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ABSTRACT
INTRODUCTION AND OBJECTIVES

Decades of military activity on live-fire training ranges have resulted in the contamination of land
and groundwater by recalcitrant high explosives, in particular, TNT and RDX. While the
transformation products of TNT, and TNT itself, are highly toxic, they tend to bind strongly to
organic matter and clay in soil and so remain contained at the site of contamination. RDX however,
is a major concern due to its high soil mobility. Contamination of RDX on training ranges, and
subsequent contamination of groundwater poses a significant threat to drinking water sources.
There are currently no cost-effective processes to remediate large areas of contaminated vegetated
land on training ranges, or methods to contain the RDX. In previous SERDP-funded studies (ER-
1318 & ER-1498), plants were genetically modified through the insertion of two genes, xp/4 and
xplB, to degrade RDX from soils. The objective for this project is to demonstrate and evaluate,
through the use of field-scale testing, the ability of XplAB-expressing grasses to contain and
degrade RDX from explosives contaminated soil in situ.

TECHNOLOGY DESCRIPTION

We have shown that the unique cytochrome P450 enzyme XplA in combination with its partnering
reductase XplB, from the soil bacterium Rhodococcus rhodochrous 11Y, metabolize RDX to
produce nitrite, formaldehyde and the ring degradation products, 2-nitro-2,4-diazabutanal (NDAB;
aerobic conditions) or methylenedinitramine (MEDINA; anaerobic conditions) (Jackson et al.
2007). In this report, plants genetically modified to express XplAB were be assessed for their
ability to remediate RDX-polluted soil.

TNT is often a co-contaminant alongside RDX, and is highly toxic, meaning that for the XplAB-
expressing plants to remediate RDX, they also need demonstrative resistance to TNT. The bacterial
gene nfsl encodes a nitroreductase (NR) which transforms TNT to the relatively unstable and non-
toxic hydroxylamino dinitrotoluene (HADNT). This HADNT, and subsequent intermediate amino
dinitrotoluene (ADNT) are both then conjugated to sugars (Gandia-Herrero et al. 2008) and '*C-
labelling studies reveal subsequent incorporation into plant biomass (Brentner et al. 2010; Sens et
al. 1999; Sens et al. 1998).

Initial work was conducted with Arabidopsis, understood genetically, but unsuitable for military
land conditions. Thus, switchgrass (Panicum virgatum), western wheatgrass (Pascopyrum smithii)
and creeping bentgrass (Agrostis stolonifera) were all transformed with the genes required to
express XplA, XpIB and NR.

PERFORMANCE AND COST ASSESSMENT

The performance of the transgenic materials was tested through four quantitative and three
qualitative performance objectives. While we were not able to produce viable transgenic seeds nor
significantly reduce soil levels of RDX, we did meet all the other performance objectives for the
project.

xi



Currently, the cost to implement the technology is heavily weighted to the requirements of the
APHIS permit and monitoring process and the production of transgenic transplants. However,
these costs will drop significantly if the materials can be deregulated and/or if viable transgenic
seeds can be produced.

IMPLEMENTATION ISSUES

The main issue preventing the future implementation of XplAB-expressing switchgrass is
regulatory, and specifically due to the transgenic nature of the plant. The switchgrass is currently
limited to small, monitored testing under APHIS regulation 7 CFR part 340.

APHIS may be petitioned to show that a regulated article, such as XplAB-expressing switchgrass, is
unlikely to pose a plant pest risk, and therefore should no longer be regulated under the plant pest
provisions of the Plant Protection Act or the regulations at 7 CFR part 340. Deregulating the XplAB-
expressing switchgrass will allow for both larger scale testing and widespread implementation.
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EXECUTIVE SUMMARY
INTRODUCTION

Decades of military activity on live fire training ranges have resulted in severe contamination of
land and groundwater by recalcitrant high explosives, in particular, hexahydro-1,3,5-trinitro-1,3,5-
triazine (RDX) and 2,4,6-trinitrotoluene (TNT). Both TNT and its transformation products are
highly toxic, but as they bind strongly to clay and organic matter in soil, are largely contained at
the site of contamination. However, RDX is a major concern because of its high mobility in soils
and subsequent contamination of groundwater, which may move off base. RDX contamination of
firing ranges is now proving to be a significant threat to drinking water sources, such as those close
to the Massachusetts Military Reservation. These factors mean that RDX presents an immediate
and future health problem to society. Additionally, once contamination is discovered, military
operations at ranges can be suspended, interrupting soldier training.

Currently there are no cost effective, sustainable processes to contain or degrade RDX or to
remediate large areas of contaminated vegetated land on training ranges. According to the EPA
Technical Fact Sheet (Hexahydro-1,3,5-trinitro1,3,5-triazine (RDX), November 2017) there are a
variety of methods to clean up RDX from military sites, however the processes are not
environmentally friendly, they require space to perform these operations and often they require
that the land be removed from military operations. Furthermore, given the scale of contamination,
these methods would be prohibitively expensive and logistically challenging. Processes
recommended include bioreactors, bioslurry treatments, composting, and passive subsurface
biobarriers that have proven successful in reducing RDX concentrations. With the exception of
very high rates of soil contamination, the technology proposed in this report will be more cost
effective and a viable clean up method on ranges and manufacturing sites. Jenkins et al. (2006) has
diagrammed a typical artillery training range showing that contamination can originate from firing
points and within the impact area. Manufacturing areas can include those located within the Army
Materiel Command (AMC) and other areas where RDX is produced.

While plants readily take up and accumulate RDX at low concentrations in the biomass, they can
not significantly transform or degrade this compound. The technology demonstrated in this report
uses commercially-available cultivars of species native to military ranges. These grasses have been
modified to rapidly breakdown RDX into inert, naturally occurring plant metabolites that are
reincorporated into the plant; plant harvesting is not necessary to remove the contaminated material
from the site. An inadvertent benefit is that nitrogen-rich metabolites promote growth and
establishment of the modified plants.

OBJECTIVES

The primary objective of this proposal was to evaluate, under field conditions, removal of RDX
from contaminated soil by transgenic grasses that were developed under SERDP projects ER1318
and ER-1498. To achieve this objective, we assessed the ability of XplAB-expressing switchgrass
to intercept and degrade RDX in field plots located at a military facility.

The secondary objective was to determine the lower bounds or reactivity of the transgenic plants. The
lowest concentration of RDX in soil that the modified plants can remove and degrade is not known.
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The EPA has established a lifetime health advisory guidance level of 2 pg/L for RDX in drinking
water (2017 Fact Sheet). In our previous studies (Rylott et al. 2011), using soil-grown Arabidopsis
(Arabidopsis thaliana) we established a lower limit of detection of 21 pg/L. Conducting studies at
Img/kg soil concentration would provide additional information on the capability of the plants to
degrade RDX at lower levels. If successful, this information will be beneficial in predicting plant
biomass requirements to meet drinking water standards, and will increase the use of the plants in
additional areas containing less than 1 mg/kg of RDX, such as at firing points, wetlands,
manufacturing, storage, and other sites.

The third objective was to conduct soil based, glasshouse studies to determine if plants can remove
RDX in soil when grown in the presence of TNT. RDX is commonly found in soils with the co-
pollutant TNT and the latter is highly toxic to plants.

TECHNOLOGY DESCRIPTION

The EPA Technical Factsheet details a number of methods for RDX clean-up at military bases,
however, many of these are expensive or incompatible with the environment. The demonstration
put forward in this report was the first of its kind to use vascular plants phytoremediate RDX-
polluted soil, demonstrating that a biological system could provide help to maintain training
activities occurring at the ranges. It has been demonstrated that the unique cytochrome P450
enzyme, XplA, in combination with its partnering reductase, XplB, from the soil bacterium
Rhodococcus rhodochrous 11Y, metabolize RDX to produce nitrite, formaldehyde and the ring
degradation  products,  2-nitro-2,4-diazabutanal = (NDAB; aerobic  conditions) or
methylenedinitramine (MEDINA; anaerobic conditions; Figure 1; Jackson et al. 2007).
Arabidopsis plants expressing XplA and XpIB have been shown to be able to remove saturating
levels of RDX from soil leachate, whereas untransformed plants had no more impact upon RDX
levels than control pots of soil without plants (Jackson et al. 2007; Rylott et al. 2011a). The
technology is, therefore, innovative as it applies new methodology for the genetic modification of
grasses to utilize novel explosive-detoxifying gene products.
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Figure 1. Pathway of RDX Catabolism by XplAB, and Transgene Cassette
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(a) Ring cleavage occurs at wx and yz. Compounds in brackets are hypothetical, adapted from
Jackson et al (2007). (b) The cassette transformed into the switchgrass lines described in Zhang et
al (2017). The transgenes xpl/A, xp/B, nfsl, and the selectable marker gene /yg, which encodes
resistance to hygromycin, were controlled by the rice actin (Osact), maize ubiquitin (Zmubi),
Cauliflower mosaic virus 35S, and switchgrass ubiquitin (Pvubi) promoters, respectively.

RDX is often found alongside its co-pollutant TNT, also highly toxic. For the transgenic plants to
be able to thrive in soils polluted with both contaminants, they must also demonstrate resistance
to TNT. Studies show that the nfs/ encoded nitroreductase (NR) transforms TNT to the relatively
unstable and non-toxic hydroxylamino dinitrotoluene (HADNT), which is then converted to amino
dinitrotoluene (ADNT). Both HADNT and ADNTSs are conjugated to sugars (Gandia-Herrero et
al. 2008) and '“C-labelling studies reveal subsequent incorporation into plant biomass (Brentner
et al. 2010; Sens et al. 1999; Sens et al. 1998).

The initial work was conducted with the model plant, Arabidopsis, which is understood
genetically, but not well adapted to military lands. After demonstration of successful XplA and
XplB expression, tobacco (Nicotiana tabacum), switchgrass (Panicum virgatum), and creeping
bentgrass (Agrostis stolonifera) and western wheatgrass (Pascopyrm smithii) were all transformed
with the genes required to express XplA, XplB and NR, and characterized switchgrass
transformants for transgene expression levels and RDX degradation capability.

PERFORMANCE ASSESSMENT
Quantitative Performance Objectives

APHIS permit

Criteria required for the limited release of the transgenic grasses to the environment were met. A
permit from the United States Department of Agriculture (USDA) Animal and Plant Health
Inspection Service (APHIS) was required to enable controlled release of the transgenic plants into
the environment. The APHIS permit was successfully awarded in 2016.
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Figure 2. Plot Design and Lay-out
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(a) Aerial photograph of the installed plots taken September 2015, (b) Randomized block lay-out
of the plots, (c). Location of the plant lines on each plot, (d). Location of each of the three,
independently-transformed XplAB-expressing lines N1, N2 and N5.

Field trial design

The lay-out of the plots are shown in Figure 2 and comprised a randomized complete block design
with three soil treatments (1 mg/kg, 100 mg/kg and no RDX), three vegetation treatments
(untransformed grass species, transformed grass species, and a no plant control) replicated three
times for a total of 27 plots. Each vegetation plot was planted with approximately 250 clones,
modified or unmodified, spaced on a 20 x 20 cm grid.

The cross-sectional design of each plot is shown in Figure 3a, and the appearance of a
representative plot at the end of each growing season is shown in Figure 3b. Canopy closure was
not fully obtained until the final growing season (2018). At the end of the trial, in the 100mg/kg
RDX plots, the total aerial biomass of the transgenic plants was not significantly different to that
of the wild type plants.
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(a) Schematic showing a cross-section through a vegetated plot. (b) Appearance of the switchgrass
on representative plots at the end of each growing season. (¢) Levels of RDX in aerial tissues
harvested across the 2018 growing season (ND = Not Detected, n = tissue from 9 plants). (d)
Levels of RDX in the excess water pumped from the plots over the three-year duration of the trial
(NPC; No Plant Control, n = 3 plots + SD, * represents significantly different, P = 0.015, to NPC
2018). (e) Calculated level of RDX degraded in the transpiration stream from plants in the 100
mg/kg RDX plots over the 2018 growing season (WT; wild type, TG; transgenic, n = 3 plots + SD,
* represents significantly, P = 0.015). The statistical significance was performed by one-way
analysis of variance followed by Tukey’s post hoc test. P<0.05 was considered as significant

For the 1mg/kg plots, RDX was not detected in any of the soil, water, or tissue samples, and data
is presented for the 100mg/kg plots-only.

Removal of RDX by XplAB-expressing plants

For the soil samples, the criterion of a statistically significant (p < 0.05) decrease in RDX levels
was not met. Our findings showed that the RDX was distributed heterogeneously across the plot,
and unexpectedly, given its documented mobility in soils, RDX had not significantly moved below
the 0-5 cm depth in the plots. In the field plots, the switchgrass roots were mainly in the lower
(< 5cm) depths of the plots and thus the majority of the RDX was not in contact with the plant
1oots.

For the soil-water samples, there was no significant difference in the levels of soil-water RDX in
the NPC, WT, and TG plots across the 2018 growing season. However, the mean RDX level in the
TG plot tanks was significantly less (p = 0.021) than in the tanks on the NPC plots, and at each
month sampled, the RDX level was always lower than that in the NPC and WT plot tanks Figure
3d. Furthermore, across all three years, the concentration of RDX in the excess water pumped from
the TG plots was always less than from either the NPC or WT plots. In the 2018 growing season,
excess water pumped from the plots planted with the XplAB-expressing switchgrass contained
significantly less (p = 0.015) RDX than excess water pumped from the NPC plots. Thus, we
conclude from these data, that the criterion of a statistically significant (p < 0.05) decrease in RDX
levels was partially achieved for soil water on the plots.

For the plant tissue samples, the criterion of a statistically significant (p < 0.05) decrease in RDX
levels was met across all three growing seasons. During the 2018 growing season, levels of RDX
in the aerial tissues of unmodified plants grown on the 100 mg/kg RDX plots varied within plots,
between plots, and between monthly samplings. RDX was not detected in any of the aerial tissues
sampled from the transgenic lines over the entire 2018 growing season, and across all three 100
mg/kg RDX plots Figure 3c. At the end of the 2018 growing season, the mean RDX concentration
in the wild-type switchgrass from each of the three plots was 0.025 +/- 0.02 mg/g dry weight.
Previous measurements of tissue RDX levels using RDX-saturated soil column studies measured
a maximum of 0.23 mg/g for wild-type switchgrass. Under these column conditions, RDX was
detected in the XplAB-expressing switchgrass line N1, but at just 4 % of that in the unmodified
switchgrass, suggesting that 0.23 mg/g is indicative of the likely upper limit for the RDX-
degrading capacity of the transgenic lines in-the-field (Zhang, L. et al 2017), and that the XplAB-
expressing plants in the 2018 season were at approximately 11 % of their RDX uptake capacity.
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The levels of transpiration from each plot were estimated from the excess water pumped from the
plots minus the rainfall measurements for the 2018 season. While it was not possible to determine
the level of evaporation from the plots, given the near canopy closure for 2018 shown in Figure
3b, this factor was considered to be relatively low compared to that lost through transpiration.
Multiplying the mean RDX concentrations in the soil water (from the lysimeter data) by the
calculated volume of water transpired during the 2018 growing season, we calculated that the
XplAB-expressing plants took up, and metabolized, significantly (p = 0.002) more RDX from the
plots than the WT plants (Figure 3e), and equivalent to an RDX removal rate by the XplAB-
expressing plants of 27 kg RDX per hectare. Based on our data in Arabidopsis (Rylott et al 2006;
Rylott et al 2011), and grass species (Zhang et al 2017; Zhang et al 2018), it is likely that the wild-
type plants did not significantly degrade any RDX.

Removal of RDX in the presence of TNT

RDX is commonly found in soils with the co-pollutant TNT and the latter is highly toxic to plants,
and known to inhibit XplA activity (Jackson et al. 2007b). Alongside xpl4 and xplB, the
switchgrass lines were also engineered to contain nfs/ a nitroreductase that detoxifies TNT when
expressed in tobacco (Nicotiana tabacum) (Hannink et al. 2007; Hannink et al. 2001. Gene
expression studies on the XplAB-expressing switchgrass demonstrated that while the lines
contained nfs/, transcript, or nitroreductase protein were not detectable. However, in the presence
of TNT, the XplAB-expressing switchgrass lines, were able to remove significantly more RDX
from the media than wild type, unmodified lines, indicating that the nfs/ gene was expressed at
albeit low levels. A possible reason was due to the design of the construct and gene promoters
used. In our subsequent research, the viral 35S promoter and terminator for nfs/ were replaced with
a promoter from the monocot species rice (Oryza sativa) and the orientation of this expression
cassette reversed. When transformed into western wheatgrass, the nfs/ gene was expressed, and
the plant lines removed significantly more TNT from media than unmodified, wild-type plants.

Qualitative Performance Objectives

At the end of the trial, the average aerial tissue biomass was 0.53 kg m™. Typical biomass yields
for switchgrass are 1.08 kg m (Schneider & McCarl, 2003), thus, at the end of the three-year trial,
the switchgrass had reached 50 % of its potential biomass. Despite the relatively poor biomass
production, there was no significant differences in growth between the wild type and transgenic
plants. The transgenic plants achieved the criterion that they were able to survive under field
conditions as well as, or better than, wild type.

A number of techniques were employed at both UW and CRREL to gain seed from the transgenic
lines, including the use of high-light growth chambers, a range of photoperiods, and outcrossing
with wild type Alamo and Kanlow switchgrass. Under the conditions tested, viable seed was not
obtained. Testing of vegetatively propagated materials demonstrated that the RDX-degrading
properties were transferred to propagated material. For both the XplAB-expressing switchgrass,
and western wheatgrass lines, viable seeds were not produced.

Throughout the process, the Regulatory Drivers outlined in section 1.3 of the final report were
followed. APHIS personnel were involved from the start of the project, granting approval for
testing of the XplAB-expressing lines under APHIS regulation 7 CFR part 340. Towards
regulatory acceptance of the XplAB-expressing switchgrass, meetings with regulatory and DOD
stakeholders, including APHIS, and the FDA have been held.
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COST ASSESSMENT

Cost is an important part of the decision-making process when looking at remediation
technologies. Currently there are no cost-effective processes to contain RDX or remediate large
areas of contaminated vegetated land on training ranges. According to an EPA fact sheet (EPA
2017) there are a variety of methods to clean up RDX from military sites, however the processes
are not environmentally friendly, they require space to perform these operations, and they require
that the land be removed from military operations. Furthermore, given the scale of contamination,
these methods would be prohibitively expensive and logistically challenging.

Cost model

The use of transgenic plant materials will reduce the costs associated with RDX remediation by
reducing overall remediation costs. The main cost drivers associated with implementing this
technology is given in Table 1. The basic cost model includes both fixed and variable costs. The
fixed costs include the APHIS permit application, including the collection of site-specific data and
the baseline characterization data. At most facilities the baseline characterization will have already
been completed as part of the Military Munitions Response Program (MMRP). The required site-
specific data may already be available through the facilities Environmental Office or, in the case
of Army facilities, the Integrated Training Area Management (ITAM) program.

Table 1. Cost Model for Use of Transgenic Plants
Cost Element Data Tracked During the Demonstration Costs
APHIS Permit e Permit Application To obtain permit 80 — 120 $4,000 -
hours $6,000
e Site specific data (soil type, other related plant | To review permit and provide
populations, T&E Species) necessary site data 40 hours $2,000
Baseline e Sample collection and data analyses Field technician, 120 h $3,000
characterization Project engineer, 40 h $2,000
e Detailed contaminant assessment required, Chemical Analyses 6 — 10 $15,000
costs associated with labor analyses composite samples per m?

Plant production | Unit: $ per transplant $0.50
cost e Plants required per m? 17 transplants per m?
e Area to be treated (m?) $8.50 per m?
Installation Unit: $ per m? or ha Planting Labor $8.62 per m?
e Mobilization cost This is a variable cost that will depend
on the area to be treated.
e Time required 0.34 hours per m?
e Irrigation system with storage tank $1,500
o Data logger, soil moisture sensors, and batteries $6,000
Waste disposal Standard soil disposal, no cost tracking NA

Operation and
maintenance costs

e Monitoring time required for APHIS permit

4 hours per 100m? every 2 weeks during
growing season

Long-term
monitoring

o Standard soil and water analysis
e Monitoring plant escape (monthly)

Depends on site requirements
0.5 hours per 100m?

Average person can plant 50 plants per hour by hand. A typical person can thus plant 2.9 m? per person per hour, with
a total of 23.2 m? per person per 8 hour day.
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If we look at a simplified example for the use of our technology on a small (100m?) contaminated
site, the typical costs would be:

Fixed costs:

Permit Application $ 6,000
Site specific data summary for permit $ 2,000
Baseline characterization of contamination $20,000

Variable costs:

Plant production (17 plants m? * 100m? = 1700 plants * $0.50)= $ 850
Planting labor ($8.62 per m? * 100 m?) = $ 862
Irrigation system to help establish transplants $ 1,500
Datalogger, sensors, and batteries — one of these is needed per site $ 6,000
Long term site monitoring escape (1 hour per month perl00m?) $ 25
Long term soil and water monitoring per year $20,000

This would give a total for the fixed costs of $28,000 per permit and a total of variable costs of
$29,237 per 100m? per year. It is important to note that permit fixed costs would be reduced after
the first permit for a site is issued, as that data could be duplicated for each subsequent permit
application. Also, if the plants can be deregulated, the cost associated with the APHIS permit
application, site monitoring and maintenance activities and long-term monitoring would be
reduced to zero. Thus requiring only the cost of plant production, planting and long term soil and
water monitoring.

IMPLEMENTATION ISSUES

The main issue presented to the future implementation of XplAB-expressing switchgrass is
regulatory, specifically due to the transgenic nature of the plant’s development. The switchgrass
is currently limited to small, monitored testing under APHIS regulation 7 CFR part 340. There
have been discussions with both APHIS and the FDA on the topic of deregulating the XplAB-
expressing switchgrass, and a white paper (Appendix D) on the need and likelihood of deregulation
has been submitted to ESTCP.

The petition for deregulation must provide information under § 340.6(c)(4) related to plant pest
risk which APHIS may use to determine whether the plant will pose more of a plant pest risk than
the unmodified plant. If APHIS decides that there is no greater plant pest risk, the GE plants would
no longer be subject to these regulatory requirements.
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1.0 INTRODUCTION
1.1 BACKGROUND

RDX is increasingly understood to be a serious environmental pollutant. The US Environmental
Protection Agency (EPA) consider it to be a possible human carcinogen and have placed it on the
Contaminant Candidate List 4, also issuing a lifetime health advisory guidance level of 2 ng/L for
RDX in drinking water. Of further concern is that RDX is recalcitrant to degradation in the
environment, and extremely mobile, readily moving into the groundwater. These properties have
resulted in the buildup of RDX in soil and groundwater at military sites that have then threatened,
or affected, human health, such as contamination of a sole source aquifer at Cape Cod, and the
exposure of individuals to RDX in the Bickford Case in Utah.

The remediation of this pollutant is an intractable challenge: the scale is enormous, in the US alone,
10 million hectares of military land is contaminated with munitions components. Contamination
is heterogeneously spread, often unmapped, with unexploded ordnance restricting ground-access.
Furthermore, there is the need to contain and perpetually remediate continuing contamination on
active ranges. Traditional remediation methods such as land fill, incineration or advanced
oxidation, are more suited to small-scale, highly polluted areas, where clean-up time is short (< 3
years), and overall costs are relatively low. The US Department of Defense (DoD) estimated that
the remediation of its active ranges alone using currently-available methodologies would cost
between $16 billion and $165 billion. To address this remediation challenge, the testing of novel
cost-effective technologies is necessary.

There are many potential benefits to using plants to remediate environmental pollutants: they are
minimally disruptive, promote restoration ecology, and are aesthetically-pleasing, with high levels
of public acceptance. Furthermore, for longer-term (>3 years) remediation projects,
phytoremediation has the potential to be low maintenance and cost effective. In plants, following
uptake, RDX is located almost exclusively in the aerial tissues. Unlike bacteria, plants have little
inherent ability to degrade RDX, with stored RDX becoming biologically available through the
food chain via herbivory or returned as RDX back to the soil when the plant dies. It has been
previously demonstrated, in soil-based laboratory studies, that Arabidopsis thaliana (Arabidopsis)
plants transformed with xp/4B are able to remove saturating levels of RDX from soil leachate. In
these XplAB-expressing plants, RDX is broken down into inert, naturally occurring plant
metabolites that are then incorporated into the plant, with no plant harvesting necessary to remove
the contaminated material from the site. An inadvertent benefit is that these nitrogen-rich
metabolites also promote growth and establishment of the modified plants.

1.2 OBJECTIVE OF THE DEMONSTRATION

The primary objective of this demonstration was to evaluate, under field conditions, removal of
RDX from contaminated soil by transgenic grasses that were developed under SERDP projects
ER-1318, and ER-1498. These projects identified RDX-degrading bacteria and the genes
responsible, xpl4A and xpl/B. The insertion of xpl4 and xp/B, first into model and then military
relevant terrestrial plants, significantly enhanced the ability of the plants to degrade RDX into inert
components. It was proposed to use this technology to intercept and degrade RDX by growing
perennial grasses in field plots located at Frt Drum, NY.



The secondary objective was to determine the lower bounds or reactivity of the transgenic plants.
The lowest concentration of RDX in soil that the modified plants can remove and degrade is not
known. The EPA’s standard for RDX in drinking water is 2 pg/L. In previous greenhouse studies,
soil-grown Arabidopsis (Arabidopsis thaliana) were treated with aqueous solutions of 40 mg/l
RDX and levels of RDX in soil leachate were measured using HPLC. After seven days, there was
no RDX detectable in the soil leachate from the modified plants (Rylott et al. 2011) Under these
experimental conditions, the lower limit of detection by the HPLC was 0.021 mg/l (21 pg/L).
Conducting studies at various soil concentrations will provide additional information on the
capability of the plants to degrade RDX at lower levels. If successful, this information will be
beneficial in predicting plant biomass requirements to meet drinking water standards and will
increase the use of the plants in additional areas containing less than 1 mg/kg of RDX, such as
firing points, wetlands, manufacturing, storage, and other sites.

A third objective was to conduct soil based, glasshouse studies to determine if plants can remove
RDX in soil when grown in the presence of TNT. RDX is commonly found in soils with the co-
pollutant TNT and the latter is highly toxic to plants.

1.3 REGULATORY DRIVERS

Due to the unique nature of the transgenic materials, proposed study location and materials to be
remediated, additional time was required to receive a movement and release permit than for a
typical agronomic crop (120 days). A close working relationship with the APHIS regulators was
established to meet their requests for additional information, accessibility to the study site, and
concurrence of positive control of the regulated materials at all time.

