From: Bill Rooney

To: "Steve Searcy"”; "James Richardson”

Cc: "Avant, Bob"; "John Mullet"; "bmccutchen@tamu.edu"
Subject: FW: DARPA draft

Date: Wednesday, September 02, 2009 10:06:00 PM
Attachments: GOAL I.doc

DARPA RD Plan 90209.doc

Steve and James
Bob asked me to forward an "opportunity” for your input.

We have been in development stages of a grant proposal to DARPA as is outlined in the attached
document DARPA RD Plan. This was submitted as a concept paper back in July; they have now
asked for a more detailed proposal. The group working has felt that your expertise is important for
Goal | (ie, harvest logistics and economics of production). Bob had some information from a previous
grant, but we are trying to tailor more to the concepts described in both of these documents.

So, hopefully you are interested in contributing. What we need now is for you to review and edit the
information on the Goal | document. Specifically, objective 3 to Searcy and Objective 4 to Richardson.
As of now there is [[ij annvally (total) for three years for all the objectives in Goal I.

I'm sure you've got questions, and please feel free to contact either Bill M., John M, Bob or myself
(979 220-1951).

Regards,

bil

Dr. William L. Rooney

Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee

Texas A&M University

College Station, Texas 77843-2474

979 845 2151

----- Original Message-----

From: Avant, Bob [mailto:bavant@tamu.edu]
Sent: Wednesday, September 02, 2009 8:17 PM
To: Bill Rooney

Cc: Mullet, John E.

Subject: Re: DARPA draft

I'll work on it tomorrow night.

Would one of you send the latest version to Searcy and Richardson for their input
and provide background. This will be their first intro to the project. They both
contributed to the document I sent John on Friday, but it was for a DOE proposal.

I am traveling until midnight and will be in meetings until 5 tomorrow. So | can't
contribute until then

Sent from my iPhone

On Sep 2, 2009, at 6:50 PM, "Bill Rooney" <wlr@tamu.edu> wrote:

Bob:


mailto:wlr@tamu.edu
mailto:s-searcy@tamu.edu
mailto:jwrichardson@tamu.edu
mailto:bavant@tamu.edu
mailto:jmullet@tamu.edu
mailto:bmccutchen@tamu.edu
mailto:wlr@tamu.edu

DARPA SORGHUM DRAFT (AVANT)



Sorghum Production and Logistics for Strategic Areas





Goal: 

The overall goal of this research is to optimize production of energy sorghum hybrids and wide hybrids in strategic areas that can provide feedstocks for JP8 production for military installations.  

Rationale: 

The C4 grass sorghum has been identified as a superior plant species for lignocellulosic bioenergy production due to this plant’s ability to produce ~10-15 dT of biomass per acre in good production environments.  The development of high yielding bioenergy crops is of central importance to the successful establishment of a large-scale biofuels industry for several reasons; (1) high yielding bioenergy crops will reduce the cost of biomass per unit of biofuels produced, (2) high yielding bioenergy crops will reduce competition for land and between food and fuel crops by minimizing bioenergy production footprints, (3) high yielding bioenergy crops will reduce the cost of transporting biomass to biorefineries by increasing the amount of biomass that can be generated near a biorefinery, and (4) high yielding bioenergy crops will significantly reduce carbon emissions per unit of transportation fuel produced generating carbon credits and positive environmental impact.  


The challenge of producing bioenergy sorghum is maintaining yield potential in areas with environmental stresses.  There is a need to assess the productivity and to identify hybrids adapted to specific regions.  Thus, the evaluation of bioenergy sorghums for regions with low rainfall, saline soils, and poor quality irrigation water is critical for further improvement and development.  The development of lignocellulosic bioenergy crops under these conditions will reduce competition between food and fuel crops and expand the acreage available for bioenergy production especially for strategic areas.  For example, the acreage of drought-affected and saline soils across the world has expanded greatly and sub-standard irrigation in these regions has increased. In some regions, this land has been abandoned and could be brought back into production if drought-resistant and/or saline tolerant bioenergy crops were available. In other regions, poor quality irrigation water is available that could be used for production of bioenergy crops if these crops had an increased level of salt tolerance.  


