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Introduction 

In November 2012, the USDA Advisory Committee on Biotechnology and 21st Century 
Agriculture (AC 21; see the acronym glossary) issued its report “Enhancing Coexistence: A 
Report of the AC21 to the Secretary of Agriculture.”  The AC 21 made three specific 
recommendations regarding the need for Best Management Practices (BMPs) to monitor and 
maintain the purity of publicly held plant germplasm:  

“For every plant species with commercially available or new GE [genetically engineered] 
varieties on the market, the USDA should assure that a credible plan is implemented to monitor 
and maintain the purity of publicly held germplasm. Each plan should include BMPs for 
maintenance of purity, and should include measures to:  

• Determine the presence of plants with the GE trait or traits in publicly held germplasm 
stocks;  

• Conduct ongoing monitoring of unintended presence in germplasm stocks, sufficient to 
detect any significant increase in its frequency in germplasm and breeding lines;  

• Address what to do when unintended GE presence is detected in such germplasm stocks.” 
 
In response, USDA/ARS has updated and refined its procedures and BMPs for maintaining true-
to-type plant germplasm samples (also termed “accessions”) and breeding stocks, and for 
assuring compliance with all relevant regulatory requirements associated with plants 
incorporating genetically engineered (GE) traits.  Furthermore, it is particularly important that 
such an update occur now, because updated procedures and BMPs should be in place before 
USDA/ARS begins to incorporate currently proprietary--but soon to be public domain-- varieties 
or enhanced populations with GE traits into its crop breeding programs and to distribute them 
from its genebanks. USDA/ARS genebanks and breeders must continue to generate high-quality, 
true-to-type materials that ensure repeatable research, uninterrupted breeding progress, and 
maintain the Agency’s scientific reputation.  These procedures and BMPs will be subject to 
periodic reviews and updates. 
 
Background for the updated procedures and BMPs 

The updated procedures and BMPs presented in this document were developed by a team of 
USDA/ARS researchers, germplasm curators, line managers, and National Program Leaders to 
provide Agency-wide guidance for handling adventitious presence (“AP”, the low frequency, 
unintentional, and incidental occurrence of unwanted genetic off-types) of GE traits in 
conventional USDA/ARS crop breeding stocks and germplasm accessions, and also management 
of USDA/ARS varieties that do incorporate GE traits.  They draw on existing guidelines, 
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practices and procedures to manage material incorporating GE traits and to avoid AP of 
unintended GE traits, such as those described in BIO 2013; CropLife International 2014; 
Excellence in Stewardship 2008; and IPGRI 2004.  They encompass five major Elements for 
guiding USDA/ARS stewardship of germplasm accessions and breeding stocks.   

USDA/ARS germplasm curators, plant breeders, and researchers are responsible for 
implementing these updated procedures and BMPs.  It cannot be over-emphasized that effective 
implementation of and adherence to BMPs are critical to maintaining the genetic integrity of 
USDA/ARS germplasm accessions and breeding stocks. Mitigation procedures (see Element 4 
below) are designed to correct inadvertent occurrences “after the fact” rather than to compensate 
for BMPs that are lacking or not followed scrupulously.  Conversely, adhering to BMPs 
assiduously can enable quality problems to be diagnosed more effectively when they occur and 
simplify mitigation procedures, including diagnostic seed testing. Furthermore, consultation with 
local growers, experiment station personnel, and neighboring seed production operations can be 
critical for successful BMP implementation.   

In the context of USDA/ARS genebanks and breeding programs, seed testing (see BMP 2 below) 
is complicated by numerous technical, logistical, financial and practical challenges.  Although 
USDA/ARS personnel have always aspired to produce accessions and breeding lines as true-to-
type as possible, new, sensitive and accurate detection methods for some GE traits necessitate a 
reconsideration of tolerance levels for “off-types.” This is especially the case for AP of GE traits. 
 
In general, standard seed testing procedures (see References at the end of the document) are 
designed to detect low frequencies of offtypes in large volumes of relatively genetically 
homogeneous seeds. Doing so requires testing many seeds, e.g., more than 4,700 seeds to detect 
0.01% or more AP with a 95% probability.  Importantly, at certain stages of development, 
USDA/ARS germplasm accessions and breeding lines can be highly heterogeneous genetically 
but encompass few seeds (100 or less).  Genebanks often first acquire accessions as samples of 
fewer than 100 seeds from field collections or donors.  Several hundred or fewer seeds might be 
harvested from seed increases of germplasm accessions or some breeding stocks. Genebanks also 
distribute such samples to numerous requestors as batches of 100 or fewer seeds.  
 
Such small quantities of seeds restrict the degree of statistical precision and confidence levels of 
quality tests.  Those tests are also usually destructive, and therefore can deplete the already small 
supply for these genetically diverse and valuable (sometimes irreplaceable) materials.  
Furthermore, seed testing for AP of GE traits can involve substantial additional costs to the 
comparatively small operational budgets for USDA/ARS genebanks and breeding programs.   
 
Therefore, weighing those factors, for most cases USDA/ARS proposes testing for a <1% AP 
tolerance level for GE traits in conventional germplasm accessions and breeding lines as a 
balance between aspiration and practicality (see additional details under Elements 1-5 below). 
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Organization of this document 
 
This document is organized into five major components--termed “Elements”—followed by a 
Glossary (p. 32), References (pp. 30-31), two Appendices (pp. 33-36), and two Figures (pp. 
17-18).  
 
Element 1: Well-documented, reviewed, and accessible best management practices (BMPs) 
for maintaining seed purity in both USDA/ARS breeding and genebank programs (pp. 5-
19). 
 

• Element 1 includes three specific BMPs.  More BMPs can be added, as needed, to future 
versions of the document. 

 
o BMP 1: Conduct risk analyses of AP in the USDA/ARS National Plant Germplasm 

System (NPGS) accessions or USDA/ARS breeding stocks. (pp. 5-15) The results of 
risk analyses for AP are presented for five of the most important major U. S. crops 
with substantial acreage of varieties with GE traits: alfalfa, cotton, maize, soybean, 
and sugarbeets. These results comprise the largest section of this document. Risk 
analyses for additional crops can be added to future versions of the document. 

 
o BMP 2: Assure genetic integrity. (pp.15-19) Based on the preceding risk analyses, 

procedures for assuring the genetic integrity of germplasm and breeding stocks are 
described, including tolerance levels for AP, and seed management practices. 

 
o BMP 3: Document requirements and procedures. (p. 19) The BMPs must be 

adequately documented to ensure their implementation and measure their 
effectiveness. 

 
Element 2: Testing for purity at critical control points (pp.20-22). 

• Testing for purity is such an important aspect for ensuring overall seed quality that it is 
highlighted here as a separate Element 2.  Figures 1 and 2 diagram the relationships 
among the critical control points and testing procedures.  Appendix 2 (pp. 35-36) 
includes details for recommended testing and sampling techniques. 

Element 3: Mandatory purity testing of new USDA/ARS varieties or enhanced germplasm 
prior to formal release (p. 23).  

• Purity testing before the release of new USDA/ARS varieties or enhanced germplasm is 
actually a subset of Element 2, but it is presented here as a separate Element 3 to 
highlight its importance. The procedures diagrammed in Figures 1 and 2 are applicable 
to this Element 3. 
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Element 4: Guidelines for mitigating the effects of adventitious presence (AP) of GE traits 
in USDA/ARS breeding stocks and germplasm accessions (pp. 24-26). 

 
• The recommended steps for mitigating the effect of AP are described under this Element 

4, and are diagrammed in Figures 1 and 2. 
 

Element 5: Communication strategies for disseminating information about USDA/ARS 
procedures and practices for handling future occurrences of adventitious presence (AP) of 
GE traits (pp. 27-28). 
 

• The recommended strategies and steps for communicating information about these BMPs 
and practices, and for future occurrences of AP of GE traits are described in this Element 
5.   Appendix 1 (pp. 33-34) contains current contact information for U. S. governmental 
agencies, and industry and commodity group representatives whom might be consulted, 
depending on the specific situation. 
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Element 1: Well-documented, reviewed, and accessible best management practices (BMPs) 
for maintaining seed purity in both USDA/ARS breeding and genebank programs. 

Note: Beyond the BMPs listed below, USDA/ARS personnel must follow any BMPs stipulated 
by the agencies with regulatory responsibilities for particular GE traits (see list of key 
regulatory agency personnel in Appendix 1). 
 
