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Grasslands are an Integral Part of American Identity

Banished from the thoroughfare and the field, it bides its time to return, and when vigilance is relaxed, or the dynasty
has perished, it silently resumes the throne from which it has been expelled, but which it never abdicates.

-John James Ingalls




95% of the Great Plains Prairie Ecosystem is Gone
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Food Production

Requirements
g“} Total Population by Variant, 1950-2100
*Assuming no change in population ] < ——
growth, food consumption patterns and L apmm—
food waste management, the following SRS ——
production increases must take place by | TEe,

—o— Instant replacement fertility

2050:

scereals production must increase by
940 million tonnes to reach 3 billion
tonnes;

United Nations Department of Economic

*meat production must increase by 196
million tonnes to reach 455 million
tonnes;

*and oilcrops by must increase by 133
million tonnes to reach 282 million

tonnes.  ,~’/ % [ ‘;
1 //

rojected changes g cultural productivi ty2080d
climate chan: e, orporating the effects of ¢
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Billion gallons per year

Year
2005

2006
2007
2008
2009
2010

2011
2012
2013
2016

~ Renewable Energy Legislation/Mandates
Milestone

Billion Ton Study

Energy Policy Act

Advanced Energy Initiative

Energy Independence and Security Act (EISA)
Farm Bill Bioenergy Crop Assistance Program
Establishment of BIWG

USDA roadmap

USDA Farm to Fly Partnership

Billion Ton Study Update

USDA Establishes Five Regional Biomass Research Centers
USDA Farm to Fly 2.0 Partnership

Billion Ton Update

B Cellulosic Biofuel Component (BGY)

ee Advanced Biofuel Total (BGY)

Bl Biomass-based Diesel Component (BGY)

o? Renewable Fuel Total (BGY)
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2006

2008 2010 2012 2014 2076 2018 2020 2022



Second Generation Cellulosic Fuel Industry is
Viable but Growing Slowly

Hugoton KS
Alpena Mi
Galva IA
Emmetsberg IA
Crescentino IT

* Nevada IA
Fulton MS
Reno, NV
Alagoas BZ
Las Cruces NM

25-30 Mga/yr
1 Mga/yr
3.75 Mgal/yr
20-25Mga/yr
13 Mgal/yr
25 Mgal/yr
(19 Mgal/yr)*
(11 Mgalyr)
(22 Mgalyr)
(~7 Mgalyr)

Ethanol
Ethanol
Ethanol
Ethanol
Ethanol
Ethanol
Ethanol
JetFuel/Diesel
Ethanol
Green Crude

wheat straw
wood residues
corn kernel fiber
corn stover

wheat straw, Arundo
corn stover
multiple sources
MSW
sugarcane straw
Algae

US Cellulosic Biofuel Production (Mgal): ErpA RFs data

Year
2014
2015
2016 (to 7.1)

All Cellulosic  Ethanol
33.3 0.7
140 2.2
78.8 2.0

*Plants under construction

EISA target
2500

3000
4000



Million dry tons

Herbaceous Perennials are a Significant Source of Available
Biomass
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Woullschleger, S.D., et al. (2010) Agronomy J. and Billion Ton Study Update




The Big Three: Dominant Grasses of the Tallgrass Prairie

Hitchcock, A.S

Switchgrass Indiangrass Big Bluestem
Panicum virgatum Sorghastrum nutans Andropogon gerardi



* Switchgrass as a feedstock is ready to
hit the road in terms of it's utilization
for renewable biofuels.

* Outcrossing and Polyploidy complicate
genetics

* Upland/Lowland 8x/4x cytotypes

* It is amenable to transformation and
molecular approaches

* It is highly variable and there is high
potential for yield improvements
however biotechnological approaches
remain unproven but with high
potential.
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A22-91 6-19
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A22-91 6-54
A4-91 6-41
A22-91 6-27
A4-91 6-16
A4-91 6-30
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A4-90 7-19
A22-91 6-30
A22-91 6-36
A22-91 6-22
A4-91 6-24
A4-916-31
A4-91 6-33
A4-91 6-13
A4-916-1
A4-91 6-26
A4-91 6-45
A4-916-19
A4-91 6-5
A4-91 6-36
A22-91 6-37
A4-90 7-13
A4-91 6-47
A22-91 6-29
A22-91 6-33
A4-91 6-91
A22-916-7
A22-916-1
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A4-34 D6
A22-346-74
A22-34 6-89
ALBA22
A22-34 6-58
A22-34 6-55
ALBA4
A22-34 6-1
A22-346-5
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Saathoff et al. PloS One, 2010



Cytogenetic Features Reveal Structural Differences Between
Subgenomes and Switchgrass Ecotypes

& PviCentC . 45S rDNA (wheat) @@ CentC (maize) > 55 rDNA

Chromosome | 1 2 3 B 5 6 7 8 9

Length® 410+ | 373+ | 338+ | 326+ [305+ [282+ 261+ | 235+ [2.05+
mm+SE) | 025 | 030 | 018 | 016 | 018 | 016 | 017 | 011 | 0.16

Arm Ratio” 130+ | 131+ | 1152 | 128+ |12+ 121+ | 130+ | 1182 | 1212
(r+ SE) 0.09 0.06 0.07 0.13 0.16 0.06 0.08 0.06 0.04

