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Baruch S.
Blumberg

The NASA Astrobiology Institute (NAI) was established to encourage and fund
astrobiological research in basic science and to support the space-venturing mis-
sions of NASA. Humans have a long-term interest — probably pre-dating written
history — in the questions, "Are we alone in the Universe? Is life a unique event
that occurred only on our own Earth, or do we exist in a life-rich Cosmos?" These,
coupled with the other fundamental questions, "How did life begin?" and "What
is the future of life in the Universe?" encompass the subject matter of astrobiolo-
gy. In the last half-decade, technological developments and the promise of
research-focused space flight have allowed, and will continue to support, a sci-
entific approach to these questions to parallel their investigation by other means.

By 1996 interest in astrobiology was fueled by several exciting scientific revela-
tions, including: 1) Images of Europa returned by the Galileo spacecraft indicat-
ing the possibility of liquid water under its cracked, icy surface; 2) Detection, in
a meteorite from Mars (ALH 84001) of material that could be of biological origin;
and 3) The discovery of new planets around extrasolar stars. In September of
that year, the First Astrobiology Workshop was convened at NASA Ames
Research Center (ARC) at Moffett Field, CA to take an initial step toward the def-
inition of astrobiology. In March 1997 ARC was designated as the Lead Center for
Astrobiology and, in the same year, NASA formalized plans to establish the
NASA Astrobiology Institute. On October 31, 1997 a Cooperative Agreement
Notice (CAN), that is, a request for research proposals, was issued. More than
fifty US research institutions responded, including universities, nonprofit
research centers, NASA Centers, and other government agencies. The proposed
projects were investigator-initiated basic science, constrained only by the wide
scope of astrobiology itself. A requirement for submission was the representa-
tion of two or more academic disciplines within the proposing team. From its
outset, therefore, NAI basic research was interdisciplinary. Other attributes
required in the proposals were a strong education and public outreach program,
as well as significant financial and other contributions from the participating
institutions.

In July of 1998 eleven teams were chosen for five years of funding, initiating a
core group for NAI research. Also in July, several hundred scientists from the
general scientific and astrobiology community were invited to the Astrobiology
Roadmap Workshop held at ARC. As a product of this workshop, the science
community identified ten science goals, seventeen objectives, and four princi-
ples integral to the operation of the astrobiology research program. A definition
for astrobiology was agreed on: "The study of the origins, evolution, distribution,
and future of life on Earth and in the Universe.” G. Scott Hubbard was appoint-
ed Interim Manager in August, and, in November, all individual members of the
NAI were invited to the First NAI General Meeting. In May 1999 | was appointed
the Institute’s first Director by Harry McDonald (Director of ARC), Daniel Goldin
(the Administrator of NASA), and Edward Weiler (Associate Administrator for
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Space Science). The office of the NAI Director and his staff — termed NAI Central -
was established at ARC. A formal association with the NAI’s first international part-
ner, the Centro de Astrobiologia in Torrejon de Ardoz, Spain, soon recognized the
international reach of astrobiology research.

Excellence in multidisciplinary basic and applied research is the first priority of the
Institute. NAI was established as an interdisciplinary activity, with the various dis-
ciplines traditionally using somewhat different styles of the scientific process. The
historical sciences — for example, astronomy, geology, and paleontology - are par-
ticularly strong on the inductive observation of events and processes that have
already happened, while chemical and biological sciences rely to a significant
extent on the experimental testing of hypotheses. In the inductive phase of
research, data are collected first, and then from this information hypotheses are
formulated. In the deductive phase, the hypothesis is formulated first, then data
are collected to test it. These processes go on sequentially or in parallel, often in
a seamless progression, usually yielding complex and interacting data sets.
Astrobiology is a fascinating amalgam of these approaches.

Considering the basic science goals of astrobiology, and the need to apply them
to the needs of NASA missions, the science of the NAI Lead Teams is unlikely to
progress in direct accordance with the original research proposals, or be limited
by the Astrobiology Roadmap as written in 1998. This flexible approach allows for
the development of new ideas over the period of the five-year Cooperative
Agreements. The NAI Principal Investigators, (that is, the scientist in each Lead
Team responsible for the coordination of the overall research program) comprise
the NAI Executive Council (EC). Regular communication with the Director and the
staff of NAI Central is maintained by monthly video conferences, frequent face-to-
face meetings of the EC, and at biennial meetings of all the individual members of
the NAI. An additional meeting, the Astrobiology Science Conference, is jointly
sponsored by ARC and NAI for all members of the astrobiology community. Held
in alternate years, the first of these took place at Ames Research Center in April
2000, and the next will be in April 2002.

A second Cooperative Agreement Notice was announced in June of 2000, and four
additional Lead Teams were selected from among 28 competitive proposals.
Affiliate relationships have also been established with three international partners
in addition to the Centro de Astrobiologia in Spain: the United Kingdom, Australia,
and France. Discussions are in place with several other potential international
partners. These arrangements with other astrobiology organizations have result-
ed in many collaborative projects with the NAI, and others are planned.

From its beginning, NASA has been goal directed and dependent on the success-
ful completion of ambitious space missions. Even a few decades ago these mis-
sions would have been considered miraculous. The mission to the Moon was
generated, in part, by competition with the former Soviet Union to demonstrate
technical and scientific excellence. The goal was evident and could be seen on
most clear nights - to achieve it required outstanding technical and engineering
skills. This can be said for many of the subsequent planetary and outer space mis-



Letter from the Director

sions of NASA and other space agencies. Instruments for scientific discovery are
in place at this moment, and many more will be in the future. Basic scientific
research, with a major emphasis on astrobiology, is becoming more and more
prominent in space programs. A primary mission of NAI, and astrobiology in gen-
eral, is to help develop the basic science required for these missions. As the rap-
idly maturing field of astrobiology evolves, this new discipline will have increas-
ingly significant influence on the development of future NASA space missions.

Over the three years of its existence, certain features of the NAI have emerged. The
funds are considered as Cooperative Agreements and not contracts. The individual
scientists direct the research they will conduct within the broad limits set by NASA
mission requirements. We do not expect that they will adhere precisely to the orig-
inal proposal since it is the nature of basic science that new data and ideas emerge
as the research progresses. The Implementation Plan for NAI vests authority for
leadership and management in the Director who, in turn, is responsible to the
Director of ARC and to the appropriate officials at NASA Headquarters. However,
the Executive Council in its advisory capacity has a major role, not only in the direc-
tion of the science, but in the management of the Institute as well. Responsibilities
of NAI Central include assisting the EC in these roles and the individual scientists in
their research. The NAI Central staff makes every effort to respond to the needs of
the scientists by providing easy access by mail, telephone, video, and in-person
meetings. Although NAI can only fund a limited number of Lead Teams, many of
the programs supported by the Institute are open to the general scientific commu-
nity, and scientific collaboration outside of the NAI is encouraged. We believe that
this new field of astrobiology will continue to flourish and, as it does, we are com-
mitted to the inclusion of students and scientists at Minority Institutions in both our
educational and research programs.

International collaboration is central to our effort; no single nation can accomplish
the goals of this large and growing field. The intellectual and financial resources of
many nations will be needed to realize the program effectively. Although research
is our major activity, we at the NAI have the responsibility to train and motivate the
young-scientists-to-be who will complete the long-term research that is character-
istic of this field. We must also inform the public and convey to them the excite-
ment and relevance of this field. We believe that we also have a role, along with
the rest of the scientific community, in establishing the field of astrobiology as a
rigorous, broad, exciting, and effective scientific enterprise.

| am pleased to submit to you the Third Annual Report (2000-2001). These Lead
Team and Focus Groups reports detail the scientific and educational progress of
Institute-sponsored projects and highlight milestones in the maturation of the NAI
as a collaborative global community.

Sincerely,

__."::Ei'.-tu.nrﬁ -:fl .r'ﬁ.m'_i'.fj



NAI Annual Report

Year 3

Introduction

Research, Education, and Collaboration

The NASA Astrobiology Institute is NASA's investment in supporting the emer-
gent field of astrobiology by encouraging broad interdisciplinary research, pro-
viding infrastructure resources to the community, and developing information
exchange conduits to influence mission planning and technology directions. The
NAI was conceived as a hew approach to funding and managing science; the NAI
awards financial support for 5 year periods to research teams selected through a
rigorous peer-review process. Selected Teams become participants in the “virtu-
al” or distributed Institute. The NAI’'s Director provides advocacy and leadership
to the Institute, and through the staff at NAI Central (located at NASA Ames
Research Center) directs the distribution of research support and assures the
Institute’s continuity, effective operations, and professional and public communi-
cations. The NAI’s science activities are conducted in the distributed laboratories
and field sites of the 700 Members (residing at over 100 collaborating institutions),
organized through the Principal Investigators (PI's) of the fifteen Lead Teams.
These PI's, together, comprise the Executive Council of the NAI, the Institute’s
technical guiding body.

