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SYNOPSIS 

 
On 05/01/13, Oregon State University (OSU) advised the United States Department of Agriculture 
(USDA), Animal and Plant Health Inspection Service (APHIS), Biotechnology Regulatory Services 
(BRS), of potential genetically engineered (GE) glyphosate-resistant wheat plants in one field of a 
grower in eastern Oregon.  APHIS conducted an investigation to determine the source of the wheat 
plants, and how they came to be located in the field. 
 
Because initial testing of the wheat volunteers (i.e., wheat not intentionally planted) by OSU indicated 
the presence of GE material, APHIS commenced a series of tests and also concluded that the volunteers 
contained GE material, specifically, a transgenic event known as MON71800.  The Monsanto Company 
(Monsanto) developed MON71800 and field tested wheat containing the MON71800 trait in 15 states 
from 1998 to 2005, through APHIS’s notification procedures applicable to GE material (7 C.F.R.  
§ 340.3).  Monsanto last performed a MON71800 field test in Oregon in 2001.  APHIS has not 
deregulated any GE wheat, and there is no commercially available GE wheat in the United States. 
 
After determining that the wheat volunteers contained MON71800, APHIS sought to determine how the 
volunteers came to be located in the field through a traceback investigation.  APHIS’s investigation 
included over 290 interviews with wheat growers, grain elevator operators, and crop consultants, as well 
as interviews with field test plot researchers involved in the testing and production of MON71800.  
APHIS did not detect GE wheat of any type at any of the locations that it visited in Oregon, Idaho, or 
Washington, or in any other sample seed, and APHIS was not able to determine how the volunteers 
came to be located in the single field in Oregon. 
 
USDA also attempted to determine the variety of the wheat volunteers found in the Oregon field.  After 
conducting various methods of varietal testing and comparing the wheat volunteers to 191 known and 
commercially available cultivated varieties of wheat, USDA determined that the wheat volunteers were 
not a known or commercial wheat cultivar.  Genetic characteristics of the wheat volunteers suggested 
that they derived from a wheat breeding program.  APHIS was not able to determine the source of the 
wheat breeding program, and was therefore not able to determine the origin of the GE wheat volunteers 
or why the volunteers appeared in the field. 
 
APHIS’s primary investigative conclusions are: 

1. The wheat volunteers contained transgenic wheat event MON71800. 
2. Detection of the GE wheat volunteers in a single Oregon field appears to be an isolated 

occurrence. 
3. Genetic characteristics of the GE wheat volunteers are representative of a wheat breeding 

program, not a released wheat cultivar, and as such, further testing is unlikely to result in 
identifying an identical match to a known cultivar. 

4. There is not sufficient evidence to determine how the wheat volunteers came to be located in the 
affected field. 
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With the grower’s consent, APHIS obtained wheat samples from a combined  

, immediately after planting the 125-acre affected field.  The grower 
planted the same seed combination on both fields, which are located roughly two miles apart from each 
other (Exhibits 20-21).  APHIS split the 50 collected samples in half and sent 50 samples to the AMS 
lab and 50 duplicate samples to the GIPSA lab (Exhibit 22).  The GIPSA lab tested all 50 samples, 
which were negative for MON71800 or any other GE event that involved the 35S promoter or the NOS 
terminator.  Because GIPSA found the samples negative, the AMS lab did not test the duplicate samples 
(Exhibit 32).5 
 
On 06/13/13, the grower notified APHIS that the grower found additional wheat volunteers in the 125-
acre field that apparently survived the paraquat spray.  IES Investigators who took photographs of the 
field noted that the plants had not yet flowered and produced seed (Exhibit 23).  APHIS collected 48 
plants with roots intact to grow to maturity and 100 individual plant samples from the 125-acre field.  
APHIS transferred the intact plants to 3-gallon pots and the individual plant samples to zip lock bags, 
and transported all of the samples directly to See at ARS (Exhibit 24). 
 
On two occasions, one in July and one in August 2013, an IES Investigator collected 4 large bags of 
wheat volunteers from the grower who, as a safeguarding measure, hand weeded the 125 acre field with 
his employees to prevent further increases of the transgenic wheat seed.  All plant material was dry.  An 
IES Investigator transported the 4 large trash bags of volunteers to a USDA-compliant incineration 
facility located in Spokane, Washington, where the plant material was destroyed (Exhibit 25). 
 
E. The Investigative Testing Process 
Throughout the investigation, APHIS relied on several testing methods to determine whether the wheat 
volunteers contained a GE event, and if so, the identity of the specific event.  For ease of reading, and to 
provide greater context for the factual description of the testing process, the summary below introduces 
and describes the tests that APHIS relied upon during the course of the investigation. 

 
1. Testing Methods 
35S PCR Method is a highly sensitive quantitative screening tool which allows for high throughput6 
of results.  With respect to seed or kernel testing, the 35S PCR Method has a higher limit of 
detection than the event specific assays (1 kernel in 3,333).  This method tests for the presence of the 
promoter often found in the front of many transgenes and which is present in MON71800.  The 
presence of 35S indicates that genetically engineered tissue is present in the sample.  A positive 35S 
result requires additional testing to confirm whether the genetic event present is MON71800.  ARS 
and GIPSA used this testing method for wheat tissue and wheat kernels.     
 
NOS PCR method is a highly sensitive quantitative screening tool which AMS used in conjunction 
with the 35S PCR method.  This method tests for the presence of the “terminator” of the DNA 
sequence that is found at the end of many transgenes and which is present in MON71800.  The 
presence of NOS indicates that genetically engineered tissue is present in the sample.  A positive 
NOS result requires additional testing to confirm whether the genetic event present is MON71800. 
 

