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Cannabis	microbial	testing	presents	unique	challenges.	Unlike	food	testing,	cannabis	testing	has	to	
consider	various	routes	of	administration	beyond	just	oral	administration.	Cannabis	flowers	produce	
high	concentrations	of	antimicrobial	cannabinoids	and	terpenoids	and	thus	represent	a	different	
matrix	than	traditional	foods	1,	2.	In	2018,	it	is	estimated	that	50%	of	cannabis	is	consumed	via	
vaporizing	or	smoking	oils	and	flowers	while	the	other	half	is	consumed	in	Marijuana	Infused	
Products	or	MIPs.	There	are	also	transdermal	patches,	salves	and	suppositories	that	all	present	
different	microbial	considerations.		
	
Several	recent	publications	have	surveyed	cannabis	flower	microbiological	communities3-5.	These	
have	detected	several	concerning	genus	and	species	such	as	Aspergillus	niger,	Aspergillus	fumigatus,	
Aspergillus	flavus,	Aspergillus	terreus,	Penicillium	paxilli	and	Penicillium	citrinum,	Clostridium	
botulinum,	Eschericia	coli,	Salmonella	and	Staphyloccus.	There	are	several	documented	cannabis	
complications	and	even	fatalities	due	to	Aspergillosis	in	immuno-compromised	patients6-18.	A	recent	
paper	even	demonstrates	a	case	of	cannabis	derived	Aspergillosis	in	an	immune	competent	patient19.	
	
It	is	unknown	to	what	extent	Aspergillus	produces	mycotoxins	in	cannabis	and	to	what	extent	those	
toxins	enrich	in	the	cannabis	extraction	process.	Llewellyn	et	al	.	published	laboratory	settings	where	
to	8.7ug/g	of	aflatoxin	could	be	produce	with	inoculated	“marihuana”	but	the	work	was	performed	in	
1977	and	still	leaves	many	questions	regarding	if	this	can	occur	in	the	wild	20.	It	is	also	unknown	if	
Clostridium	botulinum	produces	botulinum	toxin	in	cannabis	oils.	E.coli	or	Salmonella	food	poisoning	
events	are	likely	to	trigger	febrile	seizures	in	many	epileptic	patients	relying	on	Cannabis	oils21.	
While	mycotoxin	producing	P.citrinum	and	P.paxilli	DNA	have	been	detected	in	cannabis	flowers,	it	is	
unknown	to	what	extent	these	nanomolar,	lipid	soluble	compounds	are	even	expressed	on	cannabis	
flowers.	Cannabinoids	are	often	consumed	in	micromolar	concentrations	implying	even	rare	
contaminants	should	be	considered.	Paxilline	in	particular	is	responsible	for	Ryegrass	staggers	in	
livestock	and	in	theory	may	complicate	many	anti-epileptic	properties	of	cannabidiol22.	
	
Grain	silos	of	cannabis?		
There	is	currently	no	published	cannabis	failure	rate	for	mycotoxin	testing	presumably	due	to	the	
fast	turn	over	and	short	shelf	duration	of	cannabis	flowers.	Mycotoxin	production	is	usually	a	
saprophytic	state	found	in	agricultural	grain	silos	where	longer	term	crop	storage	is	more	common	
place23.	
	
While	long	saprophytic	storage	conditions	in	cannabis	are	rare	today,	there	is	no	reason	to	assume	
there	will	not	be	such	things	in	the	future	given	the	crops	utility	and	nutritional	value.	As	production	
increases	with	continued	cannabis	normalization,	we	anticipate	commercial	agricultural	practices	
will	move	into	the	market	to	leverage	current	infrastructure	and	economies	of	scale.		
	
The	recent	popularity	of	vaporizing	oils	presents	many	unanswered	questions	regarding	Aspergillus	
spore	viability	and	mycotoxin	concentration	in	current	cannabinoid	extraction	systems24,	25.		
	



One	must	also	recognize	that	strict	and	nonspecific	microbial	regulations	can	eliminate	the	use	of	
beneficial	microorganisms	in	agriculture	and	deliver	unforeseen	consequences	in	the	marketplace.	
Mandated	laboratory	testing	for	non-specific	total	yeast	and	mold	petri-dish	assays	(Total	Yeast	and	
Mold	(TYM))	will	fail	commonly	used	chitinase	(anti-fungal)	producing	microorganisms	like	
Trichoderma	hazarium.	Tricoderma	hazarium	is	known	to	reduce	Aspergillus	growth26,	27.	These	false	
TYM	failures	can	induce	growers	to	use	less	biological	fungicides	and	more	chemical	fungicides.	
These	chemical	fungicides	are	known	to	concentrate	preferentially	over	cannabinoids	in	some	
extraction	methods28.	Anti-fungal	beneficial	microbes	that	are	harmless	to	human	health	are	far	
easier	to	sterilize	than	small	molecule	fungicides	like	myclobutanil.	Myclobutanil	converts	into	
hydrogen	cyanide	under	many	smoking	and	vaporization	conditions	and	is	now	a	common	
contaminant	in	cannabis29.		
	
To	further	complicate	microbial	testing,	many	growers	are	under	the	impression	that	cannabis	
extraction	techniques	redeem	microbial	contaminated	cannabis	products.	There	is	no	peer-reviewed	
literature	on	the	survival	of	lipophilic	Clostridium	or	Aspergillus	spores	and	mycotoxins	in	cannabis	
extraction	techniques.	Many	pesticides,	insecticides	and	fungicides	are	known	to	concentrate	with	
cannabis	extraction30.	Little	is	known	if	mycotoxins	also	concentrate	in	cannabis	extraction.	Due	to	
these	concerns	the	Denver	Department	of	Environmental	Health	issued	a	C.botulinum	warning	in	
201731.	
	