The individual BMPs listed below are based generally on Hazard Analysis and Critical Control 
Point System of Food Safety (HACCP) Principles (see Excellence through Stewardship 2008; 
CAC 1997; IPGRI 2004.  Note:  there are no scientifically-documented food safety concerns for 
deregulated GE traits).  In this document, “critical control points” refer to stages in processes or 
activities with the potential of introducing AP into germplasm accessions or breeding stocks.  
Current BMPs for AP detection and monitoring methods (Excellence Through Stewardship 
2008; USDA/GIPSA 2000; Holden et al. 2010; Redmund et al. 2001), and for genebanks (IPGRI 
2004; Kameswara Rao et al. 2006) were evaluated.  Various BMPs for breeding major crops 
were also evaluated to determine applicability to USDA/ARS’s needs, and were adopted, 
modified, and/or strengthened as necessary to address those needs.  
  
The first two BMPs essentially set out the standards to which USDA/ARS genebanks and 
breeding programs will adhere.  The third BMP describes procedures for documenting that 
BMPs have been successfully implemented and are followed.  These BMPs primarily address the 
challenge of AP of GE traits in conventional breeding stocks and germplasm accessions, but are 
also broadly applicable for maintaining all types of plant genetic materials true-to-type. Some of 
the practices for preventing, detecting and addressing AP in conventional germplasm accessions 
and breeding stocks differ from those designed for managing germplasm accessions and breeding 
stocks with GE traits and AP in the latter (see BMP 2 below).   
 
Currently, widely-cultivated commercial varieties of five major crops in the U. S.—alfalfa, 
cotton, maize, soybean, and sugarbeet--incorporate deregulated GE traits. Consequently, the 
following risk analyses for AP in NPGS accessions and USDA/ARS breeding stocks focus on 
the reproductive systems and other biological attributes of these five crops.  Notably, for the 
most part, NPGS germplasm accessions and USDA/ARS breeding stocks for these crops are not 
genetically engineered, and germplasm accessions were acquired by the NPGS before these 
crops ever began to be genetically engineered.  
 
BMP 1: Conduct risk analyses of AP in the USDA/ARS National Plant Germplasm System 
(NPGS) accessions or USDA/ARS breeding stocks  
 

Alfalfa 
o Alfalfa is an insect-pollinated, outcrossing perennial crop with hard seeds that 

persist in the soil--characteristics that increase the risk of AP under certain 
conditions.  The Council for Agricultural Science and Technology 2008 report 
on gene flow in alfalfa (CAST 2008) stated that pollen-mediated gene flow of 
GE traits can occur from alfalfa seed fields, hay fields and feral plants, with 
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rates influenced by physical distance between conventional populations and 
those with GE traits, synchrony of flowering, and density and species of insect 
pollinators.  

o Gene flow from hay fields cut at 20% bloom (in contrast to the standard 
practice of cutting at 10% or less bloom) was 0.5% at distances closer than 50 
m (the routine Association of Official Seed Certifying Agencies [AOSCA] 
certified isolation distance), and 0.01% at 100-180 m (Teuber et al. 2007). 
Because the experimental hay field was surrounded by seed fields, numerous 
honey bees were present.  Actual gene flow will depend on the pollinator 
species and density, and environmental and topographical features that 
influence pollinator foraging.  Although this study provides a general estimate 
of gene flow rates, the actual rates might be higher or lower depending on 
locale-specific factors. 

o Gene flow from seed fields (which are usually smaller than hay production 
fields) was less than 0.5% at 300 m, less than 0.2% at 450 m, and could not be 
detected at 600 m when leaf cutter bees served as pollinators. Fields pollinated 
with leaf cutter bees and honey bees (which generally carry pollen farther) 
averaged gene flows of 2.3% at 50 m, 0.9% at 275 m, 0.6% at 1200 m, 0.2% 
at 1600 m, and 0.03% at 4800 m (Teuber, 2007). Again, this study provides a 
general estimate for gene flow rates; actual rates might be higher or lower 
depending on locale-specific factors. Gene flow from feral plants with GE 
traits is less likely, considering that feral populations are small and isolated 
and shed less pollen in total than conventional seed fields. Gene flow can also 
be seed mediated through seed admixture and volunteer seedlings that 
germinate from remnant or spilled seed, in fields or along roadsides.  

o For USDA/ARS alfalfa breeding programs, the risk of AP from geneflow of 
GE traits during seed regeneration from hay or seed production fields or from 
feral plants can be high if seed is multiplied where hay with GE traits and or 
seed production of alfalfa with GE traits occurs. Standards and BMPs 
developed by the National Alfalfa and Forage Alliance 
https://www.alfalfa.org/CSCoexistenceDocs.html) and AOSCA 
http://ccia.ucdavis.edu/Certification_Programs/Identity_Preserved/Alfalfa_Se
ed_Stewardship_Program/ for producing AP-sensitive seeds should be 
followed in those cases.  

o Most of the alfalfa seed grown in Washington State is located near Walla 
Walla, about 80 miles east of the WSU-IAREC station in Prosser, WA where 
the NPGS’s alfalfa germplasm is regenerated. Orchards and vineyards 
surround Prosser, and alfalfa hay is also widely grown, including a substantial 
amount on the WSU-IAREC station. Although GE alfalfa hay is not grown on 
the station, AP was detected in seedlings harvested from WSU-IAREC 
hayfield edges.  In 2011, AP was detected in two fields, but in 2012 AP was 
detected in 14 fields.  These results indicated that the GE trait is present in 

https://www.alfalfa.org/CSCoexistenceDocs.html
http://ccia.ucdavis.edu/Certification_Programs/Identity_Preserved/Alfalfa_Seed_Stewardship_Program/
http://ccia.ucdavis.edu/Certification_Programs/Identity_Preserved/Alfalfa_Seed_Stewardship_Program/
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close proximity to the alfalfa germplasm collection regeneration site.  
Following routine BMP, such as insect-proof caging, will lower the risk of AP 
as a result of seed regeneration, but routine maintenance of germplasm 
requires cages to be periodically opened.  To reduce the risk further, the 
alfalfa germplasm regeneration site could be relocated to the USDA/ARS 
genebank site at Central Ferry, Washington, which is surrounded by dry land 
wheat cultivation, with little alfalfa production.   

o The NPGS’s genebank collection of alfalfa does not include any varieties with 
GE traits at present.  The greatest risk of AP to NPGS germplasm accessions 
and to USDA/ARS alfalfa breeding stocks is from incoming materials from 
the public-sector. AP has already been identified in a standard alfalfa check 
variety produced in California by a public-sector breeding program. Industry 
is now routinely testing standard check varieties for AP before they are 
released for distribution. Strict adherence to BMPs established for AP-
sensitive seed should minimize the risk of AP in USDA/ARS germplasm 
accessions and breeding stocks. 

o To summarize, the risk of AP in NPGS alfalfa germplasm accessions and 
USDA/ARS breeding stocks as they are currently curated is currently 
probably low. Prominent risk factors for AP in NPGS alfalfa germplasm 
accessions and breeding stocks include: 

 Failure to adhere to BMPs;  

 Incorporation of new sources of germplasm, especially from public-
sector programs, with AP of GE traits into the genebank collection or 
breeding program; 

 Insufficient spatial isolation of breeding plots from commercial 
production fields of alfalfa with GE traits; 

 Inadequate testing for AP. 

