Identification of high and low penetrance genomic variants in Autism Spectrum
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a Introduction

Whole Exome Sequencing in diagnostics, a collaborative effort

Next generation sequencing (NGS) technologies enabled the extensive study of
the genomics underlying human diseases. Namely whole exome sequencing
(WES) represents a cost-efficient method which can lead to the detection of
genomic variants and the discovery of novel disease-associated genes. This is
particularly important in the case of common complex diseases such as autism
spectrum disorders (ASD), whose genetic etiology is still poorly understood.
We built a custom computational framework capable, from raw WES data, to
automatically detect genomic variants and prioritize them in regards to their
relevance to a specific phenotype. We tested this framework on a small cohort
of 10 trios all featuring a proband affected by sporadic ASD.

Our pipeline was built in the context of a joint lab born thanks to a
collaboration between IIT and the Gaslini pediatric hospital (GE). The pipeline
is systematically upgraded upon counseling and feedback from the hospital.
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Identification of deleterious variants

One of the main drawbacks of the WES
approach is the large number of genomic
variants detected in each analysis, which is by
no means manually manageable. Automated
variant prioritization strategies are therefore
required. Our method allows to automatically
prioritize all detected variants according to
multiple factors, and therefore highlight those
variants which are more likely to be causative
for the specific phenotype. Our results include
a number of subsets of variants, which are
manually evaluated and in some cases
validated in vitro by the hospital.

Q
-
i
=
=
.
<
i
|-_
'|.
D
<
=
T

;.:- I-'JEHL!_ v i _' -
filf_JcH H;Jjg_n_,_[j rrfrt :;_r;r_;tj’m_{j

Jergine

Filtered variants
All rare or de novo non-synonimous, variants which respect a

pedigree and may alter the function of the coded protein

Prioritized variants
All filtered variants which fall inside a gene possibly

involved in the proband specific phenotype

Causative variants
Prioritized variants which have been validated and are highly

likely to be causative for the specific phenotype

9 Our pipeline
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Yhole exoprme sequencing

Samples were sequenced using the Illumina NovaSeq 6000
System in Genova (IIT)
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@ Pathway enrichment analysis

All genes affected by possibly deleterious variants
canonical pathways databases in order to pinpoint
increased variant burden

are parsed through a number of
ASD-associated pathways with an

o |

K]ITEI,' opedia of
and Genomes

GG

W reactome giocarta

T':][\IPU[["I.\ AYS

Genes affected by possibly

deleterious variants
List of all genes which feature at
least one filtered variant

Pathways databases
List of public databases containing
information about canonical

predicted inheritance pattern were confirmed through Sanger sequencing.
HUWEI is a E3 ubiquitin-protein ligase which mediates ubiquitination and subsequent proteasomal degradation of

target proteins'. Regulates neural differentiation and proliferation by catalyzing the polyubiquitination and
degradation of MYCN. Defects in HUWE]1 are the cause of intellectual disabilities®. Recently, a de novo missense

variant in HUWE1 was identified in a male ASD proband, but not in the proband's less severely affected brother”.
It is therefore conceivable that the detected variant could is causative for the proband phenotype.

likely very mild, we believe that an increased
burden of variants affecting genes essential for the
physiology of the glutamatergic synapse signalling
pathway could be detrimental to the point of being
causative for the observed ASD phenotype.
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Schematic representation of a portion of the glutamatergic synapse signalling
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G Conclusions

Detection of low and high penetrance variants putatively involved in ASD

Our workflow helped us to detect and prioritize genomic variants from whole exome sequencing data. The analysis we
performed in order to prioritize the detected variants according to their putative relevance to the proband phenotype
allowed us to pinpoint both clinical cases were the root of the phenotype is a single high penetrance variant and cases
were an increased burden of low penetrance inherited variants could concur to cause the phenotype. By analysing an
extensive number of autism spectrum disorders cases, we believe that this workflow could help us to reconstruct the
genomics at the basis of complex ASD phenotypes.

n Future perspectives

Other kinds of variants

Currently the available computational tools allow for a reliable and standardized detection of only small variants such
as SNPs and indels. Nonetheless other kinds of genomic variants exist and can be disease-causative. For example, both
de novo and inherited copy number variants (CNVs) and short tandem repeats (STRs)’ and transposable elements
insertions® have been associated with disease®. We are working towards implementing the discovery of this three less
studied classes of genomic variants into our computational pipeline.
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