5 A Memorandum of Understanding between APHIS and ARS indicates that positive findings will be validated, not negative 
findings.  GIPSA’s equipment allowed for faster testing of the samples than AMS’s equipment, and GIPSA was able to 
quickly produce a result showing no detection.   
6 High-throughput screening (HTS) is a method for scientific experimentation using robotics, data processing and control 
software, liquid handling devices, and sensitive detectors.  Using HTS, it is possible to quickly conduct large numbers of 
assays. 
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EPSPS CP4 test is a general test used by ARS to ascertain the presence of the CP4 epsps DNA.  (It 
does not distinguish between events 1, 2, 3, and 47 or between any other RR crop events.) 
 
Real Time Quantitative PCR is an assay8 which can be used to measure the amount of a specific 
DNA sequence in a sample.  In real time quantitative PCR, a fluorescently labeled probe is added in 
addition to the primers.  As the reaction proceeds, the fluorescent dye is released from the probe, 
thereby increasing the fluorescence, which can be measured in real time.  The amount of 
fluorescence is also related to the amount of DNA present in the sample.  In connection with the 
investigation, GIPSA performed a validation to assess the performance of the Monsanto method: 
“Roundup Ready Wheat MON71800 Event Specific End-point TaqMan® PCR with acc Internal 
Control for Seed Pools of 1:15” (i.e., 1 MON71800 kernel in a pool of 15 non-event wheat kernels).  
The GIPSA specificity study verified that the Monsanto method detects MON71800 at the limit of 
detection of 1:15, and further established that the validated method has a limit of detection of 1 in 
200 wheat kernels (i.e., 1 MON71800 kernel in a pool of 200 non-event wheat kernels) (Exhibit 
121). 
    
Qualitative MON71800 PCR is an event-specific method that can confirm the presence of the  
MON71800 event in wheat tissue.  An event-specific PCR method usually calls for one primer that 
recognizes the transgene, or “genetic construct,” while the other recognizes the recipient plant’s 
genomic DNA.  In this way, only that specific transgenic event will give a PCR product with a 
particular primer pair.   
 
Qualitative PCR methods for Monsanto Events 2, 3 and 4 are event-specific assays for RR wheat 
events other than MON71800 (which is known as Event 1). 
    
DNA Sequencing is the process of determining the precise order of nucleotides within a DNA 
molecule.  It includes any method or technology that is used to determine the order of the four bases 
(adenine (A), guanine (G), cytosine (C), and thymine (T)) in a strand of DNA. 
 
2. Testing of the Volunteer Wheat Plants 
Initially, APHIS sent samples of the volunteer wheat plants to the AMS laboratory to conduct the 
preliminary analysis.  Srivastava, the principal scientist for AMS, completed the initial screening 
tests on the 49 leaf tissue samples and the one pooled sample using the 35S and NOS PCR tests, and 
found 35S and NOS in 30 live tissue samples and one pooled sample, indicating the presence of a 
GE event.  Srivastava did not detect 35S and NOS in 19 samples (15 control samples, 2 volunteer 
wheat plants plus 2 samples collected in fields to the east and north of the affected field), indicating 
that a GE event was not present in these samples.   
 
The next step was to ascertain whether these samples contained a CP4 event.  Srivastava tested the 
49 leaf tissue samples and the one pooled sample using the CP4 epsps PCR test and found CP4 epsps 
in 30 live tissue samples and one pooled sample, indicating the presence of a CP4 event.  Srivastava 
did not detect CP4 in 19 samples (15 control samples, 2 volunteer wheat plants, and 2 samples 
collected in fields to the east and north of the affected field), indicating that a CP4 event was not 
present in these samples.   

7 Events 1, 2, 3 and 4 are described in more detail in the Test Methods and Control Samples from Monsanto section, below.  
Event 1 is MON71800. 
8 An assay is an analytical procedure for qualitatively assessing or quantitatively measuring the presence or amount of a 
component of a mixture, in this case a transgene in a wheat tissue sample. 
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3. Test Methods and Control Samples from Monsanto   
On 05/07/13, APHIS, AMS, BRS, and Monsanto held a conference call to discuss sampling 
protocols for the field, preparation of materials for shipment, and laboratory testing procedures.  
Monsanto scientists represented that ordinary strip tests, such as the ones used by OSU, may result in 
false positive readings up to 90% of the time (Exhibit 26).   
 
Monsanto agreed to provide event-specific PCR assays and positive controls to determine through 
testing whether the volunteers corresponded to any of Monsanto’s specific events made with the CP4 
epsps gene.  Monsanto identified four events made with the CP4 epsps gene that it tested in winter 
and spring wheat, and sent event-specific tests (gel methods, reagents, and protocols) and positive 
controls to the AMS lab (Exhibit 27).  These four events are:   

 
Reference Number Construct Event MON Number 
Event 1 pMON30139 33391 MON718009 
Event 2 pMON30174 33512     MON71400 
Event 3 pMON25497 25372     none assigned 
Event 4 pMON25497 25397 MON71200 

 
In late May, an IES Investigator traveled to the Monsanto Research Center in Chesterfield, Missouri, 
and received from Monsanto a box containing 4 seed samples identified as 33391, 33512, 25372 and 
25397, which the Investigator delivered to the GIPSA lab.  These seeds correspond to Reference 
Number Events 1, 2, 3 and 4 listed above.  GIPSA planned to use these seeds to develop tests for 
detecting and quantifying the amount of GE wheat in seeds and grain should it become necessary to 
conduct precautionary testing of wheat for the presence of GE material (Exhibits 28-29).   
 