Cotton 

o Cotton is primarily self-pollinated, but with variable rates of cross-pollination 
from insects. Because of its size and morphology, cotton pollen is not 
dispersed by wind.  Gene flow in cotton via pollen has been extensively 
investigated, and appears to be dependent on environmental factors and the 
presence of pollinator insects.  Pollen-mediated gene flow under field 
conditions in California has been reported to decrease exponentially from 
7.7% at 0.3 m to less than 1% beyond 9 m (Van Deynze et.al, 2005).  With 
fewer active pollinators, gene flow was less than 1% beyond 1 m.  In another 
investigation of gene flow in cotton, outcrossing decreased from 5% to less 
than 1% as distance increased to 7 m (Umbeck et al., 1991).  The preceding 
data agreed well with results from China where gene flow of the Bt transgene 
via pollen ranged from 8.16% at 1 m to 0.08% at 20 m from the plants (Zhang 
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et.al, 2005).  Similarly, research in Arizona determined that field-to-field gene 
flow via pollen was relatively rare (0.23%) as compared to seed-mediated 
gene flow (Heuberger et.al, 2010).   The preceding investigation found that 
fields of cotton with GE traits located within 750 m of a field of conventional 
cotton best explained observed outcrossing rates.  Nonetheless, Heuberger et 
al. 2010 (p. 7) study also noted that “although seed-mediated gene flow has 
received less attention than pollen-mediated gene flow in the literature, it was 
clearly the most prominent source of cry1Ac transgene flow…”    

o The indeterminate perennial flowering habit of cotton is a qualifying factor to 
the limitations on gene flow imposed by distance.  With blooming and 
pollination occurring continuously over a period of 60-70 days, cotton is 
available to pollinators and the potential for out-crossing for that entire period.  
Although most cotton seeds are set during the first 30-50 flowering days, AP 
can occur over the entire 60-70 day period. 

o Many public and private-sector cotton breeding programs utilize pedigree 
breeding procedures that create large segregating populations of open-
pollinated plants for individual plant selection. Due to the indeterminate 
flowering habit of cotton, these generations of open-pollinated populations 
and their resulting progeny (if not tested for AP) are prime avenues for the 
inadvertent introduction of GE traits.  

o Although the extended period of flowering in cotton does moderate the 
effectiveness of distance in reducing gene flow, the use of stringent spatial 
isolation is effective.  State certification and regulatory entities have chosen to 
enforce stringent spatial isolation criteria for production of foundation and 
registered seed.  In Arizona the minimum mandated isolation distance 
between fields containing different cotton species (i.e., Pima vs. Upland), or 
between varieties differing substantially in leaf type, is 1320 feet (Arizona 
Crop Improvement Association, 2015).  In California, fields producing 
Foundation or Registered seed must be isolated by at least 1320 feet from any 
other variety of a similar cotton type (California Crop Improvement 
Association, 2000).  Whenever possible, adoption of the 1320 foot (402 m) 
isolation distance would be prudent for the stages of breeding programs 
involving open-pollinated plants, and for increasing the quantity of seeds for 
cotton breeding stocks or genebank accessions when enforced self-pollination 
is not possible.   

o BMPs for reducing the risk of AP are well-understood by USDA/ARS and 
university cotton breeders, but can be difficult to implement. Breeders often 
operate on university or state experiment station facilities that lack adequate 
isolation from commercial fields of cotton with GE traits.  Experiment station 
facilities sometimes grow cotton with GE traits as a source of revenue, but 
more often cotton with GE traits is grown on stations in tests associated with 
cotton breeding (e.g., commercial variety tests) and tests associated with other 
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disciplines (e.g., entomology, plant pathology, weed science, etc.). The 
maintenance of bee populations on public research facilities for the purpose of 
pollinating other crops also increases the risk of AP in cotton.  

o Under prevailing weather and soil conditions in the southern U. S. (especially 
in the Southwest), cotton seed can successfully survive and overwinter in the 
field. “Volunteer” plants with GE traits from prior cotton crops can lead to AP 
if BMPs for identifying and removing such plants are not followed.  
Phenotypically, many “volunteer plants” are indistinguishable from the 
current cotton crop and cannot be visually identified and removed.  Currently 
the most feasible BMP for alleviating volunteer introduction of GE is the 
practice of field rotation, with cotton being planted in alternate years, i.e., a 
two year rotation.   

o Plants with GE traits can rarely be visually identified and therefore traditional 
means of assuring trueness-to-type through removal of off-type phenotypes 
are ineffective.  Testing for AP of plants with GE traits is expensive in 
general, and especially so for cotton because of the commercial availability of 
multiple GE traits requiring assays at critical control points throughout the 
breeding process (see “Testing”). 

o To mitigate the possibility of AP, seed supplies for NPGS cotton germplasm 
accessions have been multiplied under strictly-controlled, mechanical forced 
self-pollination which minimizes the risk of AP. The primary location for seed 
multiplication in Tecoman, Mexico was geographically-isolated by several 
hundred miles from commercial production of cotton with GE traits, and had 
the capacity for forced self-pollination.  Nonetheless, that location was closed 
recently and a comparable alternative site has not yet been identified.   

o At present, no cotton germplasm accessions with GE traits are being 
multiplied or distributed from the NPGS genebank collection, obviating the 
current need for special isolation, mechanical cleanup procedures, or other 
practices. 

o Under current conditions, the risk of AP in the NPGS cotton germplasm 
collection is almost entirely from germplasm acquisition: most frequently 
from improved germplasm donated to the collection, less often from 
germplasm exchanges, and rarely from collecting new materials.  
Accumulating evidence indicates that the risk of AP via germplasm 
acquisition is moderately high.  

o To summarize, the risk of AP in seed stocks from USDA/ARS and other 
public-sector cotton breeding programs is moderate to high. At present, testing 
programs are detecting AP in 10-15% of the samples assayed.  AP in NPGS 
cotton germplasm accessions is low to moderate, depending on the type and 
origin of the germplasm. Prominent risk factors for AP in cotton include: 
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 Failure to adhere to BMPs; 
 Incorporation of germplasm containing AP, especially from public-sector 

sources, into breeding programs or genebank collections;  
 Lack of sufficient spatial isolation of breeding stocks from commercial 

production fields of cotton with GE traits;  
 Relatively frequent occurrence of cross-pollinating insects;  
 Mechanical mixing caused by inadequate cleaning of pickers, harvest 

stacks, gins, seed cleaning and delinting.  
 Relatively long flowering period for cotton plants; 
 Lack of appropriate crop rotation in breeding nurseries leading to the 

occurrence of “volunteer” cotton plants with GE traits; 
 Cotton breeding procedures that involve generations of open-pollination;  
 Inadequate testing for AP. 

 
Maize 

o Maize is a cross-pollinated, monoecious plant with separate flower structures 
on the top (male-tassel) and middle (female-ear) of the plant, producing 
numerous pollen grains that are readily dispersed primarily by wind, but also 
by insects, or mechanical means.  USDA/APHIS guidelines for spatial 
separation by about 660 ft (200 m) apparently are highly effective for 
preventing unwanted geneflow (Burris, 2001a, b; Ma et al., 2007; cross-
pollination frequency in maize is generally <1% beyond 30 m spatial 
separation; the results of research by Goggi et al. 2006 and Ireland et al. 2006 
confirmed that those current practices maintain a purity level of 99% true-to-
type, yet unwanted cross-pollination can still occur at longer distances). 
Nonetheless, the many acres planted to commercial maize hybrids near the 
USDA/ARS NPGS maize genebanks at Ames, IA and Urbana, IL present 
particular challenges with respect to AP because of the increased risks of 
unwanted cross-pollination. 

o Maintaining maize true-to-type in NPGS genebanks and USDA/ARS maize 
breeding programs depends on well-defined controlled pollination methods 
that exclude unwanted pollen, and other best management practices. Maize 
populations are maintained by manually-performed sib-mating of plants, and 
inbreds are maintained by self-pollination. New breeding or testing materials 
are generated by cross-pollination, either through isolation plantings with 
designated rows of a “pollen parent” line and detassseled rows of “ear parent” 
lines, or through manual pollinations. Maize is sold commercially as a hybrid 
between two or more inbred lines, and the hybrid vigor is usually sufficient to 
identify off-types resulting from cross-pollination with commercial maize 
during seed increases of inbred lines. Off-type plants are removed prior to 
flowering to eliminate the risk of cross-pollination. 

o Crop rotation is usually effective in eliminating the risk of AP caused by 
“volunteer” maize plants that persist in a field over years. Fortunately, maize 
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kernels readily germinate the following season, or very soon after contact with 
moist soil, unlike seeds of some other crops that might persist in the soil for 
several years.  

o In commercial maize breeding programs, new lines with GE traits are 
commonly first derived by traditional breeding methods and then “converted” 
to a version with GE traits by backcrossing with a line with GE traits. The 
latter line with GE traits may also be used directly in breeding programs, a 
“forward breeding” method (Mumm 2007). Care is taken to preclude AP in 
developmental or propagation nurseries through temporal differences in 
flowering and/or spatial separation, because eliminating off-types based on 
visual differences between conventional versions of a line and versions with 
GE traits can be unreliable.  

