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Goal Statement

Long Term Goals and Specific Objectives

Long Term Goals
The overarching goal of this project is the development of technology leading to
commercial switchgrass hybrid varieties engineered for enhanced, low-cost
conversion of cellulosic biomass to liquid biofuels. Another goal is the development
of intellectual property that is widely applicable to bioenergy and agricultural crops
generally.

Specific Objectives

* Development of hybrid plant systems using male and female sterility

* Development of advanced breeding strategies utilizing wide crosses, advanced tissue
culture and genomics to produce new Non-GMO hybrids

* Development of robust transgenic and gene confinement strategies

*Enhance education , student training and internship research opportunities in

biofuels crop improvement and plant biotechnology

Goal Statement



QUAD CHART OVERVIEW

2013 DOE Technology Area Review: Feedstock Supply & Logistics
Research and Technology Development for Genetic Improvement of Switchgrass
Albert Kausch and Richard Rhodes, University of Rhode Island
Award # DE-FG-36-08G0O88070

Timelines Barriers addressed MYPP 2.1.3
Project start date 11/30/08 Ft-A Feedstock Availability and Sustainable
Project end date (NCE) 11/31/13 production and yield in Switchgrass and

related species

Ft-C Feedstock Genetics and Development —

Budget New varieties; Breeding and genetics;
. Transgenics and gene confinement
* Funding for FY11

(DOE $967,750 / Cost share $125,000) Partners: The URI Bioenergy Consortium

Percent complete 95%

* Funding for FY12 University of Rhode Island
(DOE $1,500,00/ Cost share $250,000) Yale University
* Funding for FY13 c) Plant Advancements LL.C

* Years the project has been
funded / average annual funding
3 yrs (FY10,FY11,FY12) Project Management
Ave. Annual Funding $1,500,000 Dr. Albert Kausch, Director, PBL
Dr. Richard Rhodes, 111

Ernst Conservation Seeds Inc

Overview



PROJECT OVERVIEW

2013 DOE Technology Area Review: Feedstock Supply & Logistics
Research and Technology Development for Genetic Improvement of Switchgrass
Albert Kausch and Richard Rhodes, University of Rhode Island
Award # DE-FG-36-08G0O88070

History: This project was conceived through the collaboration of academic and
industry researchers at the University of Rhode Island, Yale University and Ernst
Conservations Seeds Inc to meet the need for technology development related to new
bioenergy cultivars and gene confinement for GMO trait improved crops.

Context: Development of hybrid plant systems is important for both advanced
breeding and gene confinement purposes. In this project we have discovered new
technologies to develop hybrid plants and non-GMO wide crosses. Also of
significance , this project has developed robust transgenic and gene confinement
strategies to allow genetically improved varieties to be deregulated through the USDA
and eventually released for commercial production on a large scale.

The High Level Objectives of this project, dubbed ‘Project Golden Switchgrass’
are to create hybrid systems, advanced genomics assisted breeding, and gene
confinement platforms that are broadly applicable to bioenergy and agricultural
crops. This enabling technology aims to improve biofuels crop improvement.



PROJECT MANAGEMENT PLAN (PMP)
Bioenergy Technologies Office (BETO)
UPDATED PMP

Research and Technology Development for Genetic Improvement of Switchgrass

Task M.

Task N.

Award # DE-FG-36-08G0O88070
UPDATED August 20, 2012

Technology for New Varietal Development
Subtask M.1 Wide cross hybrids
Subtask M.2 Genomic assisted breeding
Subtask M.3 Evaluation of field grown accessions
Technology for Hybrid Plant Systems
Subtask N1. Evaluation of molecular constructs
Subtask N2. Production and evaluation of transgenic lines
Subtask N3. Screen for Transgenic events
Subtask N4. Greenhouse test of transgenics

Task O. Development and introduction of new trait genes into switchgrass

Task P.

Subtask O.1 Establish collaborations with industrial and academic
partners for access to trait genes for improved biofuels traits.

Subtask O.2 Create the transgenic populations with selected traits.

Subtask O.2.1 Wide cross development relating to Task M

Project Management and Reporting



Research and Technology Development for Genetic
Improvement of Switchgrass

1- Approach
L Hybrid Systems:
* Development of male (pollen) and female (seed) sterility systems
* Wide crosses recovered through a novel embryo rescue technique
* Recovery of Non-GMO hybrids

II.  Genomics Assisted Breeding

* Genomic characterization of Non-GMO hybrids (F1BCI population)
* Development of male (pollen) and female (seed) sterility systems

* Wide crosses recovered through a novel embryo rescue technique

* Recovery of Non-GMO hybrids

IIl. Transgenic Trait Improvement
*Gene Confinement and Development of GM Traits for Biofuel Crop
Improvement

1V. Patent and other IP development
Seeking industry partnerships for collaboration and introduction of
novel transgenic traits Approach



Research and Technology Development for Genetic
Improvement of Switchgrass

2 - Technical Accomplishments/Progress/Results

1.  Hybrid Systems:
* Development of male (pollen) and female (seed) sterility systems

Gene | Target cells Reference

AMS | developing Sorensen et al.
anthers 2003 [166]

BEL1 | developing Robinson-Beers et
megaspores al. 1992 [167]

DDE2 | developing von Malek et al.
anthers 2002 [168]

EA1 | developing NA
megaspores

EA1 | developing Marton et al.
megaspores 2005 [169]

MS1 | developing Wilson et al.
anthers 2001 [170]

SIN1 | developing Robinson-Beers et
megaspores al. 1992 [167]

TDF1 | developing Zhu et al.
anthers 2008 [171]

Table 1. List of target genes for & and © sterility expression cassettes. Promoters from
these genes may be operably linked to cytoxic genes or RNAI constructs to direct cell
specific ablation leading to the developmental disruption of male or female floral
structures.



