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A B S T R A C T

Genomic technologies have accelerated research progress in autism spectrum disorder (ASD) genomics and
promises to further transform our understanding of the genetic basis of this neurodevelopmental disorder. Here
we review the current evidence for the genetic basis of ASD, present the progress of large-scale studies to date
and highlight the potential of genomic technologies. In particular, we discuss evidence for the importance of
identifying rare genetic variants in family-based studies. Genomics is a key feature of future healthcare and our
review illustrates it's potential to improve our biological understanding of neurodevelopmental disorders, and to
ultimately aid ASD diagnosis, inform medical decision making and establish genomics as central to personalised
medicine.

1. The genetic basis of ASD

Autism Spectrum Disorder (ASD) is a prevalent neurodevelopmental
disorder occurring in around 1% of individuals in a population [1]. The
condition manifests as restrictive repetitive behaviours and social
communication deficits across a phenotypic spectrum [2]. ASD is a
highly heritable complex trait. The heritability of ASD measures the
genomic variation contributing to the phenotype and in ASD has been
estimated at ~80–90% [3,4]. The genetic risk of ASD is contributed to
by both rare and common genetic variants, and as yet the majority of
the genetic risk remains unexplained [5]. Rare variants refer to those
occurring at less than 5% of the population and very rare variants occur
at a minor allele frequency of less than 1%. Common genetics variants
typically refer to genetic variants with a minor allele frequency of
greater than 5%. Rare variants, particularly those occurring de novo,
have the potential to occur at higher effect sizes than common variants.
The larger effect size of rare variants is in line with the hypothesis that
variants of a higher effect sizes have a more detrimental effect on brain
development resulting in the early-life manifestation of the autistic
phenotype, when compared to neuropsychiatric disorders most com-
monly arising later in life, such as schizophrenia and psychosis.

In this review, we aim to inform the reader on state-of-the-art ASD
genomics research. Our focus is on the application of genomic se-
quencing technologies to search for these genetic variants in extensive
sample collections that have transformed our understanding of ASD

genomics. We review cutting-edge research that use genomic sequen-
cing methods, bioinformatic processing and clinical implementation for
improved diagnosis and medical decision-making in ASD and other
neurodevelopmental disorders. We explain the value of genomic se-
quencing technologies and highlight what they can achieve for neuro-
developmental and neuropsychiatric disorders.

2. Sequencing technologies have advanced the identification of
rare variants

Genomic sequencing, specifically whole exome sequencing and
whole genome sequencing, has transformed variant discovery. These
technologies give the opportunity for more widespread and in-depth
genomic analysis than older techniques, such as microarray studies and
candidate gene studies, have allowed. Table 1 lists the next-generation
sequencing technologies that can identify single nucleotide variants and
insertion-deletion variants, as well as larger genomic hits, including
structural or copy number variants, across the allele frequency spec-
trum. In the past decade, sequencing technologies have stretched from
covering select points across to genome to cover up to 100%, when
sequenced at high coverage with de novo assembly (Table 1) [6]. Higher
coverage whole genome sequencing results in more precise variant calls
across the coding and non-coding regions of the genome.

These advances in genomic technologies and decreasing costs have
enabled large sequencing cohorts (Table 2), allowing key strides to be
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made in the field of ASD genomics. Large-scale analyses of these cohorts
have identified hundreds of ASD-associated genetic variants across the
genome. For example, discovery of rare variants, particularly rare
CNVs, affecting SHANK3and NRXN1 among other genes, implicated
synaptic transmission and plasticity in ASD neurobiology [7]. Ex-
tending beyond variant discovery, combining rare variant analysis with
single-cell investigation in the developing human cortex showed en-
riched expression of particular ASD-associated genes in maturing and
mature excitatory and inhibitory neurons from mid-fetal development,
and helped to validate the role of these genes in neuronal commu-
nication and regulation of gene expression [8]. Impactful findings such
as these, suggest great potential for advancing our understanding of
ASD neurobiology through rare variant discovery.