Culture	based	methods	versus	molecular	methods	
While	culture	based	methods	have	been	in	use	for	over	100	years,	a	century	later	publications	
continue	to	remind	us	that	less	than	5%	of	the	microbial	species	are	culturable32,	33.	Molecular	
methods	often	leverage	amplification	of	rDNA	internal	transcribed	spacers	or	ITS	regions3,	4.	As	a	
result,	these	PCR	products	can	detect	unculturable	organisms	and	organisms	that	clump	and	distort	
CFU/g	enumeration	(Figure	1	and	Figure	2).	This	clumping	artifact	is	referred	to	as	heterogeneous	
macrocolonies	and	is	known	to	occur	with	Aspergillus34.	This	creates	significant	quantification	issues	
for	states	requiring	single	CFU/g	failure	thresholds	as	the	clumping	creates	sampling	bias.	There	is	
little	resolution	between	0	and	1000	colonies	with	Aspergillus	plated	on	SabDex	,	Potato	Dextrose	
agar	or	3M	TYM	films.	In	addition,	Aspergillus	are	fairly	ubiquitous	in	the	environment	and	not	all	
Aspergillus	species	are	harmful.	As	a	result,	many	states	(CA,	AK,	NV)	mandate	A.	niger,	A.	flavus,	A.	
fumigatus	and	A.	terreus	testing.	These	species	synthesize	mycotoxins	and	pasteurization	resistant	
pathogenic	spores35.	These	can	be	difficult	to	discern	with	plating	methods	while	molecular	methods	
can	easily	itemize	them.	A	recent	case	in	Alaska	had	a	lab	using	agar	mistake	benign	Aspergillus	
brasiliensis	with	Aspergilllus	niger36.	The	lab	using	culture	ultimately	closed	its	doors	citing	banking	
issues.	C.botulinum	also	produces	pasteurization	resistant	spores	and	is	an	anaerobe	that	is	
incompatible	with	aerobic	plate	counts37.	

Figure	1.	Reprinted	
from	McKernan	et	al.	
CFU/g	correlations	
with	qPCR	Cq	is	fairly	
consistent	with	ATCC	
fungi	that	do	not	form	
heterogeneous	macro-
colonies.	Aspergillus	
clumps	and	creates	
sampling	bias	during	



plating	effectively	limiting	the	dynamic	range	of	the	assay	and	complicating	single	CFU/g	accuracy.	
Note	the	large	discordance	between	estimated	genomic	copy	numbers	with	Aspergillus	and	colonies	
detected	with	3M.		

	
	
Figure	2.	Aspergillus	niger	
plated	on	3M	Petrifilm®	
and	SabDex	agar.	Enlarged	
colonies	are	the	result	of	
100-1000	conidia	clumped	
into	a	heterogeneous	
macro-colony.	
	
To	properly	calibrate	
single	CFU/g	Aspergillus	
sensitivity	with	qPCR,	
declumping	of	the	conidia	
is	required.	This	can	be	
achieved	by	harvesting	
conidia	in	1%	Tween-80.	

Thorough	vortexing	and	filtration	through	a	5um	spin	column	delivers	individual,	declumped	conidia	
(Figure	2B).	While	this	filtration	process	is	helpful	for	single	CFU	quantitation	and	calibration	it	is	
impractical	to	apply	to	real	cannabis	samples	due	to	the	significant	loss	in	yield	seen	in	the	filtration	
process.	This	would	fail	to	properly	measure	the	full	risk	profile	on	cannabis.	Nevertheless,	the	
process	does	enable	the	validation	of	single	CFU/g	sensitivity.		
	
Once	spores	are	declumped	and	easy	to	count,	it	is	important	to	demonstrate	that	the	lysis	
conditions	can	in	fact	lyse	the	spores.	One	can	quantitate	this	with	a	hemocytometer	spore	count	

coupled	with	qPCR	of	
solutions	that	have	spores	
with	and	without	lysis	
buffer.		
	
A	commonly	cited	but	
incorrect	limitation	to	
molecular	methods	is	that	
they	cannot	inform	
microbial	viability	or	discern	
live	versus	dead	DNA.	As	a	
result,	there	is	misguided	
concern	that	molecular	
methods	will	penalize	
growers	that	properly	
sterilize	their	cannabis.	
There	are	several	published	
methods	describing	viability	
PCR38,	39	but	the	simplest	

Figure	2B.	Aspergillus	niger	Heterogenous	macrocolonies	can	be	
declumped	by	vortexing	in	surfactants	like	Tween-80	and	filtered	for	
5um	single	spores.	This	enables	proper	enumeration	on	plating	to	
bring	higher	qPCR	concordance	with	Aspergillus	CFU/g.	This	is	not	
advised	for	routine	cannabis	safety	testing	due	to	the	loss	in	yield	via	
filtration	process	but	it	is	required	to	demonstrate	single	spore	
sensitivity.	



method	suggested	by	the	EPA	is	to	simply	retest	(qPCR)	all	failed	samples	24	hours	later	after	
incubation	in	a	growth	media40.	Since	this	is	limited	to	the	samples	that	fail	immediate	testing,	re-
testing	24	hours	later	in	TSB	is	restricted	to	fewer	samples	and	not	as	cumbersome.	Any	sample	that	
has	viable	cells	or	partially	sterilized	material	will	grow	and	demonstrate	an	increase	in	DNA	
concentration	24	hours	later.	It	is	important	to	underscore	that	this	method	is	constrained	to	those	
organisms	that	can	culture	in	TSB	in	a	given	time	frame	and	temperature.	Nevertheless,	qPCR	
delivers	higher	genus	and	species	specificity	than	culture-based	methods.		
	
