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The Computational Biology Core Group in the Technology Division of the Joint BioEnergy Institute (JBEI) is 

responsible for data integration and comparative, evolutionary, and functional genomic analysis for the purpose 

of engineering microbes for biofuel production. Leveraging the VIMSS MicrobesOnline web resource 

(http://www.microbesonline.org) for comparative and evolutionary genomics and analysis of microarray, 

proteomic, and metabolomic data sets, we are extending the supported microorganisms to include 

bioenergy-relevant fungi and algae as well as integrating capabilities to allow for pursuit of questions specific 

to bioenergy challenges.  

Computational analysis and biological engineering requires an understanding of the biology at several scales. 

The efforts of the Computational Biology Core are therefore geared towards creating tools to facilitate our 

research at the level of components, systems, cells, and communities. For example, biological degradation of 

plant cells walls is accomplished by enzymes containing multiple domains that in combination confer 

specificity and activity. We are studying the combinations nature has employed to allow for making our own 

combinations. At the atomic scale, we are computationally designing the structures of proteins for increased 

stability under industrial conditions. At the system level, we are working to discover metabolic pathways for 

biofuel production as well as the genetic factors involved in tolerance to harsh biomass pretreatment conditions 

and resistance to biofuel toxicity. To aid efforts in synthetic pathway engineering, we are building a framework 

for analyzing functional data in a metabolic network context. At the cellular level, we are using evolutionary 

studies with phenotype data and genetic analysis to engineer cell lines that are better suited to industrial 

conditions or have superior yields of the desired biofuel. Finally, at the community level, discovery of genes 

from environmental samples will expand the repertoire of enzymes we can engineer for biomass degradation 

under varying conditions. Our approach is to analyze the environmental genomic data in a phylogenetic context 

to allow for a higher-resolution annotation of the role of each enzyme, as well as to obtain an evolutionary 

picture of the key functional genes and organisms in each ecosystem.  
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