3. Common genetic variants have been challenging to associate
with autism

The search for common genetic variants has been less successful
than that in more typically adult-onset neuropsychiatric disorders, in
particular schizophrenia (~7% of variance on the liability scale) [9]
and bipolar disorder (~2.5% of variance on the liability scale) [10–12].
The largest study to date investigating common genetic variants in ASD,
using genome-wide genotyping, provides evidence for statistically sig-
nificant association of the first common risk variants with ASD. A
Genome Wide Association Study (GWAS) was carried out on 18,381
ASD cases and 27,969 controls. While this sample size is large in terms
of ASD, it is smaller than that of other traits such as schizophrenia with
36.989 cases or bipolar disorder with 20,352 cases [9,10]. Five loci
showed significant association with ASD alone and seven further loci
were identified upon analysis of schizophrenia, depression and educa-
tional attainment together [13]. Polygenic risk, measured by a poly-
genic risk score (PRS), is the combined impact of common variants on
the probability of a phenotype. In ASD this explains just 2.5% of the
observed variance in risk [13]. The lower yield of common variant loci
in ASD may be because of a greater relative contribution of rare genetic
variants than common variants in the genetic architecture of ASD [14].
However, the current smaller sample sizes in GWAS of ASD fail to va-
lidate this hypothesis.

4. Heterogeneity in the genetic architecture of ASD

ASD displays a high level of heterogeneity across a phenotypic
spectrum, both between individuals and within the same individual
throughout the lifespan. It is estimated that around 10% of individuals
affected with ASD have a syndromal form of the condition, for which
each single ASD risk gene accounts for at most 1% of overall cases on
average [15]. Rare disorders often manifest with an underlying autistic
phenotype [16]. These syndromes are frequently caused by highly pe-
netrant variants in single genes, such as Fragile X syndrome,
MIM:30024 (FMR1), and Tuberous Sclerosis Complex, MIM: 613254
(TSC2) (reviewed in Betancur, [17]). These syndromal forms of ASD are
frequently associated with intellectual disability and developmental
delay, suggesting that ASD may only form part of the overall beha-
vioural phenotype of the syndrome.

ASD cases that do not fall into clinically defined syndromes appear
to have more complex genetic architecture and various models of risk
have been suggested to encompass this. The polygenic model, strongly
supported in schizophrenia [18], proposes that multiple loci, each
contributing a small effect, accumulate to surpass a threshold of disease
liability. In contrast, Boyle et al. proposed the omnigenic model
[19,20]. This model suggests that all genes expressed in disease-re-
levant cells have the ability to influence pathogenesis, through their
interference with the expression of “core genes”. In that, it may be
hypothesised that most of the heritability of ASD could be explained by
the effect of variation on genes outside of the core ASD pathways.

Understanding gene regulation is critical to parsing out the relative
contribution of common and rare variants to ASD heritability.
Whichever model is most appropriate in describing its architecture, it is
clear that rare genetic variants are crucial to understanding ASD.

Further to heterogeneity in the genetic architecture among ASD
cases, there is heterogeneity, both genetically and clinically, between
males and females. Males are more frequently affected with ASD than
females [21]. Although factors such as hormonal sex differences, sex-
specific epigenetic factors and genetic factors related to sex chromo-
somes have been hypothesised to play a role in this bias, the biological
basis remains unclear. A large-scale family study interrogating de novo
variants in ASD reinforces the importance of evaluation of the X chro-
mosome, identifying 5 of 7 genes replicated in the study are located on
the X chromosome [22]. Together with the evidence of sex biases of
autosomal genes, this study highlights the potential for genomic studies

Table 1
Genomic technologies compared.

Exome sequencing Whole genome sequencing

Clinical exome sequencing Whole exome sequencing Short-read Long-read

% Genome covered ~0.5% ~1% ~90% Potential for up to 100%
Types of variant detected SNVs SNVs SNVs SNVs

Indels Indels Indels Indels
CNVs (limited) CNVs (limited) CNVs CNVs

SVs (limited) SVs SVs
Mitochondrial Mitochondrial Mitochondrial

Repeat expansions (including tandem repeats [69,70]) Repeat expansions
Complex SVs
Haplotype phased variants
Methylation

Diagnostic yield in ASD Limited application 31% [62] 42.4% [42] Not yet available
Cost estimate €37.19a €79.33b €1239.50c €918d

Outlined are four key sequencing technologies with potential for use to identify rare ASD genetic variants. Note that these costs are estimates and do not include
library preparation costs, barcodes, access fees, labour, VAT, service provider, data processing and data storage and other associated sequencing costs.
Estimates a, b and c, are based on sequencing with Illumina NovaSeq S4 flowcell (2×150) up to 3000Gb/flowcell.
Acronyms; SNV single nucleotide variant, Indel insertion deletion, CNV copy number variant, SV structural variant.

a SOPHiA GENETICS Clinical Exome Solution (12Mb covering ~4500 genes (2.5Gb/sample/800 samples/flowcell)).
b Illumina Nextera Rapid Capture Exome (37Mb (8Gb/sample/375 samples/flowcell)).
c WGS (120Gb/sample/24 sample/flowcell).
d Oxford Nanopore Technologies (60×; 1 sample/flow cell/180GB) Sequencing metrics: https://nanoporetech.com/accuracy.
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to elucidate this phenomenon.

