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Disclaimer

“NOTICE: This event is being recorded for internal use by
the Advanced Research Projects Agency — Energy
(ARPA-E), U.S. Department of Energy. By attending this
event, you authorize ARPA-E (or its designee) to record
your participation in the event by audiovisual or other
means, and to use, copy, and retain such recordings for
Internal use. In addition, you waive ownership and other
rights associated with the recordings and the contents
thereof, and release and discharge the United States
Government and its contractors from any claims and
causes of action arising from or relating to such
recordings.”
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Introduction

e Jonathan J. Burbaum, PhD MBA

— Education
« PhD, Chemistry (Harvard), under Jeremy Knowles
« Postdoc, Biology (MIT), under Paul Schimmel
« MBA (UCSD)

— Professional Background
« Merck Research Labs (1991)

* Entrepreneur:
— Pharmacopeia (1993)
— ActivX Biosciences (2000)
— Azure Therapeutics (2004)
— Gnosys Consulting (2004)

— Program Director, ARPA-E (since 2010)

« FOAL Biofuels Projects (n=6)
« PETRO Program (n=10)
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Agenda Overview

Thursday, October 6, 2011

8:30 AM - 9:00 AM
9:00 AM -9:15 AM
9:15AM -9 :40 AM
9:40 AM - 10 :30 AM
- 9:40 AM -10:05 AM
- 10:05 AM — 10 :30AM
10 :30 AM - 10 :45 AM
10 :45 AM - 12 :15 PM
12 :15 PM -1 :00PM
1:00 PM -2 :45PM
2:45PM-3:00 PM
3:00 PM - 3:30 PM
3:30 PM -4 :30 PM
4:30 PM -5 :30 PM

Dinner on your own

Continental Breakfast
Welcome and Opening Remarks, Eric Toone, ARPA-E
Workshop Overview and Objectives, Jonathan Burbaum, ARPA-E
Technology Overviews
Overview of Plant Biology and Limitations, June Medford, Colorado State University
Overview of Current Plant Transformation Technologies, Neal Stewart, University of Tennessee
Coffee Break
BREAKOUT SESSIONS Technology Barriers and Opportunities
Working Lunch- Summary of Breakout Sessions by Moderators, Discussion
EXERCISE: Design the ideal system to rapidly transform and screen plants.
Coffee Break
Short Presentations by Breakout Groups
Group Discussion/debate on Presented Ideas
Networking over Refreshments

Friday, October 7, 2011 (Optional)

8 :00 AM —8:30 AM
8 :30 AM - 10 :00 AM

10:00 PM - 2:15 PM

Continental Breakfast

Preliminary Conclusions, Open Discussion
What have we learned?

What is and is not possible?

What is “evolutionary” versus “revolutionary”?
What can we do now?

How will we tell that we've succeeded? (metrics)
Coffee and One-on-one Discussions

Please contact the organizers to schedule one-on-one time with program directors
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Energy Sources in the US
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Biofuels in a Petroleum Context
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What Does Corn Do?
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http://www.ag.ndsu.edu

Premise of the Workshop

« Agriculture, as process engineering, Is far from optimized,

— Inefficient energy transduction (n < 6%)
— Wasteful carbon capture and processing (yield < 25%)
— Sequestration in difficult-to-process forms (e.g., cellulose)

« New tools lead to transformational changes, and

« There are opportunities for significant advances. VS.
— “Plant Biotechnology” lags other biotechnologies
» |s it able to progress more rapidly as a consequence??
— “Genetic Engineering” remains aspirational
« “Art”, at best, for all but a few well-understood organisms...
» ...but progress = data throughput.

— “Synthetic Biology” is in its infancy

« “...new biological parts, devices and systems...” [synthetichiology.org]

« “... novel artificial biological pathways, organisms or devices...” [Royal Society]

« “... combines science & engineering [for] novel biological functions & systems...” [SynBERC]
« “... the engineering of biology...” [European Commission]
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Examples of Recent Advances in Science

« Large scale genome wide modifications in microbes using techniques
such as Multiplex Automated Genome Engineering (MAGE).

MG1655 Small-scale Large-scale Recoded
E.coli """ Genome Engineering """  Genome Engineering """ E. coli

- - [ .“.) b 4
- .@ @ > @ 25-32
—— > 29-32 AprfA
@ 31-32 Hierarchical assembly of codon
mutations in a single strain

Divide 314 TAG TAG:TAA
targets into 32 regions Codon Changes 143 kb —» 287 kb —575kb = 1,15MB = 23 MB-~» 46 MB

Conjugative Assembly Genome Engineering (CAGE) converts all TAG codons in E. coli to TAA
[Isaacs et al., Science 333, 348 (2011)
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Examples of Recent Advances in Science

 Endophytes
— Live inside all plants
— Confer beneficial phenotypes, e.g.,
« drought tolerance
* nitrogen fixation Eiyene
« protection against pathogens /- ' ) e
— Can potentially be used as gene
delivery systems k T