Objectives: 


1. 

2. Screen a range of energy sorghum hybrids for performance in locations appropriate for evaluation and important to DOD. 

3. 

4. 

5. Establish sustainable agronomic practices.

6. Evaluate systems to meet biomass delivery specifications (moisture content, particle size, total carbohydrate composition, ash content, etc.) for conversion systems.


7. Provide unit operation data and costs for production of feedstock for pilot facility, and model the performance and costs of commercial scale logistics systems. 

Deliverables: 

1. Identify and provide commercially available sorghum bioenergy hybrids adapted to specific production environments.  


2. An agronomic production guide for sustainable production of bioenergy sorghum.


3. Recommendations on harvesting preprocessing and storage appropriate for specific conversion systems.  


Technical Plan by Objective:


Objective 1: Screen a range of energy sorghum hybrids for performance in locations appropriate for evaluation and important to DOD.


Rationale: It is critical that sorghum bioenergy hybrids be screened in an array of environments to ensure that the hybrids that are best adapted to general regions are selected, to assess the realistic yield potential in a region, and to identify and screen for the factors that are most limiting in those environments.  This approach is the only logical approach for the selection and development of hybrids optimized to environments.  


Implementation Plan:.

a. 

b. Field experimental plots of bioenergy sorghum hybrids will be established at two locations in Texas (one at College Station, the other to be determined), and a third at a location strategically important to DOD (Hawaii?).  At each location, replicated tests will be managed as appropriate for cropping systems in the region.  In College Station, the tests will be duplicated; one will be irrigated and the other rainfed to assess the yield potential under optimal and dryland conditions.  

c. As some production will be in drier regions where saline irrigation water maybe used, an evaluation will be completed in West Texas where the trial is irrigated with water of different salinity levels. Irrigation will be performed at a level appropriate for bioenergy sorghum production.  In all locations, at harvest, both yield and composition will be analyzed.  The production data will also be compared with the concurrent bioenergy sorghum production at other locations.

Objective 2:  Establish sustainable and best mangment practices for optimum agronomic production.



Rationale: The genetic potential of a particular hybrid is only expressed if best management practices are utilized to manage the environment.  

Implementation Plan: At the same locations used in Objective 1, large plots 

a. 

b. 



a. (1-2 acres) will be established to test agronomic practices that include but are not limited to plant population, fertility, irrigation and harvest scheduling.  

b. 

c. Experiments will be designed to determine optimum fertility levels and plant populations; relative effects of irrigation and the timing of irrigation will be determined and hybrid type will e optimized to harvest schedule (in collaboration with Objective 3) to ensure biomass supply on a continual basis to a processing plant.  


Objective 3: Evaluate systems to meet biomass delivery specifications (moisture content, particle size, total carbohydrate composition, ash content, etc.) for conversion systems.

Rationale: Efficient harvest systems that consistently provide biomass to the processing gate in a timely and desired mode is essential for any biorefinery.  


Implementation Plan: Thirty acres of dryland production sorghum will be established near College Station, TX to produce a minimum of 100 dry tons that will replicate harvest systems and conditions at the other strategic locations.  This plot is sized to ensure the availability of the desired quantity of dry material if rainfall is short during 2011, and to provide sufficient material for evaluation of harvest date impact on the ability to provide low moisture feedstock.  Site establishment will be in April, with harvest operations beginning in July.  The majority of the field will be harvested at a time to provide as uniform feedstock material as possible for the conversion pilot plant.  In the remainder of the area, sorghum will be harvested periodically through the summer and fall, with the intent of evaluating  the time required for the stalks to field dry to the desired moisture content of <20% w.b. throughout an extended harvest season.  Previous experience with sorghum harvest has shown that, depending on weather conditions, the regrowth of the sorghum may occur before the cut stalks dry to the desired level.    Conditioning of the stalks to enhance field drying will ensure the desired moisture content while minimizing dry matter loss.  Alternative conditioning techniques will be used to determine the optimum techniques for differing weather conditions.  Detailed harvest activities are listed below.