5. Rare variants disrupt gene function, dosage and regulation in
ASD

Current whole genome and exome sequencing technologies enable
investigation of most genomic variant classes (Table 1). The con-
sequences of such variants in the genome occur to varying effects with
different degrees of penetrance, as outlined below.

5.1. Gene disruption

Gene disruption refers to the disturbance of gene expression and the
impact of variation on overall gene function. The consequence of a
genetic variant can be detrimental to gene function or can have little
effect depending on the variant in question and the overall genome
environment (Fig. 1). Genes disrupted in ASD often include those re-
lated to brain development, post-synaptic density, nerve impulse and
neuron projection [23]. Much focus lies on the importance of loss of
function variants and damaging missense variants in the evaluation of
genetic variation on ASD. In particular, variants impacting evolutio-
narily conserved genes to the detriment of crucial cellular processes.

Another mechanism of gene disruption is gene rearrangement, en-
compassing translocations, inversions and large-scale insertions and
deletions. Although varying between studies, the estimated rate of large
variants in ASD is approximately 5–10% [24]. A recent study implicates
rare retro-transposition derived disruption in neurodevelopmental dis-
orders through trio-based exome sequencing analysis from the Deci-
phering Developmental Disorders (DDD) cohort. This mechanism of
disruption is an avenue for pathogenesis which has been largely un-
explored in neurodevelopmental disorders to date [25].

5.2. Gene dosage

Gene dosage refers to the number of copies of a given gene that are
present in the genome of an individual. Dosage has been found to play a
substantial role in ASD pathogenesis, as demonstrated through CNV
analysis, i.e. analysis of duplication or deletion variants of> 1Kb [26].
In 2004, two groups independently identified that large scale CNVs
were often overlapping with genic regions [27,28]. The influence of
these CNVs means either an increase or depletion in activity of the
contained genes with potential for damaging functional consequences.
A comprehensive analysis identified clinically relevant CNVs in 10.5%
of neurodevelopmental disorder cases investigated, with 11.4% in ASD
cases. Importantly many of the CNVs identified were found to occur
across multiple neurodevelopmental disorders [29].

5.3. Gene regulation

As a complex trait, non-coding variants, particularly variants af-
fecting gene regulation are likely to influence ASD [30]. Advances in
whole genome sequencing and bioinformatic tools are enabling studies
of non-coding regions of the genome. Yuen et al. estimated that non-
coding and genic non-coding de novo variants account for 15.6% and
22.5% respectively, of predicted damaging de novo variants in ASD
cases. Non-coding elements, e.g. untranslated regions, regulatory se-
quences involved in exon skipping and DNAse hypersensitivity regions
were most enriched for de novo variants [31]. The first study sig-
nificantly associating genome-wide non-coding variants with ASD
shows convergence in the pathways and processes disrupted by both
coding and non-coding variants in ASD, specifically in synaptic trans-
mission and neuronal development [32]. Ruzzo et al. also provided
evidence that non-coding variants impact neurobiology in ASD, re-
porting a recurrent 2.5 KB deletion within the promoter of DLG2, a gene
associated with cognition and learning in mice and human [33].

Preferential transmission of structural non-coding variants has beenTa
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reported in ASD, specifically the transmission of cis-regulatory elements
from father to affected rather than to unaffected offspring [34]. These
findings are suggestive that not only are rare inherited non-coding
variants increasing risk to ASD, but also indicate a parent-of-origin ef-
fect from this non-coding variant class, highlighting a key benefit to the
use of a family-based study design in studies of ASD.

6. Family-based studies are key to rare variant analysis in ASD

Family-based studies, previously the foundation of disease gene
discovery, are re-emerging as an effective tool to identify potentially
pathogenic variants in neuropsychiatric disorders, including ASD [35].
Family-based designs facilitate the analysis of parent to offspring var-
iant transmission. These study designs take the form of i) simplex fa-
milies (trios); parents and their affected child, ii) multiplex families;
parents with more than one affected child, and iii) more complex ex-
tended pedigrees with multiple affected individuals. By design, trio
studies such as those investigating the MSSNG cohort (Table 2), have
been particularly key to uncovering the enrichment of de novo variants
in cases by comparing rates of de novo variants in affected offspring
with their unaffected respective siblings [31].

