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ABSTRACT

The degree of genetic diversity within any species is crucial to its survival with
respect to environmental stresses and its ability to adapt. As native Iowa prairie plant
populations continues to diminish, genetic diversity within the state becomes crucially
important for restoration, reconstruction, and conservation efforts. This study seeks to
determine the degree of genetic variation within native lowa populations of Panicum
virgatum (switchgrass) and Coreopsis palmata (prairie coreopsis, tickseed, prairie
tickseed). Plants were obtained directly from the tallgrass prairie, from native seed
plantings, and from greenhouse grown cultivated varieties (switchgrass). Amplified
Fragment Length Polymorphisms (AFLP) provided genetic fingerprints of each
individual plant, which allowed for each species to be compared and analyzed. Genetic
variation within switchgrass populations was found to be high, with most genetic
variations occurring among populations. Genetic variation within prairie coreopsis was
found to be average with most genetic variations occurring within populations. The
genetic structures and characteristics shown in this study may provide insight for future
prairie plantings and restoration efforts to maintain and increase genetic diversity within

remnant prairie populations.
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CHAPTER 1
INTRODUCTION

Iowa’s Geological Landforms

Throughout the history of the Earth, the area of land we now refer to as Iowa has
undergone a variety of geological influences. The bedrock underlying Iowa’s surface is
composed of sedimentary rock deposited by the ancient seas that covered the land
(Thomson, 1992). Glaciation cycles of the Pleistocene stripped the land of vegetation and
reformed the landscape. The advance and retreat of glaciers resulted in an array of
different landforms across the state (Figure 1).

The Southern Iowa Drift Plain is Iowa’s largest landform. Glacial drift was
deposited by the Pre-Illinoian glaciers between 500,000 and 2,500,000 years ago. Deep
meandering streams and well-established drainage systems on thick deposits of glacial
drift attest to the advanced age of the landscape (Prior, 1991). The Southern Iowa Drift
Plain is also characterized by steeply sloped hills carved out by years of erosion.

The Iowan Surface occupies a major portion of northeast Iowa and is
characterized by rolling long slopes. Although this area used to be part of the Southern
Iowa Drift Plain, periods of intense cold weathering and erosion between 16,500 and
21,000 years ago during the Wisconsinan glaciation, loosened, removed, and redeposited
earth materials on the Iowan surface region (Prior, 1991).

The northwest corner of Iowa contains the Northwest Iowa Plains. The
Northwest Iowa Plains was also once part of the Southem Iowa Drift Plain, but it

underwent much of the same transformation as the lowan Surface did during the



Wisconsinan glaciation. The Northwest Iowa Plains were affected by glacial movement
along the eastern edge and thick deposits of wind-blown loess (soil) throughout this
region created steepened hillsides and smoothed out various irregularities. In addition to
these factors, this area is higher and drier with the most extensive prairie (Prior, 1991).

North central Iowa is the most recently glaciated portion of the state and is known
as the Des Moines Lobe. This section of the state experienced glaciation as recent as
12,500-14,000 years ago during the advancement and retreat of the Wisconsinan Glacier
(Prior, 1991). Glacial advance and retreat left moraine ridges throughout this region.
Features such as fresh glacial drift, natural lakes, and a poorly drained surface are
evidence of the recent glaciation.

The distinct Paleozoic Plateau of the northeast corner of Iowa is characterized by
bedrock outcroppings throughout the region. The absence of glacial deposits indicates
that this area was not glaciated. However, due to the massive amounts of erosion caused
by glacial melt, it is difficult to be positive that this area did not experience glaciation.
Nonetheless, the exposed bedrock outcroppings, the lack of loess, and the deeply carved
drainage ways make this landform unique in Iowa (Prior, 1991).

The other three landforms within Iowa are the Loess Hills, the Mississippi
Alluvian Plain, and the Missouri Alluvian Plain. The Alluvian plains were deposited as
the two large rivers bordering Iowa carried extensive glacial melt. Warmer temperatures
melted the glaciers and created floods of sediment-loaded water which carved the large
flood plains and valleys associated with the Mississippi and Missouri rivers (Thompson,

1992). These waters carried large amounts of silt which were deposited along the edges of



the rivers. The Loess Hills are a distinctive landform created through the deposition of
large amounts of wind blown silt along the Missouri River during the Wisconsinan
period. Steep, ridged hills with unique biological characteristics were the result of the

deposition of hundreds of feet of loess over thousands of years (Prior, 1991).

