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Project Goals: ENIGMA - Ecosystems and Networks Integrated with Genes and Molecular 

Assemblies use a systems biology approach to understand the interaction between 

microbial communities and the ecosystems that they inhabit. To link genetic, ecological, 

and environmental factors to the structure and function of microbial communities, 

ENIGMA integrates and develops laboratory, field, and computational methods. 

Abstract 

Over the last century, leaps in technology for imaging, sampling, detection, high-

throughput sequencing and ‘omics analyses have revolutionized microbial ecology to enable 

rapid acquisition of extensive datasets for microbial communities across ever-increasing 

temporal and spatial scales. The present challenge is capitalizing on our enhanced abilities of 

observation and integrating diverse data types from different scales, resolutions and disciplines 

to reach a causal and mechanistic understanding of how microbial communities transform and 

respond to perturbations in the environment. This type of causal and mechanistic understanding 

will make predictions of microbial community behavior more robust and actionable in 

addressing microbially-mediated global problems. To discern drivers of microbial community 

assembly and function, we recognize the need for coordinated, model-driven experiments that 

integrate the analysis of genomics data, biogeochemical parameters, and ecological and physical 

forces to rates of microbial growth at specific locations. 

To link processes and factors from the gene scale to the ecosystem scale for subsurface 

microbiology, ENIGMA, a U.S. Department of Energy Science Focus Area, seeks to understand 

the biogeochemical and microbial processes in the Oak Ridge Reservation (ORR). To 

accomplish this, we are using a coordinated inter-laboratory framework to link processes and 

factors from the gene scale to the ecosystem scale. ENIGMA coordinates multiple studies at the 

http://enigma.lbl.gov/


field scale, mesocosm scale, and molecular/species level and has major research thrusts aimed at 

field surveys, laboratory and bioreactor studies of isolates, syncoms, enrichments, improved 

isolation methods, genetic tool development, and bioinformatics analyses and tools. We describe 

how these ENIGMA efforts are being utilized to characterize and build a predictive 

understanding of the microbial subsurface communities of ORR and how we are generalizing 

this integrated approach to be applicable to other study systems and environments. 
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