Military lands must be maintained in settings that provide the opportunity to practice individual
and battle-focused tasks and missions in realistic and challenging conditions. As noted in the Army
Environmental Quality Technology Program A (2.5.e) Sustainable Army Live-Fire Range Design
and Maintenance guidance from the Office of the Assistant Secretary of the Army, there are three
dynamics adversely affecting the Army’s ability to continue to maintain its training mission: the
continued growth of environmental regulations, encroachment, and the Army’s transformation.
Some of the current environmental regulations include the Endangered Species Act, the Clean
Water Act, Clean Air Act, and the Comprehensive Environmental Response, Compensation, and
Liability Act.

Throughout the DoD, land stewardship and management of its natural resources fall under the
Sikes Act of 1960, which promotes “effective planning, development, maintenance, and
coordination of wildlife, fish, and game conservation and rehabilitation in military reservations on
military lands”. Military land stewardship integrates natural resources management objectives
with land warfare training requirements. Environmental Compliance requirements that address
these issues include: 2.1.b “...Range and Road Maintenance” and 2.5.e “Sustainable Army Live-
Fire Range Design and Maintenance”. The management of lands is funded and prioritized through
the Integrated Natural Resources Management Plans (INRMP) process used at every military
facility.



The research objectives for this project needed to respond to these regulations and or processes by
helping installations be good stewards of land resources and supporting the Sikes Act and its
provisions for no net loss of training land.

Furthermore, transgenic plant materials are regulated by the United States Department of
Agriculture Animal Plant Health Inspection Service Biotechnology Regulatory Service (USDA-
APHIS-BRS). In order to test regulated materials in the environment, a Movement and Release
Permit is required for all release sites. The release permit is in effect for three years, and each
movement permit is in effect for 1 year.

Additionally, USDA-APHIS required the creation of an approved training program for all staff or
contractors who would be working with the materials at the research area. This training also
included the creation of Standard Operating Procedures (SOPs) for all activities occurring at the
research site.

The USDA APHIS permitting process provided the project with requirements for the release of
transgenic plants to the environment. This required outlining which transgenes would be tested for
each plant species, comparing the transgenic lines to the untransformed line and documenting plant
physiological and establishment data to determine statistical differences in the transformed versus
untransformed plants in the laboratory. The approved release permit package is included in
Appendix B.
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2.0 TECHNOLOGY
2.1 TECHNOLOGY DESCRIPTION

There are, presently, no cost-effective methods to clean up RDX at military bases. The EPA
Technical Fact Sheet lists a variety of methods to do so; most of these are expensive physical or
chemical treatments that are not compatible with the environment. This demonstration was the
first of its kind and focused on the use of vascular plants to phytoremediate RDX in the soil, thus
demonstrating a biological system that would help to maintain training activities being carried
out at the ranges. Phytoremediation studies have shown that plants readily take up RDX,
accumulating it in the leaves and shoots, but do not have sufficient metabolic capability to
degrade it (Best et al. 1999; Just and Schnoor 2004; Yoon et al. 2006; Vila et al. 2007; Zhang et
al. 2009; Brentner et al. 2010). It has been demonstrated that the unique cytochrome
P450 enzyme, XplA, in combination with its partnering reductase, XplB, from the soil
bacterium Rhodococcus rhodochrous 11Y, metabolize RDX to produce nitrite, formaldehyde
and the ring degradation products, 2-nitro-2,4-diazabutanal (NDAB; aerobic conditions) or
methylenedinitramine (MEDINA; anaerobic conditions) (Jackson et al. 2007). While these
degradation products are detectable in vitro, they have not been found in planta and it is likely
that they are metabolized by endogenous plant enzymes. It has been shown that Arabidopsis
plants expressing XplA and XplB were able to remove saturating levels of RDX from soil
leachate (Figure 4) whereas untransformed plants had no more impact upon RDX levels than
control pots of soil without plants (Jackson et al. 2007; Rylott et al. 2011a). This technology is
innovative because it applies new methodology for genetic modification of grasses to utilize
novel explosive-detoxifying gene products. This is an original approach to the problem of
containing and remediating RDX and TNT waste on military sites. Additionally, the technology
involves grasses which are not only cost effective to use, but are known to military personnel,
who are experienced with these plants.

RDX is commonly found with the co-pollutant TNT, which is also highly toxic. Thus, in order for
transgenic plants to thrive in soils contaminated with both RDX and TNT they may require
resistance to TNT at contaminated sites. Previous studies show that the nfs/ encoded nitroreductase
(NR) transforms TNT to the relatively unstable and non-toxic hydroxylamino dinitrotoluene
(HADNT), which is then converted to amino dinitrotoluene (ADNT) (Hannink et al. 2007,
Hannink et al. 2001). Both HADNT and ADNTs are conjugated to sugars (Gandia-Herrero et al.
2008) and '*C-labelling studies reveal subsequent incorporation into plant biomass (Brentner et al.
2010; Sens et al. 1999; Sens et al. 1998). Although the toxicity of the TNT transformed
intermediates has been studied (Rylott et al. 2011b), there is extremely little information on the
toxicity or bioavailability of these intermediates once they are conjugated and incorporated into
plant biomass.
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Figure 4. Levels of RDX in Soil Leachate from XplAB-expressing Arabidopsis

Plants were grown for six-weeks in uncontaminated soil then watered with 180 pM RDX and
flushed with an equal volume of water after 7 days. Results are the mean + SE of eight replicate
pots. NPC, no plant control; WT. wild type; NR, nitroreductase (adapted from Rylott et al. 2011).

2.2 TECHNOLOGY DEVELOPMENT
2.2.1 Vector construction

Four transgenes, xplA, xplB, nfsl and hyg were engineered into the switchgrass cultivar Alamo.
The hyg gene, which encodes resistance to hygromycin, was used as a selectable marker to aid
the identification of putative transformants. Following preliminary testing of prototype
constructs (including pRCS2-HRM), the transgenes were near-constitutively expressed under
the control of monocot promoters as follows: The xp/4 gene was under the control of the native
switchgrass actin promoter Pvubi-xp/A-rbcT; xp/B under the control of the maize (Zea mays)
ubiquitin promoter (Zmubi-xp/B-masT); and Apt under the control of the rice (Oryza sativa) actin
promoter (Osact-hpt-35ST). The rice actin promoter (Osact) and maize ubiquitin promoter
(Zmubi) are widely used in monocot crops due to their ability to direct high levels of near
constitutive gene expression (Cornejo et al., 1993; McElroy et al., 1990). The switchgrass
ubiquitin promoter (Pvubi) has strong constitutive expression in switchgrass and rice (Mann et
al., 2011). The TNT detoxifying bacterial nitroreductase was controlled by the cauliflower
mosaic virus promoter, 35S (35S-nfs/-35ST). The pSAT vector series (Chung et al. 2005) was
employed to clone the four genes into pRCS2-NABNR, the vector used to generate the
switchgrass lines used in the field trial (Figure 5).
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Figure 5. Construction of Vectors for Transformation of the Grasses

(a) T-DNA region of the binary vector plasmid pRCS2-ABNR-HR. The RDX degradation gene xplA,
flavodoxin reductase gene xplB, and TNT detoxifying nitroreductase gene nfsl were constructed into
versatile cloning vector pSATs (Chung et al 2005). Arrows show the direction of transcription. (b) The

Osact, Zmubi, and Pvubi promoters were used to replace the promoters in the pSAT vectors resulting in
PNSATI1a, pNSAT3a, and pNSAT6a respectively. (¢) T-DNA region of the binary vector plasmid pRCS2-
NABNR. The hpt, xplA, xplB, and nfsl genes were constructed into pNSAT1a, pNSAT6a, pNSAT3a, and

pSAT4a respectively. The expression cassettes of these genes were integrated into the binary vector
PPZP-RCS2 to produce pRCS2-NABNR. Abbreviations: 35s, CaMV 35s,; rbe, rubisco small subunit, act,
actin, ags, agropine synthase,; Osact, Oryza sativa actin promoter, Zmubi, Zea mays ubiquitin promoter;

Pvubi, Panicum virgatum (switchgrass) ubiquitin promoter, RB left border; RB right border.

Transformation of switchgrass, using a variety of promoters based on the pSAT vector system, has
resulted in the development of scores of transgenic lines expressing xp/A/B and nfsl. Preliminary
constructs relied on strong promoters from dicots (i.e., not grasses), while newer constructs
(pPRCS2-HRM; HR lines and pPRCS2-NABNR; N lines) used promoters from monocots, especially
grasses. About 20 transformed lines have been verified by PCR and RT-PCR to contain and
transcribe xpl/A, xp/B, and nfsl. The presence of XplA protein in several of these lines has been
confirmed by western blot analysis using antibody to XplA. RDX uptake studies showed the
pRCS2-NABNR-transformed, N-lines to give the highest rates for RDX removal and degradation,
so these plants were used for the subsequent characterization and field trials.



Switchgrass transformed using the pRCS2-NABNR vector removed RDX from media at 0.7
ng RDX/g plant tissue/h, twice that of the initial uptake by the wild type grass (Figure 6a).
Importantly, RDX was recovered in the wild type plant tissues while transformed plants had
no detectable RDX (Figure 6b), showing that RDX was degraded only in the transformed
plants.
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Figure 6. Uptake of RDX by XplAB-expressing Switchgrass Grown in Liquid Cture

(a) Concentration of RDX in culture medium over the course of the experiment. All three transgenic lines

removed RDX from the medium at significantly faster rates than the wild type plants (p = 0.051, 0.0014

and 0.0016 for lines N1, 2 and 3 respectively at day 3; p=0.0043 for line N1 at day 7). (b) concentration
of RDX in switchgrass tissue after 14 days (n= 3 + SE, N/D = none detected).

The function of RDX degrading genes in the transformed grasses was tested by measuring the rate
of RDX removal from hydroponic solutions and the level of RDX in plant tissues at the end of the
uptake test. Wild type plants have significant RDX in their tissue, though the total amount that the
unmodified plants can take up is limited. Transformed plants have little or no RDX in their tissue,
evidence that the RDX is degraded by the transgene product XplA. Several lines of transformed
switchgrass have shown both improved RDX removal and less tissue RDX than the untransformed
lines. Thus, there is confidence that the transformed switchgrass produced under SERDP ER-1318
and ER-1498 will be able to remove and degrade RDX from soil.

2.2.2 Transgenic plant development

The initial work conducted was with the model plant, Arabidopsis, which is well understood genetically,
but not adapted to military lands. The successful expression of XplA and XplB was documented.



Tobacco (Nicotiana tabacum), switchgrass (Panicum virgatum), and creeping bentgrass (Agrostis
stolonifera) were all transformed with the genes to express XplA, XplB and NR and characterized
switchgrass transformants for transgene expression levels and RDX degradation capability (Zhang
et al. 2017a; Zhang et al. 2017b). Several vectors that use a variety of promoters were constructed
and transformed into switchgrass, with plant lines in various stages of regeneration and testing for
RDX degradative potential.

RDX contamination occurs in a variety of climates and geographies, therefore for transgenic
plants to be widely applicable to training ranges, additional species will need to be transformed,
including additional switchgrass varieties. Towards this goal, a transformation protocol for
western wheatgrass has been developed (Zhang et al 2018) and plastid-based transformation
methods that will avoid the expression of the transgenes in pollen (Zhang et al. 2017b) have been
investigated.

223 Herbivory risk assessment

An assay was designed to measure if herbivores exhibited any feeding preferences between the
transgenic lines and unmodified wild type plants grown in the presence or absence of RDX.
Pairwise comparisons were made between switchgrass lines N1, N2 and N5, and an unmodified,
wild type.

To obtain plant material containing RDX, 25 cm sections were cut from fully expanded leaf
blades from glasshouse-grown Switchgrass plants. The leaves were placed 12 per 50ml tube,
in 40 ml of an aqueous solution of 150 uM RDX, with 0.15 % DMSO. Treatment without
RDX contained 0.15 % DMSO only. The tubes were wrapped in aluminum foil, to exclude as
much light as possible from the RDX solution and were placed in polystyrene racks in a plant
growth room with 16 h day-length. The leaf segments were allowed to take up the respective
solutions for four days, after which the level of liquid in each tube had fallen to approximately
27 ml.

Leaf pieces were removed from the tubes, blotted dry then 3 cm cut off the basal end of each leaf
piece, and the leaf piece trimmed to exactly 10 cm.

Leaf pieces were then fastened perpendicularly onto strips of cellophane tape, with the adaxial
surface to the sticky side of the tape. Eight leaf pieces were arranged side-by-side on each strip of
tape, with four pieces for each genotype/treatment, arranged pairwise. Leaf pieces overlapped the
edge of the tape, at their basal end, by approximately 0.5 cm. The experimental setup is shown in
Figure 7.
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Figure 7. Experimental Design for Herbivory Experiments

Using the tape, the leaf pieces were then transferred to the inner surface of the wall of a 10cm
square Petri plate and stuck down firmly so that they stood upright. The leaves were then
photographed, by tipping the plate onto its side and placing a 20 cm square of 3 mm glass over the
leaves, to flatten them. Once righted again, 80 ml water was poured into the Petri dish, making
sure that the basal ends of the leaf segments were immersed in the water.

The lid was then placed on the plate and taped down firmly, so that it trapped and supported the
leaves in their upright position. Each plate was placed inside a separate propagator tray (38 cm x
24 cm), with a well-fitting plastic lid, creating a ‘choice arena.” A desk lamp was used to heat and
illuminate each arena.

One 5th instar locust (Schistocerca gregaria) was then placed in each arena. Locusts had been
starved of fresh food for a minimum of six hours prior to the experiment. Locusts were left with
the leaf pieces until they had eaten approximately 50% of the leaf tissue of either sort. This process
took between two and 24 hours, with each locust used only once. Following herbivory, the locusts
were then removed, and the leaf segments photographed, as before. Surface area measurements
were made using Image J software, developed by Wayne Rasband at National Institutes of
Health and the Laboratory for Optical and Computational Instrumentation., and the results were
compared before and after herbivory. Ten replicate experiments were set up, each with ten arenas,
as described.
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224 Results

Analysis of seven biological replicates showed that the locusts had no clear dietary preference for
switchgrass leaves that had been treated with RDX solution over leaves that had been treated with
0.15 % DMSO only, or vice versa. This result was the same for the wild type as well as the
transgenic lines (Figure 8).
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Figure 8. Herbivory Feeding Preference Testing in the Presence or Absence of RDX

Wild type (WT) and transgenic switchgrass lines.

The data in Figure 8 shows that the locusts exhibited no significant preference between the tissue
grown in the presence, or absence, of RDX. Figure 9 shows that there was no significant preference
between the wild type and transgenic switchgrass lines. However, there was a trend for the locusts
to prefer wild type plant material over the transgenic lines, independent of RDX. On closer
examination, it was noticed that the wild-type leaves had slightly different growth characteristics
from those of the transgenic lines. The wild type leaves tended to be narrower, softer and suppler
than those of the transgenic lines, features which may make them more palatable to locusts. The
wild type line from CRREL-derived seed used in the herbivory experiments, has now been
replaced with a wild type line from UW, which shares phenotypic characteristics indistinguishable
from the transgenic lines. The results presented here indicate that during the field trial, biased
herbivory, i.e., where foliar herbivores favor one plant line over another, would not occur.
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Figure 9. Herbivory Feeding Preference Comparisons between Plant Lines

Wild type (WT) and transgenic switchgrass lines.
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2.2.5 Technology Maturity

For the demonstration to be successful, a method had to be developed to transfer the genes to a
plant species that is adaptable to military sites. Published methods were used (Li et al. 2011; Luo
et al. 2004; Yu et al. 2000) to successfully transfer the xplA and xpIB genes into the model plants,
Arabidopsis, and tobacco and later into creeping bentgrass and switchgrass. Switchgrass was
selected as the primary demonstration plant as it is readily transformable, has a deep and robust
root system, produces high biomass, and is a native species with a wide range of adaptability. It
has also been shown, under SERDP and ESTCP project SI-0401, that switchgrass is compatible
with the military mission and able to survive typical military training operations (Palazzo et al.
2012).

Transformation of switchgrass, using a variety of promoters based on the pSAT vector system, has
resulted in the development of scores of transgenic lines expressing xpl4/B and nfsl. Initial
constructs relied on strong promoters from dicots (i.e., not grasses) (e.g., transformed lines
designated HR), while recently constructed vectors (HRM and NABNR) have used promoters
from monocots, especially grasses. About 20 NABNR and HRM transformed lines have been
verified by PCR and RT-PCR to contain and transcribe xp/A, xp/B, and nfsl. The presence of XplA
protein in several of these lines has been confirmed by western blot using antibody to XplA.

Switchgrass transformed using the NABNR vector removed RDX from media at 0.7 ug RDX/g
plant tissue/h, twice that of the initial uptake by the wild type grass (Figure 10). Importantly, RDX
was recovered in the wild type plant tissues while transformed plants had no detectable RDX
(Figure 11), showing that RDX was degraded only in the transformed plants.

Using the RDX removal rate by transgenic grasses in vitro, the RDX removal by transformed
switchgrass growing in training range soils was estimated, as follows. Switchgrass can grow to a
biomass density of 10.8 tonnes/hectare (Schneider and McCarl 2003), which works out to about 3
kg plant wet weight/ m?. Thus, the potential removal rate of RDX per area of planting is about 2
mg RDX/m?/h. If it is assumed an effective root depth is 1 m and an infiltration rate during a heavy
rainfall event about 0.05 m/h, then the RDX contaminated water will be in contact with the root
zone for approximately 20 hours. To calculate the rate of uptake by a switchgrass planting 0.8 pg
RDX/g plant wet weight/h was multiplied by the 20 h root zone contact time. Thus approximately
50 mg RDX could be removed per m? of transformed switchgrass. Typical levels of RDX
contamination around a target point are 0.05 mg RDX/kg soil (Walsh et al. 2003). If it is assumed
that the RDX is distributed over a depth of 0.2 m and a soil density of 1200 kg/m?, then the areal
concentration of RDX near the target would be approximately 12 mg RDX/m?. This shows that by
planting switchgrass there is a potential threefold increase in RDX removal rate than from
unvegetated target areas.
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Figure 10. Removal of RDX from Hydroponic Culture by Wild Type and

XplAB-expressing Switchgrass

Lines N1, N2, and N5 were NABNR transformed lines. Both HRM and NABNR lines used
monocot promoters. Plants were incubated in open glass tubes each containing 5 mL of 18 mg/L
RDX. Results are means of three replicates +/- SEM.
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Figure 11.  RDX detected in switchgrass tissue 14 days post dosing with 20mg/kg RDX.

The plant tissues were extracted in acetonitrile and the extracts analyzed by HPLC. Wild type
plants were in duplicate because one of the replicate plants died.
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2.2.6 Finalization of transgenic switchgrass characterization

To assess the level of transgene expression in the switchgrass N lines, quantitative PCR (qPCR)
was used. For transcript analysis, mRNA was extracted from mature switchgrass leaf blades and
Arabidopsis six-week-old rosette leaves using the Isolate II RNA Plant Kit (Bioline). Five
micrograms of total RNA were used to synthesize cDNA using oligo (dT) 12-18 primers
(Invitrogen) and SuperScript III Reverse Transcriptase (Invitrogen). Quantitative real-time PCR
(qPCR) was performed using a StepOne Plus real-time PCR detection system with SYBR green
(Applied Biosystems).

The following near-constitutively-expressed candidate genes, were tested for suitability as reference
controls: a partial sequence of the 5.8S rRNA gene (GenBank: AM404348.1), eukaryotic Elongation
Factor 1-a (eEF-1a; GenBank: GR876801) and eukaryotic Initiation Factor 4a (elF-4a; GenBank
GR877213) (Gimeno et al. 2014): Primers to these genes were designed using PrimerBlast
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi?LINK_LOC=BlastHome)  with  the
following parameters: product size 50-200bp, Tm 58-60°C. Primer efficiency tests used serial
dilutions of cDNA (5, 0.5, 0.05 and 0.005 ng/pl) in reaction mixtures containing 12.5 ul SYBR green
(Applied Biosystems Ltd), 5 pL cDNA, 2 pl 10 mM primers, 5.5 pl sdH20. The reactions were run
on an ABI machine. The amplification data (as Ct values) were plotted against cDNA concentration
and the following R? values obtained: 0.191, 0.672 and 0.997 for 5.8S, eEF-la and elF-4a
respectively (for accurate quantification analyses, primer pairs are considered to require primer
efficiency values of 100 % + 5 %). Using StepOne software, version 2.3 (Life Technologies), primer
efficiency values of -100, 5.63 and 100.97%, respectively, were obtained. Control reactions using
previously designed primers for xp/B gave an R? value of 0.99 and primer efficiency score of 97.11%.
Based on these results, the elF-4a primers PvelF-4aFq and PvelF-4aRq were selected (Table 2).

Table 2. Primers Used for qPCR
Primer name Primer sequence (5’ to 3°)
PvelF-4aFq TGATGTCATTCAGCAAGCACAA
PvelF-4aRq GGCATTCAACCAGGCCATAG
XPLA-Fq CGACGAGGAGGACATGAGATG
XPLA-Rq GCAGTCGCCTATACCAGGGATA
XPLB-Fq CACCGCAATCGGTTTCG
XPLB-Rq GTACAGGCCCGGAGCAAGA
NFSI-Fq ACACGCCGGAAGCCAAA
NFSI-Rq GGTGCATGTCGGCGAAGTA

To provide RNA for primer efficiency tests, the top 20 cm of blades from mature leaves were
ground in liquid nitrogen and RNA extracted using an RNAsy kit (Invitrogen). The qPCR was
performed, using the primers shown in selected Table 2; results are shown in Figure 12a.
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Expression levels for xp/4 and xp/B, were broadly similar, showing 2 to 3-fold expression levels
across all the lines (N1 to N8) tested, with plant line N4 exhibiting the highest levels of expression
for these transgenes.

As a guide, gPCR was also conducted on the xplA-xplB-nfsI expressing Arabidopsis line 14 (Rylott et
al. 2011a); transgene expression in this line conferred significant ability to remove RDX and TNT from
contaminated media. However, while the expression levels of xplA and xplB were all significantly
higher in the transformed switchgrass lines than in the Arabidopsis line 14, due to promoter and species
differences, direct comparisons cannot be made. The levels of nfsI transcripts were significantly lower
than for xplA and xpIB in all the switchgrass lines (with the exception of line 7).

To determine protein levels from the transgenes, protein extracts were harvested from the top 20cm
of mature leaf blades. Leaves were ground in liquid nitrogen, then 0.5 g fresh weight mixed, on ice,
with 1000 pl protein extraction buffer (100 mM phosphate buffer pH 7 1 mM DTT, | mM EDTA,
10% (v/v) glycerol). Samples were centrifuged for 10 minutes, 10,000 rpm at 4 °C, then the
supernatant transferred to fresh tubes. The protein concentration in the supernatant was determined
using Bradford’s Reagent (BioRad) with comparison to a standard curve generated using bovine
serum albumin standards and eight micrograms of crude protein extract from leaf tissues was loaded
per lane. Samples were mixed with 4 x sample loading buffer (250 mM Tris-HCIl, pH 6.8, 40% (v/v)
glycerol, 10% (w/v) SDS and 0.05% (w/v) bromophenol blue), then heated at 95 °C for 5 mins,
briefly centrifuged and loaded onto 10% SDS-PAGE gels, 5 pg protein per lane. Pre-stained protein
markers were also loaded. Gels were electrophoresed in Running Buffer (25 mM Tris, 192 mM
glycine, 0.1% SDS) at 200 v for 1 h. As part of the SERDP-1498 funding, antibodies specific to
XplA, XpIB and the nitroreductase NR, were produced in rabbit. These antibodies have been shown
to specifically recognize their respective antigens, and we have published western blot analysis on
XplA-XplB-NR-expressing Arabidopsis lines (Rylott et al. 2011a).
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Figure 12.  Molecular Characterization of XplAB-transformed Switchgrass
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(a) Transcript abundance measured using quantitative RT- PCR on plant lines transformed with
pRCS2-NABNR. Values were normalized to the switchgrass reference gene elF-4a (Gimeno et
al., 2014). Arabidopsis values were normalized to the reference gene ACT2. All values are relative
to the expression levels of the xplA-xplB-nfsI expressing Arabidopsis line 7D (Rylott et al., 2011;
n =4+ SE). (b) Western blot analysis on leaf blades of switchgrass lines expressing XplA, XplB
and nitroreductase (NR) protein. (¢) Band intensities were quantified for XplA and XplB
expression. Levels were normalized to the Coomasie-stained RUBSICO large subunit; results are
from three replicate blots + SE.

To monitor integrity and loading uniformity of the proteins, gels were stained using InstantBlue
(Expedeon). Unstained gels were blotted onto nitrocellulose using iBlot2 dry blotting system
(Thermofisher). Western blots were performed on the blotted membranes as follows: The blots
were washed briefly in PBS (137 mM NaCl. 2.7 mM KCI. 10 mM Na2HPO4. 2 mM KH2POa4),
then blocked in PBS, 3% (w/v) BSA and 2 % (w/v) milk powder for 2 hours. The blots were
incubated in PBS, 3% (w/v) BSA containing a 1/1000 dilution (v/v) of the primary antibody, for
1 hour. The membranes were then washed twice with PBS, 0.1% Tween20 for 5 min, twice with
PBS, 0.5% Tween20, 1M NaCl for 5 mins and rinsed briefly in PBS. The membranes were then
incubated in PBS, 3% BSA containing the secondary antibody (goat anti-rabbit conjugated to
alkaline phosphatase) at a 1/20,000 dilution, for 1 h. The membranes were then washed twice with
PBS, 0.1% Tween20 for 5 min, twice PBS, 0.5% Tween20, 1M NaCl for 5 min, and then rinsed
briefly in PBS. The blots were developed using freshly made solutions from SigmaFAST tablets,
then rinsed in water.

Photographs of the gels and blots were taken and the intensity of the protein bands quantified using
Imagel] software. Band intensities were recorded from three replicate blots for each antibody and
the mean and standard deviation recorded. The values were normalized to the corresponding
Coomassie-stained, large subunit of RUBISCO, then expressed relative to switchgrass line N1.

The results shown in Figure 12b and c indicate that all eight lines tested were expressing
significant, and broadly similar, levels of XplA and XpIB with lines N1 and N3 exhibiting the
highest combined levels of XplA and XpIB expression. For NR expression, although bands were
visible on blots probed with NR antibody, the band intensities were too low to quantify levels of
NR using Imagel.

2.2.7 Testing the RDX degrading activity in transgenic switchgrass

A ‘chopped leaf assay’ was developed as a robust, and relatively simple technique for
measuring the RDX-degrading ability of switchgrass lines. The assay uses small (100 mg)
quantities of fresh tissue, in non-sterile conditions, in combination with relatively simple,
isocratic HPLC analysis, to measure RDX uptake over 0- 10 days. The setup was as follows:
100 mg of leaf blade material was chopped into 5 mm pieces and added to 5 ml of 200 uM
TNT, or 200 uM TNT and 150 uM RDX, in 40 ml glass bottles. The bottles were loosely capped
then incubated in the light (100 umol m™ s’') on a shaker set to 100 rpm. Samples were taken
at regular intervals and TNT and RDX levels measured using HPLC. Five replicate bottles were
set up for each line.
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RDX concentrations in culture media were analyzed with a modular Waters HPLC system consisting
of a Waters 717 autosampler, two Waters 515 HPLC pumps, and a Waters 2996 photodiode array
detector. A 4.6- by 250-mm Waters C18 column was used for separation, with concentration determined
based on absorbance at 240 nm. Peak integrations and analyses were conducted using Millennium32
software (Waters, Milford, MA). The limit of detection of RDX by this method is 0.01 mg/L.