A}
Paleozoic
Northwest l owan Plateau
lowa Plains Surface N

el
Des Moines

Lobe
Loess Hills

Missouri
Alluvial Plain

Mississippi
Alluviat
Plain

Southern lowa Drift Plain

Figure 1. Iowa Landforms. The relative locations of landforms created during the
geological history of Iowa (adapted from Prior, 1991)

The development of the Iowa landforms, in addition to the climate, rainfall
patterns, and numerous other environmental influences, created numerous
microenvironments across lowa. As prairie established itself as the dominant plant
community, these microenvironments may have influenced the genetic evolution of

prairie plants. In the time preceding settlement, prairie developed in Iowa as the natural



ecological response to numerous factors that define the environment: geology, landforms,
soils, climate, and other organisms interacting over time (Thompson, 1992).
Prairie

Prairie, meaning meadow, was the name the French explorers called the vast
treeless landscape they found stretching throughout Middle America (Smith and Smith,
1980). The versatility of the prairie ecosystem allowed it to exist in the harsh climate of
the Midwest, especially the hot and dry summers and winters which are freezing cold and
dry. The extreme environment allowed for a variety of plants to adapt and evolve
together. This created one of the most complex and balanced ecosystems on Earth (Smith
and Smith, 1980). |

At the end of the last glacial period, prairie emerged as North America’s largest
continuous ecosystem (Chadwick, 1995). The tallgrass prairie grew to cover 250 million
acres (100 million hectares) and was maintéined across North America for 8,000 years
(Shirley, 1994). Tallgrass prairie stretched from Ohio to central Nebraska and from
Manitoba to Texas (Figure 2) (Costello, 1969). Within the prairie, a wide array of plant
life existed, with each species being a vital part of the ecosystem. Dominated by over 30
species of grasses and over 250 forbs, the tallgrass prairie maintained rich diversity
(Shirley, 1994). Within Iowa, prairie developed and evolved as the dominate ecosystem
over 30% of the state, with the remaining 20% containing scattered wetlands, savannas,
and forests (Smith, 1998).

With the beginning of the 19" century, an era of change began which was to have

a profound effect on the tallgrass prairie of Iowa. The vast , diverse, and complex



Figure 2. The original extent of the tallgrass prairie. The extent of the tallgrass prairie
within the United States prior to settlement. Iowa is the only state that is completely
encapsilated by prairie (adapted from Kurtz, 2001) ‘

ecosystem that had existed for thousands of years, began to be destroyed. What took
thousands of years to create, would all but be eliminated within one hundred years of
human occupation.

Human settlement and technological advancements would cause the elimination
of most of the tallgrass prairie (Figure 3). Between 1830 and 1900 nearly all of Iowa’s
prairie disappeared (Smith, 1981). Most of Iowa’s 29 million acres of prairie was plowed
up, overgrazed, or developed for settlement (Kurtz, 2001). Conversion of the original
landscape to agriculture and urban use has eliminated more than 99.9% of Iowa’s natural

prairie communities (Smith, 1998). Grasslands have characteristics that readily allow for



agricultural exploitation (Knapp and Seastedt, 1998). Agricultural growth took priority
over maintaining the complex interactions of the grasslands. “No one alive now has ever
seen a complete U.S. prairie ecosystem and no one alive back when all the native wildlife

was still around viewed the prairie as an ecosystem” (Chadwick, 1995, p 40).

Figure 3. The current extent of the tallgrass prairie. Some of the larger prairie remnants
that remained intact after settlement. Due to the small size of some of the remnants, not
all can be visualized on such a large map (adapted from Kurtz, 2001)

The soils that allow for agricultural success were created by the prairie. The
massive root systems of prairie plants extending downward ten feet or more serve several
functions, one of which is to hold nutrients and water (Kurtz, 1996). Roots protect the
plants from drought and cold as well as provide adequate nutrient exchange with the soil.

Grassland ecosystems take energy from the sun and put it into the ground, storing twice



as much carbon as is in the soil of forests (Chadwick, 1995). With 75%-80% of a
prairie’s biomass underground (Chadwick, 1995), the microbes, invertebrates, and prairie
plant roots act in concert to produce some of the highest quality soil on the Earth.
Maintaining natural ecosystems and the genetic diversity they contain is often outweighed
by economic, political, and individual priorities (Kurtz, 1996).

In the aftermath of human settlement, less than 0.1% of Iowa’s original tallgrass
prairie was intact (Smith, 1981). The prairie could no longer function as an ecosystem,
but existed as small isolated fragments located on unfavorable land, railroad rights of
way, cemeteries, and hidden corners of the landscape (Kurtz, 1996). Small remnant
tallgrass prairies primarily remained in agriculturally unfavorable soil with steep slopes.
These little tracts of unbroken sod are the remnant tallgrass prairies that we know today.