Family-based study designs also enable analyses of parent-of-origin
effects that are not possible in case-control design. Furthermore, the
presence of matched unaffected siblings in these studies, gives a back-
ground level of genetic variation that can be used to distinguish be-
tween disease relevant variants and those that are unrelated, such as
population-specific background variation or biases introduced in se-
quencing. A number of large-scale genomic investigations of ASD apply
a family-based approach, including the Simons Simplex Collection
(Simplex), Autism Genetic Research Exchange (Simplex and Multiplex)
and The Autism Genome Project (Simplex and Multiplex) (Table 2).

7. Multiplex and simplex cases of ASD show different genetic
architectures

Family structure plays a major role in the types of putative variants
expected to be causative of a given ASD proband. Earlier CNV studies in
ASD provided some evidence of differences in genetic architecture be-
tween simplex and multiplex families [36]. These differences are
centred on the contribution of de novo and inherited variants to ASD
susceptibility.

7.1. De novo variants

A lower rate of de novo variation is seen in multiplex families
compared to simplex families, as expected by study design. Sebat et al.
reported de novo copy number variants in 10% of simplex cases and 3%
of cases from multiplex families in their cohort [36]. Similarly Ruzzo
et al. give evidence for depletion of rare de novo ASD risk variants in
multiplex families [33]. While, this is observed across multiple studies,
the difference between multiplex and simplex family structures is not
consistently evident. In their CNV analyses, Pinto et al. did not report
such differences [37]. A limitation to these analyses, such as analyses
involving the Autism Genome Project cohort (Table 2), arises from
challenges in reporting of simplex/multiplex status, i.e. identifying a
family as a true simplex, or as a family for which just one offspring was
investigated.

7.2. Inherited variants

Consistent with the enrichment of de novo variants in simplex cases
of ASD, there is a depletion of inherited variants associated with ASD in
these spontaneous cases [36,38]. Klei et al. estimate narrow sense
heritability to exceed 60% for ASD cases in multiplex families but es-
timate just 40% of narrow sense heritability for simplex families [39].
This means that 60% of phenotypic variance may be attributed to

Fig. 1. Pathway from sequencing to clinical implementation. Outlined are the main stages of ASD gene discovery; from variant discovery (blue), through genomic
data analysis (yellow), to accurate translation for meaningful diagnosis (green). Re-annotation refers to regular re-analysis of genetic diagnosis, as additional variants
reach significant association with ASD. The variant highlighted in red, here a single nucleotide variant, represents any variant type detectable through application of
genomic technologies (Table 1). Epigenetic modifications include methylation changes, histone modification or microRNA dysregulations (reviewed Eshraghi et al.
2018) [83]. Research is ongoing to integrate genomic variants with other variation within an individual's genome, as described by McGuire et al. (2020) [84]. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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additive genetic variance in individuals of multiplex families. As in
comparison of de novo variant enrichment of simplex and multiplex
families, this effect is not reported consistently across analyses.

Interestingly, the same putative variant may not be found in all
affected individuals within a multiplex family as highlighted recently
[40]. This study reports a maternally inherited 15q11.2 deletion in an
affected male child and no paternally inherited putative variants from
an affected father. Other studies have identified non-sharing of CNVs
[41] and single nucleotide variants (SNVs) in members of multiply af-
fected families. In the latter study the two affected siblings did not
harbour the same rare risk variant in more than half of the multiplex
families studied [42]. Similarly, pathogenically significant CNVs have
been identified that are transmitted to an ASD proband from an un-
affected parent, and shared with a unaffected sibling [43], adding to
evidence for asymptomatic carriers of neurodevelopmental disorder
CNVs.

Family studies in epidemiological cohorts from isolated populations
have also confirmed that both rare and common genetic variants con-
tribute to the susceptibility to ASD. A study on the Faro Island genetic
isolate, affirms the importance of both common and rare variants in
ASD susceptibility [44]. This study identifies in a subset of individuals
in the cohort carrying rare deleterious variants in genes known already
associated with ASD and in this same cohort, common genetic variants
were also associated.

Given these two mechanisms of genetic variation, de novo and in-
herited in ASD, genomic sequencing studies in families with multiple
affected individuals offers greater opportunity to understand the re-
lative contribution of inherited and de novo variation in the genetic
architecture of ASD.

