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Project Goals: The overall goals of our project are to advance our understanding of the 
complex interactions controlling C flow in the rhizosphere by addressing two fundamental 
topics: 1) How multi-trophic interactions control soil C dynamics, and 2) How changing 
precipitation regimes alter these interactions, and thus impact flow and fate of soil C.  

Networks are a vital tool for understanding and modeling the interactions of complex systems in 
science and engineering, and direct and indirect interactions are pervasive in all networks including 
those that occur in rhizosphere soil. However, quantitatively discriminating direct and indirect 
relationships in association networks remains a formidable task. Here, we present iDIRECT 
(Inference of Direct and Indirect Relationship with Effective Copula-based Transitivity), a novel 
statistical approach for inferring direct dependences on association networks. Specifically, we first 
developed new algorithms using Copula-based transitivity, which overcomes several challenging 
mathematical problems inherent in previous network inference approaches, such as singularity or 
ill conditioning, self-looping and outside the natural range of [0, 1] in association data. By 
analyzing simulated data from microbiomes as benchmark examples, an average increase of 11% 
in prediction accuracy were obtained, demonstrating the effectiveness and robustness of iDIRECT. 
Compared to several existing approaches, iDIRECT have great advantages with 24-79% up to 
2600% improvements in inferring direct relationships in terms of network topology, network size, 
accuracy and robustness. iDIRECT outperforms previous state-of-the-art approaches for inferring 
direct relationships. We applied this approach to previously reported bacterial networks that 
evaluate16S bacterial succession data from Avena sp. rhizosphere soil; this analysis shows a 
change in the composition of dominating modules in several complex networks. We also applied 
iDIRECT to real gene expression data from Escherichia coli and yeast to infer gene regulatory 
networks. Our results indicated that iDIRECT consistently improves the prediction by up to 12% 
as compared to the best performing approaches in DREAM5.  The iDIRECT approach is clearly 
applicable to inferring direct relationships in plant root, bacterial, fungal, and mesofaunal 
association networks. 
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