Research Summary: Research Finds Strong
Genetic Diversity in Switchgrass Gene Pools

Genetic diversity in native switchgrass populations will benefit new varieties developed for
biofuel production and ecosystem services.
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Abstract

Identification of gene pools and their geographic patterns will help in the development of new
switchgrass varieties for biofuels, and for ecosystem services such as conservation and
restoration. Identifying these gene pools relies on answering several questions: Where did the
remnants of the genotypes originate? How much genetic diversity do they contain? Has there
been transfer of genes between the genotypes?

Glaciation that covered much of the northern United States during the last ice age removed all
vegetation and buried seeds under tons of silt and rock from a large portion of the country.
When the glaciers retreated, plants returned to this region but with some distinct patterns.

Research Purpose

Michael Casler, a research plant geneticist for the USDA'’s Agricultural Research Service and
CenUSA collaborator, and his colleagues are developing a system of classifying gene
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pools of switchgrass that could provide germplasm for improvement of varieties for
biofuels and ecosystems services.

Figure 1. Michael Casler USDA ARS Plant Breeder has helped lead efforts to
improve switchgrass yield 40%.

For a bioenergy crop, high yields of biomass, which rely on traits such as height, tillering
capability, persistence, and resistance to disease and insects, is the most important
improvement they could provide. The desirability of other traits, such as efficient
fermentation or high energy content, would depend on the intended final biofuel product.

Adaptability to marginal soils and conditions is also an important goal for improved
varieties. A sustainable bioenergy production would not compete with food crops but
would utilize land impractical for producing food for humans. Through DNA research, the
researchers have identified the origins and the genetic diversity of the two switchgrass
ecotypes, upland and lowland, in their native habitats. Because the two ecotypes are
adapted to different environments, that identification is important in the classification of
gene pools.

Research Activities

Casler and his colleagues took 384 samples of leaf tissue from remnants of both upland
and lowland switchgrass varieties that are being used at USDA'’s Agricultural Research
Service’s Dairy Forage Research Center in Madison, Wisconsin, and the University of
Georgia to breed improved varieties of switchgrass for biofuels. Using flow cytometry,
they looked at plant DNA and did DNA sequencing of some samples to identify which
genetic pool they belonged to. https://unsolvedmysteries.oregonstate.edu/flow 06.
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Figure 2. Crossing selected switchgrass plants in the field. Photo: Michael Casler,
U.S. Dairy Forage Research Center.

In a related research project, Casler and his associates did DNA sequencing on 480 plants
to look at possible gene flow between upland and lowland ecotypes.

What We Have Learned

Casler’s research identified eight gene pools of switchgrass across the United States that
could be a rich source of germplasm to improve commercial switchgrass varieties for
biofuel, and in restoration and conservation work. These gene pools harbor a great deal of
genetic variety, a potential source of new varieties that can respond better to climate
change and improve germplasm.

As the climate gradually warmed after glaciation, “what was left behind may have been a
very close representation to what survives today — hundreds to perhaps thousands of
small, fragmented populations of switchgrass, representing a huge array of genetic and
phenotypic diversity” (See Zhang & Zalapa, p. 5 below.)

Research has turned up several other discoveries:

o After the glaciers’ last retreat from northern North America, switchgrass is
presumed to have migrated northward, along with other plant species. Casler and
others expected the northernmost switchgrass populations to exhibit the least
genetic diversity—but instead, they discovered more diversity in the most extreme
northern and southern populations.

e "“Significant gene flow” has and still does occur between upland and lowland
ecotypes. Much of that flow is the result of natural forces such as birds, mammals,
and wind. But some of that transfer has been caused by humans..
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¢ Only a small amount of the diversity available in switchgrass has so far been
captured by plant breeders attempting to develop new cultivars for forage or
bioenergy uses. Their research has identified several untapped gene pools which
will provide a basis for plant improvement well into the future, as well as plant
resources to expand prairie and savanna restoration efforts.