When the prairie was continuous across the landscape, the ecosystem functioned
as one unit in a complex interchange of nutrients, energy, and genes. When the tallgrass
prairie was broken up into remnant populations, each patch was forced to function on its
own. This made remnant populations more susceptible to inbreeding, edge effects, and
environmental stresses such as drought, disease, flood, and insect invasions. While
functionally extinct, remnant tallgrass prairies may still be able to give us insight and
knowledge on how the once massive ecosystem functioned (Chadwick, 1995). The plants
that exist in remnants can not function in the same manner as they originally did, but they
may still maintain the genetic variation that took a long time to accumulate.

The isolation of prairie remnants ultimately reduces the biodiversity within the

prairie community. Natural control dynamics, such as grazing, browsing, and fire can no



longer function as they once did. Changes in the ecosystem’s dynamics not only affect
plants, but all of the interactions that occur within the prairie ecosystem. Animals that
graze or browse no longer have substantial food sources; insects that rely on prairie plants
for food need to find new sources of food; and microbes that co-exist with prairie plants
become endangered in congruence with prairie depletion. An example of such an effect
is seen in grassland dependent birds that have declined 25%-65% in recent decades
(Chadwick, 1995). Plants and animals have occupied replacement niches in the artificial
environment created by humans in place of prairies. The elimination of niches and the
occupation of replacement niches create problems for mankind such as crop pests and
uncontrolled animal populations.

The elimination of natural ecosystem dynamics causes prairie remnants to become
degraded and undergo successional changes pushing prairies toward extinction. Without
interventions such as restoration and reconstruction, prairies, as they once were, may be
lost forever.

The outstanding scientific discovery of the twentieth century is not television, or

radio, but rather the complexity of the land organism. Only those who know the

most about it can appreciate how little we know about it. The last word in
ignorance is the man who says of an animal or plant: "What good is it?" If the
land mechanism as a whole is good, then every part is good, whether we
understand it or not. If the biota, in the course of aeons, has built something we
like but do not understand, then who but a fool would discard seemingly useless

parts? To keep every cog and wheel is the first precaution of intelligent tinkering.
(Leopold, 1953, p.145-146)



Prairie Restoration and Reconstruction

As information about remnant prairies and the prairie ecosystem become more
widely known, efforts to preserve and rebuild the tallgrass prairie have increased.
Remaining tracts and remnants of tallgrass prairie have become more important as efforts
intensify to conserve and rebuild the prairie ecosystems and to maintain their species
(Knapp and Seastedt, 1998). In addition to repairing remnant prairies, new prairies are
being planted in an effort increase the resource. Restoration and reconstruction of
prairies can occur in a variety of places: private land, parks, roadsides, or even in a
backyard. Prairies provide a range of benefits from beauty to medicinal value while
reintroducing the natural vegetation back to the landscape.

Prairie restoration focuses on enhancing the ecological quality of a remnant
prairie. The size and limited biological diversity that exist in small remnant prairies are
insufficient for them to maintain themselves. As a result, edge effects, exotic species
invasions, and undesirable succession occurs. Restoration attepmpt to return the prairie
remnant to a level where it can function in an ecologically complete manner as it did in
the past. Prairie reconstruction attempts to accomplish the same goal, building a prairie
where it no longer exists.

Prairie restoration and reconstruction are intended to increase biodiversity through
the accumulation of plants that once existed, but have since disappeared from the area.
The addition of plants increases the gene pool and helps restore native dynamics to the
prairie. The addition of plants, however, does nqt restore all of the dynamics that once

naturally existed. Restored and reconstructed prairies may look like a prairie, but are
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often a long way from functioning like one (Chadwick, 1995). Additional management
must periodically be administered to maintain development of the prairie and insure
survival. Such management practices are periodic burning, exotic species removal, and
the addition of species.

Prairie restoration and reconstruction provide benefits beyond the reinstatement of
biodiversity. Prairie plants are quite beautiful and different plants bloom at different
times, maintaining an aesthetically pleasing appearance throughout the year. Historically,
the Native Americans relied on the prairie plants for food and medicinal cures, some of
which are still used today (Kindscher, 1992). Prairie species also have a large root system
which helps to stop erosion and sequester carbon. In addition to these effects, prairie
species naturally replace nutrients and out compete mal-adapted weeds. The ability of
prairies to maintain themselves reduces the need for of chemical and mowing
maintenance. Reasons such as this have prompted the Iowa Department of
Transportation and counties to explore the use of prairies along Iowa’s roadways. Iowa’s
roadsides total more than 600,000 (240,000 hectares).

