
Project Report: Delivery of Organic Materials to Planets

Introduction

• Letter from the Director
• Table of Contents
• Feedback
• Map of Team Locations

Lead Team Reports

• Introduction
• Ames Research Center

♦ Executive Summary
♦ Project Reports

◊ Habitable Planets
◊ Biogeochemistry of Earth?s Greenhouse Leading to the Rise of Oxygen
◊ Early Microbial Ecosystems
◊ Rapid Rates of Change
◊ Chemical Building Blocks
◊ Early Metabolic Pathways
◊ Ecosystem to Biosphere Modeling
◊ Life Beyond The Planet Of Origin
◊ The Effect of Reducing Gravity on Caenorhabditis elegans
◊ Linking Research in Earth Science and Astrobiology: Surface Hydrology and

Microbial Ecology for Global Semi−Arid Ecosystems
♦ Postdoctoral Fellows
♦ EPO
♦ Publications
♦ Team Members

• Arizona State University
♦ Executive Summary
♦ Project Reports

◊ Module 1A
◊ Organic Synthesis at High Temperatures
◊ Microbial Fossilization Processes in Extreme Environments
◊ Submicroscopic Studies of Microfossils and Fossilization Processes in

Ancient Cherts
◊ Environmental Evolution of the Archean Earth
◊ Nanoscale Minerals as Biomarkers
◊ Evolution in Microbe−Based Ecosystems: Desert Springs as Analogues for

the Early Development and Stabilization of Ecological Systems
◊ Exploring Mars for Past or Present Life
◊ Module 5B ?Exploring the Living Universe; Origin, Evolution and Distribution

of Life in the Solar System?

1

year4.cfm?PageAction=1&Section=1&Page=20
year4.cfm?PageAction=1&Section=1&Page=20
year4.cfm?PageAction=17&Section=1&Page=93
year4.cfm?PageAction=18&Section=1&Page=94
year4.cfm?PageAction=3&Section=1&Page=22
year4.cfm?PageAction=4&Section=2&Page=37
year4.cfm?PageAction=4&Section=2&Page=37
year4.cfm?PageAction=5&Section=2&Page=38
year4.cfm?PageAction=5&Section=2&Page=38
year4.cfm?PageAction=5&Section=10&Page=38
year4.cfm?PageAction=5&Section=11&Page=38&Proj=1
year4.cfm?PageAction=5&Section=11&Page=38&Proj=19
year4.cfm?PageAction=5&Section=11&Page=38&Proj=19
year4.cfm?PageAction=5&Section=11&Page=38&Proj=26
year4.cfm?PageAction=5&Section=11&Page=38&Proj=25
year4.cfm?PageAction=5&Section=11&Page=38&Proj=110
year4.cfm?PageAction=5&Section=11&Page=38&Proj=111
year4.cfm?PageAction=5&Section=11&Page=38&Proj=112
year4.cfm?PageAction=5&Section=11&Page=38&Proj=113
year4.cfm?PageAction=5&Section=11&Page=38&Proj=114
year4.cfm?PageAction=5&Section=11&Page=38&Proj=178
year4.cfm?PageAction=5&Section=11&Page=38&Proj=178
year4.cfm?PageAction=5&Section=6&Page=38
year4.cfm?PageAction=5&Section=5&Page=38
year4.cfm?PageAction=5&Section=7&Page=38
year4.cfm?PageAction=5&Section=12&Page=38
year4.cfm?PageAction=5&Section=2&Page=39
year4.cfm?PageAction=5&Section=10&Page=39
year4.cfm?PageAction=5&Section=11&Page=39&Proj=130
year4.cfm?PageAction=5&Section=11&Page=39&Proj=131
year4.cfm?PageAction=5&Section=11&Page=39&Proj=135
year4.cfm?PageAction=5&Section=11&Page=39&Proj=136
year4.cfm?PageAction=5&Section=11&Page=39&Proj=136
year4.cfm?PageAction=5&Section=11&Page=39&Proj=137
year4.cfm?PageAction=5&Section=11&Page=39&Proj=138
year4.cfm?PageAction=5&Section=11&Page=39&Proj=139
year4.cfm?PageAction=5&Section=11&Page=39&Proj=139
year4.cfm?PageAction=5&Section=11&Page=39&Proj=140
year4.cfm?PageAction=5&Section=11&Page=39&Proj=141
year4.cfm?PageAction=5&Section=11&Page=39&Proj=141
year4.cfm?PageAction=5&Section=11&Page=39&Proj=141
year4.cfm?PageAction=5&Section=11&Page=39&Proj=141
year4.cfm?PageAction=5&Section=11&Page=39&Proj=141