The Annual Report of the NASA Astrobiology Institute emphasizes the discoveries
and research accomplishments of the Institute Teams and their Members. This
document also affords an opportunity to record key elements in the annual
progress of the Institute. In the first three years, the Institute established its initial
architecture and the selection of the first two groups of participating Teams,
including the selection of four additional Teams following our second Cooperative
Agreement Notice solicitation (CAN-2). In response to CAN-2 (June 2000), the
twenty-eight submitted proposals were competitively reviewed (December 2000)
and selections were announced (March 2001). More information on the new Lead
Teams can be found in this document and at http://nai.arc.nasa.gov. During this
initial implementation phase of the NAI, several approaches have contributed sub-
stantially to creating an interactive community and supporting a flow of intellec-
tual innovation. Among these are: investigator-initiated Focus Groups, NAI
Central-initiated award augmentations, responsive funding opportunities, and
partnerships supporting international participation. Underlying themes integral to
the Institute concept are represented by our commitment to education, student
training, and public outreach, and our experimentation with, and evaluation of,
collaborative technology tools. Accomplishments in all these areas contributed to
the growth and impact of the NAI during the past year.

A key element in the creation of this collaborative and innovative community, the
NAI's Focus Group program illustrates and realizes our commitment to interdisci-
plinary exchange, idea generation, and participation opportunities extended to
scientists not formally supported through NAI membership. The two Focus
Groups chartered in Year 3 also demonstrate the NAl's support of solar system
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exploration as well as fundamental research directions. The Europa Focus Group
(endorsed September 2000, Chair, R. Greeley, ASU and Director’s Science Council)
engages scientists from diverse disciplines to consider exploration scenarios
based on science objectives. The Astromaterials Focus Group (endorsed March
2001, Chair, D. McKay, JSC) will take a comprehensive and, again, interdisciplinary
approach to studying extant meteoritic, cometary, and interstellar dust particle
samples. In addition to the activities of these newly chartered groups, those initi-
ated in prior years continue to be active and influential. The Mars Focus Group
held a meeting to overflow crowds at the biennial General Meeting. Having influ-
enced the process of landing site selection for the 2003 Mars mission, Chair J.
Farmer (ASU) has encouraged members to expand the Focus Group’s interests to
terrestrial field work, instrumentation, and biosignatures research. The Mission to
Early Earth (MtEE) Focus Group (Co-chairs A. Anbar, JPL and HAR, and S. Mojzsis,
CUB), proposed a field investigation in Australia, jointly led by the Co-chairs and
R. Buick, in the summer of 2001. This group demonstrates astrobiology’s ability to
connect space exploration with virtual time travel; in seeking to understand the
early Earth, MTEE investigators look back through time at a planet very different
from the Earth we experience today. Introductions effected through joint field
investigations and through Focus Group meetings provide a continuing mecha-
nism for innovative interdisciplinary exchange that links the Institute’s Members
through mutual research interests and opens a conduit between the Institute and
the broader astrobiology community.

Another operational approach of the NAI provides flexible resource and funding
support to new investigations, instrumentation needs, international scientific
exchanges, and field work. A significant feature of this support is its timely respon-
siveness to Member-initiated requests. A substantial portion of the Director’s
Discretionary Fund was allocated, beginning in Year 2 and distributed in Year 3, to
an internal research Augmentation Opportunity. Both the EvoGenomics Focus
Group (Co-chairs B. Hedges, PSU, and J. Lake, UCLA) and the EcoGenomics Focus
Group (Co-chairs M. Sogin, MBL, and D. Des Marais, ARC) received timely support
through this mechanism. Over three quarters of a million dollars were distributed
in additional awards coincident with the original 5-year Cooperative Agreements
with the first group of participating Teams, based on external peer review of pro-
posals submitted from within the Institute. These two Focus Groups were not the
only beneficiaries. Additions to existing Lead Team projects were awarded, recog-
nizing the dynamic nature of astrobiology, and indeed all, basic research investi-
gations. In addition to the growth in the Lead Team component of the Institute, sev-
eral major equipment acquisitions were enabled by partnered funding from NAI
Central: an ion microprobe instrument located at the University of Wisconsin (JPL1
Lead Team) and a protein chip microarray facility at the Carnegie Institution of
Washington. Both are available to members and colleagues. In addition to initiat-
ing and maintaining this receptivity to requests for seed funding and critical con-
tinuation support (with active assistance from the NASA Astrobiology Program),
we also encourage and support travel and intellectual exchanges amongst our
members and with our colleagues distributed internationally.
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Astrobiology, as a global and emerging science, demands a perspective that tran-
scends national boundaries. In expanding our international partners program, we
added two new affiliate members: the United Kingdom Astrobiology Network and
the Australian Centre for Astrobiology. We also received several inquiries from
international networks of scientists in our third year, one of which became an offi-
cial request for Affiliate status. This action was concluded in October 2001 when
the Groupe de Recherche en Exobiologie became an Affiliate member of the NAI.
Other scientific organizations interested in formalizing relations represent astrobi-
ologists in Russia, Mexico, and a network of scientists in twelve countries com-
prising the European Exo/Astrobiology Network Association. A wide variety of
research interactions exist between NAI members and our international col-
leagues: joint research, field investigations, workshop support, and student
exchange. In recognition of the policy and programmatic relevance of these rela-
tionships, NAI Central participated in a workshop and associated field trip to the
Rio Tinto with our colleagues from the Centro de Astrobiologia in September 2000,
celebrated the announcement of our Affiliate partnership with the United Kingdom
Astrobiology Network at the U.S. Embassy in London in June 2001, and attended
the initiation of the Australian Centre for Astrobiology, at Macquarie University,
Sydney, and an associated two-day international workshop in July 2001.

Conferences, symposia, and workshops have historically been, and will continue
to be, one of the major ways in which new relationships and collaborations are
developed within the scientific community. The NAI considers, therefore, that it
has a responsibility to support these types of activities when they are directed at
advancing the field of astrobiology. Activities that the NAI has supported in the
past year include two special sessions at the Geological Society of America and
the Geological Society of London Conference on Earth System Processes, which
was held June 24-28, 2001 in Edinburgh, Scotland. The two sessions supported
were entitled, “Archean Earth and Contemporary Life: The Transition from an
Anaerobic to an Aerobic Marine Ecosystem,” and “The Role of Hydrothermal
Systems in Biospheric Evolution.” Both sessions were chaired by NAI Members
but the invited speakers were drawn from the international scientific community.

Education and Public Outreach

Educating and training the next generation is an important aspect of NAI's mis-
sion, essential to ensuring continuity and longevity of the field of astrobiology.
Many of our Members train new researchers directly in their academic programs
and laboratories. While some of these courses and programs are called “astrobi-
ology,” many of them reside within traditional astronomy, biology, chemistry,
geology, and planetary science departments. In this way, NAI Members are grow-
ing the field of astrobiology both as an independent discipline and through the
expansion of traditional approaches. In support of our Members’ students, a series
of Director’'s Scholarships was inaugurated in Year 3: the Director’s Travel
Scholarship, for travel to another Team location or a field investigation, and the
Director’s Research Scholarship, for support of a student's experimental activities.
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The scope of NAI's commitment to education involves students of astrobiolo-
gy at all levels, including those who have received their doctorate degree. The
Institute, from its very inception, as stated in its Implementation Plan, has
given high priority to post-doctoral education in astrobiology. In addition to the
many postdoctoral students supported by the NAI's Cooperative Agreements
with the Lead Teams, the NAI initiated, in Year 2, a competitive NAI
Postdoctoral Fellowship Program administered by the National Research
Council of the National Academy of Sciences and the National Academy of
Engineering. In Year 3, six NAI Fellows were selected (August 2000) in the first
application opportunity and an additional six were chosen (April 2001) later in
Year 3 (see pages 430-432). These Fellows have a home research base at one
of the NAI member institutions, but have the flexibility to interact across the
entire Institute. The NAI encourages and supports these Fellows to ensure suc-
cess both in their current research and in their future careers - as these indi-
viduals are expected to lead the next generation of astrobiologists.

In April 2001, the Institute held its second biennial General Meeting, hosted by
the NAI Lead Team at the Carnegie Institution of Washington. As at our first
meeting, a singular emphasis was placed on representation from the junior
Members of the NAI, graduate students and postdoctoral fellows. Specific sup-
port of their attendance through generous travel awards was provided, and
sessions soliciting their input and feedback on NAI operations were scheduled
at the request of the National Academy of Sciences’ Committee on the Origin
and Evolution of Life. Another indication of our emphasis on student recogni-
tion is the inauguration of the Gerald Soffen Memorial Award, given for the
best student research paper/poster submitted to the NAI General Meeting. The
first recipient of this award was Jennifer Eigenbrode (PSU).

Complementing our investments in undergraduate and graduate programs,
NAI also educates students, teachers and the general public. We are building
a future community of astrobiologists while expanding the public’s under-
standing of the nature and importance of our work. NAI’s Education and Public
Outreach (EPO) program is distributed throughout its Lead Teams. Each Team
directs a local effort with specific emphasis on that Team’s research and
expertise while contributing to larger collaborative projects. These activities
are outlined in the Team reports. The NAI Central office coordinates, directs,
and funds cross-cutting activities which encompass all of astrobiology and can
be offered on a national level. These include websites, print products, and cur-
riculum supplements, as well as educational programs and activities, intern-
ships, presentations, and exhibits. Details of these specific projects are out-
lined in NAI Central’s EPO report (see page 424).