*Average value of 10 chromosome pairs (um); "Amm ratio r (long/short); SE = standard error
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http://genomebiology.com/2013/14/1/R10/figure/F7

Map of the Chloroplast Genome of P. virgatum cv. Kanlow
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Rubigco Subunit
Photosystam | Protain
Photosystem 1| Probein
Cytechrome-related
ATP synthase
NADH dehydrogenase
Ribosomal protein subunit
Ribosomal RNA
Plastid-encoded RNA polymerase
ther
ransfer RNA

Young HA, Lanzatella CL, Sarath G, Tobias CM (2011) Chloroplast Genome Variation in Upland and Lowland Switchgrass. PLoS ONE 6(8): e23980.

doi:10.1371/journal.pone.0023980

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0023980

@' PLOS ‘ ONE


http://www.plosone.org/article/info:doi/10.1371/journal.pone.0023980

Sequencing of the Switchgrass Transcriptome
Polymorphism, Duplication, and Conservation

CR ST LF SL CA

Mitocen-activated protein kinase 1 (MAP kinase 1) MMAP kinase 6)

Cvtokinin-O-alucosvltransferase

Monosaccharide-sensing protein 2 (Sugar transporter MSSP2)

Hvpothetical orotein Atdol3370

Suveroxide diswutase [Cu-Zal

Chalcone--flavonone isomerase (Chalcone isomerase)
Protochlorovhvllide reductase A. chlorovlast precursor
iphosphomevalonate decarboxylase

vtochrome PAS0 94AL
Putative peroxisomal-coenzvme A svnthetase

Putative DNA revair protein RAD23-4 (RAD23-like protein 4)
Citochrome P430 98A1

Citochrome P430 T1D6

Putative DNA repair protein RAD23-1 (RAD23-like protein 1)
Putative casein kinase II subunit beta-4 (CK II beta-4)
Serine/arginine repetitive matrix protein 2

S5-azacvtidine resistance orotein azrl

Avolivoorotein D precursor (Apo-D) (AneD)

S-oxoorolinase (5 L linase) (5-OPase)
Amaporin FIP2-4 (Plasma membrane intrinsic vrotein 2-4)
Extensin vrecursor (Cell wall hvdroxvoroline-rich alvcoprotein)
505 ribosomal protein LY. chloroolast vrecursor (CL3)
Anter-sveciflic proline-rich protein APG precursor

Expansin-A2 precursor (OSEXPA2) (Alvha-exvansin-2) (OSEXP2)
Dual oxidase 2 brecursor (NADH/NADPH thvroid oxidase pl38-tox)
14 kDa proline-rich protein DC2.15 precursor

Cicloartencl svnthase (2.3-evoxvscmualene--cvcloartenol cvclase)
Cell division protease ftsH homolog. chloroplast precursor
Anter-svecific proline-rich protein AFG precursor
Non-cvanoaenic beta-alucosidase precursor

RNA polvmerase sioma factor rooD (Simma-A)

Sulfated surface glycoprotein 183 precursor (S5G 185)
Sicnal peptidase complex catalvtic subunit SECL1A
Alpha-amvlase tvoe B isozvme precursor

DHA-directed RHA polymerase IT subunit RPB4
unclassified

unclassified

605 acidic ribosomal vrotein P2B
Acvl-lacvl-carrier-protein] desaturase, chloroplast precursor
unclassifi

B CBYX
(callus)

1406 singlets
4675 consensus

1005
958

1960 singlets :
5238 consensus 1056

CBYZ
(seedling)

CBYY
(crown)




Linkage Mapping has Allowed Comparisons Among Grasses,

Across Subgenomes and Has Facilitated Genome Assembly
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Switchgrass Genome

VWhole
genome
shotgun -

: | (R Falgrepi i POP'SEQ
Switchgrass Advanced| |- Ty Map ~1.9
; Custom ofen S
Panicum R E e x =T M Markers
Outbred tetraploid Inte &ratio Ingle
1.4 Gb genome 9 haplotyped
N
clones 734
Chromosome
Bases 636.1 Mb 1.031 Gb
Chromosome 9.2 Kb 33.1 Kb
Contig N50 ' '

Unassigned 48.0% 11.7%



Phenotypic selection
/

Space-planted source nursery

Mass. <

Sel. Replicated polycross
CH of selected genotypes

Sward
\ Trial

Replicated space planted
: Half-sib progeny
evaluation nursury

Cycle1
B&W FS . S}";ﬁ;ﬁ

Cycle 2

2 generations
6 years

Adapted from Pederson & Vogel, ; Geiger, 2009

DH Breeding

) g

F1 Haploid step
Diploidization

DHL per se

DHL x T .

) g

2 generations
6 years
2Xx genetic variance

TC

1



Uniparental Genome Elimination

CMCE (Arabidopsis only)
Inducer lines

Gametopyte culture

any genm:ype inducer

approx. 55 %
hybrid seed
to refject

/ \\\ "--..__ B
,f : o approx. § %
¥, I rE\ /:\E /E _X\ 3 ‘C-\ /{-D maternal haplolds
1% 1x ax P ar doukled napioids

canola/barley | W u

Interspecific crossing

| Photo: Michigan Sportsman
Masu salmon Nasonia

Hordeum bulbosum
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