
 
 
 
 
 

Scientific Methods Workshop:  
 

Ecological and Agronomic Consequences of Gene Flow from 
Transgenic Crops to Wild Relatives 

 
Meeting Abstracts 

 
 
 

The University Plaza Hotel and Conference Center 
The Ohio State University 

Columbus, OH 
 

March 5th and 6th, 2002  



Page Intentionally Blank 



 Abstracts                                                          Page 3 

Molecular Genetic Assessment of the Risk of Gene Escape in Strawberry, a Model 
Perennial Study Crop 

 
Anne Westman, Betty Miller, Timothy Spira, David Tonkyn, and Albert Abbott * 
 
Department of Biological Sciences, Clemson SC. 29634 
 
* Presenter/Correspondence:  aalbert@CLEMSON.EDU 
 
ABSTRACT  
 
 Concerns about genetically engineered crop plants are focused on three potential risks:  (1) 
that transgenic crop plants will become aggressive weeds of agricultural fields or invasive in natural 
habitats;  (2) that their engineered genes will be transferred by pollen to wild relatives whose hybrid 
offspring will then become more aggressive or invasive; or (3) that the transgenic crops will be a direct 
hazard to humans or domestic animals.  The focus of our work is on the second of these risks, that of 
gene flow from a genetically engineered crop, strawberry, to a related wild species.  Utilizing the 
molecular marker technology of Amplified Fragment Length Polymorphism (AFLP) and direct studies of 
the fitness of laboratory produced hybrids, we have documented that hybrids between cultivated and 
wild F. virginiana occur commonly and that they are highly fit, with the potential to persist and 
reproduce. In our molecular marker analyses, we have confirmed that F. virginiana populations near 
strawberry farms in our region contain substantial numbers of hybrid plants displaying DNA markers 
from cultivars currently grown  cultivars no longer grown in our region. Additionally, studies of 
chloroplast DNAs polymorphism have allowed us to evaluate the contribution of seed dispersal versus 
pollen dispersal mechanisms for gene escape. Strawberries, unlike many crops, are perennial and 
clonal, and both these traits increase the risks of hybridization, introgression, and persistence.  Our 
research is measuring the additional effects of these two life-history traits, and should provide 
guidance on how best to mitigate the risks of transgene escape from strawberries and perhaps from 
other outcrossing perennials as well. 
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Gene flow and hybrid fitness in the Sorghum bicolor –  
Sorghum halepense complex. 

 
Paul E. Arriola * 
 
Elmhurst College, Elmhurst, IL. 
 
Norm Ellstrand 

 

University of California, Riverside, CA 
 
* Presenter/Correspondence: paula@elmhurst.edu 
 
ABSTRACT 
 
The experimental evidence that cultivated plants and their wild relatives regularly exchange 
genes through pollen transfer under natural conditions is well documented in the literature.  
However, there has been no consensus regarding long-term ecological or evolutionary 
consequences of gene flow from cultivated plants into populations of their wild relatives.  We 
review what is known regarding gene flow from crop sorghum, Sorghum bicolor, into 
populations of its feral congeners, particularly johnsongrass, S. halepense.  Descriptions are 
given of studies conducted on crossability, spontaneous hybridization and fitness of hybrids.  
The data presented support the hypothesis that crop sorghum commonly contributes alleles to 
wild/weedy sorghums under field conditions.  We focus on the possible consequences of 
continued gene flow from the crop to wild populations and point out future research needs in 
this crop/wild complex.   
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Patterns of genetic diversity in sympatric and allopatric populations of maize 
and its wild relative teosinte in Mexico: evidence for hybridization 

 
Blancas, L.1 *, D. M. Arias2, and N. C. Ellstrand1 
 
1. University of California, Riverside, CA 92521 USA 
2. Universidad Autonoma del Estado de Morelos, Cuernavaca, Morelos 62210 Mexico  
 