A particular element combining NAI’s research and outreach emphases, and
initiated in Year 3, is our undertaking to engage the participation of Minority
Institutions. Extensive discussions have been held during the development of
this initiative. These have included the full range of cognizant offices and indi-
viduals at NASA HQ and NASA ARC, our Executive Council and other Lead
Team scientists, and representatives from the Minority Institutions (Historically
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Black Colleges and Universities, Hispanic Serving Institutions, and Tribally
Controlled Colleges). A number of alternatives have been considered addressing
K-12 audiences, undergraduate and graduate students, and college faculty. A
final determination of the most effective approach to draw Minority Institutions
productively into the Institute’s efforts will be made in Year 4. This will likely
involve competitively selected faculty sabbaticals for qualified researchers from
Minority Institutions to be pursued in partnership with NAI scientists, in the lab-
oratory and in the field. Opportunities such as this, as well as information regard-
ing the Focus Groups, NAl's Lead Teams, the Postdoctoral Fellows program, and
the Annual Science Reports, are publicized at meetings of professional societies
to better enhance the community’s knowledge of, and participation in, the
Institute.

Collaborative Technology Architectures

The biennial General Meeting is a valuable and much-anticipated opportunity for
dialog. Other such exchanges occur throughout the year. NAI Central and the
Executive Council of the Institute meet monthly (including our international col-
leagues and NASA HQ sponsors) by videoconference and three to four times
each year in person. The EPO leads gather via video- and teleconference, as do
the Collaborative Technology leads. The Focus Groups, and other special interest
meetings and seminars, engage face-to-face, by videoconference and telecon,
and exchange information by e-mail. These interactions contribute to the impres-
sion, and the reality, that the operational side of the NAl is a distributed function.

The array of tools and technologies developed by government and private indus-
try to support electronic communication and collaboration is continually expand-
ing and evolving. Once initial contact is made, perhaps through face-to-face
encounter, subsequent effort is needed by potential collaborators to establish
and maintain the work practices that can result in synergy and resource maxi-
mization. An important part of NAI's mandate is to provide a technology archi-
tecture that effectively facilitates remote collaboration. During Year 3, important
strides were taken in this direction as challenges were identified and addressed.
Three significant challenges addressed during this year were: on-going technical
difficulties with the Polycom™ videoconferencing system, widespread member
dissatisfaction with the Postdoc document sharing and archiving system, and
insufficient understanding about, and technical support of, NAI Members’ articu-
lated needs.

By January of 2001, a number of technical problems with the multicontrol unit
(MCU) at Ames were identified by the NAI Technical Operations team, resulting
in a diagnosis of incompatibility between the MCU unit and the Polycom™ sys-
tems installed at each NAI lead institution. Negotiations with the vendor eventu-
ally resulted in replacement of the MCU in June of 2001 with a model that sup-
ports up to 24 participating sites at once. NAI routinely hosts videoconferences
with a larger number of participating sites than any other of the vendor’s cus-
tomers, and we have become a development testbed for them. The new unit can
simultaneously support participants from the Polycom™ conference room sys-
tems and certain desktop systems, a feature we are currently evaluating. As Year

11



Introduction

12

4 begins, the next generation MCU and equipment deployed to the new NAI
lead institutions (the JPL2 Team shares facilities with JPL1) is finally providing
satisfactory videoconferencing performance.

Postdoc, a NASA-Ames designed software system for document sharing and
archiving, was acquired as a knowledge management tool and information
repository. It provides a range of features theoretically of great utility for mem-
bers of a virtual institute. However, the vast majority of NAI Members found it
difficult to access or navigate. Widespread criticism of Postdoc led to two
Collaborative Research initiatives. The first was discontinuing Postdoc while
researching the features and functionalities that NAI Members expressly
require. The second was launching a systematic study of commercial off-the-
shelf (COTS) computer tools and technologies. The study is being conducted
by consultants with expertise in collaboration technologies and virtual team
building in partnership with NAI's Collaboration Research Support Group. It
will produce a set of solutions for NAI from the wide range of COTS options
examined.

Over the first three years of NAIl's operations, NAI Central staffers have
increased their understanding of the Members needs and their expectations of
the virtual institute. A comprehensive knowledge capture was undertaken
through a Systematic Needs Assessment. The first part of this community-
wide assessment involved site visits to the NAI lead institutions. Key themes
emerging from these interviews led to a Needs Assessment Survey distributed
to Members at the end of the summer 2001. A comprehensive report, with rec-
ommendations, will be distributed when the data are tabulated and analyzed.

Conclusion

The NASA Astrobiology Institute now represents over 700 Members and main-
tains connections around the world through our four international Associates
and Affiliates. Over the past three years, pioneering organizational efforts have
established the Institute and demonstrated the effectiveness of its novel
approaches to science management. We are forging new partnerships, new
research directions, new collaborative behaviors, and learning as we go. The
lessons learned and the solutions discovered illustrate new ways of support-
ing science, scientists, and cooperative consortia.

This document reflects the history and inception of NAI (in the Director’s
Introduction), the contributions of NAI Central and an Institute-wide perspec-
tive on accomplishments, and the current status of research progress (in the
following science reports from the Lead Teams and Focus Groups). This
Annual Report covers the period from July 2000 to June 2001, the third year of
the NAl's Cooperative Agreement Awards. Each report outlines the general
intent and current accomplishments of the Team’s work, identifies the Team’s
Members, and correlates the Team’s projects with specific objectives of the
Astrobiology Roadmap.
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Executive Summary

The surge of interest in astrobiology has resulted in new information about many
aspects of early evolution and the range of conditions under which life can exist,
based largely on new understandings of extremophilic microbes. Far less under-
stood, however, is the frequency and range of conditions under which more com-
plex organisms, specifically metazoans, might occur and survive for long periods
of time. Together, astrophysical and geophysical processes have provided the
molecular components of life, the carbon and energy sources to sustain life, and
the diverse and changing environments on Earth that favor evolution and bio-
complexity. In fact, increasing biocomplexity is one common trend of the evolu-
tion of life on Earth and is the result of a co-evolution of organisms with their envi-
ronment. The interchange between the complex environmental factors and
molecular mechanisms that led to the evolution of eukaryotes and metazoans
from a common microbial ancestor are not known. However, recent advances in
isotopic and organic analyses of rocks, molecular techniques, and astrophysical
models have made it possible to begin the task of understanding how life
emerged and evolved biocomplexity and what life forms could be expected to
exist on other planets that have evolved through geological stages that overlap
conditions on Earth during the past 4 Ga.

Our over-reaching assumption is that Earth life is representative of life elsewhere
in that it will be carbon based, require liquid water, and use energy sources that
are associated with universal astro- and geophysical processes. Our research pro-
gram is focused on planetary habitability and the evolution of biological com-
plexity. This is integrated multidisciplinary effort with concentration on four broad
problems:

1. How often do planets with truly Earth-like properties form?

2. How important is plate tectonics in the formation and maintenance of metazoan
life?

3. How important are mass extinctions for the evolution and extinction of complex
life: are mass extinctions fertilizer or poison (or both) in the garden of complex
organisms?

4. What are the evolutionary pathways by which complex organisms originate
from microbes?
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At the current time, there is no direct link to a planned NASA mission other than
Project Stardust. This Discovery Mission project has Dr. Brownlee as the Stardust
team PI.

Stardust will gather and return samples of interstellar dust from our Solar
System as it flies by a comet called Wild-2 in January 2004 and returns to Earth
in 2006.

1. Investigate the Triassic-Jurassic mass extinction in outcrops in Western
Canada. We will sample outcrops in the Queen Charlotte islands

2. Investigate the Permian-Triassic mass extinction in South Africa. We will sam-
ple and analyze samples from the Karoo of South Africa

3. Model the formation of emerging stellar systems and planets. We will use
computer models to examine planetary formation

4. Study the nature of cometary material falling onto the Earth. We will examine
the chemistry of interplanetary dust particles.

5. Study the biology of microbes in extreme environments. We will examine the
ecology of extremophiles in various environments

6. Study the genetics of microbial lineages showing evidence of accumulating
morphological complexity. We will use DNA sequencing to better understand crit-
ical microbial lineages in an attempt to better understand the rise of eukaryotes.
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NAI Focus Groups are research and plan-
ning teams formed around topics relevant
to specific NAI goals and objectives.
Established through proposals submitted
to the NAI's Director, Focus Groups con-
tribute to astrobiology space missions,
extend long-distance collaborations by
exploiting networking technologies, and
innovate research directions.




Astromaterials Focus Group

Roadmap 4
Objectives

#1

Sources of Organics on
Earth

#5

Linking Planetary &
Biological Evolution

#6
Microbial Ecology

#H7
Extremes of Life

#8

Past and Present Life on
Mars

#12
Effects of Climate &
Geology on Habitability

#17
Planetary Protection

Project

Astromaterials

404

D. McKay

Carl Agee

Johnson Space Center

Baruch S. Blumberg

NASA Astrobiology Institute

Henry Bortman
NASA Astrobiology Institute

Arthur Bowman
Hampton University

Monica Byrne
Wellesley College

Simon J. Clemett
Lockheed Martin

Everett K. Gibson

Johnson Space Center

Richard Hoover
Marshall Space Flight Center

Thomas Kieft

New Mexico Institute of Mining and
Technology

David J. Lindstrom
Johnson Space Center

Marilyn Lindstrom
Johnson Space Center

John Lisle
Lockheed Martin

Teresa Longazo
Lockheed Martin

David S. McKay

Johnson Space Center

Robert D. Minard

Pennsylvania State University

Jeffrey Plescia
USGS Menlo Park

Luke Probst

Bemidji State University

Rusty Schweickart

California Academy of Sciences

Sean C. Solomon
Carnegie Institution of Washington

Andrew Steele
Johnson Space Center

Karen Stocco

G. Jeff Taylor

University Hawalii

Kay W. Tobola

Johnson Space Center

Kathie Thomas-Keprta
Lockheed Martin
Jan Toporski
Portsmouth University (UK)

Allan H. Treiman
Lunar And Planetary Institute

Malcolm Walter
Macquarie University

Susan J. Wentworth
Lockheed Martin



NAI Annual Report

Year 3

Astromaterials include lunar samples, meteorites, interplanetary dust particles,
and any sample returned to Earth by a space mission. The objective of the newly
created Astromaterials Focus Group is to coordinate and facilitate astrobiological
investigations of Mars meteorites, terrestrial analogs of potential Mars samples,
and sample acquisition and collection technology and procedures; and in general
to advance the development of instruments and techniques for examining all astro-
materials for evidence of past or present Life.

