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Abstract …….. 

In order to continue to be able to use non-pathogenic organisms as biological warfare agent 
simulants for open air release, DRDC Suffield recently had to confirm the identities of the 
simulants it employs — Pantoea agglomerans (a Gram-negative bacterial simulant formerly 
named Erwinia herbicola), Bacillus atrophaeus (a Gram-positive bacterial spore simulant 
formerly named Bacillus globigii) and Male Specific Coliphage 2 (MS2, a viral simulant) 
including its Escherichia coli host.  To comply with the New Substances Notification Regulations 
through Environment Canada, submission of detailed information packages on each of the 
organisms was required. In support of these submissions, published polymerase chain reaction 
(PCR) assays for each of the organisms were reviewed, selected, modified as required and put 
into practice.  In silico analysis was conducted to address Environment Canada’s concern 
regarding the specificity of the aroQ assay to detect the P. agglomerans simulant strain and not 
related Pantoea strains, including plant pathogens. Analysis indicated that the aroQ assay should 
detect the simulant strain but not the biocontrol strain P. vagans C9-1 or plant pathogen strains 
such as P. ananatis LMG 20103.  To address residual prevalence of the simulants prior to new 
releases, attempts were made to isolate them from DRDC Suffield field study sites where they 
were previously used.  The identification method for B. atrophaeus was used to confirm the 
identity of spore isolates found in environmental samples. Identification methods for the other 
simulants were not employed as they were not found in these samples. 

The data and information presented in this report led to the approval of outdoor aerosol release of 
MS2/E.coli and P. agglomerans at DRDC Suffield by Environment Canada.  B. atrophaeus (BG) 
was also approved, but was not required to go through the NSN submission process, as it was 
instead placed on the NSN Program Domestic Substances List due to its historical use by DRDC 
Suffield. 

Résumé …..... 

Pour pouvoir continuer d’utiliser en plein air des organismes non pathogènes simulant des agents 
de guerre biologiques, RDDC Suffield a récemment dû confirmer l’identité de ceux-ci : le 
Pantoea agglomerans (agent de simulation de bactérie Gram négatif, autrefois nommé Erwinia 
herbicola), le Bacillus atrophaeus (agent de simulation de spore de bactérie Gram positif, 
autrefois nommé Bacillus globigii) et le coliphage mâle-spécifique MS2 (agent de simulation de 
virus) ainsi que son hôte, l’Escherichia coli. Nous avons préparé des trousses de renseignements 
détaillés sur chacun de ces organismes, conformément au Règlement sur les renseignements 
concernant les substances nouvelles d’Environnement Canada. Pour étayer ces renseignements, 
nous avons examiné les essais publiés sur la réaction en chaîne de la polymérase (PCR) pour 
chacun des organismes, en avons sélectionné certains, les avons modifiés au besoin et les avons 
mis en pratique. Nous avons mené des analyses in silico pour répondre aux préoccupations 
d’Environnement Canada concernant la spécificité de l’essai visant le gène aroQ à l’égard de la 
souche du P. agglomerans utilisée pour la simulation et la possibilité de détection des souches du 
genre Pantoea non apparentées, notamment les agents phytopathogènes. Selon l’analyse, l’essai 
visant le gène aroQ devrait permettre de détecter la souche utilisée pour la simulation, sans 

DRDC Suffield TR 2012-066 i 
 
 

 
 



 
 

détecter la souche de lutte biologique P. vagans C9-1 ou les souches phytopathogènes comme le 
P. ananatis LMG 20103. Pour vérifier la présence résiduelle des agents de simulation avant de 
nouvelles utilisations, nous avons tenté d’isoler ces agents dans des échantillons prélevés dans les 
sites de recherche de RDDC Suffield où ils avaient déjà été utilisés. La méthode d’identification 
du B. atrophaeus a été utilisée pour confirmer l’identité de spores isolées dans des échantillons 
environnementaux; nous n’avons pas utilisé les méthodes d’identification des autres agents de 
simulation, car ces agents n’ont pas été trouvés dans les échantillons. 
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Executive summary  

Genetic confirmation of DRDC Suffield biological field simulants 
for the New Substances Notification Program  

D.E. Bader; G.R Fisher; and S. Rowsell; DRDC Suffield TR 2012-066; Defence 
R&D Canada – Suffield; November 2012. 

Introduction: Since the Second World War, DRDC Suffield has employed non-pathogenic 
organisms as simulants for biological warfare agents in field work, originally for research, 
development, testing, and evaluation purposes, but more recently also in training exercises for the 
Canadian Armed Forces. DRDC Suffield currently employs two bacteria and one virus as 
biological agent simulants.  The regulatory regime for open air releases of such organisms has 
changed in recent years.  To continue using live biological agent simulants outdoors, DRDC 
Suffield was required to comply with Environment Canada’s New Substances Notification 
Regulations for each of these organisms.  This required positive identification of the organisms 
employed and testing for the presence of these strains in environmental samples collected from 
the DRDC Suffield field study sites prior to any new releases. 

Results: Through adaption and application of published polymerase chain reaction (PCR) assays, 
three simulant organisms were positively identified. In addition, the host bacterium used to grow 
the simulant virus was confirmed by PCR as a strain that has a history of safe commercial use, is 
unlikely to survive in the environment, and is not known to have adverse effects on 
microorganisms or plants. 

Significance: As a result of this work, Environment Canada has approved outdoor aerosol release 
of live biological agent simulants at DRDC Suffield. 

Future plans: The project was successfully completed. 
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Sommaire ..... 

Genetic Confirmation of DRDC Suffield Biological Field 
Simulants for the New Substances Notification Program  

D.E. Bader; G.R Fisher; and S. Rowsell ; DRDC Suffield TR 2012-066 ; R & D 
pour la défense Canada –  Suffield; novembre 2012. 

Introduction : Depuis la Deuxième Guerre mondiale, RDDC Suffield utilise des organismes non 
pathogènes pour simuler les agents de guerre biologiques dans le cadre d’activités sur le terrain, 
auparavant aux fins de recherche, de développement, d’essai et d’évaluation, et plus récemment 
aux fins d’exercices d’entraînement pour les Forces armées canadiennes. RDDC Suffield utilise 
actuellement deux bactéries et un virus comme agents biologiques de simulation. Le régime 
réglementaire concernant l’utilisation en plein air de tels organismes a changé au cours des 
dernières années. Pour pouvoir continuer d’utiliser des agents biologiques de simulation à 
l’extérieur, RDDC Suffield a dû se conformer aux exigences du Règlement sur les 
renseignements concernant les substances nouvelles d’Environnement Canada pour chacun des 
organismes employés. Avant de pouvoir utiliser ces organismes à nouveau, il a fallu les identifier 
de manière positive et vérifier la présence des souches dans des échantillons environnementaux 
prélevés dans les sites de recherche de RDDC Suffield où ils avaient déjà été utilisés. 

Résultats : Les trois organismes de simulation ont pu être identifiés de manière positive au 
moyen d’analyses par réaction en chaîne de la polymérase (PCR) décrites dans des essais publiés, 
adaptées au cas présent. De plus, la PCR a permis de confirmer que la bactérie hôte utilisée pour 
la multiplication du virus est une souche utilisée depuis longtemps de façon sécuritaire à des fins 
commerciales, a peu de chances de survivre dans l’environnement et n’a aucun effet négatif 
connu sur les microorganismes et les végétaux. 

Importance : À la suite de ces travaux, Environnement Canada a approuvé l’utilisation à 
l’extérieur par RDDC Suffield d’agents biologiques vivants servant à la simulation. 

Perspectives : Ce projet a atteint son objectif. 
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1 Introduction 

DRDC Suffield’s Counter Terrorism Technology Centre (CTTC) uses biological agent simulant 
organisms for training the Canadian Forces and for test and evaluation of equipment and 
protocols in the areas of detection (e.g. detectors, collectors) and protection (e.g. masks, clothing). 
While some of this work is conducted in the laboratory, some is conducted in the field, in 
particular, the DRDC Suffield Experimental Proving Ground (EPG). 

Recently adopted regulations have required DRDC Suffield to submit a “New Substances 
Notification” (NSN) to Environment Canada in order to continue to use biological agent 
simulants in the open environment. To gather information for required NSN submissions, it was 
necessary for representative soil samples to be collected from the EPG in order to assess the 
prevalence of these organisms in the environment prior to any new releases, as well as to assess 
their survivability in the environment (due to releases that took place prior to the NSN regulatory 
requirement).  In addition, it was necessary to confirm the identity of the specific strains of the 
simulant organisms used by DRDC Suffield: Pantoea agglomerans, Bacillus atrophaeus, and 
Male Specific Coliphage 2 with its Escherichia coli host. 