a. Harvest for the collection of the 100 tons of sorghum at as low a moisture content as conditions will allow.  Specific dates for harvest will be determined by examining the long-range forecast, and selecting a period that is expected to provide an extended period of desirable drying conditions.

b. For the purpose of evaluating the impact of harvest date on feedstock moisture content and composition, sorghum will be harvested at four target dates throughout the crop year; July 15, September 1, October 15 and December 1.  Approximately one fourth of the allocated area will be harvested at each period.  Sorghum varieties will be selected for single or double harvest as appropriate for the target dates.  With regrowth of the sorghum, the first two dates will be harvested a second time in October or December, depending on field conditions and long-term weather forecast. 


i. Two conditioning methods will be evaluated in each harvest period.  Specific machines will be selected based on available data at that time.  With current knowledge, the selections would be a MacDon auger header and a Deere Tri-Lobe conditioner would be selected.  These will be evaluated to determine the impact of the conditioning methods on feedstock dry down rate and composition.


ii. At each harvest date, the moisture content of the sorghum will be determined prior to cutting and at two day periods until the material reaches a moisture content below 20%.  In the earlier dates, field drying may be terminated if the regrowth of the sorghum becomes excessive before the desired moisture level is reached.  


c. For both harvest activities, sorghum will be baled into 3 x 4 x 7 ft. bales and wrapped in plastic tubes for storage.  Bales from each harvest date will be wrapped separately.  


Objective 5
.

a. The logistics system necessary to support a commercial scale version of the pilot conversion plant will be analyzed using the Integrated Biomass Supply Analysis and Logistics (IBSAL) modeling environment developed by DOE’s Oak Ridge National Laboratory.  The IBSAL modeling environment can be used to assess the capacity, costs and carbon footprint of various machine and operational systems with weather scenarios for selected locations.  A limited number of candidate logistics systems and locations will be selected, in consultation with DARPA, for analysis.  Searcy and project personnel will optimize the complement of machines used in those systems and provide the project costs for delivery of the feedstock.

b. The results of the field data collection and logistics system simulation will be combined into an assessment of sorghum production, harvest and delivery system.  This effort will include details on the equipment, fuel use, man hours, and costs of planting, growing, harvesting, handling, and transporting feedstock in order to generate accurate projections of delivered feedstock cost under a commercial scenario.


�I assume this is the economic analysis objective.  I must have delected up above, but I am not adverse to including it, if appropriate., but I need insight and help from others.  
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DARPA proposal: 90209




High-Biomass Energy Crops for U.S. Energy Security


VISION: The Texas A&M University System (TAMUS) will create and deliver advanced energy sorghums and new energy crops through a novel, non-GMO, wide-hybridization technology platform.  These unique energy crops will be sustainable, high yielding, widely adapted, drought tolerant, optimized for biofuels and biopower generation and will significantly improve U.S. energy security.  Prototypic lines are available for immediate testing and use.


PHASE I REQUIRED RESOURCES:  $9M/3 years: By year:  $3M, $3M, $3M.


Budget categories: personnel, instrumentation, supplies, costs associated with genomics, breeding, production site management, harvesting logistics, IP protection/management, travel, and indirect costs. A more detailed budget will be provided upon request.

PROJECT DELIVERABLES:

1. Energy sorghum production maximized in locations of national security importance using optimized management practices and harvest logistics.


2. Energy sorghum hybrids with increased yield (15-20dT/acre/yr) and optimized composition for advanced biofuels and biopower generation.


