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Filling the gaps in genome scale metabolic networks – an application to Chlamydomonas reinhardtii
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A genome-scale metabolic network model ideally comprises all biochemical reactions occurring within the cells of a particular organism. The knowledge of such a network enables a wide variety of theoretical analyses, such as the determination of optimal flux distributions for biomass synthesis or the production of a specific, potentially exploitable, product, or the prediction of effects resulting from gene knock-outs. Genome-scale models are usually derived through the identification of homologous gene or protein sequences that have previously been characterized in other organisms. Since the decision whether a particular gene in fact codes for a certain enzyme is based on statistical considerations, it is not surprising that many gene functions are either wrongly predicted or not annotated at all. Deriving a consistent and high-quality genome-scale model therefore involves a time-consuming and tedious curation process. We propose a computational strategy allowing for the prediction of minimal sets of missing reactions which are necessary to make the network consistent with common biological knowledge and experimental observations. From common biological knowledge it is evident that every organism must be able to produce important precursor molecules that are required for other processes such as the assembly of macromolecules like DNA or proteins. Additionally, reported nutrient combinations and experimentally measured metabolites imply further synthesis routes which apparently must exist within the organism's metabolism. For the calculation of missing pathways, we embed the draft network into a much larger reference network retrieved from biochemical databases such as KEGG or MetaCyc. From this larger set of reactions we calculate extensions which enable the draft network to fulfill all required synthesis routes. Our algorithm predicts a large number of possible extensions which are subsequently ranked with respect to their likelihood that sequences of genes coding for involved enzymes are indeed present in the genome.
The unicellular green alga Chlamydomonas reinhardtii is an important eukaryotic model organism for the study of photosynthesis and chloroplast development in higher plants as well as flagellar development and has recently attracted substantial interest in the context of biofuels and hydrogen production. We have reconstructed a pathway database for Chlamydomonas reinhardtii (ChlamyCyc), which currently features about 270 pathways with their annotated genes, enzymes, and compounds. ChlamyCyc was assembled based on the recently published genome sequence and MapMan annotations of Chlamydomonas genes using the Pathway Tools software within the BioCyc family of databases. The predicted pathways and reactions were verified using orthology information from fifteen other species.
We use the ChlamyCyc network of Chlamydomonas reinhardtii to demonstrate the functionality of our proposed methodology and can hypothesize functions for a substantial number of so far un-annotated genes.
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