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Executive Summary

This research adds to the understanding of switchgrass genetics and the increasing of
biomass relevant to production of bioenergy. Switchgrass, Panicum virgatum L., and its related
species are well known as potential bioenergy crops since the early 1990s. There are global
economic, political, US national security and environmental pressures to increase renewable
biofuel production and utilization to offset gasoline and diesel fuel use and climate change,
especially in the liquid fuel transportation sector. To realize the potential of bioenergy crops,
rapid genetic improvement of the most promising perennial grass feedstocks, such as
switchgrass, are anticipated by current genomics, association genetics, marker assisted breeding,
hybrid plant development, advanced tissue culture, conventional genetics and other approaches
to increase yield, processability, and regional adaptation. The technical effectiveness and
economic feasibility of the methods or techniques investigated are demonstrated by several
publications, presentations and patents produced as an outcome and deliverable of this research.
This project is of a broad benefit to the public not only through the dissemination of this
information but also to the development of new methods which will be applied to future
bioenergy crop improvement as well as other crops.

Comparison of the goals and objectives of the project with the actual accomplishments

Goal and Objectives:

The overarching goal of this project was 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 publications, presentations and
intellectual property that is widely applicable to bioenergy and agricultural crops generally.
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. This project addressed the following goals and objectives of Biomass Program Multi-
Year Program Plan (MYPP, updated November 2014): 2.1.3 Feedstock Technical Challenges
and Barriers; Ft-A Feedstock Availability and Cost Sustainable production and yield in
Switchgrass and related species; and, 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.

The specific objectives of this project included:
»  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
The objectives of this project relate to the relevance of the Bioenergy Technologies Office,
alignment with MYPP goals, and relevance for the overall bioenergy industry including:
»  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

Actual accomplishments

This project has demonstrated significant technical success relevant to all of our goals and
objectives. The market, business and commercial viability is currently dependant on end use for
cellulosic biofuels. The actual accomplishments from this project demonstrate that the
successful applications that will advance the state of technology and positively impact the
commercial viability of biomass and /or biofuels. During this project we have demonstrated: (1)
the development of hybrid plant systems in this project will affect biofuels crop improvement
and other agricultural crops generally (2) development of the ability to recover and breed wide
cross outcomes in switchgrass and related species; (30 the use of advanced genomics capabilities
which will be broadly applied to bioenergy crop improment as well as other crop systems; and,
(4) IP for gene confinement which may well be used across many crop species for deregulation.
Publications and patents generated during this project will be broadly applicable to the bioenergy
crops field and agricultural biotechnology generally. The top potential challenges to this project
going forward (technical and non-technical) for achieving successful results related to bioenergy



crops in the future, specifically; (1) include the end use market to drive biofuels crop production;
and, (2) The need to commercialize and deregulate transgenic biofuels crops (which will require
adequate gene confinement).

Summary of Project Activities

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

The project activities we developed to address these objectives included:

I. The Development of 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

I1. The Development of Genomics Assisted Breeding for Switchgrass

Genomic characterization of Non-GMO hybrids (F1BC1 population)

Wide crosses recovered through a novel embryo rescue techniques

Recovery of Non-GMO hybrids

1. Transgenic Trait Improvement

Gene Confinement and Development of GM Traits for Biofuel Crop Improvement
Patent and other IP development

Seeking industry partnerships for collaboration and introduction of novel transgenic traits

Hybrid Systems:
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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



The development of hybrid systems was tested using constructs such as those show below in
Figure 1. We first demonstrated successfully this approach in rice (see publications, Hague et al.
2011) Concerning problems and obstacles encountered and departure from planned methodology
with this approach, We learned that while the promoters were tissue specific, the method for cell
ablation (i.e. barnase) was not as effective as we would have hoped in switchgrass. Future studies
should focus on a different system.

The development using a wide cross system is diagramed in Figure 2 (see Heffelinger et
al. 2015)
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Genomic Characterization of Interspecific Hybrids
and an Admixture Population Derived from Panicum
amarum x P. virgatum

Christopher Heffelfinger, Adom P. Deresienski, Kimberly A. Nelson, Moria A. Moreno,
Joel P. Hogua, Stephan L. Dellaporto, and Albert P. Kausch* THE PLANT GENOME = JULY 2015 = VOL. 8, NO. 2

Figure 2

Using this approach we were able to show recovery of non-GMO hybrids and enabled us to
establish our genomics platform (see Figure 3 below from Hefellfinger et al. 2015). This analysis
helped us to establish our Genomics Assisted Breeding platform as according to our objectives.
Genotypes were imputed via a least-squares methodology, with recombination breakpoints
resolved. Regions of the genome were called as either homozygous Alamo, homozygous ACP,
or heterozygous. Due to the nature of the F1 backcross to Alamo, only homozygous Alamo and
heterozygous genotypes were possible. Blue indicates contribution from Alamo switchgrass;
yellow indicates heterozygotes. The contribution from the ACP parent across all F1BC1
individuals was found to be 31.62% (+ 6.35% (SD)
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Genomic Characterization of Interspecific Hybrids
and an Admixture Population Derived from Panicum
amarum x P. virgatum
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Figure 3
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