Pantoea agglomerans is a Gram-negative, aerobic bacillus in the Enterobacteriaceae family [1]. 
It is used at DRDC Suffield as a simulant for Gram-negative human pathogens such as Brucella 
spp., Burkholderia spp., Francisella tularensis, and Yersinia pestis.  In 1989, the genus Pantoea 
was established to include several species belonging to the Erwinia-Enterobacter agglomerans 
and Erwinia milletiae complex [2]. Currently, the genus Pantoea includes seven species and two 
subspecies, the majority of which are either associated with plants or are plant pathogens [2]. P. 
agglomerans is found in many diverse natural and agricultural habitats and has been isolated from 
plants, water, animals, and humans [3] and from the feces of humans and animals [4].  P. 
agglomerans has been transformed into two related gall-forming pathovars (P. agglomerans pv. 
gypsophilae and P. agglomerans pv. betae) through the acquisition of pPATH plasmids 
containing a pathogenicity island [3].  However, other P. agglomerans strains have biocontrol 
properties for a variety of bacterial and fungal diseases [5].  For example, P. agglomerans strain 
E325 is the active ingredient in Bloomtime Biological™ FD Biopesticide, used to control fire 
blight of apple and pear most commonly initiated by Erwinia amylovora [6]. Commercial 
registration of P. agglomerans biocontrol products has been hampered as it is considered a Risk 
Group 2 pathogen due to clinical reports of it acting as an opportunistic pathogen [5]. In terms of 
human infections, P. agglomerans is less often implicated than Enterobacter aerogenes or 
Enterobacter cloacae [4]. Two cases of septic monoarthritis have been reported in which P. 
agglomerans was indicated following plant thorn injury (13 year old boy) and a wood sliver 
injury (36 year old woman with systemic lupus erythematosus) [4]. P. agglomerans has been 
cultured from patients at various locations including sterile sites (blood stream, abscesses, 
joints/bones, urinary tract, peritoneum, and thorax), sputum, urine, and oropharyngeal [1]. 
However, genotypic analysis of plant and clinical strains from various culture collections found 
many clinical strains to be improperly designated as P. agglomerans, resulting in taxonomic 
mischaracterization [5]. In many mischaracterized cases, Koch’s postulates are often not fulfilled 
and the clinical strains are rarely retained for genetic confirmation; these concerns, combined 
with the polymicrobial nature of P. agglomerans, need to be taken into consideration before 
preventing legitimate use of beneficial P. agglomerans as biocontrols [5]. Other subject matter 
experts, however, have suggested that all P. agglomerans strains might possess indistinguishable 
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virulence potential [7], which would therefore argue for caution in using any P. agglomerans 
strain as a biocontrol agent. The P. agglomerans strain used by DRDC Suffield and submitted to 
Environment Canada for the NSN submission is P. agglomerans ATCC 33243, formerly referred 
to as Erwinia herbicola [8]. 

Bacillus atrophaeus is a Gram-positive, aerobic, endospore-forming, rod-shaped bacterium that is 
virtually identical to Bacillus subtilis except for the production of pigment on media which 
contains organic nitrogen [9].  It is found in soil and is non-pathogenic [10]. It has been used for 
over 60 years in the biodefense community as a simulant for Bacillus anthracis and other spore-
forming organisms [10].  It has the Tripartite agent designation BG, derived from Bacillus 
globigii, the original name given to this organism by Migula in 1900 [11]. It was originally 
isolated as a variant of B. subtilis, distinguishable by the formation of black-tinted pigment on 
nutrient agar, hence the designation Bacillus subtilis var niger [10]1. Two strains from the Bacon 
Laboratories, the “red” strain and the “brown” strain, were allocated to B. subtilis var niger and 
designated as NRS-1221A and NRRS-1221B, respectively [11]. In 1989, the black-pigment-
producing strains were evaluated on the basis of pigment production on two different media and 
DNA-DNA hybridization studies by Nakamura [11]. From this analysis, three groups emerged. 
One group produced no pigment on either media and included the type strain B. subtilis. Another 
group was a pigment-forming variant, but belonged to B. subtilis based on the high DNA–DNA 
similarities. The third group produced a brownish-black pigment on one medium and a brown 
pigment on the other, but showed low levels of DNA–DNA homology to the other two groups. 
This group was designated as a new species, namely, Bacillus atrophaeus.  In the 1989 study, 21 
of 25 strains in this new B. atrophaeus group had formerly been designated as B. subtilis var 
niger. 

For many decades, DRDC Suffield has employed “BG powder”, freeze-dried Bacillus subtilis var 
niger spp. globigii (BG) spores prepared by Dugway Proving Grounds (DPG) and obtained in 
two batches, one apparently prepared in the 1960s and the other in the 1990s. Both batches tend 
to produce orange-colored colonies on Luria-Bertani (LB) media. 

MS2 bacteriophage is a positive-sense, single-stranded RNA (ssRNA) virus with an icosahedral, 
tail-less capsid [12], whose host organism is Escherichia coli [13].  It is a non-enveloped virus 
with an average diameter of about 28 nm, making it one of the smallest viruses [13]. It binds to 
the side of bacterial F-pili and lyses the bacterial host after infection [14]. It has been used in 
place of pathogenic viruses in a wide range of studies, including testing compounds for 
disinfecting surfaces, studying environmental transport and environmental fate, and as a pathogen 
simulant in R&D and T&E analysis of methods, systems, and devices for the detection of 
pathogens in both battlefield and domestic defence scenarios [15]. 

Escherichia coli K-12S A/λ (F+) is the host strain used to propagate MS2 bacteriophage at DRDC 
Suffield.  This K-12-derived bacterium is Gram-negative, facultative, rod-shaped, and carries the 
F+ and λ-resistant characters [16].  E. coli K-12 and its derivatives are no longer considered hardy 
in the natural environment due to their extensive use in the laboratory for over 70 years [17].  It is 
assumed that over the long term, K-12 survival in soil would be very low [17].  These strains, 
unlike other strains of E. coli that are known to be pathogenic to humans, are non-pathogenic. The 
U.S. Food and Drug Administration states that some non-pathogenic strains can be opportunistic 

1 Pigmentation was shown to be susceptible to the culture conditions [11]. 
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pathogens causing infections in immunocompromised hosts [18]; however, no case of disease has 
ever been reported through extensive use of K-12 derived E. coli strains [19]. 

DRDC Suffield was tasked with confirming the identity of the biothreat simulant strains used in 
open air trials, as well as isolates prepared from soil samples collected from the DRDC Suffield 
EPG, in an effort to assess the presence and survivability of these simulants in the environment as 
required by the New Substances Notification Program. 

SYBR Green dye-uptake polymerase chain reaction (PCR) assays for Pantoea agglomerans, 
Bacillus atrophaeus, and MS2 previously developed for the LightCycler® under The Technical 
Cooperation Program (TTCP) Action Group 43 (Gene Probes) [20] might have been used for this 
project, were it not for the fact that they were developed as a quadrilateral effort and subject to 
possible limitations on the publication in the public domain. For this reason, it was decided to 
adopt real-time, probe-based PCR assays, published in the open literature, for the three DRDC 
Suffield simulants selected for NSN certification. Probe-based PCR assays allow one to monitor 
the PCR reaction in real-time and tend to be more rigorous than SYBR Green dye uptake assays 
in terms of specificity. 

During the course of the NSN submissions, Environment Canada requested that DRDC Suffield 
use a definitive method to confirm that the Escherichia coli host strain for MS2 propagation (E. 
coli K-12S A/λ (F+)) was indeed a K-12 strain. A gel-based PCR assay from the open literature 
that was designed to detect a common K-12 genetic marker was modified and used to test the 
CTTC E. coli host strain, along with a number of negative and positive control strains from the 
DRDC Suffield collection. In addition, in silico analysis was conducted to address Environment 
Canada’s concern regarding the specificity of the aroQ assay to detect the DRDC Suffield 
simulant Pantoea agglomerans ATCC 33243, but not related Pantoea strains, including plant 
pathogens. 

This paper describes the PCR assays and genetic analysis that was conducted in support of DRDC 
Suffield’s NSN submissions of biological agent simulants to Environment Canada. 

