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Biological and Environmental Research

Understanding complex biological, climatic, and environmental
systems across vast spatial and temporal scales

The Scientific Challenges:
= Understand how genomic information is translated with confidence to

redesign microbes, plants or ecosystems for improved carbon storage,
contaminant remediation and sustainable biofuel production

= Understand the roles of Earth’s biogeochemical systems (atmosphere,
land, oceans, sea ice, subsurface) in determining climate so we can
predict climate decades or centuries into the future, information
needed to plan for future energy and resource needs.




Biological and Environmental Research

Understanding complex biological, climatic, and environmental
systems across vast spatial and temporal scales

Addressing this challenge requires:
= Research across
O spatial scales from microns to kilometers to the entire Earth

O temporal scales from seconds to years to centuries

= Coordinated teams of scientists with diverse expertise from
multiple institutions that raise uniqgue management challenges
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Biological and Environmental Research

Examples of multidisciplinary team science:
* Bioenergy Research Centers
 Multi-lab Climate Modeling

e Climate change research meets microbial
genomics — a hew opportunity

e Joint Genome Institute and Environmental
Molecular Sciences Laboratory joint call

e Scientific Focus Areas - SFAs




Biological and Environmental Research (BER)

Foundational Science - integrating observations and experimental
capabilities with modeling for predictive understanding
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Biological and Environmental Research (BER)

Scientific User Facilities s
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JOINT GENOME INSTITUTE
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The DOE Bioenergy Research Centers

Research paradigm—single focus, multi-disciplinary, team-based

transformational science
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BioEnergy Science Center

Rigorous DOE management and progress review against milestones

O
O

Early management review
Annual scientific and management peer review

O Renewal review after initial 5 years of funding (renewed for 5 years)
Each center has the authority and responsibility to reallocate resources and
personnel to meet their milestones and address new scientific opportunities

In 7 years of operations:

(0

O OO

602 invention disclosures and/or patent applications
19 patents awarded

108 licensing agreements

1661 peer-reviewed publications

Cellulosic
" Sugars
Biomass
Feedstock Development Biomass Deconstruction
Develop crops with cell walls Improve enzymes and microbes
optimized for deconstruction that break down biomass

and biofuel production. into sugars.

Fuel Synthesis

Engineer metabolic pathways
in microbes to produce
diverse biofuels.



Bioenergy Research Center Partner Institutions

DOE Joint BioEnergy Institute
Lawrence Berkeley National Laboratory
Berkeley, California

Carnegie Institution for Science at Stanford University
Palo Alto, California

University of California

Berkeley

Lawrence Livermore National Laboratory
Livermore, California

Sandia National Laboratories
Livermore, California

— University of California

Davis

Sandia National Laboratories
Albuquerque, New Mexico
Pacific Northwest
National Laboratory
Richland, Washington

|

— DOE Great Lakes Bioenergy Research Center
University of Wisconsin
Madison

University of British Columbia

Vancouver, Canada
Pacific Northwest National Laboratory
Richland, Washington

— Texas A&M University
College Station

lllinois State University
Normal

Lucigen Corporation

Middleton, Wisconsin

Michigan State University
East Lansing

University of Toledo
Ohio

University of
New Hampshire
Durham

B DOE Joint BioEnergy Institute (JBEI) and Partners

@ DOE BioEnergy Science Center (BESC) and Partners

A DOE Great Lakes Bioenergy Research Center (GLBRC) and Partners

March 2014

== DOE BioEnergy Science Center
Oak Ridge National Laboratory
Oak Ridge, Tennessee

Cornell University
Ithaca, New York

Dartmouth College
Hanover, New Hampshire

Mascoma Corporation
Boston, Massachusetts
West Virginia University
Morgantown

DuPont

Wilmington, Delaware

University of Tennessee
Knoxville

North Carolina State University
Raleigh

Georgia Institute of Technology
Atlanta

University of Georgia

Athens

ArborGen

Summerville, South Carolina
The Samuel Roberts

Noble Foundation

Ardmore, Oklahoma

University of North Texas

Denton

National Renewable
\ Energy Laboratory
p/ Golden, Colorado

GreenWood Resources, Inc.
Portland, Oregon
Ceres
Thousand Oaks, California
University of California
Riverside

University of California
Los Angeles



Industry Benefits from the Bioenergy Research Centers’
Discoveries and Technologies

= All three BRCs have industry
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Climate and Energy

Greenhouse gases (GHG) are emitted during energy production...

and climate change impacts energy production and the environment.