o Because maize is both a major crop and a “model species” for basic plant 
science research, regulated GE traits used only for research present a special 
risk for AP in NPGS maize germplasm accessions or USDA/ARS breeding 
stocks. Such GE traits are regulated by APHIS and must be grown with 
APHIS permits under conditions that minimize the possibility for gene 
transfer and persistence in the environment, and ensure that unwanted seeds 
are devitalized.  USDA/ARS genebanks require the APHIS permit number 
from potential recipients before distributing such regulated materials.   

o AP of regulated GE traits in maize is much less likely to occur than with 
deregulated traits because plants with those traits are grown on very small 
acreages. On the other hand, AP of regulated GE traits is potentially very 
difficult to detect because of tremendous number and variety of regulated GE 
traits, and the lack of readily available testing/detection procedures.  
Researchers should notify genebank personnel and other researchers whenever 
stocks with regulated GE traits are under cultivation.  

o AP from deregulated traits can be readily detected by standard test procedures. 

o To reduce the risk of AP, field evaluations of maize acquired from external 
sources should be conducted in locations with effective temporal or spatial 
isolation from seed propagation fields. 

o To summarize, the risk of AP in maize seed stocks from USDA/ARS maize 
breeding programs is moderate to high, and probably low to moderate for 
NPGS maize germplasm accessions. Prominent risk factors for AP in maize 
include: 

 Failure to adhere to BMPs;  
 Initial incorporation, from external sources, of germplasm with AP into 

NPGS maize genebank collections or USDA/ARS breeding programs; 
 Maize “volunteer plants” with GE traits from the previous growing 

season; 
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 Insufficient spatial or temporal separation of seed increase or breeding 
plots from commercial maize; 

 Possibility of AP or seed admixture of materials with regulated GE traits 
from genetic experiments; 

 Inadequate testing for AP. 
 
Soybean: 

 
o Soybean is self-pollinated, with pollination often occurring before the flower 

opens, so cross-pollination is rare. Soybean pollen is not windborne, but cross-
pollination can occur through insect vectors. Relatively few studies of soybean 
pollen movement have been published, and most of that research has focused on 
pollen movement to male-sterile plants where self-pollination is not possible.  In 
central Illinois, when male-sterile plants were grown in commercial soybean 
fields within 15 cm of fertile plants, 75% of the male-sterile plants were barren 
and the average seed set per plant was fewer than 3 seeds.  Under the same 
experimental design, experiments conducted in southern Illinois, resulted in only 
5% barren plants and average seed set was 40 seeds per plant (Nelson and 
Bernard 1984).  
 

o Those results highlight the importance of insect vectors to gene flow via pollen, 
with cross-pollination rare in the cultivated landscape of central Illinois but more 
frequent in southern Illinois where the insect vectors are more numerous.  For 
soybean, pollen movement differs within and across rows and, as with other 
crops, distance from the pollen source does affect the frequency of cross 
pollination in soybean. In Georgia where insect vectors are common, pollen 
transfer to male-sterile plants from source plants located farther than 7 m between 
rows and farther than 12 m within rows averaged 0.4%. (Boerma and Moradshahi 
1975).   

 
o The experimental results from pollen-sterile soybean plants represent the worst 

case scenario for self-fertile germplasm accessions and breeding stock because 
they estimate pollen movement to flowers without pollen. The results indicate 
how far pollen is likely to move but with self-fertile plants, which are our focus, 
the stamens shedding pollen are about a millimeter away from the stigma and 
enclosed by petals.  Research conducted in Japan detected no pollen movement 
from wild soybeans to nearby domesticated soybeans.  But within wild soybean 
populations outcrossing rates averaged 2.2% with an average distance of 10.5 m 
for pollen movement (Kuroda et al. 2008).   

 
o Accessions from the USDA/ARS soybean germplasm collection are increased at 

three locations depending on their zone of adaption.  Those adapted to northern 
North America are increased at Urbana, IL in 4 row plots with seeds harvested 
only from the two center rows.  No plants with GE traits are grown in the same 
field with germplasm accessions. Wild soybean accessions are grown in Urbana 
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inside insect-proof cages to protect the plants and also exclude any insect pollen 
vectors.  Those soybean accessions adapted to the southern U.S. are increased at 
Stoneville, MS following the same procedures as in Illinois.  Insect pests for wild 
soybean do not occur in Mississippi so the protection of a screen cage is not 
needed.  Accessions adapted to tropical regions are grown in Costa Rica where no 
plants with GE traits are allowed.   

 
o All accessions introduced from other nations into the USDA/ARS soybean 

germplasm collection are pure lined. Depending on the level of inbreeding within 
the acquired seed sample, each accession is largely homozygous and 
homogeneous.  Approximately a dozen, mostly qualitative, visual traits are 
assayed to confirm genetic integrity for each accession every time it is increased. 
Plants or seeds that do not match all of the descriptors of an accession are 
discarded.  

 
o Because cross-pollination is infrequent in conventional soybean breeding, the 

distances between breeding plots is not a significant factor for maintaining genetic 
integrity.  When lines with GE traits are incorporated into breeding programs 
even very low levels of offtypes can be significant, so spatial separation of 
breeding plots is considered. Admixture between seed lots is also a major concern 
in this case, so managing the non-harvested areas around seed increase plots is 
standard procedure.  Ensuring that all planting, harvesting, and seed cleaning 
equipment is free of seeds from one lot before a second lot is processed is also 
standard procedure.  Differences in flower, pubescence and hilum color traits, and 
other morphological differences serve as markers for monitoring genetic integrity.   
 

o With soybean, the greatest risk for AP results from incorporating germplasm with 
AP from other programs into the NPGS genebank collection or USDA/ARS 
breeding programs.  Lines obtained from programs that are actively incorporating 
GE traits present the greatest risk, but lines from other programs that could be 
exposed to AP of plants with GE traits need to be carefully monitored as well.  
Accidental cross pollination from lines with GE traits that are not a part of 
USDA/ARS programs into USDA/ARS-held germplasm must be considered.   

o To summarize, the risk of AP in soybean seed stocks from USDA/ARS soybean 
breeding programs is low to moderate, and probably low for NPGS soybean 
germplasm accessions. Prominent risk factors for AP in soybean include: 

 Failure to adhere to BMPs; 
 Incorporation, from external sources, of germplasm with AP into NPGS 

soybean genebank collections or USDA/ARS breeding programs;  
 Insufficient spatial or temporal separation of seed increase or breeding 

plots from commercial soybeans; 
 In the future, AP from admixtures of seeds with GE traits with 

conventional seeds will become an important risk when soybeans with GE 
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traits are incorporated into the USDA/ARS soybean breeding programs 
and the NPGS soybean genebank; 

 Inadequate testing for AP. 
 
Sugarbeet: 

o Sugarbeet is a wind-pollinated crop with documented gene flow frequency of 
0.15% between plants 1 km apart (Alibert et al 2005).  The risk of AP for 
USDA/ARS germplasm accessions regenerated in Pullman, WA is negligible 
because sugarbeets are not grown commercially in eastern Washington State and 
commercial seed production is primarily in the Willamette Valley in Oregon 
several hundred miles away.   

o The greatest risk of AP in the NPGS’s germplasm accessions stems from recently 
acquired germplasm that has not been maintained according to BMPs.  

o The risks of AP in USDA/ARS breeding stocks are small but not negligible, and 
are primarily associated with breeding stocks acquired from external sources, 
because no USDA/ARS breeding program currently incorporates deregulated GE 
traits. The vast majority of commercial seed sold in North America incorporates 
GE traits. Consequently, open-pollinated seed production fields within pollinating 
distance of commercial sugar crop production fields with “bolting beets” 
constitutes one possible risk for AP.  Pollination of genebank samples and 
breeding stock is usually controlled by isolation chambers and/or isolation tents in 
the field that exclude or filter out pollen on the order of 10 µm in diameter. 

o Other risks include mixing roots with GE traits from “check varieties” with 
USDA/ARS breeding stocks before seed multiplication, or pollen flow in isolated 
plots where commercial seed producers multiply seeds for USDA/ARS breeding 
programs.  

