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High-throughput technologies, offering unprecedented wealth of quantitative data 
underlying the makeup of living systems, are changing biology. Notably, the systematic 
mapping of the relationships between biochemical entities has fueled the rapid 
development of network biology, offering a suitable framework to describe disease 
phenotypes and predict potential drug targets. Yet, our ability to develop accurate 
dynamical models remains limited, due in part to the limited knowledge of the kinetic 
parameters underlying these interactions. Here, we explore the degree to which we can 
make reasonably accurate predictions in the absence of the kinetic parameters. We find 
that simple dynamically agnostic models are sufficient to recover the strength and sign of 
the biochemical perturbation patterns observed in 87 biological models for which the 
underlying kinetics is known. Surprisingly, a simple distance-based model achieves 65% 
accuracy. We show that this predictive power is robust to topological and kinetic 
parameters perturbations, and we identify key network properties that can increase up to 
80% the recovery rate of the true perturbation patterns. We validate our approach using 
experimental data on the chemotactic pathway in bacteria, finding that a network model 
of perturbation spreading predicts with ~80% accuracy the directionality of gene 
expression and phenotype changes in knock-out and overproduction experiments. These 
findings show that the steady advances in mapping out the topology of biochemical 
interaction networks opens avenues for accurate perturbation spread modeling, with 
direct implications for medicine and drug development.  



	
Figure 1 A) The biochemical entities in the cell interact to form the subcellular network. The knowledge of the 
connections between these entities is the preliminary step to understand how perturbations propagate in the network. 
On top of the network structure, a refined dynamical picture is obtained when adding the knowledge of edge direction, 
sign, and kinetic parameters. A complete biochemical model is then formed that is best predictive of influence 
propagation. B) Bar plot showing the accuracy of different network models in predicting the influence patterns across 
87 models from BioModels.  Sensitivity matrices of different models are compared to the full biochemical model 
sensitivity matrix using Spearman correlation, and the resulting correlations are averaged over all models (‘d’ directed 
network, ‘s’ signed network, ‘u’ undirected network). Errors bars correspond to standard error. Red dashed line shows 
two standard deviation of the random expectation averaged over all models.  C) Correlation between properties 
(names on the left) and the top network model accuracies across 87 BioModels. Gray area shows the random 
expectation. 

	

	