3. An integrated genomics-to-energy crop breeding technology platform that will enhance the rate of energy sorghum and wide hybrid energy crop improvement for 10+ yrs.


4. Novel wide hybrid energy crops and/or seed propagated versions of energy cane or miscanthus and an understanding of the genetic basis of wide hybridization.


GOALS AND APPROACH:

1. Grow and optimize production of current energy sorghum hybrids at sites of importance to national security (including but not limited to Hawaii and Puerto Rico) starting in 2009/10 (Figure 1).  TAMUS has created unique high-tonnage drought-tolerant, non-GMO “energy sorghum” hybrids that yield 10-15 dry tons (dT) of lignocellulosic biomass per acre.  Energy sorghum enables biomass delivery to biorefineries at ~$60/dT providing a ~75% GHG offset for advanced biofuels production or ~95% for biopower. Current energy sorghum hybrids will be grown at sites of national security interest such as Hawaii and Puerto Rico and other locations where agronomic management and harvest logistics will be optimized. Hybrid seed will be produced and tested in cooperation with our corporate partner Ceres, a bioenergy crop seed company.
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2. Build a full-scale integrated genomics-to-breeding technology platform that will accelerate the rate of stable genetic improvement of energy sorghum and wide hybrids for at least the next 10 years (Figure 2).  Sorghum is one of the most highly productive C4 grass species known, with excellent genetics, a complete genome sequence, and an extensive germplasm collection (~40,000 accessions) that contains valuable genetic diversity for the design and improvement of energy sorghum and other energy crops.  TAMUS has developed Digital Genotyping Technology using high performance DNA sequencers in conjunction with the annotated sorghum genome sequence to acquire detailed profiles of genetic variation of germplasm accessions, gene discovery populations, and breeding materials. Implementation of this technology within an expanded TAMUS energy sorghum and wide hybrid genomics, breeding and improvement program will significantly increase the long-term rate of energy crop design and improvement. The goal is to increase energy crop yield to 15-20 dT/acre while optimizing biomass composition to improve conversion efficiency into advanced biofuels and biopower.

[image: image2.png][ ~40,000 Sorghum Elite N

/ Sorghum Accessions Energy /ﬁ RESEARCH \\
Germplasm Sorghum |
Collection Populations
Screening
~40,000 Breeding \
Sorghum Vi elidhiel
Gonas __Gene <— Energy Crop
Pyramiding / Genes
>20 dT/acre
Digital Genotyping

\
\

/
\\ Figure 2. Germplasm/Genomics to Breeding Platform //







3. Develop next generation energy crops using novel wide hybridization technology that enables sorghum to be crossed with energy cane and other energy grasses (Figure 3).  Wide-hybridization technology developed at TAMUS allows sorghum to be crossed with sugarcane and other C4 grasses that can increase yields by 20% or more. The resulting intergeneric hybrids have the potential to exhibit strong hybrid vigor and express unique combinations of useful traits from the species being crossed, such as large seed size or drought tolerance from sorghum, with perennial growth, cold tolerance, and/or high nitrogen use efficiency from other C4 grasses.  This technology when fully developed will also allow mass-production of hybrid seed from crosses with energy canes (first time ever) reducing the cost of planting energy cane by at least a factor of ten, providing for the first time seed-based (or vegetative) propagation of wide hybrid energy crops, and potentially generating a novel suite of next generation energy grasses for advanced biofuels and biopower generation.
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Figure 3. Wide hybridization technology showing cane fertilizing sorghum. 

NATIONAL SECURITY IMPLICATIONS: Energy sorghum hybrids optimized for geographic regions of national security importance have the capacity to supply lower cost feedstocks with specialized characteristics for advanced biofuels or biopower generation with high GHG offsets. Accelerating the improvement of energy crops will lead to cost decreases, supply increases, better conversion efficiency, reduced competition with food and feed production, and improved life cycle assessment of fuels derived from energy sorghum and wide hybrids. Successful implementation of these technologies will provide a strategic, sustainable, low-cost source of advanced biofuels and biopower for DOD, and in the longer term could significantly impact the world’s supply of energy and transportation fuels. 