 
2 Materials and methods 

2.1 Bacterial and viral cultures 

The bacterial and viral culture materials used in this project are presented in Table 1. 
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Table 1: List of bacterial and viral materials used. 
  Material 

Tested Source Purpose 
K12 

Referen
ce 

1 MS2 bacteriophage (ATCC 15597-B1) cell-free lysate CTTC assay positive 
control 

 

2 Escherichia  coli K-12S A/λ (F+) cell lysate CTTC test material  
3 Pantoea agglomerans (ATCC 33243) cell lysate CTTC assay positive 

control 
 

4 Bacillus atrophaeus cell lysate CTTC assay positive 
control 

 

5 E. coli K12 strain ATCC 15597 cell lysate CTTC K-12 control 
strain 

[21] 

6 E. coli K12 strain BMH71-18mutL cell lysate strain 
collection 

K-12 control 
strain 

[24] 

7 E. coli K12 strain DH5α cell lysate strain 
collection 

K-12 control 
strain 

[23] 

8 E. coli K12 strain JM101 cell lysate strain 
collection 

K-12 control 
strain 

[25] 

9 E. coli K12 strain JM109 cell lysate strain 
collection 

K-12 control 
strain 

[25] 

10 E. coli K12 strain TG2 cell lysate strain 
collection 

K-12 control 
strain 

[22] 

11 Acinetobacter sp. ATCC 49139 gDNA strain 
collection 

non K-12 
control strain 

 

12 Enterobacter aerogenes ATCC 13048 gDNA strain 
collection 

non K-12 
control strain 

 

13 Pantoea agglomerans ATCC 33243 gDNA strain 
collection 

non K-12 
control strain 

 

14 Proteus vulgaris ATCC 8427 gDNA strain 
collection 

non K-12 
control strain 

 

15 Klebsiella pneumoniae ATCC 9997 gDNA strain 
collection 

non K-12 
control strain 

 

16 Pseudomonas aeruginosa ATCC 35032 gDNA strain 
collection 

non K-12 
control strain 

 

Fresh cultures of items 1 through 5 were prepared by CTTC. MS2 bacteriophage (Item 1) was 
provided at a concentration of 5.3 × 1010 PFU/mL in Luria broth media.  The MS2 was obtained 
by DRDC Suffield from Dugway Proving Grounds (DPG, West Desert Test Center, Dugway, 
UT,) however the E. coli host culture for this preparation was ATCC 15597-B1.  A culture plate 
of pure E. coli K-12S A/λ (F+) used as the host for MS2 field work (Item 2) originated from 
DPG.  Pantoea agglomerans (Item 3), Bacillus atrophaeus NSN #18250-72 (Item 4) and the K-12 
control strain E. coli K12 ATCC 15597 (Item 5) [21] were provided on separate agar plates.  
Cultures were stored at 4 °C prior to preparing cell lysates for PCR analysis. 

Items 6–10 were E. coli K-12 control strains that were prepared from freeze-dried vials held in 
the DRDC Suffield strain collection and stored at 4 °C [22–25]. The vial contents were hydrated 
with 100 µL of sterile phosphate-buffered saline (PBS). A 10 µL sterile, disposable loop was used 
to aseptically plate hydrated cells onto a Luria-Bertani (LB) agar plate media prepared in house 

2 The DRDC Suffield Bacillus atrophaeus species is currently designated as Bacillus species Source # 18250-7 on the 
NSN Domestic Substances List (DSL). 
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(Sigma-Aldrich Canada Ltd., Oakville, ON) and incubated at 37 °C for 24 to 48 h. The plates 
were removed from the incubator, wrapped in parafilm, and stored at 4 °C prior to preparing cell 
lysates for PCR analysis. 

Items 11–16 were genomic DNA (gDNA) preparations isolated from non E. coli strains in the 
DRDC Suffield strain collection using the Qiagen EZ1 instrument according to the 
manufacturer’s instructions (Qiagen, Mississauga, ON). The DNA was quantified using the 
Nanodrop spectrophotometer according to the manufacturer’s instructions (NanoDrop 
Technologies, Inc., Wilmington, DE) and adjusted to a working concentration of 0.5 ng/µL with 
0.2 µm, filter-sterilized TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). 

2.2 Soil isolates 

Isolates from nine DRDC Suffield EPG soils processed for bacterial spore recovery and 
demonstrating vegetative growth on agar plates were provided on agar culture plates labelled S1, 
S2, S3, S7, S8, S9, S10, S11 and S12 by CTTC for PCR analysis using the Bacillus atrophaeus 
assay. The plates were stored at 4 °C prior to preparing cell lysates for PCR analysis. 

2.3 Preparation of cell-free MS2 virus positive control 
template – Boil prep method 

The stock MS2/E. coli ATCC 15597-B1 culture (~5.3 × 1010 PFU/mL) was diluted 10-fold to a 
total volume of 2 mL (1.8 mL of 10 mM Tris, 1 mM EDTA, pH 7.5 buffer + 0.2 mL of MS2/E. 
coli culture) and drawn into a 5 mL syringe. A 0.22 µm nylon syringe filter (0.22 µm × 25 mm) 
was screwed onto the syringe and the MS2/E. coli culture was filtered into a sterile 2.0 mL 
Simport microfuge tube with o-ring screw cap (Mandel Scientific, Guelph, ON) to remove E. coli 
cells (a 20% v/v loss in recovery was observed due to filter absorption). All Simport tubes used in 
this project were RNase-, DNase-, Pyrogen-, and DNA-free. The tube contents were spun down 
briefly (1–2 sec, microspinner full speed). A 1 mL aliquot of the filtered MS2 supernatant was 
transferred into a clean 2 mL microfuge tube with o-ring screw cap and immersed into a boiling 
water bath (~ 100 °C) for 10 minutes to prepare a boiled lysate.  The tube was removed from the 
boiling water bath and spun down briefly (1–2 sec; microspinner full speed). The contents were 
pipeted into 10 × 100 µL volumes. The tubes were stored at −70 °C (4 tubes), 4 °C (4 tubes) and 
room temperature (RT) (2 tubes). One of the tubes was used to make a serial dilution series for a 
standard curve for the MS2 assay 4 and assay 5 using DNase-free, RNase-free water (NFW) from 
Applied Biosystems® (Streetsville, ON) as the diluent. 

2.4 Preparation of cell-free MS2 virus positive control 
template  – Trizol method 

A 1 mL aliquot of filtered MS2 supernatant was prepared as described above. A 20 µL aliquot of 
filtered MS2 (~5.3 × 109 PFU/mL) was added to 500 µL of TRIzol® (Life Technologies-
Invitrogen, Burlington, ON)3. The solution was mixed by pipet and incubated at RT for 5 min.4 

3 Work with TRIzol® reagent was conducted in the fumehood while wearing gloves and eye protection. 
4 Samples can be stored at this point at −70 °C for at least one month. 
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One hundred microlitres of chloroform was added to the Trizol/virus tube. The tube was capped 
and shaken vigorously by hand for 15 sec and incubated at RT for 2–3 min. The tube was 
centrifuged at 12000 × g for 15 min at 4 °C to separate the phases. The top aqueous phase 
containing the RNA (~250 µL) was transferred using a 1 mL pipet to a clean tube. The RNA was 
precipitated by adding 250 µL of isopropanol, mixing by inversion, and incubating at RT for 10 
min. The tube was centrifuged at 12000 × g for 10 min at 4 °C to pellet the RNA. The supernatant 
was removed to waste by pipet and the pellet was washed with 0.5 mL of 75% DEPC-treated 
ethanol.5  The pellet was washed by mixing on the vortex followed by centrifugation at ≤ 7500 × 
g for 5 min at 4 °C. The pellet was air-dried for 5–10 min making sure not to let it dry to 
completion. The pellet was dissolved in 50 µL of NFW and incubated at 55–60 °C for 10 min to 
help dissolve the RNA pellet. The RNA solution was measured by spectroscopy on the Nanodrop 
(OD 260/280) and then aliquots were stored at −70 °C, 4 °C, and ambient temperature. Prior to 
use, an aliquot was removed from storage and a 10-fold serial dilution series was made for a 
standard curve for the MS2 assay 4 and assay 5 using NFW as the diluent. 

2.5 Preparation of bacterial cell lysates – Boil prep method 

Individual colonies or cell lawns from pure cultures grown on agar plates were selected using a 
sterile disposable loop and suspended in NFW in Simport microfuge tubes.  The cells were mixed 
by pipet using sterile, plugged pipet tips or by vortex at maximum speed for ~5 seconds. After 
mixing, tubes were spun down briefly (1–2 sec) on a microspinner (full speed).  The tubes were 
then immersed in a boiling water bath (~100 °C) for 10 min.  The tubes were removed from the 
water bath and spun at 18,000 × rcf for 30 seconds (Beckman Coulter Microfuge® 18 Centrifuge).  
The supernatant containing the template was removed by pipet to a new microfuge tube.  The 
tube containing the pellet was discarded to waste.  Serial dilutions of the supernatant were 
prepared using NFW.  Neat and diluted cell lysate supernatants were stored at 4 °C or −20 °C 
prior to analysis.  For Bacillus atrophaeus and Pantoea agglomerans, eight colonies were 
suspended in 100 µL of NFW.  For E. coli ATCC 15597, a single colony was suspended in 50 µL 
of NFW.  All other E. coli K-12 strains were prepared by scraping a loopful of cells using a 
disposable, sterile 10 µL plastic loop from purified lawns previously streaked and shown to 
produce individual colonies of identical phenotype (size, shape, and color) on LB agar plates.  
The cells were suspended in 200 µL of NFW prior to boiling. 

