Representation and Querying of Biological Pathways as Graphs
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As high-throughput biology generates large volumes of data about the "parts list" of living organisms, there is a growing need for robust, efficient systems to represent and manage such structures as metabolic and signaling pathways, gene regulatory networks, and protein interaction networks.  Pathway data frequently is best represented as graphs, and researchers need to navigate and manipulate this data in ways not well supported by standard database tools.  

We present a prototype from IBM Research to extend DB2, IBM’s RDBMS, with graph objects and operations to support systems biology.  Graph operations are executed as function calls from within SQL queries.  In a federated database environment, graph operations may be applied to data stored in any format (remote or local, relational or non-relational).  Supported operations include neighborhood queries, shortest path queries, spanning trees, graph transposition, and subgraph isomorphism.    

Real-world examples demonstrate the usefulness of this approach:  “To disrupt the activity of disease-related protein A, find all proteins upstream of A within a path length k, considering only a certain type of interaction, whose weights/confidence values exceed a certain threshold.”  “Predict pathways in Halobacterium based on phylogenetic fingerprinting, domain fusion, genome co-location, and/or protein-protein interactions between orthologous proteins in yeast, E. coli, etc.”  