o The risk of AP to USDA/ARS germplasm collections from non-USDA/ARS 
public-sector breeding programs would likely stem from public-sector breeding 
programs for vegetable beet, because USDA/ARS currently conducts all U. S. 
public-sector sugarbeet breeding.  Gene flow from vegetable beets is a lesser risk 
because vegetable beet roots to be used for seed production are morphologically 
distinct from those of sugarbeet so that hybrid off-types would be easily 
recognized.  Another factor reducing AP risk is that vegetable beet seed 
production is often geographically isolated from sugarbeet seed production, 
although hundreds of acres of vegetable beet seed production do occur in the 
Willamette Valley, OR, and pollen from these beets, at times, can cross-pollinate 
sugarbeet seed production fields. Greater attention has been placed on minimizing 
gene flow of this sort following the recent deregulation of sugarbeets with GE 
traits for commercial production. (APHIS Final Impact Statement 2012 for 
glyphosate-tolerant sugarbeet, 
http://www.aphis.usda.gov/brs/aphisdocs/03_32301p_feis_std.pdf ). 

http://www.aphis.usda.gov/brs/aphisdocs/03_32301p_feis_std.pdf
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o To summarize, the risk of AP in sugarbeet seed stocks from USDA/ARS 
sugarbeet breeding programs is low to moderate, and probably low for NPGS 
germplasm accessions. Prominent risk factors for AP in sugarbeets include: 

 Failure to adhere to BMPs;  
 Initial incorporation, from external sources, of germplasm with AP into 

NPGS sugarbeet genebank collections or USDA/ARS breeding programs;  
 “Volunteer “ sugarbeet plants with GE traits from the previous growing 

season; 
 Insufficient spatial or temporal separation of seed increase or breeding 

plots from commercial plantings of sugarbeets and/or failure to control 
pollination via isolation chambers or tents; 

 Inadequate testing for AP. 
 

 
BMP 2: Assure genetic integrity 
 
The procedures for assuring the genetic integrity of the products of USDA/ARS’s 
breeding programs and germplasm accessions are based on numerous factors, including 
those considered in the previous risk analyses, and included in references such as BIO 
(2013). Such factors are summarized in the following bulleted list, which is not all 
inclusive; Element 2 and Figures 1 and 2 of this document includes information on 
procedures for sampling and testing for AP, especially at critical control points. 
.  

 
o The reproductive biology and breeding system of the crop (See BMP 1 above);  
o Degree of genetic improvement (i.e., enhanced genetically segregating population 

vs. synthetic population vs. inbred line); 
o When the accession or breeding stock was acquired by USDA/ARS, and its prior 

history; 
o Certification standards for the particular crop; 
o Whether GE traits are regulated or deregulated, proprietary or non-proprietary;  
o Specific national regulations or phytosanitary requirements of international 

germplasm recipients; 
o Technology and methods for testing (also see Element 2);  
o Resources available for testing (also see Element 2);  
o The different processes required to maintain true-to-type germplasm with GE 

traits versus conventional germplasm. 
 
As mentioned above under “Introduction,” with respect to genetic integrity, USDA/ARS 
NPGS genebanks seek to deliver accessions that are true-to-type.  Taking into account the 
preceding factors, in general NPGS genebanks aspire to zero tolerance of AP, but test for 
a <1% tolerance level of AP within the practical constraints described below (see 
Element 2) for alfalfa, cotton, maize, soybean, and sugarbeet.   For USDA/ARS breeding 
stocks of these crops, the acceptable AP tolerance level is <1%, and testing is designed 
accordingly to detect that frequency within those practical constraints (also see Elements 
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2, 3, and 4). Notably, the terms “none” or “zero tolerance” do not imply that the material 
is completely free of GE traits, rather, that no GE traits were detected via standard testing 
protocols. 

 
The <1% AP tolerance level was chosen to enable the genetic purity to be maintained in 
germplasm accessions and breeding lines without depleting, through testing, the typically 
small seed samples (often 100 seeds or fewer available for testing) from the seed 
population. In general, testing will be conducted on sample sizes that will detect at least 
1% AP with 95% confidence.  Seed populations that are smaller than usual would 
necessitate smaller sample sizes for testing (so as not to deplete the seed supply).  When 
testing of pooled samples of seeds cannot detect at least 1% AP, an alternative sampling 
protocol will be devised, in consultation with statisticians and seed testing experts. Under 
some scenarios, pre-emptive mitigation steps might be required to increase the number of 
seeds available for testing.  Conversely, for larger populations of seeds and for certain 
purity requirements (e.g., certification standards), sampling can sometimes be increased 
and the detection level lowered. 
 
Individual NPGS genebanks and USDA/ARS plant breeding programs and/or projects 
will develop and adhere to detailed program-, project-and/or crop-specific BMPs for 
maintaining genetic integrity of their germplasm and breeding stocks.  The BMPs will 
take into account the principles included in this document, especially the crop-specific 
risk factors (see BMP 1) and tolerance level listed above, and incorporate the following 
major aspects:  

• Determining the genetic integrity of incoming germplasm by analyzing its 
accompanying documentation and/or by conducting tests for AP, when warranted 
(see Figs. 1, 2, and Element 2); 

•  Implementing procedures for avoiding seed admixture when handling, storing, 
and distributing germplasm, such as clear and durable labelling and packaging, 
accurate recording and transfer of information, and proper operation of seed 
cleaning and handling equipment; 

• Conducting propagation and seed increases with crop rotation to avoid volunteer 
plants, optimal distances and buffer and/or sentinel strips between plants and 
between seed increase plots and other fields to avoid pollen flow, controlled 
pollinations (e.g., insect cages, hand-pollinations), and removing off-type plants 
before flowering; 

• Breeding procedures that include tests for AP at key steps such as new parental 
lines prior to making initial crosses, materials destined for counter-season 
nurseries or for regional, multi-institutional performance trials. 

• Harvest and seed processing methods that avoid seed admixture and retain 
identification of specific plots, rows, and/or fields to maintain trueness-to-type 
and facilitate testing for AP, when warranted (see Figs. 1, 2, and Element 2); 

• Incorporating the correct labelling, testing, certification, and packaging 
procedures for shipping and distribution of germplasm internationally, in 
compliance with international regulations.   
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Maintaining genetic integrity when NPGS genebank collections and USDA/ARS 
breeding programs incorporate both materials with GE traits and conventional accessions 
or breeding stocks requires additional procedures listed below, because the risk of AP 
through seed mixtures increases. Keeping plants with GE traits separate from 
conventional materials either spatially or temporally throughout the management process 
can be an important overall practice for maintaining genetic integrity.  

o Clear, distinct labeling with a standard format that distinguishes material with GE 
traits from conventional material in databases and on all packets, containers, tags, 
etc., used for regeneration or research activity.  

o Separate fields or growing environments.  If possible, field borders would be 
planted with conventional materials to reduce the possibility of seed admixture. 

o Separate planting, harvest, seed processing, and storage regimen for conventional 
materials, and materials with GE traits, which might include different cleaning 
and processing equipment and/or procedures.  

o The more complicated the cleaning and processing equipment, the higher the 
possibility that seeds from one lot will remain in the equipment and contaminate a 
subsequent seed lot.  Extra caution is needed when monitoring the equipment to 
ensure that all seeds are removed between processing each seed lot.  

o Separate storage areas might be designated for materials with GE traits to avoid 
mistakes in identifying seed lots, especially in breeding programs where 
individual seed lots may be handled many times between harvesting and planting. 

 
BMP 3: Documentation requirements and procedures 
Documentation for the adoption of BMPs is key for verifying their successful 
implementation. To ensure that such BMPs are actually implemented, periodic external (to 
the USDA/ARS genebank or breeding projects) physical inventory checks should be 
conducted.  Such checks could be conducted by non-USDA/ARS personnel, or staff from 
other USDA/ARS genebanks or breeding projects. The records, which would be maintained 
in GRIN and/or in local genebank databases, should include: 

o Complete, thorough, written BMPs that address critical control points. 
o Documentation that crop-specific BMPs are in place and followed for each 

breeding program and genebank, to ensure genetic integrity of accessions are 
maintained (also see Elements 2 and 4). 

o Documentation that personnel have been trained in BMPs. 
o Documentation that an external (to the particular genebank or breeding program) 

process is in place for determining if BMPs are followed. 
o Documentation that BMPs have been evaluated for their effectiveness. 
o Documentation for potential corrective actions when AP or misidentification of 

breeding stocks or germplasm accessions occurs (also see Element 4). 
o Documentation of actions when recipients report AP (also see Elements 4 and 5). 
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Element 2: Testing for purity at critical control points. 