IP/LICENSING PLAN: Current energy sorghum hybrids are being developed in collaboration with Ceres, a commercial energy crop seed company.  Ceres has agreed to extend preferred customer status to DOD for its sorghum hybrids and to supply commercial amounts of seed. The results of research funded by DARPA will be protected via both statutory means (e.g. patents, plant variety protection certificate) and contractual means (e.g. distribution of tangible materials under appropriate agreements).  Licensing of TAMUS intellectual property will include diligence to ensure licensees will meet both commercial and national security requirements for these novel energy crops.


 RESEARCH PLAN:


GOAL 1: Optimize energy sorghum production at sites of national security.


[Bob Avant, Bill Rooney - in progress.]


Deliverables:


Rationale/Approach:


Objectives:


Budget:


GOAL 2: Develop next generation energy sorghum by building and utilizing an integrated germplasm/genomics to breeding technology platform.


[John Mullet, Bill Rooney – in progress]


Deliverables:


Rationale/Approach:


Objectives:


Budget:


Goal 3: Develop next generation energy crops using novel wide hybridization technology that enables sorghum to be crossed with energy cane and other energy grasses.  


[David Stelly, Bill Rooney – in progress]


Rationale: Wide-hybridization technology developed at TAMUS allows sorghum to be crossed with sugarcane and other C4 grasses that can increase yields by 20% or more. The resulting intergeneric hybrids have the potential to exhibit strong hybrid vigor and express unique combinations of useful traits from the species being crossed, such as large seed size or drought tolerance from sorghum, with perennial growth, cold tolerance, and/or high nitrogen use efficiency from energycane or miscanthus.  This technology, when fully developed, has the potential to allow mass-production of hybrid seed from crosses with energy canes (first time ever).  This innovation would reduce the cost of planting an energycane-type crop by at least a factor of ten, providing for the first time seed-based (or vegetative) propagation of wide hybrid energy crops, and potentially generating a novel suite of next generation energy grasses for advanced biofuels and biopower generation.


Project Objectives:


1. Production and selection of elite wide hybrids of sorghum/energycane and sorghum/miscanthus


2. Agronomic evaluation of intergeneric hybrids using vegetative propagated hybrids.

3. Use elite hybrids for introgression of desirable traits into both sorghum and energycane or miscanthus 


4. Development of seed-based propagation systems for sorghum/energycane hybrids.  


5. Molecular Characterization of iap and other important genes that influence intergeneric hybridization and recombination.


Deliverables: 


1. Elite intergeneric hybrids with improved phenotypic performance for a variety of traits including but not limited to drought tolerance, sugar accumulation, and adaptation range.


2. Assessment of the value and range of production of these intergeneric hybrids.   


3. Production of sorghum, energycane and miscanthus derivatives with traits derived from the complementary donor species.  


4. Development of parental lines that optimize seed-based production of sorghum/energycane and/or sorghum/miscanthus hybrids.  


Research Plan

Objective 1: Production and selection of elite wide hybrids of sorghum/energycane and sorghum/miscanthus

Rationale: The basis for the wide hybridization is the creation of intergeneric hybrids between sorghum with both energycane and miscanthus.  Once large numbers of these hybrids are produced, these hybrids can be selected for elite performance and selected hybrids will be advanced for use in crop testing, and as a source for further breeding and development (Figure 1).  Evaluation of current hybrids indicates that elite hybrids comprise <5% of all currently produced hybrids.  Consequently, screening of large numbers of hybrids is needed to identify the most promising germplasm.  

