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Beyond the Human Genome ProjectFuture goals and projects based on findings from the HGP
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HGP goalsIdentify all the approximately 30,000 genes in human DNA Determine the sequences of the 3 billion chemical base pairsStore this information in databases Improve tools for data analysis Transfer related technologies to the private sector Address the ethical, legal, and social issues (ELSI) that may arise from the project
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Lessons learned from HGPThe human genome is nearly the same in all people (99.9%)Only 2% of the genome contains genesHumans have an estimated 30,000 genes, half of which are still unknownHalf of all human proteins share similarities with those of other organisms.
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Future PathsHuman Genome Project
 ApplicationScientific Research
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Future applicationsMedicine Customized treatments Accurate diagnosis
 Microbes for the Environment Clean up toxic waste Generate clean energy source
 Bioanthropology Understand human lineage Explore migration patterns
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More ApplicationsAgriculture Make crops and animals more resistant to
 disease, pests, and the environment Grow more nutritious and abundant crops Incorporate vaccines into food product Develop more efficient industrial processes
 DNA Identification Identify kinship or catastrophe victims Exonerate or implicate criminals Identify contaminants in food, water, air Confirm pedigrees of animals, plants, food, etc
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Questions yet to be answered
 How does DNA impact health?What do the genes actually do?What does the rest of the genome do?How does the genome enable life?

Page 8
						

Genomes to LifeNext project for DOEBuilds on data and resources from the Human Genome Project, the Microbial Genome Program, and systems biology Goal is to accelerate understanding of dynamic living systems for energy and environmental applications.Specific uses in energy production, waste cleanup, and climate change mitigation
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Genome to Life sub-goalsIdentify the protein machines that carry out critical life functionsCharacterize the gene regulatory networks that control these machinesExplore the functional repertoire of complex microbial communities in their natural environments to provide a foundation for understanding and using their diverse capabilities to address DOE missions Develop computational capabilities to integrate and understand this data and begin to model complex biological systems.
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Goal 1:Molecular Machines of Life
 Machines of Life are multi-protein complexes that carry out activities needed for metabolic activity, communication, growth, and structureIdentification and characterization will allow for linking proteome dynamics and architecture to cellular and organismic function
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Goal 1:Specific Aims
 Aim 1 – Discover and define the repertoire of cellular protein complexes and machinesAim 2
 Localize protein components within a muliprotein complex, and localize machines within the cell
 Determine the cellular and subcellular localization of protein complexes
 Define physical relationships among complexes Develop high-throughput methods to characterize the protein-
 protein interfaces within and between complexesAim 3 – Correlate information about machines with structural information to determine functionAim 4 – Develop principles, theory, and predictive models of multiprotein complexes
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Goal 1:Computational Needs
 Improve bioinformatics methods to handle massive amounts of protein chip expression dataAdapt and develop databases and analysis tools for integrating experimental data on protein complexesDevelop algorithms for integration of diverse biological databasesDevelop modeling capabilities for simulating multiprotein machines and predicting their behavior
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Goal 2:Gene Regulatory Networks
 GRNs govern which genes are expressed in a cell at any given time, how much product is made from each one, and the cell’s responses to environmental cues.Knowledge of comparative network structure and function is likely to produce insights into fundamental issues such as how complex multicellular organisms (such as humans) only have 2 or 3 times as many genes as a simple worm.
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Goal 2:Specific Aims
 Aim 1 – Develop the capability to comprehensively map regulatory circuitries.Aim 2 -- Verify regulatory circuit architecture and connect network properties with their biological outputs.Aim 3 -- Develop theoretical framework and computational modeling tools to predict dynamic behavior of networksAim 4 – Learn to modify natural networks and design new ones for mission purposes.
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Goal 2:Computation Needs
 Extract regulatory elements using sequence-level comparative genomicsSimulate regulatory networks
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Goal 3:Microbial Communities
 Microorganisms are the largest and most varied group of genetic diversity, but an estimated 99% have not been studiedUnderstanding of the genetic diversity and metabolic capabilities of microbial communities may lead to advances in energy production, remediation, climate control, and biogeochemical cycles.
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Goal 3:Specific Aims
 Aim 1 – Determine whole-genome sequences of dominant uncultured microorganismsAim 2 – Identify the extent and patterns of genetic diversity in microbial communitiesAim 3 – Understand the ecological functions of the uncultured microorganismsAim 4 – Determine cellular and biochemical functions of genes discovered in uncultured community members

Page 18
						

Goal 3:Computation Needs
 Deconvolute mixtures of genomes sampled in the environment and identify individual organismsFacilitate multiple-organism shotgun-sequence assemblyImprove comparative approaches to microbial sequence annotation and gene findingAccomplish pathway reconstruction from genomes and evaluate a population’s combined metabolic capabilitiesIntegrate regulatory-network, pathway, and expression data into integrated models of community function

Page 19
						

Goal 4:Computation
 The Genomes to Life program combines large experimental data sets with advanced data management, analysis, and computational simulations to create predictive models.This requires more efficient modeling tools and new algorithms to utilize available supercomputers.
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Goal 4:Specific Aims
 Aim 1 – Develop methods for high-throughput automated genome assembly and annotationAim 2 – Develop computational tools to support high-throughput experimental measurements of protein-protein interactions and protein-expression profilesAim 3 – Develop predictive models of microbial behaviorAim 4 – Develop and apply advanced molecular and structure modeling methodsAim 5 – Develop the groundwork for large-scale biological computing infrastructure and applications
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Referenceswww.doegenomes.org – DOE’s homepage for all its genome researchwww.doegenomestolife.org - Homepage for the Genomes To Life projectwww.ornl.gov – Homepage of Oak Ridge National Laboratories, the lab responsible for DOE genomic researchwww.nhgri.nih.gov/ - National Human Genome Research Institute. NIH’s version of the project focuses on human health issues
 http://www.doegenomes.org/
 http://www.doegenomestolife.org/
 http://www.ornl.gov/
 http://www.ornl.gov/
 http://www.nhgri.nih.gov/
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