Research and Technology Development for Genetic
Improvement of Switchgrass

2 - Technical Accomplishments/Progress/Results
1.  Hybrid Systems:
* Development of male (pollen) and female (seed) sterility systems

Transgenes for Male and Female Sterility
Useful for Breeding and Gene Confinement

8 Male Synthetic Lethality and Reporter Transgenes

& Specific Synthet&ﬁ:thamy nos‘ Ubi Promoter HR1 m

IS ; SL Coding Sequence
f /‘ Male specific &3¢l Constitutive promoter Selectable
U promoter marker,
f ‘~ljifi R t G .
g ! e‘g’I:Pe/gUesnes nos‘ Ubi Promoter HR1 m
Male Steri Male specific Reporter Coding
T Resictan GFP and GUS

Hb1 Resistant promoter

Female Synthetic Lethality and Reporter Transgenes

SEEFEERD) nos| CaMV355 Promoter
ene

i /N Female specific SL Coding Sequence Constitutive promoter Selectable
VIY promoter marker
' X . Reporter Genes
Specific GFP/GUS nos | CaMV35S Promoter
Female Sterile . Reporter Coding
HbiResistant  Female specific GFP and GUS
promoter

FIGURE 1. Male and female sterile lines useful for hybrid plant breeding or gene
confinement. Male and female lines are created through the application of the promoters

and/or the coding sequences described in TABLE 1.
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Pollen Sterility—A Promising Approach to Gene Confinement and
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A. pOsUbiPro::GUS Reporter Construct

D35SPro T hpt > 358A— OsUbiPro - 8UusA > 35SA
B. pZm13Pro::GUS Reporter Construct
7 D35SPro hpt > 35SA Zm13Pro - SusA > 35SA
C. pZm13Pro::barnase Sterility Construct
D35SPro - bar >— 35SA— Zm13Pro - bamas> nos
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Strategy for Breeding & Gene Confinement



Female (Seed) Sterility

marker

A - EAI™ - Cytotoxic ge“‘> nos; Ubi™ Promoter HR> nos;
Egg specific Coding Constitutive promoter  Selectable
promoter Sequence marker
B - EgaAim < RNAi of EAl gene-nos- Ubi™ Promoter HR
Egg specific RNAi of egg Constitutive promoter
promoter specific gene Selectable




Physical linkage of herbicide resistance (HR1 and HR2) with male- and female-
sterility transgenes for creation of bridge intermediate hybrid breeding populations

Male Sterile
Hb1 Resistant

Total Sterile Hybrid

*Breeding

*Trait Stacking

*Bridge Intermediates
*Total Gene Confinement

\r »; Fully Sterile
W) Hbl & Hb2
Resistant

Female Sterile
Hb2 Resistant

( Hb2)or (3 Hb1) used
as bridge intermediates to
force wide cross hybrids



Research and Technology Development for Genetic
Improvement of Switchgrass

2 - Technical Accomplishments/Progress/Results

I.  Hybrid Systems:

*Wide crosses recovered through a novel embryo rescue technique
* Recovery of Non-GMO hybrids

Can We Use Herbicide Resistant Lines for
Recovery of Wide Crosses?

Can We Use Wide Crosses to Create
Non-GMO Hybrids?



Intrergenerlc wide crosses using herbicide
‘ selectlon as a marker

\,

pollen
GM Panicum virgatum cv Alamo (bar+) Wild -type Panicum amarum Ell.
Switchgrass 4X Atlantic Coastal Panicgrass (ACP) 4X
Hbl Herbicide Resistant Herbicide Sensitive
New | | Germination and
Commercial ] 1A Wild -type Pam,cum Vlrgatum cv herbicide
Variety % 5 ix Alamo i | selection
itchgrass 4~ s, ‘Barl A
bar+) population P £4 I~ paipL”; assay”
Selection (bar+) pop Hgfrblq de Senéﬂﬁve 5 5 I
Biomass f f X 1/ 1/ |
Populatlol}ﬁ Lﬁ backcross D A
breeding & A (bar+) (bar-)

( bar-) population
non-GMO Hybrid [Alamo X ACP] X Alamo  (har+)Hbl Herbicide Resistant Alamo X ACP



Intergeneric wide crosses using herbicide
selection as a marker

2 - Technical Accomplishments/Progress/Results

Characterization of Parental and F1 Hybrids
*Parentals (P. virgatum X P. amarum) are distinct species
*Phenotypic variation across many characteristics
*Molecular characteristics:
*RFLPs; 49 bp chlorplast DNA deletion
*Leaf characteristics:
*stomatal density and spacing; interveinal spacing; epicuticular wax
*Floral characteristics:
*Floret density and number; stigmatic color
*Physical characteristics:
*P. amarum drought tolerant

Characterization of F1 Hybrids

*Combination of parental characteristics
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P. virgatum cv Alamo P. amarum cv Ell. amarulum F1 Hybrid
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Panicum virgatum cvAlamo

Switchgrass
adaxial
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Panicum amarum cv amularum
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*Floral characteristics:

