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PhD open position: Machine learning to predict new gene regulatory variants
involved in immunological diseases
Contact: Aitor Gonzalez ( aitor.gonzalez@univ-amu.fr )
1. DESCRIPTION OF THE PHD THESIS PROJECT
1.1 OBJECTIVES OF THE PROJECT BASED ON THE CURRENT STATE OF THE ART
Complex diseases are influenced by genetic variants. In particular, it is expected that cancer is associated with
variants altering on the one hand the proliferation of malignant cells and their ability to invade the host, and on
the other hand the immunosurveillance mechanisms [1-3]. Genome-wide association study (GWAS) is a key
approach to link genetic factors to human phenotypes. Many SNPs identified by GWAS fall in non-coding
regions and are likely gene regulatory variants. The TAGC laboratory is strongly interested in multifactorial
diseases such as cancer and diseases related to the immune system [1; 4-8]. The TAGC laboratory hosts a
sequencing platform and researchers that generate new genomics data related to gene regulatory regions.
Furthermore, there are bioinformaticiens that analyze these data and develop new bioinformatics tools [9-13].
Machine learning is a very powerful technique to integrate multivariate data and make new predictions.
Supervised machine learning models take particular sets of regulatory variants or regions and molecular data
such eQTLs, transcription factor binding sites and motifs to predict functional regions [14]. In the case of
regulatory variants, most supervised models are trained with rare variants showing large effects and do not
focus on particular diseases [15; 16]. However several international initiatives exist to associate common
genetic and phenotypic variation such as the INSERM Genomic Variability 2018, where the TAGC lab
participates ( https://bit.ly/2TIfSeo ). Recently we have developed a new method to train a supervised model
with common regulatory variants associated to complex diseases that we have run on intergenic and intronic
regions. Interestingly, our method has a good prediction performance for diseases related to the immune
system [11].
In the present project, we intend to develop an approach to specialize the model for a specific disease. More
specifically, we plan to use frequent variants associated to diseases related to the immune system to train the
model. This model will be then used to prioritize regulatory variants arising in acute myeloid (AML) and T-cell
acute lymphoblastic leukemia (ALL), which are studied in the TAGC laboratory. Both leukemias have strong
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genetic predisposition [17; 18]. We hypothesize that such models would predict causal variants involved in
tumorigenesis or anticancer immunosurveillance.

1.2 METHODOLOGY
Regulatory variants involved in immune system diseases will be selected in non-coding regions from datasets
such as the GWAS catalog. These regulatory variants will be prioritized using different published tools as
benchmark for new predictive models. The SNPs will be annotated with molecular data relevant to gene
regulation such as active chromatin markers, transcription factor binding sites and transcriptions motifs.
Analysis of these annotations will be carried out to define the most predicitive annotations. Selected
annotations will be used to create predictive models. These models will be used to score every position of the
human genome and prioritize SNPs where the immune system is involved. The model will be also used to look
for pathogenic mutations in regulatory regions of cancer samples from in-house data or public data
repositories such as the TCGA database.

1.3 WORK PLAN

Objective

Beginning

End

Collect regulatory variants and annotations

11/20

08/21

Priorisation tool benchmark for regulatory variants

03/21

12/21

Data analysis of regulatory variant annotations

07/21

04/22

Training and testing of the model

11/21

08/22

Analysis of genomics datasets of leukemias and other tumors

03/22

12/22

Web portal and/or software package to share predictions

07/22

04/23

Write and submit PhD thesis and paper

11/22

08/23

1.4 SUPERVISOR AND RESEARCH GROUP DESCRIPTION
The TAGC has developed an strong interest and expertise in high-throughput and bioinformatics methods [9;
10; 12; 13]. The TAGC laboratory is interested in T-cell Acute Lymphoblastic Leukaemia (T-ALL) and and acute
myeloid leukemia (AML) [7; 8]. The TAGC laboratory hosts a sequencing platform and researchers that generate
new genomics data related to gene regulatory regions. Furthermore, there are bioinformaticiens that analyze
these data and develop new bioinformatics tools.
The TAGC laboratory is using machine learning to integrate data related to gene regulatory regions and predict
new gene regulatory regions [11; 14]. To develop these models, the TAGC laboratory is collaborating with other
mathematics and computer science laboratories such as the Institute de Mathématiques de Marseille (I2M)
and the Laboratoire d’Informatique et Systèmes (LIS) [10].
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3. EXPECTED PROFILE OF THE CANDIDATE
The candidate should have a Master’s degree in an area related to Bioinformatics, Biophysics, Computer
Science or Mathematics with a good background in statistics, data analysis and machine learning . He should be
interested in a project that includes machine learning and human genetics. He should feel confortable with
software programming with a preference for Python and data analysis. He should also have some knowledge of
molecular biology and/or genetics. The expected start of this PhD position is between September and
December 2020 and the funding runs for three years. In addition, Bioinformatics teaching in French to life
science students might by possible if desired by the PhD student.

4. SUPERVISORS’ PROFILE

This PhD project will be co-supervised by Aitor González, Badih Ghattas and Pascal Rihet. Aitor González
(TAGC) is a bionformaticien that uses machine learning to analyze the non-coding regions and variants of the
genome [11; 14]. Pascal Rihet (TAGC) uses quantitative genetics methods and experimental validation to find
genetic markers of complex diseases such as malaria and autoimmunological diseases with an emphasis in gene
regulatory regions [19-21]. Badih Ghattas (I2M) is a mathematicien with expertise in statistical modeling and
prediction using machine and deep learning with a large previous experience of collaboration with biologists
[10; 22].

VISA DU RESPONSABLE DE L’INSTITUT ET DU DIRECTEUR DE LABORATOIRE CONCERN ÉS
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Visa du responsable de l’institut,

Visa du directeur du laboratoire,
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Fait à Marseille,

Fait à Marseille, le
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Signature
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