The initial efforts of the Astromaterials Focus Group have been directed towards
the fifteen known Mars meteorites which are available for scientific analysis. These
meteorites, together with other examples of astromaterials such as carbonaceous
chondrites and interplanetary dust particles (IDP), contain organic compounds
which may be the result of abiotic synthesis. The study of such materials can pro-
vide basic information on extraterrestrial prebiotic chemistry, addressing such
questions as; what compounds may have been available before life began, what
was their relative abundance, and where were they most abundant? Other major
areas of investigation which can be advanced by the examination of these samples
include, 1) evidence for the present or past occurrence of water on Mars, 2) age dat-
ing and the history of Mars, 3) possible microfossils in the Martian environment,
and 4) the development of new life detection techniques.

e The Astromaterials Focus Group includes studies of Mars meteorites, studies of
terrestrial analogs of potential Mars samples, studies of sample acquisition and
collection technology and procedures, and development of instruments for exam-
ining astromaterials for any evidence for life.

e The Astromaterials Focus Group can, therefore, act as a bridge between the
astrobiology community and the astromaterials community. Its efforts are improv-
ing communication and understanding between these two groups of researchers.

Although the Astromaterials Focus Group has not initiated any field expeditions to
date, this Focus Group can serve to track and coordinate the use of astromaterial
samples collected by others in the astrobiology community. The Astromaterials
Focus Group can also take responsibility for the description of meteorites, IDPs,
and other astromaterials which might be of interest to the broader astrobiology
community.

The NAI Astromaterials Focus Group will have responsibility for monitoring
research on Mars meteorites that bears on the question of possible life on Mars.
Such information should feed into NASA Mars mission planning as part of the
NASA Astrobiology Institute contribution to site selection, instrument require-
ments, operational requirements, and returned sample requirements. This focus
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group should have strong recommendations to make to mission planners for the
2007 lander mission and for the 2011 sample return mission, and it should also be
the main bridge between the NAI and the Planetary Protection community.

The Astromaterials Focus Group is planning to work with personnel at the NASA
Ames Research Center to prepare a workshop for mid-November, 2001 which will
review and examine data related to biogenic magnetite in Mars Meteorite
ALH84001. The workshop of invited speakers will cover the evidence for and
against biogenic magnetite in ALH84001. A questionnaire is also being formulat-
ed by the Astromaterials Focus Group to be sent to all of its members and to the
NAI Executive Council which will solicit opinions on, and arguments for and argu-
ments against, maintaining future Mars samples cold during collection, packaging
on Mars, return to Earth, and in the sample receiving and processing lab.

Europa
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The objective of the Europa Focus Group (EFG) is to foster scientific studies and
joint investigations of Europa and related research in order to understand the exo-
biological potential of this satellite of Jupiter. This goal is to be met through vari-
ous video conferences, workshops, and information exchanges sponsored by the
NAI. The study of Europa requires a multidisciplinary approach using spacecraft
data analyses, laboratory simulations, terrestrial analog studies, and other tech-
niques to understand the complex history and present environments on and in
Europa. Participation in the EFG is, therefore, open to all interested members of
the relevant communities, including (but not restricted to) planetary scientists,
biologists, and terrestrial ice scientists.

Europa has been identified by NASA and the National Academy of Sciences as a
high priority for exploration. This priority is established largely because Europa
appears to be one of the few objects in our Solar System having conditions favor-
able for life. Europa is a rocky object slightly smaller than Earth’s moon. It has an
outer shell of water composition, modeled to be ~150 km thick, the surface of
which is frozen. Several lines of evidence suggest that liquid water existed below
the ice crust in the recent geologic past, and that liquid water might be present
today. Friction generated by tides within Europa through its interaction with
Jupiter and neighboring satellites might generate sufficient heat to fuel silicate
volcanism at the base of the water layer. These factors, coupled with remote sens-
ing observations of various salts on the surface and the likely implantation of
organic compounds through cometary impact lead to the presence of the essen-
tial ingredients for exobiology; an energy source, water (possibly liquid), and
organic chemistry. The Europa Focus Group provides a forum to bring the rele-
vant interests together to exchange information and share ideas regarding
Europa, including plans for its future exploration.

¢ An organizing workshop was held at NASA Ames Research Center in early
February, 2001, involving about 65 participants, including invitees who have not
previously been involved with planetary science. The workshop was organized
around the following topics: 1) Europa and terrestrial analogs (sea-ice, etc.), 2)
Aqueous (liquid and ice) organic chemistry relevant to Europa, 3) Strategies in the
search for life at Europa, and 4) Future exploration: needs, priorities.

¢« The EFG also met as a special breakout session during the Year 2001 General
Meeting of the NAI, held in Washington, D.C.

The results of this Focus Group are likely to influence the Europa Orbitor mission,
currently scheduled for 2008; and potentially follow-on missions including lan-
ders. Although the Galileo mission is now in the final stages of operation, the
Europa Focus Group also relates directly to this active mission.
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The next EFG workshop is scheduled for September, 2001, at the U.S. Geological
Survey Astrogeology facility in Flagstaff, Arizona. This workshop will provide the
opportunity for participants to share their new research findings through one or
two focused questions, and to provide a venue to foster collaborations.

EvoGenomics
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The purpose of the Evolutionary Genomics (EvoGenomics) Focus Group is to
coordinate, combine, and enhance research efforts involving evolutionary
genomics across the multiple disciplines and institutions represented in the astro-
biology community. Evolutionary analysis of the complete genomes of organisms
has greatly advanced our understanding of how life originated, adapted to diverse
environments, and increased in complexity on this planet; and in turn, these stud-
ies will lead to a better understanding of life elsewhere in the Universe. The
EvoGenomics Focus Group is a unique collaboration of astrobiologists combining
expertise in molecular evolutionary analysis, organic chemistry and biochemistry,
earth history, and paleontology. Our unifying goal is to compare the early evolu-
tionary history of life, as revealed through analyses of genomic sequence data,
with changes in Earth’s environment through time, providing the basis to identify
biomarkers for habitable planets.

During the past year the EvoGenomics Focus Group has engaged in a wide vari-
ety of activities including: collaborative research, an EvoGenomics Workshop held
at UCLA (March 9-11, 2001), a breakout session at the Year 2001 NAI General
Meeting, videoconferences, and the development of an EvoGenomics Focus
Group website (www.evogenomics.org).

A focal point of much of the discussions during the videoconferences and work-
shop concerned research in the area of Neoproterozoic evolution and the impact
of global glaciations. Benner (University of Florida) and Riley (MBL) have also
made significant progress in their collaborative studies of the evolution of gene
function. This first year of interaction as a group has been rewarding and has
shown that complete collaboration should not be expected but rather a balance of
independent and team research seems to be desirable. There will be joint publi-
cations resulting from inter-team collaborations, but the success of this Focus
Group will be in bringing together researchers with diverse views so they can be
heard and discussed. Thus, the research publications of individuals in this Focus
Group, even if not co-authored with members of other teams, have directly bene-
fited by Focus Group activities.

e Organized productive workshop on Neoproterozoic/animal evolution (March 9-
11, 2001).

e The discovery of the early colonization of land by eukaryotes and possible
impact on global environment in the Proterozoic. (Heckman, D. S., D. M. Geiser, B.
R. Eidell, R. L. Stauffer, N. L. Kardos, and S. B. Hedges. 2001. Molecular evidence
for the early colonization of land by fungi and plants. Science 293:1129-1133)
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The inter-team research on evolutionary genomics conducted by this NAI Focus
Group will directly or indirectly affect many of the near-term NASA space missions
related to astrobiology; including those to Mars and Europa, as well as the
Terrestrial Planet Finder. This is because the detection of life elsewhere relies on
biomarkers, the interpretation of which is based on the evolution and characteris-
tics of life on Earth. The results of the EvoGenomics Focus Group can be applied to
the identification and refinement of these biomarkers by clarifying the relationship
between biotic and environmental evolution. An additional, mission-related aspect
of this work is studying the persistence of life (inferred through evolutionary analy-
ses) during environmental extremes in the past history of the Earth, such as the
global glaciations of the Neoproterozoic.

¢ The EvoGenomics Focus Group plans to further discussions of the Animal
Origins project, and to seek funding for this project.

e Plans are also underway for a workshop to take place at the Penn State Lead
Team Institution.