2.6 PCR reaction setup and run parameters for the simulant 
assays 

The PCR assays used in this project for the simulants MS2 [15], B. atrophaeus [26], and P. 
agglomerans [27], were derived from the open literature.  A concentrated PCR master mix at 
1.087× strength was made for a given assay in bulk volume (# reactions × 25 µL × 20% extra) in 
a template-free biosafety cabinet (BSC) using commercially available Taqman® master mix kits 
from Life Technologies Inc, Applied Biosystems® (Burlington, ON) (Table 2). Template-free 
PCR reactions (also referred to as no template controls or NTCs) were prepared in the same 
template-free BSC by adding 6.52 µL of NFW to 75 µL of 1.087× PCR master mix to prepare a 

5 This can be stored at 4 °C for at least one week and at −20 °C for at least 1 year. 
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1× strength PCR mixture. The concentration of the reaction components in the final PCR reaction 
volume of 25 µL are listed in Table 2 (where known). 

25 µL of 1× PCR mixture was pipetted into a well in a 96 well optical plate (Applied 
Biosystems®). This was repeated two more times for a total of three replicates per sample.  The 
plate was placed onto a 96 well cold block and then transferred from the template-free BSC to a 
second BSC for the addition of test material (samples and positive controls) by adding 6.52 µL of 
test material to 75 µL of 1.087× PCR master mix to prepare a 1× strength PCR mixture. 25 µL of 
1× PCR mixture was pipeted into a well in the 96 well optical plate and repeated two more times 
for a total of three replicates per sample. The plate was sealed with Microamp optical adhesive 
film (Applied Biosystems®). The plate contents in the sealed plate were spun down for 
approximately two minutes at 1500–2000 rpm (Beckman Allegra™ 6R centrifuge).  The plate 
was loaded onto the 7500 FAST Cycler unit (Applied Biosystems®) and the run was setup 
following the manufacturer’s guide for setting up a Relative Quantification (RQ) experiment. 

Table 2: Concentration of reaction components in the final PCR reaction. 
 B. atrophaeus 

Assay 
[final] 

P. agglomerans 
Assay 
[final] 

MS2 
Assay 
[final] 

Master Mix 
Components 

Taqman® PCR Core 
Reagents Kit 

Taqman® PCR Core 
Reagents Kit 

Taqman® One-Step RT-
PCR Master Mix Reagents 

Kit 
Taqman® buffer A 1× 1× Not applicable 
MultiScribe™ reverse 
transcriptase/ RNase 
Inhibitor 

Not applicable Not applicable 1× 

MgCl2 5 mM 5 mM unknowna 
dUTP 0.2 mM 0.2 mM unknowna 
dATP 0.1 mM 0.1 mM unknowna 
dCTP 0.1 mM 0.1 mM unknowna 
dGTP 0.1 mM 0.1 mM unknowna 
AmpliTaq Gold® DNA 
polymerase 0.05 U/µL 0.05 U/µL unknowna 

AmpErase® uracyl N-
glycosylase 0.01 U/µL 0.01 U/µL unknowna 

Forward Primer 0.2 µM 0.3 µM 0.4 µM 
Reverse Primer 0.2 µM 0.3 µM 0.4 µM 
Probe 0.2 µM 0.2 µM 0.2 µM 
ROX reference dye 0.016 µM 0.016 µM 0.016 µMb 
a Concentration or presence in the mixture was not provided by the manufacturer. 
b Also contains passive reference 1 in manufacturer’s supplied buffer. 

2.6.1 Assay probes and primers for the simulant assays 

All probes and primers used for the simulant assays were prepared by Applied Biosystems® - Life 
Technologies Corporation, (Carlsbad, CA). All Taqman probes were fluorescently labelled on the 
5′ end with 6-FAM (6-Carboxyfluorescein) and on the 3′ end with TAMRA 
(Carboxytetramethylrhodamine). 
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2.6.2 PCR cycling parameters for the simulant assays 

The PCR cycling programs were run according to the following parameters: 

 
Cycling Program for the Bacillus atrophaeus and Pantoea agglomerans Assays 

 
50 °C for 2 min (1 cycle) 
95 °C for 10 min (1 cycle) 
95 °C for 15 sec + 60°C for 60 sec (40 cycles)   

 
 

Cycling Program for the MS2 Assay 
 

48 °C for 30 min (1 cycle) 
95 °C for 10 min (1 cycle) 
95 °C for 15 sec + 60°C for 60 sec (45 cycles) 

The sequences of the primers and probes for each assay are listed in Table 3. 

Table 3: Simulant PCR assay primer and probe sequences. 

Assay  Sequence (5′ to 3′) Reference 

B. atrophaeus 
(recA gene) 

Primer 1 acc-aga-caa-tgc-tcg-acg-tt 
[27] Primer 2 ccc-tct-tga-aat-tcc-cga-at  

Probe  FAM-act-gaa-cag-ctg-atc-gag-aca-gct-gca-TAMRA 

P. agglomerans 
(aroQ gene) 

Primer 1 gct-gca-aaa-cgc-aca-aca  
[26] Primer 2 cgt-gaa-caa-acg-gct-cca  

Probe  FAM-ccg-ggc-ttg-aac-ccc-act-cc -TAMRA 

MS2 assay 4 
(Lysis protein) 

Primer 1 cct-cag-caa-tcg-cag-caa-a 
[15] Primer 2 gga-aga-tca-ata-cat-aaa-gag-ttg-aac-ttc 

Probe  FAM-caa-aca-tga-gga-tta-ccc-atg-tcg-aag-aca-TAMRA 
MS2 assay 5 
(RNA replicase 
β chain) 

Primer 1 gct-ctg-aga-gcg-gct-cta-ttg 
[15] Primer 2 cgt-tat-agc-gga-ccg-cgt 

Probe  FAM-ccg-aga-cca-atg-tgc-gcc-gtg-TAMRA 

The analysis settings used to generate the PCR data for the simulant assays on the 7500 FAST 
platform are presented in Table 4. 
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Table 4: Real-Time PCR assay 7500 FAST analysis settings. 

Item Setting 

Threshold 
Set above the background within the exponential phase of the 
amplification curve and is recorded during the Ct data collection and 
reporting functions by the instrument software   

Calibrator sample NTC (no template control) 
Endogenous control None 
Control Type None 
RQ Min/Max (basic) 1.0 
Auto Ct Manual 
Baseline 3,15 

2.7 PCR reaction setup and run parameters for the E. coli K12 
assay 

The PCR assay used for assessing DRDC Suffield’s MS2 host E. coli strain K-12S A/λ as a K-12 
strain, was obtained from the published literature [23] but with some modifications.  Briefly, PCR 
reactions were made as a 1.087× concentrate (23 µL) and brought to 1× PCR strength by adding 
2 µL of lysate or 2 µL of NFW in the case of the NTC reactions.  The PCR buffer which 
contained all the necessary PCR components (dNTPs, Taq DNA polymerase, free Mg++, and 
buffer) except the primers and template was from the LightCycler® 480 Probes Master mix 
supplied at 2× strength (Roche Canada, Mississauga, ON) but which was used at 1× strength in 
the final reaction mixture.  The primers were obtained from IDT (Coralville, IA) and used at 0.4 
µM each in the final reaction.  The primers used in this project included primer  K12-R (5′-
ATCCTGCGCACCAATCAACAA-3′), and Primer K12IS-L (5′-
CGCGATGGAAGATGCTCTGTA-3′) which generated a 969 bp amplicon from the orf264 
region of the E. coli K-12 genome. 

Two NTC reactions were prepared and run in triplicate.  NTC1 was prepared in a template-free 
area. The NTC1 tubes were then closed and remained closed until loaded on the gel.  NTC2 was 
prepared in a template-free area, closed and moved to the template-addition area, where the tubes 
were opened and left open until the addition of template was completed.  The NTC2 tubes were 
then closed and remained closed until loaded on the gel. The cell lysate of E. coli strain K-12S 
A/λ (F+), prepared in triplicate, was the first template-containing sample to be prepared to ensure 
that this sample could not be contaminated with positive control template from the remaining 
positive control strains. The E. coli positive control PCR reactions were subsequently prepared 
next in the following order:  ATCC 15597, BMH71-18mutL, DH5α, JM101, JM109, and TG2. 
Non-E. coli PCR reactions were prepared subsequently and included gDNA from Acinetobacter 
sp. ATCC 49139, Enterobacter aerogenes ATCC 13048, Pantoea agglomerans ATCC 33243, 
Proteus vulgaris ATCC 8427, Klebsiella pneumoniae ATCC 9997, and Pseudomonas aeruginosa 
ATCC 35032. 