8. Establishing putative ASD variants faces many challenges

Heterogeneity in ASD diagnoses is a major challenge facing genomic
sequencing studies in ASD. In particular, diagnosis of ASD in the pre-
sence of intellectual disability. Diagnostic procedures are found to differ
between that used in a clinical and research setting. For a compre-
hensive discussion on these challenges refer to Schaaf et al. [45].

The greatest challenge in analysis of large-scale genomic data is in
the establishment of pipelines for data interpretation. Interpretation of
putative variants is complicated by a wide variety of technical factors,
such as sequence coverage, variant validation, consistency in sequen-
cing platforms and variant calling and filtering techniques. Robust
clinical diagnoses and rich phenotyping increase confidence in variant
association [46]. A variant that has been associated with ASD and has
substantial evidence supporting its validity will be interrogated for its
biological role (Fig. 1).

Variants associated with ASD disrupt a wide variety of pathways
and biological processes [7]. Identifying pathways and processes
showing an increased mutational burden enables the isolation of cel-
lular processes and pathways disrupted in ASD. Gene-lists are often
compiled listing genes involved in a given process [42]. These lists are
useful in establishing the process which a putative variant may be
disrupting, and such gene lists are often consulted for membership
when investigating the impact of a variant [40].

The establishment and maintenance of collective databases, such as
SFARI gene [23], Developmental Disorders Genotype-to-Phenotype
database (DDG2P) [47] and ClinVar [48], that are openly shared among
researchers give hope for the development of variant specific disease
models which will expectedly lead to a greater understanding of ASD
pathology. Consistent re-analysis of pathogenicity is key to gaining
maximum insight from available genomic data, as proven fruitful in the
re-annotation of developmental and epileptic encephalopathies genes
[49] (Fig. 1). A key stride in the development of an ASD gene list comes
from Schaaf et al. in their proposal to adapt the ClinGen curation fra-
mework to ASD [45]. Development of a high-confidence gene list for
ASD would have great use in genomic investigation, specifically in the

development of targeted gene panels and a ‘clinical exome’. Without a
consensus gene list in ASD, attempts to develop such genome analysis
strategies have limited application (Table 1).

Advances in long-read sequencing technologies hold the potential
for sequencing of “dark gene regions”, genomic regions inaccessible
through next-generation sequencing. With high coverage and de novo
assembly, Nanopore technologies have potential to sequence up to
100% of the genome (Table 1), with the greatest level of ‘recovered’
genes when compared with other genomic technologies, including the
recovery of genes associated with ASD [50]. This technology, to our
knowledge, has yet to be applied to ASD cohorts, aside from use in
variant validation [34]. Long-read sequencing will enable discovery of
genetic variants which have thus far been largely under-explored in
ASD, such as repeat expansions, haplotype phased variants and me-
thylation changes. Repeat expansion variants have already been asso-
ciated with ASD, most notably the FMR1 repeat expansion associated
with Fragile X syndrome (MIM: 30024). As shown in an early haplotype
mapping study, identification of haplotypes can succeed in identifying
loci involved in ASD susceptibility [51]. Even more relevant perhaps,
long-read sequencing enables the detection of CNVs and rearrangement
events without the need for bioinformatic re-assembly and alignment of
short reads.

9. Putting ASD in the context of other neuropsychiatric disorders

Whole genome sequencing has potential to investigate some of the
major questions remaining unanswered in ASD genomics, including
investigation of the overlap of ASD with other neurodevelopmental and
neuropsychiatric disorders, both clinically and genetically. As high-
lighted in a review from Lord et al., elucidation of the genetic overlap of
ASD with other neuropsychiatric disorders is needed [52]. Clinically,
ASD frequently occurs co-morbidly with other neuropsychiatric dis-
orders, in particular attention-deficit hyperactivity disorder (28%),
anxiety disorders (13%) and mood disorders (11%) [53].

At the systems-level there is substantial evidence of genetic overlap
between ASD and neurodevelopmental and neuropsychiatric disorders
[54]. There is overlap in the genes associated with ASD and those as-
sociated with other neuropsychiatric disorders, such as schizophrenia
and bipolar disorder [55–57]. This has been demonstrated strongly in a
large-scale meta-analysis of eight European psychiatric cohorts identi-
fying 109 pleiotropic loci [58]. The genetic overlap of ASD with other
disorders is also evident at the variant level with de novo variation in
ASD shared with intellectual disabilities [8] and shared with epilepsy
[59].