Plant breeding programs and genebanks follow some different management practices 
because of the different nature of their products and the role that these products play in 
conservation, research and breeding.  Considering the different management practices, 
testing for AP of genetically engineered traits must balance the precision desired for 
detection with resources available for testing. Levels of AP that are detected should be 
reported through approved, standard methods (see Element 5).  Testing of new varieties 
and enhanced germplasm released by USDA/ARS is mandatory under certain conditions 
(see Element 3).  The testing results will be documented in GRIN and in local records. 
 

• The probabilities for AP occurring will vary depending on the crop/trait, the age 
and history of the germplasm accession or breeding line, and the degree of 
adherence to BMPs (see Element 1).  Genebank and breeding program personnel 
should be able to identify instances of potentially increased probability for AP.  
Decisions for testing can be based on increased potential for AP (see Element 1 
and Figs. 1 and 2 decision trees). 
 

• As mentioned under Element 1, NPGS genebanks focus on generating and 
delivering accessions that are true-to-type, aspiring to zero tolerance of AP, but 
testing for <1% level of AP.  Note that it is not feasible to provide assurance of 
0% AP due to statistical limitations on testing results.   
 

• For USDA/ARS plant breeding programs testing procedures also will test for a 
<1% level of AP. Optimal testing procedures are especially important for the 
continuing process of removing AP from breeding stocks (see Element 4). 
 

• Figures 1 and 2 illustrate decision trees and critical control points for testing for 
AP and for assessing the need for such testing for NPGS germplasm accessions 
and USDA/ARS plant breeding programs, respectively.  Additional information 
appears in Elements 1 and 2. 

 
o Decisions regarding testing occur at critical control points in the genebank 

management process, and are guided by decision trees (Fig. 1) which were 
developed to manage the risks identified in Element 1. The list of critical 
control points below is not intended to identify stages for mandatory 
testing but instead represents a menu of options to help genebank 
managers tailor superior strategies.  The optimal approaches will vary 
according to the particular crop, the finite (sometimes limited) financial 
and/or material resources, and the operational capacities available for 
testing.  

o In general, testing is recommended after any seed increase in which cross-
pollination and/or admixture with plants with GE traits could possibly 
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have occurred. These points might include, but are not limited to, critical 
aspects of the following operations and workflows (also see Fig. 1):   
 Incorporation of new germplasm with potential risk of AP into 

genebank collections. Such risks are exacerbated when 
documentation of such material is lacking or incomplete; 

 Whenever BMPs are not followed during germplasm storage, 
packaging, labelling, shipping, and other processing; 

 Propagation, especially when testing is needed to monitor the 
effectiveness of BMPs for regenerating accession true-to-type. 

 Harvest and post-harvest processing from seed increases; 
particularly seed incoming from external cooperators, where AP 
documentation might be lacking; 

 Reintroduction of seeds from an off-site germplasm increase where 
BMPs have not been assured. 
 

o Decisions regarding testing occur at critical control points in the breeding 
process, and are guided by decision trees (Fig. 2), which were developed 
to manage the risks identified in Element 1. The list of critical control 
points below is not intended to identify stages for mandatory testing but 
represents a menu of options to help breeders tailor superior strategies in 
the most efficient manner; those strategies will vary according to the 
particular crop, the finite (sometimes limited) financial and/or material 
resources, and operational capacities available for testing.  

o These control points include but are not limited to critical aspects of the 
following operations and workflows (also see Fig. 2): 
 Introduction of new germplasm into breeding programs; 
 Parental materials used to develop breeding stocks; 
 Propagation, especially when testing is required to monitor the 

efficacy of BMPs; 
 Harvest and post-harvest processing from seed increases, 

particularly of seed received from external cooperators;  
 Reintroduction of germplasm from evaluation trials, counter-

season nurseries and other external sources; 
 Prior to formal germplasm release, registration, and deposition in 

the NPGS (See “Mandatory purity testing of new varieties…”). 
  

• Recommended molecular, biochemical, phenotypic and sampling procedures for 
AP testing: 

o Recommendations and guidelines for tests available to detect AP and 
recommended/approved laboratories with validated testing protocols are 
listed in Appendix 2, according to each crop/trait. This information will 
be updated periodically. 

o Positive results for AP should be confirmed with sensitive, reliable, and 
reproducible testing methods, preferably by an independent, accredited 
testing laboratory.  
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o Tests currently available for the detection of AP include: 
 Bioassay testing, e.g., survival after herbicide application; 
 Immunological testing for the expressed products of specific 

transgene or promoter antigens; 
 Phenotypic testing for specific GE traits not supposed to occur in 

the specific material; 
 DNA-based testing for particular gene promoters; 
 DNA-based testing for specific GE traits. 
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Element 3: Mandatory purity testing of new USDA/ARS varieties or enhanced germplasm 
prior to formal release. (see BIO 2012) 

As mentioned earlier in this document, mandatory purity testing of new USDA/ARS crop 
varieties and enhanced germplasm prior to formal release is actually a subset of Element 
2 (Testing) but is presented separately to highlight its importance.  The decision tree for 
testing USDA/ARS plant breeding stock, illustrated in Fig. 2, also covers mandatory 
purity testing of new USDA/ARS crop varieties and enhanced germplasm prior to 
release.  Information about remedial actions to be taken with breeding stocks with AP 
appears in Element 4. 

o The release notice and registration article for released conventional USDA/ARS 
varieties or enhanced germplasm should include a full description of the testing 
procedures applied.  If feasible, it is desirable to identify the deregulated GE traits 
present, when AP is conclusively demonstrated. If deregulated GE traits or 
genetic-engineering constructs (e.g., promoters) are present and cannot be 
removed, an estimate of their frequency, and details regarding the extent and 
nature of testing process should be documented in GRIN and/or in specific local 
genebank records.  The release notice might state:  “USDA/ARS’s best 
management practices were followed to ensure genetic integrity and to avoid 
adventitious presence (AP) of GE traits.  These best management practices 
include testing for AP of unintended GE traits at a <1% detection sensitivity.  
This statement does not imply that this material is completely free of GE traits 
but, rather, that it has been tested as described.”   

o Prior to releasing varieties or enhanced germplasm with GE traits, USDA/ARS 
will follow procedures to ensure compliance with all relevant regulatory 
requirements. The release notice and registration article for released USDA/ARS 
varieties or enhanced germplasm with GE traits should include a full description 
of the transgenes or genetic-engineering constructs (e.g., promoters) present, 
sufficient to enable design of tests for AP.  This includes reference to where the 
DNA sequence of the transgene can be found.  Reference to the approved 
registration document for the GE trait should also be included. Guidelines relative 
to AP in conventional varieties or enhanced germplasm (preceding bullet) should 
be followed as well.   

o Mandatory testing of specific germplasm accessions before distribution is 
triggered primarily when documentation is lacking that curatorial BMPs have 
been followed, or when a breach of such practices is documented.  The extent of 
such mandatory testing is determined primarily by the interacting factors listed in 
the “Best Management Practices” and “Testing” sections.  An estimate of the 
frequency of AP, plus details of the extent and nature of testing (types of tests, 
genes tested, sample sizes, etc.) should be documented, in GRIN and/or local 
genebank records, for curatorial and breeding records.  
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Element 4: Guidelines for mitigating the effects of adventitious presence (AP) of GE traits 
in USDA/ARS breeding stocks and germplasm accessions 
 

As stated earlier, USDA/ARS genebanks and breeding programs aspire to 0% AP (or off-
types of any kind), but test for AP at <1% detection level.  The procedures applicable to 
mitigating the effects of AP of GE traits reported or determined for USDA/ARS NPGS 
germplasm accessions (see Fig. 1) differ in several aspects from those applicable for 
USDA/ARS breeding stocks (see Fig. 2), and so are treated separately in the preceding 
figures and in the following text.   