In	addition	to	being	able	to	discern	live	from	dead	organisms,	qPCR	assays	also	have	a	lysis	and	DNA	
purification	step.	This	step	de-clumps	macro-colonies	and	provides	better	sampling	with	Aspergillus	
while	also	removing	any	cannabinoids,	terpenoids,	sugars	and	other	inhibitors	from	the	assay	that	
might	interfere	with	plate	count	chemistry	or	polymerase	chemistry.	This	is	particularly	important	
with	the	diverse	matrices	found	in	MIPs	which	have	been	shown	to	interfere	with	culture	
conditions41.	
	

		
Live	versus	Dead	is	not	a	binary	debate	
Beuchat	et	al.	demonstrate	the	importance	of	varying	nutrients,	pH,	and	water	activity	required	for	
resuscitation	of	stressed	or	partially	viable	cells42.	Dried	banana	chips	required	120	hours	to	fully	
resuscitate	organisms	in	5	different	culture	mediums.	The	dehydration	is	believed	to	leave	the	cells	
and	spores	in	a	partially	viable	state.	Cannabis	is	also	dried.	120	hours	is	much	longer	than	most	
culture	based	techniques	being	utilized	in	the	cannabis	industry	(48-60	hours)	thus	challenging	the	
validity	of	any	viability	benefit	from	short	duration	plating.		The	five	days	required	to	capture	these	
partially	viable	cells	leaves	one	to	question	what	will	then	be	growing	on	the	cannabis	being	tested	
that	many	days	later.	Measuring	the	entire	DNA	load	on	the	plant	can	be	done	in	under	5	hours.	The	

Figure	3A-	
Comparison	of	
classified	read	
percentages	for	
bacterial	16S	DNA	on	
samples	2	and	14,	
before	and	after	
culturing	on	3M	and	
Biomerieux	TEMPO®	
(BMX)	media.	The	
results	represent	all	
species	observed	
down	to	1%	of	
classified	reads.	
Large	shifts	in	
species	prevalence	
are	seen	after	growth	
on	the	two	culture-
based	platforms.	



pursuit	of	viability	has	also	lead	to	gentle	homogenization	techniques	that	likely	fail	to	liberate	
endophytes.	Fusarium	is	a	pathogenic	endophyte.	Molecular	methods	tend	to	lyse	cells	and	more	
aggressively	liberate	endophytes	and	declump	filamentous	fungi.	Molecular	techniques	often	utilize	
liberated	cannabis	DNA	as	an	internal	DNA	purification	control	demonstrating	that	the	lysis	buffer	is	
capable	of	dissolving	plant	walls	and	any	respective	endophytes.	Thus	the	pursuit	of	viability	not	
only	limits	the	sensitivity	of	the	assay	but	also	provides	a	false	sense	of	safety	when	it	fails	to	address	
dried	goods.	
	
Clinical	use	of	qPCR	for	Aspergillus	in	blood	has	been	met	with	some	resistance	due	to	poor	
standardization.	
White	et	al.	describe	the	utilization	of	qPCR	for	Aspergillus	detection	in	clinical	blood	isolates	and	
how	these	techniques	have	failed	to	pass	clinical	milestones	by	the	European	Organization	for	
Research	and	Treatment	of	Cancer	and	the	Mycosis	Study	Group	in	2006	(EORTC/MSG)43.	Much	of	
this	resistance	was	related	to	the	lack	of	commercially	available	kits	with	proper	positive	and	
internal	controls.	Many	labs	were	home	brewing	their	own	LDT	tests	and	most	of	the	discordance	
was	attributed	to	DNA	extraction	procedures	eluting	DNA	in	over	100ul,	lysing	less	than	3ml	of	blood	
and	the	lack	of	internal	controls	to	identify	failed	PCR	reactions.			
	
It	is	important	to	note	that	blood	detection	of	Invasive	Aspergillus	(IA)	has	a	Beta-D-Glucan	assay	
that	is	currently	FDA	approved	and	thus	the	threshold	for	qPCR	adoption	is	much	higher44.	As	of	
2015	these	methods	have	reached	equivalence	and	are	being	considered	for	inclusion	into	the	
EORTC/MSG45.		It	is	not	clear	the	blood	detection	debate	is	very	informative	to	the	cannabis	industry.	
The	gold	standard	Beta-D-Glucan	(Fungitell®)	assays	used	in	blood	are	unlikely	to	be	relevant	in	
food	due	to	high	levels	of	naturally	occurring	Beta-D-Glucans	in	various	non	blood	born	and	off	
target	fungi	and	plants46.	As	a	result	these	methods	are	not	published	for	use	in	the	food	industry.	
	
Microbiomes	from	before	and	after	culturing	are	highly	discordant	
Cannabis	ITS	sequencing	of	microbes	that	existed	before	and	after	culturing	on	3M	Petrifilm®	and	
Biomerieux	TEMPO®	culturing	devices	have	demonstrated	very	low	specificity	and	drastic	
differences	in	a	species	prevalence	from	before	culture	to	after	culture3.	This	implies	the	two	
different	methods	of	culturing	are	differentially	altering	the	initial	risk	profile	while	also	suffering	
from	specificity.	This	is	not	a	surprise	given	the	TEMPO®	YM	system	uses	chloramphenicol	while	the	
3M	system	does	not.		As	much	as	60%	of	the	DNA	isolated	from	these	TYM	3M	Petrifilm®	assays	and	
the	Biomerieux	TEMPO®	YM	cartridges	were	bacteria.		Many	were	known	to	be	chloramphenicol	
resistant.	Bacteria	also	tend	to	have	faster	doubling	times	(30minutes	compared	to	2	or	more	hours	
for	yeast	and	molds)	suggesting	bacteria	may	form	a	saturated	culture	in	the	first	24	hours	while	the	
yeast	continues	to	grow	for	72	hours.		
	