Successful prairie reconstruction and restoration both require careful planning
before planting can even begin. Assessing the site, a plan of action, and goals must all be
considered before beginning. Once plans have been initiated, the numerous problems and
considerations encompassed in the reconstruction or restoration site may present threats
to success. Existing seed banks, land alterations such as terraces and drainage tiles, and
not having the availability of the original fauna all may pose a threat to a reconstruction

or restoration project. A major problem is the invasion and prevalence of exotic species
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that disrupt natural processes and compete with the native plants for space, water, and
nutrients. Often these species invade restoration and reconstruction projects due to their
aggressiveness and ability to establish themselves in disrupted areas. Exotic species thus
reduce native biodiversity while introducing foreign genes, a phenomenon that could be
detrimental to the prairie.

Collection of the correct seed for the reconstruction or restoration project may
present a large obstacle to the success of the reconstruction or restoration (Apfelbaum et
al., 1997). First, the availability of seed presents a problem. Prairie seed is often hard to
come by. This is due to the sparseness of prairie remnants as well as the manner in which
seed can be collected. Hand collecting allows for seed separation and various species to
be collected, but often it is laborsome and done by amateurs. Mechanical mechanisms for
seed collecting provide more seed with less effort, but often only certain seeds ére
collected, resulting in a less diverse seed collection. Obtaining prairie seed with
sufficient viability is another problem. The viability of seed must be high for a
restoration or reconstruction to succeed.

In the early years, seed was usually hand collected from local native prairie
remnants. Since the collectors were usually amateurs and little was known about
the biology of native prairie species, it was.difficult to determine optimum seed
maturity and proper seed storage techniques. This often resulted in seed
collections with very few viable seeds and lots of chaff. (Smith, 1994, p 43)
These combined factors make the cost of prairie seed high. The cost of seed is a
third concern facing most restoration and reconstruction efforts. Collecting, sorting, and

cleaning viable native seed is so expensive that often cultivated varieties (cultivars) are

used to meet the demand for seed in prairie restoration and reconstruction projects.
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Commercially developed cultivars, however, present new problems to restorationists.

The commercial growers of native prairie grasses in Nebraska and Kansas have provided
prairie grass seed for range restoration in the western states and provide a ready source for
large amounts of prairie grass seed. Many of these cultivars were developed at the United
States Department of Agriculture Natural Resources Conservation Services (USDA
NRCS) Plant Materials Center in Manhattan, Kansas to increase grazing productivity of
rangelands. Consequently, plants that exhibited forage qualities of vigorous growth, high
germination rate, good establishment and extended grazing capability were selected
(Smith, 1994). The selection of specific growing characteristics and the propagation of
some cultivars by rhizomious division (Fischer, 1996) resulted in the selection of specific
genes and then the cloning of those genes. This limited the amount of genetic variability
within a given cultivar and caused concern over their use in prairie restorations and
reconstructions. The lack of genetic variability and the genetic differentiation of cultivars
may produce deleterious effects in prairie plantings. Since cultivars were developed from
a limited gene pool, they may create problems when introduced into different prairie
ecotypes. The more vigorous cultivars may overwhelm the local species that are not as
vigorous and reduce biodiversity over time. Debate over the use of cultivars and non-
local ecotypes versus local ecotypes arose in the prairie restoration community and
remains unsettled due to the lack of information about the genetic variability and diversity

of prairie ecotypes.
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Genetic Diversity

Within the scientific community, it is understood and accepted that genetic
diversity needs to be maintained and preserved. Population genetics theory has long
emphasized the importance of genetic variation within and between populations
(Allendorf, 1983). To preserve a community’s ecological and natural evolutionary
processes, genetic variation must be kept intact to ensure speciation and or extinction
(Frankel, 1983).

Long-term conservation is distinct from static preservation. Conservation implies
a process of continuing evolution. The question that remains is whether or not nature
reserves promote, restrict, or even inhibit conservation processes. In contrast to the wild
continuous populations of the past, many populations of species now exist in small and
disconnected patches. These factors increase the potency of genetic forces on relict
populations: inbreeding, genetic drift, and random fixation of alleles. These forces result
in a gradual weakening and genetic impoverishment of the species. “Wild species must
have available a pool of genetic diversity if they are to survive environmental pressures
exceeding the limits of developmental plasticity. If this is not the case, extinction would
appear inevitable” (Frankel, 1983, p. 3). Without genetic variation, populations may
become eliminated by a catastrophe such as drought, parasitism, infection, or countless
other natural phenomenon that normally would have been absorbed by a diverse gene
pool.

Two factors can work as a barrier to gengtic exchange between plants (Chesser,

1983). First, geographic distance can reduce or stop the movement of seeds and pollen
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aﬁmng populations. Along the same lines, a physical barrier imposed by geographic
formations such as rivers or mountains may inhibit gene flow. Second, different habitats
or ecological differences may prevent or inhibit gene flow. Isolation by distance can have
a dramatic effect on a population’s genetic variability. Genetic drift may occur due to the
lack of genetic exchange between populations.