Inflorescence

Spikelet

B



Research and Technology Development for Genetic
Improvement of Switchgrass

2 - Technical Accomplishments/Progress/Results

II. Genomics Assisted Breeding

* Genomic characterization of Non-GMO hybrids (F1BCI population)

* Development of male (pollen) and female (seed) sterility systems
* Wide crosses recovered through a novel embryo rescue technique
* Recovery of Non-GMO hybrids

Genome
4 FIBCL o i i fik z‘;;j’ence
VAN GEERY i ¥ XX Y
(4 (/4 (bar-) population
: Non-GMO Hybrid
Panicum vigatum cv Alamo ¢ Panicum amarum cv ElL yb
Switchgrass Atlantic Coastal Panic Grass [Alamo X ACP] X WT Alamo
(bar+) *
™ N —_> : ,
y X A fi {7 AN /A
Vra [/ Vra // ! '@ W / ' \ /
A~ ¢ ‘L ~k ~k §: "SE:

> < J

Panicum vigatum cv Alamo

F1 Hybrid WT Switchgrass (bar+) population



Research and Technology Development for Genetic

2 - Technical Accomplishments/Progress/Results

II. Genomics Assisted Breeding

Improvement of Switchgrass

* Genomic characterization of both parents, the F1 and the Non-GMO
F1BCI population

WA
| A
Vi v
\ i~

Sl

Panicum vigatum cv Alamo
Switchgrass

A
Vi /./
W)

& {8

Panicum amarum cv Ell.
Atlantic Coastal Panic Grass

F1 Hybrid

F1BC1 Hybrid
[Alamo X ACP] X WT Alamo

Genome

Wide

Sequencing
GWS

Yale Genome Center



II. Genomics Assisted Breeding
* Genomic characterization of Nogt-GM O hybrids (F1BCI population)
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Distribution of ACP alleles at polymorphic sites. A) Distribution of all sites
showing variation between Alamo and ACP parents. The peak at 0.0 1s due to ACP PCR errors
(e.g. no offspring inherit the ACP variant call), whereas the peak at 1.0 1s due to Alamo PCR
errors, as all offspring share the reference allele with ACP at the resulting sites. B) Distribution of
sites after filtering variants for heterozygosity in the F1 in addition to variation between Alamo
and ACP parents. The red line represents the simulated distribution of sites where the
recombining pairs of the tetraploid differ enough that the reference genome treats them as two
separate diploids, whereas the green line represents the simulated distribution of sites where the
recombining pairs of the tetraploid have been collapsed as a single region in the reference.




II. Genomics Assisted Breeding
* Genomic characterization of Non-GMO hybrids (F1BCI population)

Distribution of variant sites and synteny alignment

Low resolution figure with a summary of the final analysis of all 83 lines. The figure
on the left shows the total variant calls (blue histogram = Alamo and green histogram =
ACP, total variants red outer circle) on a synteny map of foxtail millet. The right figure
shows the ACP (red) and Alamo (blue) variants in each of the 83 F1BCI1 lines
individually. In both figures, the variants are pooled in 1 MB bins when mapping.



II. Genomics Assisted Breeding
* Genomic characterization of Non-GMO hybrids (F1BCI1 population)
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Distribution of variant sites and synteny alignment with the Setaria italica genome.
The 5130 contigs containing filtered variants identified by both transmission from the ACP and
Alamo parents and heterozygosity in the F1 show alignment (dark red lines) to the Setaria italica
(foxtail millet) genome (white, outer circle). The percent contribution of ACP sites (green
histogram) and the percent of FIBC1 samples with coverage at those sites (blue histogram) are
shown in 1MB bloc histograms across the Setaria italica genome. Percent of covered samples
with ACP alleles and overall number of samples showing coverage are between 50-75% for most
blocs. Histogram heatmap reflects the numbers of sites within a bloc. Orange and yellow
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II. Genomics Assisted Breeding
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Low resolution figure (left) shows the ACP (red) and Alamo (blue) variants in each of
the 83 FIBC1 lines individually as a heatmap for the total variant calls; blue = Alamo
and green histogram = ACP, total variants red outer circle on a synteny map of foxtail
millet. In both figures, the variants are pooled in 1 MB bins when mapping.
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Research and Technology Development for Genetic
Improvement of Switchgrass

2 - Technical Accomplishments/Progress/Results

IIl. Transgenic Trait Improvement
* Gene Confinement and Development of GM Traits for Biofuel Crop
Improvement

1V. Patent and other IP development
Seeking industry partnerships for collaboration and introduction of
novel transgenic traits

Plant Advancements LLC
Ernst Conservation Seeds Inc



Genetic Improvement of Switchgrass for Bioenergy

The Bioenergy Consortium and The Plant Biotechnology Laboratory

Kimberly Nelson, Joel Hague, Adam Deresienski. Stephen Dellaporta, Maria Moreno Yong Kong, and Albert Kausch

Program Synopsis- Energy from biomass, particularly from dedicated energy crops,
will have tremendous economic, social and environmental benefits. Biofuels will help
alleviate our national dependency on fossil fuels as a renewable resource, with a cost
savings of an estimated $20 billion per year based on 2050 estimated fuel costs. Of the
available cellulosic energy crops, switchgrass (Panicum virgatum L.) is clearly one of
the most promising, chosen as a key species by the U.S. DOE Bioenergy Feedstock
Development Program. Switchgrass is a native C4 perennial with excellent stand
longevity, widely adapted to grow in marginal lands, natural resistance to pests and
diseases, and biomass yields in established fields averaging 5-11 Mg.ha-1 tons per
acre. Biologists, computer scientists, and engineers from Yale University and the
University of Rhode Island and several companies have formed a research consortium
to advance technologies for bioenergy production from perennials grasses, such as
switchgrass. The Consortium’s mission is to develop improved switchgrass varieties
through the use of transformation technologies, conventional breeding, genomics, and
marker-assisted breeding, and to commercialize these results with industry partners.