* There will be continued travel and additional collaboration between members
of the individual teams; e.g., Benner-Riley, Marshall-Hedges, Lake-Riley.

e It is anticipated that evolutionary genomics will be one of the themes at the
Astrobiology Science Conference Il meeting to be held in April of 2002.
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The Mars Focus Group was chartered to provide a forum within the NAI for dis-
cussing the scientific goals, objectives and measurement requirements for ongo-
ing and future Mars missions involved with the exploration for past or present
martian life, and/or pre-biotic chemistry. The products of this Focus Group are
basic science recommendations and advice on implementation of astrobiology
missions provided to mission planning groups.
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During the past year the primary aim of the Mars Focus Group (MFG) has been to
develop landing site recommendations for presentation to mission planners for
the 2003 landed mission. Two NAIl-wide videocons were presented in January (1-
8 & 1-16, 2001) which: 1) reviewed the 2003 mission architecture, science payload,
and engineering/landing site constraints, 2) discussed potential landing sites with
a high priority for astrobiology and which could meet first order engineering con-
straints, and 3) sought a consensus recommendation from the NAI regarding sci-
ence and site priorities for the 2003 mission. NAI Mars Focus Group discussions
were made available to the entire Institute, but also included targeted invitees
from outside of the NAI to broaden its base of expertise. Site reviews were pre-
sented by members of the ASU team (Farmer, Greeley, Hamilton, Nelson), and
two members (Cabrol and Gulick) outside of the NAI who represented the Center
for Mars Exploration (CMEX) at the NASA Ames Research Center. Presentations
were followed by open discussions organized around several high-level questions
that dealt with science and mission priorities for the 2003 mission. Presentation
materials and a summary of the discussion were archived on the ASU
Astrobiology and CMEX web sites. Results of the landing site discussions were
presented by the MFG Chair at a landing sites workshop held at NASA Ames at
the end of January, 2001. Based on inputs from that Workshop, the 2003 Landing
Sites Steering Committee headed by John Grant of NASA Headquarters devel-
oped a shortlist of approximately 10 sites (from ~40 presented by the community
at the workshop) for additional engineering studies and targeted high resolution
imaging by the Mars Orbiter Camera now in Mars orbit. About half of the sites
short-listed were on the NAI MFG list of recommendations.

The Mars Focus Group also organized a break-out session in conjunction with the
Year 2001 Meeting of the NAI held at the Carnegie Institution of Washington in
April. The group met, under standing-room only conditions, to review the results
of the landing site workshop and to discuss future directions. One new goal iden-
tified was to broaden the scope of the group’s present activities, which are pri-
marily directed towards the development of future space missions, to include a
basic research component. Several potential directions for basic research initia-
tives were proposed at the meeting, including the areas of life detection and
technology development for astrobiology.

e The NAI Mars Focus Group presented recommendations for science and land-
ing site priorities at the 2003 Landing Sites Workshop. Among the ten sites short-
listed by the Landing Sites Steering Committee for 2003, more than half had
been identified as high priority sites for astrobiology by the MFG.

¢« Among the highest rated landing sites now short-listed for the 2003 mission
is the so-called hematite site at Terra Meridiani. This site has been given high pri-
ority by the NAI MFG because of the potential for sampling agqueous sedimenta-
ry deposits of importance in the search for fossil biosignatures.
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¢ On the basis of recommendations presented by the NAI MFG, the southern lat-
itudinal limit for the 2003 mission has been extended several degrees to accom-
modate a site in Gusev Crater identified as having a high priority for astrobiology
research.

Our primary goal has been to provide science recommendations to help in the
planning of Mars missions that will explore for past or present life, and/or pre-
biotic chemistry. This past year our efforts were focused on developing recom-
mendations for landing site selection and science priorities for the 2003 mission.

Near-term plans of the NAI Mars Focus Group include efforts to review the exist-
ing plans for 1) the 2005 Mars mission, including the recommendations of the ‘05
Science Definition Team (which included several NAI members), 2) the summary
of recent Mars Exploration Payload Advisory (MEPAG) activities, and 3) the
upcoming instrumentation workshop. This group is also exploring opportunities
to develop a summer institute focused on Mars Astrobiology. This new program
would be aimed primarily at education and cross-training to develop a shared
experience base among individual NAI investigators and students to enhance
interactions between MFG members from different disciplines and to strengthen
overall NAI participation in missions.
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The rational search for life beyond Earth requires some concept of the conditions
under which life originates and begins to evolve, and of the environmental “fin-
gerprints” of primitive biospheres. This concept must be informed by a solid
understanding of the only planet on which life is known to exist - the Earth. Hence,
study of life and the environment on the early Earth is a critical component in
developing mission plans for astrobiology space missions. This is the underlying
rationale of the Mission to Early Earth (MtEE) Focus Group.

The geologic record is increasingly sparse as one examines the condition of the
early Earth further back in time. Furthermore, the quality of material easily avail-
able is not high - particularly when interest in environmental and biological histo-
ry leads to a focus on biogeochemical signatures that are not robust against oxi-
dation and other alteration processes at the Earth’s surface. From discussions early
in the formation of the MtEE Focus Group, a consensus emerged that progress in
this new area of “bio-environmental reconstruction” is fundamentally sample lim-
ited. This consensus in the community led directly to the concept that the MtEE
Focus Group might be most useful as a means to promote, provide justification for,
and identify support for the acquisition and distribution of samples from the
Precambrian, with a special focus on deep drilling to acquire pristine sediment
samples from the near subsurface (< 1000 m). This activity has the potential to
stimulate participation and collaboration from across the Institute, one of the ben-
efits of the NAI Focus Groups as originally conceived by the Director.

The first MtEE FG meeting was held in conjunction with the Year 2000 AGU con-
ference, and the second meeting was held as a breakout session at the Year 2001
General Meeting of the NAI, where approximately 75 participants attended.

e The Mission to Early Earth Focus Group sees the study of ancient life and the
early environment of Earth as critical in assessing the potential for life beyond
Earth.

e The study of ancient life and the early-Earth environment is regarded by the
Mission to Early Earth Focus Group as being sample-limited. While it is relatively
easy to find ancient rocks, it is difficult to find ancient materials that are well-
enough preserved to provide the desired information. It is also difficult to find
materials that provide information about the Earth near the time of life’s emer-
gence. Such materials exist, but are scarce or exist only below the surface.

e The Mission to Early Earth Focus Group recommends initiation of subsurface
drilling projects to acquire well-preserved geological materials with information
about ancient life and environmental conditions.

e With the support of the NAI, the Mission to Early Earth Focus Group has com-

pleted a successful excursion to W. Australia during the Summer of 2001 to devel-
op plans for such a pilot drilling project.
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With support from the NAI, the first major activity of the MtEE Focus Group has
been to organize an Australian field excursion for the summer of 2001 to Western
Australia. This general area of Western Australia is one of the few places on Earth
with well-preserved sediments (including biosignatures) from the Archean, i.e.,
the period before 2.5 billion years ago - the first half of Earth history. As a result,
a number of exciting, astrobiologically-relevant publications have emerged
recently as a result of research into this region. One project organized by the MtEE
Focus Group traveled to the Jack Hills area under the guidance of Steve Mojzsis
(University of Colorado Team). The primary goal of this effort was to become
familiar with the local stratigraphy and astrobiologically-relevant localities in
order to develop concepts for a pilot astrobiology drilling project. A second team
visited the Pilbara, under the guidance of Roger Buick (University of Washington
Team). The primary goal of this group was to obtain samples from the earliest
geologic record. Both of these excursions were scheduled to begin after the NAI-
sponsored Earth Systems conference in Edinburgh in late June, 2001 and to flow
into the Astrobiology Workshop at Macquarie University scheduled for mid-July,
2001. The latter meeting was sponsored by the Australian Centre for Astrobiology,
an NAI Affiliate Member, and coordination for all of these events was possible by
collaboration with Malcolm Walter at Macquarie University.

The rational search for life beyond Earth requires some concept of the conditions
under which life originates and begins to evolve, and of the environmental “fin-
gerprints” of primitive biospheres. This concept must be informed by a solid
understanding of the only planet on which life is known to exist - the Earth. Hence,
study of early life and the environment on the early Earth is a critical component
in developing mission plans for astrobiology space missions. This is the underly-
ing rationale of the Mission to Early Earth Focus Group. The projects under devel-
opment by the MtEE Focus Group should, in particular, provide information use-
ful to development of the Terrestrial Planet Finder mission, by elucidating the his-
tory of oxygenic photosynthesis and the oxygenation of the atmosphere.

e Future plans for the MtEE FG include the development of a pilot drilling proj-
ect concept, informed by the Summer 2001 Australian excursion, to present at the
Fall Year 2001 GSA or AGU meetings.

e A second MtEE field excursion is also being planned for the Summer of 2002,
possibly in North America to minimize costs and maximize participation.
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Mixed Microbial EcoGenomics
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The over-arching objective of the Mixed Microbial EcoGenomics (EcoGenomics)
Focus Group is to define the relationship between microbial diversity, complex
gene expression patterns, and biogeochemical processes that shape planetary
environments. Using the hypersaline cyanobacterial mats of Guerrero Negro, Baja
California, Mexico as a field site, this inter-team effort is characterizing biogeo-
chemical patterns in the microbial mats with special emphasis on gradient location
and shape. These measurements are being coupled with molecular-based assess-
ments of microbial population structures and DNA micro-array measurements of
gene expression. The gene expression data will identify important biochemical
activities that play key roles in formation and shifts in biogeochemical gradients in
response to transient and periodic perturbations imposed by diel cycles. The ulti-
mate objective is to establish models that can predict the behavior of these com-
plex systems.
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“Where did we come from, how did we get here, and where are we going?”
embodies the principle objectives of astrobiological research. Answers to the first
question are rooted within the microbial world, which represented the only form
of life during the initial three billion years of our evolutionary history. Ever since
the origin of life, complex interactions of microorganisms with each other and
with all other components of the biosphere have dominated the course of evolu-
tion in our biosphere. Even the earliest biogenic fossils (microbial mats) display
integrally layered patterns of organization. This spatial structuring likely reflects
functional interdependence of different microbes in early communities. Microbial
creatures of untold diversity continue to dominate every corner of our biosphere,
and they are likely to be the only life forms that might be encountered in other
parts of our solar system, if not the entire cosmos. Yet, there is only sparse infor-
mation about the true diversity of microorganisms, including their capability to
orchestrate and drive key biogeochemical cycles that shape our ever-changing
planet. A more complete understanding of microbial diversity, descriptions of
ecosystem-wide patterns of gene expression, and detailed analyses of biogeo-
chemistry would provide a new foundation for interpreting paleontological and
geological studies that describe Earth’s early history.