4. Test Results from Plant and Seed Samples  
AMS.  As discussed above, Srivastava initially used the 35S PCR method, NOS PCR method to test 
the volunteer wheat plants for the presence of a GE event and the CP4 PCR test to confirm that the 
wheat samples contained the CP4 epsps gene.  After receiving the event-specific tests from 
Monsanto, Srivastava conducted further testing on the volunteer wheat plants using qualitative PCR 
tests for events 1, 2, 3 and 4.   
 
AMS used the qualitative MON71800 PCR test on these 50 samples to test for the presence of the 
CP4 Event 1, which is MON71800.  The results showed that MON71800 was detected in 30 live 
tissue samples and one pooled sample.  MON71800 was not detected in 19 samples (15 control 
samples, 2 volunteer wheat plants, and 2 samples collected in fields to the east and north of the 
affected field).  Thus every sample that tested positive for the 35S promoter, the NOS terminator, 
and the CP4 epsps gene also tested positive for MON71800.  This result strongly suggested that the 
wheat samples contained MON71800.  
 
Although unlikely, it was possible that the wheat samples contained more than one GE event.  To 
address this possibility, Srivastava also tested the first 6 samples (designated OR130018-BR1 
through OR130018-BR6) for events 2, 3, and 4 and obtained negative results.  Based on this finding, 
APHIS determined that it was unlikely that the wheat samples also contained GE events 2, 3, or 4, 
and there was no need for AMS to conduct additional event-specific testing on the volunteer wheat 
from the affected field (Exhibit 30). 

9   Event 1 is hereinafter referred to as MON71800. 
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To definitively confirm the finding of MON71800 in the volunteer wheat plants, Srivastava 
submitted 8 PCR products derived from 4 samples to the Eurofins MWG|Operon DNA Sequencing 
facility located in Louisville, Kentucky for DNA sequencing (Exhibit 31).  Four of these PCR 
products from the first primer pair were derived from within the CP4 epsps gene, and four from the 
second primer pair were derived from the junction of the wheat genome and the rice actin promoter 
found in the beginning of the MON71800 DNA construct and specific only for MON71800 (Exhibit 
32). 
 
Upon receipt of the DNA sequencing results, Srivastava shared them with Hoffman and John Turner, 
Ph.D. (Turner), Director, Environmental Risk Analysis Programs with USDA, APHIS, BRS (Exhibit 
32).  Turner and Hoffman used the National Institutes of Health (NIH) Basic Local Alignment 
Search Tool (BLAST) to analyze the sequence information obtained from Eurofins MWG|Operon.  
These results confirmed that the sequences from all four samples produced identical PCR fragments 
that matched either the CP4 epsps gene in the case of the first primer pair, or the fusion of the wheat 
genome with the rice actin promoter in the case of the second primer pair. The respective PCR 
products also matched the corresponding sequences of the MON71800 sequence obtained from 
Monsanto.  The file titled “unknown blast search CP4” indicates that the sequence of the CP4 PCR 
product has 100% sequence identity with the CP4 gene and MON71800 (Exhibit 33).  
 
GIPSA.  Throughout the investigation, GIPSA conducted independent testing to confirm AMS’s 
leaf tissue tests and testing of seed/grain samples, and assisted with varietal testing.  Bell coordinated 
this effort (Exhibit 34a). 
 
GIPSA extracted and quantified viable DNA from 44 of 50 leaf tissue samples received from AMS 
(Exhibit 34b).  GIPSA then analyzed the extracted DNA using the qualitative PCR testing protocols 
for events 1, 2, 3, and 4 provided by Monsanto (see above).  GIPSA confirmed the AMS results for 
the MON71800 trait, as they found the trait in 28 out 30 positive samples; two samples did not react 
to the test because of an insufficient amount of DNA.  GIPSA tested 50 leaf tissue samples collected 
by APHIS on 05/24/13 for qualitative MON71800 event-specific PCR, and all 50 samples tested 
negative.  These latter samples were collected from two fields leased by and planted with the same 
wheat varieties as the affected field, but which did not contain any volunteer plants that were 
resistant to glyphosate (Exhibit 22). 
 
GIPSA also provided varietal testing on seeds from intact plants collected in the affected field and 
grown to maturity in ARS’s laboratory.  The results are summarized as follows (Exhibits 34c): 

   
• All kernels tested were positive for MON71800 by event-specific PCR. 
• The wheat heads showed significant differences in morphology including awned, awnless, 

and awnlet (intermediate awned) heads.  
• Visual analysis of the kernels showed most of the kernels to be sufficiently mature to 

render definitive decisions regarding red/white characteristics. 
• The samples contained both white and red colors, with the majority of the kernels being 

white by visual analysis.  Within each wheat head, the kernel color was consistent.  One 
series with multiple heads (sample 198, a single pot containing multiple plants) showed 1 
spike with red kernels and 2 spikes with white kernels. 

• All kernels, both red and white, were hard and vitreous (glassy and translucent) in 
appearance. 
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• The red kernels showed morphological characteristics of hard red spring wheat, but GIPSA 
could not determine, with certainty, the class of the wheat because of the immaturity of the 
kernels. 

• With one exception, the white kernels appeared to be hard white wheat.  That one exception 
showed kernel characteristics of soft white wheat, though the kernels of that head were 
vitreous.  GIPSA does not separately classify winter and spring white wheat. 

• GIPSA used High Performance Liquid Chromatography Varietal Identification (HPLC 
Varietal ID) analysis to assess a limited number of samples (42 tests involving 15 separate 
plants) and found significant bias toward library matches10 with varieties that are grown in 
the Pacific Northwest. 