RDX uptake rates in the N lines, are shown in Figure 13. Leaves from all the N lines were able to
remove RDX faster than wild type, unmodified leaves.
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Figure 13.  RDX in Media of XplAB-expressing Switchgrass Plant Lines Using Chopped
Leaf Assay.
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Switchgrass
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The ability of the N line switchgrass plants to take up both TNT and RDX was investigated using
the chopped leaf assay. The results in Figure 14, show that all 8 lines removed less TNT from
liquid media than wild type, unmodified plants. It is possible that the presence of RDX hinders the
detoxification of TNT. However, even in the presence of TNT, which is known to inhibit XplA
activity, the N lines were able to remove significantly more RDX from the media than wild type,
unmodified lines. We have previously demonstrated that activity of XplA towards RDX substrate
is inhibited by TNT (Jackson et al. 2007b). But, as we reported for Arabidopsis, when expressed
in planta, XplA is able to metabolize RDX in the presence of TNT (Rylott et al. 2011a).

23 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

The basis of the demonstration was to utilize transformed grasses to degrade RDX. The procedures
to install this technology are well known. The application of this technology may also be used in
remote sites.

Current remediation methods, such as landfill, incineration or advanced oxidation, are better suited
to smaller-scale, highly polluted areas; where clean-up time is short (<3 years), and costs can be
kept relatively low. The use of these new grasses is most likely to excel as an in-situ method on
larger sites and/or when a longer-term clean-up time (>3 years) is permitted. With these new
grasses, land managers will be able to design more resilient training ranges while decreasing
cleanup costs associated with energetic compounds. Training ranges will be less prone to erosion,
have better control over entry of RDX into the environment, and be more available to training
requirements.

The only limitations of this technology will be the availability of the transgenic plant materials
(seeds or transplants), and site-specific permitting required through APHIS.

The primary alternative technologies are both drastic and expensive and involve closing lands and
physically removing the materials.
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3.0 PERFORMANCE OBJECTIVES

The performance objectives are listed in Table 3. Primary performance objective of this
demonstration project was to evaluate the ability of transgenic grasses (developed under SERDP
projects ER-1318 and ER-1498) to remove RDX from the soil. Four quantitative performance
objectives were established to directly measure the ability of the technology to meet the success
criteria. Three additional qualitative performance objectives relate to the ability of the plants to
survive in the field, the ability to produce seed — a more cost effective solution for large scale use,
and the acceptance of the technology by regulators, DoD stakeholders and technology end users.

Table 3. Performance Objectives

Performance

Objective Success Criteria

Data Requirements Response

Quantitative Performance Objectives

Satisfy criteria for

limited release of
transgenic grasses to
environment

Location background

Transformation methods| ®

NEPA documentation

Award of APHIS permit

Permit successfully
awarded

Significant reduction
of RDX levels in
transgenic grass plots
versus wild type

Soil samples -

Soil water collection
Plant tissue samples

Statistically significant
(p<0.05) decrease in
RDX levels

Soil samples —
criterion not met

Soil water — criterion
partially achieved
Plant tissue samples —
criterion achieved

Qualitative Performance Objectives

Observations and data

Ability to survive under
field conditions as well

Reliability evaluation during as or better than wild Criterion achieved
demonstration type
. = Viable seed production .
Viabl d not
Availability (}leneligtlon of robust of switch grass and rlélduec esge no
plant lines wheatgrass line P
= Meeting of regulatory
Regulatory Feedbg Ck(ggi i‘%\% and DOD stakeholders to Meeting and Report
agencies , , ] .
Acceptance and APHIS) on project review project and both achieved

SUCCesSSs.

produce a CRREL report
of the meeting
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4.0 LABORATORY TESTING
41  COLUMN STUDIES WITH SWITCHGRASS

To gain an understanding of the ability of the transgenic grass lines to remove RDX from soils on
military ranges, column studies containing a sand and gravel mix were conducted. The
experimental setup is shown in Figure 15. Twelve polyvinyl chloride (PVC) columns were
constructed with PVC tubing (90mm diameter, 0.5m long). Media for the columns was a mix of
75% gravel and 25% sand.

Eight matching columns were planted, four each, with wild type and transgenic grasses and the
grasses were grown to over 0.5 m and pruned back to about 0.5 m uniform height. Then the
columns were dosed with equal amounts of RDX on the first, third and fifth day of the first week,
and, as needed, again on the following week on the same schedule. The RDX was dosed with
aliquots of 125 mL of RDX solution containing approximately 7.5 mg RDX. The void volume of
the planted columns was approximately 1.5 L. Following each dosing, the planted columns were
incubated for one week with 125 mL 1X Hoagland’s medium. Two days after the final RDX
dosing, the planted columns were flushed with 5 L DI water and the effluent was collected in 500
mL aliquots, which were sampled for analysis of RDX. A total of 5 L DI water was used to flush
the columns clean of RDX, until RDX was undetectable by HPLC, usually 3.5 to 4.5 L.

To determine RDX levels in plant tissues, 100 mg of fresh tissue per sample was freeze dried using
a Labconco Freezone 4.5 Liter Freeze Dry System (Labconco, Kansas, USA) and ground to
powder using a Fast Prep 24 (MP Biomedicals, LLC., Solon, USA). The plant tissue powders were
immersed in 1 mL methanol and incubated for 12 hours at room temperature with shaking. The
tubes were then centrifuged twice at 13000 rpm for 10 min. The supernatant (800 uL) was collected
for HPLC analysis.

Figure 15.  Soil Column Studies with Wild Type or N1 Transgenic Switchgrass
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The RDX was applied to the columns containing wild type or line N1 switchgrass plants and

flushed out three times over the course of two months, as outlined in Table 4.

Table 4. RDX Dosing Schedule for Column Studies
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
RDX RDX RDX
added added added
(one-third) (one-third) (one-third)

Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13
water & water & water &
nutrients nutrients nutrients

tissue tissue tissue
collected collected collected

Day 14 Day 15 Day 30
column

= | mp
tissue tissue
collected collected

Following the first two applications, RDX was undetectable in the leachates of columns containing
wild type and transgenic switchgrass, but wild type leaf tissue contained significantly more RDX
than transgenic leaf tissue (data not shown). The results of the third application of RDX are shown
in Figure 16a. About one fourth of the applied RDX was recovered in the leachate from the wild
type columns, whereas RDX was not detected in the leachate from the transgenic columns. In the
leaf tissues, RDX level was significantly less (p = 0.0044) in the transgenic leaf tissue compared
to the wild type tissue (Figure 16b).
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Figure 16.  Recovery of RDX Applied to Switchgrass in Column Experiments

a) Mass of RDX applied as solutions containing 30 mg/L, and mass recovered in the leachate by

flushing each column with 5 L water. b) RDX levels in leaf after 14 days (n =4 + SE, N/D = none
detected).
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4.2 TNT RESISTANCE TESTING

The chopped leaf assay (described above) was used to assess the ability of the switchgrass lines to
detoxify TNT, in the absence of RDX. The results, shown in Figure 17, demonstrate that the
transgenic lines can remove TNT from the media, however, during this time, leaf material from
unmodified, wild type lines removed comparable amounts of TNT, suggesting that removal rates
are not linked to the activity of the nfs/-encoded nitroreductase. These findings are in-line with
results for nfs/ expression and western blots in Figure 12.
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Figure 17.  Levels of TNT in Media from Chopped Leaf Assays
4.3 USING MDHAR6 TO ENHANCE TNT RESISTANCE IN SWITCHGRASS

Research has demonstrated that monodehydroascorbate reductase (MDHARG6) activity is the
primary cause of TNT toxicity in Arabidopsis (Johnston et al. 2015). Part of this research revealed
that mutant mdhar6 plants are resistant to TNT. This finding presents an opportunity whereby
inactivating MDHARG6 in RDX-degrading switchgrass lines could enhance the ability of these
lines to remediate both TNT and RDX. Towards this, there have been investigations into the
distribution and conservation of the MDHARG6 protein sequence. As reported, MDHARG is
specific to plants, but has homologs with high sequence similarity in Amborella trichopoda which
is at the base of the Angiosperm lineage (Johnston et al. 2015). MDHARG6 is one of five homologs
in Arabidopsis, but a key part of the toxicity caused by MDHARG is that unlike the remaining
homologs (MDHARI, 2, 3 and 4) it is localized to the mitochondria and plastids. This localization
is achieved by organelle-specific targeting sequences on the protein, and it is this difference that
enables MDHARG6 orthologs to be distinguished from other members of MDHAR families when
searching protein sequence databases. Furthermore, MDHARI1 the Arabidopsis MDHAR family
member most closely related to MDHARG shares only 41% identity.

Protein sequence alignments were conducted using the National Center for Biotechnology
Information (NCBI) database. Switchgrass is in the Poaceae which comprises 780 genera including
the major cereal crops. Accordingly, sequences from cereal species are well-represented in the
NCBI database, and alignment against members of the Poaceae identified a mitochondrially targeted
MDHARG6 ortholog in rice (Oryza sativa) with 78% identity (Sequence ID: XP_015649950.1).
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Eleven species of Pancium are represented in the NCBI database, although the complete genome
is only present for P. hallii (553.845 Mb). Searching the Pancium genera identified two P. halli
hypothetical proteins (Sequence ID: PAN33604.1 and PAN33605.1), both with 73% identity to
MDHARG6. These two sequences are 100% identical to each other, with the exception of an
additional -TSALRRKAAEM- sequence after the first amino acid in PAN33605.1. This is likely
to be an artifact from a splice variant; there are four in MDHARG that together are thought to
control organelle-specific targeting in Arabidopsis.

Using subcellular localization prediction programs (PSORT.org, www.cbs.dtu.dk/services/TargetP-
1.1/) these putative MDHARG6 orthologs are predicted to have both mitochondrial and plastidial
cleavage sites. The next closest match to MDHARG6 was a hypothetical protein (Sequence ID:
PAN36681.1) which shares only 43% identity with PAN33604/5. Together, these factors indicate
that ID: PAN33604/5 is the sole ortholog of MDHARG in P. hallii. The PAN33604/5 gene sequence
would enable identification of the corresponding ortholog in the P.virgatum line used to make the
RDX-degrading switchgrass. As P.virgatum is now readily transformable, gene editing techniques
could be used to disable the MDHARG ortholog, and investigate the effects of this deletion on TNT
resistance.

4.4 TNT RESISTANCE TESTING: ROLE OF GSTS IN TNT DETOXIFICATION

As part of the studies at UY, there have been investigations into alternative ways to engineer TNT
resistance into plants. Towards this, there have been studies of bacterial nitroreductases (the nfsl
encoded NR) and plant TNT-detoxifying enzymes including oxophytodienoic acid reductases
(OPRs) and UDP-glucuronosyltransferase (UGTs). Now the focus is on glutathione transferases
(GSTs). Earlier studies at UY, and others, had previously shown that GST transcripts were highly
up regulated in response to TNT treatment (Ekman et al. 2003, Gandia-Herrero et al. (2008).
Subsequently, (as part of SERDP-1498) it was demonstrated that the Tau class GST, AtGSTU2S5,
catalyzes the formation of 2-glutathionyl-4,6-dinitrotoluene via substitution of a nitro group at the
2 or 6 position of TNT3,4. The resulting conjugate is of interest in the phytoremediation of TNT
as it is potentially more amenable to subsequent biodegradation than TNT; enzymatic degradation
of TNT has not yet been reported. It can now be reported that the X-ray crystal structure for purified
AtGSTU25, at a resolution of 1.99 A has been obtained. Although the crystals were incubated with
the TNT and GSH, occupancy of the active site with TNT was not found. Instead, multiple rounds
of structure refinement cycles using the REFMACS5 program revealed two GSH molecules
covalently linked by a disulphide bond, showing the structure of AtGSTU25 was in complex with
the oxidized form of GSH, known as glutathione disulphide (GSSG). The locations of the active
residues in the binding site were found to be similar to interacting sites in enzymes such as
glutaredoxin, which is known to catalyze the oxidation of glutathione. There are now
investigations into how the TNT molecule might sit in the active site to understand more about the
formation of the denitrated TNT conjugate.

24



5.0 SITE DESCRIPTION
5.1 SITE LOCATION AND HISTORY

The US Army Garrison, Fort Drum, is located just east of Lake Ontario in upstate New York and
is under the command of the U.S. Army Commands (ACOM), formerly Forces Command
(FORSCOM). The primary mission of Fort Drum is to provide facilities and services to U.S.
Armed Forces that require land and airspace to practice combat skills and operations year-round.
Fort Drum is also home to the 10th Mountain Division (Light Infantry) whose mission is to deploy
rapidly anywhere in the world. The 10th Mountain Division Light Infantry consists of light infantry
brigades, an aviation brigade, a division artillery brigade, a division support command brigade, an
engineer battalion, a signal battalion, an intelligence battalion, an air defense battalion, a military
police battalion (provisional), a division band, and a headquarters company.

5.2 SITE GEOLOGY/HYDROGEOLOGY

Fort Drum encompasses two major physiographic provinces, the Lake Erie-Ontario Lowlands and
the Adirondack Uplands. The southwestern two-thirds of the installation, where the proposed site is
located, is part of the Lake Erie-Ontario Lowlands division. In this area, surface geological features
include recessional moraines, small sand plains, drumlins, swamps, and drainage patterns resulting
from Pleistocene glaciations. Fort Drum is underlain by a variety of metamorphic, igneous, and
sedimentary bedrock ranging from Precambrian to Middle Ordovician. The oldest metamorphic
rocks belong to the Grenville Complex and consist mainly of metamorphosed Precambrian quartzite,
gneiss, schist, and marble. These rocks stretch in a wide northeast—southwest band across Fort Drum
and border the igneous Adirondack massif and associated foothills to the east.

Fort Drum soils are generally developed from deltaic/lacustrine or glacial deposits. The soils vary
from sandy gravels to loams to clays to mucks. Soils in the region are generally shallow and poorly
drained; soil permeability is slow to moderate. The demonstration site is located on a Plainfield
sandy soil and contains a mean of 92% sand, with small amounts of silt and clay. The area is
relatively level and open with less than 25% tree canopy. Grasslands and meadows on sandy soils
at Fort Drum are dominated by switchgrass, common hairgrass, stiff-leaved aster, poverty oat
grass, and the sedge Carex [ucorum. Grasslands on sandy soils are visually distinct from
corresponding communities on less sandy soils, showing a relatively species-poor vegetative
diversity with a predominance of native species. Fort Drum has a primarily humid, continental
climate with relatively long, cold winters and short, warm and often humid summers. The mean
annual temperature, averaged over the past 10 years, is 8.9 °C (48 °F). January is the coldest month,
closely followed by February and December. Temperatures fall below —18 °C (0 °F) on about 20
days during these 3 months; below-freezing temperatures occur on about 104 days from December
to March.

5.3 5.3 CONTAMINANT DISTRIBUTION

In order to better test the ability of the transgenic plants to remove RDX from the soils, all plots
were constructed with uncontaminated field soil. This was to ensure that there was no other
presence of contaminants and that levels of RDX could be controlled. Further details on
contaminant distribution in the plots are described in Section 6.4.
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6.0 TEST DESIGN
6.1 CONCEPTUAL EXPERIMENTAL DESIGN

The transgenic plants expressing xpl/4 and xp/B were used in field trials to monitor the removal of
RDX from contaminated soil within the root zone (upper 15 cm of soil). The experiment comprised
a randomized complete block design with three soil treatments, three vegetation treatments
(untransformed grass species, transformed grass species, and a no plant control) replicated three
times for a total of 27 plots (Figure 18a). Three vegetation treatments were statistically necessary
to prove that the transformed plants were reducing concentrations of RDX in the substrate. Each
plot was 3.0 m in length x 3.0 m wide, and comprised a double lined containment system consisting
of a reinforced polyethylene barrier placed 0.75 m below the existing soil surface. A layer of clean
silica sand 0.25 m thick was placed above the barrier and a suction lysimeter placed in the sand
layer for monitoring of RDX leachate. A second barrier was installed above the sand layer and
filled with 0.5 m of clean local soil, Figure 18b.
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Figure 18.  Plot Design and Lay-out

(a) Randomized block lay-out of the plots, (b) Schematic showing a cross-section through a
vegetated plot, (c). Location of the plant lines on each plot, (d). Location of each of the three,
independently-transformed XplAB-expressing lines N1, N2 and N5.

As per conversation with APHIS personnel, plant development was monitored weekly and all
developing flower heads were removed from the plants to eliminate the potential for pollen
production. Plots were monitored weekly for vegetation status (plant health, nutritional status, and
soil moisture levels). Soils, plants, and leachate were sampled monthly to determine changes in
RDX concentrations over time.
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6.2 BASELINE CHARACTERIZATION

Baseline characterization activities consisted of soil sampling, below potential containment plots,
to a depth of 3m. Soils were analyzed for munitions constituents, nutrients, and an array of heavy
metals (Cd, Cr, Pb, Ni, and Zn) using EPA method 8830A and EPA method 3050, Table 5.

Table 5. Metals and Munitions Constituents Commercial Lab.
All results are in mg/kg

Metal Sample 1 | Sample 2 | Sample 3 Munition | Sample1 | Sample2 | Sample 3
As 14 12 16 HMX <0.04 <0.04 <0.04
Ba 16 13 15 1,3,5-TNB <0.04 <0.04 <0.04
Ca 491 497 703 RDX <0.04 <0.04 <0.04
Cu 7 6 7 1,3-DNB <0.04 <0.04 <0.04
Fe 4789 3975 5612 TNT <0.04 <0.04 <0.04
Mg 901 764 1014 NG <0.04 <0.04 <0.04
Mn 68 55 66 2,4-DNT <0.04 <0.04 <0.04
Na 69 64 77 2,6-DNT <0.04 <0.04 <0.04
Ni 3 3 4 2-Am-DNT <0.04 <0.04 <0.04
Pb 4 4 5 4-Am-DNT <0.04 <0.04 <0.04
Sb 3 2 3
Sr 2 2 2
AW 4 4 4
Zn 14 12 15

6.3 DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS

6.3.1 Production and testing of transgenic plants

As seed is not available for the current transgenic lines, CRREL propagated all the primary
transformant lines in the greenhouse using standard horticultural practices, prior to release to the
field site. UW supplemented these methods with additional micropropagation techniques
developed specifically for switchgrass (Alexandrova et al. 1996). Micropropagation involved
collecting nodal segments from the grasses, surface sterilization, splitting longitudinally and
placed with the cut surface down on solid medium containing maltose and 6-benzylaminopurine.
After 1.5 months in a growth chamber, the young shoots were transferred to medium without
growth regulator for rooting. Hygromycin was added to the medium as a selection agent to
maintain the transgenes. Over 1000 plantlets were created from this procedure.

Prior to planting, randomly-selected XplAB-expressing plants, from both UW and CRREL
produced clones, were tested using PCR to confirm the presence of the transgenes, as described
Zhang, L. et al. (2017a), and tested in soil-column studies, by UW, to verify RDX-degrading
activity.
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6.3.2 Field demonstration Setup

Twenty-seven test plots were constructed at the Wheeler Sack Army Air Field at Fort Drum, NY,
in May 2014. The design of each plot is shown in Figure 18, each plot was constructed with a
double layer of 60 mil reinforced polypropylene. The lower level contained a lysimeter to enable
soil water measurement below the primary containment layer. This ensured that no RDX breached
the upper containment layer. The upper layer was filled with the local soil and contained a
lysimeter for monitoring of RDX concentrations in the active soil layer. Additionally, a water
recycling system was installed to maintain soil water levels appropriate for optimum growth of the
Switchgrass. The system contained a plastic culvert that has been drilled with holes every Scm and
wrapped in landscape fabric for water to permeate through. At the bottom of each culvert was a
float valve-activated pump that automatically pumped excess water back into the 325-gallon
storage tank included in each test plot.

6.4 FIELD TESTING

6.4.1 Plot planting and dosing

1376-00.D01-8781
1.5 LBS. RDX, WETTED MIXTURE
(1.5 LB RDX W/ 50 L8S DIRT)
DATE PACKED 8/10/1¢
LOT: NONE

Applying wetted RDX mixture (to unplanted control plot)

Figure 19.  Photographs Setting Up of Irrigation, and Application of RDX-sand Mixture
to the Plots

To simulate particulate munitions contamination around targets on training ranges, the plots were
surface dosed with fine particulate RDX mixed with sand and irrigated with water. The selected
rates simulate particulate munitions contamination around targets on training ranges (Walsh et al.
2003).
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RDX was obtained from the ARDEC, Picatinny Arsenal, Picatinny, NJ. It consisted of a mixture
of class 5 RDX mixed with Fort Drum sand and brought up to 40% moisture. Three concentrations
of RDX (0, 1, and 100 mg/kg) were applied to the plots. The no RDX plots had clean sand applied
to the surface and subsequently incorporated into the to 10 cm of the soil, the 1mg/kg treatment
was applied through the irrigation system, and the 100 mg/kg treatment was surface applied and
incorporated into the top 10 cm of the soil (Figure 19).

Each vegetation plot was planted with approximately 250 clones, modified or unmodified, spaced
on a 20 x 20 cm grid (Figure 18c and d) and allowed to establish for approximately one month
prior to RDX application to obtain a sufficient root system.

6.4.2 Plot maintenance, sampling and decommissioning

All plots were maintained at a constant soil moisture level (40%) using a Campbell Scientific
CR1000 data logger system coupled to a CS650 soil moisture and temperature sensor to control
both the sump pump and irrigation systems. In the event that the 1230L storage tank on a plot
became full, and excess water remained on the plots, a sample of the storage tank water would be
taken for analysis. The 1230L tank would then be pumped into a 5,678 L (1500 gallon) backup
storage tank to maintain RDX containment and plot soil moisture content.

During the growing seasons, all plots were checked weekly and seedling weeds removed to reduce
competition. In compliance with the APHIS-released permit, the switchgrass plants were checked
for developing flower heads which were detached and destroyed. From April to Oct 2018, a complete
15-15-15 all-purpose fertilizer (Miracle Grow) was applied every week at a rate of 16g/m?.

Over the winter season, plots were covered with polythene-covered cloches, to reduce plant losses to
cold weather, reduce excess water/snow accumulation in the plots, and to maintain RDX containment.

6.4.3 Plot sampling and decommissioning

At the start and end of the trial, Scm diameter soil cores were taken from 5 equidistant locations,
and at three depths, across each plot. At monthly intervals across the 2018 growing season, plants
were sampled from rows 2, 3,4, 7, 8,9, 12, 13, and 14 and from plants 2 through 9 as to remove
bias from edge effects. One plant per row was sampled, a minimum of monthly to a maximum of
every two weeks, from June through September. The selected plant was cut 15cm above the soil
surface and allowed to regrow.

For each plot three soil cores were collected, chosen from random points in the plot. Soil water
samples from the lysimeters in the plot and from the water holding tank were collected at each
sampling period.

6.4.4 Extraction and quantification of RDX
All samples were analyzed using a method adapted from EPA method 8330A.
Briefly, soil samples were air dried at room temperature in the dark, ground, then a 5 g subsample,

extracted with 10 mL acetonitrile, and incubated overnight on a rotary shaker. The supernatant
was filtered through 0.45 um PTFE filters, then analyzed using HPLC.
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For plant samples, RDX was extracted from 100 mg ground plant tissue in 1.4 mL acetonitrile on
a rotary shaker overnight, centrifuged 10 min at 12,000 g. The supernatant was appliedtoa 1 g
florisil, 1 g alumina sample preparation column, and the concentrated, filtered samples analyzed
using HPLC. The HPLC analysis was conducted using a modular Waters system consisting of a
Waters 717+autosampler, two Water 515 HPLC pumps and a Waters 9926 photodiode array
detector. A 250 x 4.6mm Hypersil Gold reverse phase column (ThermoFisher) was used for
separation with a 60:40 mobile phase (HPLC-grade water: 83% methanol/17% acetonitrile) at 1
mL/min and monitored at 254 nm with frequent confirmation of RDX identification by spectral
analysis using the photo diode array. Peak integration and data analysis were conducted using the
Millennium software (Waters).

6.4.5 Determination of leaf surface area and transpiration rates

Polyvinyl chloride (PVC) columns were constructed with PVC tubing (90mm diameter, 0.5m
long), and filled with a mix of 75% gravel and 25% sand. Plant were grown in the columns at 25
°C, 16-hour light and 8-hour dark photoperiod, 110 umol m s! light intensity to a height of 50
cm. Transpiration efficiency was measured on second youngest, fully-expanded leaves using a SC-
1 leaf porometer (Decagon Devices, Inc.). Ten leaves were sampled for each line.

6.4.6 Field demonstration decommissioning

In the spring of 2019, the field plot area was completely remediated and returned to the conditions
prior to the construction of the containment cells. All vegetated plots (18 plots total) were treated
with a non-selective herbicide (Pramitol 25E) to ensure complete removal of vegetation prior to
plot deconstruction. Fourteen days following herbicide application, all RDX plots were treated
with treated with Skg/m? Ca(OH), to increase the soil pH to 12.5. The increased soil pH was
maintained until no RDX was detected in soil or soil water samples, by HPLC. The soil pH on the
plots was restored by addition of 4kg/m? Al2(SO4). The containment liners were then removed and
disposed of through the appropriate waste stream and the soils returned to the field location. The
area was seeded with the standard Fort Drum seed m, consisting of 30 % fine fescue (Festuca
arundinacea), 10 % sheep fescue (Festuca ovina), 30 % Kentucky bluegrass (Poa pratensis) and
30% perennial ryegrass (Lolium perenne).

The RDX in the storage tanks was degraded by addition of 10g/L Ca(OH): per L storage water,
Water samples were analyzed using HPLC to verify all RDX had been destroyed. Storage tank
water was then treated with 8g/L Al2(SOa) to reduce the pH to previously measured levels, prior
to release at the site.

6.5 SAMPLING RESULTS

Following the award of the APHIS permit (22 April 2016), the plots were planted (19 May 2016),
and RDX applied (27 August 2016).

Lysimeters were applied to the plots, and soil, tissue and water samples taken at regular intervals.
In total, during the course of the trial, over 3,500 samples were taken for analysis.
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6.5.1 Data from plots

As shown in Figure 20, the plants were still establishing in 2016, with canopy closure not fully
obtained until 2018. Thus, biomass recordings were only recorded for 2017 (Figure 21) and 2018
(Figure 22). At the end of the trial, in the 100mg/kg RDX plots, the total aerial biomass of the
transgenic plants was not significantly different to that of the wild type plants.