Research continues, using new genomic technologies to accelerate development of new
varieties and genetically modified switchgrass, and to improve winter survival in southern
types of switchgrass.

Why Is This Important?

The strong diversity and wide adaptation of switchgrass is good news for those developing
new commercial varieties of the perennial grass for bioenergy. Improved varieties would
produce more biomass for biofuel production. Through adaptation to a single annual
harvest, switchgrass will be more useful for commercial bioenergy production and harvest.
If that harvest is delayed until after post-senescence dry-down, more nutrients will be
recycled back into the plants’ roots.

Switchgrass diversity is also a benefit for those working in conservation, who need not be
so limited in the varieties they can use. "We’ve been trying to help people working in
restoration and conservation of prairielands to define what ‘local’ means,” Casler said.
“What we’ve found and other studies have found is that “local”, from a practical
standpoint is pretty broad. If I'm trying to restore a native prairie in central Iowa, then
germplasm from eastern Nebraska to eastern Indiana is going to work without any
problem at all.”

The genetic diversity of plants from different sources across a wide geographic area will
also help growers with switchgrass production on marginal lands, and to better respond to
climate change.

For More Information

e CenUSA Project Resources - information on the opportunities and challenges in
developing a sustainable system for the thermochemical production of biofuels from
perennial grasses grown on land marginal for row crop production.
www.cenusa.iastate.edu

e Zhang, Yunwei, Juan E. Zalapa, Andrew R. Jakubowski, David L. Price, Ananta
Acharya, Yanling Wei, E. Charles Brummer, Shawn M. Kaeppler & Michael D. Casler.
2011. Post-glacial evolution of Panicum virgatum: centers of diversity and gene pools
revealed by SSR markers and cpDNA sequences. Genetica, July 2011, 139: (7):
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933-948. PDF on BESC: Bioenergy Science Center website
https://bioenergycenter.org/besc/publications/zhang post glacial.pdf

e Yunwei Zhang, Juan E. Zalapa, Andrew R. Jakubowski, David L. Price, Ananta
Acharya, Yanling Wei, E. Charles Brummer, Shawn M. Kaeppler & Michael D.
Casler. 2011. Natural Hybrids and Gene Flow Between Upland and Lowland
Switchgrass. Crop Science, 51, Nov-December 2011. PDF on BESC: Bioenergy
Science Center website
https://bioenergycenter.org/besc/publications/zhang post glacial. pdf.

Contributors to This Summary
Authors

e Michael D Casler, Research Geneticist https://www.ars.usda.gov/midwest-
area/madison-wi/us-dairy-forage-research-center/dairy-forage-
research/people/michael-d-casler/, U.S. Dairy Forage Research Center
https://www.ars.usda.gov/midwest-area/madison-wi/us-dairy-forage-
research-center/

e Susan J. Harlow, Freelance Journalist
Peer Reviewer

e David Laird, professor of agronomy (Ret.), Iowa State University.

. . . and justice for all

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and
activities on the basis of race, color, national origin, gender, religion, age, disability, political
beliefs, sexual orientation, and marital or family status. (Not all prohibited bases apply to all
programs.) Many materials can be made available in alternative formats for ADA clients. To
file a complaint of discrimination, write USDA, Office of Civil Rights, Room 326-W, Whitten
Building, 14th and Independence Avenue, SW, Washington, DC 20250-9410 or call 202-
720-5964.

Iowa State University Extension programs are available to all without regard to race, color,
age, religion, national origin, sexual orientation, gender identity, genetic information, sex,
marital status, disability, or status as a U.S. veteran. Inquiries can be directed to the
Director of Equal Opportunity and Compliance, 3280 Beardshear Hall, (515) 294-7612.
Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30, 1914, in
cooperation with the U.S. Department of Agriculture. Cooperative Extension Service, Iowa
State University of Science and Technology, Ames, Iowa.
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