• HPLC Varietal ID analysis showed significant diversity in the protein characteristics of the 
kernels tested.  Kernels within a plant matched each other very highly, but achieved only 
moderately high matches with any known varieties in the existing library of commercially-
available varieties. 

• HPLC Varietal ID analysis tended to group kernels in two populations that were generally 
consistent with the visual classification into hard red spring wheat and hard white wheat 
populations. 

• HPLC Varietal ID library matches did not match well with visual analysis in terms of 
soft/hard or red/white.  Samples appearing to be hard white showed slightly greater 
consistency between visual and HPLC tests. 

 
F. ARS Testing Process and Varietal Testing Conclusions 
 

1. Initial Testing of the Unknown Wheat Volunteers   
See, a Research Geneticist with ARS who specializes in genotype analysis of wheat and barley in the 
Northwest, conducted molecular marker analysis on the wheat volunteer samples in an attempt to 
identify the market class and variety of the wheat samples.  On 06/05/2013, See received 50 DNA 
samples from the AMS lab.  AMS previously extracted the DNA from the wheat volunteers APHIS 
collected from the field on 05/08/13 (Exhibit 18).  See tested the samples using the MON71800 PCR 
method to determine the presence of the MON71800 gene (Exhibit 101). 
 
Initially, See ran Single Nucleotide Polymorphism (SNP)11 markers on the 50 unknown  
DNA samples and 28 known wheat cultivars from the Pacific Northwest.  See selected SNP markers 
for the analysis because they are more responsive to high throughput technologies, require less DNA 
per analysis, and are a logical choice for rapid analysis of unknown samples.  The SNP marker 
testing of 50 unknown samples produced confusing results (data not shown) leading to two possible 
conclusions:  (1) the DNA was not pure, or (2) the unknown samples were of mixed genotypes.  See 
explained that one downside to SNP markers is that they are less polymorphic (or identify fewer 
differences within the same sample) than Simple Sequence Repeat (SSR) markers.  See further 
explained that although SSR markers require more DNA per reaction than SNP markers and are 
labor intensive to generate and score marker profiles, SSR markers are hypervariable (highly 

10 GIPSA maintains a library of over 500 wheat reference samples that can be used for varietal identification.  Each wheat 
variety will give a unique protein “fingerprint” that can be used to help identify unknown samples.  When an unknown wheat 
sample is analyzed, the protein spectrum is compared to the 500 spectra in the library and matched based on the relative 
similarity of the corresponding protein peaks.  A match of 97% or above typically means that the unknown sample has been 
accurately identified based on the library data (Exhibit 34a). 
11 A Single-nucleotide polymorphism (SNP, pronounced snip; plural snips) is a DNA sequence variation occurring when a 
Single Nucleotide — A, T, C or G — in the genome (or other shared sequence) differs between members of a biological 
species or paired chromosomes. 
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polymorphic), and are an excellent choice for genotyping (Exhibit 101).  For these reasons, See 
requested additional DNA samples of the unknown material to conduct further testing using SSR 
markers.   
 
On 06/26/13 and 06/28/13, See received additional DNA samples from the AMS lab and the GIPSA 
lab, respectively.  Both labs had extracted the DNA from the wheat samples APHIS collected from 
the affected field on 05/08/13 (Exhibit 19).  See analyzed multiple SSR markers, also known as 
microsatellites,12 on the new samples (Exhibit 101). 
 
2. Genetic Characteristics of the Unknown Wheat Samples   
Initial analysis of the 50 unknown DNA samples and 28 known cultivars with microsatellites 
indicated that the unknown samples with the MON71800 event did not exactly match any of the 
known cultivars compared against them.  The microsatellite testing showed that the unknown wheat 
samples were most closely related to two wheat cultivars known as Expresso (77.7% similarity)13 
and Solano14 (83.3% similarity) (Exhibit 101, Excel file, tab APHIS AMS SSR summary, column 
AJ “% identity,” Rows 74, 76).  See also used microsatellites to determine whether he could identify 
a specific market class associated with the unknown samples.  At this point in the testing, See found 
that the markers for seed hardness and vernalization15 were inconclusive.  See examined coat color 
using newly developed KASP markers (a variant of SNP marker technology).  While the majority of 
the unknown samples indicated that the seeds were white (44 samples), 6 of the unknown samples 
contained an allele indicative of the red gene presence in one of the three wheat genomes (Exhibit 
101, Excel file tab, APHIS AMS SSR, column BM). 
 
In contrast to released (or commercially available) wheat cultivars, which are highly homogeneous 
both in phenotype and genotype and are typically 99.7% identical genetically among samples within 
the same cultivar, See found that the unknown wheat samples, as a whole, were heterogeneous (i.e., 
were not the same as each other), with a low level of heterozygosity (i.e., a limited number of 
instances where two different alleles were present for a single trait, such as color or hardness).  See 
explained that this finding suggests that the unknown wheat volunteers were representative of a 
wheat breeding program, not a released wheat cultivar, and as such, further testing was unlikely to 
result in identifying an identical match to a known cultivar (Exhibit 101, Excel file, tab BR DNA 
SSR).    
   