No RDX + RDX
Wild type

Transgenic Transgenic

Wild type
2016 W=

2017

2018

Plot 25/

Figure 20.  Appearance of the Uncontaminated, and 100mg/kg Plots

Photos taken near the end (July/August) of each growing season (2016, 2017, and 2018).
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Figure 21. Aerial Plant Biomass Levels Per Subplot at the End of the
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Figure 22.  Aerial Plant Biomass Levels in the 100mg/kg RDX Plots at the End of the
2018 Growing Season

6.5.2 The 1 mg/kg plots

The 1 mg/kg plots were created to establish the secondary objective: was to determine the lower
bounds or reactivity of the transgenic plants. The lowest concentration of RDX in soil that the
modified plants can remove and degrade is not known. Across 2016 and 2017 growing season,
RDX was not detected in soil, soils-water, or tissue from these plots. The 1mg/kg plots were kept
covered for the 2018 season, and dismantled at the end of the trial.
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Figure 23.  Tissue RDX Levels from 100 mg/kg Plots in 2016

Figure 23, Figure 24 and Figure 25 show the RDX tissue levels in the 2016, 2017 and 2018 plots
respectively. In 2016, all time points from 9-20-2016 onwards had significantly less RDX in the
leaf tissues of the transgenic plants compared to the unmodified wild type plants. In the 2017 and
2018 data, RDX was not detected in the transgenic leaves, with a mean of 0.026 mg/g and 0.0253
+/- 0.024 mg/g dry weight RDX respectively detected in the leaves of the unmodified plants.
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Figure 24.  Tissue RDX Levels from 100 mg/kg Plots in July 2017

ND = not detected.
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(ND = Not detected, n = 9).
RDX concentrations in lysimeter water from samples (leachate water) from 100 mg/kg RDX plots

in 2017 and 2018 are shown in Figure 26. No significant differences reported between RDX levels
in lysimeters from the NPC, wild type or transgenic plots.
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Figure 26. RDX Concentrations in Lysimeter Water Samples from 100 mg/kg Plots 2017

35



RDX concentrations in soil samples from 100 mg/kg RDX plots in and 2017 (Figure 27). No
significant differences reported between RDX levels in soil RDX concentration from the NPC,
wild type or transgenic plots.
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Figure 27. RDX Concentrations in Soil Samples from 100 mg/kg Plots 2017

Analysis of soil core samples from across the plots (Figure 28a) showed that the RDX was
distributed heterogeneously across the plot. Unexpectedly, given its documented mobility in soils,
RDX had not significantly moved below the 0-5 cm depth in the plots. However, higher
concentrations tended to be clustered furthest away from the culvert areas, suggesting localized
gradients of RDX occurred, as indicated by arrows on Figure 28b.

Levels of RDX in soil lysimeters (Figure 28c) indicated that there was no significant difference in
the levels of soil water RDX in the no plant control (NPC), unmodified wild type (WT), and
transgenic (TG) plots across the 2018 growing season. Similarly, there was no significant
difference in the levels of RDX in the tanks on the NPC, WT and TG plots, although at each
sampling point, the mean RDX level in the TG plot tanks was always lower than that in the WT
plot tanks (Figure 28c). Each plot contained, embedded in sand between the polypropylene layers,
a lysimeter to enable soil water measurement below the primary containment layer. Tests from
these lysimeters confirmed that RDX had not breached the upper containment layer.
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Figure 28.  RDX Soil, Soil Water and Tank Concentrations in 2018 Growing Season.
(a) Soil RDX concentration in the 100 ppm plots measured at three depths at the start (April n= 9 soil
samples) and end (Oct n= 27 soil samples) of the growing season (NPC; No plant control, WT; wild type,
TG, transgenic. (b) Heat plot showing mean distribution of RDX across the 100 ppm plots at the three
depths, ¢ = position of culvert, tank = position of water tank. (c) Concentration of RDX in lysimeters and
tanks across the 2018 growing season. Lysimeter data: n = 12(NPC), 15(WT), 15(TG). Tank data: n =
1I(NPC), 12(WT), 12(TG). For the tank data, a Kruskal-Wallis H test showed the distributions of NPC, WT
and TG values were statistically significantly different (P = 0.026) from each other. Pairwise comparisons
were performed using Dunn's (1964) procedure with a Bonferroni correction for multiple comparisons, and
presenting adjusted P values. This post hoc analysis revealed that the RDX concentrations in the TG tanks
were statistically significantly different from those in the NPC tanks (P = 0.021).
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During the 2018 growing season, levels of RDX in the aerial tissues of unmodified plants grown
on the 100 mg/kg RDX plots varied within plots, between plots, and between monthly samplings
(Figure 29).

Although previous studies have shown that XplA- ( Rylott, et al. 2006) and XplAB- (Zhang et al.
2017a) expressing plants have increased plant biomass when compared to unmodified plants, on
the plots, the presence of RDX did not affect plant biomass levels in either XplAB-expressing or
unmodified plants (Figure 29).
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Figure 29.  Aerial Tissue Weights Following Harvest at the End of the Field Trial

(a) Biomass of the WT (wild type) and individual transgenic N lines on uncontaminated plots (No RDX; n
=45WT), n = 15(TG). (b) Comparison of biomass from individual, uncontaminated plots (No RDX; n =
15). (¢) Total biomass for each of the treatment types WT and transgenic (TG) plants (n = 3). (d)
Appearance of representative tissue samples during harvest

At the end of the 2018 growing season, the mean RDX concentration in the wild type switchgrass
from each of the three plots (Figure 30a) was 0.0253 +/- 0.024 mg/g dry weight. Previous
measurements of tissue RDX levels using RDX-saturated soil column studies measured a
maximum of 0.23 mg/g for wild type switchgrass. Under the column conditions, RDX was
detected in the XplAB-expressing switchgrass line N1, but at just 4% of that in the unmodified
switchgrass, suggesting that 0.23 mg/g is indicative of the likely upper limit for the field RDX-
degrading capacity of the transgenic lines (Zhang et al. 2017a), and that the XplAB-expressing
plants in the 2018 season were at approximately 11% of their RDX uptake capacity.

Over the three-year demonstration, above average rainfall necessitated the removal of excess water
from the plots. Significantly less water was pumped from the plots containing the XplAB-
expressing plants than from the control plots containing wild type plants in 2017 and 2018 growing
seasons. This difference in water pumped from the plots, was irrespective of the presence of RDX
(Figure 30b).
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Figure 30.  Total Tissue RDX, and Excess Water Pumped, from Plots over the 2018
Growing Season

(a) Mean aerial tissue RDX concentration in plants from the 100 mg/kg (ND, Not detected, n = 45). (b)
Volume of excess water pumped from the plots over each year of the field trial (NPC; No plant control,
WT; wild type, TG, transgenic, n = 3. 2016 data: Levene’s test F(5,12) = 3.34, p = 0.04; H(5) = 14.42, p
=0.013; 2017 data: Levene’s test F(5,12) = 6.36, p = 0.004, H(5) = 13.43, p = 0.020.

To investigate the discrepancy in water pumped from the plots further, leaf surface areas and
transpiration rates were measured. Leaf surface areas were determined using WinRhizo (2011
Regent Instruments). Figure 31 shows the wild type and transgenic lines were not significantly
different from each other, irrespective of the presence of absence of RDX.
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Figure 31.  Leaf Surface Area of the Plants at the End of the 2018 Growing Season

(a) Mean leaf surface areas in the wild type (WT) and individual transgenic (TG) lines grown in the
laboratory (n = 3, Homogeneity of variance was tested using Levene’s test (F(3,7) = 8.104, p = 0.011;
and significance using Kruskal-Wallis H(3) = 1.273, p = 0.736). (b) Comparison of mean leaf surface

area of all WT and TG plants grown on the uncontaminated (No RDX) verses RDX-treated (+ RDX) plots
(n = 6, Independent t-test values: t(22) = 0.192, p = 0.20). (c) Mean leaf surface areas in the WT and
individual TG N lines grown in the field, independent of the presence of RDX (n = 6, Levene’s test
(F(3,20) = 0.354, p = 0.79; one-way ANOVA F = 2.40, p = 0.10). (d) Mean leaf surface areas in the WT
and TG lines grown in uncontaminated verses RDX-treated plots (n = 3, Levene’s test (F(3,20) = 1.51, p
=0.24; one-way ANOVA F =1.29, p =0.31).

To measure transpiration rates, polyvinyl chloride (PVC) columns were constructed with PVC
tubing (90mm diameter, 0.5m long), and filled with a mix of 75% gravel and 25% sand. Plant were
grown in the columns at 25 °C, 16-hour light and 8-hour dark photoperiod, 110 pmol m-2 s-1 light
intensity to a height of 50 cm. Transpiration efficiency was measured on second youngest, fully-
expanded leaves using a SC-1 leaf porometer (Decagon Devices, Inc.). Ten leaves were sampled
for each line. Figure 32 shows that transpiration rates measured for line N1 were not significantly
different from wild-type plants. These differences were not observed in laboratory experiments,
and we conclude they occurred by chance due to plot aspect, or other unknown factors.
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Figure 32.  Leaf Transpiration Rates

Leaf surface transpiration rates for wild type and transgenic line N1 from adaxial (n = 10, t(18) =-1.21,
p =0.95) and abaxial (n = 10, t(18) =-2.57, p = 0.13) surfaces.

Figure 33 shows that the level of RDX in the excess water pumped from the plots containing the
wild type control plants was not significantly different from the NPC plots, whereas water pumped
from the plots planted with the XplAB-expressing switchgrass contained significantly less (p =
0.015) RDX than water pumped from the NPC plots.
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Figure 33.  Levels of RDX in the Excess Water Pumped from the Plots

Levels of RDX in the excess water pumped from the plots over the three-year duration of the trial (NPC;
No Plant Control, n = 3 £ 8D, * represents significantly different, p = 0.015, to 2018).

The levels of transpiration from each plot were estimated from the excess water pumped minus
the rainfall measurements for 2018. While it was not possible to determine the level of evaporation
from the plots, given the near canopy closure shown in Figure 20, this factor was considered to be
relatively low compared to that lost through transpiration. Using the mean RDX concentrations in
the soil water during the 2018 growing season (Figure 28c), we calculated that the transgenic plants
took up and metabolized significantly (p = 0.002) more RDX from the plots than the wild type
plants (transgenic: 25g, wild type: 4g; Figure 34), and equivalent to an RDX removal rate by the
XplAB-expressing plants of 27 kg RDX per hectare. Based on our earlier data in Arabidopsis
(Rylott et al. 2006; Rylott et al. 2011), and grass species, it is likely that the wild type plants did
not significantly degrade any RDX. (Zhang et a. 2017a; Zhang et al 2018).
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From plants in the 100 mg/kg RDX plots over the 2018 growing season. Results are per 9m’ plots, WT;
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6.6 MOVING THE TECHNOLOGY INTO WESTERN WHEATGRASS
6.6.1 Creation of transgenic western wheatgrass

Following results from the expression of xp/4, xplB, and nfs] in switchgrass and creeping
bentgrass, the vector used in our former report (Zhang et al. 2017a), was modified to improve
transgene expression. The 35S promoter driving expression of nfs/ was replaced with the rice
(Oryza sativa) actin promoter (Osact); and the switchgrass ubiquitin promoter (Pvubi) driving xplA4
expression was replaced with the maize (Zea mays) ubiquitin promoter (ZmUbi). The structure of
the resulting vector, pEDLZ2014, is shown in Figure 35.

Ascl Ascl [-Ppol I-Ppol I-Scel [|-Scel PI-Pspl  PI-Pspl

IJ OsAct-hpt-35s T

Figure 35.  Construction of Vector pEDLZ2014 for Transformation of Western
Wheatgrass

T-DNA region of the binary vector plasmid pEDLZ2014 used to transform western wheatgrass.
The RDX degradation gene xpld, flavodoxin reductase gene xp/B, and TNT detoxifying
nitroreductase gene nfs/ were constructed into versatile cloning vector pNSATs. Arrows show the
direction of transcription. Abbreviations: Osact, Oryza sativa actin promoter; hpt, selection marker
gene, hygromycin B phosphotransferase (hpt); 35s T, terminator of CaMV 35s gene; Zmubi, Zea
mays ubiquitin promoter; mas T, terminator of manopine synthase gene of Agrobacterium; Pvubi,
Panicum virgatum (switchgrass) ubiquitin promoter; rbc T, terminator of rubisco small subunit of
tobacco; RB left border; RB right border.
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To successfully transform western wheatgrass, vigorously-growing embryogenic calli were
needed. Figure 36a shows the white or light-yellow, friable embryogenic calli obtained after 1-2
months of growth. Following additional culturing, calli suitable for transformation were obtained
(Figure 36b) and bombarded with pEDLZ2014 vector DNA. Figure 36¢ shows the appearance of
the surviving calli two months after bombardment; after three to four months, green and healthy
plantlets were obtained (Figure 36d). In total, 10 plates of embryogenic calli were bombarded,
with 98 calli showing hygromycin resistance and of these, 30 produced green and healthy plantlets
(Figure 36e). To produce biomass for subsequent analysis, the plantlets were propagated on cluster
shoot induction medium which initiated the formation of robust shoots and rhizomes as shown in
Figure 36f. The rhizomes were cut into nodal sections, as shown in Figure 36g, and cultured to
regenerate new plantlets. Figure 36h shows the appearance of the fully regenerated plants in soil.

Figure 36.  Tissue Culture, Transformation and Propagation of Western Wheatgrass

(a) Two month old calli induced from mature seeds. (b) Embryogenic calli that were used for
bombardment with vector DNA. (¢) Calli screened on Callus Induction medium with 75 mg/L hygromycin
for two months after bombardment. (d) Hygromycin resistant plantlets from calli that were transferred to

regeneration medium for 1-2 month. (e) Regenerated plantlets growing on MS medium with 75 mg/L
hygromycin. (f) PCR and qRT-PCR positive plants were transferred to cluster shoot induction medium to
induce cluster shoots and rhizomes. (g) Shoot induced on rhizomes sections with nods on MS medium. (h)
Transgenic plants growing in soil.

6.6.2 Confirming integration and expression of xp/4 and xp/B in western wheatgrass

PCR and qRT-PCR analysis were conducted on thirteen, independently-transformed hygromycin-
resistant plantlets. The results, presented in Figure 37a, show expression of xp/4, xp/B and nfsl in
the transgenic lines, while the transgenes were not detectable in the wild-type, untransformed
plants. Expression of the transgenes was highest in lines S35, N1, N9 and D22 and subsequent
western blot analysis (Figure 37b) of these lines revealed the presence of 60, 45 and 24 kDa bands,
which corresponded in size to the XplA, XplB and NR proteins, respectively.
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Figure 37.  Molecular Characterization of xp/4-xplB-nfsI Transformed Western
Wheatgrass

a) Transcript abundance measured using quantitative RT- PCR on plant lines transformed with
xplA, xplB and nfsl. Values were normalized to the 5.8s rRNA gene and relative to expression level
of the transformed line D22. Data are the means + SE, n = 3. b) Western blot analysis on leaf
blades of western wheatgrass lines expressing XplA, XplB and nitroreductase (NR) protein. WT,
wild type; PC, positive control, xp/A-xplB-nfsl transformed Arabidopsis (Rylott et al. 2011a).
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6.6.3 RDX uptake studies by XplAB-expressing Western wheatgrass

To determine the rate of RDX uptake, the plants were grown in liquid MS medium in open test
tubes. Evaporation of RDX from the medium was minimal due to its low volatility (Xiong et al.
2009). Over the course of the experiment, all the transformed lines removed RDX from the
medium faster than the wild type plants (Figure 38a). After 3 days, the RDX concentration in the
medium containing transformed plants was significantly lower than that of wild type plants (p =
2x10). After 6 days, the difference between wild type and transformed lines further increased
with lines N9 and D22 removing significantly more RDX than lines S35 and D45 (p = 0.0003).
After 12 days of culture, 65 % of the RDX had been removed by wild type plants while 86 % and
87 % by line N9 and D22 respectively. After 12 days, wild type RDX leaf tissue levels were found
to be 0.12 + 0.03 mg/g RDX, in comparison, RDX was not detected in tissue from transformed
lines tested, N9, D22, and S35, and RDX was at 0.033+0.001 mg/g in transformed line D45 (Figure
38b). To confirm that the lack of accumulation of RDX in transformed tissue was caused by
degradation, rather than by dilution in growing plant tissues, leaf blades of wild-type and lines, N9
and D22 were cultured in water with 20 mg/L or 40 mg/L RDX.
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Figure 38.  Uptake and Degradation of RDX by xpl4-xplB-nfsI Transformed Western
Wheatgrass

(a) Concentration of RDX in culture medium over the course of the experiment. (b) Concentration of RDX
in plant tissue after 12 days culture. (c) Accumulation of RDX in leaf tissue during 8 days culture in 20
mg/L and 40 mg/L RDX solution. Letters indicate that RDX concentration in tissue were significantly
different (p<0.05) from other lines. Data are the means + SE, n = 3; ND = None Detected; NPC, No
Plant Control.
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Figure 38c shows that while the concentration of RDX in the wild-type leaves increased from day
2 to day 8, no RDX was detected in the transformed line D22. Although RDX was detected in leaf
tissue of transformed line N9, it was 28 % lower than that in wild type (p = 0.004) at day 2 when
cultured in RDX solution at 20 mg/L, and 53% lower (p = 0.033) at day 2, with 40 RDX mg/L. In
contrast to wild type, the RDX concentration in line N9 decreased after 2 days of culture and could
not be detected on day 8. This result confirmed that both N9 and D22 are able to degrade RDX.

6.6.4 TNT detoxification studies on XplAB-expressing western wheatgrass

Though the main target of this research was to engineer grasses for RDX degradation, the grasses
also need to be able to resist the phytotoxicity of TNT since training ranges are contaminated by
both RDX and TNT, and TNT can also inhibit XplA activity (Jackson et al. 2007). Thus the xp/A-
xplB-nfsl transformed lines N9, and D22, which had the highest RDX degradation abilities, were
tested for their resistance to TNT conferred by NR activity. When leaf sections were cultured in
water containing 15 mg/L TNT, the transformed lines removed TNT more quickly than wild type
plants (p = 0.0019 at 18 hr incubation). Line D22 removed the TNT most rapidly, with TNT
undetectable in the solution after 48 hr. After 66 h, nearly all TNT had disappeared from solution
from wild type and transformed plants (Figure 39a). Though wild type western wheatgrass
removed TNT from the solution, when compared to the transgenic lines after 66 h, the wild type
leaf sections exhibited symptoms of toxicity, with overall yellowing of the leaf surfaces and
darkening of the cut edges. After 66 hours of culture in water containing 32 mg/L TNT, the wild
type plants were unable to remove any TNT, while the transformed lines removed nearly all the
TNT (0.38 = 0.16 mg/L remaining for N9 and 0.51 = 0.35 for D22; Figure 39b). Furthermore, the
wild type plants showed signs of toxicity, as indicated by a reduction in growth rate such that the
biomass gain of wild-type was 24 % and 30 % of that of N9 and D22, respectively after 3 days.

While in whole plants, TNT and transformation products are localized predominantly in the roots,
when grown in liquid culture, leaf tissues are known to also contain these products (Hannink et al.
2007; Hannink et al. 2001). To verify that TNT was transformed in the tissues of the modified
plants, TNT and ADNT levels, in leaf tissue were determined after 42 hours of culture in TNT
solution (Figure 39¢). When cultured in 12.5 mg/L TNT solution, TNT was not detected in the
tissues of either wild type or transformed plants, while ADNT was detected in wild type leaf tissue
at a level lower than for N9 and D22 (p = 0.0188). When cultured in 25 mg/L TNT solution for 42
hours, the wild type leaf tissue accumulated 11.914+1.64 pg/g TNT, about 3 times of that in lines
N9 and D22 (p = 0.0004). At the same time, the ADNT concentration in the wild type plants was
6.01 £0.92 pg/g, about 60 % of that in leaf tissue of transformed plants (p = 0.0012). These results
demonstrated that though wild type plants have the ability to uptake and detoxify limited amounts
of TNT, the nfsl-transformed western wheatgrass are able to detoxify significantly more TNT,
resulting in increased tolerance, and subsequent ability to take up overall more TNT.
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Uptake of TNT by xplA-xplB-nfsI Transformed Western Wheatgrass

Plants were grown in water with TNT at (a) 15 mg/L, and (b) 32 mg/L. (c) Concentration of intermediates
in the leaf tissue after 42 hours culture in 12.5 and 25 mg/L TNT solution. The lowercase letters and
uppercase letters indicate that TNT and 4-ADNT concentration in tissue were significantly different from
other lines at 0.05 or 0.01 level respectively (ND = None Detected). Data are the means £ SE, n = 3.
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7.0 PERFORMANCE ASSESSMENT

The Performance Objectives of the project are listed in Section 3 Table 3.

7.1 QUANTITATIVE PERFORMANCE OBJECTIVES

7.1.1 Satisfy criteria for limited release of transgenic grasses to environment

A permit from the United States Department of Agriculture (USDA) Animal and Plant Health
Inspection Service (APHIS) was required to enable controlled release of the transgenic plants into
the environment. For the permit, National Environmental Policy Act (NEPA) documentation data
were collected, in collaboration with the US Army Garrison Fort Drum, Environmental and
Integrated Training Area Management, and Land Rehabilitation and Maintenance groups:
descriptions of the proposed site (rainfall amounts, GPS coordinates, and orientation),
demonstration of controlled site access, soil, flora and fauna surveys, and data on the cultivar
phenotype. Comparisons between the wild type lines with the transgenic lines in greenhouse
studies were also provided. A specific condition of the permit was the removal of all developing
flower heads from the plots. The APHIS permit was successfully awarded.

7.1.2 Significant reduction of RDX levels in transgenic grass plots versus wild type

As shown in Figure 20, the plants did not establish vigorous growth until the third growing season
(2018). Thus, to compare the performance of the transgenic grass plots against the wild type plots,
we have focused data analysis on the results from the 2018 season.

For the soil samples, the criterion of a statistically significant (p < 0.05) decrease in RDX levels
was not met. As can be seen in Figure 28a, analysis of soil core samples from across the plots
showed that the RDX was distributed heterogeneously across the plot. Unexpectedly, given its
documented mobility in soils, RDX had not significantly moved below the 0-5 cm depth in the
plots. Higher RDX concentrations tended to be clustered furthest away from the culvert areas,
suggesting localized gradients occurred, as indicated by arrows on Figure 28b. Our previous
studies demonstrated that the XplAB-expressing switchgrass can remove all the RDX from
saturated solutions in soil columns. In the field plots, the switchgrass roots were mainly in the
lower depths of the plots and thus the majority of the RDX was not in contact with the plant roots.

For the soil water samples, as can be seen in Figure 28c, there was no significant difference in the
levels of soil water RDX in the NPC, WT, and TG plots across the 2018 growing season. However,
the mean RDX level in the TG plot tanks was significantly less (p = 0.021) than in the tanks on
the NPC plots, and at each month sampled, the RDX level was always lower than that in the NPC
and WT plot tanks. Figure 33 shows that across all three years, the concentration of RDX in the
excess water pumped from the TG plots was always less than from either the NPC or WT plots. In
the 2018 growing season, excess water pumped from the plots planted with the XplAB-expressing
switchgrass contained significantly less (p =0.015) RDX than excess water pumped from the NPC
plots. Thus, we conclude from these data, that the criterion of a statistically significant (p < 0.05)
decrease in RDX levels was partially achieved for soil water on the plots.
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For the plant tissue samples, the criterion of a statistically significant (p < 0.05) decrease in RDX
levels was met across all three growing seasons. During the 2018 growing season, levels of RDX in
the aerial tissues of unmodified plants grown on the 100 mg/kg RDX plots varied within plots,
between plots, and between monthly samplings. RDX was not detected in any of the aerial tissues
sampled from the transgenic lines over the entire 2018 growing season, and across all three 100
mg/kg RDX plots, (Figure 25). At the end of the 2018 growing season, the mean RDX concentration
in the wild type switchgrass from each of the three plots (Figure 30a) was 0.025 +/- 0.02 mg/g dry
weight. Previous measurements of tissue RDX levels using RDX-saturated soil column studies
measured a maximum of 0.23 mg/g for wild type switchgrass. Under these column conditions, RDX
was detected in the XplAB-expressing switchgrass line N1, but at just 4 % of that in the unmodified
switchgrass, suggesting that 0.23 mg/g is indicative of the likely upper limit for the RDX-degrading
capacity of the transgenic lines in-the-field (Zhang, L. et al 2017), and that the XplAB-expressing
plants in the 2018 season were at approximately 11 % of their RDX uptake capacity.

RDX is commonly found in soils with the co-pollutant TNT and the latter is highly toxic to plants,
and known to inhibit XplA activity (Jackson et al. 2007b). Alongside xp/4 and xpiB, the
switchgrass lines were also engineered to contain nfs/ a nitroreductase that detoxifies TNT when
expressed in tobacco (Nicotiana tabacum) (Hannink et al. 2007; Hannink et al. 2001. Our gene
expression studies on the XplAB-expressing switchgrass demonstrated that while the lines
contained nfs/, transcript (Figure 12a), or nitroreductase protein (Figure 12b) were not detectable.
However, in the presence of TNT, the XplAB-expressing switchgrass lines were able to remove
significantly more RDX from the media than wild type, unmodified lines (Figure 14), indicating
that the nfsl gene was expressed at albeit low levels. A possible reason was due to the design of
the construct and gene promoters used. In the construct used to transform the XplAB-expressing
switchgrass Figure 5, nfsl expression was controlled by the viral 35S promoter and terminator.
Subsequently, these elements were replaced with a promoter and terminator from the monocot
species rice (Oryza sativa), and the orientation of this expression cassette reversed. When this new
cassette (Figure 35) was transformed into western wheatgrass, the nfs/ gene was expressed, and
the plant lines removed significantly more TNT from media than unmodified, wild type plants.

7.2 QUALITATIVE PERFORMANCE OBJECTIVES
7.2.1 Reliability

As shown in Figure 20, over the first two growing seasons, the plant biomass for both transgenic
and wild type was low. A number of factors contributed towards this: the below seasonal averages
of temperature, and above average levels of rainfall. The low temperatures over the winter caused
some of the young plants to die, these were replaced in the spring with similar-sized reserve plants
from the glasshouse. The low temperatures also led to a delay in spring growth. Alamo performs
best in areas of 25 inches of annual precipitation, but in the 2017 and 2018 growing seasons there
was unexpectedly high rainfall (2016: 13.3”, 2017: 48.0”, 2018: 31.25”). This excess rainfall
resulted in the plots becoming water-logged, until additional reservoir tanks could be installed.
This water-logging occurred because the plots were double-lined with waterproof polypropylene;
a condition of the APHIS permit, and would not be an issue on the open range. Each plot contained,
embedded in sand between the polypropylene layers, a lysimeter to enable soil water measurement
below the primary containment layer. Tests from these lysimeters confirmed that no RDX
breached the upper containment layer.
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An additional restriction to plant vigor, was that the cultivar of wheatgrass selected for the trial,
Alamo, is primarily adapted to regions south of I-70 which intersects Kansas east to west (38-39°N
latitude); the field site was located at 44°, 4°47.03”N. This choice of mismatched cultivar, was a
deliberate component for the APHIS permit, designed to reduce the likelihood of cross-pollination
with closely-related, native species, and was in addition to the removal of flower heads, during the
field trial.