• For NPGS accessions (Fig. 1), the first steps for mitigation, following reports of AP of 
GE traits, are: 

o Stop distributing the accessions, and categorize those accessions as “Potential AP 
of GE trait. Do not distribute” in GRIN-Global and in other records.   

o If a germplasm recipient or donor had reported AP in the accession, request their 
testing results and methodology/source, and determine if additional confirmatory 
testing is needed either “in house” or by an independent laboratory. 

o Subject the accessions to the testing procedures described in Appendix 2 and 
Element 2 if AP is confirmed, notify (see Element 5) any recipients of accessions 
produced from affected sources and/or seed lots. 

o Subsequently, if AP is confirmed for the accession, identify seed lots from 
previous propagations of that accession and then test for AP (Appendix 2 and 
Element 2): 

 
 Seed lots that contain AP should be sequestered temporarily, with the 

intent of eventually destroying or returning them to the donor. 
 The most recently-increased seed lot that is AP-free would serve as the 

new seed source for repropagation of the accession, through standard 
BMP increase methods. 
 After propagation of a “true-to-type” seed source, all seed lots with AP 

should be destroyed by autoclaving. 
 

o If no “true-to-type” seed source can be located within the NPGS active collection 
or in seed lots in back-up storage: 

 A “true-to-type” source would be requested from the original germplasm 
donor.  

 
o If no “true-to-type” seed sources are available from the donor: 

 Determine whether “cleaning-up” the genebank accession with AP is a 
feasible mitigation strategy.  
 If “cleaning up” is feasible, on a case-by-case basis make arrangements to 

remove the GE trait from the germplasm accessions: 
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 Apply information about the frequency of the AP in the accession 
in question, and the statistical probabilities of achieving mitigation, 
given the detected level of AP, to design a “clean-up” process. 

 Examine opportunities to collaborate with breeders of that crop 
(either from USDA/ARS or cooperators) to “clean-up” the 
accession.    

• For USDA/ARS breeding stocks (Fig. 2), the first steps for mitigation following reports 
of AP of GE traits are: 

o Stop distributing the breeding stocks, and categorize those breeding stocks as 
“Potential AP of GE trait. Do not distribute” in records. 

o If a germplasm recipient or donor had reported AP in the breeding stock, request 
their testing results and methodology/source, and determine if additional 
confirmatory testing is needed either “in house” or by an independent laboratory. 

o Subject the breeding stock to the testing procedures described in Appendix 2 and 
Element 2.  If AP is confirmed, notify any recipients of the breeding stock 
produced from affected sources and/or seed lots (see Element 5). 

o Test for AP in germplasm received from sources external to the USDA/ARS 
breeding program and at appropriate critical control points for the breeding 
program (Appendix 2 and Element 2). 
 

o If AP is confirmed in germplasm received from sources external to the breeding 
program, inform the provider of those findings and return seed to them, or destroy 
them, if instructed by the provider. Determine if alternative, AP-free sources are 
available. 
 

o If AP is found in a seed lot at critical control points (see Fig. 2) in the 
USDA/ARS breeding program, do not plant the affected seed lot in a breeding 
block or increase nursery, and follow the mitigation procedures described below 
and in Fig. 2. 

 
o Mitigation options (Fig. 2) depend on the particular situation, and the most 

efficient and effective procedures will vary widely according to the breeding 
objectives and available resources.  The following methods might be applicable to 
most ARS breeding programs. 
 Plant a plot or multiple pots of the seed lot with AP in the field or 

greenhouse, isolated from other materials in space or time to preclude 
outcrossing. 

 Divide the plot or the pots into quarters or some other appropriate 
fractions, and harvest fresh tissue from each “fraction,” bulking tissue by 
fraction, according to defined protocols.   

 Test the “fractions” for the previously-identified AP off-types according to 
defined protocols (see Appendix 2 and Element 2).  
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 If the “fractions” with AP cannot be identified by testing and destroyed 
prior to plant flowering, then the plants in those “fractions” should be self-
pollinated in isolation, and these procedures should be applied repeatedly 
until the “fractions” with AP can be identified.  

 The “fractions” identified as containing AP should then be destroyed by 
autoclaving.  Depending on the nature of the breeding program, the 
remaining fractions could be grown to maturity and harvested as new seed 
sources for the breeding program.   

 If no “true-to-type fractions” are identified, then individual plants within a 
chosen fraction would be tested according to the procedures in Appendix 
2 and Element 2, and individual plants with GE traits would be destroyed.  
Depending on the nature of the breeding program, the remaining plants 
could be grown to maturity and harvested as new seed sources for the 
breeding program.  
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Element 5: Communication strategies for disseminating information about USDA/ARS 
procedures and practices for handling future occurrences of adventitious presence (AP) of 
GE traits. 

  
General information about Agency procedures and practices will be posted on ARS and possibly 
other USDA web sites.  It will be communicated to U. S. regulatory agencies, collaborators, 
partners, customers/stakeholders (see Appendix 1), and upon request. Communication strategies 
for specific situations are described below; these will be augmented and refined as experience 
with such topics accumulates. 

  
Requests for information about the conventional/GE trait status of USDA/ARS NPGS 
germplasm accessions are ever more frequent.  A standard information statement and/or response 
to such queries is provided below, which can be cited per se, or serve as the basis for more 
extensive statement or responses that address specific instances. 
 

o “The seed supplies for the accessions you requested have been increased with 
standard genebank procedures (e.g., controlled pollination, individual plot 
harvesting, etc.) designed to minimize the chance of cross-pollination or seed 
admixture. Available information about trueness-to-type or purity for accessions 
of this crop is provided through GRIN-Global or by the crop curator.” 

 
The procedures for communicating information about AP of deregulated GE traits in 
USDA/ARS germplasm accessions or breeding stocks focus on notifying the seed donor(s) and 
recipient(s) as soon as is practicable.  
 

o Seed recipients and/or donors are notified, usually first by telephone, and then by 
e-mail messages.  They are provided with as much relevant information as 
possible, preferably in a standard format.   

o Depending on the particular situation, regulatory agencies, the owner(s) of 
proprietary GE traits, and/or officials of the Plant Variety Protection Office 
(PVPO) might be notified. 

o Seed donors are asked for alternative, AP-free seed sources, if extant. Seed 
recipients are asked to destroy, or to return, remnant seeds to the USDA/ARS 
genebank or breeding project that distributed them.  

 
AP of unauthorized and/or regulated GE traits in USDA/ARS germplasm accessions or breeding 
stocks is considered extremely unlikely.  Nonetheless, it was considered prudent to prepare for 
that by developing procedures for communicating information to regulatory agencies, 
governmental officials, seed recipients and/or donors, collaborators, partners, and 
customers/stakeholders. These procedures, listed below in chronological order of execution, are 
more elaborate as compared to those described above for AP of deregulated GE traits. 

 
• Following the initial report of the AP to USDA/ARS line management and Office of 

National Programs (ONP), specific USDA/ARS personnel will be designated by the 
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Agency to manage the communication of information within the Agency and the 
Department, and external to the latter.   

o The telephone is usually the preferred medium for initial contacts regarding such 
AP incidents.  The initial contacts are within USDA/ARS, and include the 
Administrator, Associate Administrators, relevant Area Directors, ONP, and 
Director of Information Staff.  

o Briefing papers and/or talking points will likely then be prepared at USDA/ARS 
HQ for USDA/ARS and USDA audiences. 

o ARS Administration and/or Information Staff will inform the USDA Office of 
Communications, the REE Office, and the Office of the Secretary. 

o Key contacts for notifications of regulatory agencies, customer/stakeholders, 
and/or for further information dissemination are listed in Appendix 1. 

o As soon as is practicable, seed recipients and/or donors are provided with as much 
relevant information as possible, preferably in a standard notification format, 
usually first by telephone, and then by e-mail message.  Seed donors are asked for 
information about how the seeds were managed prior to their receipt by the 
USDA/ARS genebank or breeding program.  Seed recipients are asked for 
information about how the seeds were used, and to destroy or to return remnant 
seeds to the USDA/ARS genebank or breeding project.  
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Glossary 

 

AC 21  USDA Advisory Committee on Biotechnology and 21st Century Agriculture 
AOSCA Association of Official Seed Certifying Agencies 
AP  Adventitious Presence  
ASTA  American Seed Trade Association 
BIO  Biotechnology Industry Organization 
BMP  Best Management Practices 
GE  Genetically Engineered: genetic modification by recombinant DNA techniques 
GIPSA  USDA Grain Inspection, Packers, and Stockyard Agency 
GMO  Genetically Modified Organism 
HACCP Hazard Analysis and Critical Control Point 
IPGRI  International Plant Genetic Resources Institute 
NPGS  National Plant Germplasm System of the United States 
ONP  USDA/ARS Office of National Programs 
REE  USDA Research, Education, and Economics Mission Area 
USDA/APHISUnited States Department of Agriculture/Animal and Plant Health Inspection  
  Service 
USDA/ARS United States Department of Agriculture/Agricultural Research Service 
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Appendix 1: Contacts and Contact Information 
 