URI-Yale-Plant Advancements- Ernst Conservation Seeds
Bioenergy Consortium Overview Why Switchgrass?

US DOE Plant of Choice
| | Plant Advancements Non-food energy resource

Yale University

Cellulosic bioenergy
Native to North America
Pest and drought tolerant
Ecological advantages
Greenhouse gas negative
Established production
Rural economic growth
A do-able energy solution
F

Dedicated energy crop

Grown on marginal lands
University of Rhode Island

o

Marker-Assisted
Breeding

Germplasm
Improvement
Cultivar
Development

Ernst Conservation Seeds

- aprn M I
n Breeding & Evaluation | Regional Selection il Sales & Distribution

From concept to commercialization with improved dedicated energy crops

Trait Improvement for Bmenergy— Project Golden Switchgrass

Perennial biomass production

Technology Supporting Clean Energy

And Independence from Foreign Oil !,g', i ;"';E!
[EEE]| |EEERE

University of Rhode Island
Grass Transformation and Transgenics Technologies

Switchgrass transformation with improved traits and transgenic plant regeneration
Genetic modification of switchgrass

Transgenic trait development
Gene confinement strategies for environmental stewardship

Yale University

Biofuels Genomics and Computational Technologies
Sequencing the switchgrass genome
Bioinformatics

Maker assisted breeding

Plant Advancements, LLc.

Biomass Products and Superior
Germplasm for the Biofuels Industry

New variety development for bioenergy traits

Regionally selected ecotypes
High yield trait selection

Reference Germplasm
i

Reference Genomes

DNA Isolation « rec
!
(Maize, rice, sorghum, etc.) N

Genomic Sequencing  « 454

. 454 Contigs « Base ca
Reference Contigs

Germplasm Bank
l

> Align with reference contigs «

Mapping on scaffold

HT Genotyping Platform
(384-/768-/1536-plex)

Conventional breeding and genetics
Transgenic trait commercialization
Ernst Conservation Seeds, Inc.
Biofuels Seed Production and Sales

Foundation field development

Plant Advancements LLC

Contract growing with biorefineries

Identify SNPs « tllumina

UNIVERSITY OF

Rhode Island

assembly

Seed processing facility at Ernst Conservation Seeds

GRNS .



http://www.ernstseed.com/switchgrass_intro.htm

Research and Technology Development for Genetic

Improvement of Switchgrass
3 - Relevance

* This project addresses the following goals and objectives of?}“ |

Biomass Program Multi-Year Program Plan (updated
November 2012).
2.1.3 Feedstock Technical Challenges and Barriers

Ft-A Feedstock Availability and Cost Sustainable production and yield
in Switchgrass and related species

Ft-C. Feedstock Genetics and Development: The productivity and

robustness of terrestrial feedstock crops used for biofuel production improved
by selection, screening, breeding, and/or genetic engineering.

This project considers applications of the expected

outputs:

 New commercial varieties
 Technology for development of new varieties
* Intellectual property to support commercial development



Research and Technology Development for Genetic
Improvement of Switchgrass

3 - Relevance

Yl

Objectives regarding the relevance of this project to the Bioenergy Technolog S

°!(m;‘ 1)

Office, alignment with MYPP goals, and relevance for the overall bioenerg
industry

* Development of hybrid plant systems (Ft-A and Ft-C)

Increased yields, new breeding and gene confinement technology for the future

* Development of advanced breeding strategies utilizing wide crosses, advanced tissue
culture and genomics to produce new Non-GMO hybrids (Ft-A and Ft-C)
*Increased yield, new bioenergy specific cultivars, and new technology for the
future crop improvements of perennial biofuels crops

* Development of robust transgenic and gene confinement strategies (Ft-C)

“Any genetically modified organisms deployed commercially will also require prior
deregulation by the appropriate federal, state and local government agencies” and
gene confinement will hence be required.

*Enhance education , student training and internship research opportunities in
biofuels crop improvement and plant biotechnology

Facilitating public education resource development and public perception




Research and Technology Development for Genetic
Improvement of Switchgrass N

4 - Critical Success Factors

* Critical success factors (technical, market, business) which
will define technical and commercial viability.

This project has demonstrated the technical success

The market, business and commercial viability is currently dependant on
end use for cellulosic biofuels

Patents generated during this project will be broadly
applicable to the bioenergy crops field and agricultural
biotechnology generally.

There is a large business and commercial viability for the licensing of IP
in this area



Research and Technology Development for Genetic
Improvement of Switchgrass

4 - Critical Success Factors \@( Vv

Top 2-3 potential challenges (technical and non-technical) to
be overcome for achieving successful project results.

1. End use market to drive biofuels crop production

2. Need to commercialize and deregulate transgenic biofuels
crops (which will require the IP generated in this project
for gene confinement)



Research and Technology Development for Genetic
Improvement of Switchgrass

4 - Critical Success Factors \@

Demonstrate that the successful project will advance the state
of technology and positively impact the commercial
viability of biomass and /or biofuels.