Implementation Plan: Sorghum line Tx3361 and other iap derivative lines will be hybridized in large numbers in special crossing greenhouses in Weslaco and College Station, Texas.  On an annual basis, at least 10,000 seedlings will be produced for evaluation, with at least 1,000 of these seedling transplanted to the field in College Station for evaluation and selection.  By year 3, production of at least 30,000 hybrid seed are produced and directly seeded into the field for selection.  Select hybrids will be propagated at the end of the season for use in objectives 2-4.  


Budget: 
$_____/year




$_____/year for hybridization




$_____/year for hybrid evaluation nursery


Objective 2: Agronomic evaluation of intergeneric hybrids using vegetatively propagated hybrids.

Rationale: The agronomic characterization of wide hybrid progeny is critical to clearly identify which traits are expressed in these hybrids and what their value is relative to existing sorghum and energycane bioenergy crops.  This baseline information is also necessary to identify important clones to advance for research objectives 3 and 4.  

Implementation Plan: Hybrids selected from Objective 1 will be vegetatively propagated through stem cuttings.  Once enough clonal “seed” stock is available, replicated trials of these materials will be planted in multiple locations to assess productivity in different environments and for different phenotypic traits.   At a minimum, replicated trials will be established in Weslaco and College Station, Texas.  In both locations, two complete trials will be planted; one will be grown under full irrigation and the second will be produced under limited irrigation to fully assess the level of drought tolerance.  Trials will be evaluated for at least three years to determine adaptation, perenniality and biomass yield potential.  All trials will have comaparative checks of bioenergy sorghum and energycane.  In year 3, the elite lines will be identified and propagated for advanced testing in a larger number of locations; including but not limited to sites of important to DARPA and DOD production.  


Budget: 
$_____/year




$_____/year for evaluation - Weslaco




$_____/ year for evaluation – College Station


Objective 3: Use elite hybrids for introgression of desirable traits into both sorghum and energycane or miscanthus


Rationale: Introgression breeding provides a viable mechanism to transfer agronomically important traits across species using traditional approaches that are not GMO.  In addition, many of these traits are quantitatively inherited and are difficult if not impossible to transfer using transgenic approaches.  Thus, the iap wide hybrid program provides a viable “bridge” through which these traits can move across generic boundaries that were not possible previously.  Potential lines expressing valuable traits that were identified in Objectives 1 and 2 will serve as the basis for work in Objective 3.  

Implementation Plan: Selected hybrids (from either objective 1 or 2) will be propagated for use in introgression breeding back to both energycane (or miscanthus) and sorghum.  Propagated hybrids will be grown in crossing greenhouses (either College Station or Weslaco) and induced to flower via the use of short day treatments (or winter planting).  At anthesis, fertility of the hybrids will be assessed; a large amount of sterility is expected.  To mitigate this issue, other clones of the same lines will be treated to induce chromosome doubling.  This should enhance fertility and allow these lines to be backcrossed to either parent as appropriate.  BC1 progeny will be for each will be recovered and grown for additional backcrossing until progeny are recovered that have stable chromosome levels and fertility. Once derived lines are obtained, these lines will be assessed using molecular and cytological testing for evidence of introgression.  In addition, the derived progeny for each species will be evaluated in agronomic field trials similar to those described in Objective 2, except that the lines will be compared directly with the recurrent parents (ie, energycane vs. derived energycane). 


Budget: 
$_____/year


$_____/year for breeding/cytological manipulations  (Weslaco and/or College Station)




$_____/ year for evaluation – College Station




$_____/ year for evaluation – Weslaco


Objective 4: Use elite hybrids for introgression of desirable traits into both sorghum and energycane or miscanthus


Rationale: Seed based propagation of an energycane like crop would have world-wide impact due to the reduction in production and flexibility in production and management program.  Seed based propagation costs are approximately 10% of vegetative propagation methods, resulting in savings ranging from $400 to 800/acre (depending on location) for planting annually.  Our programs have confirmed that there are differences among energycanes in their effectiveness in pollinating Tx3361.  