* Presenter/Correspondence:  lesleyb@eudoramail.com 
 

Genetic diversity in maize and its wild relative teosinte (Zea mays ssp. mexicana) in Mexico is 
important for the sustainability and improvement of the third most important crop in the 
world.  This study examines the genetic diversity of sympatric and allopatric populations of 
maize and teosinte and evidence for hybridization in Mexico using isozyme electrophoresis.  
We take a population level approach to the analysis of genetic diversity in standing Mexican 
populations.  Our data provides evidence that hybridization contributes to the genetic 
similarity between sympatric pairs of maize and teosinte populations compared with allopatric 
populations of either subspecies.  Introgressed populations of teosinte show an increase in 
diversity relative to isolated populations.  To date, introgression from teosinte does not appear 
to play an important role in the genetic diversity of sympatric maize.  Patterns of 
differentiation among sympatric and allopatric populations of maize and teosinte indicate that 
introgression occurs more often than previously thought.  Additionally, recent introgression 
between maize and teosinte has resulted in morphological hybrids that often have genetically 
transgressed allele frequencies compared to adjacent maize and teosinte populations.   
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Gene Flow from Transgenic Crops to Wild Relatives: What Have We Learned, 
What Do We Know, What Do We Need to Know? 

 
N. C. Ellstrand 

 

University of California, Riverside, CA, 92521-0124 USA 
 
Correspondence: Ellstrand@ucrac1.ucr.edu 
 
ABSTRACT 
 
I present a brief history of the science of crop to wild gene flow and a glimpse into its future.  
Scientists have long recognized that crops can spontaneously mate with their wild relatives.  
However, for reasons probably associated with the cultures of basic vs. applied science, study 
of that process was largely neglected.  The realization that transgenes could end up 
unintended in wild plants generated a closer examination of the process of crop-to-wild gene 
flow and its consequences.  I expect that this field will continue to grow, with increased 
emphasis on using transgenic crops themselves as experimental organisms.  However, a sister 
phenomenon, crop-to-crop transgene flow and its consequences, may prove to be a more 
urgent emerging issue to be addressed by specialists in transgene flow. 
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Plenary Address: 
 

Prevalence and Management of Herbicide-Resistant Weeds 
 

Jodie Holt  
 

University of California, Riverside, CA  92521 USA 
 
Correspondence: Jodie.holt@ucr.edu 
 
ABSTRACT 
 
Weed management in agricultural systems is achieved through a combination of methods that 
include prevention, eradication, and control (reduction of weed densities to economically 
acceptable levels).  Methods of weed control include biological, chemical, cultural, and 
mechanical techniques, as well as combinations of these approaches.  In many parts of the 
world, however, chemical control with herbicides is the predominant method of weed 
management.  Currently in the US and worldwide, herbicides outrank insecticides and 
fungicides in both volume used and total sales.  As use of herbicides has increased, increased 
cases of selection for resistance in weeds have been documented.  Since the first reported 
case of weed resistance in 1970, 257 weed species have evolved resistance to one or more of 
18 herbicide classes.  One of the most recent cases documented is weed resistance to 
glyphosate, the active ingredient in Roundup©, which has been found in the US and four 
other countries.  To preserve the utility of herbicides in agriculture, active resistance 
management is essential, using methods such as herbicide rotation, mixing herbicides with 
different mechanisms of action, and employing combinations of chemical and nonchemical 
control techniques.  The widespread use of herbicide resistant crops has the potential to 
increase or alter the use pattern of the herbicide to which a crop is resistant, which has 
implications for the further evolution of resistant weed species.  Gene flow from the resistant 
crop to related weeds is another potential impact of adoption of this technology, although the 
relative importance of this phenomenon to increases in weed resistance is unknown.   
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Fitness and population effects of gene flow from transgenic  
sunflower to wild Helianthus annuus 