At the end of the trial, the average aerial tissue biomass was 0.53 kg m™. Typical biomass yields
for switchgrass are 1.08 kg m (Schneider & McCarl, 2003), thus, at the end of the three-year trial,
the switchgrass had reached 50 % of its potential biomass. Despite the relatively poor biomass
production, there was no significant differences in growth between the wild type and transgenic
plants, as shown in Figure 29. The transgenic plants achieved the criterion that they were able to
survive under field conditions as well as or better than wild type.

722 Availability

A number of techniques were employed at both UoW and CRREL to gain seed from the transgenic
lines, including the use of high-light growth chambers, a range of photoperiods, and outcrossing
with wild type Alamo and Kanlow switchgrass cultivars. Under the conditions tested, viable seed
was not obtained. Testing of vegetatively-propagated materials demonstrated that the RDX-
degrading properties were transferred to propagated material. For both the XplAB-expressing
switchgrass, and western wheatgrass lines, viable seeds were not produced.

We are currently investigating options for seed production, outcrossing rates and potential gene
flow to other switchgrass cultivars as part of our deregulation activities.

7.2.3 Regulatory Acceptance

Throughout the process, the Regulatory Drivers outlined in section 1.3 above were followed.
APHIS were involved from the start of the project, granting approval for testing of the XplAB-
expressing lines under APHIS regulation 7 CFR part 340. On 1-Aug-2017, a meeting of regulatory
and DOD stakeholders was held to review project. The meeting included a site visit (Figure 40),
and a CRREL report of the meeting is attached (Appendix B).
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Figure 40.  Site Visit by Regulatory and DOD Stakeholders 1-Aug-2017

As described in section 8.0 Implementation Issues, there has been discussions, and progress, with
both APHIS and the FDA on the topic of deregulating the XplAB-expressing switchgrass.
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8.0 COST ASSESSMENT

Cost is an important part of the decision-making process when looking at remediation
technologies. Currently there are no cost-effective processes to contain RDX or remediate large
areas of contaminated vegetated land on training ranges. According to an EPA fact sheet (EPA
2017) there are a variety of methods to clean up RDX from military sites, however the processes
are not environmentally friendly, they require space to perform these operations, and they require
that the land be removed from military operations. Furthermore, given the scale of contamination,
these methods would be prohibitively expensive and logistically challenging.

8.1 COST MODEL

The use of transgenic plant materials will reduce the costs associated with RDX remediation by
reducing overall remediation costs. The main cost drivers associated with implementing this
technology is given in Table 1. The basic cost model includes both fixed and variable costs. The
fixed costs include the APHIS permit application, including the collection of site-specific data and
the baseline characterization data. At most facilities the baseline characterization will have already
been completed as part of the Military Munitions Response Program (MMRP). The required site-
specific data may already be available through the facilities Environmental Office or, in the case
of Army facilities, the Integrated Training Area Management (ITAM) program.

USDA-APHIS permit: Since transgenic grass infected with a bacterial gene is being used, a permit
from the USDA-APHIS is required. The permit application requires explanation of site and plant
descriptions. Site descriptions require descriptions of the flora and fauna at the site. This
information is easily accessible through the INRMPS documentation that is required to be
developed at each military location. Information on the transgenic plant description will have been
previously documented before this demonstration is completed. Therefore, the cost associated with
acquiring the permit should be limited to reviewing information already known. There is no permit
application fee.

Cost: $5,000

Transgenic grass propagation: Propagating new plant material once the parent material is in hand
is laborious but not difficult. Switchgrass profusely produces tillers that can be separated from the
parent plant to be used to propagate new plants. It was estimated that plants would be planted on
a one-foot grid and 1800 plants were required. It is assumed that these plants will be propagated
from 25 parental plants. This process took approximately six months. Labor, potting material, and
greenhouse space were needed, at an estimated a cost of $25,000.

Site preparation: Only conventional planting equipment was required. This equipment is already
available at military facilities and it is managed under Land Rehabilitation and Maintenance
(LRAM) programs. The personnel are also available to perform this function and the cost should
be covered under LRAM.

Monitoring: Monitoring costs for this demonstration will include instruments for analyzing RDX
and irrigation.
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8.2 COST DRIVERS

The primary factor in demonstrating the cost effectiveness of this demonstration is that this project
does not use the 'dig and haul' methods recommended by the EPA; using instead a biological
technology of which implementation is partially well known by military land managers. These
land managers have expertise in the agronomy and so this will be used to full advantage; making
the most of existing infrastructure and lines of plants. The primary costs for implementation are
acquiring a USDA-APHIS permit, transgenic grass propagation, site preparation, and monitoring.

83 COST ANALYSIS

If we look at a simplified example for the use of our technology on a small (100m?) contaminated
site, the typical costs would be:

Fixed costs:

Permit Application $ 6,000
Site specific data summary for permit $ 2,000
Baseline characterization of contamination $20,000

Variable costs:

Plant production (17 plants m? * 100m? = 1700 plants * $0.50)= $ 850
Planting labor ($8.62 per m? * 100 m?) = $ 862
Irrigation system to help establish transplants $ 1,500
Datalogger, sensors, and batteries — one of these is needed per site $ 6,000
Long term site monitoring escape (1 hour per month per100m?) $ 25
Long term soil and water monitoring per year $20,000

This would give a total for the fixed costs of $28,000 per permit and a total of variable costs of
$29,237 per 100m? per year. It is important to note that permit fixed costs would be reduce after
the first permit for a site is issued, as that data could be duplicated for each subsequent permit
application. Also, if the plants can be deregulated, the cost associated with the APHIS permit
application, site monitoring and maintenance activities and long term monitoring would be reduced
to zero. Thus requiring only the cost of plant production, planting and long term soil and water
monitoring.
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9.0 IMPLEMENTATION ISSUES

The main issue presented to the future implementation of XplAB-expressing switchgrass is
regulatory, specifically due to the transgenic nature of the plant’s development. The switchgrass
is currently limited to small, monitored testing under APHIS regulation 7 CFR part 340. Currently,
the GM switchgrass is regulated due to concerns over gene transfer and increased weediness.
However, there have been discussions with both APHIS and the FDA on the topic of deregulating
the XplAB-expressing switchgrass, and a white paper (Appendix D) on the need and likelihood of
deregulation has been submitted to ESTCP.

APHIS may be petitioned to show that a regulated article, such as XplAB-expressing switchgrass,
is unlikely to pose a plant pest risk, and therefore should no longer be regulated under the plant
pest provisions of the Plant Protection Act or the regulations at 7 CFR part 340. The petition must
provide information under § 340.6(c)(4) related to plant pest risk which APHIS may use to
determine whether the plant will pose more of a plant pest risk than the unmodified plant. If APHIS
decides that there is no greater plant pest risk, the GE plants no longer subject to these regulatory
requirements. Deregulating the XplAB-expressing switchgrass will allow for both larger scale
testing and also implementation. On 2-Dec 2019, Prof Neil Bruce and Mr Tim Cary attended a
meeting with APHIS in Washington D.C. to discuss requirements for a petition to deregulate the
XplAB-expressing switchgrass.
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Pomt;l)f et Name Fax Role in Project
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Prof. Neil C. University of York N/A Lead Principal
Bruce Centre for Novel Agricultural Products Investigator
Wentworth Way York)
York
Mr Tim Cary ERDC-CRREL N/As Principal
CEERD-RR-N Investigator
72 Lyme Road (ERDC-
Hanover CRREL)
New Hampshire
03755
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APPENDIX B

USDA Uit saes

Agriculture

APHIS PERMIT SUBMISSION

APHIS  Animal and Biotechnology 700 River Road, Unit 147
=== Plant Health R egulatory Riverdale, Maryland
‘ Irs pection Senice Sanvices 07T 236

LS. DEPARTMENT OF AGRICULTURE
AMIMAL AMD PLANT HEALTH INSPECTION SERVICE
BIOTECHNOLOGY REGULATORY SERYICE
PERMIT UNDER 7 CFR 340
(Femetically Engireensd Croam s & or Poadecis)

This permit was generated electronically via the eFermits system

Enclosed isthe BRS Pemnit Application

PERMITTEE NAME: Mr. Tiwothy Cary PERMIT HUMBER 16-025-103rm
ORGANIZA TION: ERDC-CRREL DATE ISSUED: April 2z, Z0l&
ADDRESS: 72 Lyme Road EFFECTIVE: May 1, 2016
CEERD-FR-N :
Hanover, NH 03755 EXPIRES (Movement): May 1, 2017
PHOMNE: E05_E46- 4358 EXPIRES (Release]: May 1, 2019
FA¥: 603-646-4545
INTRODUCTION Interstate Movement and
DESTINATION: NH, NY, Wi TYPE Halsana
RELEASE: g PERMIT TYPE Standard
Bg&;ﬂSE OF Phytoremediation
Underthe conditions specified, this perrmit authorize s the Tollowdng:
Regulated Article: Panicum virgatum
Permit Number: 16-025-103m
THES PERMIT HAS BEEM APPROVED ELECTROMICALLY BY THE F OLLOWING BRS OFFICIALVIA EFERMITS
SIGNATURE OF BRS OFFICIAL DATE

Subray Hegde

dpril 2z, z0le
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CBI-Deleted Application No. 16-025-103rm

The doncr organism was Rhodococcus rhodochrous extracted from RDX

(hexahydro-1,3,5-trinitro-1,3,5-triazine)

contaminated soils from the US. The donor organism for

the TNT nitroreductase i1s Entercbacter cloacae obtained in the US from military impact areas.

The recipient organism is Panicum virgatum,

Dade

cultivar 'Alamo' purchased from Hancock Seed Company,

City, FL 33523. All vectors were constructed at the University of Washington.

Processes, Procedures, and Safeguards Description:
211 plants have been grown in growth chambers and greenhouse facilities located at the University

of Washington and ERDC-CRREL in Hanover, NH.

Plants have been maintained in a non-sexually

reproductive state through vegetative propagation and panicle removal through clipping. All waste

material

(whole plants, clippings and waste soll) were autoclaved to ensure enzymatic denaturing

prior to disposal from either the laboratory or greenhouse facilities.

Plants were shipped to the ERDC-CRREL Greenhouse in April and May 2014 under APHIS transportation
permit number 13-206-104m-al following 7 CFR340.4 and 340.8.

10. ARTICLE SUPPLIER AND/OR DEVELOPER

Name Location Contact Information
Dr. Stuart Strand University of Washington Day Telephone: 206-543-5350
180 Ben Hall IDR Bldg z _ v
616 NE Northlake Place FAX'_ De-alasa06
Box 355014 Email: sstrand@uw.edu
University of Washington
Seattle, WA 98105
Mr. Timothy Cary ERDC-CRREL Day Telephone: 603-646-4358
72 Lyme Road FAX: 603-616-4815
CEERD-RR-N i
Hanover, NH 03755 County: Sullivan Email:
timothy.J.caryBusace.army.mil
11. PHENOTYPES/GENOTYPE
1) Phenotypic Designation Name: RDX degradation
Identifying Line(s):
Construct(s): Lines 20-1 HR, 8 HR, 5 HR

Mode of Transformation:

Phenotype Description:

Agrobacterium tumefaciens, disarmed

Hygromycin resistance, degradation of RDX

A description of the anticipated or
actual expression of the altered
genetic material in the regulated
article and how that expression
differs from the expression in the
non-modified parental organism.

(hexahydro-1,3,5-trinitro-1,3,5-triazine)pollutant,
(2,4,6 Trinitrotoluene)

phytotoxicity of TNT

resistance to

Phenotype(s)

Genotvpe(s)

00 - RDX degradaticn
00 — Resist TNT phytotoxicity

MG - Hygromycin resistant

Selectable Marker
Promoter: CaM¥35 from Cauliflower mosaic caulimovirus
mosaic virus, abbrev. 358

- Promoter from cauliflower

Gene: hygromycin phosphotransferase (hpt) gene from Escherichia coli - The accession
number for Hygromycin phosphotransferase (hpt) gene is V01499 from
http://www.ncbi.nlm.nih.gov/nuccore/vV01499.1

Hpt, the selective marker gene, detoxifies hygromycin within the plant. The hpt gene has
been widely used in genetically modified plants without toxic effects in the environment.
None of the gene products undergoes additiocnal processing or cleavage to other products.

WARNING: Any use of ePermits to make materially false, fictitious, or fraudulent statements or representations is subjfect to civil penalties of up to $250,000

(7 U.S.C. § 7734(b)) or punishabie by a fine of not more than $10,000, or imprisonment of not more than 5 years, or both (18 U.S.C. §1001).
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CBI-Deleted Application No. 16-025-103rm

Terminator: 355 from Cauliflower mosalc caulimovirus - Terminator from Cauliflower
mosale virus

Gene(s) of Interest
Promoter: 35S Promoter from Cauliflower mosaic caulimovirus - Promoter from
Cauliflower mosalc virus

Gene: xplB from Rhodococcus rhodochrous 11Y - Accession number for XplB is
AF449421.1, from http://www.ncbi.nlm.nih.gov/nuccore/AF449421.1

XplB is the reductase partner for xplA. It is a unique protein that has recently evolved in
bacterial to degrade RDX (the true xenobiotic) and has no significant homology to other
proteins. Codon usage optimized for plants. None of the products of RDX degredation by

xplA or xplB lead to a product for industrial or any other use, food or otherwise. RDX is
the only known substrate for xplA or xplB. Final products of xplA/B degredation are
utilized with in the plant to produce additional biomass and are not expected to have toxic
effects on non-target organisms or effect any of the stages of release including removal of
panicles, devitalization or final disposition.

Engineering has had no affect on biological properties related to confinement measures.

Final products are expected to have no affects on worker saftey. Proper protective
equipment while handling transgenic lines would be equivelent to EPA chemical protection
Level D

Terminator: 35S Terminator from Cauliflower mosaic caulimovirus - 35S Terminator from
Cauliflower mosaic virus.

Promoter: rbc from Chrysanthemum x morifolium - RuBisCO small subunit promoter from
Chrysanthemum x morifolum.

Gene: xpla from Rhodococcus rhodochrous 11Y - Accession number for XplA is AF449421.1
from http://www.ncbi.nlm.nih.gov/nuccore/AF449421.1

Primary RDX degredation gene, encodes for RDX degrading enzyme xzpla. It is a unique protein
that has recently evolved in bacterial to degrade RDX (the true xenobiotie) and has no
significant homology to other proteins. Codon usage optimized for plants. None of the
products of RDX degredation by xplA or xplB lead to a product for industrial or any other
use, food or otherwise. RDX is the only known substrate for xplA or xplB. Final products of
xplA/B degredation are utilized with in the plant to produce additional biomass and are not
expected to have toxic effects on non-target organisms or effect any of the stages of
release including removal of panicles, devitalization or final disposition.

Engineering has had no affect on biological properties related to confinement measures.

Final products are expected to have no affects on worker saftey. Proper protective
equipment while handling transgenic lines would be equivelent to EPA chemical protection
Level D

Terminator: rbc from Chrysanthemum x morifolium - RuBisCO small subunit terminator
from Chrysanthemum x morifolum.

Promoter: act from Arabidopsis thaliana - Promoter for actin gene in Arabidopsis
thanliana

Gene: nfsI from Enterobacter cloacae - Accession number for nfsI is is M63808.1 from
http://www.ncbi.nlm.nih.gov/nuccore/M63808.1

Gene encoding for TNT detoxifying nitroreductase enzyme from Enterobacter cloacae. nsfl
attacks TNT, reducing one of the nitroso moieties on the TNT molecule, reducing its
toxicity. The gene nfsI acts on TNT, producing no product for industrial or other use;
however, there will be no TNT in the proposed field trials. Additionally, final products
are not expected to have toxic effects on non-target organisms or effect any of the stages
of release including removal of panicles, devitalization or final disposition.

Engineering has had no affect on biological properties related to confinement measures.
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Final products are expected to have no affects on worker saftey. Proper protective
equipment while handling transgenic lines would be equivelent to EPA chemical protection
Level D

Terminator: ags from Agrobacterium tumefaclens - Terminator for Agropine synthase
gene from Agrobacterium tumefaciens.

2) Phenotypic Desighation Name: RDX degradation

Identifying Line(s):

Construct(s): Lines NABNR N1, NABNR N2, NABNR NbO

Mode of Transformation: Agrobacterium tumefaciens, disarmed

Phenotype Description: Hygromycin resistance, degradation of RDX pollutant, resistance to
A description of the anticipated or phytotocicity of TNT

actual expression of the altered
genetic material in the regulated
article and how that expression
differs from the expression in the
non-modified parental organism.

Phenotype(s
00 - RDX degradation
00 - Resist TNT phytotoxicity

MG - Hygromycin resistant

Geno e(s

Gene(s) of Interest
Promoter: ubiquitin from Zea mays — ubiquitin promoter from corn (Zea mays)

Gene: xplB from Rhodococcus rhodochrous 11Y - The accession number for xplB is
AF449421.1 from http://www.ncbi.nlm.nih.gov/nuccore/AF449421.1

¥XplB is the reductase partner for XplA. It is a unique protein that has recently evolved
in bacteria to degrade the true xenobiotic RDX and has no significant homology to other
proteins. Codon usage optimized for plants. None of the products of RDX degredation by
xplA or xplB lead to a product for industrial or any other use, food or otherwise. RDX 1s
the only known substrate for xplA or xplB. Final products of xpla/B degredation are
utilized within the plant to produce biomass and are not expected to have toxic effects on
non-target organisms or effect any of the stages of release including removal of panicles,
devitalization or final disposition.

Engineering has had no affect on biological properties related to confinement measures.

Final products are expected to have no affects on worker saftey. Proper protective
equipment while handling transgenic lines would be equivelent to EPA chemical protection
Level D

Terminator: mas from Agrobacterium tumefaclens - Mannopine synthase terminator from
Agrobacterium tumefaciens, abbreviated mas

Promoter: ubiquitin from Panicum wirgatum - ubiquitin preomoter from switchgrass
(Panicum virgatum)

Gene: xplA from Rhodococcus rhodochrous 11Y - The accession number for XplA is
AFL449421.1 from http://www.ncbi.nlm.nih.gov/nuccore/AF449421.1

XplA gene encoding RDX degredating enzyme xpa, a unique protein that has evolved in
bacteria to degrade RDX (the true xenobiotic compound) and has no significant homology to
other proteins. Since it only degrades the pollutant and toxicant RDX, XplA reduces toxicity
in the environment and reduces risk of harm to non-target organisms. RDX 1s the only known
substrate for xplA or xplB. Final products of xplA/B degredaticn are utilized within the
plant to produce biomass and are not expected to have toxic effects on non-target organisms
or effect any of the stages of release including removal of panicles, devitalization or

WARNING: Any use of ePermits to make materially false, fictitious, or fraudulent statements or representations is subjfect to civil penalties of up to $250,000
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final disposition.
Engineering has had no affect on biological properties related to confinement measures.

Final products are expected to have no affects on worker saftey. Proper protective
equipment while handling transgenic lines would be equivelent to EPA chemical protection
Level D

Terminator: rbc from Chrysanthemum x morifolium - Rubisco small subunit terminator
from chrysanthemum

Promoter: 355 from Cauliflower mosaic caulimovirus - 355 promoter from Cauliflower
mosale virus

Gene: nfsI from Enterobacter cloacae - The accession number for nfsI is is M63808.1
from http://wwi.nebi.nlm.nih. gov/nuccore/M63808.1

NfsI, TNT nitroreductase, attacks TNT, reducing one of the nitro moieties on the TNT
molecule, reducing its toxicity. The gene nfsI acts on TNT, producing no product for
industrial or other use; however, the transformed plants will not come into contact with TNT
in this field trial. Additionally, all final products are not expected to have toxic

effects on non-target organisms or effect any of the stages of release including removal of
panicles, devitalization or final disposition.

Engineering has had no affect on biological properties related to confinement measures.

Final products are expected to have no affects on worker saftey. Proper protective
equipment while handling transgenic lines would be equivelent to EPA chemical protection
Level D

Terminator: 355 from Cauliflower mosaic caulimovirus - 35S terminator from
Cauliflower mosaic virus

Selectable Marker
Promoter: act from rice from Oryza sativa - actin promoter from rice.

Gene: hygromycin phosphotransferase (hpt) gene from Escherichia coli - The accession
number for Hygromycin phosphotransferase (hpt) gene is V01459 from
http://www.nchbi.nlm.nih.gov/nuccore/V01459.1

Hpt, the selective marker gene, detoxifies hygromycin within the plant. The hpt gene has
been widely used in genetically modified plants without toxic effects in the environment.
None of the gene products undergoes additional processing or cleavage to other products.

Terminatcr: 355 terminator frem Cauliflower mosailc caulimovirus - terminator from
cauliflower mosalc virus

12. INTRODUCTION

Point of Origin

Location Name & Description Location Address Contact(s)
1) ERDC-CRREL Greenhouse 72 Lyme Road 1) Mr. Timothy Cary
CEERD-RR-N 72 Lyme Road
Hanover, NH 03755 CEERD-RR-N
County: Sullivan Hanover, NH 03755
Ush

County: Sullivan
Day Telephone: 603-646-4358

Email 1: timethy.j.caryBusac
e.army.mil

2) [ NY
L =1 County: Jefferson

WARNING: Any use of ePermits to make materially false, fictitious, or fraudulent statements or representations is subjfect to civil penalties of up to $250,000
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Destination

Location Name & Description Location Address Contact(s)
1) ERDC-CRREL ERDC-CRREL 1) Mr. Timothy Cary
Greenhouse/Laboratory - CRREL Building CB-69 Rooms 101 - 108 ERDC-CRREL
Agronomy Research Area CB-69 72 Lyme Road CEERD-RR-N
Hanover, NH 03755 72 Lyme Road
County: Sullivan Hanover, NH 03755
Proposed Start Date: 5/1/2016 United States
Proposed End Date: 5/1/2017 County: Sullivan
Quantity: 4000 Day Telephone: 603-646-4358
Individual Alt. Telephone: 603-667-7824
Leaves/Stems/ Email 1: timothy.J.carvBusac
Scil/ Soil e.army.mil
Water Samples Comments:
Inspected by BRS or PPQ? Unknown This is to allow movement of
Previous Permit No.: plant tissue, soil, and soil
water to the laboratory for
analyses.
2) [ 1 -0 NY [ ] 1) Mr. Timothy Cary
County: Jefferson 72 Lyme Road
] Proposed Start Date: 5/1/2016 CEERD-RR-N
Proposed End Date: 5/1/2017 Hanover, NH 03755
Quantity: 6225 Usa
Individual County: Sullivan
Whole Plants Day Telephone:  603-646-4358
Inspected by BRS or PPQ?  No Email 1: timothy.j.caryBusac
Previous Permit No.: e.army.mil
Comments:

Mr. Cary serves as the overall
contact for the experiment.
This includes arranging contact
with the appropriate facility
staff. This would include
contacting security to allow
access to the site.

2)Mr. | i ]
[

[

[ Ly WY [ ]
USA
County: Jefferson

Day Telephone: [ i

3) University of Washington -
Strand Lab

616 NE North Lake Place
Seattle, WA 98105
County: King
Proposed Start Date:
Proposed End Date:
Quantity:

5/1/2016
5/1/2017

4000 Individual
Leaves/Stems/Soil
and Soil Water
Samples

Inspected by BRS or PPQ? Unknown

Email 1: [ snb spr
1
Comments:
[
]
490 Ben Hall IDR Building 1) Dr. Stuart Strand

450 Ben Hall IDR Building
616 NE Northlake Place
University of Washington
Seattle, WA 98105

United States

County: King

Day Telephone: 206-543-5350

Previous Permit No.:

Release Site

WARNING: Any use of ePermits to make materially false, fictitious, or fraudulent statements or representations is subjfect to civil penalties of up to $250,000
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Location Name & Description Location Address Contact(s)
1) [ [ 1, NY 1) Mr. Timothy Cary
] County: Jefferson 72 Lyme Road

Proposed Release Start Date: 5/1/2016 CEERD-RR-N
Proposed Release End Date: 5/1/2019 Hanover, NH 03755
No. of Releases: 3 UsSA
Quantity: 6 acres County: Sullivan
Comments: Day Telephone: 603-646-4358
One release per year from 2016 Email 1: timothy.j.caryBusac
through 2018. 4600 plants e.army.mil
(2300 wild type plants, and
2300 transgenic plants) per
release (growing season) .

Location Unique ID: [ ]
Location GPS Coordinates: [ Lo E ]

Release Site History: [

Critical Habitat Involved?: Yes _X_ No

13. DESIGN PROTOCOLS

Production Design

A detailed description of the purpose for the introduction of the regulated article including detailed description of the proposed experimental
and/or production design:

Background:

Decades of military activity on live fire training ranges have resulted in severe contamination
of land and groundwater by recalcitrant high explosives, in particular,
hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) and 2,4,6-trinitrotoluene (TNT). TNT and its
transformation products are highly toxic, but as they bind strongly to clay and organic matter in
soil, are largely contained at the site of contamination. However, RDX 1s a major concern because
of its high mobility in soils and subsequent contamination of groundwater, which may move off
base. These factors mean that RDX presents an immediate and future health problem to society.
Also, once contamination is discovered, military operations at ranges are suspended interrupting
soldier training (Claussen et al. 2006).

Chjectives:

The primary objective of this release is to evaluate, under field conditions, removal of RDX from
contaminated soil by transgenic grasses that were developed under Strategic Environmental
Research and Development Program (SERDP) projects ER-1318, and ER-14938 (attachments 1 and 2).
These projects identified RDX-degrading bacteria and the genes responsible, xplA and xplB. The
insertion of xplA and xplB, first into model and then military relevant terrestrial plants,
significantly enhanced the ability of the plants to degrade RDX into inert components (Jackson et
al 2007, Rylott et al. 2006, Rylott et al. 201la, Rylott et al. 2011b). We propose to use this
technology to intercept and degrade RDX by growing perennial grasses in field plots contaminated
with RDX located at a military facility.