* Hybrid plant systems in this project will affect biofuels crop
improvement and other agricultural crops generally

* Advanced genomics capabilities in this project will be broadly applied

* [P for gene confinement may well be used across many crop species for
deregulation.



Research and Technology Development for Genetic
Improvement of Switchgrass

5. Future Work

* Plans through the end of the project:

Complete characterization of & and ¢ sterility lines
Complete and submit relevant publications

Complete patent applications
Progress toward commercialization with Plant Advancements LLC

* Gantt Chart shows highlights of key milestones &
Go/No go decision points.



Gantt Chart for UPDATED PMP Award # DE-FG-36-08GO88070
Research and Technology Development for Genetic Improvement of Switchgrass

Start End TASK 2011 2012 2013
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11/2/2011 |10/1/2013 Subtask M.3 Evaluation of field grown accessions [i—:b@mu
1/30/2011 |1/3/2014 Task N. Technology for Hybrid Plant Systems 7830
2/3/2011 4/2/2013 Subtask N1. Evaluation of molecular constructs
2/3/2011 12/21/2013 E:ZZask N2. Production and evaluation of transgenic ‘ v ; | .
|
2/3/2011 1/1/2013 Subtask N3. Screen for Transgenic events = &1/1
| |
1/30/2011 |3/7/2013 Subtask N4. Greenhouse test of transgenics [%U_? : [ >3/7
10/28/201 12/29/2013 Task O.. Devel?pment and introduction of new trait [: [: [: 220
2 genes into switchgrass
Subtask O.1 Establish collaborations with industrial {A} ) |
4/13/2012 |1/24/2014 and academic partners for access to trait genes for = > 2 1/24
improved biofuels traits.
9/24/2012 | 1/20/2014 Subtask O.Z‘Create the transgenic populations with [: [: I/ 120
selected traits.
1/30/2011 | 1/15/2014 Task P. Project Management and Reporting _L:L 1/15
Key Milestones Go/No-Go Yes®» No? Pending




Summary

1) Approach

 Hybrid Plant Systems, Non-GMO hybrids; Gene
Confinement; Robust Genomics Platform

1) Technical accomplishments

* Demonstrated the technical success in all major goals
1) Relevance MYPP 2012 Ft-A and Ft-C

2) Critical Success factors and challenges

* Dependant on future end use for cellulosic biofuels

1) Future Work

 Commercialization with Plant Advancements LLC

1) Technology transfer

* [IP licensing; Publications and Presentations
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Publications, Presentations, and
Commercialization

Publications:

10.

11.

. Dellaporta, S., Moreno, M. Deresienski, A., K. Nelson, J. Hague, and A.P. Kausch. Production and Genomic Analysis of Interspecific

Hybrids in Switchgrass (Panicum virgatum, L.). Nature Biotechnology (In preparation).
Howard, TP, Tordillos, A, Fragoso, C., Moreno, MA, Mottinger, JP, Kausch, AP, Tohme, J, and Dellaporta, SL (2013) Identification of the
maize gravitropism gene lazy plantl by a transposon-tagging genome resequencing strategy. Genetics, submitted.

. Nelson, K., A. Deresienski, M. Tilelli, J. Hague, C. Longo and A.P. Kausch. (2013) In situ embryo rescue in Switchgrass (Panicum virgatum

L.) and ‘Atlantic’ Coastal Panicgrass (Panicum virgatum EIl. var. amarulum) Plant Science (submitted)

Kausch, AP, Deresienski A, Hague, J, Tilelli M, Dellaporta SD, Nelson, K and Li,Yi. (2013) Hybrid Plant Systems for Breeding and Gene
Confinement in Bioenergy Crops. In: New and Future Developments in Catalysis — Catalytic Biomass Conversion. Steven Suib, Ed. Elsevier
Press (in press)

. Kausch, AP, Hague, J, Deresienski A, Tilelli M, Longo C, and Nelson, K (2013) Issues in Biotechnology: A Massive Open Online Course

(MOOC) Covering in Simple Terms Basic Knowledge About DNA and Biotechnology INTED Proceedings

Joel P. Hague, Steven L. Dellaporta, Maria Moreno, Chip Longo, Kimberly Nelson, Albert P. Kausch (2012). Pollen Sterility - A Promising
Approach to Gene Confinement and Breeding for Genetically Modified Bioenergy Crops. Agriculture 2:295-315

Kausch, A.P., J. Hague, A. Deresienski, Tilelli M and K. Nelson. (2012) Male Sterility and Hybrid Plant Systems for Gene Confinement. In
Plant Gene Containment. M. Oliver and Yi Li. Eds. John Wiley & Sons,. Inc. New York, New York.

Albert P. Kausch, Joel P. Hague, Melvin J. Oliver, Yi Li, Henry Daniell, Peter Mascia, Lidia S. Watrud, and C. Neal Stewart Jr (2010).
Transgenic perennial biofuel feedstocks and strategies for bioconfinement. Biofuels 1:163-176.

Albert P. Kausch, Joel Hague, Melvin Oliver, Yi Li, Henry Daniell, Peter Mascia, and C. Neal Stewart Jr. (2010). Genetic Modification in
Dedicated Bioenergy Crops and Strategies for Gene Confinement. In: Plant Biotechnology for Sustainable Production of Energy and Co-
products, Biotechnology in Agriculture and Forestry 66, P.N. Mascia et al. (eds.), Springer-Verlag Berlin Heidelberg, pp. 299-313.