Sequencing	of	these	off	target	bacteria	often	reveals	Bacillus	species	know	to	produce	lactic	acid	or	
Pseudomonas	species	known	to	produce	salicylic	acid.	The	degree	to	which	these	contaminating	
species	alter	the	yeast	and	mold	enumeration	is	unknown.	The	Biomerieux	TEMPO®	platform	
utilizes	a	pH	sensitive	fluorescent	dye	to	monitor	the	growth	curve.		A	decrease	in	pH	will	decrease	
fluorescence	and	infer	higher	yeast	and	mold	counts.	It	is	assumed	that	these	contaminating	acid	
producing	bacteria	are	decreasing	the	pH	or	altering	the	fluorescence	and	falsely	elevating	the	yeast	
and	mold	counts.	Bacillus	is	commonly	used	in	the	cannabis	industry	as	a	foliar	spray	known	as	
Serenade	®.		Likewise,	molds	may	produce	acidic	compounds	at	varying	rates.	Penicillium	citrinum	



produces	ACC	and	Tanzawaic	acids47.	It	is	unclear	to	what	extent	this	expression	affects	pH	in	culture	
and	how	specific	pH	is	as	a	proxy	for	CFU/g	in	a	mixed	microbiome	growth	environment.			
	
To	test	this	theory	we	sent	a	chloramphenicol	resistant,	salicyclic	acid	producing	Pseudomonas	
aeruginosa	culture	to	two	testing	laboratories	using	the	TEMPO®	system	and	received	failing	TYM	
(9x10^4)	counts	and	cloudy	cartridge	images	with	passing	BTGN	results.	This	implies	
chloramphenicol	resistant	bacteria	that	can	alter	the	pH	of	the	broth	can	create	false	positive	Yeast	
and	Mold	tests	with	this	platform.	Pseudomonas	should	trigger	a	BTGN	according	to	the	USP.	
	

	
	
Pseudomonas	aeruginosa	is	responsible	for	11-14%	of	hospital	acquired	infections	and	is	particularly	
problematic	with	Cystic	Fibrosis	patients48.	CF	patients	are	experimenting	with	cannabinoid	use	for	
the	reduction	of	fibrosis.	Corbus	Pharmaceuticals	is	pursuing	modified	cannabinoids	for	CF	patients	
in	FDA	trials.		100,000	CFU/g	of	TAC	are	allowable	but	only	1,000	CFU/g	are	allowable	for	BTGN.	Any	
lab	using	only	Biomerieux	will	be	vulnerable	to	passing	samples	with	1001-	99,999	CFU/g	of	
Pseudomonas.		
	



	
	
One	must	also	be	mindful	that	many	foliar	sprays	used	to	combat	yeast	and	molds	utilize	hydrogen	
peroxide	or	vinegar	and	may	affect	the	pH	of	cannabis	tested.	It	would	be	preferable	to	have	a	tool	
that	measures	the	microbes	more	specifically	than	one	that	is	exposed	to	the	pH	impact	of	the	
multitude	of	additives	one	might	find	on	Cannabis.	
	
Several	studies	have	also	found	spices	and	other	food	products	can	alter	the	UV	fluorescence	
chemistry	of	the	TEMPO®	YM	platform	and	thus	will	require	deeper	dilutions	to	get	accurate	
quantitation49,	50.		Kunika	demonstrates	5	out	of	9	spiced	foods	created	such	interference	on	the	
TEMPO®	YM	platform	(onion	grits,	cinnamon,	yeast	extract,	ground	caraway,	beetroot	juice	
concentrate)	while	Owen	et	al.	demonstrate	peppercorn	interference.	Onions,	caraway,	cinnamon	
and	peppercorns	all	produce	Beta	
Caryophyllene,	a	sesquiterpenoid	also	
found	in	high	concentrations	in	some	
cannabis	cultivars.	Cannabis	is	more	likely	
to	fall	into	the	category	of	a	spice	given	the	
potent	expression	of	various	acidic	
cannabinoids	and	terpenoids.		Other	
molecular	studies	have	also	found	that	
background	off-target	microbiota	produce	
discordant	results	in	culture	based	E.coli	
enumeration	compared	to	qPCR51.		
	
PCR	based	methods	described	by	McKernan	
et.	al	demonstrated	over	96%	specificity	
with	the	limited	discordance	being	derived	from	fungal	mitochondrial	16S	sequence	being	
misclassified	as	bacterial	DNA3.	PCR	also	offers	the	capacity	to	survey	the	microbial	community	on	
the	flower	sample	without	exposing	it	to	a	new	carbon	source	or	selective	bias.	This	capacity	to	

Figure	4:	BLAST	analysis	of	the	organisms	found	via	
sequencing	the	ITS	PCR	products	obtained	from	
Biomerieux	TEMPO®	YM	cartridges	(BMX)	and	3M	
Petrifilm®	YM	plates.	18S	primers	deliver	over	99.7%	
fungal	sequences.	16S	primers	deliver	over	96%	
bacterial	sequences.	Off	target	16S	sequences	were	
predominantly	16S	fungal	mitochondrial	sequence.	



accurately	quantitate	Aspergillus	and	other	non-culturable	fungi	is	turning	out	to	be	imperative	for	
the	cannabis	industry.	
	