The secondary objective is to determine the lower bounds or reactivity of the transgenic plants.
The lowest concentration of RDX in soil that the modified plants can remove and degrade is not
known. The EPAs standard for RDX in drinking water is 2 ppb. In our previous greenhouse studies,
soil-grown Arabidopsis (Arabidopsis thaliana) were dosed with aqueous solutions of 40 mg/l RDX
and levels of RDX in soil leachate measured using HPLC. After seven days, there was no RDX
detectable in the soil leachate from the modified plants (Rylott et al. 201la). Under these
experimental conditions, the lower limit of detection by the HPLC was 0.021 mg/l (21 ppb).
Conducting studies at various soll concentrations will provide additional informatiocn on the
capability of the plants to degrade RDX at lower levels. If successful, this information will be
beneficial in predicting plant biomass requirements to meet drinking water standards, and will
increase the use of the plants in additional areas containing less than 1 ppm of RDX, such as at
firing points, wetlands, manufacturing, storage, and other sites.

Technology Description:

The EPA (2014) lists a variety of methods to cleanup RDX at military bases. Most of these are
physical or chemical treatments that are expensive and not compatible with the environment.
Phytoremediation studies have shown that plants readily take up RDX, but do not have sufficient
metabolic capability to degrade it (Best et al. 1997, Best et al. 1999, Bhadra et al. 2001), with
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RDX subsequently accumulating in the leaves and shoots to a point of plant saturation and
limiting uptake (Just and Schnoor2004, Van Aken et al. 2004). We have demonstrated that the
unique cytochrome P450, XplA, in combination with its partnering reductase, XplB, from the soil
bacterium Rhodococcus rhodochrous 11Y, metabolize RDX to produce nitrite, formaldehyde and the
ring degradation products, 2-nitro-2,4-diazabutanal (NDAB; aerobic conditions) or
methylenedinitramine (MEDINA; anaerobic conditions) (Jackson et al. 2007). While these products
are detectable in wvitro, they have not been found in planta and it is likely that they are
metabolized by endogenous plant enzymes. We have shown that Arabidopsis plants expressing XplaA
and XplB were able to remove saturating levels of RDX from soil leachate (Figure 1) whereas
untransformed plants (WT} had no more lmpact upon RDX levels than control pots of scil without
plants (NPC) (Jackson et al. 2007, Rylott et al. 201lla).

RDX is commonly found with the co-pollutant TNT, which is also highly toxic. Thus, in order for
transgenic plants to thrive in soils contaminated with both RDX and TNT they may require
resistance to TNT at contaminated sites. Our studies show that the nfsI encoded nitroreductase
(NR) transforms TNT to the relatively unstable and non-toxic hydroxylamino dinitrotoluene
(HADNT), which is then converted to amino dinitrotoluene (ADNT). Both HADNT and ADNTs are
conjugated to sugars (Gandia-Herrero et al. 2008) and 14C-labelling studies reveal subsequent
incorporation into plant biomass (Brentner et al. 2010, Sens et al. 1998, Sens et al. (1999).
Although the toxicity of the TNT transformed intermediates has been studied (Luo et al. 2004},
there is extremely little information on the toxicity or bicavailability of these intermediates
once they are conjugated and incorporated into plant biomass.

Transformation of Alamo switchgrass, using a variety of promoters based on the pSAT wvector
system, has resulted in the development of scores of transgenic lines expressing xpla/B and nfsI.
Initial constructs relied on strong promoters from dicots (e.g., transformed lines designated
HR), while recently constructed vectors (HRM and NABNR) have used promoters from monocots,
especially grasses. About 20 NABNR and HRM transformed lines have been verified by PCR and RT-PCR
to contain and transcribe xplA, xplB, and nfsI. The presence of XplA protein in several cf these
lines has been confirmed by western blot using an antibody to xplh.

Switchgrass transformed using the NABNR wector removed RDX from media at 0.7 pg RDX/g plant
tissue/h, twice that of the initial uptake by the wild type grass (Figure 1). Importantly, RDX
was recovered in the wild type plant tissues while transformed plants had no detectable RDX
(Figure 2), showing that RDX was degraded only in the transformed plants.

We tested the function of RDX degrading genes in the transformed grasses by measuring the rate of
RDX removal from hydroponic soluticns and the level of RDX in plant tissues at the end of the
uptake test. Wild type plants have significant RDX in their tissue, though the total amount that
the unmodified plants can take up is limited. Transformed plants have little or no RDX in their
tissue, evidence that the RDX is degraded by the transgene product XplA. Several lines of
transformed switchgrass have shown both improved RDX removal and less tissue RDX than wild types.
Cur most recent transformants, NABNR lines using monocot promoters, removed RDX from medium at
0.7 pg RDX/g plant tissue/h, twice that of the initial uptake by the wild type grass (Figure 2).
Importantly, Wild type plants have significant levels of RDX in their tissue, whereas transformed
plants had little or no RDX in their tissue, evidence that the RDX is degraded by the transgene
product XplA. Thus we have confidence that the transformed switchgrasses will be able to remove
and degrade RDX from soil under field conditions.

CRREL has propagated the primary transformant lines in the greenhouse using standard
horticultural practices during FY14 and FY1h. The University of Washington supplemented these
methods with additional micropropagated plantlets developed through previously published methods
(Bhadra et al. 2001). Nodal segments from the parent grasses were surface sterilized, split
longitudinally and placed with the cut surface down on solid medium containing maltose and
6-benzylaminopurine. After 1.5 months in a growth chamber, the young shoots developed from the
parental nodal segment and were transferred to medium without growth regulator for rooting.
Hygromycin was added to the medium as a selection agent to maintain the transgenes. The
University of Washington produced 500 plantlets of each line.

Silencing, or loss of function, of an introduced transgene was a concern in the propagation of
the transformed switchgrass. A subset of the clones (about 100 plants) produced by each round of
propagation was tested for loss of xplA and xplB gene activity using RT-PCR to quantify levels of
mRNA and protein for xplA and xplB and western blot and dot-ELISA (Yu et al. 2000) to monitor
XplA and XplB protein in the plants using the polyclonal antibodies to the proteins developed
previously. We used the housekeeping genes, glyceraldehyde 3-phosphate dehydrogenase, and or
ascorbate peroxidase 3, as internal loading contrecls to normalize expression levels of XplhA and
XplB proteins. Additionally a smaller subset of plants (10-20) was tested for RDX uptake and
degradation from hydroponic media.

Plot Design and Construction:

The proposed field experiment is a randomized complete block design with three soil treatments (1
ppm, 100 ppm and no RDX), three vegetation treatments (untransformed grass species, transformed
grass specles, and a no plant control) replicated three times for a total of 27 plots (Figure 3).
In the transgenic vegetation treatments three blocks of five rows of each of the three best
performing lines will be tested to further characterize RDX removal by the transgenic plant lines
(Figure 14).
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Plots were constructed to be 3.0 m x 3.0 m meters with a 0.5 m depth. The plots are comprised of
a double-lined containment system consisting of a reinforced polyethylene barrier placed 0.75 m
below the existing scil surface. A layer of clean sand 0.25 m thick was placed above the barrier
and suction lysimeters installed for monitoring of RDX leachate. A second barrier was placed
above the sand layer and filled with clean local soil. Lysimeters were then placed within the
plot to monitor the soll water concentration of RDX (Figure 5).

To ensure adequate soil moisture levels, an automated irrigation and storage system was
incorporated into the plots (Figure 5). Each plot contains a 325 gallon tank that 1s connected
to a drip irrigation system. When the soil molsture sensor indicates below optimum soll water
content, an electronic valve will irrigate the plots. If excess water 1s noted in the system, a
pump located in the drainage area will refill the storage tank. If additicnal water is needed,
water can be added from municipal sources via a water trailer. No municipal sources of water are
directly connected to the plot areas. Additional water for the plots is obtained either through
natural rain fall or manually added to each plot. 211 additions of water will be monitored and
recorded electronically.

Each vegetation plot will be planted with a maximum of 250 clones, modified or unmodified, spaced
on a 20 x 20 cm grid and allowed to establish for approximately one month to obtain a sufficient
root system. Plots receiving 1 ppm RDX will be dosed through the irrigation system. Plots
receiving 100 ppm (i.e., 100 g/kg soil) will be dosed with fine particulate RDX mixed thoroughly
with the top 10 cm soll and irrigated with water, in order to simulate particulate munitions
contamination around targets on training ranges.

Plots will also be monitored bi-weekly for vegetation status (plant health, nutriticnal status,
and soil moisture levels). Soils, plants, and leachate will be sampled monthly to determine
levels of RDX remaining.

Sample analysis:

Soil samples will be extracted and analyzed by EPA methods 8330A and 8330B (EPA 2007, EPA 200&).
Soil cores from surface to about 15 cm, 15-30 cm and 30-45 cm will be taken at three points in
each plot. Samples will be dried at room temperature to a constant weight. All procedures will be
done in a manner that avoids exposure to direct sunlight. The dried samples will ground to pass
through a 30-mesh sieve. Subsamples (2 g) will be extracted with 10 mL of acetonitrile, and
placed in a cooled ultrasonic bath for 18 h. Then 5mL of supernatant will be removed and combined
with 5 mL of calcium chloride solution (5 g/L) and shaken. Then the supernatant will be filtered
through a 0.45 am PTFE filter. The first 3 mL will be discarded and the remainder retained in a
vial for HPLC analysis.

Aqueous samples of leachate and so0ll water (5 mL) will be extracted with 5 mlL acetonitrile,
shaken thoroughly and filtered through a 0.45 *am PTFE filter. The first 3 mlL will be discarded
and the remainder retained in a wvial for HPLC analysis. For aqueous samples suspected to have RDX
levels belcow the detection limits of the simple extraction procedure, we will use the salting out
method (EPA 2007). Sodium chloride (251.3 g) will be added to 770 mL of aqueous sample and
stirred until the salt is dissolved. Acetonitrile (164 mL) will be added to the stirred solution
and mixed for 15 minutes. After the phases separate, the acetonitrile layer will be transferred
using a pasture pipette to a 100 mL flask. The extraction will be repeated with 10 mL of fresh
acetonitrile and the extracts combined. Additional salt water will be added to the extracts and
the mixture stirred for 15 minutes, followed by phase separation. The acetonitrile supernatant
phase will be transferred, the extraction repeated, both extracts combined, and diluted 1:1 with
reagent water. If the diluted extract is turbid it will be filtered as above. If we still have
trouble reaching the desired detection limit of method, followed by 100 fold concentration as
described in Chow et al. 2004.

Levels of RDX in plant extracts will be determined using EPA Method 8330B (EPA 2006). RDX will

be extracted from ground, freeze-dried plant tissue (maximum 2.6 g fresh weight) using 2 = 10 mL
volumes of methanol. Following solvent evaporation in a rotary vacuum, samples will be
resuspended in 4 mL water: methanol (50: 50) and analyzed by HPLC. A minimum of five
concentration levels will be used as external calibration standards for each run. Each run will
also include selected samples that will be analyzed in quadruplicate as precision controls.
Additionally we will spike selected samples in each run with a known concentration of RDX similar
to that expected in the sample, in order to determine recovery efficiencies.

All the data collected from the field trial experiments will be collated, analyzed statistically
and prepared into graphical formats. Key outputs will include a full mass-balance of RDX
partitioning, which will be determined by measuring RDX levels in soll, groundwater, and plant
biomass during the course of the experiment. The RDX that is not recovered will be assumed to be
metabolized by the plants. Plant performance will be determined by measurement of plant biometric
indicators, including, plant height, number of leaves and leaf surface area.

Sample handling and disposal.

Materials collected during the field trial for laboratory analysis will be double bagged in 5 mil
plastic bags and stored in shipping containers as described in Section 7. Following laboratory
analysis samples will be autoclaved, to devitalize all transgenic material, and then disposed of
in accordance with existing laboratory Standard Operating Procedures.
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Entry Protocol:

All personnel entering the test site will need to be a U.S. citizen. Contact with program lead,
Mr. Timothy Cary, must be made a minimum of five business days prior to visitation. The time
requirement 1s to allow proper notification to security the office and/or vetting of visitors.
Further information is in the appendix. Mr. Cary can be reached via telephone at 603-646-4358,
cell phone at 603-667-7824 or email: timothy.Jj.cary@usace.army.mil. If Mr. Cary is not
available, then contact should be made with [ ] through his contact information
previously listed in the permit. The names, office affiliation, dates of access requested, time
of arrival and departure will be required for the security office. If utilizing a non-government
vehicle additional information will be required to obtain a wvehicle pass including but not
limited to wehicle registration, proof of insurance, and a valid state driver's license.

Additional Regulatory Agency Involvement:
The requlated article is not intended for use as food or feed so the Food and Drug Administration
has no authority over its release.

The requlated material does not produce or contain pesticide active material, so the U.S.
Environmental Protection Agency does not have authority over its release. The U.S. EPA is
interested in this release as a potential phytoremediation technology to reduce levels of
military munitions on training ranges and subsequent entry into the environment (soils, plants,
surface water and ground water).

The U.S. Fish and Wildlife Service has been notified of this plant material, but has no
regqulatory authority for its release.

Destination or Release Description

A detailed description of the intended destination (including final and all intermediate destinations), uses, and/or distribution of the regulated
article {e.g., greenhouses, laboratory, or growth chamber location; field trial location, pilot project location; production, propagation, and
manufacture location; proposed sale and distribution location):

The intended destination of the regulated product will be the field trial located at [ 1
Jefferson County, NY. If the field trial is successful further research may be conducted at
additional sites in the Northeastern US.

Plant materials, from all transformed lines, will be maintained at the ERDC-CRREL research
greenhouse for continued development and research. ERDC-CRREL will continue to propagate and
test transformed plants to determine other potential uses and future field trial locations.

Confinement Protocols

A detailed description of the proposed procedures, processes, and safeguards which will be used to prevent escape and dissemination of the
regulated article at each of the intended destinations:

Cur proposed containment system consists of three parts: l.each research plot contains a double
lined containment structure that is a physical barrier, 2. the cultivar of Switchgrass selected

iz a physioclogical barrier, and 3. the manual removal of the panicle while in the boot stage of
development 1s a physical barrier to reproduction.

Each plot is double lined with 60 mil reinforced polypropulene (RPP). The RPP barrier provides a
physical level of containment for the transgenic plants by eliminating the possibility of
rhizomes rooting outside of the plots. All plants and contaminated soil are physically contained
within the containment plots allowing for easy monitoring and control throughout the duration of
the experiment. This 1s a c¢losed system and irrigation water will be recirculated.

We specifically selected Switchgrass cultivar of Alamo for our project because it 1s a lowland
ecotype from the extreme southern adapted range. Alamo's range 1s typically within USDA
hardiness zone 9. The experiment site for this trial is is in USDA hardiness zone 4a. As shown
by Castler (2012) movement of a switchgrass cultivar more than 2 hardiness zones reduces the
ability of this plant to cross with others of its species. Additionally since Alamo i1s a lowland
ecotype it will flower later in the season than the Northern cultivars, has a different ploidy
level (4x compared to 8x) of most Northern upland species, and when crossed with an B8x cultivar,
contains a post fertilization incompatibility system between the ploidy levels that minimizes
interploidy crosses and gene flow(Castler 2012, Vogel 2004;.

While it is possible that the greenhouse grown switchgrasses may flower, wWe propose to eliminate
this possibility by manually clipping the panicles while in the boot stage on a bi-weekly basis
during the normal growing season (15 April to 31 October). We believe that bi-weekly monitoring
wWill be appropriate since the cultivar is a southern lowland ecotype that requires a longer
photoperiod in order to flower. The Northern climate does not produce enough growing degree days
for Alamo Switchgrass to produce pollen and or seeds. Growth experiments at our greenhouse, in
Northern NH, required the use of additional lighting to produce seeds from the Alamo
switchgrass.

The buffer areas around the plots will be monitored bi-weekly for switchgrass introduction/escape
during the normal growing season (15 April through 31 October) each year of the study. A L0 *
buffer around the outside of the plot area has been established and will be monitored bi-weekly
for introduction/escape. As shown in Figure 6, the 50' buffer on the Northern edge of the plot

WARNING: Any use of ePermits to make materially false, fictitious, or fraudulent statements or representations is subjfect to civil penalties of up to $250,000
(7 U.S.C. § 7734(b)) or punishabie by a fine of not more than $10,000, or imprisonment of not more than 5 years, or both (18 U.S.C. §1001).
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area will be partially within the mowed embankment, and outside of the fenced area. While not
contained within the fenced area, this buffer area will be marked with fiberglass posts and
monitored for potential introductions during the bi-weekly monitoring. This area consists
primarily of hard fescues and bluegrasses that are mowed several times during the growing season.

Similarly, on the southern edge of the plot area the 50" buffer extends past the fenced area,
over a small dirt roadway. The roadway and the vegetated edge out to 50' will be monitored,
during the normeal growing season during the bi-weekly monitoring.

Within the fenced research area, all buffer areas between the plots will be treated with a
nonselective herbicide, as needed, to keep the areas relatively plant free. These areas will be
monitored bi-weekly to insure no introduction/escape of switchgrass occurs. ALl herbicide
applications will follow standard agricultural practices.

Following the conclusion of the experiment and decommisioning of the site, all areas within the
50' buffer area and the research area will be monitored monthly for introduction/escape of
switchgrass plants during the normal growing season for three years.

Cleaning of equipment:

All planting, sampling and removal of requlated materials will be done by hand. Separate and
isolated sampling tools will be designated as either Wild Type or Transgenic for the duration of
the study. 211 cleaning and decontamination activities will be conducted as described in the
attached SOPs.

A1l equipment used on authorized sites, including hand equipment, will be dedicated to use on the
authorized sites, posted as restricted to that use only, and secured or locked to prevent use by
unauthorized personnel. All equipment will be cleaned and decontaminated prior to leaving the
buffer areas, as outlined in the attached S0Ps.

No permanent storage areas area available at the research location. Collected samples will be
maintained in the transportation containers previcusly described and a Chain of Custody
procedures implemented. All containers will be brought into the buffer area, the fenced area
around the containment plots, to be filled, inventoried and locked prior to transport offsite.

Planting Area Restrictions: Following the termination of the experiment and subsequent harvest
and devitalization of the regulated article, no switchgrass plants are allowed to be grown in the
area for three years.

APHIS approved training: The proposed training progream i1s attached to the appendix. It cowvers
who must be trained, how often, applicable regulations (APHIS and DOD), proposed permit
activities, requirements for specific activities (inspection, monitoring, recording), site
specific information (entry protocol, security, contact information for all parties involwved,
sampling procedures to ensure containment, data tc be collected, devitalization procedure,
reporting and remediation requirements for accidental release, compliance requirements
(inspections, records and audits, and report formatting requirements).

Final Disposition Method: Destruction/Devitalization [ ] Other  [] Storage in Contained Fagility

Final Disposition Description:  at+ the end of the experiment all transgenic grasses will be trimmed to 6
inches above ground level, the biomass collected and incinerated either
onsite or at a certified facility. The remaining stuble will be
treated with an application of non-selective herbicide to devitalize the
remaining stems and roots.

The contaminated solls removed from the test cells containing transgenic
grasses will be incinerated at an approved facility.

14. ATTACHMENTS

Attachments
APHIS Approved Training Program CBI Deleted (4/7/2016 @ 09:20 AM)
Approved SOPs for Field Activities CBI Deleted (4/7/2016 @ 09:14 AM)
Army Pamphlet 385-40 Army Accident Investigations and Reporting (4/5/2016 @ 09:51 AM)
Army Pamphlet 385-69 Safety Standards for Microbiological Laboratories (4/5/2016 @ 09:52 AM)
Army Regulation 385-10 Army Safety Program (4/5/2016 @ 09:49 AM)
Bhadra 2001 Cited Reference (4/5/2016 @ 09:27 AM)
Castler 2012 Cited Reference (4/5/2016 B 09:27 2AM)
Chow 2004 Cited Reference (4/5/2016 @ 09:28 AM)

WARNING: Any use of ePermits to make materially false, fictitious, or fraudulent statements or representations is subjfect to civil penalties of up to $250,000
(7 U.S.C. § 7734(b)) or punishabie by a fine of not more than $10,000, or imprisonment of not more than 5 years, or both (18 U.S.C. §1001).
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DoD Environmental Field Sampling Handbook Revision 1 April 2013 (4/5/2016 @ 09:55 AM)
EPA 2006 Cited Reference (4/5/2016 @ 09:29 AM)

EPA 2007 Cited Reference (4/5/2016 @ 09:30 AM)

EPA 2014 Cited Reference (4/5/2016 @ 09:31 BAM)

Jackson 2007 Cited Reference (4/5/2016 @ 09:32 AM)

Lu Cited Reference (4/5/201¢ @ 09:33 AM)

References and Figures CBI deleted (4/13/2016 @ 11:48 AM)
Rylott 2006 Cited Reference (4/5/2016 @ 09:33 AM)

Rylott 20lla Cited Reference (4/5/2016 @ 09:34 2AM)

Rylott 2011b Cited Reference (4/5/2016 @ 09:35 AM)

SERDP ER-1318 Final Report (4/5/2016 @ 09:43 AM)

SERDP ER-1498 Interim Report (4/5/2016 @ 09:48 2AM)

Vogel 2004 Cited Reference (4/5/2016 @ 09:40 AM)

Yu 2000 Cited Reference (4/5/201¢c @ 09:41 AM)

15. ADDITIONAL INFORMATION

16. COURTESY JUSTIFICATION

WARNING: Any use of ePermits to make materially false, fictitious, or fraudulent statements or representations is subjfect to civil penalties of up to $250,000
(7 U.S.C. § 7734(b)) or punishabie by a fine of not more than $10,000, or imprisonment of not more than 5 years, or both (18 U.S.C. §1001).
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|, Timothy Cary, hereby certify that the information in this application and all attachments is complete and accurate to the best of my
knowledge and belief.

| acknowledge this is not an application to move or import select agents, the genes expressing select agents, or the toxins made by
the select agents, as described in 9 CFR 121.

| will not introduce the regulated articles described in this application until APHIS has deemed the application complete and has
granted the permit. By signing this permit, | agree to comply with any and all state, local, and tribal laws and regulations that may
apply to the introduction of the articles described in this applications.

If there are any changes to the information disclosed in this application, | will contact APHIS.

17. SIGNATURE OF RESPONSIBLE PERSON 18. DATE

Timothy Cary January 25, 2016

WARNING: Any use of ePermits to make materially false, fictitious, or fraudulent statements or representations is subjfect to civil penalties of up to $250,000
(7 U.S.C. § 7734(b)) or punishabie by a fine of not more than $10,000, or imprisonment of not more than 5 years, or both (18 U.S.C. §1001).
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SUPPLEMENTAL PERMIT CONDITIONS

For Movement of Panicum virgatum

This autherization is hricly for movement and storage of the regulated article, as deseribed in the permit. This authorization for movement under permit is valid for
eececution for a period of 1 wear. This authorization i NOT wvalid for the release of this regulated article into the emdironment.

BRS should be notified in writing of any proposed changes to the permit application (or approwed permity including for example changes in mowemant protocals,
additional trarsgeniclines or constructs, naw destinations, or amount introduced. Changes usually require amendments to the permit and must be pre-approved by BRS.
Requests should be directed to Regulatory Permit Specialist, USDA AFHIS BR S, Biotechnology P ermit S ervices, 4700 River R oad, U nit 147, R iverdale, Margland 20737,

The regulatad article i to bezhipped in containers a= specified in the Title 7 Code of Faderal Regulation Seclion 3405 (7 CFR 330.8) unlesz awariance requesthas
been reviewed and approved by APHIS/ERS.

The applicant has requested for a wariance to the container requirements for movement of the regulated arfide as specified in the Title 7 Code of Federal Regulation
Section 340,28 (7 CFR 340.8), and the variance request number 16-005 was approwed.

Mrhile in=storage all regulated arficles covered under this permit areto be keptin a lodked storage facility with limited access to onby authorized personnel. Starage
containers must be identified as containing a genetically engineered regulated article. At least one zign stating "Auutharized Personnel Onh® must be posted in each area
where the regulated article & stored.

Accareful control wwer the imeentory and disposition of the regulated article must be maintained at all times. Records of the amount of regulated arficle s ed, deposition
of the regulated article, chain of custody, and inventony are subject to APHIS auditing.

Upon completion of research, all regulated artides (except those retained for future studies) should be rendered non-wiable by an appropriate method{e.g., heator
=team sterilization, ble ach tre astment, etc).

There i to be no further distribution of this regulated article under this permit without prior approval from State (intrastate movemerd) and Federal regulatony officiaks
(interstate mowement).

APHISBRS and'or APHIS/FPFPQ personnel may conduct inspections of facilties andfor records at any time.
Al necessany precautions mustbe tacen to prevent escape of these regulated arficles. Inthe event of an escape, notify this office by telephone.
Reporting an Unauthorized or Accidental Release

1. According to the regulation in 7 CFR § 340410000, APHIS shall be notified oralty immediately upon discoveny and notified in writing within 24 hours in the event of
any dccidental or unauvthorized rele ase of the regulated aricle.

- Forimmediate werbal nofification, contact AFHIS BRS Compliance Staff at(201) 251-39325 and ask to sped to a Compliance and Inspection staff member. Leave a
werbal report on woicemnail if the phone i not answered by a Compliance Officer.
- In addition, inthe event of an emergeney inwhich you need to zpedd immediately to APHIS personnel regarding the situation, yvou may call:

The APHISERS Regional Bictechnolegist aszigned in the region where the field test o cours:

For'Western Region, contact the Western Region Biotechnologist at (9700 994 7513

or e-mail: BREWRBTi@aphis. usda. gow

For Eastern Region, contact the Eastern Region Biote chnologist at (919) 285-7622 or e-mail: BRSERBT@aphis.usda. gow

Or
The APHIS State Plant He alth Director for the state where the unauthorized release occurred. The list of APHIS State PlantH ealth Directors & available at:
hittpefnmner. aphis.us da.gows ervices/report_pest_diseaseireport_pest diease shiml

or
httpfpest.ceris. purdue & dufstates ale ot himl

2 Written notification should be sent by one of the follwwing means:

By & mail:
BR.S Compliance@ap his. usda.gow

By mail:

Biotechnology Regulatory Services (BRE)
Regulatory Operations Program
USDAGAFHIS

00 River Rd. Unit81

Riverdale, MWD 20737

2. Additional instructions for reporting compliance incidents may be found at http:fvaey, aphis usda.gowbictech nologyico mplian ce_incidentshiml
Mo perzon zhall move a regulated ariclz interstate unlessz the number of the limited permit appears on the oukide of the zhipping container.

= lmporkant™"

Interstate movement, release/movement and releaze permit may ako be subjectte PPQ domestic permit andfor quarantine requirements. Please call PPQ @ (277
TFO5290 for addiional azsistance in regards to their requiremeants.