The NASA Astrobiology Institute (NAI) is uniquely positioned to initiate an inter-
disciplinary project to address these questions. With modern technology devel-
oped by the genome community, is is now possible to assess microbial diversity
and the total genetic coding capacity of any particular environment. This would be
based on phylogenetic surveys of ribosomal RNAs and high-throughput DNA
sequencing. The EcoGenomics Focus Group has formulated a bold strategy for
linking microbial gene expression patterns with particular metabolic activities that
underlie central biogeochemical processes. Community DNA extracted from natu-
ral microbial populations of a selected site will be treated as a complex mixed
genome. Members of the microbial community will be surveyed by analysis of
rRNAs, and descriptions of potential metabolic diversity will be inferred from data-
base analyses of several hundred thousand randomly selected DNA sequences.
This large database of DNA sequences from the “mixed environmental genome”
will be used to design DNA microarrays that can detect mRNA transcription pat-
terns. With this mixed environmental genome array technology (MEGAT), tens of
thousands of distinct genes of known sequence and function can be efficiently
monitored. MEGAT will define changes in gene expression from a large number
of environmental samples with known spatial and temporal distribution patterns
in a well-structured microbial community, e.g., microbial mats or stromatolites.
Results of these studies will be correlated with detailed measurements of biogeo-
chemical gradients throughout the studied environment. The initial objective is to
define biological complexity within the studied microbial system. The ultimate
objective is to model how coordinated gene expression patterns observed in
microbial consortia shape the environment.
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e The NAI EcoGenomics Focus Group has initiated a comprehensive sampling of
biogeochemical processes and microbial diversity in the hypersaline mats of the
Guerrero Negro.

 The W.M. Keck Foundation awarded funds to the MBL for the construction of
an advanced laboratory of ecological and evolutionary genomics.

EcoGenomics Focus Group meetings were held in November, 2000 and April 2001
to plan for a major field excursion to take place during the Summer of 2001. Five
NAI research teams, as well as colleagues from other institutions, took part in this
EcoGenomics FG-sponsored field trip to the hypersaline microbial mats at
Exportadora de Sal, S. A. de C.V. Guerrero Negro, BCS, Baja California, Mexico
June 2-11, 2001. Participants in the field trip included David Des Marais, Tori M.
Hoehler, Scott Miller, and Brad Bebout, Ames Research Center; Kendra Turk,
University of California at Santa Cruz; Steven Carpenter, Orbital Corporation; Jesse
Dillon and David Stahl, University of Washington; Feran Garcia-Pichel and Jack
Farmer, Arizona State University; Norman Pace, John Spear, and Ruth Ley,
University of Colorado; Pieter Visscher, University of Connecticut; R. Castenholz,
University of Oregon, Miguel Angel Huerta-Diaz, Instituto de Investigaciones
Oceanoldgicas, Universidad Autbnoma de Baja California, Baja California, Mexico;
Bo Thamdrup, Odense University, Denmark.

Five primary goals were defined for this field trip: 1) establishing the microbial mat
carbon and oxygen budgets, 2) characterizing populations of sulfate reducing bac-
teria, 3) measuring the lateral distributions of cyanobacterial populations within
subtidal microbial mats, 4) conducting total microbial diversity surveys through-
out the mat, and 5) characterizing the biogeochemistry of sulfur in photosynthetic
microbial mats.

During the field trip, the Ames team lead by Dave Des Marais examined exchange
of carbon and oxygen across the interface between the microbial mats and the
overlying water column over a full 24-hour day-night cycle. They obtained depth
profiles of oxygen (O,) at several locations in order to assess the uniformity of dis-
tribution of photosynthesis. The University of Washington team lead by David
Stahl acquired a series of samples in association with the diel experiment in order
to identify and determine the distribution of various species of sulfate reducing
bacteria. These results are to be correlated with population studies of cyanobacte-
ria that were conducted by Feran Garcia-Pichel of Arizona State University. More
than 100 core samples of mat were acquired, as grids of replicate samples ranging
in size from centimeters to kilometers. Norm Pace’s group from the University of
Colorado collected samples for sequence analyses of ribosomal RNA genes. These
data will provide a broad survey of phylogenetic diversity throughout the subtidal
mat. Finally, Pieter Visscher from the University of Connecticut collected mat sedi-
ments in order to enrich for sulfate reducing and sulfide oxidizing bacteria through
various enrichment techniques. Visscher also collected samples for characterizing
volatile sulfur species (dimethylsulfide and dimethylsulfoxide) and sulfate reduc-
tion rates.
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The MBL group (M. L. Sogin) in collaboration with F. Garcia-Pichel has initiated
construction of genomic libraries from two cyanobacterial strains that represent
major species in these hypersaline cyanobacterial mats. We will also construct
libraries for two of the most prominent isolates of sulfate reducing bacteria as
determined by the initial microbial population structure surveys described above.
These libraries will be sequenced and used to construct DNA micro-arrays for
monitoring changes in gene expression patterns during different stages of the diel
cycle. The MBL was also successful in a proposal submitted by Sogin, Cummings
and Wernegreen to the W.M. Keck Foundation. This foundation award provides
resources to build and equip an advanced laboratory for high-throughput
genomics and post-genomics related to evolutionary and ecological studies. This
equipment will provide a full range of technical capabilities normally found only
within industrialized genome centers. The NAI activities played an important role
in the success of this Keck proposal.

Although this work is not directly related to a specific NASA space mission, it does
provide information that will be important in the search for extraterrestrial life. The
field studies carried out by the EcoGenomics Focus Group will help us to under-
stand the range of conditions that were present on early Earth. It is clear that the dis-
covery of life on other solar system bodies would most likely be microbial, and the
EcoGenomics Focus Group seeks to understand how microbial ecosystems affect-
ed the early atmosphere and the biological processes that left traces of early life in
ancient sedimentary rocks. These studies will help in the design of life detection
experiments and to interpret geological studies of samples returned to earth.

Each of the teams in the EcoGenomics Focus Group will use the field samples to
carry out the molecular based analyses for characterizing population structures.
These will be used to design the sampling strategies for subsequent field trips to the
Guerro Negro, where we will carry out finer scale measurements of biogeochemi-
cal processes and microbial population structures. These results will also be corre-
lated with changing patterns of gene expression during different stages of the diel
cycle. For these experiments we will employ DNA microarray measurements based
upon the major cyanobacterial and sulfate reducing bacterial isolates.
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Annual Science Report Year 2 (2000)

The NAI Central Outreach Team edited and produced the NAI Annual Science
Report Year 2. Two thousand five hundred CD-ROMs were distributed to mem-
bers, relevant science committees, other scientists, and interested individuals
internal and external to NASA. A pdf of the document was also posted on the NAI
website for download.

Ask An Astrobiologist

Residing within the NAI website, the Ask An Astrobiologist site serves the student
community and the public by providing a forum for their questions about astrobi-
ology. This year, the site underwent a major revision to present five categories of
previously asked questions and answers for users to look through and learn from,
with space provided for users to ask new questions. In addition to the NAI Central
writing staff, each quarter a new NAI Lead Team is featured as the astrobiology
experts, and new questions are sent directly to them for answers. All responses
are posted on the website in the appropriate categories and users are notified
when the answers are posted and given information on how to access the them.
The Ask An Astrobiologist site also features questions with longer, more in-depth
answers and video supplements and has special sections that address the two
most frequently asked questions: “What is astrobiology?” and ‘“How can I
become an astrobiologist?”” Ask An Astrobiologist is available on the NAI website
at http://nai.arc.nasa.gov
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Astro-Venture is an interactive educational, multimedia web environment high-
lighting NASA careers and astrobiology research in the areas of astronomy, geol-
ogy, biology and atmospheric sciences. Students in grades 5-8 are transported to
the future where they role-play NASA occupations and using scientific inquiry,
search for and build a planet with the necessary characteristics for human habita-
tion. Experts in multi-media pedagogy and middle school education have utilized
a two-step project where modules are field-tested and revised prior to release on
the website. Supporting activities include chats with NASA scientists, online col-
laborations, classroom lessons, a student publishing area and occupation fact
sheets and trading cards. NAI Central EPO provided funding, science expertise and
content for the development of the astronomy module in year 3. The project is
available at http://astroventure.arc.nasa.gov