 
Diana Pilson * 
 
University of Nebraska, Lincoln, NE, 68588, USA 
 
Allison Snow 
 
Ohio State University, Columbus, OH, 43210, USA 
 
Loren Rieseberg 
 
Indiana University, Bloomington, IN, 47401 USA 
 
Helen Alexander 
 
University of Kansas, Lawrence, KS, 66045 USA 
 
* Presenter/Correspondence: dpilson1@unl.edu 

ABSTRACT 
 

A widely acknowledged risk associated with transgenic crops is the possibility that 
hybridization with wild relatives will cause fitness-related transgenes to persist in wild 
populations.  If wild plants acquire transgenes coding for resistance to herbivory, disease, 
environmental stress, and/or commonly used herbicides, they could become more abundant in 
their natural habitats or invade previously unsuitable habitat.  In addition, wild populations 
containing transgenes that provide resistance to herbivores or disease may have additional 
effects on natural insect and pathogen populations.  However, little is known about whether 
these concerns are justified.  For example, many weedy species are affected by herbivores, 
yet the impact of insect damage on population densities and invasiveness has rarely been 
examined.  In order to determine if a transgene poses a risk to wild populations, or to the 
species with which the wild plant interacts, three questions must be addressed.  These are: 1) 
Are there genetic or geographic barriers to the escape of the transgene from the crop into 
wild populations?  2) Is the transgene expected to increase in frequency in wild populations?  
And 3) What are the ecological consequences of escape?  We are investigating these 
questions in the cultivated/wild sunflower system.  In answer to the first two questions we 
have found: few barriers to gene flow between the crop and wild population, and decreased 
lepidopteran herbivory and increased seed production in wild plants containing a Bt-toxin gene 
specific to lepidopterans.  In answer to the third question, preliminary analyses suggest that 
increased seed production in individual plants (caused by, for example, a Bt gene) will lead to 
an increase in the size of wild populations.  We are currently doing experimental and modeling 
work to determine if larger local populations will lead to larger or more persistent 
metapopulations.   
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Case Study:  Gene flow from commercial transgenic Cucurbita pepo to  
"free-living" C. pepo populations 

 
Hector Quemada * 
Laura Strehlow 
 
Biological Sciences, Western Michigan University, Kalamazoo, MI 49008 
 
Deena Decker-Walters 
 
The Cucurbit Network, Miami FL  
 
Jack E. Staub,  
 
USDA ARS, Horticulture Department, University of Wisconsin, Madison, WI 
 
* Presenter/Correspondence: hector.quemada@wmich.edu 
 
ABSTRACT 

Field observations of natural populations of sexually compatible wild and weedy relatives of 
crop plants can provide useful data for assessing the risk of gene flow to these relatives, and 
the consequences of that gene flow.  Surveys conducted and samples collected during the 
summer and fall of 2000 and 2001 allowed an assessment of the opportunity for gene flow, as 
well as its potential consequences.  The data from these field observations were 
supplemented by plot experiments to assess the relative impact of virus infection on free-
living, nontransgenic and transgenic genotypes of C. pepo. 
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Monitoring the Environmental Consequences of  
Gene Flow from Transgenic Sugar Beet 

 
Bartsch, D., S. Driessen, A. Gathmann, A. Hoffmann, M. Lehnen, T. Muecher, C. 
Saeglitz *, U. Wehres, and I. Schuphan   
 
Department of Biology V, Ecology, Ecotoxicology, Ecochemistry, Aachen University of Technology 
– RWTH, D-52056 Aachen, Germany 
 
* Presenter: Christiane@bio5.rwth.aachen.de 
Correspondence:  bartsch@rwth-aachen.de 
 
