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 Who cares about switchgrass gene flow (and why)? 

 What do we know about switchgrass gene flow? 

 What steps are underway? 



Agronomic switchgrass… 

 Attractive native bioenergy 

feedstock (Schmer et al. 2008; 

Groom et al. 2008) 

 Bioenergy interest dates to late 

1970s (DOE) 

 Extent of its potential also dictated 

by current energy-related Acts 

 Breeding (conventional and 

molecular) and transgenic efforts 

for better switchgrass 

 e.g., Rapid growth in spring; high 

water-use efficiency; partitioning 

of nutrients to roots 

Wullschleger et al. 2010 
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Who cares about switchgrass gene flow? 

 Conservation biologists 

 Farmers 

 Federal regulators 
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Who cares about switchgrass gene flow? 

 Conservation biologists 

 Wild population “purity” 

concerns 

 Invasibility concerns 

 Push for wide-scale planting of 

agronomic switchgrass as a 

biofuel feedstock + native 

switchgrass populations 

 Population extinction concerns 

 Demographic swamping (esp. 

pollen) and “migrational 

meltdown” 

Photo credit: J. Miles Cary 



Invasibility (and extinction) concerns 

 “Improvement” efforts could 

lead to switchgrass becoming 

an invasive species 

 Context: species that 

negatively affects ecosystem 

processes and functionality, 

and imparts economic losses 

 Mechanism: planting in novel 

environment and escape via 

seed (Raghu et al. 2006) or 

pollen-mediated introgression 

(Simberloff 2008) 

Raghu et al. 2006 
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Introgression… 



1. Increased invasiveness 

2. Extinction of native population 

Positive selection and/or  

evolution and dispersal 

Negative selection and  

demographic swamping 

Introgressed wild 
relative* 

Introgressed weedy 
relative 

Time (generations) 

A 

Positive selection and/or  

evolution and dispersal 

…leading to invasiveness or extinction 

Time ----------------- 



Outline 

 Who cares about switchgrass gene flow (and why)? Conservation biologists 

 Wide-scale planting of agronomic switchgrass may carry risk of 

invasiveness and extinction of wild relative populations 

 From the literature: introgression of crop genomes into wild relatives has 

been documented; no documentation of invasiveness or extinction 

 

 

 

 

 

 

 

 What do we know about switchgrass gene flow? 

 What steps are underway? 

Kwit et al. 2011 



Who cares about switchgrass gene flow? 

 Farmers 

 Seed purity 

 Cultivar  purity from seed farms 

could be compromised by 

cultivar x cultivar or wild x 

cultivar cross-pollination 

 Federal regulators 

 Containment of transgenes 

Photo credit: J. Miles Cary 



What do we know about switchgrass gene 

flow? 

 Very little known, and 

much assumed 

 Information on the 

following would be 

helpful: 

 Seed dispersal 

 Pollen dispersal 

distances and viability 

 Crossing and 

hybridization potential 

 
Photo credit: W. Gretz 



So little known (and so much assumed)… 

Pollen dispersal and viability 

 Recent information on 
pollen viability (Ge et al. 
2011) 
 Negative effects of 

increased temperature, 
decreasing relative 
humidity, and increased 
UV-B radiation on pollen 
germination 

 150 min under ideal 
conditions to lose complete 
viability - similar to other 
grasses 



So little known (and so much assumed)… 

Crossing and hybridization potential 

 P. virgatum Cultivar x 
Cultivar crosses 

 requires same ploidy levels 
[e.g., Lowland tetraploid 
Kanlow x upland tetraploid 
Summer (Vogel and Mitchell 
2008; Martinez Reyna and 
Vogel 2008)] 

 No published accounts of 
‘agronomic x “wild”’ or 
interspecific hybridization 

 Few examples of Panicum 
hybridization 

Martinez Reyna and Vogel 2008 



Outline 

 Who cares about switchgrass gene flow (and why)? 

 What do we know about switchgrass gene flow? 