Pem it M imbe r 16-025-103m

THIS FERMITHAS BEEN AFFROVED ELECTROMICALLY BY THE FOLLOWING BRS OFFICLAL WA EFERMITS

SIGHATURE OF ERS OFFICIAL DATE

Bubray Hegde ipzil 22, 2018

Page 15 af 22



United States APHIS 2nimal and Biote chnology 700 River Road, Unit 147

Department of —_— Flant Health Regulatony Riverdale, Mansland
Agricutbure ‘ Ins pection Senvice Sarvices ATIT- 1236

Pem it M imbe r 16-025-103m

THIS FERMITHAS BEEN AFFROVED ELECTROMICALLY BY THE FOLLOWING BRS OFFICLAL WA EFERMITS

SIGHATURE OF ERS OFFICIAL DATE

Bubray Hegde ipzil 22, 2018

Page 16 of 22

B-15



o

2)

&)

“

E)

15)

)]

United States APHIS 2nimal and Biote chnology 700 River Road, Unit 147

Department of —_— Flant Health Regulatony Riverdale, Mansland
Agricutbure ‘ Ins pection Senvice Sarvices ATIT- 1236

SUPPLEMENTAL PERMIT CONDITIONS

For Release of Panicum virgatum

Switchgrass plants that are part of the trial (genetically engine ered ar nof will ot be alloned to flower. Plants will be monitored for the presence of panicles biwe diby
during the entire growing season, and all panicles will be remowed atthe bootstage.

Flant materialz remowed at panicle remowal will be destroyed by autoclaving or inciner ation, or compesting in a closed cortainer on the field trial site.

Switchgrazzs plants or zexually compatible plants present in the field release area are to be treated as regulated material and will not be allowed to flower. The area
outide the fiel plote are to maintained free of switchgrass and any sexually compatible rel atives

BRS should be notified in writing of any proposed changes to the permit application (or approwed permit) including for example confinement protocols, trans genic lines or
corstruck, release sites, acreage, ete. Changes usually require amendments to the permit and must be pre-approved by BRS. Requests should be directed to
Regulatory Permit Specialist, USDAMPHIS/BR S, Biotechnolo gy Permit Services, 4700 River Road, Unit @1, Riverdale, Maryland 20737,

Any regulated article infroduced not in complian ce with the requirements of 7 CFR Part 340 or any standard or supplemental permit conditiors, =hall be subjectto the
immediate application of such remedial measures arzafeguards as an inspector determines necezsany, to preventthe introduction of such plant pests. The responsible
party may be subjectto fines or penatties a= authorzed by the Plant Protection Act (7 11.5.C.7704-7772).

Thiz Fermit does not eliminate the parmittes's legal razp onzibility to obtain all necessany Federal and State approvak, including for the use of: (&) any non-gen stically
engineered plant pest or pathogens as challznge inoculum; (B) plants, plant parts or seeds which are under existing Federal or State quarantine or restricted use; (C)

exparimental use of unregistered chemicak: and ([} food, feed, pharmacological, biolagie, or industrial use of regulated articles or their products and co-mingled plant
material. In the latter case, depending on the use, reviews by APHIS, the UE, Food and Drug Administ ation, or the U.5. Environmental Protection Agenor maybe

e GsE any.

The procedures, processes, and safeguards w=ed to prevent escape, diesemination, and persistence of the regulated article a= deseribed in the permit application, in
APHISapproved Standard Operating Procedures (50Fs) and, in the supplemental permit condiions must be stricthy followed. The permittes must maintain re cords
=ufficient to verify compliance with these procedures, including information regarding who performed the activity. Fersons performing such aclivities shall have received
faining a= desoribed in a fraining program submitted to and approwed by AFHIS. These records are subject to examination by AFPHIS. APHIS/BRS must be notified of
any proposed changes to the protocol referenced in the permit application.

Inzpections:
APHISBRS andfor an APHIS/PPQ personnel may conduct inspections of the test site, facilities, andfor records at any time.
APHIS may invite the FDA or State Regulatory Officials to participate in these inep ections.

Inzpections wil 1k ehr correspond to the beginning of the field test, mid-season ar during flowering, at andfor follwwing harest, and during the post-hanrest monitoring
pariod.

Inzpectiors wil include examination of records that verify compliance with regulations and S0Ps,
Reporting an Unauthorized or Accidertal Releaze

1. According to the regulation in 7 CFR § 340 40100000, APHIS shall be notified oraly immediately upon discoweny and notified in writing within 24 hours in the event of
any accidental or unauthorized rele as e of the regulated aricle.

- Forimmediate werbal nofification, contact APHIS/BRS Compliance Staff at(301) 2549-2025 and azk to sped to a Compliance and Inspection staff member. Leawve a
werb al report on woicemnail ifthe phone i not arsmwered by a Compliance Officer,
- In addition, inthe event of an emergeney inwhich you need tozpedd immediately to APHIS personnel regarding the situation, vou may call:

The APHISBRS Regional Bictechnologist assigned in the region where the field test o cours:

For'Westarn Region, contact the Western Region Biotechnologist at (9707 994 7513

or e-mail: BR S RBT@aphis.usda. gow

For Eastern Region, contact the Eastern Region Biote chnologist at (919) 285-7622 or &-mail: BRSERBT@aphis.urda. gow

Or

The APHIS State Plant Health Director for the state where the unauthorized release occurred. The list of APHIS State PlantH ealth Directors & available at:
httpefomier. aphis.us da.gows ervices/report pest dizcaselreport_pest disease shiml

or

http:fpest.ceris. purdue 2 dufstates alect himl

2. Wiritten notification should be sent by one of the follwwing me ans:

Bty & mail:
BRS Compliance@ap his. usda. gow

By mail:

Bictechnology Regulatory Services (BRE)
Regulatory Operations Frogram
UsSDAAPHIS

00 River Rd. Unit91

Riverdale, MD 20737

3. Additional instructions for reporting compliance incidents may be found at http:foew, aphis usda.gow'bictech nologwico mpliance_incident=himl
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(53] Reporting Uninten de d Effects:

According to the regulation in 7 CFR § 3404 00100Ci), APHIS shall be notified inwriting as soon as pozsible but within 5 working days if the regulated article or
ez ociated host arganism i found to hawve characteristics substantially different from those listed in the permit ap plication or suffers any unusual oceumme noe [ @deess e
mortality or marbidity, or un anticipated effect on non-target organis ms).

Mrritten notification should be sent by one of the follewing me ans:

By & mail:
BRSCompliance@ap his. usda.gow

By mail:

Biotechnology Regulatory Services (BRS)
Regulatory Operations Frogram
USDAMAPHIS

700 River Rd. Unit91

Riverdale, MD 207Z7

(23] Parimetar Fallow Zone:

To ensure that ransgenic plants are notinadvertenthy commingled with plants to be used for food or feed, a perimeter fallow zone of at least 50 ff. (unless avariance &
granted by AFHIS) must be maintained around the trans genictestsite inwhich no crops are grown to be harwested or used for food or feed.

The permitted border rows of non-trans genic plants that are the =ame as, or sexually- compatible with, the regulated aticle are considered part of the field test. The
perimeter falloww zone zhall start outside the border roms. Mo border roves are allowed for this frial.

The perimeter fallowwzone shall be managed in away that allows for detection and destruction of valunteer plants that are the same a=, or sexually compatible with, the
fTansgenic plants.

The perimeter fallove zone izolation distance areawill be mowed biweddhy. The area will be monitored biveekhy and all plants sexually comp atible with zwitchgraszs wil
be removed and or destrowed upon diEcoveny by application of non-sele ctive harbicide, incineration, or autoclawing.

[§1n)] Dedicated Flanting and Harvesting:

To ensure that the regulated article i not inadvertenthy removed from the =ite, planting and harresting equipment must be dedicated for us e in the permitted test site(z)
from the time of planting through the &nd of harwesting.

After hanrest, wou will not be required to obtain APHIS authorization to use this equipment on APHIS -permitted sites (same sites or different sites) plante d with same
fTansgenic crop, with the target protein(z) authorized under this permit, in subsequent growing seasons under an extension of this permit or a different permit.

Authorization & required from APHIS before this planting and hanresting equipment can be used on sites planted to crops notincluded under this permit. The permittes
must notify APHISIBRS and the State Regulatory Official at least 21 calendar daye in advance of cleaning thie equipment for this purpose so that AFHIS may schedule
an ingpection to ersure that the equipment has been cleaned appropriatehy.

(n Cleaning of Equipment:
To minimize the risk of seed mowement and commingling, equipment w=ed for planting and hamresting, a5 well a5 other field equipment(e.g. fFactors and tillage
attachments, such as disks, plows, harrows, and subs cilers) used at amy time from the time of planting through the post harvest monitoring period mustbe cleaned in

accordance with proceduras submitted to and approved by AFHIS before they are moved off of the testsite.

Equipment used to transport seeds or harvested material must be cleaned prior to loading and after trans portation to the authorized site in accordance with procedures
submitted to and approved by APHIS,

Seed cleaning and drving must be performed in accordance with the procedures submitted to and approved by AFPHIS to confine the plant material and minimize the risk
of zeed loes, zpillage, or commingling.

(12 Use of Dedicated Storage Facilties:

Dedicated facilties (lodied or zecured buildings, birs, or areas, posted as restricted to authorzed personnel onbd must be used for storage of equipment and regulated
articles for the duration of the field test.

Before returning these facilties to general use, thew must be cleaned in aceord an ce with procedures submitted to and approwed by AFHIS. The parmittes must notify
APHISBRS and the State Regulatory Official at leastZ1 calendar days in advance to allow for APHIS fo schedule an inspaction to ansure that the fadlities have bean
cleaned approprigtely. APHIS authorzation should be received before facilifies are returned to general uze.

(R kci] Post Harwest Monitoring:
Following termination of the fizld trial the applicantwill monitor the regulated trial area (the field frial site and the 50 ftizolation distance) for the presence of voluntesr
smitchgrass plants monthhy for three years, during the growing season. All voluntesers will be destroyed upon discoveny by application of non-zelective herbicide. “Wiable
plart material should not remain atthe testsite follawing termination.

(1< Port Harwest Land Uze Restrictions:

Production of food and feed crops at the field testsite and the perimeter fallow zone is resfricted during the growing season that follaas hanrest or termin ation of the
field test.

After the three year period of the field frail the areawill be decommissioned and not used for planting switch grass.

Permission mustbe obtained fromAPHIS/BRS prior to planting any food or feed crop atthe field test=ite and perimeter fallowwzone during the post hanvest monitoring
period. Requests for such permission are not encouraged and will not be granted in cazes where there is a reasonable potertial for plant material derived from, or
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originating from, the regulated artides fo become miced with the proposed food or feed crop during hanresting.
Reports and Maotices:

Submit allreports and notices via ePermits using the link under "hy Reporte and Motices "
Alink to instructions for submitting wia eP ermits & located here:
https:feparmits aphiz. usd 2. gowie parmitef<ml_s chema/BRS_Reports_and_Motices _User_&Guide pdf

Cther options are to zubmit reporte and notices via email or paper, however, we stronghy encourage submission via eParmits. If submitting u=ing ary other method, both
CHl and CBI-deleted or non CBI copies zhould be submitted wia:

BRS E-mail:
BRS Compliance@ap his. usda.gow

BRS Mail:

Animal and Plant Health Inspection Searvice (AFHIS)
Biotechnology Regulatory Services (HRS)
Regulatory Operations Program

00 River Rd. Unit81

Riverdale, WD 20737

a. Fre-Flanting Motice

At leazt? calendar days before planting, submit 3 Pre-Planting notice that includes the following information for 2 ach field testzite:
- Prowvide APHIS with the contact information for each field test site.

- Indizate if planting and harvesting equipmentwill be moved betveen authorized field test zites.

- Amap that clearky identifies the site location to fadlitate amy irepections by USDA personnel.

- The planned number of acres for each gene corstruct

- The planned planting date

MOTE: THESE NOTICES SHOWULD BE SUBMITTED OH-LIME THROUGH =Permits
b. Planting or Environmental Release Report

Flanting reports muzt be submitted to BRS by the 15th of the month following the month in which the environmental releas e was started and must include the follawing
data:

- Permit number

- Regulated ardicle

- State

- Coury

- Location M ame (Unique L0

- 3PS coordinates of the planting

- Planting Unique IC

- Planting Start D ate

- Total aereage ofthe regulated aricle planted or athenvize released
- List of all conztructs planted

(Thiz list iz optional in the planting report but must be included inthe Field Test Report)

MOTE: THESE REFORTS SHOULD BE SUBMITTED OM-LIME THROU GH eParmits
. Pre-Flomering Notice

At leazt¥ calendar days prior to the anticipated flowwering of plant atthe field site, submit a Notice indicating the anticipated flowering date and the contact information
far each field test=ite. For multiple sites that may have different flovwering imes, submit the nofice prior to the first anticipated flowering.

WOTE: THESE HOTICES SHOULD BE SUBKITTED OH-LIME THROUGH &Permits
d. Pre-Harvest! Termination Hotice

At least21 calendar days prior to the anticipated harvest or termination, submit a Notice indicating the planned date of hanrest or termination and the contact
infor mation for e ach field test site. For multiple hanvests, submit the notice prior to the initial haneest.

WOTE: THESE HOTICES SHOULD BE SUBKITTED OH-LIME THROUGH &Permits
& Field Test Report

Mrithin =< months after the expiration date of the permit, the permittes is required to submit a Field Test Report. Field Test R eports provide the final status and
observatiors at each location and must include:

- Permit numbear

- State

- Cou

- Location M ameis)

- Location U nigue 1D0z)

- Any planting= that occurred at each location

- 3PS coordingtes for each plarting

- Size ofthe plantings (in acres) at each location

Pem it M imbe r 16-025-103m

THIS FERMITHAS BEEN AFFROVED ELECTROMICALLY BY THE FOLLOWING BRS OFFICLAL WA EFERMITS

SIGHATURE OF ERS OFFICIAL DATE

Bubray Hegde ipzil 22, 2018

Page 19 of 22



United States APHIS 2nimal and Biote chnology 700 River Road, Unit 147

Department of —_— Flant Health Regulatony Riverdale, Mansland
Agricutbure ‘ Ins pection Senvice Sarvices ATIT- 1236

- Phenotypic design ations {all constructs thatwere planted)

- Indicate if amy of the planted material was destroved before hanrest

If =0 provide the Pre-Harvest destruction completion date and describe how the pre-harested materialwas destroyed

- Indicate if ary of the planted material was hanested

If 20 provide the hanrest complation d ate

- Describe how the harvested material was terminated

- I the material was terminated in the field and not removed from the field, prowide the date the field testwas completely terminated and deseribe the method of
termination

- K materialw az removed from the fizld and termin ated off site deseribe how twaz disposed and provide the date of off site destruction.

-k materialv a= removed from the field and placed in storage, provide the amount of m ateri al thatwas stored and provide a description of the storage location
- Drescribe any other dsposition methods that may be applicable

- Drescribe amy deleterious effacts on plants, non target organieme, or the emvironment

- Describe methods of obsenvations and resulting data and analys es

- Indicate if you have submitted amy of the following:

1. Areport on the accidental or unauthorized release of the regulated aricls;

2. Areportthat characteristics of the permited zpecies are substartially different from thos e listed inthe application; or

3 Areport of any unusual occurre noe

e encaurage the inclugion of other types of data fthe applicant anficipates submizsion of a petition for determination of non-regulated statuz far their regulated article.
APHIS considers these data reports a= critical to our assessment of plant pest risk and dewelopment of regulatory policies based on the best= cientific evidence. Failure
by an applicantto provide data reports in atimehy manner for a field rial may resultin thewithholding of permiszsion by APHIS for future fizld triaks.

MOTE: THESE REFORTS SHOULD BE SUBMITTED OM-LIME THROUGH eParmitz
1 Monitoring Repart
The repart must include:

- FPermit numbear
- State
- County

- Location M ameis)

- Location U nigue 10(z)

- Datez when the field site and perimeter fallow zone were inspected for volurtesrs

- Humber of volunteers obsenved

- Any actiors tdoen to remove or destroy woluntee s

The final montaring repart = due no later than three months from the end of the wolunteer monitoring period.
MOTE: THESE REFORTS SHOULD BE SUBMITTED OM-LIME THROU GH eParmits

9. Storage Report

In cazes where a regulated aricle & stored on a production site, a report must be filed with AFHIS eachvear the regulated article remainz instorage atthe production
site. The report, which must include the permitnumber, storage location, crop, event and quantity of each regulated artide, must be filed prior to the anniversary of the
epiration date of the permit under which the regulated arfide was produced.

NOTE: THIS REFORT SHOULD BE SUBMITTED BY EMAIL TO COMPUANCE(BRSCompliancei@aphiz. usda.gov]). There i no option for zubmitting this report via
el ermik.

(160 =* | mpo tant™"

Interstate movemnent, release/movement, and release permit may ako be subjectto PPQ domestic permit andfor quarantine requirements. Please call PPQ @ (377
TrOe5290 for addiional azsistance in regards to their requirements
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USD United States APHIS 2nimal and Biotechnolagy 4700 River Road, Unit 147

_ Agricuthure

Department of =——= Flart Health Fegulatony Riverdale, Mansland
‘ Ins pection Service Services 0TFT- 1236

Standard Permit Conditions for the Introduction of a Regulated Article
(7 CFR340.4 (f))

Fearmit Conditions: A personwho s Ezued a parmit and histher employees or agents shall comphy with the fallowing conditions , and any supplemental conditions which shall be
licted on the permit, 2= deemed by the Deputy Adminitrator to be neceszary to preventthe diesemination and establishment of plant pests:

4b]
)

&)
“
=)

5)
cp]

)

=)

(1o

(1

The regulatad article shall ba maintained and dispos ad of (whan necesz ary) in 3 manner o0 as to prevent the diszemination and eztablishment of plant pests.

All packaging material, shipping containers, and any other matarial accompanying the regulated articls shall be reated or dsposed of in such a manner as to prevent
te dizzemination and establiehment of plant pests.

The regulated article shall be kept zeparate from other organizms, except 22 specifically allawed inthe permit.
The regulated article shall be maintained anby in areas and premises specified in the permit.

Anirepector shall be allowed access, during regular business hours, to the place where the regulated article i located and to any records relating to the introduction of
a regulated article,

The regulated article shall, when poszible, be kept identified with a label shaning the name of the regulated article, and the date of impoftation.

The regulated article shall be subjectto the application of me asures determined by the Administrator to be necess ary to prevent the accidental or unauthorzed release
of the regulated article.

The regulated article shall be subjectto the application of remedial measures (including dispo=al) determined by the administr ator to be necessary to prevent the spread
of plant pests.

Aperzon who has been ksued a parmit hall submit to AFHIS a field test report within & months after the termin ation of the field test. A field test report shall include the
APHIS reference number, methods of obs ervation, resulting data, and anahsis regarding all deleterious effects on plants, nontarget organisms, or the environment.

APHIS shall be notified within the time periods and manner specified below, inthe event of the following occure noes:

(0 Orally notified immediately upon discoweny and notify in writing within 22 hours in the ewent of any accidental or unauthorized rele ase of the regulated article;

(i) Inworiing as soon as possible but not later than within S waorking daws if the regulated article or azzociated host organiem i found to have characteristics substartialhy
different from thos e listed in the application for 3 permit or suffers ame unusual cccurrence [ e<cess e mortality or morbidity, or unanticip ated effect on nor-target
organisms).

A permitte or histher agent and any personwhoseeks to import a regulated article into the United States shall:

(i) Import or offer the regulated article for entry onby through anye US0A plant irs pection station listed in 7 CFR 319.27- 14,

(i Notify APHIS prompthy upon arrival of any requlated adicle at a port of entry, of itz arrival by such mears az a manifest customs ertny document, commeraial invoics,
waybill, 3 broker's document, or 3 notice form prowided for such purpose; and

ity Mark and identify the regulated article in accordance with 7 CFR 34907 .

Rew. January 1, 2010
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_ Agricuthure

Ar y reguited adfele imfmdeced fot in cos piaeee with e mouierertzof 7 CFR 3490 o ary stamda or suppbes ental pem it cordifions, shall be swiyect to the inm edizie
Faofication of suck mem edfs & easy s or sy H'E 35 &7 ingoector oebemt ime s wecessay, o o uent e mtodalion of suck plant pests. Ay eoulsed adicle intoduced mob in
com plianee with the equires emts of 7 Codle of Federal Regulstion Pert 34d0or any stamlam or supplesm emtal pem it comilifors, shall be sulfect to the in o coisle soplieation of
zerch mear ed i@ eFare s Or SegeITE 25 30 imgpecior dede iTes mecessay, ho prevedt e imtmd ciion of swck plam pests. Tie resporsible pady w3y he suliect o fmes or

Joenalifes 2 sulhonized byihe Aamt Arobection Aot (7 ULS.C. 7700-7F72).
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APPENDIX C CRREL REPORT ON THE MEETING OF REGULATORY
AND DOD STAKEHOLDERS

Transgenic Grass Review Meeting Report
11 August 2017
Timothy J. Cary, Neil Bruce, Stuart Strand, and Elizabeth Rylott
ABSTRACT

A field meeting was held on 1 August 2017 at Fort Drum, New York to demonstrate the
effectiveness of transgenic grasses to degrade the Royal Demolition explosive (RDX) which is
being funded under the Strategic Environmental Security Technology Certification Program
(ESTCP) Project ER 201436 entitled Phytoremediation of Explosives from Contaminated Soil
by Transgenic Grass. Participants included stakeholders, funding agencies, and researchers.
Descriptions were made of the various researchers’ involvement in the demonstration and an
additional presentation was made by a representative from APHIS. Data was presented to show
that the plants were degrading the RDX. Early results show that the mean of the three transgenic
plant lines (N1,N2, and N3) have a 47-fold less RDX in their tissue and are, therefore, degrading
the RDX that is taken up by these plants. A field tour was held in the afternoon to describe the
demonstration plots. Participants asked questions and appeared to verbally approve the
demonstration and felt that continued monitoring of the demonstration would be valuable and
beneficial as a cost-effective method to remediate RDX in soils.

INTRODUCTION

This document is a report on the 1 August 2017 meeting of stakeholders, funding agencies, and
researchers to demonstrate the effectiveness of transgenic grasses to degrade the Royal
Demolition explosive (RDX) which is being funded under the Strategic Environmental Security
Technology Certification Program (ESTCP) Project ER 201436 entitled Phytoremediation of
Explosives from Contaminated Soil by Transgenic Grass.

The demonstration was developed to help remediate decades of military activity on live-fire
training ranges that have resulted in the contamination of land and groundwater by recalcitrant
high explosives, in particular, 2,4,6-trinitrotoluene (TNT) and RDX. TNT and its transformation
products are highly toxic, but these tend to bind strongly to clay and organic matter in soil and
are largely contained at the site of contamination; however, RDX is a major concern, because of
its high mobility through soils and subsequent contamination of groundwater. There are
approximately 10 million hectares of contamination on US military lands (USGAQ, 2004).

RDX contamination on training ranges is now proving to be a significant threat to drinking water
sources. Currently, there are no cost-effective processes to contain RDX or remediate large areas
of contaminated vegetated land on training ranges. The primary objective of this project is to
demonstrate and evaluate the ability of XplA and XplB expressing grasses to contain and
degrade RDX from explosives-contaminated soil i# situ. Through field scale testing at a military
facility in Fort Drum, NY. A secondary objective is to determine the lower bounds or reactivity
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of the transgenic plants. We also want to show that the use of these plants is environmentally
safe to flora through the permits we received to use them and to fauna through our herbivory
studies. This meeting was held at the request of the ESTCP Program.

In our previous studies, we have genetically modified military relevant plants by expressing two
bacterial genes enabling the plants to degrade RDX in soils. Under SERDP project ER-1318, Co-
Pls at University of York demonstrated that expression of the rhodococcal genes, xpld and xpiB,
in the model plant system Arabidopsis (Arabidopsis thaliana) confers the ability to tolerate and
degrade high concentrations of RDX (Jackson et. al, 2007; Rylott et al 2006). They also
demonstrated that expression of the bacterial nitroreductase nfsI gene in tobacco (Nicotiana
tabacum) and Arabidopsis confers resistance to levels of TNT toxic to unmodified plants (Rylott
et al, 2011). Under SERDP project ER-1498, Co-PIs at University of Washington developed
switchgrass (Panicum virgatum) and bentgrass (4grostis stoloniferia) lines that expressed xpl4,
xplB and nf5], respectively that were found to degrade RDX into inert components in the
laboratory.

The EPA’s standard for RDX in drinking water is 2 ppb. In our previous greenhouse studies,
soil-grown Arabidopsis (Arabidopsis thaliana) plants were dosed with aqueous solutions of 40
mg/1 RDX and levels of RDX in soil leachate measured using HPLC. After seven days, there was
no RDX detectable in the soil leachate from the modified plants (Rylott et al, 2011). Under these
experimental conditions, the lower limit of detection by the HPL.C was 0.021 mg/1 (21 ppb).
Conducting studies at various soil concentrations will provide additional information on the
capability of the plants to degrade RDX at lower levels. If successful, this information will be
beneficial in predicting plant biomass requirements to meet drinking water standards, and will
increase the use of the plants in additional areas containing less than 1 mg/kg (1 ppm) of RDX,
such as at firing points, wetlands, manufacturing, storage, and other sites.

A release and movement permit application (Permit Number 16-025-103RM) for the use of the
plants and a second movement permit (17-150-109M) was approved by the United States
Department of Agriculture - Animal and Plant Health Inspection Service (APHIS). The release
and movement permit is located in Appendix A. Two of the major concems in using transgenic
plants is cross pollination with similar plants and the effects on fauna.

Cross Pollination

We specifically selected Alamo switchgrass for our project because it is a lowland ecotype from
the extreme southern adapted range and not adapted to this region. This means that it will flower
later in the season than the Northern cultivars (upland types), has a ploidy level of 4x compared
to 8x of most Northern species, and when crossed with an 8x cultivar, contains a post
fertilization incompatibility system between the ploidy levels that minimizes interploidy crosses
and gene flow (Castler 2012, Vogel 2004).
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Herbivory Risk Assessment

We have conducted herbivory studies using the generalist herbivore locust (Schistocerca
gregaria) to determine the toxicity of RDX using both switchgrass and Arabidopsis plants
expressing XplA-XplB. Our results indicate that locusts show no feeding preferences between
unmodified (wild type) and transgenic lines grown in the presence or absence of RDX. However,
when grown on RDX-contaminated soil, the XplA-XplB expressing plant lines have between 40-
100-fold less RDX in the leaf tissues than unmodified plants. Longer-term ingestion of RDX-rich
tissues may have deleterious effects.