Astrobiology Pathfinder

The Astrobiology Pathfinder is being designed to answer the question, "How can |
become an astrobiologist?" A survey of astrobiology-related courses offered at
universities throughout the country is under development and will be provided to
users in a searchable database that includes listings of internships and science pro-
grams at local venues. Research scientist biographies and interview video clips
will also be available as part of Astrobiology Pathfinder. The project can be found
under the Ask an Astrobiologist section of the NAI website: http://nai.arc.nasa.gov

Astrobiology Workshop

NAI Education and Public Outreach Manager, Krisstina Wilmoth, participated in the
“Astrobiology Workshop™ July 12-13, 2001 at Macquarie University in Sydney,
Australia to present “Education and public outreach: the next generation of astrobi-
ologists.” The workshop was the first meeting of the Australian Centre for
Astrobiology and offered an opportunity to discuss education and outreach partner-
ships. Information regarding the NAI Lead Teams’ research, the NA! Annual Science
Report Year 2, and the Focus Groups was disseminated to the 100 attendees.
Information regarding the meeting is available at
http://www.aao.gov.au/local/www/jab/workshop.html

Educational and Informational Products

NAI Central EPO develops educational products for use by the entire NAI commu-
nity. During 2001, 160,000 planetary cards highlighting 8 different planets and their
environments and advertising the NAI website were produced along with 25,000
bookmarks listing astrobiology readings and the NAI url for distribution at teacher
conferences, educational centers, science museums, and to each of the NAI EPOs
for their communities. Copies of the Educator Resource Guide: Astrobiology in
Your Classroom are also available in pdf and hard copy formats. Posters detailing
the Astro-Venture website and general information regarding NAI's Lead Teams,
research goals, Focus Groups, Affiliate and Associate Members, and NRC
Postdoctoral Fellows Program are also available upon request. Contact the NAI
Central EPO office for more information.
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Exhibits and Conferences

NAI Central EPO supports, presents at, and supplies materials to several different
educational, scientific, and general interest conferences and meetings throughout
the year. In Year 3, NAI Central supported five major events.

Earth System Processes: A Global Meeting

The Geological Society of London and the Geological Society of America held a
joint meeting in Edinburgh, Scotland, June 24-28, 2001. This meeting brought
together scientists from all over the world to discuss the present state of knowl-
edge of earth system processes, both the linkages between systems and how
these systems have evolved through time, in order to advance our understanding
of planetary processes. In addition to NAI's sponsorhip of two scientific sessions,
NAI Central EPO sent a 10 foot exhibit and materials including the Annual Science
Report Year 2, as well as information on our Focus Groups, international partner-
ships, and NRC Postdoctoral Fellows Program. Two staff members interacted with
the 100 attendees and assisted the speakers in the NAl-supported sessions as
necessary. Information on the meeting is available at:
http://www.geolsoc.org.uk/template.cfm?name=gsa_edinburgh

Moffett Field Airshow

NAI Cental EPO provided and staffed 10 foot exhibit at the Moffett Field Airshow
in California. Astrobiology materials including a bookmark detailing general
astrobiology suggested readings and planet cards highlighting the NAI website
were distributed to the attendees. Staff members interacted with the audience
and answered their questions about Astrobiology. Seventy thousand people
attended the event.

National Association of Biology Teachers (NABT) Annual Meeting

Two astrobiology sessions and workshops were presented at the NABT National
Convention in Orlando, Florida in October 2000. A 10 foot exhibit was displayed
and educational materials including 500 CD-ROMs with the Educator Resource
Guide and the PSU astrobiology publication were disseminated.

National Council of Teachers of Mathematics (NCTM) Annual Meeting

NAI Central EPO Manager, Krisstina Wilmoth, and EPO Lead, Karen Dodson
attended NCTM annual meeting in April 2001 as a first step in the development of
astrobiology math curriculum. One thousand one hundred sixtry CD-ROMs were
distributed along with materials from other NASA Office of Space Sciences
Origins. Attendance at NCTM fostered collaborations with other NASA educa-
tional groups and with curriculum developers.

National Science Teacher's Association Annual Convention (NSTA)

Four astrobiology-related sessions and one workshop were given by NAI mem-
bers to teachers attending NSTA in April 2001. NSTA is one of the largest gather-
ings of teachers interested in the sciences. The 2001 national convention in St.
Louis, Missouri drew 19,000 teachers, administrators, and others interested in sci-
ence education. The convention consisted of four days of workshops and exhibits
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offering the opportunity for NAI Education and Outreach members to have direct
contact with one of our largest audiences. In addition to participating in the NASA
Office of Space Sciences Origins booth, NAI Central EPO developed and dissemi-
nated 1500 CD-ROMs of Origins materials including astrobiology and NAI Lead
Team contributions. Trading cards advertising Astro-Venture and 400 Educator
Resource Guides were also distributed.

Indiana School for the Deaf presentation

Twelve students from the Indiana School for the Deaf visited Ames Research
Center in June 2001. NAI EPO Manager, Krisstina Wilmoth, presented astrobiolo-
gy concepts to them and distributed our Educator Resource Guide activity packets
for their use.

Mysteries of Fieldwork: Fascinating Microbes

The NAI Central EPO Team and the Quest Educational Group at Ames developed a
series of classroom activities and webcasts about the exciting fieldwork involved
in studying microbes. Teachers were provided with background material about
microbes and given curriculum and hands-on science activities to perform in their
classrooms. A series of webcasts featuring the NAI Ames Research Center Lead
Team were produced to enhance the curriculum. In the fall of 2001, a three part
series on preparing for fieldwork featuring Dr. Tori Hoehler, conducting fieldwork
with Dr. David Des Marais, and processing the data with Dr. Brad Bebout and Mary
Hogan offered students the opportunity to see the day-to-day work of our
researchers and to understand the scientific method. During the webcasts, footage
from Dr. Des Marais' fieldwork was used and students were able to interact live
with the research team via an internet chat room. In addition, students were able
to read biographies of the researchers and to study career fact sheets about them
to gain a better understanding of the lives of astrobiologists. An archive of the
project is available at http://quest.nasa.gov/projects/astrobiology/fieldwork/

NAI General Meeting - Video studio

A digital video studio was set up at NAI's General Meeting in April 2001. Attendees
were invited to be interviewed on camera about the work they presented at the
conference. Twenty-five people were interviewed in all, for a total of four hours of
footage. The response was very positive and future plans are underway to re-cre-
ate the video studio at upcoming conferences. The video interviews are being
used on the NAI website in a variety of ways as well as in presentations for various
audiences. One example featuring Dr. David Wynn-Williams of the UK
Astrobiology Forum is available on the NAI website at http://nai.arc.nasa.gov

NAI Central Website

The NAI Central website contains three EPO sections: Ask an Astrobiologist (see
entry), For Students, and For Teachers. The teacher section contains a resource
catalog of astrobiology related materials, hands-on activities, and curricula to be
used in the classroom and the laboratory. Both the Teacher and the Student sec-
tions provide background about astrobiology, in depth articles about the science of
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astrobiology, and educational products. For Students also highlights
Astrobiology Pathfinder (see entry) and interactive projects on searching for and
developing habitable worlds. See the website at: http://nai.arc.nasa.gov

NAI Education and Public Outreach Working Group Retreat

NAI EPO Leads were invited by NAI Central to participate in a working group
retreat held at Johnson Space Center in February 2001. EPO leads from several
teams met at JSC to discuss and plan activities and products for the upcoming
year including ways to leverage efforts and activities for the 2001 NAI General
Meeting. Attendees toured the JSC Astrobiology Facilities and were given pre-
sentations about the Team’s research.

NASA Office of Space Science EPO Representation

NAI Central EPO represents the entire NAI EPO team to the NASA Office of Space
Science at NASA Headquarters through participation in monthly teleconferences
with the Origins Forum, participation in OSS EPO events such as exhibits at the
National Science Teachers’ Association (NSTA) annual meeting, and input to the
NASA Office of Education reporting database known as EdCats. NAI Central EPO
also produced a CD-ROM of material from several Origins missions, including
specific products contributed by the NAI Lead Teams, for dissemination at NSTA
in April 2001. Information regarding funding opportunities, relevant EPO prod-
ucts, and OSS policies and guidelines is distributed to the NAI Lead Team EPOs.

Space Biology Museum Network

NAI Central EPO partnered with NASA’'s Fundamental Biology Outreach Program
and Microgravity Outreach Program to support a network of informal education
and museum partners called the Space Biology Museum Network. The Network
is comprised of 11 members, including eight domestic and two international
museums. It focuses on educating the Network members in areas of NASA
research related to space biology and best practices in museum exhibit develop-
ment. In November 2001, a three day workshop was held at Johnson Space
Center with presentations from both NASA and museum members. NAI Central
EPO Manager, Krisstina Wilmoth, presented a general astrobiology tutorial as well
as information regarding NAI's educational products and programs. As a result,
special activities and events incorporating astrobiology topics were developed
museum members and presented to their public audiences.