◊ Impacts and the Origin, Distribution, and Evolution of Life
◊ Origin and Early Evolution of Photosynthesis
◊ Chasing Water on Mars: A Geochemical Approach Utilizing Martian

Meteorites
♦ Postdoctoral Fellows
♦ EPO
♦ Publications
♦ Team Members

• Carnegie Institution of Washington
♦ Executive Summary
♦ Project Reports

◊ Studies of Organic Matter and Water in Meteorites
◊ Hydrothermal Organic Synthesis
◊ Theoretical Studies of Hydrothermal Synthesis Reactions
◊ Studies in Planetary Formation and Evolution
◊ A New Molecular Recognition Instrument for Astrobiological Applications
◊ Biological Studies of Hydrothermal Systems
◊ Isotopic and Molecular Tracers of Life

♦ Postdoctoral Fellows
♦ EPO
♦ Publications
♦ Team Members

• Harvard University
♦ Executive Summary
♦ Project Reports

◊ The Planetary Context of Biological Evolution: The Proterozoic Oxidiation of
the Earth's Surface

◊ The Planetary Context of Biological Evolution: Neoproterozoic−Cambrian
Environmental Change and Evolution
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◊ The use of living plants and fossil chemistry to study the morphological

patterns and developmental processes of land plant evolution
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◊ Impact Frustration and Subsequent Generation of Biologically Tenable
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◊ Relationship of Genetic Changes to Phenotypic Changes in Organism −−

Environment Interactions
◊ Evolution of Early Genes and Proteins
◊ Hyperthermophiles of the Hydrothermal Vent Subsurface and Their

Environmental Tolerance
◊ Physiological Regulation of Cytosolic pH in a Eukaryotic Acidophile
◊ Microbial Symbionts : Agents for Reorganizing Genome Architectures

♦ Postdoctoral Fellows
♦ EPO
♦ Publications
♦ Team Members
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♦ Executive Summary
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◊ Microbe−Mineral Interactions
◊ GEOPULSE (Gene Expression of Observations for Planetary Life Study)
◊ Timescale for the Evolution of Life on Earth: Molecular Evolutionary

Approach, M. Nei
◊ Timescale for the Evolution of Life on Earth: Molecular Evolutionary

Approach, B. Hedges
◊ Evolution of Atmospheric O2, Climate, and Biosphere − Lee Kump
◊ Evolution of Atmospheric O2, Climate, and Biosphere − James F. Kasting
◊ Evolution of atmospheric O2, climate, and biosphere − Katherine H. Freeman
◊ Evolution of Atmospheric O2, Climate, and Biosphere − Hiroshi Ohmoto
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◊ Evolution of Atmospheric O2, Climate, and Biosphere − Brian W. Stewart
◊ Causes and Consequences of the Diversification and Extinction of
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♦ Team Members
• Scripps Research Institute

♦ Executive Summary
♦ Project Reports

◊ Ellington − Self−Reproducing Molecular Systems and Darwinian Chemistry
◊ Switzer − Self−Reproducing Molecular Systems and Darwinian Chemistry
◊ Ghadiri − Self−Reproducing Molecular Systems and Darwinian Chemistry
◊ Benner − Self−Reproducing Molecular Systems and Darwinian Chemistry
◊ Rebek − Self−Reproducing Molecular Systems and Darwinian Chemistry
◊ Using Functional Genomics to Infer the Biology and Chemistry of the Last

