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Motivation and Aim: With the beginning of the 21st century, systems biology, an 

interdisciplinary science that studies complex interactions in living systems, has received 

active development. Systems biology involves a specific cycle of research, consisting of 

theory, analytical or computer modeling to formulate hypotheses about the system, 

experimental testing of the hypotheses, and then using the obtained data to describe 

cellular processes, allowing to improve the computer model or refine the theory. Since 

the ultimate goal is to build a portrait model of interactions in a complex system, 

experimental techniques used in systems biology must be as detailed as possible. For 

this purpose, experimental approaches such as transcriptomics, metabolomics, 

proteomics and other high-throughput omics technologies are used to obtain numerical 

data. Thus, success in the development of high-throughput automated biomedical 

technologies has led to a renaissance in modeling biological systems at the molecular-

cellular level. 

The Virtual Cell project suggests a new approach that can be represented as a pyramid 

(Fig. 1) where each layer contains less information (10 to 10 000 times) than previous 

one. 

 
Fig. 1. The virtual cell as a model to aggregate and replace raw omics data 

 

Finally, as the project goal, the constructed virtual cell model should accurately 

reproduce (replace) the experimental omics data obtained for a given human cell type 

(cell line): 

 gene expression level (transcriptomics); 

 protein quantities (proteomics); 

 concentration of metabolites (metabolomics). 

The developed virtual cell model verified on these omics data will serve as a basis for 

in silico experiments aimed at creating a state-of the-art rational strategy to 

fundamentally understand and improve the target properties of cells. 
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Methods and Algorithms: Architecture of The Virtual Cell shown in Figure 2. The key 

ideas are: 

 agent based approach – main cellular processes (transcription, translation, 

metabolism, etc.) are presented by agents; 

 different agents use different approaches to simulate their dynamics. For 

example, a neutral network is used to predict gene expression level using 

information from the GTRD [1], KnockTF [2] and FANTOM5 [3]. Atlas of 

human metabolism provides a genome-scale model of metabolite fluxes [4]. 

Ordinary differential equations are used to simulate cellular signal transduction 

pathways and energy metabolism [5]. Corresponding new plugin for BioUML 

platform [6] is developed; 

 there are 3 main shared molecule pools: RNAs, proteins and their complexes 

and other small molecules and metabolites. They serve as input and output for 

all agents. Each agent specifies which molecules it accepts as inputs or outputs.  

 iterative development of the model allows incrementally refine the model and 

add new agents; 

 there are a number of the virtual cell builds that correspond different cell types 

(lines) as well as different iterations. 

 

  
Fig. 2. The Virtual Cell architecture. First two iterations are shown 

 

Conclusion: Here we are suggesting a new iterative approach to build a complicated 

computational model that should accurately reproduce (replace) the experimental whole 

genome omics data obtained for a given cell type. The Virtual Cell is an open source 

project available at https://gitlab.sirius-web.org/virtual-cell.  

We look forward to working with other teams to join forces to tackle this challenging 

task. 
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