ABSTRACT 
 
Gene flow via seed or pollen is a basic biological principle of plant evolution. The genetic and 
ecological consequences of gene flow depend on the amount and direction of gene flow as well 
as on the fitness of hybrids. In Europe, wild relatives of cultivated beet are important plant 
genetic resources; the conservation of wild beet diversity has become an important task in 
biosafety research. We have recently shown that a century of gene flow from Beta vulgaris ssp. 
vulgaris has not altered the genetic diversity of wild Beta vulgaris ssp. maritima in the Italian 
sugar beet seed production area. The assessment of potential risks of transgenic plants also has 
to take into account that conventional crops cross with wild plants. Unintended products of 
these crosses are weed beets that bolt and flower during their first year of planting. Weed beets 
cause harvest delays and yield losses. Gene flow is hard to control in wind-pollinated plants. At 
the same time, wild and weed beet populations undergo evolutionary changes and may expand 
their geographical distribution areas. The precautionary approach to risk management 
necessitates monitoring the local wild and weed populations that might be affected by 
transgene escape. Here, we present the methodology used for monitoring the geographical 
distribution and diversity of Beta populations in California and Italy. Future research should 
focus on the evolution of wild beet populations in comparison to baseline data. Two monitoring 
models are presented showing how endpoints can be measured: 1) “Prior-After” crop 
commercialization against today’s baseline and 2) “Parallel” to crop commercialization against 
GMO-free reference areas/populations. Model 2 has the advantage of taking dynamic changes 
into account. Model 1 is superior if gene flow is so strong that unaffected areas/populations will 
not be found. Any assessment should be carried out realistically in comparison to natural 
variation of plant population parameters. 
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Ecological Risk Assessment for the Release of 
Transgenic Rice in Southeastern Arkansas 

 
Cynthia Sagers * 
S. Nigemann 
 
University of Arkansas, Fayetteville, AR, 72701 
 
S. Novak 
 
Boise State University, Boise, ID 83725 
 
* Presenter/Correspondence: csagers@cox-internet.com 
 
ABSTRACT 
 
Swarms of hybrids between cultivated rice and its weeds have been known in Taiwan, 
Thailand, China and India since the 1920's and appear now to be resident in the state of 
Arkansas.  The USDA is currently funding work to evaluate the rate of pollen movement out of 
cultivars and into weeds, largely because of its interest in commercializing genetically modified 
rice.  Greenhouse and limited field trials will determine, to some extent, the movement of 
cultivated genes into naturalized populations, but will provide only a snapshot of their history.  
Here we propose an approach to investigate the competitive dynamics and degrees of 
introgression between cultivated and weedy rice to assess the movement of transgenes in 
cultivation.  Competition experiments provide a measure of population growth parameters for 
rice and red rice, as well as an indication of the commercial impact of transgenic-weed hybrids 
on rice production.  Further, sampling genetic variation in hybrid swarms will provide an 
integrated, historical assessment of the movement of cultivated genes into weedy rice 
populations.  The results of this work will assist in making decisions regarding the locations, 
and likely safe cultivars to consider for release as genetically modified organisms. 
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Gene flow and its consequences: Brassica napus  
(canola, oilseed rape) to wild relatives. 

 
C. Neal Stewart, Jr.*1, Matthew D. Halfhill 1,2, and Suzanne Warwick 3 
 

1. University of North Carolina Greensboro, NC, 27402 USA  
2. NC State University, Raleigh, NC, 27695 USA  
3. AAFC, Ottawa, ON, Canada. K1A OC6 

 
* Presenter/Correspondence: cnstewart1@juno.com  
 
ABSTRACT 
 
Gene flow from transgenic canola (Brassica napus) to weedy relatives is an extant risk in 
implementing biotechnology in agricultural systems.  Wild relatives, such as Brassica rapa and 
Raphanus raphanistrum, have been shown to hybridize with transgenic canola, and future 
research must characterize the possible ramifications of transgenic phenotypes contained 
within introgressed weed populations.  We have developed a system to track the movement of 
an insecticidal Bt transgene from genetically modified canola into relatives by a visual marker, 
green fluorescent protein (GFP).  Whole plant fluorescence has been used to track gene flow 
into B. rapa, and future studies will use these transgenic hybrid lines to test the impact of an 
insecticidal transgene on agricultural crops through competition studies.     
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Gene flow in forest trees:  
From empirical estimates to transgenic risk assessment 

 
 

