FIVE-YEAR TARGETS
A regionally adaptive, national-scale
platform for grass-based biorefining using
feedstocks with improved yield and resourceuse efficiency.

A broad set of platform microorganisms, as
well as automated tools to engineer them, to
develop value-added products from plantproduced feedstocks or substrates.

An integrated economic and environmental
framework for determining feedstock supply
and its sustainability.
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RESEARCH FOCUS AREAS

FEEDSTOCK PRODUCTION
Growing the right crops.
CABBI is founded on the “plants as factories” paradigm, in which biofuels, bioproducts, high-value
molecules, and foundation molecules for conversion are synthesized directly in plant stems. CABBI
researchers are focusing on sorghum, sugarcane, energy cane, and Miscanthus, high-yielding
grasses that grow throughout the rain-fed eastern United States, including on marginal soils.

CONVERSION
Turning plants into high-value chemicals.
CABBI is working with a group of yeasts (Saccharomyces cerevisiae, Issatchenkia orientalis,

Rhodosporidium toruloides, Yarrowia lipolytica) to more fully understand their metabolism and
physiology. The Center is applying this knowledge to engineer organisms for production of highvalue bioproducts such as biodiesel, organic acids, jet fuels, lubricants, and alcohols. CABBI is also
accelerating engineering of microbial strains by developing an automated “biofoundry.”

SUSTAINABILITY
Improving the environmental and economic bottom line.
CABBI is developing new techno-economic and life-cycle analyses and integrating systems-level
modeling to examine economic and ecological tradeoffs associated with products and processes
generated through the center. Using production-scale field experiments, we gain mechanistic
understanding of the plant, soil, microbe, and climate interactions that underlie the productivity
and ecosystem services of different feedstocks and the technological and economic pathways to a
sustainable and resilient bioeconomy.

DOE BIOENERGY RESEARCH CENTERS (BRCs):
DEVELOPING A VIABLE AND SUSTAINABLE DOMESTIC BIOFUEL
AND BIOPRODUCTS INDUSTRY FROM DEDICATED BIOENERGY CROPS.
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YEAR 2 RESEARCH HIGHLIGHTS
LAYING THE FOUNDATION FOR PLANTS
AS FACTORIES

NEW PROCESSING TECHNIQUES
TO MAXIMIZE FEEDSTOCK VALUE

CABBI is creating nextgeneration feedstock varieties
by modifying carbon allocation
and metabolism to produce lipids
in vegetative tissues, as well as
increasing productivity, resource
use efficiency, and resilience to
stress. Genetic modifications
producing novel fatty acids and
counteracting growth inhibition Genetically engineered sugarcane
lines (center) with higher amounts
in model species are being
of lipids compared to wild type
translated into new lines of
(left and right). Credit: Fredy
sugarcane and sorghum. These
Altpeter, CABBI
advances are an important
step toward engineered feedstocks that can produce
lipids at low cost. To implement these improvements, we
are generating structural and functional knowledge of the
genomes of our target feedstocks. We also are increasing
the efficiency of gene editing and characterizing natural
variation in target traits of these C4 grasses. Additionally,
in silico and in planta experiments are improving our
understanding of yield resilience and resource use
efficiency.

Getting the most value
out of CABBI feedstocks
requires new, costeffective methods for
processing biomass
into useful chemicals.
Techniques must be
developed to extract
oils and sugars — and to
valorize lignocellulosic
CABBI researchers are developing new
biomass — without
processing techniques in the Integrated
compromising
Bioprocessing Research Laboratory at
bioproduct quality.
Illinois. Credit: CABBI
Improvements in a
process using sequential deacetylation, followed by hot
water pretreatment and disk refining, can make cellulosic
ethanol production from sugarcane bagasse economically
feasible. Novel pretreatment steps with engineered
yeast strains can incrementally improve ethanol yields
from sugarcane bagasse. And chemical-free, continuous
hydrothermal pretreatment of sorghum biomass
minimizes inhibitor formation and can be successfully
scaled up — a promising industrial application.

NEW TOOLS AND TECHNIQUES TO ENABLE
HIGH-THROUGHPUT STRAIN DEVELOPMENT

FIELD DATA AT MULTIPLE SITES
TO IMPROVE MODEL PERFORMANCE

New CABBI tools are improving the efficiency of synthetic
biology in a variety of yeasts. We reported two new
CRISPR/Cas9 systems — for gene disruption in Issatchenkia
orientalis and for modular, targeted gene knockouts in
Rhodosporidium toruloides, a promising organism that
grows on lignocellulosic sugars. These systems pave the
way for further genome and metabolic engineering for
bioproduct production. New lab techniques are being
aided by model-guided strain design. We developed webbased software that improves the efficiency of Golden
Gate assembly, a fundamental tool for genetic engineering.
The Center has also integrated its biofoundry with a
machine-learning algorithm that designs and executes
experiments, analyzes resulting data, and determines the
best target points for achieving an improved pathway.

With the
Illinois Energy
Farm, Iowa
Sustainable
Advanced
Bioeconomy
Research
Farm, and
partners and
collaborators
from a wide
range of
geographic
locations such
as Mississippi, An eddy covariance tower at Archbold Biological Station
in Florida measures gas fluxes so researchers can
Texas, and
compare the fluxes over pasture and sugarcane fields.
Florida,
Credit: Carl Bernacchi, USDA-ARS
CABBI is
collecting field-scale data on the processes by which
energy crops undertake carbon, nitrogen, and water
cycling and generate ecosystem services. These data
are being used to improve the accuracy of models that
analyze the environmental and economic sustainability
of bioenergy cropping systems on diverse locations and
land types in the rainfed United States. An example is
data gleaned from research examining nitrogen response
across Miscanthus × giganteus established over multiple
years and at multiple sites.

A fusion promoter enables gRNA expression
and high-efficiency CRISPR/Cas9 gene
editing in Rhodosporidium toruloides.
Credit: Schultz et al. 2019
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