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ABSTRACT

This PhD project aims at developing novel computational methods for the improvement of (i)
current diagnostic rates of pediatric rare diseases and (ii) patient stratification for tailored
clinical follow up. To that aim, we propose the implementation of an Artificial Intelligence-
based computational framework mining heterogeneous large-scale data including clinical data
and genetic and multi-omics profiling of patient’s samples. Graph-representation learning
approaches capable to handle multi-modal and multi-layered networks will be developed.
Here we aim at performing (i) node classification, (ii) subgraph classification and (iii) edge
prediction, within and across layers. The previous approaches will be applied to collaborative
studies currently ongoing at the Imagine Institute on specific rare disease cohorts. The
methods and software developed through the PhD project will be integrated in
comprehensive bioinformatics workflows applicable in Precision Medicine at the Imagine
Institute and Necker-Enfants Malades Hospital.

DESCRIPTION OF THE PROJECT

Context

The Clinical Bioinformatics Laboratory of the Imagine Institute, under the direction of Dr.
Antonio Rausell, develops statistical methods, machine-learning algorithms and
bioinformatics pipelines with a clinical focus. A main interest of the laboratory is the
computational assessment of human rare genetic variants with a potential clinical impact and
its application to the study of specific rare diseases. Emphasis is dedicated to non-coding
variants with a potential regulatory role. Ongoing research integrates heterogeneous large-
scale data including clinical records, cell phenotyping, high-dimensional genome/exome
sequencing and transcriptomes (bulk and single-cell RNA-seq analysis) from both in-house
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biobanks and public sources. Main goals are identifying cell markers with a value for diagnosis,
prognosis and treatment, and providing software to help decision-making at the clinics.

Aims

This PhD project aims at developing novel computational methods for the improvement of (i)
current diagnostic rates of pediatric rare diseases and (ii) patient stratification for tailored
clinical follow up. To that aim, we propose the implementation of an Artificial Intelligence-
based computational framework mining heterogeneous large-scale data including clinical data
and genetic and multi-omics profiling of patient’s samples. Clinical data typically involve
electronic health records (in text format), diverse clinical tests and imaging. Genetic and multi-
omics profiling may include exome and genome sequencing as well as transcriptomics,
proteomics, epigenomics and metabolomics. Moreover, recent developments allow
molecular profiling of samples at single-cell level for one or several of the previous multi-omics
approaches. Such big data covers a comprehensive set of biological complexity scales
spanning the genetic, epigenetic, molecular, cellular, tissue, organism and physiological
aspects of an individual. Complex biological systems are often modelled through graph-
structured data where the different entities and their relations are represented, respectively,
as nodes and edges in a network. However, heterogeneous and longitudinal data types
require multi-modal and multi-layered networks simultaneously representing multiple
entities (e.g. genes, proteins, cells, organs, individuals, families, clinical signs, diseases, drugs,
etc.) and multiple relationships (e.g. gene regulation, co-expression, molecular interactions,
extracellular signaling, phenotypic similarities, clinical syndromes, comorbidities, clinical
paths, etc.).

Recently, we have implemented Tiresias, a comprehensive computational framework for the
supervised learning of node classes on multiplex networks:
https://github.com/RausellLab/Tiresias (Dritsa et al, in preparation). State-of-the-art
approaches covered in Tiresias include Random Walks-based diffusion algorithms, graph
embeddings and graph neural networks including Convolutional Neural Networks (GCN). In
this PhD project we propose the implementation of novel algorithms that will allow us to
expand such graph-representation learning framework to mine simultaneously multi-modal
and multi-layered networks. Here we aim at performing (i) node classification, (ii) subgraph
classification (both for within and across layer subgraphs), and (iii) edge prediction (again
within and across layers). Both supervised and unsupervised learning will be addressed.
Algorithms will be adapted to cope with the specific challenges of the different data types,
accounting for ascertainment and technological biases, biological and technical noise, missing
data as well as population structure and environmental and life-style confounding factors.
Special attention will be paid to computational efficiency, to avoid overfitting in the training
phase and to reach generalizable models through independent testing across different
cohorts and medical sites.

The previous approaches will be applied to collaborative studies currently ongoing at the
Imagine Institute on specific rare disease cohorts (e.g. ciliopathies, autoinflammatory
diseases, developmental disorders) where WGS is being combined with multi-omics
approaches and large-scale clinical data monitoring as described above. The methods and
software developed through the PhD project will be integrated in comprehensive
bioinformatics workflows applicable in Precision Medicine at the Imagine Institute and
Necker-Enfants Malades Hospital. The project will require the development of research skills
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navigating across disciplines including bioinformatics, medical informatics, machine learning
and human genomics. Research will be actually performed in a such a highly interdisciplinary
environment and in close interaction with clinical and experimental teams.
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EXPECTED PROFILE OF THE CANDIDATE

= EXPERIENCE REQUIRED

o Candidates should hold a Master degree in Bioinformatics, Computational Biology,
Computer Science, Biostatistics, Statistical Genetics, Applied Mathematics or related
fields.

o Programming skills in R, Python, and UNIX Bash

o Former experience (e.g. Master internships) in complex systems modelling and strong
data analyses skills will be a plus.

o Ability to work independently

o Languages: English
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