Implementation Plan: Breeding programs to optimize hybridization will be developed for both sorghum (seed parent) and energycane derived hybrids (to be used as pollinators).   The timeline on this objective is five years; at that time we expect to produce quantities of seed derived hybrids suitable for advanced testing and development.  


a. Sorghum Seed Parental Line Development (iap) – improved sorghum seed parents are under development.  These include iap sorghum with high stem sugar, enhance disease resistance, and improved drought tolerance.  Both male fertile and male sterile versions are under development and this process is continuous throughout the project.  

b. Energycane Pollinator Parent Line Screening – research in objective 1 will assess seed set of different energycane pollinators.  This information will be used to develop energycane populations that will be screened for enhanced seed set on Tx3361.  Selected hybrids from the best pollinators will be used to develop true breeding pollinators for hybrid seed production.

c. Cytological Manipulations of Pollinator Parent to Produce Uniform Commercial Hybrids.  Because energycane is genetically heterogeneous, it will be necessary to stabilize the genetics of the pollinator to produce genetically uniform sorghum/energycane hybrids.   The most logical approach to stabilize the pollinator parent and further enhance seed set is to create an amphidiploid of elite sorghum/energycane hybrids.  These lines will be genetically stable (homozygous), and the presence of the sorghum genome will combine with the sorghum genome in the seed parent during hybrid seed production.  


Budget: 
$_____/year


$_____/year for breeding sorghum (College Station)


$_____/year for breeding energycane (Weslaco)


$_____/cytological manipulations and crossing trials (College Station)


Objective 5: Molecular Characterization of iap and other important genes that influence intergeneric hybridization and recombination.

Rationale: Identifying the gene responsible for the iap phenotype will facilitate (1) marker-assisted breeding to enhance the breeding program,  (2) assess in the identification of additional genes involved in enhancing wide hybridization not only in sorghum but in other crop species as well.  


Implementation Plan:  Initial mapping of a small subset of progeny has located the iap location to linkage group __ on chromosome __.  To fine map the iap locus, a large (300 individual) BC1F1 population has been created and is ready to be phenotyped.   

Budget: 
$_____/year


$_____/year for phenotyping mapping population (College Station)


$_____/year for genetic analysis (College Station)


I understand and agree. We need additional input on that (or have you write
them).

Regards,
Bill

Dr. William L. Rooney

Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee

Texas A&M University

College Station, Texas 77843-2474

979 845 2151

————— Original Message-----

From: Avant, Bob [mailto:bavant@tamu.edu]

Sent: Wednesday, September 02, 2009 3:19 PM
To: Mullet, John E.; Bill Rooney; Stelly_David Stelly
Cc: McCutchen, Bill

Subject: RE: DARPA draft

Under the Project Deliverables section, | think we should include logistics
and economics bullets. | won't have time until Thur evening on way back
from Albuquerque to edit more. Have to prepare for that meeting by 9 am in
morning.

Bob Avant

Program Director

Texas AgriLife Research
979/845-2908
512/422-6171 (Cell)
bavant@tamu.edu
http://agbioenergy.tamu.edu

----- Original Message-----

From: John Mullet [mailto:jmullet@tamu.edu]
Sent: Wednesday, September 02, 2009 8:06 AM

To: Avant, Bob; Bill Rooney; Stelly_David Stelly
Cc: McCutchen, Bill

Subject: DARPA draft

All,

I revised the front part of our proposal and provided space for the GOAL
implementation plans/budgets we are developing.

Thanks,

John


mailto:bavant@tamu.edu
mailto:bavant@tamu.edu
mailto:bavant@tamu.edu
http://agbioenergy.tamu.edu/
mailto:jmullet@tamu.edu
mailto:jmullet@tamu.edu

DARPA proposal: 90209

High-Biomass Energy Crops for U.S. Energy Security

VISION: The Texas A&M University System (TAMUS) will create and deliver advanced energy
sorghums and new energy crops through a novel, non-GMO, wide-hybridization technology
platform. These unique energy crops will be sustainable, high yielding, widely adapted, drought
tolerant, optimized for biofuels and biopower generation and will significantly improve U.S.
energy security. Prototypic lines are available for immediate testing and use.