Albert P. Kausch, Joel Hague, Melvin Oliver, Lidia S. Watrud, Carol Mallory-Smith, Virgil Meier, and C. Neal Stewart Jr. (2010). Gene Flow
in Genetically Engineered Perennial Grasses: Lessons for Modification of Dedicated Bioenergy Crops. In: Plant Biotechnology for
Sustainable Production of Energy and Co-products, Biotechnology in Agriculture and Forestry 66, P.N. Mascia et al. (eds.), Springer-Verlag
Berlin Heidelberg. pp. 285-296.

Moon, H., J. Abercrombie, A. Kausch, and C. Stewart. 2010. Sustainable Use of Biotechnology for Bioenergy Feedstocks, pp. 1-8
Environmental Management. Springer New York.



Selected Recent Presentations in Meetings, Invited Lectures, Conferences and Symposia

10.

11.

12.

A. Kausch, J. Hague, L. Perretta and K. Nelson (2013) Agricultural Biotechnology: A Massive Open Online Course (MOOC) Module
Covering in Simple Terms Basic Knowledge About DNA and Plant Biotechnology. Plant Biology 2013, Annual Meetings of the American
Society of Plant Biologists, July 20-24, Providence, Rhode Island, USA.

J. Hague, M. Tilelli, D. Cunha, K. Nelson and A. Kausch (2013) In Situ Embryo Rescue as a Novel Method for Recovery of Non-GMO
Hybrids from Wide Crosses. Plant Biology 2013, Annual Meetings of the American Society of Plant Biologists, July 20-24, Providence,
Rhode Island, USA.

Kausch, Albert. Invited Speaker. (2012) The use of synthetic male and female sterility for recovery of Non-Genetically Modified Hybrids
from Wide Crosses. Department of Horticultural Science, North Carolina State University, Mountain Horticultural Crops Research and
Extension Center, October 19, 2012

Kausch, Albert (2012) Invited Speaker. Bioenergy: Genetic Improvement of Bioenergy Crops for Biofuels and Prospects for Artificial
Photosynthesis. Department of Chemistry. Brown University, Providence Rhode Island. September 14, 2012

Kausch, Albert (2012) Invited Speaker. Bioenergy: Genetic Improvement of Bioenergy Crops for Biofuels Department of Botany connecticut
College, new London CT. September 21, 2012

.A. Kausch, A. Deresienski, J. Hague, M.Tilelli, K. Nelson (2012) Issues in Biotechnology: An Online General Education Undergraduate
Course Covering Simple Terms Basic Knowledge About DNA and Biotechnology. Plant Biology 2012, Annual Meetings of the American
Society of Plant Biologists, July 20-24, Austin, TX, USA.

J. Hague, A. Deresienski, M.Tilelli, K. Nelson, A. Kausch (2012) The Analysis of Expression Characteristics of the Maize Pollen Specific
Promoter MPSP Zm13 And A Strategy for Gene Confinement in Transgenic Bioenergy Crops. Plant Biology 2012, Annual Meetings of the
American Society of Plant Biologists, July 20-24, Austin, TX, USA.

A. Deresienski, K. Nelson, M.Tilelli, J. Hague, A. Kausch (2012) Use of a Herbicide Resistance Selectable Marker for Recovery of
Intraspecific and Interspecific Hybrids in Switchgrass. Plant Biology 2012, Annual Meetings of the American Society of Plant Biologists, July
20-24, Austin, TX, USA.

K. Nelson, A. Deresienski, M.Tilelli, J. Hague, A. Kausch (2012) A Project-based Undergraduate Internship Program in Agricultural
Biotechnology. Plant Biology 2012, Annual Meetings of the American Society of Plant Biologists, July 20-24, Austin, TX, USA.

M.Tilelli, K. Nelson, A. Deresienski, J. Hague, A. Kausch (2012) Use of a Selectable Marker for In Situ Embryo Rescue using Transgenic
Switchgrass for Recovery of Wide Crosses. Plant Biology 2012, Annual Meetings of the American Society of Plant Biologists, July 20-24,
Austin, TX, USA.

A. Deresienski, K. Nelson, J. Hague, A.P. Kausch (2009) Male sterility as a method for constructing wide crosses and for gene confinement in
switchgrass and other biofuels grasses. Plant Biology 2009, Annual Meetings of the American Society of Plant Biologists, July 18-22, Hawaii,
USA.

K. Nelson, J. Hague, A. Deresienski and A.P.Kausch. (2009) Improved methods for tissue culture and genetic transformation of switchgrass.
Plant Biology 2009, Annual Meetings of the American Society of Plant Biologists, July 18-22, Hawaii, USA.



Publications, Presentations, and
Commercialization

Related Patents:

1. Kausch AP, Hague, J, Deresienski, A, Tilelli, M, and Nelson, K., Inventors . 2013 The Use of Genetically Modified Plants for Recovery of
Non- genetically Modified Hybrids from Wide Crosses. United States Patent Application. US 2013/004769 Assignee; University of Rhode
Island.

2. Kausch AP, Hague, J, Deresienski, A, Tilelli, M, and Nelson, K., Inventors. 2013 In Situ Embryo Rescue as a Method for Recovery of Wide
Crosses. United States Patent Application. US 2013/005832 Assignee; University of Rhode Island.