When the prairies were settled and plowed up, founder populations.were created
which caused a genetic bottleneck that limited and isolated the genetic variability in
prairie remnants. These prairie remnants became subject to founder effects and
inbreeding, which increases genetic drift, reduces variability, and differentiates
populations (Templeton et al., 1990). Inbreeding depression is the increased expression
of deleterious alleles due to breeding by individuals that share genes by descent
(Chambers, 1983). Harmful recessive alleles that may have persisted at a low frequency
in a population gradually increase as the population becomes more homozygous.

The pattern of genetic diversity in a species is largely determined by three
evolutionary forces: genetic drift, migration, and natural selection (Allendorf, 1983).
These forces may differ between prairie plant species, due to evolutionary adaptation, and
may be dramatically affected by prairie fragmentation. For this reason, genetic analysis
must be performed on a variety of species to understand the biodiversity that remains in
an ecosystem.

Genetic Analysis Techniques

Technological advances and increasing knowledge about DNA has led science to

develop several methods of detecting genetic variability. To assess expressed genetic
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variability, common garden techniques were developed. A common garden consists of a
collection of a plant species from a variety of geographical sources and grown together in
a common plot with all the same environmental influences the same. Plants can then be
compared and noted differences can be attributed to the plant rather to the environment.
Morphological and phenological differences are recorded. This technique is time
consuming and does not assess neutral genetic differences that are present in the genome,
but not expressed.

To reduce the time needed to assess genetic variation, isozyme variation began to
be measured. Isozymes are various forms of enzymes within individual plants, which
means there are different amino acid sequences and thus different genetic codes. To
examine differences, enzymes are compared between plants. While this technique is
much faster than common gardens, isozyme studies also focus strictly on expressed
genetic differences and ignore the majority of DNA that is not expressed.

The introduction of the Polymerase Chain Reaction (PCR) to the scientific
community begin a new era in assessing genetic variation. The polymerase chain reaction
amplifies DNA exponentially through the use of DNA primers, a thermostable DNA
polymerase, and temperature variation. Fragments of DNA between primers are
replicated, and thus amplified after many PCR cycles and can be visualized By gel
electrophoresis.

In the recent past, one of the most widely used techniques to assess genetic
variability is randomly amplified polymorphic DNA (RAPD) analysis. In 1990, Welsh

and McClelland used 10-12mer oligonucliotides to randomly amplify portions of five
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Staphlococcus species genomes. Using low stringency PCR, followed by high stringency
PCR, the 10-12mer oligonucleotides annealed randomly throughout the genome.
Portions of the genome were then amplified if the 10-12mer oligonucleotides were
located on opposite strands and close enough for amplification to occur. The RAPD
technique provided a fast method of genetic analysis that assessed the entire genome with
the benefit of not needing to know specific DNA sequences within the genome. The
RAPD technique has since been widely used in genetic variability studies, linkage
mapping, and gene flow studies (Chalmers et al., 1992; Heun and Helentjaris, 1993;
Koller et al., 1993; Williams et al., 1993; Sharma et al., 1995; Yazdani et al., 1995).
Despite its benefits, RAPD analysis lost favor because of problems with reproducibility
and sensitivity (Heun and Helentjaris, 1993; Sharma et al., 1996; Lanham and Brennan,
1999).

The problems associated with RAPD analysis were eliminated when inter-simple
sequence repeats (ISSR) analysis waé developed. The benefit of a fast assay of the entire
genome was maintained when ISSRs were used as primers instead of arbitrary sequences.
Microsatellites are repeated nucleotide base sequences that occur randomly throughout
genomes. The DNA between microsatellite sequences can be amplified via PCR to
produce a random genetic fingerprint. The inter DNA length between microsatellite loci
varies from individual to individual (Wu et al., 1994; Zietkiewicz, 1994) which allows for
a genetic DNA profile to be created.

While these techniques use PCR alone tp create a genetic fingerprint, the use of

restriction endonucleases can also be a beneficial tool to assess genetic variability.
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Restriction endonucleases function by cleaving DNA at specific sequences within the
genome creating an array of different sized fragments. Restriction fragment length
polymorphism (RFLP) was designed to use these different fragment lengths to identify
and differentiate between individuals (Botstein et al. 1980). The creation of an RFLP
genetic profile uses Southern hybridization to attach known probes to a smear of fragment
lengths created by running digested DNA on a gel. Distinguishable markers obtained
through RFLP can be used for a variety of genomic analysis. The usefulness of RFLP
markers have allowed the production of genetic maps of several plant species (Berznatzky
and Tanksley, 1986; Helentjaris, 1987; Heun et al., 1991; Liu and Tsunewaki, 1991).
While RFLP is a highly reproducible genetic analysis tool, requirements such as clones,
large amounts of DNA, and Southern hybridization make it expensive and time
consuming.

