underscoring the extent to which previ

ously inaccessible forms of variation 

contribute to ASD genetic architecture. 

Notably, the ability to phase long reads en

ables detection of somatic-mosaic events 

arising during early development,7 which 

are largely inaccessible to short-read ap

proaches,5 and adds another layer of ge

netic heterogeneity.

Beyond detection, the study moves 

toward functional interpretation, where 

SVs have lagged behind SNVs. The authors 

integrate transcriptomic and epigeno

mic data, including direct measurement 

of DNA methylation from long-read 

sequencing, to assess how these variants 

influence gene expression and regulatory 

landscapes.5,8 In some cases, SVs disrupt 

gene bodies or alter splicing, whereas in 

others they perturb noncoding regulatory 

elements, leading to more subtle but 

potentially significant effects on gene 

dosage or expression timing. In parallel, 

joint analysis of phased variants and DNA 

methylation demonstrates that repeat 

length can directly modulate local methyl

ation states.8 These observations link 

sequence variation and epigenetic regula

tion (Figure 1). More broadly, the study 

highlights cases in which structural varia

tion reshapes local regulatory context, 

altering transcriptional output in genes 

involved in neuronal development and syn

aptic function.8 Examples where repeat ex

pansions or structural rearrangements are 

associated with coordinated changes in 

gene expression and chromatin state pro

vide a mechanistic link between genome 

structure, epigenetic regulation, and ASD 

phenotypes. Collectively, these findings 

reinforce that, in ASD genetics, risk often 

arises through disruption of transcriptional 

regulation, alternative splicing, chromatin 

organization, and related gene-regulatory 

processes rather than coding sequence 

alone.1–4

This work also highlights the diversity of 

mutational mechanisms contributing to 
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ASD,1–4 spanning germline and somatic 

structural variation, recurrent complex re

arrangements, and epigenetic dysregula

tion linked to DNA methylation. While de 

novo point mutations in constrained genes 

have been a major focus of the field, these 

findings underscore that structural varia

tion and repeat instability6 represent paral

lel and potentially interacting layers of ge

netic risk.1–4 The ability to capture these 

layers within a single experimental frame

work represents an advance and raises 

the possibility that a subset of unsolved 

ASD cases may be attributable to variants 

that have remained undetected using con

ventional approaches.

However, several challenges remain. 

The interpretation of structural and repeat 

variants is inherently more complex than 

that of coding point mutations. Predicting 

the impact of a large insertion or a repeat 

expansion on gene regulation requires a 

more complete understanding of chro

matin architecture, three-dimensional 

genome organization,7 and cell type-spe

cific regulatory logic; areas that remain 

incompletely understood. In addition, 

scalability of long-read sequencing re

mains a practical consideration. While 

costs have decreased, the large cohort 

sizes required for robust gene discovery 

and genotype-phenotype correlations 

will necessitate additional technological 

and computational advances.

Another important question is how 

these newly identified variants fit into the 

broader genetic architecture of ASD. 

Whether structural and repeat variants 

converge on core ASD pathways or impli

cate additional, underappreciated pro

cesses remains unclear. Early indications 

suggest both convergence and exten

sion,8 reinforcing the idea that ASD arises 

from perturbations across multiple, inter

acting layers of genome regulation.

Finally, this work prompts a reevaluation 

of how we define and prioritize ‘‘risk vari

ants’’ in neurodevelopmental disorders. 

As detection methods improve and larger, 

more ancestrally diverse cohorts are 

sequenced, the boundaries between rare 

and common variation, and between mu

tations with protein-coding versus regula

tory or structural effects, become increas

ingly blurred. Integrative approaches that 

combine long-read sequencing with func

tional assays, particularly in relevant cell 

types and developmental contexts, will 

be essential for translating variant discov

ery into biological insight.

In sum, the application of long-read 

genome sequencing to ASD represents 

a technical advance that expands the 

mutational landscape for interrogation 

and interpretation.8 By illuminating previ

ously inaccessible forms of genetic varia

tion, including somatic-mosaic variants, 

recurrent complex rearrangements, and 

methylation-associated repeat variation, 

and linking them to gene regulatory func

tion, this study provides a more complete 

framework for understanding the molecu

lar basis of ASD. As the field moves for

ward, incorporating these approaches at 

scale will be essential to build a more 

complete and mechanistically grounded 

model of neurodevelopmental disease.
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Figure 1. Long-read sequencing reveals multi-layered regulatory disruption from hidden genetic variation in autism 

Schematic overview of how long-read genome sequencing expands detection and interpretation of genetic variation in autism. Left: short-read genome 

sequencing accurately detects single-nucleotide variants and small insertions/deletions but has limited ability to resolve repetitive regions, complex structural 

variants, and mosaic variation. Middle: long-read genome sequencing enables direct mapping across repetitive and structurally complex regions, revealing 

structural variants (e.g., insertions, inversions, and nested duplication-deletion rearrangements), repeat expansions, and somatic-mosaic variants, while enabling 

haplotype phasing. Right: integration with functional genomic data links these variants to gene regulatory disruption across multiple layers, including altered gene 

expression, changes in chromatin context, and DNA methylation remodeling (e.g., repeat-associated methylation changes), ultimately impacting neuro

development and ASD related pathways. This figure was created with BioRender.com.
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