PCR was performed on the Eppendorf Mastercycler® Gradient (Mississauga, ON) using 0.5 mL 
thin-walled Eppendorf PCR tubes.  The cycling protocol included initial denaturation at 94 °C for 
10 min (1 cycle), followed by 35 cycles of denaturation at 94 °C for 30 sec; annealing at 60 °C 
for 30 sec; and extension at 72 °C for 180 sec. 
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2.7.1 Gel analysis 

Gel analysis was used to visualize the PCR amplification reaction products for the E. coli K-12 
PCR assay. 5 µL of each PCR reaction were added to 5 µL of 2× strength gel loading buffer (final 
concentration was 0.01% bromophenol blue, 0.1% SDS, 0.01M EDTA, 5% glycerol), mixed, and 
then loaded onto a 1.2% agarose gel (UltraPure™ Agarose, Invitrogen Life Technologies, 
Burlington, ON) containing 0.3 mg/mL ethidium bromide along with molecular weight markers 
(Track-iT 100 bp DNA ladder markers, Invitrogen, Burlington, ON).  The gel was 
electrophoresed in 1× TBE running buffer (0.09M Tris-base, 0.09M boric acid, 0.002M EDTA, 
pH 8.3) for 105 minutes at 112 volts.  Gel results were captured using the SynGene Geni gel 
imager (Discovery Scientific Inc., Vancouver, BC). 

 
3 Results 

3.1 Selection of an MS2 assay and an MS2 positive control 
preparation method 

Two of five possible real-time, probe hydrolysis, reverse-transcription assays for MS2 detection 
were selected from the literature for assessment [15]. MS2 assay 4 and assay 5 were selected 
because they exhibited the lowest level of detection among the five assays (0.4 fg or about 200 
genomic equivalents). Both assays were used during the evaluation of two different techniques 
being assessed for the preparation of the MS2 positive control template, namely, the Trizol 
extraction method and the Boil Prep method. In both methods, E. coli cells were removed from 
the MS2/E.coli culture by filtration through a 0.22 micron filter prior to treatment. Real-time, 
reverse-transcription PCR for both MS2 assays against serially diluted MS2 control template 
prepared by both methods indicated that assay 5 was more sensitive than assay 4 for both Trizol 
and boil treatments (Annex A). Thus assay 5 was employed for the remainder of the project. 
Because the boil treatment for preparing the MS2 template was simple, quick, and effective, the 
boil treatment was used to prepare the positive control template for the bacterial templates as 
well. 

3.2 PCR assay standard curves for simulant assays using 
template prepared by the boiling prep method 

Positive control template (PC) for each of the three simulants prepared using the Boil Prep 
method was serially diluted and tested to determine a suitable working dilution to use for testing 
unknown isolates (Annex B).  Lines of best fit were obtained for each assay across a dilution 
series of their respective positive control.   A working dilution of 1/10 for each positive control 
was selected as a suitable dilution for testing.  An expected Ct value for each positive control at 
1/10 dilution was calculated from the line of best fit and is presented in Table 5. 
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Table 5: Expected Ct values for 1/10 dilutions of positive controls from standard curves. 
 B. atrophaeus Assay P. agglomerans Assay MS2 Assay 
Line of Best fit equation y = −1.6 ln(x) + 16.798 y = −1.609 ln(x) + 11.142 y = −1.446 ln(x) + 14.403 
R2 value 0.9994 0.9983 0.9899 
Ct value at 1/10 dilution 20.48 14.8 17.73 
Threshold setting 0.0992875 0.0992875 0.0670019 

3.3 Cross-reactivity testing of simulant assays 

Cross-reactivity testing of each simulant assay was performed to ensure that a given simulant 
assay did not cross-react with the DNA from the other simulants being tested. Each assay was 
tested against 1/10 dilutions of positive control material from all the simulants. Each assay was 
shown to be specific for its intended target and did not cross-react with positive control material 
from heterologous simulants (Table 6). 

Table 6: Evaluation of simulant assays against heterologous positive controls. 

 Average Ct value ± Std Dev (n = 3)  
 B. atrophaeus PC P. agglomerans PC MS2 PC Threshold setting 
B. atrophaeus assay 20.639 ± 0.088 0.00 0.00 0.0992875 
P. agglomerans assay 0.00 15.762 ± 0.033 0.00 0.0992875 
MS2 assay 0.00 0.00 17.114 ± 0.029 0.0670019 

3.4 PCR analysis of isolates from DRDC Suffield field soils 
processed for spores 

Nine culture plates (S1–S3, S7–S9 and S10–S12), each containing a pure culture of vegetative 
cells isolated from DRDC Suffield EPG soils using the spore selection method, were analyzed by 
PCR as these were the only cultures isolated. Since these cultures were propagated using the 
spore selection method, they were tested using the B. atrophaeus PCR assay, as B. atrophaeus 
was the only simulant that forms spores.  The boil prep method was used to prepare material from 
selected colonies on each plate and then tested by PCR on the 7500 FAST platform (Threshold = 
0.0992875). The results are presented in Table 7. 

Boil preps from all purified isolates derived from each of the three soil samples (S1–S3, S7–S9, 
and S10–S12) were positive using the B. atrophaeus PCR assay.  The only positive control that 
was PCR-positive was the B. atrophaeus positive control, as expected.  The no-template control 
(NTC) was PCR-negative, as expected. Thus all nine isolates were confirmed as B. atrophaeus. 
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Table 7: Analysis of CTTC soil isolates using the Bacillus atrophaeus PCR assay. 

  Plate Ct 1 Ct 2 Ct 3 AVG 
Ct Ct Std Dev 

CTTC Soil Isolate Test 
Samplesa 

 

S1–S3 
 

1 21.096 21.041 20.964 21.034 0.066 

2 21.351 21.497 21.503 21.450 0.086 

3 21.381 21.601 21.578 21.520 0.121 

S7–S9 
 

1 21.286 21.215 21.227 21.243 0.038 

2 20.520 20.454 20.333 20.436 0.095 

3 20.721 20.792 20.975 20.829 0.131 

S10–S12 
 

1 21.129 21.047 21.169 21.115 0.062 

2 20.622 20.621 20.596 20.613 0.015 

3 20.375 20.267 20.210 20.284 0.084 

PCb 

BG PC NA 20.549 20.724 20.646 20.639 0.088 

EH PC NA 0.000 0.000 0.000 0.000 0.000 
MS2 PC NA 0.000 0.000 0.000 0.000 0.000 

NTC  NA 0.000 0.000 0.000 0.000 0.000 
a 1/10 dilutions of boil preparations derived from single colonies (prepared 4 Oct 2010). 
b Positive controls prepared as 1/10 dilutions of boil preparations of BG, EH, and MS2 respectively. 

3.5 PCR analysis of boil preparations of purified colonies 
obtained from “Old BG” (circa 1963) and “New BG” (circa 
1996) DRDC Suffield stocks 

Boil preps of replicate colonies (three colonies per sample) were prepared from plate cultures of 
“Old BG” and “New BG” and analyzed using the B. atrophaeus PCR assay on the 7500 FAST 
platform using a threshold setting of 0.0992875 (Table 8) along with positive and negative 
controls. 

The B. atrophaeus assay generated PCR-positive signals of equivalent response for both the “Old 
BG” and “New BG” cultures for all colonies tested. 
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Table 8: PCR analysis of boil preparations of “Old BG” and “New BG” using the Bacillus 
atrophaeus PCR assay. 

  colony Ct 1 Ct 2 Ct 3 AVG 
Ctc Ct Std Dev 

Test Samplesa 
 

Old BG 
 

1 21.061 21.012 20.898 20.990 0.084 

2 20.444 20.604 20.564 20.537 0.083 

3 20.764 20.886 20.922 20.857 0.083 

New BG 
 

1 20.630 20.708 20.726 20.688 0.051 

2 21.214 21.158 21.058 21.143 0.079 

3 20.568 20.557 20.743 20.621 0.105 

PCb 

BG PC NA 20.788 20.776 20.748 20.771 0.021 

EH PC NA 0.000 0.000 0.000 0.000 0.000 
MS2 PC NA 0.000 0.000 0.000 0.000 0.000 

NTC  NA 0.000 0.000 0.000 0.000 0.000 
a 1/10 dilutions of boil preparations derived from single colonies of “Old BG (circa 1963) and “New” BG (circa 
1996). 
b  Boil preparations of BG and EH (1/10 dilutions) and MS2 (1/1000 dilution). 
c  Ct data based on a threshold setting of 0.0992875. 

3.6 PCR confirmation of DRDC Suffield MS2 host E. coli K-12S 
A/λ (F+) strain as a K-12 Strain 

Following the NSN submission of the MS2 host Escherichia coli strain K-12S A/λ (F+) to 
Environment Canada, DRDC Suffield was asked to confirm that it was a K-12 strain, using a 
more definitive method than that which had been previously submitted, prior to a review of the 
NSN package by Environment Canada scheduled for September 2011. Failure to achieve this 
would have resulted in termination of review of the NSN package, thereby requiring re-
submission and substantial additional time and effort. It would also have prevented planned field 
use of this simulant by DRDC Suffield in the fall of 2011. Given the short timeline (~one month) 
to propose a suitable test method and then conduct the analysis, DRDC Suffield proposed using a 
published gel-based PCR assay specific for identifying E. coli K-12 strains [23], which 
Environment Canada accepted. 

