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Charles Lecellier

Montpellier Computational Regulatory Genomics group (ML4REGGEN)

April 3, 2025

LIRMM/IGMM/IMAG Symposium IA, Omiques, Maladies Rares April 3, 2025 0 / 9



Context & Case study Methods Results Conclusions

Learning the cis-regulatory code

What are the sequence features underlying the
transcriptional activity of cis-regulatory elements (CREs)
during dynamic processes like differentiation?

→ Relative impact of

• TF binding motifs (TFBMs)

• k-mer content and low complexity
DNA? [Horton et al., 2023]

LIRMM/IGMM/IMAG Symposium IA, Omiques, Maladies Rares April 3, 2025 1 / 9



Context & Case study Methods Results Conclusions

Case study: single cell dataset of neuronal differentiation

5’ end scRNA-Seq data &
snATAC-Seq data
Data from Wallace Yip’s lab: Kayoko
Yasuzawa, Tsukasa Kouno, Jen-Chien Chang,
Chung-Chau Hon, Jay W. Shin

N = 10912 differentially expressed CREs along
differentiation
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Learning the cis-regulatory grammar

How can we associate CRE sequence features to coordinated
activity profiles?
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Supervised learning To Inform Clustering (STOIC)

Co-expression clusters are learned to maximize the AUC of a model
using sequence features to predict cluster expression membership
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Diverse activity profiles are identified by STOIC
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Context & Case study Methods Results Conclusions

Important features supported by CHIP-Seq and functional databases
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Wilcoxon, p = 0.0013
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Important TFs are enriched in neurodevelopmental disorders
related genes. Source: sysNDD database
https://sysndd.dbmr.unibe.ch, a curated database of
gene disease relationships in neurodevelopmental disorders.
Analysis in collab. with Kevin Yauy
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Homogeneous epigenetic marks within inferred clusters
Stoic clusters are very often either enhancer-rich or promoter-rich
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Annotations derived from chromHMM
applied to matched CUT&Tag data from
Wallace Yip’s lab
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Perspectives

• STOIC’s features are an interesting basis to investigate the
cis-regulatory code (interplay between kmers and TFBMs)
underlying coordinated coordinated regulatory processes

• Cross compare STOIC’s features with patients SNPs to help
diagnose
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