In 1995, Vos et al. introduced a new genetic analysis tool that combined the
advantages of RFLP and PCR derived techniques. Amplified Fragment Length
Polymorphism (AFLP) analysis used PCR to amplify specific fragments of a digested
genome. Disadvantages of RFLP such as the need for clones, large amounts of DNA and
hybridization were eliminated in AFLP analysis with the use of DNA manipulation and
PCR. These techniques allowed for AFLP to be fast and reproducible while randomly
assessing the entire genome.

Genomic DNA fingerprints are produced through AFLP by selecting digested
fragments of DNA and then using PCR to amplify them. The bzisis of AFLP rests on how

restriction endonucleases cleave DNA. The restriction endonucleases that are generally
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used in AFLP cut each strand at a different place, so “sticky ends” extend off of each
fragment of the DNA. For example, EcoR I cuts the palindromic sequence (the other
DNA strand has the same sequence in an antiparallel orientation) 5°...GJAATTC...3” and
thus leaves the a four base extension, or “sticky end” of 5°...AATT...3” on each strand of
DNA. Synthetic DNA adapters are then made that have complimentary “sticky ends” that
anneal to the “sticky ends” left on the DNA fragments by the restriction endonucleases.
After annealing, the adapters are ligated on to the DNA fragments using the enzyme
ligase. The adapters also contain a core sequence that is complimentary to PCR primers
designed for the AFLP procedure. The primers can then anneal to the adapters, which
allows for the amplification of the digested DNA fragments.

Depending on the size of the genome, the number of restriction endonucleases
may differ. Restriction enzymes may cut a genome frequently or infrequently due to the
length of the cutting sequence. The more base pairs in the cutting sequence generally
means the less often a restriction endonuclease will cut. On a small genome one
infrequent cutter will probably produce enough fragments for analysis. However, with
larger genomes one infrequent cutter would produce too many fragments to analyze. To
clarify the banding pattern, two or three restriction endonucleases are used to produces a
variety of different ended fragments which can be used to reduce the number of fragments
analyzed. In a two enzyme digest, a frequent cutter and an infrequent cutter are used.
The genome is cut up into many fragments, most of which have both ends cut by the
frequent cutter. However, the AFLP procedure selects only for fragments that have at

least one cut by the infrequent cutter. Thus only a random portion of the genome is used
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making analysis possible. Recently, a triple enzyme AFLP (TE-AFLP) was introduced
(van der Wurff, 2000). In this procedure, two infrequent cutters are used with one
frequent cutter. Fragments that have infrequent cuts on both sides are selected for
analysis. This analysis eliminates large portions of the genome quickly and easily
simplifying analysis on large genomes.

Another method used to simplify analysis on large genomes, is the addition of a
selective nucleotide base tail on to the end of the primers. The selective tail requires that
the adjacent DNA fragment have complimentary bases for amplification to occur.
Therefore, the addition of more selective bases reduces the number of fragments
amplified. Different primer base extensions amplify different fragments, so different
primer extensions provide different banding patterns for analysis. Therefore, one
restriction digest can provide several different DNA banding patterns for analysis.

The Iowa Ecotype Project

The limitations of native seed availability and the high costs of harvesting seed
from scattered remnants made locally collected prairie seed hard to find and expensive.
In 1990, the Iowa Ecotype Project (IEP) was initiated at the University of Northern Iowa
(UNI). This project’s goal is to increase Iowa-origin prairie seed production in an effort
to provide regional ecotypes (used loosely to mean a regional population or
subpopulations) of Iowa prairie‘ seed for reconstruction and restoration efforts at a lower
cost (Smith, 1994; Houseal and Smith, 2000).

The Native Roadside Vegetation Center (NRVC) at UNI functions as the home of

the IEP and the Roadside Program which assists lowa counties in establishing and



20

maintaining Integrated Roadside Vegetation Management (IRVM) programs. In addition,
the NRVC provides education and consultation on prairie restoration techniques and
management.

The IEP has worked to address the concerns raised over genetically selected
cultivars being used in Iowa prairie restoration and reconstruction projects. This is being
accomplished through research on Iowa prairie species and increased production of lowa
origin prairie seed to provide an economically competitive alternative to cultivars. The
first priority focused on producing enough seed for roadside plantings in Iowa (Smith,
1994). As production increases, Iowa origin seed will be available for restoration and
reconstruction.

