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EXECUTIVE SUMMARY

The age of microbial genomics began four years ago with the publication of the complete
sequence of Hemophilus influenzae.  Since then the number of completed genomes has
increased exponentially and, with the growth of high-throughput DNA sequencing facilities,
there is no end in sight.   The federal investment in microbial genomics has been instrumental in
the growth of this field.  It has led to the sequencing of model organisms, such as Escherichia
coli and Saccharomyces cerevisiae, moving researchers who work on these organisms into the
stage of functional genomics, where issues of access to technology, reagents, and computational
analyses become significant.  Support for sequencing of human -hoeagsIt has led to tte
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INTRODUCTION

The DNA sequence that comprises the genome of a living creature encodes the directions
for growth and development of the organism.  It provides insight into how that organism is
built, responds to stimuli, grows, and reproduces, and, sometimes, even how it dies. The field of
genomics developed from the desire to know how differences in sequence of four
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the soil, in the oceans, in and on most life forms, are increasingly thought to participate in global
carbon and nitrogen management, biotransformation and biodegradation reactions involving
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Genomic analysis of pathogenic microbes may lead to new ways to treat disease. Not only
will knowing all of the genes in a pathogen allow the identification of novel therapeutic and
vaccine targets, but this information can be used to identify novel types of antibiotics or growth
regulators that normally function to control the growth of organisms in mixed microbial
communities.   Having the genomic sequence of pathogens makes it possible to examine the
diversity and evolution of pathogens, identify mechanisms of drug resistance, understand how
pathogens interact with their hosts, and characterize pathogen virulence factors.  Genomic
analysis has also contributed to the realization that more needs to be known about the diversity of
microorganisms living within and on humans, plants, and animals and the significance of that
diversity in maintaining health (2). Genomic information is beginning to g6, iic e shtens ione the
Genomic analysiionn humng heal,  noeiralfll of thd microbial
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spectrophotometric analyses of protein complexes are making it possible to build a
multidimensional and integrated picture of living cells in real time, a task that only a short time
ago would have been impossible to imagine.

It is an understatement to say that microbial genomics has contributed to major scientific
discoveries.  Through genomics, we have new ways of looking at the world and asking questions
of enormous value to research in areas such as evolution, metabolism, microbiology, agriculture,
bioengineering, and medicine. Genomics has turned scientists into explorers as never before and
enabled them to discover new worlds in the microscopic organisms that have been living beneath
our feet, over our heads, and within and on our bodies all this time.
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DOD- DEPARTMENT OF DEFENSE

A.  Agency interests in microbial genomics.  The DOD investment in microbial genomics is
driven by both biomedical and non-biomedical interests and by military operational
requirements.  In the biomedical area DOD is interested in developing technologies that would
provide health support and services to military personnel and that would counter the threat of
endemic infectious diseases and biological warfare (BW) agents.  A major focus of the DOD
investment in microbial genomics is, therefore, directed at developing genomic-based
information about infectious agents, including potential BW agents, that can be exploited for the
rational design of therapies, vaccines, detection, and medical diagnostic strategies.

In the non-biomedical area, DOD is interested in biotechnological approaches for developing
new materials and managing the impact of DOD operations on the environment.  Information
emerging from functional genomics research should enable new technologies for development of
novel biosynthetic schemes for producing materials of interest to DOD and should provide a
better understanding of processes governing the fate and effects of contaminants in marine and
terrestrial sediments.  Genomic information about novel, naturally occurring plasmids could
enable the development of new biotechnology-based tools for manipulating microbes.

To benefit fully from the information provided by genomic sequence analysis requires tools that
enable prediction of the structure, function, regulation, and physiological impact of gene
products.  To this end, DOD has programs that fully integrate genomic sequence and functional
genomics research.

Past and current programs/research supported by DOD.

Parasites:
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DOE – DEPARTMENT OF ENERGY

A.  Agency interests in microbial genomics.  DOE has played a significant leading role in the
development of the field of microbial genomics.  DOE’s interest in microbial sequencing focuses
on elucidating microbial processes that affect the environment (carbon management), produce
energy (methanogenesis, etc.) and participate in the remediation of sites contaminated with
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NASA- NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

A.  Agency interests in microbial genomics.  NASA seeks to understand the nature of life in
the universe and to assure crew health and productivity for increasing periods of time and at
increasing distances beyond Earth.  NASA's primary interests are in functional genomics of
extreme environments, including the space environment, computational biology, bioinformatics,
in situ genomic analyses, medical genomics, and genomics as a basis for bioengineering.  A high
priority activity is to develop the tools that enable correlation of environmental changes with
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role in supporting Carl Woese's research leading to the definition of a phylogenetic tree based on
genomic analysis.  This work, with DOE support, culminated in the recent complete sequencing
of thermophilic Methanococcus jannaschii, the first sequenced archaea, proving that archaea are
the third domain of life (bacteria and eukarya being the other two).  Work in this area is
continuing in areas such as sorting out the role of horizontal gene transfers in evolution and
defining early branches of the eukaryotes.