During this same time, an IES Investigator delivered to See 48 transplanted samples and 100 bags of 
individual plants that APHIS collected from the field on 06/20/13 (Exhibit 24).  The 48 transplanted 
samples were plants that were dug up from the affected field, transplanted into three-gallon pots, and 
then transported to ARS at WSU for further research and testing.  In at least one instance, there were 
multiple plants put into one pot.  The samples were most likely from the regrowth of glyphosate-
resistant volunteers that the paraquat treatment burned down but did not kill.  See placed the live 
plants in a locked growth facility and allowed the plants to develop to maturity.  See observed that 

12 Simple Sequence Repeats (i.e. microsatellites) are repeating sequences of 2-6 base pairs of DNA.  They are used for 
molecular markers analysis, kinship, population, and other studies.  They can also be used for studies of gene duplication or 
deletion, marker assisted selection, and fingerprinting. 
13 See calculated percent similarity by determining the percentage of marker alleles in the commercial cultivar that were 
present in any of the 50 unknown DNA samples.  Of the 18 markers run in the initial analysis, 14 alleles of Expresso, and 15 
alleles of Solano were present among the 50 samples. 
14 Expresso and Solano are both hard red spring wheats developed by WestBred, LLC (WestBred), which is now owned by 
Monsanto.  Expresso certified seed was first offered for sale on 11/08/06, and Solano certified seed was first offered for sale 
on 11/10/05 (Exhibits 111-112). 
15 Vernilization is the ability of a plant to flower in the spring by exposure to the prolonged cold of winter. 
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although the majority of the plants had awns on the wheat spikes, some of the plants were awnless, 
and at least one pot contained spikes with awns and spikes without awns, suggesting that some pots 
contained more than one plant.  Once seeds had fully developed on the plants, See selected a single 
seed from each spike, which he planted and grew into mature plants from which he could gather 
additional DNA.  See harvested seeds from 156 plant samples, while allowing the plants to continue 
developing in the locked growth chamber so that he could observe growth habits.  In so doing, See 
observed considerable variation in the flowering times of the plants, indicating that the plants had 
early spring, spring, late spring, and winter growth habits (Exhibit 101, Excel file, tab BR DNA 
SSR, Column E). 
  
See ran microsatellite markers on the 156 samples derived from single seeds collected from the 
volunteer plants in the field.  Included in the analysis were 191 varieties for comparison.  Among 
these varieties were Express, Expresso, and Solano, because the previous microsatellite testing 
indicated that the unknown samples were genetically similar to these cultivars.  Express, Expresso 
and Solano are hard red spring varieties but list white off-type variants in their Plant Variety 
Protection registrations.16  GIPSA screened large quantities of Express, Expresso, and Solano seed 
and isolated a seed sample of white variants for testing.  Expresso also lists a variant for awnless 
(Exhibits 110-112).  Express17 was used in the development of both Expresso and Solano.  See also 
included hard white wheat cultivars bred from Express including Plata, Patwin, WB Rockland, WB 
Cristallo, and Blanca Grande (Exhibit 101, Excel File, Tab MC SSR).   
 
With respect to the 156 samples, See first tested each sample for the presence of MON71800, using 
the event-specific PCR method that Monsanto supplied.  See found that 149 of the 156 samples 
contained MON71800 (Exhibit 101, Excel File, Tab BR DNA SSR, columns X and Z and AB).  See 
then analyzed 30 additional SSR markers (beyond those he used during the initial analysis of the 
DNA samples).  See found that, with limited exception, most markers were represented by more than 
one allele, indicating heterogeneity (diversity) among the samples.  See also analyzed additional 
Sequence-Tagged Site (STS)18 markers for seed coat color, the Yr17 stripe rust resistance gene, and 
seed hardness.  Of the 156 samples, See found that 114 had white seed coat color, 33 had red seed 
coat color, and the tests for 9 samples were inconclusive.  See said that there were 9 inconclusive 
PCR results because the PCR sometimes does not work or does not work well enough to produce a 
reliable answer.  See found that 2 samples from the same plant had the positive allele for the Yr17 
gene.19  See’s finding that 2 samples from the same plant had the positive allele for the Yr17 gene is 
of note because Madsen20 (a parental cultivar used to breed Expresso) contains the Yr17 gene.  With 

16  The Plant Variety Protection Office issues Certificates of Protection for new varieties of plants that are seed reproduced or 
tuber propagated.  A Certificate of Protection is awarded to the owner of a variety after an examination determines that it is 
new, distinct from other varieties, and genetically uniform and stable through successive generations, and provided that the 
legal aspects associated with creation and marketing (if desired by the applicant/customer) are valid.  APHIS used this 
information to learn of parental lineage and variety ownership. 
17 Express is a hard red spring wheat developed by Western Plant Breeders (later WestBred, LLC), which is now owned by 
Monsanto, and released in 1991. 
18 STS is a short DNA sequence that has a single occurrence in the genome and whose location and base sequence are 
known.  STSs can be easily detected by PCR using specific primers. When STS loci contain genetic polymorphisms (e.g. 
simple sequence length polymorphisms, SSLPs, or single nucleotide polymorphisms), they become valuable genetic markers, 
i.e., loci which can be used to distinguish individuals.  STS include such markers as microsatellites. 
19 Each potted plant produced multiple spikes.  See treated each single seed from a spike as a separate sample to identify 
whether multiple plants were within each pot, and provided quality control in case multiple samples were derived from the 
same plant (Exhibit 100).  
20 Madsen, soft white common wheat developed by the cooperative Federal-State Research program at Pullman, Washington, 
was released on 01/07/88 (Exhibit 115). 
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respect to grain hardness, See found that both hard and soft kernels were present in the unknown 
wheat samples (Exhibit 101, Excel file, Tab BR DNA SSR).     
 
When See analyzed market class samples using 13 SSR markers, See found that the alleles from any 
one of the 191 market class samples were present in the 156 samples over a range of 21.4 to 78.5%.  
Cultivars with alleles that were 78.5% present in the 156 samples included Express, Foote and 
Malcolm, the latter two of which are soft white winter wheat varieties that are not in the Express 
pedigree (Exhibit 101, Excel File, Tab MC SSR).  This analysis further confirmed that the wheat 
volunteers were not from a commercial variety.  
 