Given	these	published	warnings,	and	observed	concerns	over	contaminating	species	or	compounds	
from	spices,	a	robust	validated	study	of	cannabis	in	culture	is	required	before	general	food	guidelines	
are	assumed	to	have	adequate	inclusion	and	exclusion	criteria.	
	
ITS	amplification	considerations	
Many	molds	produce	mycelium	that	have	multiple	nuclei	per	cell.	While	this	may	seem	problematic	
for	molecular	counting,	fragmented	mycelia	are	culturable52-54.	Given	molds	are	generally	a	mixture	
of	conidia	and	mycelium	(and	homogenization	techniques	partially	fragment	these	structures),	we	
believe	it	is	best	to	measure	the	number	of	infective	nuclei	as	opposed	to	number	of	cells	in	a	given	
Yeast	and	Mold	test.	When	counting	nuclei,	one	must	be	aware	of	the	approximate	copy	number	of	
your	DNA	target	per	nuclei.	
	
ITS	copy	number	can	vary	between	organisms.	ITS	regions	can	have	20-100	copies	in	fungi55.	This	
can	be	both	a	benefit	and	a	curse.	While	having	more	than	one	target	per	genome	can	enable	sub-CFU	
sensitivity	and	reduce	digital	PCR	artifacts,	it	can	complicate	CFU	calculations.	These	ITS	copy	
number	variations	are	usually	less	than	a	log	scale	in	variation56.	The	variation	we	see	with	single	
spore	forming	CFUs	and	spore	clumping	into	heterogeneous	macrocolonies	can	create	3	log	scales	of	
variance3,	34,	57,	58.	Filamentous	fungi	clumping	has	created	rigorous	standards	bodies	to	develop	
methods	that	ensure	inter-laboratory	consistency	quantitating	these	organisms59.	These	methods	are	
amenable	to	monocultures	studying	anti-fungal	compounds	but	cannot	be	performed	on	wild	
microbiome	samples	due	to	the	careful	pipetting	and	centrifugation	that	is	required	to	isolate	
homogenous	spore	suspensions59.	ITS	copy	number	is	nevertheless	important	to	keep	in	
consideration	as	you	compared	total	genomic	copy	numbers	to	ITS	Cq	and	CFU.			
	
Another	benefit	of	ITS	targets	is	that	these	are	the	first	regions	of	the	genome	to	replicate	in	viable	
cells	and	as	a	result	have	been	demonstrated	to	assist	in	viability	PCR38,	39.	While	single	copy	regions	
can	be	designed,	these	are	harder	to	find	conserved	universally	in	all	Fungi.	Single	copy	targets	also	
suffer	from	digital	PCR	artifacts	at	low	dilutions.		
	
Implications	of	endofungal	toxigenic	bacteria.		
Many	filamentous	fungi	are	hosts	for	toxigenic	bacteria.	Ralstonia	is	a	plant	and	human	pathogenic	
bacteria	found	in	cannabis	and	is	known	to	infect	many	fungi	found	on	Cannabis60,	61.		Several	clinical	
reports	of	Ralstonia	infections	in	exist	in	Cancer	patients,	Cystic	Fibrosis	patients	and	other	immune-
compromised	patients62-64.	It	is	unlikely	that	bacteria	internal	to	a	fungi	will	produce	colonies	on	
bacterial	petri	dishes.	Likewise,	samples	with	low	fungal	counts	on	TYM	petri	dishes	could	still	
contain	high	levels	of	toxigenic	bacteria.	Ralstonia	further	complicates	quantitating	molds	as	it	
induces	the	formation	of	chlamydospores	in	many	filamentous	fungi60.	Chlamydospores	are	
multicellular,	asexual	spore	clumps	that	are	induced	for	environmental	survival.	These	are	difficult	to	
homogenize	and	create	similar	quantitation	problems	described	earlier	with	Aspergillus.	
	
Rhizopus	is	an	example	of	a	mold	known	to	be	a	host	for	the	toxigenic	endofungal	symbiote	
Burkholderia-Rhizopus65.	Rhizopus	microsporus	is	known	to	be	involved	in	fatal	fungal	infections	
affecting	immune-compromised	patients66.		Rhizoxin	is	required	for	Rhizopus	pathogenicity	and	can	
induce	liver	failure67.	



	
Powdery	Mildew,	Botrytis	and	sterilization.	
Botrytis	cinerea	and	powdery	mildew	are	the	two	most	common	fungal	plant	pathogens	found	on	
Cannabis.	Neither	of	these	culture	on	48-hour	agar	lawns	or	Petrifilms®.	Culture	conditions	often	
require	specialized	media	and	2-6	weeks	of	growth68-71.	Some	species	of	powdery	mildew	can	be	
cultured	on	other	plant	tissue-based	medias	but	this	has	not	been	validated	on	cannabis	derived	
powdery	mildew(CDPM)	and	the	definition	of	a	colony	forming	unit	is	in	question.	CDPM	has	
recently	been	sequenced	and	inoculation	on	cannabis	plant	and	is	believed	to	be	a	Golovinomyces	
genus72.		
	
Powdery	mildews	are	known	to	be	obligate	biotrophs	that	often	speciate	to	grow	on	a	single	hosts	
species73.	Culturing	of	CDPM	may	have	to	be	performed	on	Cannabis	leaf	based	medias	making	for	a	
complicated	product	that	cannot	ship	across	state	lines.		There	is	little	to	no	evidence	in	the	clinical	
literature	regarding	human	health	risks	with	inhalation	of	powdery	mildew,	however	litigation	
regarding	an	employee	allergic	reaction	during	prolonged	cannabis	trimming	is	ongoing	in	
Massachusetts74.	
	