10. Next-generation sequencing technologies improve diagnostic
yield

There is a demand for clinical genetic testing in ASD [60]. Clinical
CNV detection has already been translated widely, advancing the
clinical genetics understanding of the condition. This translation crys-
tallised some of the issues that will emerge with widespread translation
of genomic technologies; namely clinical interpretation, relative con-
tribution of inherited variants and particularly variant specificity to
ASD. Currently no gene, which when disrupted by a pathogenic variant,
has been found to confer risk to ASD without conferring risk to in-
tellectual disability or other neurodevelopmental disorders. In the ab-
sence of appropriate study design and explicit, robust diagnoses, there
is insufficient evidence to assign meaningful specificity of gene in-
volvement in ASD [61].

Genomic technologies, given the greater proportion of the genome
covered, have the potential to transform the clinical genetic under-
standing of the condition. This is illustrated by the increase in diag-
nostic yield with genomic technologies. Diagnostic yield refers to the
number of cases where a putative genetic variant associated with the
condition is identified in a cohort. This can be interpreted as a measure
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of the utility of the technique and analysis strategy for the condition.
A recent meta-analysis scoping review states that exome sequencing

is a first-tier clinical diagnostic test for individuals with neurodeve-
lopmental disorders, defined in this study as developmental delay, in-
tellectual disability and/or ASD [62]. The diagnostic yield for whole
exome sequencing overall from these meta-analyses is 36%, surpassing
the estimated 15–20% diagnostic yield of candidate gene arrays.

Using whole exome sequencing technologies, Feliciano et al. in the
SPARK pilot, report a returnable genetic result in 10.4% of their cohorts
affected offspring [40]. Importantly, in individuals with more complex
phenotypes, such as ASD with seizures or co-morbid intellectual dis-
ability, they report a higher diagnostic yield than overall (27% and 20%
respectively). This finding is consistent with other studies [62,63]. The
SPARK study also reports a higher diagnostic yield in cases from mul-
tiplex families (15.2%) than simplex families (10.1%) [40].

Yuen et al. find a diagnostic yield of ASD relevant variants using
whole genome sequencing to be 42.4% in their cohort of 85 multiplex
families of ASD. This mirrors the diagnostic yield estimated in in-
tellectual disability using the same sequencing platform [42,64]. The
increased diagnostic yield using whole genome sequencing highlights
the great potential for use of the technology in families with ASD. This
estimate can be expected to increase further with developments in
variant interpretation strategies and increases in sample sizes, giving
more power to investigations of common variants and variants in the
non-coding regions of the genome.

The clinical utility of whole genome sequencing holds great pro-
mise; however, this sequencing approach also faces major challenges.
These include the need for large-cohort analyses and the failure to re-
plicate genomic findings. One example is the report of the enrichment
of de novo and private disruptive mutations within fetal CNS DNase I
hypersensitive sites within 50 kb of genes that have been previously
associated with autism risk [65] that later did not replicate despite a
larger sample size [66]. Furthermore, we face limitations to the current
capacity to interpret variants in the non-coding genome, as discussed by
Lee & Gleeson [67]. Notwithstanding these challenges, the decrease in
sequencing costs (Table 1) and the increase in sample sizes under in-
vestigation, together with the greater understanding of family in-
heritance will continue to give a more precise estimate of the diagnostic
yield in ASD. The return of genetic results, alongside current beha-
vioural diagnoses, may be used to improve therapeutic avenues in the
future. Genetic diagnoses may also be used to inform family planning
on a family-by-family basis as illustrated by a recent family study
showing the CNV findings, which would have been pre-symptomati-
cally predictive of ASD or atypical development in 7% (11 of 157) of
families analysed [68].

11. Conclusion

Whole genome sequencing is the most effective technology to im-
prove our biological understanding of neurodevelopmental disorders.
With near full coverage of the human genome, coupled with the in-
crease in sample sizes and the development of cutting-edge analytical
methods, we now have the potential to identify more variants across the
genome, in particular more rare pathogenic genetic variants. The de-
tection of rare variants by genomic technologies will improve our un-
derstanding of the genetic architecture of ASD and other neurodeve-
lopmental and neuropsychiatric disorders. With advances in biological
interpretation enabling delivery of genetic discovery into clinical
translation, genomic technologies will become an achievable step to-
wards personalised family medicine, ultimately aiding ASD diagnosis
and informing medical decision-making.
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