PCR primers were ordered immediately. Because the DRDC Suffield strain collection had a 
number of E. coli K-12 strains and non-E. coli strain DNA on hand to use as positive and 
negative PCR controls, respectively, procurement of test materials was not required.  Cell lysates 
from the DRDC Suffield E. coli test strain and several E. coli K-12 strains in the DRDC Suffield 
strain collection were prepared and amplified by PCR along with DNA from a number of non-E. 
coli bacterial strains. The PCR reaction products were separated and visualized by horizontal 
agarose gel analysis (Figure 1)6. 

6 Samples were electrophoresed in 1×TBE buffer through a 1.2% agarose gel containing 0.3 mg/mL 
ethidium bromide for 105 minutes at 112 volts. Image was captured using the SynGene Geni gel imager 
(0.423 s exposure). 
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Figure 1: Gel image of PCR amplified lysates from various E. coli K-12 strains and the CTTC E. 

coli test strain K-12S A/γ (F+). 

All three replicate cell lysates of the DRDC Suffield test strain generated a PCR amplicon of the 
size expected for K-12 strains (~969 bp fragment in Figure 1).  An amplicon band of the same 
size and intensity as the DRDC Suffield test strain was observed for each of the E. coli K-12 
positive control strain lysates as well.  No amplicons were observed for the non-E. coli control 
strains which included Acinetobacter sp. ATCC 49139, Enterobacter aerogenes ATCC 13048, 
Pantoea agglomerans ATCC 33243, Proteus vulgaris ATCC 8427, Klebsiella pneumoniae 
ATCC 9997, and Pseudomonas aeruginosa ATCC 35032 (results not shown).  Based on these 
results, the DRDC Suffield E. coli K-12S A/λ (F+) strain used as a host for the field simulant 
MS2 is a K-12 strain. This data was submitted in time for the September review and was accepted 
by Environment Canada. 

3.7 Analysis of published data and information concerning 
CTTC’s P. agglomerans strain (ATCC 33243) 

Due to the lack of published information on P. agglomerans ATCC 33243, DRDC Suffield’s 
NSN submission package used strain E325 as a surrogate for some of the information. In order to 
accept the E325 surrogate data, Environment Canada requested molecular genetic evidence that 
ATCC 33243 strain was similar to the commercially available biological control agent E325 [6]. 
On 7 April 2011, Environment Canada requested additional information by 18 April 2011 
concerning P. agglomerans strain ATCC 33243.  ATCC 33243 and E325 were considered to 
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have reasonable similarity based on BLAST analysis of partial 16S sequence data performed by 
Dr. Chris Wend, Director of Bioscience Division of Northwest Agricultural Products (Pasco, 
WA) for CTTC in June 2009 (personal communication).  Environment Canada requested that the 
raw 16S sequences for these two strains be provided, as well as that of P. agglomerans C9-1, 
which is also a biocontrol strain [5]. The required 16s rRNA sequence data was downloaded and 
compiled (Annex C) to meet this request. 

In addition, Environment Canada asked whether the aroQ assay used by DRDC Suffield for the 
confirmation of P. agglomerans ATCC 33243 was strain-specific or if it could differentiate P. 
agglomerans ATCC 33243 from other P. agglomerans strains, particularly strains found to be 
plant pathogens. To answer this, an NCBI BLAST analysis (blastn) of the aroQ assay primers 
against the NR Genbank sequence database and the Pantoea Taxid (taxid 53335) was conducted.  
P. agglomerans ATCC 33243 (Genbank M95628.1) was the only strain recognized by both the 
forward and reverse primers across the entire primer sequence (18/18 matches for the forward 
primer and 18/18 matches for the reverse primer), suggesting the assay to be selective for P. 
agglomerans ATCC 332437. Three other Pantoea species were reported but these were based on 
partial alignments and only to the forward primer: Pantoea ananatis AJ13355 complete genome 
(14 of 18 matches), Pantoea ananatis LMG 20103, complete genome (14 of 18 matches) and 
Pantoea vagans C9-1, complete genome (14 of 18 matches). Interestingly, Pantoea ananatis 
LMG 20103 is a plant pathogen, while Pantoea vagans C9-1, formerly Pantoea agglomerans C9-
1, is a biocontrol strain [28]. Surprisingly, the E325 biocontrol strain was not picked up during the 
BLAST analysis.  This likely occurred as a result of a lack of sequence data for the aroQ gene of 
strain E325 in the database. 

When the amplified gene sequence of the P. agglomerans ATCC 33243 strain was selected for 
NCBI BLAST analysis (blastn) against the NR database and all bacterial sequences, the P. 
agglomerans ATCC 33243 amplicon sequence (M95628.1) matched against itself, as expected, 
with a maximum identity of 100% across the entire queried sequence, with a maximum score of 
107, and an E-value of 4 × 10−21. The next closest match was Genbank sequence CP001893.1, 
which is a gene sequence on the plasmid pPag1 of Pantoea vagans C9-1 (biocontrol strain), with 
a maximum identity of 80%, a maximum score of 53.6, and an E. value of 7x10−5.  Sequence 
alignment between these two strains across the amplicon region (59 nucleotides) revealed two 
mismatches in the forward primer region, three mismatches in the reverse primer region, and five 
mismatches in the probe region (Figure 2). 

Forward primer Probe Reverse primer 

 

 

 

Figure 2: Sequence alignment of the aroQ amplicon of the DRDC Suffield simulant Pantoea 
agglomerans ATCC 33243 (top) and the biocontrol strain Pantoea vagans C9-1(bottom). 

7The  NCBI BLAST database contains sequence information that had been previously submitted prior to 
the BLAST search.  Note that the BLAST database contains a fraction of the sequence data present in the 
biosphere. 

GCTGCAAAACGCACAACA 
|||||||||||| || || 
GCTGCAAAACGCGCAGCA 
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|| 
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G 
| 
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TGGAGCCGTTTGTTCAcg 
| ||||| ||||| || 
TTGAGCCTTTTGTCCA 
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Thus, based on in silico analysis, the aroQ assay used in this report will detect the DRDC Suffield 
simulant P. agglomerans ATCC 33243, but should not be able to detect the biocontrol strain 
Pantoea vagans C9-1 or plant pathogen strains such as Pantoea ananatis LMG 20103. Lab-
testing to confirm this was not requested by Environment Canada and thus was not pursued in this 
project, but testing the assay against these strains and other control strains would address any 
uncertainty. 

 
4 Discussion 

The PCR simulant assays described in this publication were adapted for use at DRDC Suffield to 
confirm isolates derived from environmental samples in support of its New Substances 
Notification submissions to Environment Canada and to confirm the identity of these simulants in 
future applications for both field and laboratory use.  Because B. atrophaeus was the only 
simulant of the three to be recovered from the DRDC Suffield EPG site survey of soils, the B. 
atrophaeus assay was the only assay that was used to confirm the identity of the soil isolates. 

The assessment of two PCR assays for MS2 revealed one of the assays to be slightly better due to 
lower Ct values at equivalent dilutions. The boil prep method was found to be easier and safer to 
use than the Trizol method for preparing PCR amplifiable template, since the Trizol method 
employs harsh chemicals, requires several steps, and requires one to work in the fumehood and 
wear protective equipment to minimize potential exposure to the Trizol reagent.  Thus the boil 
prep method was selected as the method of choice to prepare control template material for this 
project. Confirmation of DRDC Suffield’s E. coli host strain as a K-12 strain using an E. coli 
K12-specific PCR assay was an important component of the NSN submission for MS2. The 
ability to use the E. coli K-12 strains and non-E. coli strain DNA from the DRDC Suffield strain 
collection as positive and negative PCR controls, respectively, was critical in confirming the 
specificity of the published assay and critical in using this assay in a timely fashion, thereby 
allowing DRDC Suffield to use this material in the fall of 2011 as planned.  Furthermore, failure 
to meet Environment Canada’s deadline would have resulted in termination of review of the NSN 
package, thereby requiring re-submission and substantial additional time and effort. 

During this project, two different batches of BG, namely an old batch prepared by Dugway 
Proving Ground circa 1963 and a new batch prepared by Dugway circa 1996 were tested. The B. 
atrophaeus PCR assay was positive for replicates taken from both batches with essentially no 
difference in Ct values. Thus, these two batches contained the same genetic targets detected by 
the B. atrophaeus assay. Whole genome sequencing of isolates from both batches would be able 
to distinguish genetic differences across the entire genome if they existed, but the time and cost to 
do this was not warranted for this project. 

In silico analysis was conducted to address Environment Canada’s concern regarding the 
specificity of the aroQ assay to detect the DRDC Suffield simulant Pantoea agglomerans ATCC 
33243, but not related Pantoea strains, including plant pathogens. In silico analysis indicated that 
the aroQ assay should detect the DRDC Suffield simulant strain but not the biocontrol strain 
Pantoea vagans C9-1 or plant pathogen strains such as Pantoea ananatis LMG 20103. Lab-
testing to confirm this was not requested by Environment Canada and thus was not pursued in this 
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project, but testing the assay against these strains and other control strains would address any 
uncertainty. 