Botrytis	is	responsible	for	cannabis	bud-rot.	It	is	often	used	in	wine	production	and	known	as	Noble	
rot.	This	implies	it	is	safe	to	consume	orally	however,	Botrytis	cinerea	can	also	produce	allergic	
reactions75.	The	CDC	has	published	ITS	sequencing	work	demonstrating	high	Botrytis	spore	
exposure	with	cannabis	trimming	environments76.	These	common	plant	fungi	are	not	being	
accurately	quantified	by	the	current	CFU/g	based	regulations	and	we	believe	molecular	methods	will	
be	the	only	mechanisms	to	do	so.		
	
To	address	this	gap,	Medicinal	Genomics	sequenced	the	genome	of	cannabis-derived	powdery	
mildew.	Its’	ITS	sequence	is	98%	identical	to	P.macularis	and	Golovinomyces	ambrosiae.	Pepin	et	al.	
have	since	published	a	Golovinomyces	chichoracearum	powdery	mildew	on	Canadian	cannabis72.	
With	this	information,	we	developed	a	PCR	based	assay	for	this	species77.	Validation	of	this	assay	via	
correlation	to	CFU/g	metrics	requires	development	of	CDPM	culturing	conditions	that	produce	
enumerable	colonies	or	calibration	to	conidia	counts	on	a	hemocytometer.	Medicinal	Genomics	is	
also	developing	qPCR	assays	for	Botrytis	cinerea.	
	
Cryptococcus	
In	2018,	Shapiro	et	al.	published	a	case	study	of	“a	daily	cannabis	smoker	without	evidence	of	
immunodeficiency	presenting	with	confirmed	Cryptococcus	neoformans	meningitis”.	Further	ITS	
sequencing	of	the	patients	cannabis	samples	revealed	several	varieties	of	Cryptococcus	species78.	
Cryptococcus	is	a	slow	growing	mold	that	also	requires	specialized	culture	conditions79.	There	are	
benign	forms	of	Cryptococcus	so	speciation	is	critical	and	difficult	to	achieve	with	culture	alone.	
Pathogenic	species	include	C.	neoformans,	C.gatti.	Both	species	are	addressable	with	ITS	PCR.		
Peripheral	Crytococcosis	infections	are	usually	treatable	with	fluconazole	while	CNS	infections	
require	intravenous	amphotericin	B.	
	
Fusarium	oxysporum	and	other	organisms	of	concern	
Many	other	organisms	have	been	reported	on	Cannabis	that	present	culturing	problems.	Fusarium	
oxysporum	has	been	reported	to	cause	fusariosis.	Hundreds	of	cases	of	Fusariosis	have	been	
described	in	the	literature80-84.	Several	cannabis	derived	cases	are	described85.	Fusarium	is	also	quite	
ubiquitous	and	mostly	a	risk	for	immuno-compromised	patients	but	has	a	very	high	fatality	rate	



when	acquired.		This	is	of	significant	concern	given	Fusarium	oxysporum	is	one	of	the	more	widely	
used	biocontrol	agents	for	cannabis	eradication	programs86.		
	
Staphylococcus	aureus	and	Pseudomonas	aeruginosa	have	also	been	listed	as	organisms	of	
concern	in	some	jurisdictions.	The	Pseudomonas	genera	is	fairly	ubiquitous	and	infects	both	humans	
and	plants.	Many	species	are	benign	and	used	as	bio-control	agents	to	limit	harmful	fungi.	Speciation	
of	harmful	versus	beneficial	Pseudomonas	is	critical87-90.	Pseudomonas	aeruginosa	is	often	a	problem	
for	burn	victims	and	Cystic	Fibrosis	patients.	Cannabinoids	are	popular	amongst	cystic	fibrosis	
patients	but	it	is	unknown	if	such	patients	could	or	would	want	to	resort	to	inhalation	based	delivery	
91-93.	Corbus	Pharmaceuticals	has	been	advancing	modified	cannabinoids	through	the	FDA	to	treat	
Cystic	Fibrosis	and	other	fibrotic	diseases.	Given	the	likely	use	of	Cannabis	by	Cystic	Fibrosis	
patients,	Pseudomonas	aeruginosis	screening	is	a	valid	concern.		Despite	being	a	bacteria,	
Pseudomonas	also	grows	on	3M	TYM	Petrifilm®	and	in	Biomerieux	TEMPO®	Yeast	and	Mold	
cartridges.		Pseudomonas	aeruginosa	is	chloramphenicol	resistant	and	known	to	produce	Salicylic	
acid	that	can	interfere	with	pH	based	fungal	detection	94.	
	
Staphylococcus	aureus	is	always	a	health	concern	regarding	antibiotic	resistance	and	MRSA	
(methicillin	resistant	Staphylococcus	aureus).	Nevertheless,	cannabinoids	are	proving	to	be	some	of	
the	more	promising	anti-MRSA	compounds1,	95,	96.	Distinguishing	MRSA	from	benign	human	skin-
commensals	like	Coagulase-negative	staphylococci	(CoNS)	is	challenging	without	molecular	
techniques97.		
	
Other	mycotoxin	producing	fungi	have	been	recorded	on	Cannabis	such	as	P.citrinum	and	P.paxilli.	
The	mycotoxin	production	of	these	species	on	cannabis	has	not	been	quantitated	to	date	but	their	
potency	is	nanomolar	compared	to	the	micromolar	usage	of	cannabinoids.	Low	level	contamination	
of	these	lipid	soluble	mycotoxins	is	an	unknown	risk	but	published	literature	on	their	interference	
with	cannabidiol	exists	in	rats	suggesting	caution.	In	the	most	extreme	cases	fungal	mycotoxins	are	
classified	as	weapons98.	
	