3. Luo; Hong; Chandlee; Joel M.; Kausch; Albert P.; Oliver; Melvin J. , Inventors. 2011. Development of controlled total vegetative growth for
prevention of transgene escape from genetically modified plants and for enhancing biomass production.. United States Patent Application
Number 20100122366

4. Albert P. Kausch and Stephen Dellaporta , Inventors. 2011 Male and female sterility lines used to make hybrids in genetically modified
plants. United States Patent Application. Assignee; University of Rhode Island.

Status of commercialization efforts:
Plant Advancements has acquired significant IP and licensing rights to relevant technologies

Plant Advancements LLC is recent recipient of USDA SBIR grant for commercialization of male and female sterility
lines in switchgrass and related species.

Area: Small Business Innovation Research Program (SBIR)
Program: Plant Production and Protection-Biology
Proposal Number: 2013-00140
Project Director: Thomas K Hodges/Albert P Kausch
Proposal Title: Hybrid Systems for Gene Confinement and Breeding of Perennial Plants Used for Biofuels
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Plant Biotechnology Laboratory

Well Trained Staff

Albert Kausch, Director
Kimberly Nelson, Program Manager
Chip Longo, Research Scientist
Derek Gablineski, Research Scientist
Adam Deresienski, Research Scientist
Joel Hague, Research Scientist
Michael Tilleli, Research Scientist
John Ventura, Graduate Student




Nuclear Male Sterility via Tapetal
Or Pollen Ablation

. TAP - Cytotoxic gen¢> nos- Promoter HR> nos-
Tapetum specific  Coding Constitutive promoter ~ Selectable
promoter Sequence marker
B - 1ar < RNAiof TAPgene 1 nos-  Promoter HR> nos -
Tapetum specific  RNAi of tapetum Constitutive promoter Selectable
promoter specific gene marker
C .\ zms < RNAI of Zm13 geng nos | Promoter HR> nos
Pollen specific RNAi of pollen Constitutive promoter Selectable
promoter specific gene marker




Production of male sterile switchgrass plants

Development of routine
transformation in
switchgrass (cv Alamo)

Transformation Efficiency Alamo has been aCCOIIlphSth

male sterile-bar (representative experiments) and improved
Infection # pieces # of events % transformation
Date infected recovered efficiency Herbicide resistance S R R R R R R
7/13/2008 588 463 27.82% PCR results show

6/9/2008 400 60 11.50%  both bar and
6/15/2008 600 15 250% barnase genes

m

IKT staining for pollen viability

. . reo ©
[} . . ©
A. - " B i
Viable pollen stain Male sterile
dark at anthesis Non-viable pollen

TO Event # 134-07

Growth chamber (rigt) and greenhouse (above)
with transgenic switchgrass plants (157 events)



Intergeneric wide crosses using herbicide
selection as a marker

2 - Technical Accomplishments/Progress/Results

Use of an Herbicide Resistance Selectable Marker for Recovery of

Intraspecific and Interspecific Hybrids in Switchgrass (Panicum virgatum L.)
Adam Deresienski, Kimberly Nelson, Mike Tilelli, Joel Hague, and Albert P. Kausch*

*Department of Cell and Molecular Biology, University of Rhode Island, Kingston, RI (02892

Characterization of Parental and F1 Hybrids

Use of a Selectable Marker for In Situ Embryo Rescue using Transgenic
Switchgrass (Panicum virgatum L.) for Recovery of Wide Crosses.

Mike Tilelli , Kimberly Nelson, Adam Deresienski, Joel Hague, and Albert P. Kausch*
*Department of Cell and Molecular Biology, University of Rhode Island, Kingston, RI 02892

Development of a Novel Embryo Rescue Technique
for Recovery of Wide Cross Hybrids



Use of an Herbicide Resistance Selectable Marker for Recovery of Intraspecific and

Interspecific Hybrids in Switchgrass (Panicum virgatum L.) Ly

Adam Deresienski, Kimberly Nelson, Mike Tilelli, Joel Hague, and Albert P. Kausch*
*Department of Cell and Molecular Biology, Univer:

UNIVERSITY OF

ity of Rhode Island, Kingston, RT 02892 Rhode Island
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Use of a Selectable Marker for In Situ Embryo Rescue using Transgenic Switchgrass (Panicum
virgatum L.) for Recovery of Wide Crosses.

Mike Tilelli , Kimberly Nelson, Adam Deresienski, Joel Hague, and Albert P. Kausch*
*Departmcnt of Cell and Molecular Biology, University of Rhode Island, Kingston, RI 02892
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CONCLUSIONS

INSITU EMBRYO RESCUE AND RECOVERY ON NON.

This paper demonsirates the basis fora new tectmique for the reco The
seed abartion that occues through abnormual developrent caused by various incompatibilty mechars s emteyo rescue
techaiques are accomglished by surgical exrision of the immature eembryo resulting from incompatible plant crosees and genransting or
culturing the develcping embryo on artifical media, independent of the endosperm.  These techi ques are tedious, ime connuing and
Sevilomy{its paty ek o fertilization frequencies The preseat pager overcosnes the problems of conventional embryo rescue
by cnsture ecabryo i st in

:nblngan( culture iitiation media which includes the selective agent This novel method is coined here a5 0 3tu

since it does not stwvolve surgical removal of the embryo actnring 10 traditional procedures
regenenated to whole plants. The ability 1o combine genor and between dtant plant b
species, geners end more distant relatives offersthe oppartusity 1o rapidly accelerate the development of new varieties, cultivars,
species, and crops. The utilizatica of these novel techriques and the exploitation of the recavery of fertle of infertle progeny fram.
Whde crosses increases genetic diversty snd can be used 10 sntroduce novel genetic and usefl trsts. This process is advacitageous
ance the outcomes G include genetically modified arganisns (GMO) traits when sppropniate, of these Gan be ssgregated 10 produce
‘plants that G0 not contain transgenes and hence, are on-GMO

techaique of embeyo rescue overcomes
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List of seventeen public switchgrass (Panicum virgatum L)
cultivars and their corresponding State of Origin, and Plant Form
(i.e. Upland or Lowland).

