
1

POSTDOC PROJECT PROPOSALS

Supervised learning of disease-specific models to predict gene regulatory loci

Aitor GONZÁLEZ / TAGC / aitor.gonzalez@univ-amu.fr
Badih GHATTAS / I2M / badih.ghattas@univ-amu.fr
Pascal RIHET / TAGC) / pascal.rihet@univ-amu.fr

Abstract 

Complex diseases are influenced by common variants. Many SNPs fall in non-coding regions and are likely

gene regulatory SNPs (rSNPs). Supervised machine learning models take particular sets of rSNPs or regions

and molecular data such eQTLs, transcription factor binding sites and motifs to predict functional regions

[1]. In the case of rSNPs, most supervised models are trained with rare variants showing large effects and

do not focus on particular diseases or particular non-coding region such as intergenic and intronic [2; 3].

However several international initiatives exist to associate 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 ( http://tagoos.readthedocs.io ). In

the present project, we plan to make the TAGOOS method disease-specific.
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Objectives 

The objective of this Postdoc project is to develop a disease specific-model of common regulatory variants 

for four disease classes, namely cardiovascular, digestive, immune system and nervous system diseases in 

the GWAS catalog. This model will be used to predict new non-coding genomic and SNPs involved in these 

diseases. The resulting predictions will be help uncover shared and specific contributions of the genome to 

these disease classes.
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Proposed approach (experimental / theoretical / computational) 

Disease-specific SNPs will be selected in non-coding regions and expanded with correlated SNPs in linkage 
disequilibrium  (LD)  in  different  human  populations.  The  SNPs  will  be  annotated  with  molecular  data 
relevant to gene regulation such as transcription factor binding sites and motifs. This list of SNPs will be 
pruned to select SNPs in independent LD blocks. Annotation selection and decorrelation strategies will be 
applied to deal with the large number of annotations [4] . The resulting matrix of annotated SNPs will be 
used to train supervised algorithms such as gradient boosting or neural networks. To take into account 
different classes of non-coding regions such as distal intergenic, promoter or intronic regions, supervised or 
unsupervised learning approaches will be developed and compared. The best model will be used to score 
every  position of  the human genome and prioritize  new SNPs involved in  these disease classes.  These 
genome scores will  allow to uncover shared and specific contributions of the genome to  these diseases 
classes.

Interdisciplinarity

The Postdoc candidate should have a Doctoral thesis in an area related to Mathematics, Computer 

Science, Bioinformatics or Population Genetics with interest and experience in machine learning, 

data analysis and human genetics. Aitor González (TAGC) is a bionformaticien that uses machine 

learning to analyze the non-coding regions and variants of the genome. 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 [4; 5] . Pascal Rihet (TAGC 
lab) uses quantitative genetics methods and experimental validation to find genetic markers of 

complex diseases such as malaria [6; 7]. The prospective postdoc candidate will thus benefit from 

the expertise of TAGC and I2M laboratories, which are side by side in the Luminy campus.

Expected profile

The Postdoc candidate should have a Doctoral degree in an area related to Mathematics, Computer 
Science, Biophysics, Bioinformatics or Population Genetics with interest and/or experience in statistics, 
machine learning, data analysis and human genetics. We expect the candidate to have at least one 
publication in a peer-reviewed journal relate to any of these topics. The Postdoc candidate will work under 
the joined supervision of a bioinformatics scientist (Aitor González, TAGC, Marseille, France), a geneticist 
(Pascal Rihet, TAGC, Marseille, France) and an statistician (Badih Ghattas, I2M, Marseille, France).
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