Mycobacterium	tuberculosis	
An	Australian	study	found	29	people	infected	by	the	same	strain	of	M.tuberculosis	believed	to	be	
spread	from	sharing	the	same	bong99.		Additional	M.tuberculosis	reports	in	Seattle	WA	were	
discovered	in	2004100.	While	cannabis	paraphernalia	may	be	a	vector	for	certain	human	pathogens,	
there	is	also	some	evidence	that	cannabis	can	be	a	host	for	mycobacterium3,	101.	There	are	several	
forms	of	Non-Tuberculosis	mycobacteria	(NTM)	that	also	present	clinical	risk102.	More	work	is	
required	to	understand	which	species	of	Mycobacterium	present	risks	to	cannabis	patients.	Most	of	
these	studies	rely	on	genotyping	to	speciate	the	Mycobacteria	of	clinical	concern.	
	
Mucor	and	mucormycosis	
Mucor	is	a	fungal	genus	consisting	of	many	pathogenic	and	benign	species.	Mucor	infections	can	be	
life	threatening	in	immunocompromised	and	diabetic	patients.	90%	of	cases	are	caused	by	Rhizopus	
oryzae	and	PCR	based	tests	usually	target	multiple	species.103.	It	is	important	to	underscore	that	
Rhizopus	oryzae	is	used	to	ferment	Tempe	and	the	FDA	categorizes	it	as	GRAS	(generally	recognized	
as	safe).	Rhizopus	orzyae	has	also	been	reported	to	reduce	aflatoxin	production	of	other	species	104,	
105.	Nevertheless,	Rhizopus	orzyae	presents	a	very	different	risk	profile	to	immunocompromised	
patients.	It	usually	requires	a	laceration	or	ulceration	to	become	infectious.	



Mucor	infections	are	usually	found	in	sinuses,	brain	and	lungs.	Amphotericin	B	and	Isavuconazole	are	
often	used	to	fight	the	infections	106.	Rhinocerebral	mucormycosis	is	the	most	common	manifestation	
of	the	infection	and	has	30-100%	mortality	depending	on	the	patient	pre-existing	diagnosis.	Mucor	
has	been	found	on	Cannabis	flowers	in	two	independent	ITS	sequencing	studies3,	5.	More	work	is	
required	to	speciate	the	genus	detected	on	cannabis	and	if	these	species	are	the	same	species	
reported	in	hospital	infections107.		
	
Listeria	monocytogenes	
Listeriosis	is	the	3rd	most	frequent	form	of	food	borne	illness108.	It	is	an	intracellular	gram-positive	
pathogen	that	can	grow	in	refrigeration	temperatures	and	is	known	to	create	biofilms109.	Large	doses	
of	cannabinoids	have	been	shown	to	weaken	immune	response	to	Listeria	in	mice	models	of	
disease110.	The	dosages	studied	in	this	work	were	several	orders	of	magnitude	higher	(38-150mg/kg	
THC)	than	recreational	cannabis	dosages	(5mg/75kg).	Listeria	has	not	yet	been	recorded	on	
cannabis	but	it	is	important	to	realize	the	existing	published	sequencing	surveys	are	still	very	
preliminary	with	small	sample	sizes.	Listeria	is	more	likely	relevant	to	cannabis	edible	
manufacturing	and	clean	kitchen	methodologies.	Listeria	detection	requires	selective	enrichment	
and	speciation	with	colony	morphology	and	sugar	fermentation.	More	rapid	PCR	based	tools	have	
been	published	that	can	ascertain	speciation	and	viability	in	under	48	hours111.	No	jurisdictions	
currently	require	Listeria	testing	for	Cannabis	but	it	is	being	reviewed	as	a	concern	in	Colorado112.	
	
In	summary,	there	is	substantial	evidence	for	culture	based	systems	presenting	significant	
vulnerabilities	for	the	most	severe	microbial	risks	found	on	Cannabis	and	guidelines	anchored	in	
CFU/g	will	continue	to	inhibit	proper	quantification	of	these	risks113.		We	believe	cannabis	microbial	
enumeration	guidelines	moving	forward	should	consider	molecular	methods.	Genomic	techniques	
are	gaining	adoption	at	the	FDA	Genome	Trakr	network114	and	we	believe	this	is	related	to	the	
unreliability	of	culture	based	platforms	to	properly	inform	on	microbial	health	hazards	in	a	timely	
manner.		The	remainder	of	this	document	will	focus	on	protocol	and	methods	validation	
considerations	used	in	validating	a	commercially	available	cannabis	microbial	detection	platform	
known	as	PathoSEEK	®.	
	
	
	
	
	
Methods	Validation	
	
There	are	currently	only	four	peer-reviewed	papers	that	describe	Cannabis	microbial	methods	and	
they	all	utilize	ITS	PCR3-5,	115.	While	there	is	a	temptation	to	lift	what	is	commonly	used	in	the	food	
industry	and	assume	it	will	behave	accordingly	on	cannabis,	most	regulators	and	certification	
agencies	will	not	allow	the	superimposition	of	a	method	validation	between	different	matrices.	If	you	
change	the	target	matrix	(milk	to	cannabis),	you	need	to	revalidate	the	assay	on	the	new	matrix.	As	of	
this	writing,	there	are	no	peer-reviewed	culture-based	techniques	that	have	performed	a	cannabis	
matrix	validation	in	the	literature.	Likewise,	no	regulator	will	allow	a	manufacturers	validation	to	
transfer	to	another	laboratory	setting.	Manufacturers	validations	need	to	be	re-examined	in	the	
laboratories	they	are	implemented	in.	This	is	also	true	with	ISO	certifications.	Below	are	a	few	
guidelines	on	how	to	perform	such	a	validation.	
	