BER programs seek to:

* Understand the effects of GHG emissions
on Earth’s climate and the biosphere
through:

— World-leading capabilities
in climate modeling

— Unique capabilities in cloud and aerosol
observations and process research

— Ecosystem level research on climate
change impacts and the carbon cycle.

e Advance foundational science to support
effective energy and environmental
decision making
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BER is tackling the major knowledge gaps in climate models

Direct and Interactions
Indirect effects of the carbon
of aerosols cycle
on climate and climate

Representation
of clouds Iin
climate models
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Climate system components

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrolagical Cycle
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Accelerated Climate Model for Energy

ACME is a new multi-laboratory project to develop a climate
prediction model, in support of the Department of Energy’s
science mission.

» . Accelerated
d Climate Model for Energy

 Fully coupled at 15-25 km resolution, yet have advanced
adaptive-mesh to resolve important regions on
resolutions well below 10 km.

* Able to utilize next-generation DOE computers.

Science focus areas support energy and societal planning:
a) Improving projections of water availability

b) Projecting changes to ice sheets and sea-level

c) Estimating land-atmosphere exchange of carbon

ACME was formed from 7 multi-Lab projects, and spans 8
Labs and 6 non-Laboratory institutions. It is managed by a
Council of 8 Lab scientists.

. Pacific OAK : Sandia 2 e
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Next-generation Ecosystem Experiments (NGEE)

NGEE—coordinated projects coupling terrestrial field experiments and process
modeling to more rapidly improve the representation of terrestrial ecosystem
processes in Earth system models thereby improving the quality of climate model
projections.

= Target regions chosen are globally important, climatically
sensitive, and understudied/underrepresented in predictive
models.

= NGEE projects combine field and laboratory studies,
observations, and multi-scale model simulation, coordinating
with ARM mobile campaigns.

= Major campaigns: Arctic (FY2012-2022); Tropics (FY2014-2023)

- Arctic permafrost (ongoing): Warming of permafrost soils will
release vast amounts of CO, and/or CH, to the atmosphere—
a strong positive feedback to warming

- Tropics (FY 2014): Rainfall stress on tropical ecosystems and
release of biogenic aerosols impact cloud condensation
nuclei.
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Discovery of a Novel Methanogen in Thawing Permafrost

Objective:

Characterize microbial community structure and
functional processes at a permafrost-to-wetland
transitional ecosystem in northern Sweden.

Approach:

Deep metagenomic sequencing, metaproteomics,
and methane flux measurements were used to )
characterize the microbial community and correlate Stordalen Mire, Abisko, Sweden
members with in situ carbon cycle processes.

Results/Impact:

» Assembly of nearly complete genome of Candidatus Methanoflorens
stordalenmirensis, the dominant methanogen in thawing bog sites, from
metagenomic libraries

» Coupled CH, flux measurement quantitative metaproteomic detection of M.
stordalenmirensis methanogenesis proteins suggest that this organism dominates
CH, production at bog sites.

» Methanogens closely related to M. stordalenmirensis are prevalent in metagenomic
libraries for other thawing permafrost sites, suggesting global distribution in these

eCOSyStemS- Mondav et al. 2014 Nature Communications DOI: 10.1038/ncomms4212



JGI \7 Joint Genome Institute (JGI):
A DOE USER FACILITY

JOINT GENOME INSTITUTE
DEPARTMENT OF ENERGY

The mission of the JGl is to provide genome sequencing,
genome data acquisition, and genome analysis in support of
the DOE mission needs in bioenergy, carbon cycling and
biosequestration, and environmental remediation and
biogeochemical processes.

Genome and metagenome expression and sequencing of
microbes, plants, and other complex systems, such as
microbial communities or the rhizosphere.

Genome annotation, functional analysis and verification of
genome-scale biological system models. Systems-level
integration and validation of genomic data from multiple
sequencing and functional analyses.

Sequencing more than 70 Terabases of DNA per year.

Data analysis and storage enhanced via a partnership with
the National Energy Research Scientific Computing center
(NERSC) at Lawrence Berkeley National Laboratory.
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Environmental Molecular Sciences Laboratory — A DOE User Facility

EMSL’s suite of over 75+ premier experimental capabilities
enables molecular-scale experimental and theoretical research on
aerosol chemistry, biological systems, geochemistry/
biogeochemistry, and interfacial and surface science.

