Integrative Bioinformatic Tools
for GRN Reconstruction GonomiX
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State of the art Primary Questions

Gene regulatory networks (GRNs) are essential for understanding gene * How to reconstruct GRNs from Omics-data of multiple model-species?
expression regulation. Bioinformatics methods, including machine learning s S
(e.g., SpaCeNet, Ensemble-GNN) and multi-omics integration (e.g., ATAC- Methods and GRN information are mainly available for model

seq, RNA-seq), have enhanced GRN reconstruction. Predicting species (Mus musculus, Drosophila, Arabidopsis)
transcription factor binding sites and leveraging databases (e.g., Transfer to non-model species is essential and facilitated by
Reactome, ENCODE) further improve accuracy. databases like OrthoDB and ENCODE
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— | Refinement of GRN models through cross-species comparisons -

Figure 1: Regulatory Element prediction from DNA Structure Figure 2: WNT Signaling in breast cancer identify conse rved 3 nd d ive rge nt regulato ry mecha nisms
Combing Structure information can make prediction much Prior knowledge from literature, other informatioD

vore accurate (Sahrhage et al. 2024). still crucial (Bayerlova et al 2015)

\_ Application and extension of GRN tools to GonomiX data )

/ Workpl an C) Refining and Applying Cross-Species Network Reconstruction \

Methods using GonomiX Data

A) Developing and Validating Bioinformatics Methods for GRN- * Analyze multi-species RNA-seq, ATAC-seq, and single-cell data to

Reconstruction and Cross Species Analysis of WNT Signaling Modules improve models.

+ Developing and testing bioinformatic  Famm mom — * Use evolutionary insights and experimental validation to refine models

tools using publicly available datasets P L P iteratively.
Enhancing WNT modules with 2. Feature Extraction Feature matrix
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Constructing ML models to predict 4. Hyperparameter tuning
. Optimize XGBoost Learning rate
gene expression based on DNA parameters A_

sequence and ATAC-seq data 3. Gene expression prediction Binan ] cxorecsion Sxoreasior
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consortium (e.g. Tribolium, Bucher lab) Figure 3: Example workflow for predicting gene | 5

expression data, from promoter structure
Information (Paul et al. submitted) Figure 4: Principle of reconstructing Figure 5: Example Workflow for GRN reconstruction

B) Network reconstruction based on challenged networks GRNs based on correlation. using GGMs (Schrod et al, 2024)
Use of probabilistic GRN reconstruction models for Graphical Gaussian

Models

» GRN reconstruction will use probabilistic methods (e.g., Schrod et al., D) Model development and Tools

2024a) to build GGMs, addressing co-expression limits in identifying * Developing an Integrated Cross-Species Wnt GRN Model
interaction direction. * Develop advanced bioinformatics tools for GRN reconstruction using

RNAi knock-down data (collaboration Bucher lab) will capture dynamic RNA-seq, ATAC-seq, and single-cell sequencing data
K responses, enhancing insights into regulatory interactions. /
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Synergy and collaborations Technical innovation

» Collaborative Project 1: Wnt signaling in anterior development * Development of sophisticated bioinformatics tools for

Comparision of direct WNT target genes and GRNs across species through coordinated GRN reconstruction
RNA-seq and ATAC-seq time course experiments * Integration of predictions of regulatory elements and

facilitate cross-species GRN comparisons

* Collaborative Project 2: Reconstructing evolving GRNs _ _
* enhance study of WNT signaling pathways

Analyzing diverse omics data generated across all particular projects (RNA-seq, ATAC-seq,
chromatin structure, single-cell RNA-seq). Reconstructing evolving gene regulatory
networks by focusing on coordinated data gathering the anterior gene regulatory network

In various species. Moreover: S peCifi C q u al ifi Cati on
* Collaborative Project 3: Novel bioinformatics and genetic tools
Development of tools for bioinformatic analyses across clades; Enhancment of cross-

\ species comparision methods (in Collaboration with Project Partner 9)

* Bioinformatics; Machine Learning; High-Throughput
Omics Data Analysis; Systems Biology; Programming of

/ _ Tools and Workflows. y
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