Changes in Ca2* or H* fluxes

Priming and defense

Increased
photosynthesis and
! carbohydrate metabolism

JA/Ethylene

P

17

2

« Enzymes
« Peptaibols
« Oligosaccharides and low MW compounds
« Auxin or auxin-like compounds
« Cytokinin (P. indica)
BCF

Figure 1
Biocontrol fungi (BCF) grow to interact with the roots. By forming this interaction, the BCF and the plant
exchange signals. BCF releases clicitors into the zone of chemical communication (both outside and inside

Shoresh et al., Annu. Rev. Phytopathol., 48, 21 (2010)

K. pneumoniae in maize cells. (Chelius & Triplett, 2000).
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Examples of Recent Advances in Science

Bioinformatics

« Large scale gene synthesis capabilities now v
allow the routine production of plasmids U~ Qisgnuciectce

containing entire gene pathways. N -
Gene assembly

O Cloning

» This technology can be scaled up to synthesize
entire genomes de novo and incorporated into

microbial cells.

M. mycoides, JCVI-synl1.0, Venter
Institute
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Progress of Biotechnology

Efficiency Efficiency

Year | Strain | Plasmid Genotype (DNA genes only) (cfu/ug) (%)
1972 | C600 R6 - 5x 104 0.00001
1985 | DH1 | pBR322 | endAlrecAl gyrA96 relAl hsdR17(rk mx*) 5x 106 0.001

endAl recAl gyrA96 relAl A(mcrA)183
A(mcrCB-hsdSMR-mrr)173

Output per instrument run
2001 2002

2003 2004 2005 2006 2007 2008 2009 2010

1993 | XL-10 | pUC18 5x10° 1
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Examples of Recent Advances in Technology

* Image analysis systems can follow plants

from seedling to maturity

» High-throughput phenotype analysis:
> Growth rate
> Developmental abnormalities

> Responses to stressors
> Chlorophyll content

Phenofab
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Examples of Recent Advances in Technology

* Following the development of DNA based genechips for

R
(R

genomic analysis, microarrays have been developed to
guantify protein expression, carbohydrates, and levels of

small molecules.

B 1234567891011 Probeset Experiment
245156_at #2

== ssseroat 2
One application of genechips has been to allow rapid mapping of EEEmmm—— s
genetic modifications in plants. Genechip analysis of an R oo

Absolute: WT-mutant
Arabidopsis mutant that overaccumulated sodium identified a D
deleted region in the genome (highlighted in red, panel B) T el 1
corresponding to the AtHKT1 transporter. P Deletion |
AtHKT1

Gong et al, PNAS (2004)
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Examples of Recent Advances in Technology

« Targeted genome engineering to allow precise integration of a

transgene or disruption of native genes.

TT4
4 56

 Enzymes (zinc-finger, meganucleases, TALENS)

can be engineered to recognize specific gene

. 393b
sequences (> 20 bp) in a plant genome. ;

151 bp

A zinc finger nuclease was

. . Nspl
engineered to recognize an 18 bp
sequence in Arabidopsis containing | €— 151bp —p| «—— 393bp —’l
a NSpl restriction site. TT4 *

Zhang et al. PNAS (2010)
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An ARPA-E Project has four main attributes

IMPACT

If successful, project could have:

« High impact on ARPA-E
mission areas

« Large commercial application

AN

BREAKTHROUGH TECHNOLOGY

Technologies that:

* Do not exist in today’s energy
market

* Are not just incremental
improvements; could make today’s
technologies obsolete

AN

_ AN

ADDITIONALITY

« Difficult to move forward
without ARPA-E funding

« But able to attract cost share
and follow-on funding

* Not already being researched
or funded by others

)

y .4 AN

PEOPLE

* Best-in-class people

« Teams with both scientists and
engineers

* Brings new people, talent and skill
sets to energy R&D
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ARPA-E’s Funding Rubric

* Qi b|.D\.i‘ S
— Funds the development of disruptive new

technologies rather than new scientific
knowledge

— Focuses on high-risk, high-reward projects
with significant commercial potential

— Chooses projects that that are generally
unable to attract private sector financing
because of the significant risks involved
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Agriculture provides a low cost production platform at scale

* Fuels = Commodity: Cost is the major determinant
» Low capital costs for large area
 Low operational costs: Can use a variety of inputs
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But genetic engineering of plants is much more difficult

Agricultural Crops

« Single type of cell » Differentiated cells

* One compartment * Multiple compartments/organelles
« Single membrane * Multiple membranes/cell walls

« Single genome « Multiple genomes

« Reproduce every 20’ * Reproduce annually

« Haploid * Diploid/polyploid

« Heterotrophic (fixed food) « Autotrophic (diurnal, CO2)
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What has biology + engineering done already?