The data and information presented in this report contributed to the NSN submissions to 
Environment Canada and resulted in the approval to use MS2/E.coli and Pantoea agglomerans 
for outdoor aerosol release at the DRDC Suffield CWAL site as described in the NSN 
application8.  Bacillus atrophaeus (BG) was approved for outdoor use as well, but was not 
required to go through the NSN submission process, as it was subsequently placed on the NSN 
Program Domestic Substances List due to DRDC Suffield’s historical use. All of the assays used 
in this project can be used in future applications for both field and laboratory use. 

 
5 Conclusion 

PCR assays for biothreat simulant organisms that are used by DRDC Suffield for training and test 
& evaluation purposes were adapted to confirm the identity of simulant strains and to support its 
New Substances Notification submissions to Environment Canada. The data and information 
presented in this report resulted in the approval to use MS2/E.coli and Pantoea agglomerans for 
outdoor aerosol release at the DRDC Suffield CWAL site as described in the NSN application.  
The B. atrophaeus (BG) assay was used to confirm cultured spore isolates recovered from soils 
collected from the DRDC Suffield Experimental Proving Ground as B. atrophaeus.  The assay 
was also used to analyze two different batches of BG (originally prepared circa 1963 and circa 
1996).  Bacillus atrophaeus was approved for outdoor use by Environment Canada, but was not 
required to go through the NSN submission process, as it was subsequently placed on the NSN 
Program Domestic Substances List due to DRDC Suffield’s historical use. All of the assays used 
in this project can be used in future applications for both field and laboratory use. 

 

8 To be published by DRDC Suffield separately. 
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Annex A MS2 Assay 4 vs MS2 Assay 5 

 
Figure A-3: PCR standard curve for MS2 assay 4 (dashed line) versus MS2 assay 5 (solid line) 

using template isolated from MS2 phage using the Trizol method. 
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Figure A-4: PCR standard curve for MS2 assay 4 (dashed line) versus MS2 assay 5 (solid line) 

using template isolated from MS2 phage using the boil prep method. 
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Annex B Standard Curves for the Simulant Assays 

 
Figure B-5: PCR standard curve for Bacillus atrophaeus assay using Bacillus atrophaeus positive 

control template prepared using the boil prep method. 
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Figure B-6: PCR standard curve for the Pantoea agglomerans assay using Pantoea agglomerans 

positive control template prepared using the boil prep method. 
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Figure B-7: PCR standard curve for MS2 assay 5 using MS2 positive control template prepared 

using the boil prep method. 
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Annex C NCBI Genbank Sequence Data for Select P. 
agglomerans Strains 

C.1 Pantoea agglomerans strain Eh325 16S ribosomal RNA 
gene, partial sequence 

 
GenBank number:  FJ611842.1 
Downloaded  from :  http://www.ncbi.nlm.nih.gov/nuccore/FJ611842.1 (27 April 2011) 
 
LOCUS       FJ611842     1360 bp    DNA     linear   BCT 24-NOV-
2009 
DEFINITION  Pantoea agglomerans strain Eh325 16S ribosomal RNA 
gene, partial sequence. 
ACCESSION   FJ611842 
VERSION     FJ611842.1  GI:223557746 
KEYWORDS    . 
SOURCE      Pantoea agglomerans 
  ORGANISM  Pantoea agglomerans 
            Bacteria; Proteobacteria; Gammaproteobacteria; 
Enterobacteriales; Enterobacteriaceae; Pantoea. 
REFERENCE   1  (bases 1 to 1360) 
  AUTHORS   Rezzonico,F., Smits,T.H., Montesinos,E., Frey,J.E. 
and Duffy,B. 
  TITLE     Genotypic comparison of Pantoea agglomerans plant and 
clinical strains 
  JOURNAL   BMC Microbiol. 9, 204 (2009) 
   PUBMED   19772624 
  REMARK    Publication Status: Online-Only 
REFERENCE   2  (bases 1 to 1360) 
  AUTHORS   Rezzonico,F., Smits,T.H.M., Montesinos,E., Frey,J.E. 
and Duffy,B. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (08-JAN-2009) Plant Protection Division, 
Agroscope 
            Changins-Waedenswil ACW, Schloss, Postfach 185, 
Waedenswil 8820, Switzerland 
FEATURES             Location/Qualifiers 
     source          1..1360 
                     /organism="Pantoea agglomerans" 
                     /mol_type="genomic DNA" 
                     /strain="Eh325" 
                     /db_xref="taxon:549" 
     rRNA            <1..>1360 
                     /product="16S ribosomal RNA" 
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   1 ggacgggtga gtaatgtctg gggatctgcc cgatagaggg ggataaccac tggaaacggt 
  61 ggctaatacc gcataacgtc gcaagaccaa agagggggac cttcgggcct ctcactatcg 
 121 gatgaaccca gatgggatta gctagtaggc ggggtaatgg cccacctagg cgacgatccc 
 181 tagctggtct gagaggatga ccagccacac tggaactgag acacggtcca gactcctacg 
 241 ggaggcagca gtggggaata ttgcacaatg ggcgcaagcc tgatgcagcc atgccgcgtg 
 301 tatgaagaag gccttcgggt tgtaaagtac tttcagcggg gaggaaggcg aygsggttaa 
 361 taaccgcgtc gattgacgtt acccgcagaa gaagcrccgg ctaactccgt gccagcascc 
 421 gcggtaatac ggagggtgca agcgttaatc ggaattactg ggcgtaaagc gcacgcaggc 
 481 ggtctgttaa gtcagatgtg aaatccccgg gcttaacctg ggaactgcat ttgaaactgg 
 541 caggcttgag tcttgtagag gggggtagaa ttccaggtgt agcggtgaaa tgcgtagaga 
 601 tctggaggaa taccggtggc gaaggcggcc ccctggacaa agactgacgc tcaggtgcga 
 661 aagcgtgggg agcaaacagg attagatacc ctggtagtcc acgccgtaaa cgatgtcgac 
 721 ttggaggttg ttcccttgag gagtggcttc cggagctaac gcgttaagtc gaccgcctgg 
 781 ggagtacggc cgcaaggtta aaactcaaat gaattgacgg gggcccgcac aagcggtgga 
 841 gcatgtggtt taattcgatg caacgcgaag aaccttacct actcttgaca tccacggaat 
 901 ttggcagaga tgccttagtg ccttcgggaa ccgtgagaca ggtgctgcat ggctgtcgtc 
 961 agctcgtgtt gtgaaatgtt gggttaagtc ccgcaacgag cgcaaccctt atcctttgtt 
1021 gccagcgatt cggtcgggaa ctcaaaggag actgccggtg ataaaccgga ggaaggtggg 
1081 gatgacgtca agtcatcatg gcccttacga gtagggctac acacgtgcta caatggcgca 
1141 tacaaagaga agcgacctcg cgagagcaag cggacctcac aaagtgcgtc gtagtccgga 
1201 tcggagtctg caactcgact ccgtgaagtc ggaatcgcta gtaatcgtgg atcagaatgc 
1261 cacggtgaat acgttcccgg gccttgtaca caccgcccgt cacaccatgg gagtgggttg 
1321 caaaagaagt aggtagctta accttcggga gggcgcttac 

 

C.2 Pantoea sp. C9-1 16S ribosomal RNA gene, partial 
sequence 

 
GenBank number:   FJ611817.1 
Downloaded from:  http://www.ncbi.nlm.nih.gov/nuccore/FJ611817.1 (27 April 
2011) 
 
LOCUS       FJ611817     1360 bp    DNA     linear   BCT 24-NOV-
2009 
DEFINITION  Pantoea sp. C9-1 16S ribosomal RNA gene, partial 
sequence. 
ACCESSION   FJ611817 
VERSION     FJ611817.1  GI:223557721 
KEYWORDS    . 
SOURCE      Pantoea sp. C9-1 
  ORGANISM  Pantoea sp. C9-1 
            Bacteria; Proteobacteria; Gammaproteobacteria; 
Enterobacteriales; Enterobacteriaceae; Pantoea. 
REFERENCE   1  (bases 1 to 1360) 
  AUTHORS   Rezzonico,F., Smits,T.H., Montesinos,E., Frey,J.E. 
and Duffy,B. 
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  TITLE     Genotypic comparison of Pantoea agglomerans plant and 
clinical strains 
  JOURNAL   BMC Microbiol. 9, 204 (2009) 
   PUBMED   19772624 
  REMARK    Publication Status: Online-Only 
REFERENCE   2  (bases 1 to 1360) 
  AUTHORS   Rezzonico,F., Smits,T.H.M., Montesinos,E., Frey,J.E. 
and Duffy,B. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (08-JAN-2009) Plant Protection Division, 
Agroscope 
            Changins-Waedenswil ACW, Schloss, Postfach 185, 
Waedenswil 8820,Switzerland 
FEATURES             Location/Qualifiers 
     source          1..1360 
                     /organism="Pantoea sp. C9-1" 
                     /mol_type="genomic DNA" 
                     /strain="C9-1" 
                     /db_xref="taxon:593074" 
     rRNA            <1..>1360 
                     /product="16S ribosomal RNA" 
 