 
US Government Agency Contacts and Contact Information 

 

Institution First Name 
Last 
Name E-mail address  Telephone 

 APHIS         

 
John  Turner John.T.Turner@aphis.usda.gov  301.851.3954 

  Ed Jhee Edward.M.Jhee@aphis.usda.gov 301.851.3948 
  Doug  Grant Douglas.W.Grant@aphis.usda.gov 970.494.7513 
  Compliance Hotline BRSCompliance@aphis.usda.gov 301.851.3935 
     
EPA         
  John  Kough Kough.John@epa.gov 703.308.8267 
  Chris Wozniak Wozniak.Chris@epa.gov 703.308.4043 
          
FDA 

      Kathleen Jones Kathleen.Jones@fda.hhs.gov 240.276.8243 
   Jason  Dietz  Jason.Dietz@fda.hhs.gov  240.402.2282 
     
USDA/FAS         
  Elizabeth Jones Elizabeth.jones@fas.usda.gov 202.690.3317 
  Paul Spencer Paul.Spencer@fas.usda.gov 

  Melinda Belisle Melinda.belisle@fas.usda.gov 202.690.0292 
      

 
  

USDA/GIPSA     
 

  
  Byron Reilly Byron.e.reilly@usda.gov 202.690.3368 
  Tandace Bell Tandace.A.Bell@usda.gov 816.891.0459 
     
USDA/Biotech     
Coordinator Fan-Li Chou Fan-li.chou@ars.usda.gov  202.720.3817 
          

2/14/18         
 

 

 

mailto:John.T.Turner@aphis.usda.gov
mailto:BRSCompliance@aphis.usda.gov
mailto:Kough.John@epa.gov
mailto:Wozniak.Chris@epa.gov
mailto:Kathleen.Jones@fda.hhs.gov
mailto:Jason.Dietz@fda.hhs.gov
mailto:Tandace.A.Bell@usda.gov
mailto:Fan-li.chou@ars.usda.gov
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Industry Contacts (will vary according to crop and situation) 

 
o ASTA: Andy LaVigne, Jane DeMarchi, Bernice Slutsky 
o CropLife:  Craig Richard 
o BIO:  Matt O’Mara, Kate Hall 
o Organic Trade Association: Laura Batcha 

 
Commodity Groups Contacts (will vary according to crop and situation) 

o North American Export Grain Association: Gary Martin, Paul Green 
o National Corn Growers Association: Nathan Fields, Jeff Mullen 
o American Soybean Association: Ryan Findlay 
o US Grain Council:  Floyd Gaibler, Andrew Conner 
o North American Wheat Growers Association: Steve Joehl 
o National Cotton Council: Bill Norman 
o Cotton Inc.:  Kater Hake, Don Jones 
o Beet Sugar Development Foundation:  Paul Pfenninger 
o National Alfalfa and Forage Alliance: Beth Nelson 
o For future use: 

o U. S. Canola Association: Dale Thorenson 
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Appendix 2: Molecular, biochemical, phenotypic and sampling procedures for detecting AP of 
GE traits in USDA/ARS germplasm and breeding lines.  

(Provided by Tandace Bell, USDA/GIPSA, with a contribution by Kathleen Yeater, USDA/ARS 
to the sample collection section) 

 
Maintaining USDA/ARS germplasm and breeding lines “true-to-type” for crops with varieties 
incorporating deregulated GE traits involves testing for AP.  Although every instance of AP is 
distinct, with a unique set of constraints, a general framework can be recommended for sampling 
and analytical procedures. Typically, the trait in question must be unequivocally identifiable by 
either protein or DNA-based detection method(s), with the latter of the two techniques offering 
increased specificity and sensitivity. Prior to analysis, the protein or DNA must be liberated from 
the other cellular components.  The constituent of interest can then be directly measured, in the 
case of a protein, but DNA-based techniques require further purification and quantification prior 
to analysis. The following points outline a general procedure for detecting the AP of GE traits. 

• Sample collection 

A sampling plan should be designed that reliably minimizes seed stock depletion and analytical 
effort.  But, that same sampling plan design should detect the AP in the sample within acceptable 
confidence levels. Advice of a statistician is sometimes required for anomalous sampling 
situations.  The program SeedCalc is often consulted by industry to design seed testing protocols. 
This and other such statistical tools can be found online at: http://seedtest.org/en/statistical-tools-
_content---1--1198.html. Genebank personnel, breeders, and researchers should be aware that 
sampling from small population sizes, such as those regularly encountered with genebank 
samples and breeding stocks, might require applying the hypergeometric probability distribution 
to calculate the most accurate estimate of % AP in the population.   

• Grinding of samples 

Grinding is the first step required to liberate the analyte from its matrix. Prior to extraction, seeds 
must be ground in a manner that minimizes the risk of cross-contamination between 
samples. When individual seeds are bulked for analysis, it is important to take into account the 
validated limit of detection (LOD) for the detection assay(s).  To avoid confusion, it is 
recommended that the amount of seeds to be ground for testing should be less than the LOD of 
the assay for the GE trait of interest. For example, if the LOD of a method is one off-type from a 
total of 1000 seeds, then the sample size for grinding should be equal to or less than 1000 seeds.  
The required particle size of the grind will determine the preferred type of grinding apparatus, 
ranging from mortar and pestle, to coffee grinders, to dedicated mills.  

• DNA Extraction 

Several basic DNA extraction methods are suitable for PCR-based GE trait detection protocols. 
Examples include: magnetic bead separation, silica column purification, and alcohol 
precipitation. Regardless of the method it should be validated by the laboratory performing the 
method. The links below provide information for common extraction products utilized by the 
USDA/GIPSA.  Mention of a trade name or supplier does not constitute endorsement by USDA. 

http://seedtest.org/en/statistical-tools-_content---1--1198.html
http://seedtest.org/en/statistical-tools-_content---1--1198.html
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www.qiagen.com 

www.promega.com 

www.genetic-id.com 

http://www.monsanto.com/products/documents/dna-detection/dna_im.pdf 

• DNA-based identification and quantification 

In many instances the GE trait of interest must be identified and/or quantified. Real-time 
quantitative polymerase chain reactions (RT-qPCR) require specific instrumentation, highly-
trained staff, and dedicated laboratory instrumentation, but it is more sensitive and 
quantifiable as compared to protein-based methods.  RT-qPCR requires primers and probes 
which are typically proprietary in nature and specific to the GE trait of interest. Sometimes 
information regarding the DNA-based detection method and corresponding primers and 
probes are publicly available, while often in the case of a regulated GE trait, this information 
must be requested from the trait manufacturer. Detection methods for many deregulated 
events in grains and commodities are available through a public database maintained by the 
Joint Research Centre. 

http://gmo-crl.jrc.ec.europa.eu/StatusOfDossiers.aspx 

• Protein-based identification 

Protein-based detection methods are rapid and require minimal operator training and 
specialized equipment to conduct the assay. These methods often serve as rapid 
preliminary screening procedures.  Disadvantages of the protein methods include 
decreased sensitivity and specificity because they only detect the protein of interest and 
not the genetic event.  Several protein-based test kit manufacturers offer a wide array of 
both qualitative and quantitative rapid test kits suitable for detecting the AP of a 
deregulated event. 

www.envirologix.com 

www.agdia.com 

www.neogen.com 

• Repeated testing 

Unrepeated protein or DNA-based detection are not necessarily reliable or conclusive, 
because false positive or false negative results are possible.  For example, contaminants 
can be introduced during the protein testing or DNA extraction and reaction preparation 
processes.  False positive or false negative results can be diagnosed through analyzing the 
same lot of seeds in duplicate by two independent analysts in different laboratories, or 
within the same laboratory with different kits on different days.  When seed quantity is 
low, some of the seeds might need to be germinated first then vegetative tissue sample 
repeatedly for protein and/or DNA testing.  

http://www.qiagen.com/
http://www.promega.com/
http://www.genetic-id.com/
http://www.monsanto.com/products/documents/dna-detection/dna_im.pdf
http://gmo-crl.jrc.ec.europa.eu/StatusOfDossiers.aspx
http://www.envirologix.com/
http://www.agdia.com/
http://www.neogen.com/
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