 Remarkably little 

 Pollen viability similar to other grasses 

 Crossing and hybridization potential may be limited to 

intraspecific crosses involving similar ploidy levels 

 Still need information on pollen dispersal, seed 

dispersal, intra- and inter-specific crosses 

 What steps are underway? 



Steps underway  

 Genetic diversity of 

native switchgrass in the 

Midsouth 

 Current USDA BRAG 

project addressing: 

 Pollen dispersal 

distances (field-to-field 

and “general”) 

 Intra- and interspecific 

hybridization 

 Photo credit: H.S. Moon 



Genetic diversity of native switchgrass in the 

Midsouth 

 Little is known about 

switchgrass population 

genetic structure where 

it has its highest 

potential yields 

 Baseline data needed 

for future monitoring 

Zhang et al. 2011 



Genetic diversity of native switchgrass in the 

Midsouth 

 8 RAPD markers across 5 native 

TN populations and 3 agronomic 

“populations” in east TN 

 Similar mean number of 

loci/primer (15.1) and diversity 

within and among populations as 

other RAPD studies 

 Most diverse native population not 

as diverse as some agronomic 

“populations” 

 NSF and NPCI proposals in review 

for expansion of this using SSR 

markers 
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Nageswara Rao et al., in review 



Steps underway: USDA BRAG  

 Field-to-field pollen dispersal 

distances 

 Take advantage of new 

plantings of improved Kanlow 

(EG1102) in east TN 

 Assignment analysis (via 

diagnostic SNPs) of offspring 

from maternal Alamo plants at 

numerous distances from the 

Kanlow source: realized 

probability of outcrossing 

 Relevant to seed purity 

 

S. Jackson 



Steps underway: USDA BRAG  

 Pollen dispersal distances in 

switchgrass 

 Nelder wheel design 

 Source clones of RFP Alamo ST1 

 Receptor clones of Alamo 2 

along rays 

 Pollen traps to measure RFP 

pollen grains as a function of 

distance 

 Seeds (verified by RFP 

seedlings) as a function of 

distance 

 

A B 

C D 
Photo credit: J. Burris 



Steps underway: USDA BRAG  

 Intra- and interspecific 

crosses involving P. 

virgatum 

 cv. Alamo x wild 

 Compared to offspring 

of cv. Alamo x cv. Alamo 

and wild x wild 

 Interspecific crosses… 



Steps underway: USDA BRAG 

 

 Intra- and interspecific hybridization 

Aliscioni et al. 2003 



Plans to cross switchgrass with its closest existing 

congener in TN 

 

X 



Outline 

 Why should anyone care about gene flow and 

hybridization in switchgrass? 

 So little known (and so much assumed)… 

 Steps underway 

 Genetic diversity and structure of local Midsouthern 

populations 

 Pollen dispersal distances & field-to-field ‘realized’ 

pollen dispersal success 

 Intra- and inter-specific hybridization 



Pressing questions for the CBES Forum 

 How should elements of gene flow be incorporated 

into sustainability indicators for bioenergy systems? 

 Should crop genes be contained? If so, where, when, 

and how? 

 Can the risk associated with invasiveness (genes 

and/or organisms) be minimized? If so, how? 
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Questions? 

D. Mann 





Groom et al. (2008) 



A B 

C D 

Transgenic Pollen vs. Non transgenic pollen  

Photos A and B (Non-transgenic vs. Transgenic ST1) were taken under white light 

with 10 ms exposure. Photos C and D were excited with 535/30 nm light and emissions  

filter 600/50 nm for 2 s. 



http://newenergyandfuel.com/wp-content/uploads/2009/05/ceres-switchgrass-seed-chart.jpg 



Native switchgrass 

 Native in numerous habitats, 

mainly eastern U.S. 

 History of use: ornamental, erosion 

control, forage, wildlife habitat 

 As a Panicum, it has a history of 

hybridization and introgression 

(Flora of North America) 

 Overlap of populations with 

target areas for agronomic 

potential 

 

Flora of North America 

Panicum virgatum 

Wullschleger et al. 2010 