Toward Other Planetary Systems (TOPS)

This 5-year NSF-sponsored Teacher Enhancement program's goals are to initiate
systemic reform in science education in Hawaii by enabling science and math
teachers to implement astronomy in their classrooms. Teachers participate in an
intensive 3-week summer workshop held in part on Oahu and in part on the big
island of Hawaii at the Hawaii Preparatory Academy. Teachers learn basic astron-
omy content, participate in hands-on activities using exemplary materials, begin
to integrate state and national science/astronomy standards into their classrooms
methods and learn evaluation and assessment techniques. In addition, a private-
ly funded student component of the program hosts local high school students
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with interests in astronomy. NAI Central EPO Manager, Krisstina Wilmoth, and
EPO Lead, Karen Dodson, teamed with MBL Lead Team Member, John Stolz, to
conduct a two-day astrobiology curriculum workshop at TOPS in June 2001.
During this workshop, teachers were given an overview of astrobiology research,
trained in using the Educators Resource Guide and Astro-Venture, and participated
in hands-on microbiology lab activities. Each participant received a copy of the
Guide along with other astrobiology materials. Information regarding TOPS may
be found at: http://www.ifa.hawaii.edu/tops/

Voyages Through Time

The SETI Institute, with support from the National Science Foundation, the
California Academy of Sciences, the NASA Astrobiology Institute, and San
Francisco State University, is developing standards-based curriculum materials for
a one-year high school integrated science course centered on the unifying theme
of evolution and delivered on CD-ROM. Scientists, teachers, curriculum writers,
and media specialists have created six modules that integrate astronomical, geo-
logical, and biological sciences. The sequence of lessons in each module is
designed to promote students' understanding and skills as defined by the National
Science Education Standards and Benchmarks for Science Literacy. The six mod-
ules, Cosmic Evolution, Planetary Evolution, Origin of Life, Evolution of Life,
Hominid Evolution, and Evolution of Technology, use the constructivist approach
of engage, explore, explain, elaborate, and evaluate (BSCS, 1996) as an instruc-
tional framework. NAI Central EPO has funded a CD-ROM sampler of the curricu-
lum for distribution at various teacher conferences. More information regarding
VTT can be found at: http://www.seti.org/education/vtt-bg.html
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Fellows

In Year 2, the NAI initiated a competitive
NAI Postdoctoral Fellowship Program
administered by the National Research
Council of the National Academy of
Sciences and the National Academy of
Engineering. In Year 3, six NAI Fellows
where selected (August 2000) in the first
application opportunity and an additional
six where chosen (April 2001).
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August 2000 Fellows

* Eric Gaucher
Using Functional Genomics to Infer the Biology and Chemistry of the Last
Common Ancestor
Steven Benner, University of Florida
Scripps Research Institute

* Yanan Shen
Environmental Changes in the Context of Biological Evolution During
Neoproterozoic on the Yangtze Platform: A Snowball Earth?
Andrew Knoll
Harvard University

* Mark Messerli
Physiological Regulation of Cytosolic pH in a Eukaryotic Acidophile
Mitchell Sogin
The Marine Biological Laboratory

e Marc Kramer
Linking Earth Science and Astrobiology: Surface Hydrology and Microbial
Ecology for Global Semi-Arid Ecosystems
David Peterson
NASA Ames Research Center

* Virginia Edgecomb
Hyperthermopohiles of the Hydrothermal Vent Subsurface: Limits of Life
and Extraterrestrial Analogs
Andreas Teske, Woods Hole Oceanographic Institute
The Marine Biological Laboratory

* David Warmflash
Immunoassay Life Detection Test
David McKay
NASA Johnson Space Center
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e Michelle Minitti
Chasing Water on Mars: A Geochemical Approach Utilizing Martian
Meterorites
Laurie Leshin
Arizona State University

e Alexander Paviov
Organic and Sulfur Hazes in the Archean Atmosphere: Climate and
Photochemical Consequences
Owen Toon
University of Colorado, Boulder

* Charles Boyce
The Use of Living Plants and Fossil Chemistry to Study the
Morphological Patterns and Developmental Processes of Land Plant
Evolution
Andrew Knoll
Harvard University

 Henry Scott
Stability of Organic Material in Icy Satellites
Russell Hemley
Carnegie Institution of Washington

* Ruth Ley
Diversity and Function of the Sulfur-Cycling Community in
Hypersaline Microbial Mats
Norman Pace
University of Colorado, Boulder

e Sara-Eva Martinez-Alonso
Identification and Study of Hydrothermal Systems on Mars Through
Remote Sensing
Bruce Jakosky
University of Colorado, Boulder
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NAI Director’s Science Council

The NAI Sidney Altman
Director's Yale University
Science Council
consists of Phl'lp W. Anderson
distinguished Princeton University
scientists, many
of them Nobel Sydney Brenner
Laureates, who Molecular Sciences Institute
advise the NAI
Director. The Murray Gell-Mann
Science Council Santa Fe Institute
is asked to assist
the Institute by Ronald Greeley
commenting on Arizona State University
research direc-
tions of the NAI Robert B. Laughlin
and related Stanford University
astrobiology
issues. Joshua Lederberg

The Rockefeller University

Elliott C. Levinthal
Stanford University

Richard J. Roberts
New England BiolLabs

Anneila |I. Sargent
California Institute of Technology

Maxine F. Singer
Carnegie Institution of Washington
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Jonathan Lunine
University of Arizona, Tucson
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Astrobiology Roadmap

The Roadmap provides guidance for research and technology development
across several NASA Enterprises: Space Science, Earth Science, and the Human
Exploration and Development of Space. The recommendations were formulated
in terms of 3 basic questions and 17 specific science objectives, which have been
translated into NASA programs and integrated with NASA strategic planning.

How does life begin and evolve?

1. Sources of organics on Earth. Determine whether the atmosphere of the early
Earth, hydrothermal systems or exogenous matter were significant sources of
organic matter.

2. Origin of life's cellular components. Develop and test plausible pathways by
which ancient counterparts of membrane systems, proteins and nucleic acids
were synthesized from simpler precursors and assembled into protocells.

3. Models for life. Establish replicating, catalytic systems capable of evolution, and
construct laboratory models of metabolism in primitive living systems.

4. Genomic clues to evolution. Expand and interpret the genomic database of a
select group of key microorganisms in order to reveal the history and dynamics of
evolution.

5. Linking planetary and biological evolution. Describe the sequences of causes
and effects associated with the development of Earth's early biosphere and the
global environment.

6. Microbial ecology. Define how ecophysiological processes structure microbial
communities, influence their adaptation and evolution, and affect their detection
on other planets.

Does life exist elsewhere in the Universe?

7. The extremes of life. Identify the environmental limits for life by examining bio-
logical adaptations to extremes in environmental conditions.

8. Past and present life on Mars. Search for evidence of ancient climates, extinct
life and potential habitats for extant life on Mars.
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The Roadmap
is the product
of efforts by
more than 400
scientists and
technologists,
spanning a
broad range of
disciplines and
organizations.
More than 100
of these partici-
pated in a 3-day
Roadmapping
Workshop held
in July 1998 at
NASA Ames
Research Center,
while others
attended previ-
ous topical
workshops.
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9. Life's precursors and habitats in the outer solar system. Determine the pres-
ence of life's chemical precursors and potential habitats for life in the outer solar
system.

10. Natural migration of life. Understand the natural processes by which life can
migrate from one world to another.

11. Origin of habitable planets. Determine (theoretically and empirically) the ulti-
mate outcome of the planet-forming process around other stars, especially as it
relates to habitable planets.

12. Effects of climate and geology on habitability. Define climatological and geo-
logical effects upon the limits of habitable zones around the Sun and other stars
to help define the frequency of habitable planets in the universe.

13. Extrasolar biomarkers. Define an array of astronomically detectable spectro-
scopic features that indicate habitable conditions and/or the presence of life on
an extrasolar planet.

What is life’s future on Earth and beyond?

14. Ecosystem response to rapid environmental change. Determine the resilience
of local and global ecosystems through their response to natural and human-
induced disturbances.

15. Earth's future habitability. Model the future habitability of Earth by examining
the interactions between the biosphere and the chemistry and radiation balance
of the atmosphere.

16. Bringing life with us beyond Earth. Understand the human-directed process-
es by which life can evolve beyond Earth.

17. Planetary Protection. Refine planetary protection guidelines and develop
planetary protection technology for human and robotic missions.



Lead Team Projects vs. Objectives

Mumber of Focus Groups Addressing this Objective
i 1 2 3 4 5 5 7

1. Sowrces of Ovganics on Earth

2. Origin of Life's Callular Components

3. Models for Life

4, Genomic Clues 1o Evolution

5. Linking Planatary & Biclogical Evalution

&, Microbial Ecology

7. Extremes of Life

8. Pasl & Presant Life on Mars

4. Life's Precursors & Habitats

10, Natural Migration of Life

11. Qwrigin of Habilable Planais

12. Effects of Climaie & Geology on Habitability
13, Extrazolar Blomarkers

14, Ecosystam rasponsa 1o Rapid Environmantal Change
15. Earth's Future Habitabdily

16. Bringing Life with us Beyond Earh

17. Planatary Prolection

18. Currently doas not fit into Categorias

Focus Groups vs. Objectives

Mumber of Projects Addressing this Objective
D 5 10 15 20 25 30 35 40 45 50

. Sources of Organics on Earth

. Origgin of Life's Callular Components

. Modals for Life

. Genomic Clues 1o Evolution

. Linking Planatary & Biclogical Evalution

. Microbial Ecology

. Extremes of Life

. Past & Prasant Life on Mars

. Life's Precursors & Habitats

10. Natural Migration of Life

11. Qrigin of Habitable Planeis

12. Effects of Climaie & Geology on Habitability
13, Extrazolar Blomarkers

14, Ecosysiem responsa o Rapid Environmantal Change
15. Earth's Future Habitabity

16, Brimglng Life with us Beyond Earth

17, Planatary Pratection

18. Currently does not fit into Categories Back to
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