   1 cggacgggtg agtaatgtct ggggatctgc ccgatagagg gggataacca ctggaaacgg 
  61 tggctaatac cgcataacgt cgcaagacca aagaggggga ccttcgggcc tctcactatc 
 121 ggatgaaccc agatgggatt agctagtagg cggggtaatg gcccacctag gcgacgatcc 
 181 ctagctggtc tgagaggatg accagccaca ctggaactga gacacggtcc agactcytac 
 241 gggaggcagc agtggggaat attgcacaat gggcgcaagc ctgatgcagc catgccgcgt 
 301 gtatgaagaa grccttcggg ttgtaaagta ctttcagcgg ggaggaaggc grkgcggtta 
 361 ataaccgcgt cgattgacgt tacccgcaga agaagcaccg gctaactccg tgccagcasm 
 421 cgcggtaata cggagggtgc aagcgttaat cggaattact gggcgtaaag cgcacgcagg 
 481 cggtctgtta agtcagatgt gaaatccccg ggcttaacct gggaactgca tttgaaactg 
 541 gcaggcttga gtcttgtaga ggggggtaga attccaggtg tagcggtgaa atgcgtagag 
 601 atctggagga ataccggtgg cgaaggcggc cccctggaca aagactgacg ctcaggtgcg 
 661 aaagcgtggg gagcaaacag gattagatac cctggtagtc cacgccgtaa acgatgtcga 
 721 cttggaggtt gttcccttga ggagtggctt ccggagctaa cgcgttaagt cgaccgcctg 
 781 gggagtacgg ccgcaaggtt aaaactcaaa tgaattgacg ggggcccgca caagcggtgg 
 841 agcatgtggt ttaattcgat gcaacgcgaa gaaccttacc tactcttgac atccagagaa 
 901 yttrgcagag atgchttrgt gccttcggga actstgagac aggtgctgca tggctgtcgt 
 961 cagctcgtgt tgtgaaatgt tgggttaagt cccgcaacga gcgcaaccct tatcctttgt 
1021 tgccagcgat tcggtcggga actcaaagga gactgccggt gataaaccgg aggaaggtgg 
1081 ggatgacgtc aagtcatcat ggcccttacg agtagggcta cacacgtgct acaatggcgc 
1141 atacaaagag aagcgacctc gcgagagcaa gcggacctca caaagtgcgt cgtagtccgg 
1201 atcggagtct gcaactcgac tccgtgaagt cggaatcgct agtaatcgtg gatcagaatg 
1261 ccacggtgaa tacgttcccg ggccttgtac acaccgcccg tctcaccatg ggagtgggtt 
1321 gcaaaagaag taggtagctt aaccttcggg agggcgctac 
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C.3 Erwinia herbicola 16S ribosomal RNA gene, partial 
sequence9 

 
GenBank number:  U80202.1  
Downloaded  from :  http://www.ncbi.nlm.nih.gov/nuccore/U80202.1 (27 Apr 2011) 
 
LOCUS       EHU80202     1454 bp    DNA     linear   BCT 28-OCT-
1997 
DEFINITION  Erwinia herbicola 16S ribosomal RNA gene, partial 
sequence. 
ACCESSION   U80202 
VERSION     U80202.1  GI:2570280 
KEYWORDS    . 
SOURCE      Pantoea agglomerans 
  ORGANISM  Pantoea agglomerans 
            Bacteria; Proteobacteria; Gammaproteobacteria; 
Enterobacteriales; Enterobacteriaceae; Pantoea. 
REFERENCE   1  (bases 1 to 1454) 
  AUTHORS   Kwon,S.W., Go,S.J., Kang,H.W., Ryu,J.C. and Jo,J.K. 
  TITLE     Phylogenetic analysis of Erwinia species based on 16S 
rRNA gene sequences 
  JOURNAL   Int. J. Syst. Bacteriol. 47 (4), 1061-1067 (1997) 
   PUBMED   9336906 
REFERENCE   2  (bases 1 to 1454) 
  AUTHORS   Kwon,S.W. and Go,S.J. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (29-NOV-1996) Molecular Genetics Division, 
National Institute of Agricultural Science and Technology, 249 
Seodun-dong, Suwon, Suwon 441-707, Korea 
FEATURES             Location/Qualifiers 
     source          1..1454 
                     /organism="Pantoea agglomerans" 
                     /mol_type="genomic DNA" 
                     /strain="ATCC 33243" 
                     /db_xref="taxon:549" 
     rRNA            <1..>1454 
                     /product="16S ribosomal RNA" 
 
   1 aacacatgca agtcggacgg tagcacagag agcttgctct cgggtgacga gtggcggacg 
  61 ggtgagtaat gtctggggat ctgcccgata gagggggata accactggaa acggtggcta 
 121 ataccgcata acgtcgcaag accaaagagg gggaccttcg ggcctctcac tatcggatga 
 181 acccagatgg gattagctag taggcggggt aatggcccac ctaggcgacg atccctagct 
 241 ggtctgagag gatgaccagc cacactggaa ctgagacacg gtccagactc ctacgggagg 
 301 cagcagtggg gaatattgca caatgggcgc aagcctgatg cagccatgcc gcgtgtatga 
 361 agaaggcctt cgggttgtaa agtactttca gcggggagga aggcgacggg ttaataaccc 
 421 tgtcgattga cgttacccgc agaagaagca ccggctaact ccgtgccagc agccgcggta 

9 E. herbicola strain 33243 
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 481 atacggaggg tgcaagcgtt aatcggaatt actgggcgta aagcgcacgc aggcggtctg 
 541 ttaagtcaga tgtgaaatcc ccgggcttaa cctgggaact gcatttgaaa ctggcaggct 
 601 tgagtcttgt agaggggggt agaattccag gtgtagcggt gaaatgcgta gagatctgga 
 661 ggaataccgg tggcgaaggc ggccccctgg acaaagactg acgctcaggt gcgaaagcgt 
 721 ggggagcaaa caggattaga taccctggta gtccacgccg tagacgatgt cgacttggag 
 781 gttgttccct tgaggagtgg cttccggagc taacgcgtta agtcgaccgc ctggggagta 
 841 cggccgcaag gttaaaactc aaatgaattg acgggggccc gcacaagcgg tggagcatgt 
 901 ggtttaattc gatgcaacgc gaagaacctt acctactctt gacatccagc gaacttagca 
 961 gagatgcttt ggtgccttcg ggaacgctga gacaggtgct gcatggctgt cgtcagctcg 
1021 tgttgtgaaa tgttgggtta agtcccgcaa cgagcgcaac ccttatcctt tgttgccagc 
1081 gattcggtcg ggaactcaaa ggagactgcc ggtgataaac cggaggaagg tggggatgac 
1141 gtcaagtcat catggccctt acgagtaggg ctacacacgt gctacaatgg cgcatacaaa 
1201 gagaagcgac ctcgcgagag caagcggacc tcacaaagtg cgtcgtagtc cggatcggag 
1261 tctgcaactc gactccgtga agtcggaatc gctagtaatc gtggatcaga atgccacggt 
1321 gaatacgttc ccgggccttg tacacaccgc ccgtcacacc atgggagtgg gttgcaaaag 
1381 aagtaggtag cttaaccttc gggagggcgc ttaccacttt gtgattcatg actggggtga 
1441 agtcgtaaca aggt 
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ATCC American Type Culture Collection 

AVG Average 

BG Bacillus globigii (bacillus subtilis var niger) 

BAG Bioanalytical Group 

BSC Biosafety Cabinet 

BTS Biotechnology Section 

Ct Crossing threshold 

CTTC Counter Terrorism Technology Centre 

DNA Deoxyribonucleic acid 

dNTPs Deoxyribonucleotide triphosphate 

DPG Dugway Proving Grounds 

DRDC Defence R&D Canada 

Dstl Defence Science and Technology Laboratory 

DSTO Defence Science and Technology Organization 

EPG Experimental Proving Ground 

gDNA Genomic DNA 

LB Luria-Bertani 

MS2 Male Specific Coliphage 2 

NA Not applicable 

NCBI National Center for Biotechnology Information 

NFW Nuclease-free water 

NSN New Substances Notification 

NTC No template control 

PBS Phosphate buffered saline 

PC Positive control 

PCR Polymerase chain reaction 

PFU Plaque forming unit(s) 

RNA Ribonucleic acid 

RT Room temperature 

TBE Tris borate EDTA buffer 

32 DRDC Suffield TR 2012-066 
 
 
 
 



 
 

TEG Test & Evaluation Group 

TTCP The Technical Co-operation Program 
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