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BioEnergy Science Center € ENERGY

BESC: A multi-institutional DOE-funded center
dedicated to understanding and modifying plant
biomass recalcitrance
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Access to the sugars eENERGY
In lignocellulosic biomass
IS the current critical barrier
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e Targeted cell wall synthesis approach:

* Test known putative recalcitrance genes in via
Populus and switchgrass transgenics (TP)

* Basic research to identify unknown genes and
decipher how they effect recalcitrance

e Discovery-based natural variation approach:

* Identify natural variation in recalcitrance
* |dentify gene responsible
* Test via Populus and switchgrass transgenics (TP)

* Activation tagging
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Need for High Throughput ENERGY
Screening Systems

Plant Biosynthesis
v’ Targeted Plant Genes and Transformation Pipeline
» 342 knockdown and/or overexpression constructs

Types of genes/proteins submitted to the Transformation Pipeline

Switchgrass

v Association and Field Trials
» ~4000 samples

v QTL Studies
» ~2000 samples

Populus
v Association Studies
« ~1100 trees replicated in 3 common gardens
v’ Activated Tagging Studies
» ~1000 Anonymous Tagged Lines
v'QTL studies
» ~700 segregating BC1 progeny ) D
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Analytical Pyrolysis of Low Lignin Alfalfa eENERGY

36 minutes of analysis for 6 (x3) samples
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Molecular Beam Mass Spectrometry @ ENERGY
provides a rapid estimate of cell
wall chemistry
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Scatter plot of lignin variability as a function of nitrogen
treatment for 1500 Populus trees

~ 350 samples/day
Identifies unique outliers

Intensities are used as phenotypes
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Provides a snapshot of CW chemistry
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Cell wall properties can be estimated @ENERGY
guickly from the mass spectra
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» Screening for cell wall chemistry changes after transgenic modification
* Rapid assessments of cell wall chemistry information for gene discovery
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Candidate Gene Selection € ENERGY

® 179 QTL intervals were detected
across 3 pedigrees
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genetic loci
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High Throughput Screening of ENERGY
Sugar Release

 Initial concept designed and validated
(Studer et al, UCR)

e Aluminum base plate with free-standing
hastelloy cups

e Same footprint as standard 300 uL well plate

e 250 pL reaction volume

« Concept refined and implemented
(Decker et al, NREL)

» Screen 300-400 biomass samples per day
— Rapidly screen 1000s of genetic or
' Add Catalyst i S5 environmental variants
and Seal ' Stack/Clamp — Pretreatment- steam reactor
: Plates * Hot water
e Dilute acid (currently limited #s)
— Enzyme Digestion- 3 days
e Extent of digestibility, not rate
— mg glucose/xylose released per mg
biomass

e HTP analysis via enzyme-linked
glucose/xylose assays
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Mining variation to identify ENERGY
key genes in biomass composition
and sugar release

Collected 1300 samples Analyzed cell wall Screen showed high
for Populus association chemistry and sugar level of natural diversity
release using high-

and activation-tag study

throughput
characterization pipeline

total sugar release - g/g biomass
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» Sugar release varies from 25%
to >90% of theoretical value
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Steam improves repeatability
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e Glucan and xylan yields
from poplar pretreated using
steam.

* Yields from sand and steam
heated tubes are
comparable BUT the curves
from steam heated tubes
are much smoother.

* This makes it easier to
identify qualitative trends.

Legend
Parr Reactor in Sand Bath

Tubes in Sand Bath

HEll- Pretreatment
-@— Enzymatic Hydrolysis

_A— Pretreatment +Enzymatic
Hydrolysis
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Cross Section Study: Results suxs

Bulk 2 —&—

 Significant within tree variability in  Buik1
sugar release

* Increasing glucose release from
pith to bark

* No clear trend in xylose release
across section; however, It does
vary

« Similar trend in sugar release
pattern for both sets of annual
rngs

* Bulks 3 and 2 material without bark

always performs significantly better
than bulk 1 material with bark
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Detailed analysis of transgenic
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Nakashima et al. 179 (2008) 738

alfalfa lines
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Detailed analysis of transgenic

u

alfalfa lines reveals changes in
ht
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Summary © ENERGY

» HTP measures glucan, xylan, lignin S/G ratio
and glucan and xylan release after pretreatment
and enzymatic hydrolysis

»Reduces analytical time and sample size

»Ten 5g samples in 2 weeks reduced to 50 mg
and >8000 samples /month

»Screens allow gene identification from large
natural populations followed by validation using
high resolution analytical techniques
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