Slavov1, G. T., S. P. DiFazio2, and S. H. Strauss1 * 
 
1.  Oregon State University, Corvallis, OR, 97331, USA 
2.  Oak Ridge National Laboratory, Oak Ridge, TN, 37831, USA 

 
* Presenter/Correspondence: Steve.Strauss@orst.edu 
 
ABSTRACT 

 
The extent to which transgene flow from plantations can be effectively predicted, 

managed, and monitored, will be a critical biological and social factor influencing the adoption 
of transgenic plantations.  Studies of historical and contemporary gene flow levels, via genetic 
structure surveys and parentage analyses, demonstrate that gene flow is generally extensive 
in both wind- and animal-pollinated forest tree species.  Organelle genome studies have 
shown that pollen is by far the greatest source of gene dispersal, particularly for tree species 
with limited seed movement.   

Marker studies, however, give little insight into the extent and consequences of gene 
flow in actual deployment scenarios.  For example, despite the potential for extensive gene 
flow, there appears to be extremely low levels of “genetic pollution” of wild poplar stands by 
plantations of hybrids.  Factors such as dilution by regional seed and pollen clouds, deleterious 
impacts of genotype backgrounds, engineered sterility genes, and the effects of transgenes on 
competitiveness in the wild, can greatly influence observed levels.  Case-by-case analyses are 
required for useful predictions.   

We introduce a spatial simulation model called STEVE that we have used to estimate 
the levels of future transgene flow from poplar plantations in the United States Pacific 
Northwest.  It synthesizes data from a variety of ecological and genetic processes, and 
permits virtual experiments that investigate how diverse genetic, ecological, and management 
factors might influence the magnitude and variance of gene flow over a 50 to 100 year period.  
Similar approaches could be used elsewhere to help identify priority research needs, suggest 
means for mitigation where warranted, and to aid in design of monitoring programs for large-
scale research and commercial applications.   
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Gene flow in turf and forage grasses (Poaceae) 
 
Joseph K. Wipff 
 
Grass Taxonomist and Plant Breeder 
Pure Seed Testing, Inc., Hubbard, OR 97032 
 
Correspondence: joseph@turf-seed.com 

 
 
 

ABSTRACT 
 

Over 117 species of grasses are currently used for turf, forage and erosion control.  Though 
the number of species being used is constantly increasing, only a relatively few number of 
these species have been genetically transformed through biotechnology.  DNA 
biotechnological enhancement is being considered for virtually all commercially important 
plants and the number of field tests for transgenic plants is increasing exponentially. This 
trend is also happening with turf and forage grasses, with an increase in the number of new 
species being tested each year.   Currently the following species have permit/notifications 
through USDA/APHIS to conduct field tests:  creeping bentgrass (Agrostis stolonifera L.); 
Kentucky bluegrass (Poa pratensis L.); perennial ryegrass (Lolium perenne L.); tall fescue 
[Festuca arundinacea Schreber or Lolium arundinaceum (Schreber) Darbyshire]; 
Bermudagrass [Cynodon dactylon (L.) Pers.];  Russian wildrye [Psathrostachys juncea 
(Fischer) Nevski];  Bahiagrass (Paspalum notatum Flügge var. saurae Parodi);  Kentucky 
bluegrass x Texas bluegrass (Poa pratensis x P. arachnifera Torrey); St. Augustine grass 
[Stenotaphrum secundatum (Walters) O. Kuntze]; and  velvet bentgrass (Agrostis canina L.).  
Since the potential for gene escape and its consequences will be different for each species or 
species complex I will only discuss those taxa currently in the APHIS Field Test  program, 
because there is such a large number of species used for turf and forage that a book could be 
written on this topic alone if all species were considered.   The significance of gene escape will 
vary with the biology of the plant donor, the wild recipient, and the introduced gene.  In 
regards to the crop donor, primary risks will probably come from crops:  1) that have 
undergone little domestication because there would be minimal ecological and reproductive 
divergence from the wild progenitors (Ellstrand and Hoffman 1990);  2) grown sympatric with 
wild relatives (e.g. centers of origin) or cross-compatible species (or genera); 3) that have 
biotypes or related taxa that are already aggressive weeds;  4) that can also be weeds 
themselves; and 5) outcross with some degree of self-incompatibility.  What is known 
biologically and systematically about each taxon, and the complexes the form, will be 
discussed. 
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Gene Flow Assessment for Plant-Incorporated Protectants by the Biopesticide 
and Pollution Prevention Division, U.S. EPA 

 
Chris A. Wozniak, Ph.D. 
 