See conducted further marker analysis on Express and Expresso and the 156 wheat samples derived 
from single seeds (Exhibit 101).  Though Express and Expresso cultivars are red seeded, both 
cultivars contain white variants.21  GIPSA isolated white variant seed from certified Express and 
Expresso seed, which See grew into plants and individually analyzed by SSR markers.  See analyzed 
a total of 30 SSR markers of Express (red and white seeds), Expresso (red and white seeds), and the 
156 wheat samples.  In this expanded analysis, See found that 93.3% (or 28 out of 30) marker alleles 
in Express were present in the population of 156 wheat samples.  For Expresso, 86.6% (or 26 out of 
30) marker alleles were present.  
 
See then revisited SNP marker analysis utilizing a high-capacity SNP technique that processes 
roughly 81,500 SNP markers simultaneously.  On 09/24/13, See sent 56 DNA samples to the ARS 
Biosciences Research Lab in Fargo, North Dakota for this SNP testing.  This allowed See to evaluate 
the genetic structure of the genome on the unknown samples and compare it to the genome structure 
of known wheat cultivars.  See selected 56 unknown samples representing all of the 48 original 
transplanted plants, including samples from pots that contained more than one unique plant.  See 
also selected 39 known wheat cultivars, including multiple samples of Express, Expresso, Expresso 
white off-type variant, Bobwhite (the wheat cultivar used in the transformation of Express with 
MON71800), and Madsen Yr17 and Avocet Yr15 (which are part of the parental line for 
Expresso22), among others (Exhibit 101, Excel File, Tab BR DNA SNP).  
 
See narrowed his SNP analysis of the 95 samples to 5,442 SNP markers with known genetic 
positions in wheat to support comparative mapping efforts.  See found that 32 of the 56 unknown 
plant samples clustered into three related groups based on collection location in the field.  Group 1 
involved 13 unknown samples showing relatedness at the 99.5% range, indicating that all the 
samples in Group 1 are identical genetically.  Group 2 involved 10 unknown samples showing 
relatedness at the 92% to 99% range.  Group 3 involved 9 unknown samples showing relatedness at 
the 99% range, indicating that all the samples in Group 3 are identical genetically.  See found Group 
1 related to Group 2 and Group 3 at the 90% range, while Group 3 related to Group 2 at the 95% 
range.  With respect to the remaining 24 plant samples, See found that although the plants clustered 
together, they did not form a tight genetic grouping like those in Groups 1, 2, and 3.  The 24 plant 

21 The materials that accompany the Plant Variety Protection Certification for Express and Expresso describe their variants, 
including white seed variant (Exhibits 110 and 111). 
22 In the Plant Variety Protection application filed for Expresso, it states that Expresso originated from a backcross breeding 
scheme with the objective of moving stripe rust resistant genes Yr15 and Yr17 into Express background.  The donor of Yr15 
was the isogenic line of YR15 in Avocet.  The donor of Lr37/Sr38/Yr17 was the variety Madsen.  The genes were introduced 
separately into Express using 6 backcrosses with Express as the recurrent parent and using molecular markers for selection.  
The two resulting lines were crossed, and the double homozygote line that became Expresso was selected using molecular 
markers.  The pedigree is Express 6*/Yrl5 Avocet//Express 6*/Madsen.  The crossing and marker-assisted selection was 
performed for WestBred in the greenhouse by   (   at the 
University of California, Davis (U.C. Davis) (Exhibit 111). 
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samples showed relatedness to Groups 1, 2, and 3 between the 80% and 86% range (Exhibit 101, 
SNP distance matrix). 
 
See also created genome phylogeny23 maps that depict the relatedness of the 95 samples (i.e., 
relatedness among the 56 plant samples and the 39 wheat cultivars See identified for comparison) 
(Exhibit 101, PDF file “genome phylogeny”).  One map depicts the whole genome representation of 
the molecular relatedness of the 56 samples against the known wheat cultivars.  This map shows that 
sample seq64 (the Expresso off-type white variant (GIPSA W E07)) was the most closely related 
known cultivar at 82.6% similarity to the samples (Exhibit 101 p.5 and PDF file “genome 
phylogeny” at page 22). 
 
Finally, See organized SNP markers by chromosome and genetic position on the chromosome to 
determine what other genetic material may be present in the 56 samples (Exhibit 101, Excel file, Tab 
BR DNA SNP, column B).  To analyze segments of the wheat genome for the 56 samples that were 
consistent with known cultivars, See evaluated linkage blocks (or clusters of markers linked together 
genetically) to identify similarity among the cultivars (Exhibit 101, All vs 182, All vs 207, All vs 
219 and Express vs Gip 207 182 219, where “All” cultivars is represented by Avocet Yr15, 
Bobwhite, Expresso white off-type (GIPSA W E07), and Madsen Yr17; and 207, 182, and 219 are 
representatives of Groups 1, 2 and 3, respectively).  See identified several linkage blocks among the 
cultivars: 

 
• 37 SNP markers were identical between Bobwhite and 56 samples (Exhibit 101, Excel File, 

Tab BR DNA SNP column L (Bobwhite) and rows 542-577). 
• 77 SNP makers were identical between Bobwhite and sample Groups 1 and 2 (Exhibit 101, 

Excel File, Tab BR DNA SNP column L (Bobwhite) and rows 4415-4490). 
• 69 SNP markers were identical between Avocet Yr15 and sample Groups 1 and 2, and these 

same markers were identical between Express and sample Group 3 (Exhibit 101, Excel File, 
Tab BR DNA SNP,  columns N-AM1) (Avocet Yr15) and rows 2254-2321). 