Bioastronautics:  NASA's Fundamental Biology Program and Biomedical Research and
Countermeasure Program, within the Life Sciences Division, have a strong interest in supporting
genomics research, focused on integrated and functional genomics to understand complex
biological pathways and systems, and their interactions, in support of human spaceflight.  Such
an approach is critical, for example, to ultimately understand the myriad physiological changes
that occur in bacteria, plants and animals during space travel.  Recent examples of such work
include:  1) the use of micro-array DNA chip technology to identify sets of genes which respond
to altered gravity exposure in plants and animals, 2) targeted gene modification in animals to
determine the role of these genes in plant and animal physiology during microgravity exposure,
3) the use of a functional genomics approach to sequence and characterize the expression and
regulation of genes involved in key evolutionary events and to test the function of these genes in
both same-species and cross-species transient expression assays, and 4) the use of functional
genomics to investigate changes in bacterial gene and protein expression with microgravity
exposure, and to assess the virulence potential of these pathogens in microgravity.
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C.  Future investments and collaborations in microbial genomics.  The Institute has recently
reviewed its support of large-scale genome sequencing projects.  As a result of this review, the
NIAID has drafted a policy statement that indicates a number of changes in the mechanism of
support and the terms of award for these projects.  An NIAID-convened Blue Ribbon Panel on
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Sequence analysis of the entire genome promises to yield a comprehensive picture of the
structure and function of oral microorganisms.  In this regard, genome analysis may be able to
elucidate previously unrecognized pathogenic mechanisms that can be blocked by drug therapies,
and immunogenic components ideal for vaccine development.  In addition, data from these
studies will enable extensive comparisons to be made between bacterial genera and species,
thereby identifying the genetic basis for virulence and ability to survive in the oral cavity.  
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National Library of Medicine – National Center for Biotechnology
Information

A.  Agency interests in microbial genomics. 
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NIST – NATIONAL INSTITUTE OF STANDARDS
AND TECHNOLOGY

A.  Agency interests in microbial genomics.
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that are obtained by establishing linkages to generic aspects of the extramural work funded by
ATP. Several industry-led ATP projects include a focus on novel approaches to metabolic
engineering for industrial products such as organic acids and polymers.

Data and Model Systems for Metabolic Engineering – this intramural ATP project supports
research in metabolic engineering of organisms aimed at producing industrially relevant
products, such as chemical feedstock replacements, polymers and chemical products.  In this
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the cost from $300-$5000 to a few dollars. Integrated systems for real-time analysis are being
developed by Perkin-Elmer Corp. – Applied Biosystems.  This project is aimed at advancing
real-time detection of biologically-based contamination of plants, food, water, and other
environmental samples by using probes that fluoresce only in the presence of specific sample
DNA.

Finally, NIST supports bioinformatics through its involvement with the Protein Data Bank.  The
Protein Data Bank (PDB) is an international repository of three-dimensional macromolecular
structural data, funded by NSF, DOE and NIH.  NIST is a member of a consortium, the Research
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NSF – NATIONAL SCIENCE FOUNDATION
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NSF-funded E. coli comparative and functional genomics projects include: the comparison of 11
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NSF collaborates with a number of agencies in microbial genomics, and bioinformatics, and
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USDA – UNITED STATES DEPARTMENT OF
AGRICULTURE

A.  Agency interests in microbial genomics.  The USDA recognizes that microbial genome
sequencing and subsequent functional genomics will provide enormous benefits to the
agricultural sector.  As a mission-linked agency, the USDA supports research in the biological,
environmental, physical, and social sciences on regional and national problems relevant to
agriculture, food, forestry, and the environment.  Genomics is, and will continue to be, a tool of
growing importance for studying and solving agricultural-related problems; it is expected to be
the driving force for research in the life sciences over the next decade
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GAPS/OPPORTUNITIES

The contributors to this report have identified a number of areas that, based on the current federal
investment in microbial genomics, represent gaps or opportunities for significant contributions to
the development of this field.  A few of these gaps and opportunities are more salient for some
agencies than others, however, the need for infrastructure support, training in genomics,
computational biology, and increased integration in policy development was common to all
agencies.  While some of the gaps/opportunities are specific to microbial genomics, many of
them are common issues for all genomic research.

Gaps and Opportunities Specific to Microbial Genomics

Microbes whose genomes are of scientific interest or practical importance that are
currently not well represented in public sequencing efforts

•  Agriculturally important microbes, both plant and animal pathogens and microbes that are
neutral or beneficial to plants and animals, such as nitrogen-fixing bacteria.

•  
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•  Development of a microbiology and microbial genomics site that coordinates genomics and
educational activities, such as the DOE or NHGRI Human Genome web sites (see Appendix)

Training to lay the groundwork for Microbial Functional Genomics

•  Microbial biology and genomics at all levels

•  Microbial systematics.

Technology and Reagents for Microbial Genomics

•  Development and distribution of community-wide resources, e.g. knockout or conditional
mutants of model organisms; chip and microarray analyses that are available to the academic
community

•  Development of a national cDNA library

•  Development of novel culture techniques for currently unculturable microorganisms

•  Development of techniques for in situ genomic analysis of microbial ecosystems to
characterize community diversity and gene expression in natural populations

Policy issues for Microbial Genomics

•  Policy on uniforh 3eecosys .l1nomics r 01tems ttncininprojectics.

•  Policy os(chininr Reagenes, e.gf novedisTranesclonrcesprimeremsantsrems ttncesis oprimersnd)Tj
0 -1.15 TD
0.0001 Tc
-0.0701wTDusedon ipublishedoarmatlrces,tccs.

•  
Traininprogramces,tccs.• 
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•  
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Appendix 1 continued

Funding
Agency

Organism Phylogenetic Branch Genome
Size

Project Description Notes URL1

NIAID Plasmodium falciparuhc5T
/F13 1.7248.61324 0 TD
-0.Tc
0train: 3D7 chr2,10,10 Tw
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Appendix 1 continued

Funding
Agency

Organism Phylogenetic Branch Genome
Size

Project Description Notes URL1
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e. http://biology.unm.edu/~ngp/home.html
f. f.  f.  f.  f.  f. 
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APPENDIX 3

Examples of Genomics Websites:

http://www.nhgri.nih.gov/DIR/VIP/Glossary                  Glossary of genetic terms

http://www.ornl.gov/hgmis/publicat/glossary.html Glossary of genetic terms

http://www.ornl.gov/hgmis/resource/education.html Human genome education resource 
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