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INTRODUCTION

Launched in the Fall of 2013, the LBNL Sustainable Systems Scientific Focus Area “SFA 2.0" is a new
team-based project that focuses on advancing approaches for quantifying and simulating genome-through-
watershed scale interactions that govern biogeochemical cycling in complex terrestrial environments.

Scientific Question: How will climate e
induced changes in hydrology and
vegetation affect subsurface carbon
inputs, flowpaths, biogeochemical
cycling and metabolic potential; how will
these processes evolve over time, and
what effect will interactions have on
watershed biogeochemical
functioning?

Deliverable: Development of a
genome-enabled biogeochemical
watershed simulation capability
(GEWaSC) that can simulate how
subsurface microbiome affects
biogeochemical watershed functioning;
how watershed-scale processes affect
microbial functioning, and how these
interactions co-evolve

* SFA team and guests at the 1 year project
Retreat in Bodega Bay, October 2014

*The SFA team is comprised of ~60
scientists from 6 institutions.

The SFAis organized around four
process components, GEWaSC, and a
Data Management Component.

RIFLE & EAST RIVER COLORADO STUDY SITES

*We are using two sites in the Colorado River Basin for
development of new approaches and insights about genome-
through-watershed scale interactions

+The important Colorado River Basin is already threatened by
global change (drought, diminished snowpack, wildfires, and pes
outbreaks) that have largely unexplored impacts on the
functioning of the river corridor and floodplain.

At the Rifle Site - we are conducting the first coordinated
attempt to quantify the metabolic potential of an entire
subsurface ecosystem, which requires an understanding of the
underlying genetic, biochemical, and physiological basis of
microbial activity in the context of floodplain-wide fluxes and
biogeochemical processes that occur within a heterogeneous
aquifer.
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Atthe East River Site, we are extending our
study to consider watershed-wide fluxes and
bedrock-though-canopy biogeochemical
processes

RECENT HIGHLIGHTS

The Metabolic Potential component is quantifying prevalent
metabolic pathways in subsurface microbial communities that
mediate biogeochemical cycles. Recently, we have:

« Acquired around 2.5 Thbp of DNA sequence information, as well as
some linked transcriptomic and proteomic datasets. Reconstructec
>1,000 mostly novel genome, many involved in N, S, H, C cycling

+ Used metatranscriptomics to quantify metabolic potential of the
Rifle aquifer microbiome during NO; perturbation, including
inordinate importance of S- and Fe(ll)-oxidizing
chemolithoautotrophy

Analysis is providing the first insight into the metabolic roles of these
organisms in biogeochemical cycles.

The Watershed Controls component is developing an integrated understanding of the primary factors
controlling hydrobiogec pr and nutrient cycling in terrestrial environments

Documented importance of hot spots D to identify
and hot moments important to zones at the East River watershed
floodplain biogeochemistry at the
ifle Site
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The Tracking component focuses on quantifying inventories and
fluxes of C, N, and water in and across key subsurface
compar(men(s.

+Unique instrumentation suites have been
installed for quantifying inventories and fluxes
across soil-vadose zone-groundwater
compartments. Key findings associated with role
of subsurface in carbon cycling:

—Rifle vadose zone is relatively rich in DOC,
DIC, and salts, and locally elevated in NO5".

—Vadose zone CO, profiles reflect seasonal
variations in microbial activity (T, water
potential)

The Organic Matter Dynamics at Mineral Interfaces component is determining mechanisms by which organic-

mineral associations affect subsurface C and electron fluxes.

Recent advances include:

« Investigating chemical structure information of organic
matter associated with sediment in the saturated zone
using a variety of state-of-the-art methods.

« Fourier transform infrared (FTIR) spectroscopy suggests
that dissolved and extracted OM exists as complex
secondary structures of ‘small’ molecules

Verifying, Modifying and Improving conceptual
model

The Genome Enabled Watershed Simulation Capability (GEWaSC? is a framework for exploring
interactions and feedbacks between microbial metabolic potential/activity, hydrology and watershed
biogeochemistry.
We have developed trait-based and multi-scale models to represent the

diversity of microbial functional processes within a larger scale

reactive transport framework.

Rifle Site: first study to document requirement of genome-informed

reaction networks for accurate simulation of terrestrial environment e

behavior (chemolithoautotrophy)

East River: Developing a framework to simulate carbon, nutrient, and

metal cycling influenced by the short-term (seasonal) and long-term

(climate) hydrologic forcings - from the genome to watershed scales {peiaTies

and from the bedrock to canopy.
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The Data and is an agile data to enable
simulations of genome through watershed scale processes.

We have recently: DM AArchitecture

«Created the prototype data broker and SFA user interface . NASA EOSDIS
*Provide ability to quickly view, cross plot, and assess diverse

data products needed by science teams Asigaisn il

«Curate diverse Rifle data =
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EXPECTED OUTCOMES

The SFA 2.0 is developing:
A transformational and transferable APPROACH for gaining a predictive understanding of complex,
biologically-based system interactions from the genome to the watershed scale.

Many rich SCIENTIFIC ADVANCES: First coordinated attempt to gain a predictive understanding of
metabolic potential of an entire subsurface ecosystem, requiring understanding of the genetic,
biochemical, and physiological basis of microbial activity in the context of floodplain-wide fluxes and
biogeochemical processes in a heterogeneous aquifer (well suited for a national lab-based project).

Advanced COMMUNITY RESOURCES:
+ Open source, modular, multi-scale simulation framework
+ Community’ biogeochemical field study sites
+ Data Ecosystem

I MORE — SFA 2.0 Genomes to Watersheds @ AGU
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Scan QR codes for more information
about the SFA

Meet with SFA Scientists at Earth
Sciences Division
AGU Booth #2309, Moscone South

View other SFA and SFA Collaborator
Presentations:
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