U.S. Environmental Protection Agency 
Office of Pesticide Programs 
Biopesticide and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W., 7511C 
Washington, D.C. 20460 
 
Correspondence: wozniak.chris@epa.gov 
 
 

ABSTRACT 
 
The Federal Insecticide, Fungicide and Rodenticide Act directs the U.S. EPA to examine all 
potentially adverse environmental impacts, including those which may arise from gene flow of 
plant-incorporated protectants (PIPs) to wild or feral populations of sexually compatible plants. 
In addition to this mandate, the Federal Food Drug and Cosmetic Act requires the issuance of 
a food tolerance or exemption from the requirement of a tolerance for all pesticidal substances 
that may enter the food supply whether through seed mixing or cross pollination. To date, 
three crop species have been registered by the Agency as PIPs and all have received 
exemptions from the requirement of a tolerance. Maize, cotton and potato were reviewed  for 
their potential to hybridize with wild and feral relatives of sexually compatible plants in the 
U.S., its territories and possessions. For Zea mays ssp. mays it was concluded that there was 
no biologically plausible avenue for gene flow to other plants within these geographical 
boundaries since there are no sexually compatible species present, other than in special 
plantings (e.g., herbaria, research plots, demonstration plots). The conclusion for Bt-potato 
(Solanum tuberosum ssp. tuberosum) was largely the same since the only compatible relatives 
are found at higher elevations in the southwest and are not found in areas where commercial 
potato production occurs. Upland cotton, Gossypium hirsutum, does have the potential to 
hybridize with Hawaiian cotton, G. tomentosum, and feral populations of G. hirsutum in the 
Florida Keys, and of G. hirsutum / G. barbadense on the U.S. Virgin Islands and Puerto Rico. 
For these reasons, restrictions on field plot experimental use permits and commercial planting 
of Bt-cotton has been instituted in these areas. 
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The Evolution of a Biological Risk Program: Gene flow between Wheat (Triticum 
aestivum L.) and Jointed Goatgrass (Aegilops cylindrica Host) 

 
R.S. Zemetra *, C.A. Mallory-Smith, J. Hansen, Z. Wang, J. Snyder, A. Hang, L. 

Kroiss, O.  Riera-Lizarazu and I. Vales 
 
* Presenter/Correspondence:  rzemetra@uidaho.edu 
 
ABSTRACT 
 
The development of a biological risk program to determine the potential for gene flow 
between a cultivated species to a wild species involves a series of steps that lead from 
determining if there is a problem to developing ways to minimize the potential for undesirable 
gene flow.  In the case of wheat and jointed goatgrass the presence of seed on hybrids 
between the two species in the field led to the initial studies to determine if there was the 
potential for gene flow by backcrossing to jointed goatgrass.  Greenhouse and field studies 
confirmed that not only was backcrossing possible but that partial self-fertility could be 
restored in the second backcross generation.  This indicated that gene movement between the 
two species would be possible in the field with the hybrid acting as a bridge for gene transfer.  
Once the potential for gene flow was confirmed, studies were then initiated to determining 
ways to minimize gene movement.  In the case of wheat and jointed goatgrass it may be 
possible to reduce the transfer and retention of wheat genes in a jointed goatgrass 
background by locating the gene in wheat on a genome not shared with jointed goatgrass, 
and by using cultural practices to prevent the hybrid or BC1 generation reducing the potential 
for restoration of self-fertility.  These methods may reduce the potential for gene flow but it 
would still need to be determined if they reduce the risk to ‘an acceptable level’.  
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