Common Ancestor
♦ Postdoctoral Fellows
♦ EPO
♦ Publications
♦ Team Members

• University of California, Los Angeles
♦ Executive Summary
♦ Project Reports

◊ Geobiology and Geochemistry of Early Earth and Mars
◊ Extra−Solar Planetary Systems
◊ Evolution of Earth?s Early Life
◊ Celestial Influences on Planetary Environments
◊ Exploration for Life in the Solar System
◊ Genomic Evolution and the Tree of Life

♦ Postdoctoral Fellows
♦ EPO
♦ Publications
♦ Team Members

• University of Colorado, Boulder
♦ Executive Summary
♦ Project Reports

◊ The Formation of Planets Around Young Stars
◊ Lateral Gene Transfer and Parallel Evolution in the History of Glutathione

Biosynthesis Genes
◊ Resources to Support Life on Other Planets
◊ Molecular Analysis of Microbial Ecosystems in Extreme Enviornments
◊ Properties of the Ribocyte (RNA cell)
◊ Philosophical Issues in Astrobiology
◊ Symbiosis and the Origin of Multicellularity in Photosynthetic Organisms
◊ Biogeochemistry of the Early Earth
◊ Habitability of Planetary Bodies
◊ Organic and Sulfur Hazes in the Archean Atmosphere
◊ Diversity and Function of the Sulfur−Cycling Community in Hypersaline

Microbial Mats
◊ Identification and Study of Hydrothermal Systems on Mars Through Remote

Sensing
♦ Postdoctoral Fellows
♦ EPO
♦ Publications
♦ Team Members

• University of Rhode Island

5

year4.cfm?PageAction=5&Section=12&Page=47
year4.cfm?PageAction=5&Section=2&Page=48
year4.cfm?PageAction=5&Section=10&Page=48
year4.cfm?PageAction=5&Section=11&Page=48&Proj=57
year4.cfm?PageAction=5&Section=11&Page=48&Proj=59
year4.cfm?PageAction=5&Section=11&Page=48&Proj=39
year4.cfm?PageAction=5&Section=11&Page=48&Proj=56
year4.cfm?PageAction=5&Section=11&Page=48&Proj=58
year4.cfm?PageAction=5&Section=11&Page=48&Proj=60
year4.cfm?PageAction=5&Section=11&Page=48&Proj=60
year4.cfm?PageAction=5&Section=6&Page=48
year4.cfm?PageAction=5&Section=5&Page=48
year4.cfm?PageAction=5&Section=7&Page=48
year4.cfm?PageAction=5&Section=12&Page=48
year4.cfm?PageAction=5&Section=2&Page=49
year4.cfm?PageAction=5&Section=10&Page=49
year4.cfm?PageAction=5&Section=11&Page=49&Proj=28
year4.cfm?PageAction=5&Section=11&Page=49&Proj=38
year4.cfm?PageAction=5&Section=11&Page=49&Proj=40
year4.cfm?PageAction=5&Section=11&Page=49&Proj=40
year4.cfm?PageAction=5&Section=11&Page=49&Proj=42
year4.cfm?PageAction=5&Section=11&Page=49&Proj=55
year4.cfm?PageAction=5&Section=11&Page=49&Proj=41
year4.cfm?PageAction=5&Section=6&Page=49
year4.cfm?PageAction=5&Section=5&Page=49
year4.cfm?PageAction=5&Section=7&Page=49
year4.cfm?PageAction=5&Section=12&Page=49
year4.cfm?PageAction=5&Section=2&Page=50
year4.cfm?PageAction=5&Section=10&Page=50
year4.cfm?PageAction=5&Section=11&Page=50&Proj=43
year4.cfm?PageAction=5&Section=11&Page=50&Proj=45
year4.cfm?PageAction=5&Section=11&Page=50&Proj=45
year4.cfm?PageAction=5&Section=11&Page=50&Proj=47
year4.cfm?PageAction=5&Section=11&Page=50&Proj=49
year4.cfm?PageAction=5&Section=11&Page=50&Proj=51
year4.cfm?PageAction=5&Section=11&Page=50&Proj=44
year4.cfm?PageAction=5&Section=11&Page=50&Proj=46
year4.cfm?PageAction=5&Section=11&Page=50&Proj=48
year4.cfm?PageAction=5&Section=11&Page=50&Proj=50
year4.cfm?PageAction=5&Section=11&Page=50&Proj=52
year4.cfm?PageAction=5&Section=11&Page=50&Proj=54
year4.cfm?PageAction=5&Section=11&Page=50&Proj=54
year4.cfm?PageAction=5&Section=11&Page=50&Proj=175
year4.cfm?PageAction=5&Section=11&Page=50&Proj=175
year4.cfm?PageAction=5&Section=6&Page=50
year4.cfm?PageAction=5&Section=5&Page=50
year4.cfm?PageAction=5&Section=7&Page=50
year4.cfm?PageAction=5&Section=12&Page=50


