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ABSTRACT 
Our research group focuses on the molecular mechanisms underlying rare genetic disorders, especially those involving neurodevelopmental, neurological, and syndromic phenotypes. We apply computational methods to analyse genomic and multi-omic datasets.
We aim to connect bioinformatic analysis with clinical and biological interpretation, with the objective of supporting diagnosis and understanding disease mechanisms.
Our research is often based on challenging or unsolved cases. Our goals are: (a) to identify pathogenic variants that are not revealed by standard diagnostic approaches; (b) to investigate how gene regulation influences phenotypic expression, including variability in severity and penetrance.
Omics Integration and Intermediate Phenotypes
We integrate genomic data with RNA-seq and DNA methylation profiling to capture functional readouts of gene disruption, even when no clear pathogenic variant is detected. This strategy allows us to:
detect gene silencing, aberrant splicing, or monoallelic expression,
define molecular subgroups in heterogeneous cohorts,
identify epigenomic patterns linked to specific genetic or clinical features.
We consider these molecular features as intermediate phenotypes, which can help reveal underlying regulatory alterations or undetected variants. This is especially useful in the context of neurological disorders, where molecular stratification may provide insights into disease progression and age of onset.

X-Chromosome Inactivation as a Modulatory Layer
X-chromosome inactivation (XCI) plays a key role in modulating disease in X-linked conditions, particularly in heterozygous females. Yet, XCI skewing and escape are rarely assessed in diagnostics.
We developed X-Pose, an RNA-seq-based method to quantify XCI skewness at gene and patient level. We are now standardizing this approach for broader use and integrating it with long-read methylation data to explore the genetic and epigenetic factors shaping XCI patterns.
Our goal is to position XCI not just as a clinical variable, but as a regulatory layer that can amplify or buffer the effect of genetic variants.

GenePrior: Integrating Multi-Omics for Variant Prioritization
Building on these layers of multi-omic and regulatory insights, we developed GenePrior, a prioritization tool that integrates multiple layers of annotation—including regulatory elements and expression profiles—alongside classical variant features.
GenePrior enables the identification of candidate variants in complex inheritance patterns and supports automated re-analysis as new knowledge becomes available.
This approach moves beyond sequence-centric models toward a function-aware framework, leveraging multi-omic signatures—including expression outliers and epigenetic alterations—to uncover cryptic variants and improve pathogenicity assessment.
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