Biosystem Dynamics and Design — Understanding and optimizing the
response of organisms and biological communities to their
environment.

Atmospheric Aerosol Systems - Molecular-scale understanding of key
chemical and physical properties of aerosols to improve the
prediction of climate models.

Terrestrial and Subsurface Ecosystems - The dynamics of nutrients,
metabolites, and contaminants at biogeochemical interfaces in
heterogeneous environments across scales.

Energy Materials and Processes — Understanding the physical and
chemical properties of interfaces to design new materials and systems
for sustainable energy applications.




DOE JGI, EMSL Announce 2015 Collaborative Science Projects

The U.S. Department of Energy Joint Genome
Institute (DOE JGI) and the Environmental Molecular
Sciences Laboratory (EMSL) have accepted 12
projects submitted during the 2014 call for
Collaborative Science Initiative proposals.

The collaborative call represents a unique opportunity for B F-8 e | Rl
researchers to combine the power of genomics and The interaction between aspens,

) . ) ; ectomycorrhizal fungi and plant growth
molecular characterization in one research project to help promoting bacteria is the focus of a
. . ’ . selected proposal from Jonathan
advance the missions of the Department of Energy’s Office Cumming of West Virginia University.

of Biological and Environmental Research (BER). The
selected researchers will have access to the capabilities of

both user facilities. They will also be able to generate EMSL
datasets unigue to these two facilities — beyond what could

be generated by either facility by itself. JG I \7
Researchers submitted a total of 31 proposals during the call. The 12 sowrcenouestrr: - (#®

approved projects will kick off in fiscal year 2015 and run for up to 18
months. These projects fall within the second collaborative call by
EMSL and the DOE JGI since the first in winter 2013.
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Scientific Focus Areas (SFAs) — a new research management tool

Traditionally BER funded research at the National Labs as single PI
projects that were “recompeted” every three years.

Ineffective use of Lab capabilities and resources.

Beginning in 2007, BER created SFAs to integrate groups of previously
individual projects into a single, focused effort. Not everything is an SFA.

SFAS -

O
O

Have a single point of contact at the Lab and in BER

Are required to have a management plan and to NOT simply be a
collection of individual projects lumped together (see next slide)

Are the responsibility of the lab to allocate personnel and resources
Provide annual progress reports.

Are merit reviewed every 3 years and receive guidance of accept,
accept with revisions, partially accept, reject — We have done all four.

Are still a work in progress
+» Challenge of starting new work
¢ Unequal distribution of funds across labs
+» Challenge of multi-lab projects



Management of SFAs is key — one of 7 review elements

To what extent does the proposed Science plan demonstrate a team-oriented,
collaborative effort that takes advantage of the unique analytical and
administrative capabilities of the National Laboratory?

» The Labs have been challenged to develop integrative research programs
that are greater than the sum of their parts. Please assess the extent to
which the proposed new Science plan demonstrates a fully integrative,
team-oriented program rather than simply a collection of individual projects
by considering the following:

Is it evident that scientific staff within the SFA communicate and
coordinate research results among each other? Does SFA
management facilitate this communication and coordination?

Does the scientific output of the program appear to be directed towards
attaining results that are greater than the sum of individual research
contributions?

Does SFA management proactively manage overall program direction
towards an integrated scientific goal?

Does SFA management proactively manage the SFA budget by
directing funds where they are needed in a timely manner?

Do individual Pls within the program take the initiative to contribute to a
larger integrated scientific goal?



BER encourages its research
, community to seek scientific
partnerships and new

collaborations to accomplish

mission goals.

Thank you!
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U.S. DEPARTMENT OF
' \ Office Office of Biological

%. 1 ENERGY of Science and Environmental Research



	Multidisciplinary Team Science from�the Office of Biological and Environmental Research�September 23, 2014�
	Biological and Environmental Research
	Biological and Environmental Research
	Slide Number 4
	Biological and Environmental Research
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Industry Benefits from  the Bioenergy Research Centers’ Discoveries and Technologies �
	Climate and Energy
	BER is tackling the major knowledge gaps in climate models
	Climate system components
	Accelerated Climate Model for Energy
	Slide Number 15
	Slide Number 16
	Joint Genome Institute (JGI): �A DOE USER FACILITY�
	Environmental Molecular Sciences Laboratory – A DOE User Facility
	Slide Number 19
	Slide Number 20
	Slide Number 21
	BER encourages its research community to seek scientific partnerships and new collaborations to accomplish mission goals.��Thank you!