PARTICIPANTS
Performers
Neil Bruce Timothy Cary
University of York ERDC-CRREL
Liz Rylott Stuart Strand
University of York University of Washington

People involved with the demonstration

Cora Farnsworth Mr. Jimmy Horne
ERDC-CRREL ERDC-CRREL
Michael Morgan Nancy Parker
ERDC-CRREL ERDC-CRREL
Heather Kase Antonio Palazzo
ORISE ORISE

Nadia Podpora Mr. Tom Lent
ORISE DPTMS Fort Drum

Mr. Ian Warden
DPTMS Fort Drum
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Invitees

Dr. Afrachanna Butler
ERDC-EL

Chuck Coyle
USACE

Rajat Ghosh
ACRONIC

Logan Hunt
Wright State University

Dr. Rick Lance
ERDC-EL

Ms. Robin Paul
AFCEC
Evan Schultz

Villanova University

Macrina Xavier
Noblis

Dr. Catharine Cook
USDA-APHIS-BRS

Mr. Malcolm Garg
OACSIM

Ms. Heidi Howard
ERDC-CERL

Stacey Jarvis
ERDC-CRREL

Dr. Jerry Miller
ERDC-EL

Mr. George Robitaille
OACSIM

Christopher Sutton
Montana State University

AGENDA:

The meeting was lead by CRREL, and presentations were made by the three primary institutions
responsible for different phases of this project that were involved in the development and
demonstration of this technology. They include characterization of the bacterial genes
responsible for RDX degradation and TNT detoxification, insertion of the genes into the plants,
and designing and implementing the field demonstration.

Welcome and Introduction

Timothy Cary, ERDC-CRREL

History of project, Background on genes
Neil Bruce, University of York
Looking forward to deployment on training ranges

Stuart Strand, University of Washington
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Field Demonstration overview
Timothy Cary ERDC-CRREL
Permits and Regulatory
Catharine Cook, APHIS

Site tour of phytoremediation plots

FEILD PROJECT DESCRIPTION
Plant selection for field study

Under SERDP project ER-1498, the author’s transformed western wheatgrass and Alamo
lowland switchgrass as described in the Background Data Section of this report. For the field
study, we selected lowland switchgrass, which 1s a native warm season (NWS) perennial grass
that is often grown as a forage crop, in natural wildlife habitat, or, increasingly, as a bioenergy
crop. Although upland switchgrass habitats Fort Drum, we know of no stands of the lowland
type. The two types are not generally sexually compatible so the chances for cross pollination is
slim. Switchgrass can grow more than 10 feet tall, and well-managed stands may last for
decades. Once switchgrass is established, its bunch-type growth habit makes it very competitive
with weeds; however, it is not considered invasive. Another beneficial aspect in its use here, is
that it produces a large root system that is capable for foraging soil contaminates.

Site construction and design

The field experiment is a randomized complete block design with three soil treatments (1 ppm,
100 ppm and no RDX), three vegetation treatments (untransformed grass species, transformed
grass species, and a no plant control) replicated three times for a total of 27 plots (Figure 1). In
each of the transgenic vegetation treatments there were three blocks of five rows of three
different transgenic plant lines. The lines were N1, N2, and N5.
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Vegetation

No vegetation
Transformed plants

. Untransformed plants
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100 0 100
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Figure 1. Field experiment design. The RDX treatments are: 0, 1, and 100 ppm. The plant
treatments are: No = no plants, UT = non-transgenic plant, and T = transgenic plant.

Plots were constructed to be 3.0 m x 3.0 m meters with a 0.5 m depth. The plots are comprised of
a double-lined containment system consisting of a 60 mil reinforced polyethylene barrier placed
0.75 m below the existing soil surface. The reinforced polyethylene barrier provides a physical
level of containment for the transgenic plants by eliminating the possibility of rhizomes rooting
outside of the plots. A layer of clean silica sand, 0.25 m thick, placed above the barrier and
suction lysimeters installed in the sand layer for monitoring of RDX leachate. A second barrier
was placed above the sand layer and filled with clean local soil. Lysimeters were then placed
within the plot to monitor the soil water concentration of RDX (Figure 2).
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Culvert containing pump 350 gal. storage tank
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Figure 2. Double-lined containment system with lysimeters, soil moisture and temperature
sensors and sump/irrigation system.

To better control soil moisture levels, an automated irrigation and storage system was
incorporated into the plots (Figure 2). Each plot contains a 325 gallon tank that is connected to a
drip irrigation system. When the soil moisture sensor indicates below optimum soil water
content, an electronic valve will irrigate the plots. If excess water is noted in the system, a pump
located in the drainage area will refill the storage tank. If additional water is needed, water can
be added from municipal sources.

Each vegetation plot was planted with approximately 250 clones, modified or unmodified,
spaced on a 20 x 20 cm grid and allowed to establish for approximately one month to obtain a
sufficient root system. Plots receiving 1 ppm RDX were dosed through the irrigation system.
Plots receiving 100 ppm (i.e., 100 g/kg soil) were dosed with fine particulate RDX mixed
thoroughly with the top 10 cm soil and irrigated with water, in order to simulate particulate
munitions contamination around targets on training ranges.

We have been monitoring plant development weekly and removing developing flower heads from
the plants to control pollen production by preventing flowering. Plots have also be monitored
weekly for vegetation status (plant health, nutritional status, and soil moisture levels). Soils, plants,
and leachate are being sampled monthly to determine levels of RDX remaining (EPA 2006, EPA
2007).
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All the data collected from the field trial experiments will be collated, analyzed statistically and
prepared into graphical formats. Key outputs will include a full mass-balance of RDX partitioning,
which will be determined by measuring RDX levels in soil, groundwater, and different plant parts
during the course of the experiment. The RDX that is not recovered will be assumed to be
metabolized by the plants. Plant performance will be determined by measurement of plant
biometric indicators, including, plant height, number of leaves and leaf surface area.

A full site dismantling plan, including soil disposal route, will be developed. It is expected that
dismantling will include the collection and incineration or composting of all plant material
produced during the course of the field trial and remaining at the completion of the trial. Material
collected during the field trial for laboratory testing will be, following analysis, disposed of by
autoclaving and/or incineration at a certified facility, in accordance with existing laboratory
Standard Operating Procedures.

DATA

Preliminary data from early sampling shows consistent results among the two different plants
and three RDX treatment levels, RDX uptake by the wild, non-transgenic plants increased with
increasing application rates of RDX (Figure 3). In contrast, the mean of the three transgenic
plant lines (N1,N2, and N5) have a 47-fold less RDX in their tissue and are, therefore, degrading
the RDX that is taken up by these plants.

XplA-XplIB-NR
expressing

[}

2 7

% 6

(o)}

s 6 47-fold less
Z 4 RDX in

o

8 3 XplA-XplB-
g 9 NR

8 1 expressing
x .

a lines

14 0 ==

O 1 100 0 1 100
Soil RDX concentration (mg/kg)

Figure 3. RDX levels in leaf tissues from plants three weeks after dosing the demonstration plots
with RDX.
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TRANSITIONING RESULTS TO OTHER CONTAMINANTS AND CLIMATES

The authors have transformed three grass species: Alamo upland switchgrass (Panicum
virgatum), bentgrass (Agrostis stoloniferia), and western wheatgrass (Pascopyrum smithii) lines
that have expressed the gene products of xpid, xpIB and nfsl: XplA, XplB and Nfsl, respectively.
The habitat of these three species covers most of the continental United States, however, now
that this technology has been accomplished, other species may now be transformed to cover
multiple climate, soil, and moisture conditions.

ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY
Potential Effectiveness of Plants in Field

The basis of the demonstration is to utilize transformed grasses to degrade RDX. The procedures
to install this technology are well known. The application of this technology may also be used in
remote sites.

Using the RDX removal rate by transgenic grasses in vitro, we estimated the RDX removal by
transformed switchgrass growing in training range soils, as follows. Switchgrass can grow to a
biomass density of 10.8 tonnes/hectare (Casler 2012), which works out to about 3 kg plant wet
weight/ m?. Thus the potential removal rate of RDX per area of planting is about 2 mg
RDX/m%h. If we assume an effective root depth of 1 m and an infiltration rate during a heavy
rainfall event about 0.05 m/h, then the RDX contaminated water will be in contact with the root
zone for approximately 20 hours. To calculate the rate of uptake by a switchgrass planting we
multiplied 0.8 pg RDX/g plant wet weight/h by the 20 h root zone contact time. Thus
approximately 50 mg RDX could be removed per m? of transformed switchgrass. Typical levels
of RDX contamination around a target point are 0.05 mg RDX/kg soil [34]. If we assume that
the RDX is distributed over a depth of 0.2 m and a soil density of 1200 kg/m®, then the areal
concentration of RDX near the target would be approximately 12 mg RDX/m?. This shows that
by planting switchgrass there is a potential threefold increase in RDX removal rate than from
unvegetated target areas.

With these new grasses, land managers will be able to design more resilient training ranges while
decreasing cleanup costs associated with energetic compounds. Training ranges will be less
prone to erosion, have better control over entry of RDX into the environment, and be more
available to training requirements.

Limitations

The only limitations of this technology will be the availability of the transgenic plant materials
(seeds or transplants), and site specific permitting required through APHIS. With the successful
completion of the demonstration we will have the data required to reduce future permitting
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requirements while increasing the demand for the transgenic materials. As demand increases,
the cost of producing seeds and/or transplants should be reduced.

The primary alternative technologies are both drastic and expensive and involve closing lands
and physically removing the materials.
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APPENDIX D WHITE PAPER: DEREGULATING XPLA/B
SWITCHGRASS LINES FOR USE ON RDX
CONTAMINATED SITES

Background

The Animal and Plant Health Inspection Service (APHIS) of the United States Department of
Agriculture (USDA) is responsible for the introduction of genetically engineered (GE) organisms
into the environment. These organisms are regulated under various permits.

Permits are issued by APHIS for GE organisms being introduced that have the potential to pose a
plant pest risk, such as insects, plants or microbes. Under ESTCP project ER-201436 switchgrass
lines have been engineered to express the bacterial genes xp/A/B enabling the explosive pollutant
RDX to be broken down into inert naturally occurring plant metabolites. The XplA/B expressing
switchgrass lines are currently under a standard permit for interstate movement and have
previously been permitted for interstate movement and release. An alternative to permits are
notifications which are, according to APHIS, more ‘administratively streamlined.’! The plant must
meet eligibility criteria, which has been previously specified and the plant’s introduction has
performance standards which are pre-defined.

Those who believe that a GE organism does not pose a plant pest risk and should no longer be
regulated by APHIS under the plant pest provisions of the Plant Protection Act or the regulations
at 7 CFR §340 are able to petition the Agency. A petition requires the submission of information
under §340.6 (c) (4) related plant pest risk. The Agency may then decide if the regulated GE plant
is more or less likely to pose a greater plant pest risk than the unmodified plant. Following a
successful petition, the GE organism would no longer be subject to the plant pest provisions in the
Plant Protection Act or the requirements of 7 CFR §340, as APHIS has determined that it is
unlikely to pose a plant pest risk. !

Current Regulations

Under the current regulations, a GE organism is regulated if the donor organism, recipient
organism, vector agent or vector is a plant pest or if APHIS has reason to believe that the GE
organism itself is a plant pest. Plant pests are currently defined at any living stage (active or
dormant) of ‘insects, mites, nematodes, slugs, snails, protozoa, or other invertebrate animals,
bacteria, fungi, other parasitic plants or reproductive parts thereof; viruses; or any organisms
similar or allied with the foregoing’ which could directly and indirectly injure, or cause disease or
damage to any plants or parts of plants.i A permit may allow for the introduction of regulated
organisms if developers follow the conditions of the permit specified by the administrator to be
‘necessary’ to prevent the dissemination and establishment of the regulated GE organism. Under
the petition procedure (outlined in §340.6) any person may submit a petition. Paragraphs b and ¢
describe the form of the petition for the determination of nonregulated status and the information
which must be provided within. As of December 2018, APHIS had granted 130 determinations of
nonregulated status of the 162 petitions submitted, while 32 had been withdrawn. All of the
aforementioned determinations have been for GE plants.™
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The current APHIS regulations state that if a developer has collected enough evidence to
demonstrate that a GE organism poses no more of a plant pest risk than its unmodified equivalent,
they are permitted to petition APHIS to give the GE organism non-regulated status. Providing
approval of the petition, the organism may be introduced into the environment within the US
without further regulatory oversight from APHIS."

Within the petition-making process, any person may submit to APHIS a petition to see a
‘determination’ on an organism that should not be regulated under this section of the Plant
Protection Act. A full statement must be presented explaining, on factual grounds, why the
organism should be deregulated. The petition should include scientific literature, copies of
unpublished studies (when available), and data recorded from tests upon which the Agency can
base a decision on."!

Determinations of non-regulated status can also be extended, as the administrator may find that
the regulated organism does not pose a potential for plant pest risk based on similarity of that
organism to an antecedent organism, and therefore should not be regulated. A request can be made
to APHIS to extend a determination of non-regulated status to other plants and organisms. The
request should include information which establishes the similarity between the GE organism in
question and the antecedent organism. "

Proposed Changes to Regulations

In June 2019, APHIS announced its plans to change the regulations surrounding GE organisms.
These new enhancements would be, it claimed, more streamlined with an efficient internal process,
as steps now deemed unnecessary would be eliminated. Timeframes for the completion of
individual steps would be introduced. APHIS also intends to introduce ‘innovative tools’ which
would aid managers in effectively tracking the progress of petitions in addition to assigning staff.
The changes would also ‘enhance’ the opportunities for petitions to be made available for public
input.""

The reason for these changes comes as APHIS argues that it has 3 decades of experience in
evaluating GE organisms for plant pest risk. Evaluations to date have demonstrated that genetically
engineering a plant with a plant pest vector, vector agent, or donor, ‘does not in and of itself result
in a GE plant that presents a plant pest risk.’™ The Agency intends to change its regulations in
order to prepare for advances in the genetic engineering of plants. Once products are reviewed by
APHIS and found unlikely to pose a plant pest risk, similar products would also become exempt
from review.*

Under the current system, decisions regarding regulatory oversight by APHIS of GE plants are
made and assessed separately. This is done in spite of the fact that the new genetic material inserted
in the plant may be ‘identical’ or ‘very similar’ to previously assessed GE organisms which had
been granted nonregulated status. The proposed rule would change this, granting developers the
option to request a permit or regulatory status review of a GE organism that had not been
previously reviewed and given nonregulated status. The decisions on the regulatory status of that
organism would be based on APHIS’s assessment of plant pest risk.*
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The newly proposed §340.1 (c¢) would provide an exemption from plants with plant trait
mechanism of action (MOA) combinations that had previously been evaluated by APHIS during
a regulatory status review and deemed unlikely to pose a plant pest risk. The developer would be
given the option to make a ‘self-determination’ as to whether the new GE plant belonged to a
category listed under 340.1 (b) or (c), thus making it exempt from regulations. If the developer did
decide that this was the case, they would have the opportunity to request ‘written confirmation’
that the determination they had made was valid by APHIS. APHIS argues that there are three
‘fundamental’ elements that they would consider when evaluating a GE plant:

1. The basic biology of the plant prior to the modification
2. The trait that had resulted from the genetic modification
3. The MOA*"

APHIS also maintains that, based on the risk assessments performed over the past 3 decades, many
cases would have been possible to evaluate without the need for field test data. The introduced
trait of the organism, the Agency argues, provides the most ‘reliable indicator’ of the potential of
the GE organism’s ‘deleterious’ effects on other plant products and plants. APHIS’s proposed
changes would focus primarily on the evaluation of genetics and characteristics of the plant trait
MOA combination and the potential for risk that, based on these characteristics, the plant would
pose a plant pest risk should it be released into the environment as intended by the developer.*

The proposed paragraph 340.4 (b) sets out the process for regulatory review. Upon receiving a
request for a regulatory status review, APHIS would conduct a review of the plant pest risk that
the GE plant could potentially provide, as well as any sexually compatible relatives that could
inherit the GE trait. To do this, APHIS would use existing knowledge on the biology of the
comparator to the GE plant, as well as sexually compatible relatives as the foundation of their
consideration of potential plant pest risk. This would include information on the spatial and
temporal distribution of the comparator plant, particularly in the absence of ‘intentional human
assistance’ and the interaction and impact on other organisms in the environment. Evaluations
would be made on whether introduction of the GE plant could result in indirect or direct harm to
other non-target organisms, particularly those which are beneficial to agriculture, such as predators
of plant pests and pollinators.*

It is also recognized by APHIS that GE may be taken advantage of to introduce traits which
increase the weedy impacts of a plant, such as distribution, density, or development. To negate
this, APHIS would still continue what is the current practice of considering the weediness of the
unmodified comparator plant, assessing whether the new GE plant would in any way affect the
weediness. The weediness, and impact of the new trait on weediness, of other sexually compatible
organisms would also be assessed due to its relevance to evaluating the GE organism’s plant pest
risk.®Y

These changes come from APHIS’s desire, as outlined in its 2014-18 Strategic Plan, to ensure the
best science is used in its decision making. It aims to use a science-based risk assessment
framework, which would further enable a ‘sound decision-making process.” This is in aid of the
aim to respond to a rapidly changing scientific field and the need to adapt the regulatory system
where it is deemed appropriate.*"!
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Successful Petitions for Nonregulated Status

The following section will consist of examples of petitions which were successful in their request
for deregulation. As previously mentioned, as of December 2018, APHIS granted 130
determinations of nonregulated status of the 162 petitions submitted.*" When trying to assess the
likelihood of a successful petition for deregulation for the XplA/B expressing switchgrass lines,
these examples prove helpful as they demonstrate the level of information required into the
weediness and likelihood of a GE plant having a high plant pest risk, as well as the main factors
that APHIS are looking for when they grant nonregulated status.

When considering a plant for deregulation, APHIS appears to be looking for 7 main factors which
determine a plant becoming a plant pest risk or having increased weediness. This consists of:

1. Whether a plant pest risk can be identified from the transformation process, the ‘insertion
and expression of new genetic material,” or changes that may occur in the metabolism in
the new GE organism

2. Whether pest incidence or disease, and/or damage is expected to be increased by the
introduction of the new GE plant

3. Based on the evidence, whether the GE plant is likely to ‘adversely impact’ non-target
organisms which may be beneficial to the environment or to agriculture

4. The likelihood of the GE plant becoming weedier or ‘more difficult to control’ as a weed
than its antecedent

5. How likely gene introgression from the GE plant into wild relatives in the US is, and, how
likely this is to increase the weediness potential of any progeny

6. Whether the introduction of the GE plant would cause any significant changes to
cultivation or agricultural practices

7. The likelihood of horizontal gene transfer of the new genetic material to other organisms,
and whether it is expected to lead ‘directly or indirectly to disease, damage, injury or harm
to plants, including the creation of new or more virulent pests, pathogens or parasitic
plants,”xVii

The increased weediness of the GE plant and the possibility of horizontal gene transfer are both
factors which APHIS take seriously, however there does not necessarily seem to be a hard and fast
rule as to how developers should deal with this. Indeed, this can be seen when comparing the
petitions of Monsanto’s GE creeping bentgrass (petition number 15-300-01p) and Pioneer’s maize
(petition number 11-244-01p). There has been one determination of nonregulated status for GE
creeping bentgrass, with one other GE creeping bentgrass currently under assessment. The
creeping bentgrass species itself has some weedy characteristics, however, Monsanto argued that
it was not considered a major weed in US agriculture, citing scientific literature to support this.
Furthermore, Monsanto announced that it was not its intention to commercialise this plant, and
that all commercial seed stock had been destroyed.** The intention not to further propagate the
GE plant was one of the major factors which encouraged APHIS to grant deregulation, informing
its decisions in the plant pest risk assessment.™*



In contrast to this, 4114 maize developed by Pioneer had been engineered to contain all genes at
one single breeding locus, thus creating the expectation for the 4114 maize to be more efficiently
bred into a wider variety of maize.*™ Unlike previous determinations, the issue of horizontal gene
transfer did not appear to raise an issue for APHIS’s assessment of 4114 maize. Indeed, it was not
included in the list of reasons in favor of deregulation.® This proves promising for the chances
of deregulation for XplA/B expressing switchgrass as the potential for horizontal gene transfer to
others of its species does not prevent deregulation. Indeed, APHIS has ruled in other cases that it
is the likelihood of this transfer to cause disease, damage, or injury to plants, as well as the creation
of new plant pests, that is the real issue. !

Furthermore, the use of the 35S promoter and terminator, taken from the Cauliflower Mosaic Virus,
in the XplA/B expressing switchgrass also does not appear to present an obstacle in a determination
of nonregulated status. Indeed, previous APHIS determinations have issued nonregulated status to
GE crops containing the 35S promoter, such as Bayer’s LLRICE601 (petition number 06-234-01p)
and Monsanto’s reduced lignin alfalfa (petition number 12-321-01p). In its petition, Bayer argued
that the use of the 35S promoter did not cause the rice to become a plant pest, as had been seen in
other GE rice plants that had previously been deregulated by APHIS. iV

Petitioning for Nonregulated Status for XplA/B Expressing Switchgrass

Based on the evidence presented above for previous successful petitions, there is probably a high
likelihood for a successful petition for giving XplA/B expressing switchgrass lines a nonregulated
status. Indeed, though the switchgrass uses promoters and terminators from the Cauliflower
Mosaic Virus and has a vector derived from Agrobacterium tumefaciens, APHIS has
acknowledged that these methods do not leave viable bacteria behind or confer plant pest traits,
though they do facilitate the expression of other genes into the organism. Moreover, APHIS agrees
that use of plant pests in this fashion (either as vectors for genetic material or as donors of
‘regulatory sequences’) has a ‘long history’ and does not result in the injury or disease to the
organism receiving them or other organisms.** The Agency argues that the impact of the GE plant,
and its potential as a plant pest, must also be considered outside of its primary function or target,
as these organisms are ‘almost always intended for eventual release into the environment.’
Consideration must be given to the indirect plant pest risks, particularly if the GE plant may impact
non-target organisms that are beneficial to agriculture.*™"! Attention must also be given to the
potential allergenicity and toxicity of the GE plant. When determining a petition for deregulation,
APHIS have also been known to use ‘alternative characterizations’ such as ‘poses no more of a
plant pest risk than its non- GE counterpart’ or ‘will not pose a plant pest risk.” The criteria used
to assess this include conclusions made on the potential of the GE plant pest risks which involve
the interactions of the organism with others or the environment.¥!! Provided that the petition for
XplA/B expressing switchgrass could demonstrate the lack of plant pest risk with factual
information and evidence, chances of deregulation are favorable.

In order for a petition to be successful, APHIS argues, it needs to include a description of the
biology of the recipient plant (unmodified), containing enough information necessary to identify
it in the ‘narrowest taxonomic grouping applicable.” This should be accompanied by a detailed
description of the ‘differences in genotype’ between the GE plant and the non-modified
comparator. APHIS requests that all scientific, common, and trade names are included, as well as
the information needed to identify:
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The donor organism

The nature of the transformation system (vector or vector agents)
The inserted genetic material and its product(s)

The regulated article™Viii

The description of the phenotype of the regulated article needs to be detailed, describing the known
(and possible) differences from the original recipient that would authenticate the premise that the
GE plant is unlikely to pose a plant pest risk that is greater than the unmodified plant. This is
including (but is not limited to):

‘Plant pest characteristics

Disease and pest susceptibilities

Expression of the gene product

New enzymes or changes to plant metabolism

Weediness of the regulated article

Impact on the weediness of any other plant with which it can interbreed
Agricultural or cultural practices

Effects of the regulated article on non-target organisms

e Indirect plant pest effects on other agricultural products

e Transfer of genetic information to organisms with which it cannot interbreed”**

In addition to this, any information that is known to the person making the petition that indicates
the GE plant could pose a greater plant pest risk should also be included. It is important to consider
what reasonable hypotheses can be put forward that would suggest environmental harm from the
release of the xplA/B transgenes in the transgenic switchgrass lines. The cytochrome P450 XplA
enzyme is only known to degrade RDX, and is not known to be active against substrates involved
in disease promotion or are essential for cell metabolism. RDX is an important environmental
pollutant of significant concern. So the expected result of the release of xp/4 into the environment
would be the degradation of RDX in that environment, resulting in the improvement of the health
and quality of the environment. All of this needs to be accompanied by the relevant experimental
data and publications. The petition should also include field test reports for trials which were
conducted under permit or notification, including the ‘APHIS reference number, methods of
observation, resulting data, and analysis regarding all deleterious effects on plants, non-target
organisms, or the environment.”*™* This is all required by APHIS for a petition for nonregulated
status for XplA/B switchgrass to be considered.

i Permits, Notifications and Petitions, APHIS, USDA. (https://www.aphis.usda.gov/aphis/ourfocus/biotechnology/permits-
notifications-petitions) accessed on 19/08/19

i Ibid

ii <7 CFR parts 340 and 372’ Federal Register, Vol. 82 No.109

V7 CFR parts 340 and 372, Federal Register

v Ibid

Vi Petition for determination of nonregulated status, 4APHIS (https://www.govinfo.gov/content/pkg/CFR-2008-title7-vol5/pdf/CFR-
2008-title7-vol5-sec340-6.pdf) accessed 19/08/19

Vi Ibid
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* Ibid

N Ibid
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xiii Ibid
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X Ibid

i ‘Strategic Plan FY2014-FY2018°, APHIS USDA
(https://www.aphis.usda.gov/biotechnology/downloads/BRS_Strategic_Plan.pdf) (accessed 20/08/19)

it 7 CFR parts 340 and 372, Federal Register

il ‘Extended Determination of Nonregulated status for Syngenta’ APHIS

(https://www.aphis.usda.gov/brs/aphisdocs/15 21801p_det.pdf) (accessed 20/08/19

xix ‘Petition for the determination of Nonregulated Status for Glyphosate Tolerant Creeping Bentgrass Event ASR368’ Monsanto,
2015 (https://www.aphis.usda.gov/brs/aphisdocs/15_30001p.pdf) (accessed 21/08/19)

** ‘Determination of Nonregulated Status for the Scotts Company and Monsanto Company ASR368 Creeping Bentgrass’ APHIS
(https://www.aphis.usda.gov/brs/aphisdocs/15_30001p_det.pdf) (accessed 21/08/19)

i ‘petition for the Determination of Nonregulated Status for Insect-Resistant and Herbicide-Tolerant 4114 Maize’ Pioneer,
2012, (https://www.aphis.usda.gov/brs/aphisdocs/11_24401p.pdf) (accessed on 21/08/19)

i “Determination of Nonregulated Status for Pioneer Event DP-@@4114-3 Corn> APHIS,
(https://www.aphis.usda.gov/brs/aphisdocs/11_24401p_det.pdf) (accessed on 21/08/19)

xxiil ‘Final Extended Determinationl of Nonregulated Status for JR SimplotCompany X17 and Y9 Potato Varieties’ APHIS
(https://www.aphis.usda.gov/brs/aphisdocs/16_06401p_det pprsa.pdf) (accessed 21/08/19)

xxiv ¢ Application for an Extension of the Determination of Nonregulated Status for Glufosinate-Tolerant Rice’ Bayer, 2006,
(https://www.aphis.usda.gov/brs/aphisdocs/06_23401p.pdf) (accessed 21/08/19)

*xv7 CFR parts 340 and 372, Federal Register

XXVi Ibid

Xxvii Ibid

Vil Petition for Determination of Nonregulated Status

XXiX Ibid

X bid
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