♦ Executive Summary
♦ Project Reports

◊ Subsurface Biospheres
♦ Postdoctoral Fellows
♦ EPO
♦ Publications
♦ Team Members

• University of Washington
♦ Executive Summary
♦ Project Reports

◊ Building a Habitable Planet: The Geological Record
◊ First−Stage Biofilm Formation Under Extreme Conditions in Ice
◊ Sub−seafloor Hydrothermal Vent Microbial Communities
◊ Organic Chemical Evolution from the Solar Nebula to the Earth
◊ Evolution of Biocomplexity from an Ancient Autotrophic Lineage
◊ Connection Between Orbit, Climate and Surface Modification Processes on

Mars
◊ Galactic Chemical Evolution and Extrasolar Planets
◊ Causes of Mass Extinction: Isotopic and Paleontological Constraints
◊ Plate Tectonics on the Terrestrial Planets
◊ Giant Impacts in Earth?s Early History: Reseeding the Planet and the Search

for Earth Rocks on the Moon
◊ Delivery of Organic Materials to Earth and Earth−Like Planets
◊ Microbial Mat Communities
◊ Origin of the Eukaryotic Cell: Implications from Bacterial Tubulin in the

Division Verrucomicrobia
◊ Dynamics of Comets, Asteroids, and Planets
◊ Delivery of Organic Materials to Planets

♦ Postdoctoral Fellows
♦ EPO
♦ Publications
♦ Team Members

Focus Groups

• Astromaterials
• Ecogenomics
• Europa
• Evogenomics
• Mars
• Mission to Early Earth
• Titan

International Partners

• Australian Centre for Astrobiology
• Centro de Astrobiologia (CAB)
• European Exo/Astrobiology Network Association, EANA
• Groupement de Recherche en Exobiologie
• United Kingdom Astrobiology Forum and Network
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Education & Public Outreach

• NAI Central
• Ames Research Center
• Arizona State University
• Carnegie Institution of Washington
• Harvard University
• Jet Propulsion Laboratory
• Jet Propulsion Laboratory 2
• Johnson Space Center
• Marine Biological Laboratory
• Michigan State University
• Pennsylvania State University
• Scripps Research Institute
• University of California, Los Angeles
• University of Colorado, Boulder
• University of Rhode Island
• University of Washington

Virtual Institute

NAI/NRC Fellows

• Ames Research Center
• Arizona State University
• Carnegie Institution of Washington
• Harvard University
• Jet Propulsion Laboratory
• Jet Propulsion Laboratory 2
• Johnson Space Center
• Marine Biological Laboratory
• Michigan State University
• Pennsylvania State University
• Scripps Research Institute
• University of California, Los Angeles
• University of Colorado, Boulder
• University of Rhode Island
• University of Washington

Publications

• Ames Research Center
• Arizona State University
• Carnegie Institution of Washington
• Harvard University
• Jet Propulsion Laboratory
• Jet Propulsion Laboratory 2
• Johnson Space Center
• Marine Biological Laboratory
• Michigan State University
• Pennsylvania State University
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• Scripps Research Institute
• University of California, Los Angeles
• University of Colorado, Boulder
• University of Rhode Island
• University of Washington

Appendix

Search
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