Cultivar State of Origin Plant Form
Alamo TX' Lowland
Blackwell OK' Upland
Bowmaster AR, NC? Lowland
Carthage NC! Upland
Cave In Rock L Upland
Dacotah ND' Upland
Forestburg SD' Upland
High Tide MD°® Lowland
Kanlow OK' Lowland
Miami FL’ Lowland
Performer AR, OK,NC? Lowland
Shawnee I Upland
Shelter wVv' Upland
Southlow M1’ Upland
Stuart FL’ Lowland
Sunburst SD’ Upland
Timber AR?, NC?* Lowland

Corresponding sources shown in superscript. 'USDA Soil Conservation Service Agricultural Handbook
No. 170. Grass Varieties in the United States. 2 Plant Patent Application.3USDA-NRCS.Release
documents from Brooksville, FL Plant Materials Center. 4 Personal communication to Calvin Ernst. 3
USDA NRCS Bismarck, ND. Switchgrass Biomass Trials in North Dakota, South Dakota, and
Minnesota. $ USDA-NRCS, Cape May Plant Materials Center “High Tide Switchgrass” release
brochure. 7 USDA-NRCS, Rose Lake Plant Materials Center “Southlow Switchgrass” release
brochure.
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Breeding schemes to produce population hybrids in Switchgrass

I. Parent A produces a pollen cloud sufficient to swamp out pollen from B to force the
hybrid production. II. Parent A is selected to as a genotype that out-produces that of parent
B. I11. Use of male sterility, CMS, nuclear, or transgenic as parent B surrounded by a pollen
donor A parent. IV. Use of transgenic female sterile herbicide resistant parent A in
alternating rows with male sterile parent B resistant to a second herbicide for totally sterile
hybrid production.

Ernst Conservation Seeds Inc



	Goal Statement
	QUAD CHART OVERVIEW
	PROJECT OVERVIEW
	PROJECT MANAGEMENT PLAN (PMP)
	Research and Technology Development for Genetic Improvement of Switchgrass
	Research and Technology Development for Genetic Improvement of Switchgrass
	Research and Technology Development for Genetic Improvement of Switchgrass
	Agriculture
	Agriculture
	Female (Seed) Sterility
	Physical linkage of herbicide resistance (HR1 and HR2) with male- and female-sterility transgenes for creation of bridge intermediate hybrid breeding populations
	Research and Technology Development for Genetic Improvement of Switchgrass
	Intergeneric wide crosses using herbicide selection as a marker
	Intergeneric wide crosses using herbicide selection as a marker
	Molecular characteristics:•RFLPs; 49 bp chlorplast DNA deletion
	•Leaf characteristics:•stomatal density and spacing; interveinal spacing; epicuticular wax
	Leaf characteristics:•stomatal density and spacing; interveinal spacing; epicuticular wax
	•Floral characteristics:•Floret density and number; stigmatic color
	Research and Technology Development for Genetic Improvement of Switchgrass
	Research and Technology Development for Genetic Improvement of Switchgrass
	II. Genomics Assisted Breeding• Genomic characterization of Non-GMO hybrids (F1BC1 population)
	II. Genomics Assisted Breeding
	II. Genomics Assisted Breeding
	II. Genomics Assisted Breeding
	II. Genomics Assisted Breeding• Genomic characterization of Non-GMO hybrids (F1BC1 population)
	II. Genomics Assisted Breeding
	A General MethodFor Hybrid Plant Production
	Research and Technology Development for Genetic Improvement of Switchgrass
	Genetic Improvement of Switchgrass for Bioenergy
	Research and Technology Development for Genetic Improvement of Switchgrass
	Research and Technology Development for Genetic Improvement of Switchgrass
	Research and Technology Development for Genetic Improvement of Switchgrass
	Research and Technology Development for Genetic Improvement of Switchgrass
	Research and Technology Development for Genetic Improvement of Switchgrass
	Research and Technology Development for Genetic Improvement of Switchgrass
	Gantt Chart for UPDATED PMP Award # DE-FG-36-08GO88070
	Summary
	Thank You
	Additional Slides
	Publications, Presentations, and Commercialization
	Selected Recent Presentations in Meetings, Invited Lectures, Conferences and Symposia
	Publications, Presentations, and Commercialization
	Plant Biotechnology Laboratory Staff
	Nuclear Male Sterility via TapetalOr Pollen Ablation
	Production of male sterile switchgrass plants
	Intergeneric wide crosses using herbicide selection as a marker
	In situ embryo rescue of wide crosses using herbicide selection as a marker
	In situ embryo rescue of wide crosses usingherbicide selection as a marker
	List of seventeen public switchgrass (Panicum virgatum L)cultivars and their corresponding State of Origin, and Plant Form(i.e. Upland or Lowland).
	Breeding schemes to produce population hybrids in Switchgrass