• 83 SNP markers were identical between Madsen and sample Groups 1 and 2, and these same 
markers were identical between Express and sample Group 3 (Exhibit 101, Excel File, Tab 
BR DNA SNP, columns M-AM1 and rows 451-4593).  (See could not identify the 
chromosome segment in Madsen that contains the Yr17 gene with SNP markers, likely 
because this segment is derived from an alien translocation from Triticum ventricosa, and all 
wheat SNP markers to date were developed in common wheat, Triticum aestivum.  This is 
consistent with the analysis of Expresso, which contains the same segment and Yr17 gene on 
chromosome 2A short arm, yet does not show identity with Madsen in this segment.) 

• 104 SNP markers were identical between Express and sample Group 1 (Exhibit 101, Excel 
File, Tab BR DNA SNP, columns E-H (Express) and rows 3236-3338). 

• 176 SNP markers were identical between Expresso white off-type (GIPSA W E07) and 
sample Group 1 (Exhibit 101, Excel File, Tab BR DNA SNP column K (GIPSA W E07) and 
rows 953-1128).  As discussed above, Expresso white off-type (GIPSA W E07) showed the 
greatest genetic similarity to the 56 samples.    

 
 
 
 

23 Phylogeny refers to the development over time of a species, genus, or group, as contrasted with the development of an 
individual to maturity. 
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noted were identified and addressed in an OIG Audit report entitled “Animal and Plant Health 
Inspection Service Controls Over Issuance of Genetically Engineered Organism Release Permits” Audit 
# 50601-8-Te, dated December 2005 (Exhibit 103). 
 
An IES Investigator also reviewed Monsanto compliance reports for 11 notifications that covered 29 
field tests involving MON71800 that WestBred conducted from February 2, 2000, through February 7, 
2005, in Washington, Montana, California, Arizona, North Dakota, South Dakota, and Hawaii, to 
examine whether these field tests could have contributed to the release in the affected field.  Monsanto 
used the compliance reports for internal purposes.  Monsanto sent the blank compliance report forms to 
the cooperator/researcher responsible for the field test.  Upon completion of the field tests, the 
cooperator/researcher submitted the completed compliance report to Monsanto.  Monsanto used the 
compliance reports to complete the Field Trial Reports that it submitted to BRS.  The compliance 
reports generally included three reports:  (1) Monitoring for Volunteers, (2) Planting Information & 
Certification of Field Trial Compliance, and (3) In-Season Field Monitoring.  The compliance reports 
also contained email messages and faxes.  The IES Investigator reviewed compliance reports involving 
notification numbers 00-046-10n, 00-195-04n, 01-025-10n, 01-037-12n, 01-046-18n, 01-234-08n, 01-
236-04n, 02-051-12n, 02-263-15n, 03-052-28n and 04-009-03n (Exhibit 3).  Based on a review of these 
compliance reports, APHIS was not able to determine a link between Westbred’s MON71800 field 
testing and the contamination in the affected field (Exhibit 103).  
 
On 07/01/13, Monsanto published a report titled, “Scientific review supporting MON71800 wheat event 
limited to single field location” (Exhibit 108).  In this report Monsanto states, “the discovery of RR 
wheat cannot be logically explained as deriving from seed or pollen remaining in the field from trials 
conducted about a decade ago as part of the RR wheat project (late 90s to 2005).”  Monsanto explains 
that three lines of evidence establish this conclusion.  One of those lines states that as the RR wheat 
program was in the process of termination, starting in 2004, Monsanto took steps to ensure that all 
material in the hands of cooperators was either destroyed or collected.  As part of those steps, Monsanto 
claimed that each field cooperator signed a letter of verification that any remaining material had been 
shipped to USDA, and that no material remained in his or her possession.  The cooperator then signed 
the verification document, followed by his or her manager and the manager’s manager.  On 01/21/14, 
Monsanto provided those verification documents.  IES reviewed those documents between 01/21/14 and 
01/24/14, and can confirm that Monsanto and USDA, ARS had a cooperative agreement to store 
glyphosate-tolerant seed at its National Center for Genetic Resources Preservation (NCGRP) facility in 
Fort Collins, Colorado (Exhibits 109 and119).   
 
J. Investigation Conclusions 

1. Samples of volunteer wheat collected from a single Oregon field contained MON71800, a 
genetically modified event developed by Monsanto. 

2. APHIS interviewed over 215 wheat growers in the area who purchased the same variety of seed 
that the grower planted in the affected 125-acre field.  With one exception, none of the growers 
had ever experienced failure of a glyphosate-based herbicide to kill wheat plants.  Wheat 
samples collected from the site of reported glyphosate-tolerant wheat growth in 2007 tested 
negative for glyphosate resistance.  All available evidence indicates that appearance of the 
glyphosate-resistant volunteers in the affected field is an isolated incident. 

3. With the exception of the wheat volunteers from the 125-acre affected field, all wheat samples 
and seed that APHIS collected from all other fields and sources tested negative for glyphosate 
resistance. 
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4. APHIS harvested intact wheat volunteers from the affected field and allowed them to mature and 
develop seed in a locked growth chamber.  Of the 156 seeds harvested and tested for 
MON71800, 149 contained MON71800. 

5. Genetic testing commenced on the 156 harvested seeds, and APHIS determined that the 
volunteers were not an exact match for any commercial variety of wheat.   

6. Genetic characteristics of the GE wheat volunteers are representative of a wheat breeding 
program, not a released wheat cultivar, and as such, further testing is unlikely to result in 
identifying an identical match to a known cultivar.  