Growing season, day length, and temperature regimes are influenced by latitude,
which may influence the development of prairie plants. Therefore, the state was divided
into three latitudinal zones (Figure 4) from which seed would be collected from prairie
remnants. The boundaries fall along political borders and not specifically biological
(Houseal and Smith, 2000). The time of floral development and some isozyme work
have suggested that this regional division may be correct for certain species of the Iowa
prairie (Houseal and Smith, 2000). Species are collected separately, without bias toward
characteristics. This ensures that species are not collected for specific traits and thus limit
the gene pool (Smith, 1994; Houseal and Smith, 2000). According to the Genetic
Certification Standards, seed collected in this manner is classified as “source identified.”

To maximize the gene pool and counteragt the loss of genetic variation during

collection, each species’ seed, within each zone, is mixed together. The division of the
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state into more zones may be appropriate, but the number of seed growers, as well as the
market demand for seed, may not support further divisions.

Collected seed is grown in separate plots for each zone to further increase the
native lowa species. When sufficient seed is available, it is distributed to commercial
growers to allow them to increase and distribute native seed for roadside plantings, prairie
restoration, and reconstruction projects at a reasonable cost to the consumer. The “source
identified” seed insures that seed from Iowa is used in Iowa for prairie reconstruction

projects.
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Figure 4. Iowa Ecotype Project Zones, Counties, and Landforms. A map of lowa divided
by counties, landforms, and the IEP zones. As is evident from the map, the Iowa Ecotype
Project zone boundaries are strictly political and have no bias toward biological
boundaries (adapted from Prior, 1991)



22

The Project

Different ecological and life history characteristics exist for different plant
species, which thus affect the genetic structure of those species. It s, therefore,v likely that
different prairie species differ in their genetic structures. To verify the validity of the IEP,
more extensive genetic studies were needed to examine the issues of regional ecotypes
and the genetic structure of the Iowa prairie, its remaining remnants, and various prairie
plant species.

Work associated with the IEP has provided some information to address the
concerns over genetic variation in remnant prairies. Kitchen (1999) used RAPD analysis
to analyze Liatris aspera (rough blazing star) and found that 78% of the genetic
variability occurred within populations. Sadler (2000) used AFLP to analyze Solidago
rigida (stiff goldenrod) and found that most variation occurred within populations as
well. Sadler (2000) also found evidence supporting the division of Solidago rigida into
two subspecies. AFLP research on IEP species has been utilized in undergraduate
research projects. This research has examined several species, but differences have not
been statistically analyzed. Isozyme research on Panicum virgatum has also been done
and showed differentiation between several populations as well as cultivars (G. Houseal,
pers. comm).

This project was initiated to determine genetic variation between populations of P.
virgatum and between populations of C. palmata. Concern over the genetic variation
within Panicum virgatum arose due to the exten;ive planting of P. virgatum cultivars and

the uncertainty regarding the genetics of populations. Coreopsis palmata is a plant that
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propagates more readily through division of adult plants than through seed, arousing
suspicions of clonality (Smith and Smith, 1980). The degree of clonality and relatedness
of C. palmata populations made it a good subject to test. This project used AFLP to
assess the genetic variability within these two species and to detect the presence of
cultivars in remnant prairies as well as within the IEP propagation plots. Common
garden plots have been for further research of Panicum virgatum and Coreopsis palmata.

Panicum virgatum L.

Panicum virgatum (switchgrass) belongs to the Poaceae or grass family. Panicum
virgatum L. var. spissum Linder grows in the New England states and extends as far south
as Maryland. The more common type of switchgrass, and the one studied here, is
Panicum virgatum L. var. virgatum. This variety of switchgrass extends as far west on
the continental United States as Nevada, but also exits on Hawaii, and as far east as
Massachusetts.

Panicum virgatum is a native, perennial, warm-season, tall grass that is wind
pollinated and self-infertile. However, P. virgatum has been known to spread by division
(rhizomes) which may show clumps to be clonal. One of the chief plants of the tallgrass
prairie, P. virgatum was originally found in two thirds of North America (Fischer, 1996).
It is most commonly found in prairie lowland, but will grow under a wide range of
climatic conditions. Panicum virgatum can grow in sand, loam, or clay and thrives in
moisture regimes from near drought to periodic flooding (Fischer, 1996). It is also
tolerant of salty and acidic soils (Sharp, 1997). These characteristics have helped P.

virgatum survive the destruction of the praine.
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Panicum virgatum var. vigatum exists as two main ecotypes: lowland and upland.
The lowland ecotype is generally tetraploid (Barnett and Carver, 1967), erect, coarse-
stemmed, without hairs on the leaf blades, robust, and stands 61-305 cm in height (Porter,
1966). The upland ecotype is generally hexaploid or octoploid (Bamett and Carver,
1967), fine-stemmed, broad based, semi-decumbent, have varying amounts of hairs on the
leaf blades, and stands 92-152 cm in height (Porter, 1966).