PHASE | REQUIRED RESOURCES: _—

Budget categories: personnel, instrumentation, supplies, costs associated with genomics, breeding,
production site management, harvesting logistics, IP protection/management, travel, and indirect costs. A
more detailed budget will be provided upon request.

PROJECT DELIVERABLES:

1.

Energy sorghum production maximized in locations of national security importance using
optimized management practices and harvest logistics.

Energy sorghum hybrids with increased yield (15-20dT/acre/yr) and optimized composition for
advanced biofuels and biopower generation.

An integrated genomics-to-energy crop breeding technology platform that will enhance the rate of
energy sorghum and wide hybrid energy crop improvement for 10+ yrs.

4. Novel wide hybrid energy crops and/or seed propagated versions of energy cane or miscanthus
and an understanding of the genetic basis of wide hybridization.
GOALS AND APPROACH:

1. Grow and optimize production of current energy sorghum hybrids at sites of

importance to national security (including but not limited to Hawaii and Puerto Rico)



DARPA proposal: 90209

2. Build a full-scale integrated genomics-to-breeding technology platform that will
accelerate the rate of stable genetic improvement of enerqgy sorghum and wide hybrids

3. Develop next generation energy crops using novel wide hybridization technology that
enables sorghum to be crossed with energy cane and other energy grasses (Figure 3).
Wide-hybridization technology developed at TAMUS allows sorghum to be crossed with sugarcane and
other C4 grasses that can increase yields by 20% or more. The resulting intergeneric hybrids have the
potential to exhibit strong hybrid vigor and express unique combinations of useful traits from the species
being crossed, such as large seed size or drought tolerance from sorghum, with perennial growth, cold
tolerance, and/or high nitrogen use efficiency from other C4 grasses. This technology when fully
developed will also allow mass-production of hybrid seed from crosses with energy canes (first time ever)
reducing the cost of planting energy cane by at least a factor of ten, providing for the first time seed-
based (or vegetative) propagation of wide hybrid energy crops, and potentially generating a novel suite of
next generation energy grasses for advanced biofuels and biopower generation.
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Figure 3. Wide hybridization technology showing cane fertilizing sorghum.

RESEARCH PLAN:

GOAL 1: Optimize energy sorghum production at sites of national security.
[Bob Avant, Bill Rooney - in progress.]

Deliverables:
Rationale/Approach:
Objectives:
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Budget:

GOAL 2: Develop next generation energy sorghum by building and utilizing an
integrated germplasm/genomics to breeding technology platform.

[John Mullet, Bill Rooney —in progress]

Deliverables:
Rationale/Approach:
Objectives:

Budget:

Goal 3: Develop next generation energy crops using novel wide hybridization
technology that enables sorghum to be crossed with energy cane and other energy
grasses.

[David Stelly, Bill Rooney —in progress]

Project Objectives:

1. Production and selection of elite wide hybrids of sorghum/energycane and
sorghum/miscanthus

2. Agronomic evaluation of intergeneric hybrids using vegetative propagated hybrids.

3. Use elite hybrids for introgression of desirable traits into both sorghum and
energycane or miscanthus

4. Development of seed-based propagation systems for sorghum/energycane hybrids.

5. Molecular Characterization of iap and other important genes that influence
intergeneric hybridization and recombination.
Deliverables:

1. Elite intergeneric hybrids with improved phenotypic performance for a variety of
traits including but not limited to drought tolerance, sugar accumulation, and
adaptation range.
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. Assessment of the value and range of production of these intergeneric hybrids.
Production of sorghum, energycane and miscanthus derivatives with traits derived
from the complementary donor species.

Development of parental lines that optimize seed-based production of
sorghum/energycane and/or sorghum/miscanthus hybrids.

Research Plan
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