« DNA Technologies P - /
— Synthesis | é Wi ¥ "
_ Analysis ——  Tamsoioto

* ‘High-throughput’ analysis
— More data/time
— Fewer human errors

« Computational Algorithms




Example 1: Automated DNA Sequencing
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Example 2: PCR

-803
374~ -310
254~

-184
134~ 118
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Temperature (°C)

Figure £, PCR construction of 2 376-5p DNA frag..

Mullis, 1986: 25 addition steps of
Klenow DNA Polymerase
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Example 3: Whole genome expression analysis

Chemical
iemicai
H NH NH NH dopprmm-on NHz NH2 H coupling
S
TMV—>
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Alwine et al., 1977

Fodor et al.,
1991

d Research Projects Agency * Energy

Qi D| JCI° \9

Advance



Agenda Overview

Thursday, October 6, 2011

8:30 AM - 9:00 AM
9:00 AM -9:15 AM
9:15AM -9 :40 AM
9:40 AM - 10 :30 AM
- 9:40 AM -10:05 AM
- 10:05 AM — 10 :30AM
10 :30 AM - 10 :45 AM
10 :45 AM - 12 :15 PM
12 :15 PM -1 :00PM
1:00 PM -2 :45PM
2:45PM-3:00 PM
3:00 PM - 3:30 PM
3:30 PM -4 :30 PM
4:30 PM -5 :30 PM

Dinner on your own

Continental Breakfast
Welcome and Opening Remarks, Eric Toone, ARPA-E
Workshop Overview and Objectives, Jonathan Burbaum, ARPA-E
Technology Overviews
Overview of Plant Biology and Limitations, June Medford, Colorado State University
Overview of Current Plant Transformation Technologies, Neal Stewart, University of Tennessee
Coffee Break
BREAKOUT SESSIONS Technology Barriers and Opportunities
Working Lunch- Summary of Breakout Sessions by Moderators, Discussion
EXERCISE: Design the ideal system to rapidly transform and screen plants.
Coffee Break
Short Presentations by Breakout Groups
Group Discussion/debate on Presented Ideas
Networking over Refreshments

Friday, October 7, 2011 (Optional)

8 :00 AM —8:30 AM
8 :30 AM - 10 :00 AM

10:00 PM - 2:15 PM

Continental Breakfast

Preliminary Conclusions, Open Discussion
What have we learned?

What is and is not possible?

What is “evolutionary” versus “revolutionary”?
What can we do now?

How will we tell that we've succeeded? (metrics)
Coffee and One-on-one Discussions

Please contact the organizers to schedule one-on-one time with program directors
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Afternoon Breakout Sessions

Last First Group Session Location Last First Group Session Location
Chesnut Jon Lifetech 10th Floor (Edwin) McElroy David Calysta 6th Floor (Hamilton)
Citovsky Vitaly  |University of NY, Stony Brook| 10th Floor (Edwin) McKee Adrienne Solazyme 10th Floor (James)

Daniell Henry University of Central Florida | 10th Floor (Edwin) Mclean Gall DOE BES 10th Floor (James)

Davis Mark NREL 6th Floor (Hamilton) Medford June Colorado State 10th Floor (Edwin)

Doty Sharon University of Washington 10th Floor (Edwin) Merryman Chuck Venter Institute 10th Floor (James)
Ferguson Bruce Edenspace 10th Floor (Edwin) Modlin Doug LLNL 6th Floor (Hamilton)

Flavell Dick Ceres 6th Floor (Hamilton) Okamura Jack USDA ARS 10th Floor (Edwin)
Guiltinan Mark Penn State 10th Floor (James) Poon Yan Sapphire 10th Floor (James)

Guo Lining Metabolon 10th Floor (James) Schroth Gary lllumina 10th Floor (James)
Hanson David University of New Mexico 10th Floor (Edwin) Singh Anup JBEI 10th Floor (Edwin)
Haseloff Jim University of Cambridge 10th Floor (James) Snell Kristi Metabolix 6th Floor (Hamilton)
Jackson Alicia DARPA 10th Floor (James) Stewart Neal University of TN 10th Floor (Edwin)
Jessen Dave Chromatin 10th Floor (Edwin) Streatfield Stephen Fraunhofer 10th Floor (James)

Kelly Jason Ginkgo Bioworks 6th Floor (Hamilton) Thomson Jim USDA-ARS 6th Floor (Hamilton)

Kirk Greg KLA Tencor 6th Floor (Hamilton) Wang Zeng-Yu Noble Foundation 6th Floor (Hamilton)
Lessard Philip Agrivida 10th Floor (James) Welch Mark DNA 2.0 6th Floor (Hamilton)

Li Zhonshen DuPont 6th Floor (Hamilton) Zhang Zhanyuan University of MO 10th Floor (Edwin)
Maliga Pal Rutgers University 6th Floor (Hamilton) Zhang Feng Ce;lg(;tri]scslsant 10th Floor (James)
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