Panicum virgatum exists in a variety of ploidy levels, from diploid (27 = 18) to
duodecaploid (27 = 108) (Church, 1940; Nielson, 1944; Riley and Vogel, 1982;
McMillan and Weiler, 1995). Studies using flow cytometry differ in assessment of
upland switchgrass ploidy levels (Lu, 1995; Wullschleger et al., 1996).. Octoploid -
chromosome sets have been reported in populations previously thought to be hexaploid
(Taliaferro and Hopkins, 1994). Riley and Vogel (1982) found the cultivars Blackwell,
Cave-in-Rock, and Pathfinder to be hexaploid. However, mitotic and meiotic cytogenetic
analyses combined with flow cytometry has demonstrated that plants with 3 picograms
(pg) of DNA per nucleus are tetraploid while those with 5.2-6 pg of DNA per nucleus are
octoploid (Lu, 1995; Hopkins et al., 1996). These finding suggests that plants that were
thought to be hexaploid are in fact octoploid in accordance with previous flow cytometry
data (Hultquist et al., 1996).

Several P. virgatum cultivars have been developed by the Soil Conservation
Service Plant Materials Center from several areas within the United States in order to
restore grazing to rangelands after the dust bowlr years (Figure 5). Six P. virgatum

cultivars were examined in this study. Alamo is a tetraploid, lowland variety of P.
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virgatum (Hopkins et al., 1996), originally collected in 1964 near George West, Texas,
and releasefl for use by the Plant Materials Center in 1978 (Forage Information System,
1996). Alamo is characterized by a coarse foliage and a late maturity (Sharp, 1997).
Kanlow is also a tetraploid, lowland variety of P. virgatum (Hopkins et al., 1996) that is
quite versatile and well suited to poorly drained sites, regions of periodic flooding, and
upland soil (Sharp, 1997). Kanlow was originally collected near Wetumka, Oklahoma in
1957 and was released for use in 1963 (Forage Information System, 1996). Blackwell is
an octoploid, upland variety of P. virgarum (Hopkins et al., 1996) that is characterized by
lush foliage, disease resistance, and heavy, vigorous roots and stems (Sharp, 1997).
Blackwell was originally collected near Blackwell, Oklahoma in 1934 and was released
for use in 1944 (Forage Information System, 1996). Cave-in Rock is an octoploid, upland
P. virgatum (Hopkins et al., 1996) variety. Cave-in-Rock was originally collected near
Cave-In-Rock, Illinois in 1958, it was released for use in 1973 (Forage Information
System, 1996). Cave-in-Rock is noted for its adaptability and tolerance to high humidity
(Sharp, 1997). Pathfinder is an octoploid, upland P. virgatum cultivar (Hopkins et al.,
1996) that matures late and survives winter well (Sharp, 1997). Pathfinder was originally
developed from domestic collections from Nebraska and Kansas in 1953 and was
released for use in 1967 (Forage Information System, 1996). Forestburg is an upland P.
virgatum and research suggests it is octoploid (Hultquist et al., 1996). Forestburg
originally came from a switchgrass stand near Forestburg, South Dakota and was released

in 1987 for use (Forage Information System, 1996).
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Figure 5. Panicum virgatum range and cultivar adaptation areas. The general areas
where P. virgatum cultivars are the best adapted to. Kanlow variety is best adapted to
lowlands of the lower two-thirds of the shaded area (adapted from Sharp Brothers Seed
Company ©1997)

Coreopsis palmata

Not much is known about the plant Coreopsis palmata (prairie coreopsis or
prairie tickseed). It is a perennial dicot belonging to the Asteraceae, or aster family. It is
likely pollinated by bees and is self-infertile which promotes sexual reproduction.
However, due to it’s nature to preferably reproduce via rhizomes (Smith and Smith,
1980), it is thought to be a very clonal species. It is a common prairie species that exists
from Minnesota to Louisiana and from Nebraska to Indiana in the United States.

Chromosomal studies show a chromosome count of #» = 13 and do not reveal any
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pblyploidy within the species (Smith, 1971). There is, however, some variation of
chromosome number within the genus (Smith, 1975). The difference in chromosome
number has raised some debate on the phylogeny of the Coreopsis genus (Smith, 1983;
Jansen et al., 1986; Crawford et al.,1990; Crawford et al., 1991; Ryding, 1992; Seung -
Chui et al., 1999). There are no C. palmata culltivars, but is grown in production plots by

prairie seed growers for reconstruction and restoration projects.
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