7. APHIS was not able to determine how the volunteer GE wheat plants became located in the 
single affected field.   

 

 

ADDITIONAL INFORMATION 

 
• On 09/20/13, an IES Investigative Analyst provided a copy of Monsanto’s corporate information 

(Exhibit 102). 
 
• In November 2002, Monsanto imported and received regulated wheat seed of event 33391 

(MON71800) from its Plant Breeding Station in the Czech Republic.  Monsanto said that the 
received wheat varieties were Aranka and Leguan (both spring wheat).  However, both the 
Phytosanitary Certificate and the invoice state that the wheat was a winter wheat.  In 2003, 
employees at Monsanto’s Chesterfield, Missouri facility planted 769 of these seeds in individual 
pots in Growth Chamber #95.  After germination and quality assessment, 382 plants remained 
and were considered RR wheat lines, meaning they had potential to become a released variety 
after further testing and selection.  A scientist monitored the growth of the plants periodically 
over many weeks.  In September 2003, during harvest, the scientist noticed that, of the remaining 
38 wheat plants, 18 heads of wheat were missing.  Monsanto estimated that the 18 heads of 
wheat may have contained roughly 1,000 seeds.  Monsanto conducted an internal investigation 
but did not determine the disposition of the wheat heads and seeds.  IES initiated an investigation 
and determined that there was insufficient evidence to pursue administrative enforcement action 
against Monsanto in connection with the loss of the seeds (Exhibits 104-105). 

 
• United States Patents Nos. US 6,689,880 B2, dated 02/10/04, and US 7,268,274 B2, dated 

09/11/07 (Exhibit 107), belonging to Monsanto, relate to the field of plant molecular biology, 
specifically to an invention related to a DNA construct for conferring improved glyphosate 
tolerance to a wheat plant.  The invention relates to glyphosate-tolerant wheat plant 33391 
(MON71800) and progeny thereof, and to assays for detecting the presence of wheat plant 33391 
(MON71800) DNA in a sample and compositions thereof (Exhibit 106). 

 
• USDA’s Plant Variety Protection Office (PVPO) administers the Plant Variety Protection Act 

(PVPA) by issuing Certificates of Protection.  The PVPA provides legal intellectual property 
rights protection to breeders of new varieties of plants which are sexually reproduced (by seed) 
or tuber propagated.  The reports provide useful information about parentage and date of release.  
PVP Certificates are provided for the following varieties of wheat:  Express, Expresso, Solano, 
and WB528 (Exhibits 110-113).  For those varieties of interest to the investigation that were not 
protected by the PVPA, APHIS has provided release reports that show parentage and release 
information for Madsen, Avocet, Rod and Coda Club (Exhibits 114-117). 
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• On 07/25/13, APHIS, BRS, pursuant to its statutory and regulatory authorities, issued the grower 

of the affected field a Federal Order regarding the mandatory remedial measures that he would 
need to follow for the affected 125-acre field.  The remedial measures included granting APHIS 
access to inspect and monitor for volunteers in the affected and adjacent fields, providing 
information regarding herbicide application, observation of volunteers, and prohibiting the 
planting of any wheat in 125-acre field until all remedial measures are completed (Exhibit 120).   
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54 

45 Declarations of Investigator 05/30/13 – 
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51 

46 Declarations of Investigator 05/30/13 – 
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25 

47 Declarations of Investigator 05/31/13 – 
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51 

48 Declarations of Investigator 05/31/13 – 
06/06/13 

29 

49 Declarations of Investigator 06/04/13 – 
06/18/13 

12 

50 Declarations of Investigator 06/04/13 – 
08/30/13 

46 

51 Declarations of Investigator 06/04/13 – 
06/14/13 

51 

52 Declarations of Investigator 06/04/13 – 
06/12/13 

30 

53 Declarations of Investigator 06/05/13 4 

54 Declarations of Investigator 06/06/13 – 
06/11/13 

24 

55 Declarations of Investigator 06/06/13 –  
06/19/13 

45 

56 Declarations of Investigator 06/18/13 – 
06/27/13 

14 

57 Declarations of Investigator 06/20/13 & 
06/24/13 

4 

58 Declarations of Investigator 06/20/13 – 
06/26/13 

24 

59 Declarations of Investigator 06/20/13 - 
06/26/13 

7 

60 Affidavit for   06/11/13 3 

61 Photos of sample collection and COC for samples 
from  

06/06/13 32 

62 Declaration for and Sample 
Collection Documents 

06/04/13 & 
06/05/13 

8 

63 One Memorex CD-R containing photographs 
taken by Investigator  while at  

 farm. 

06/05/13 CD 

64 Declaration of   06/11/13 3 

65 COC for Samples Collected from  06/19/13 2 

66 Declaration for    06/11/13  9 
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114 Information on Avocet 01/24/14 5 

115 Varietal Release Report on Madsen 01/07/88 4 

116 Varietal Release Report on Rod 03/19/12 3 

117  Varietal Release Report on Coda Club 02/04/98 3 

118 Declaration of  regarding review 
of Monsanto Notification Final Reports 

02/01/14 2 

119 Records from NCGRP Various 16 

120 Remedial Action Order 07/25/13 5 

121 Validation of the Monsanto Roundup Ready Wheat 
MON71800 Event Specific End-point 
TaqMan® PCR with acc Internal Control for Seed 
Pools of 1:15 

07/14/13 6 

122 Monsanto notification report completed by BRS 07/26/13 1 CD and 2 
page email 

123 Non-traited versions of varieties used within the 
Roundup Ready wheat testing 

6/12/13 3 
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