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With recent advancements in biomedical research, we have reached a turning point where system-level 

characterization of biological systems has transitioned from being merely desirable to becoming standard 

practice. In cancer research, tumor profiling is now increasingly conducted alongside microenvironment 

analysis for a more comprehensive understanding of the system as a whole. Reducing the level of 

complexity to individual cellular phenotypes, omics profiling, which assesses the abundances of cellular 

components such as proteins and transcripts, has proven invaluable for characterizing key functions within 

biological systems. However, due to the complex nature of these systems, analyzing a single omics profile 

often falls short of capturing the most important molecular traits and interactions1-3. The latest 

breakthroughs in sequencing technologies have made it possible to measure multiple molecular components 

simultaneously, allowing cells to be viewed as dynamic systems composed of interacting omics layers.  

Measuring multiple omics profiles for the same cellular phenotypic state generates an abundance of 

complementary and unique information about key features and signaling pathways that govern molecular 

functions, driving the need for various computational tools to integrate multi-omics datasets4. During the 

lecture, we will explore some of these tools that employ either data-driven approaches, relying solely on 

measured data to infer relationships, or knowledge-based tools, leveraging previously validated interactions 

to enhance biological interpretability5.  While data-driven methods can be applied to almost any omics 

dataset and rely entirely on mathematical frameworks, knowledge-based integrative approaches leverage 

the continuous expansion of mapped biological interactions, enabling greater interpretability by relying on 

existing knowledge rather than inferred relationships. However, current knowledge-based multi-omics 

platforms often employ inference frameworks that are not specifically tailored for biological applications 

and impose limitations on both the number of datasets that can be integrated and the selection of underlying 

interaction databases. 

Additionally, I will introduce during the talk NOODAI6, a software platform developed to integrate the 

outcomes of distinct omics analyses into a joint framework by merging the differentially expressed elements 

obtained from each omics profile into protein-protein interaction networks that are analysed collectively. 

The user-friendly webtool allows for the identification of the most important proteins within the joint 

integrative network by considering a wide range of network centrality metrics. Besides identifying top 

central proteins, network neighbourhoods are obtained using the MONET7 tool dependency. The identified 

clusters are associated with specific signalling pathways that collectively characterize the samples under 

study, considering simultaneously all input omics profiles. As one of the few tools that allow researchers to 

jointly analyse and interpret different omics profiles, NOODAI facilitates the identification of robust 

molecular traits of the systems under study. 
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