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Summary:

Transcriptional regulation is driven by transcription factor (TF) binding at cis-regulatory regions (CRR). TFs recognize and bind
specific sequence patterns within the DNA. Multiple TFs can bind a single CRR, and their cooperativity gives rise to the complex
regulation we observe in multicellular organisms. Most TFs show cell-state-specific expressions, and their availability affects their
binding. Dysregulation of this complex system is the cause of many diseases, including cancer. One popular approach to
understanding and predicting the effect of mutations in the non-coding regions is via machine learning models. These models (e.g.,
BPNet [1], AI-TAC [2]) can learn to predict molecular features (e.g., RNA-seq, ATAC-seq, or ChIP-seq signal) associated with certain
genomic regions in specific cellular conditions from the static DNA sequence. It has been shown through model interpretation that
the presence or absence of TF binding sites (TFBS) drives the prediction of these models. However, the validity of the existing and
to-be-developed models and the validity of the interpretations are hard to assess due to the lack of ground truth knowledge or
shared benchmark datasets [3]. The simulation framework we develop aims to support simulation-based development by providing a
tool for assessing any sequence-to-activity model’s behavior in a controlled environment. Collection, Entity, and Topic simulation
(CETsim) takes a hierarchical approach where TFs are assigned to topics that build up entities (e.g., cells) and collections (e.g.,
samples). The binding sites of the TFs are inserted into a sequence background, and based on the relationships and assignments of
the TFs, the activity of each sequence can be calculated. The framework's clear structure and modular design allow for simulating
various hypotheses by the experimenting bioinformatician. The Master student’s role will be to develop and assess a use case for
this simulation framework. We suggest simulating single-cell ATAC datasets and assessing the prediction of deep learning models
such as scBasset [4] and AI-TAC [2]. Other simulations could be investigated based on the student's preference. The Master student
will collaborate closely with the PhD student developing CETsim for daily scientific and computational questions, discussions and
overview. Importantly, our computational group promotes software development best practices and provides support to achieve
them.
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Expected skills:

experience in programming in Python, basic knowledge of gene regulation, basic knowledge of one (or more) experimental
technique(s) to measure molecular phenotypes of gene regulation (e.g., ATAC-seq, RNA-seq, ChIP-seq)

Possibility of funding:

To be discussed

Possible continuity with PhD:

No

Comments:

Possibility to cover housing expenses.