Depending	on	the	Country	or	State,	some	or	all	of	the	following	live	organisms	and	genomic	DNA	
(Table	1)	should	ordered	from	ATCC	or	other	tissue	culture	banks	to	serve	as	spike	in	controls	for	
methods	validation.	A	Bio	Level	2	(BL2)	Safety	lab	is	required	by	law	to	handle	human	pathogens.	
Some	human	and	plant	pathogens	like	Fusarium	may	require	USDA	approval	before	shipment.		
	
Spike-ins	should	be	measured	on	both	flowers	and	at	least	3	different	MIP	matrices	(Chocolate,	
gummy,	shatter)	at	3	or	more	different	dilution	levels.	MIPs	that	are	inhaled	are	often	held	to	tighter	
regulatory	standards	than	oral	MIPs	(California).	
	
	
 
Table 1, Live Organisms Evaluated:  

Live Organisms Source 
Aspergillus flavus ATCC# 16870 

Aspergillus fumigatus ATCC# 16903 
Aspergillus niger ATCC# 15475 

Aspergillus terreus ATCC# 16793 
Aspergillus janponicus ATCC# 16873 

Candida albicans ATCC# 10231 
Candida catenulate ATCC# 10565 
Candida glabralta ATCC# 15545 

Candida krusei ATCC# 28870 
Candida sphaerica ATCC# 8565 

Debaryomyces hanseii ATCC# 10623 
Rhodotorula mucilaginosa ATCC# 4557 

Trichothecium Roseum ATCC# 90473 
Yarrowia lipolytica ATCC# 18944 

Salmonella ATCC# 700720 
Saccharomyces cerevisiae The Gold Pitch, Giga Yeast, Inc. 

E.coli DH10B (New England Biolabs, #C3020K) 
  

 
Table 2, DNA Organisms Evaluated 

DNA Organisms Source 
Aspergillus flavus ATCC# 9643D-2 

Aspergillus fumigatus ATCC# 1022D-5 
Aspergillus niger ATCC# 1015D-2 

Aspergillus terreus ATCC# 20542D-2 
E.coli ATCC# 8739D-5 

Penicillium chrysogenum ATCC# 10106D-5 
Klebsiella pneumoniae ATCC# 700721D-5 

STEC O111 ATCC# BAA-2440D-5 
Salmonella enterica ATCC# 700720D-5 

Coliform/Entero Positive Control MGC# 420314 
Total Yeast and Mold Positive Control MGC# 420303 
Total Aerobic Count Positive Control MGC # 420306 



E. coli/Salmonella Positive Control MGC# 420313 
	
California	regulations	(2018)	require	inclusion	and	exclusion	analysis	be	performed	for	STEC	E.coli,	
Salmonella,	Aspergillus	terreus,	Aspegillus	niger,	Aspergillus	flavus,	Aspergillus	fumigatus.	This	
requires	additional	ATCC	strains	to	demonstrate	differentiation	from	benign	and	ubiquitous	
Aspergillus.	Molecular	methods	are	required	for	this	level	of	species	specificity.	For	inclusion	criteria	
for	STEC	E.coli,	ATCC	has	published	a	very	helpful	guideline	describing	the	“Big	Six”	E.coli.	Table	3	
has	additional	“Big	Six”	E.coli	strains	to	demonstrate	STEC	assays	are	inclusive	of	these	health	
hazards	and	that	these	primers	don't	amplify	off	target	organisms	
(https://www.atcc.org/~/media/PDFs/Big%20Six.ashx)	
	

	
Table 3, List of species tested with PathoSEEK and corresponding results: 

Species Type ATCC # Total 
Y&M TAC TC TE E. 

coli Sal STE
C A.fla A.fu

m A.nig A. terr 

Aeromonas 
hydrophilia B 7965D  

Pos 
(+) 

Pos 
(+) 

Pos 
(+) 

       
Aeromonas 

hydrophilia Strain 
CDC 359-60 

B 7966D-5  

Pos 
(+) 

Pos 
(+) 

Pos 
(+) 

      

 

Aspergillus 
aculeatus M 24147 Pos 

(+) 
      

Neg 
(-) 

Neg  
(-) Neg (-) Neg (-) 

Aspergillus 
brasiliensis WLRI 

034 (120) 
M 16404D-2 Pos 

(+) 
Neg 
(-) 

  

Neg (-
) 

Neg 
(-) 

 

Neg 
(-) 

Neg  
(-) Neg (-) Neg (-) 

Aspergillus 
carbonarius M 1025 Pos 

(+)       

Neg 
(-) 

Neg  
(-) Neg (-) Neg (-) 

Aspergillus flavus M 16870 Pos 
(+)     Neg 

(-) 
Neg 
(-) 

Pos 
(+) 

Neg  
(-) Neg (-) Neg (-) 

Aspergillus flavus 
SN3 M 9643D-2 Pos 

(+) 
Neg 
(-) 

   

Neg 
(-) 

Neg 
(-) 

Pos 
(+) 

Neg  
(-) Neg (-) Neg (-) 

Aspergillus 
fumigatus M 16903 Pos 

(+)     Neg 
(-) 

Neg 
(-) 

Neg 
(-) 

Pos 
(+) Neg (-) Neg (-) 

Aspergillus 
fumigatus 118 M 1022D-2 Pos 

(+) 
    

Neg 
(-) 

Neg 
(-) 

Neg 
(-) 

Pos 
(+) Neg (-) Neg (-) 

Aspergillus 
janponicus M 16873 Pos 

(+) 
      

Neg 
(-) 

Neg  
(-) Neg (-) Neg (-) 

Aspergillus niger M 15475 Pos 
(+) 

    

Neg 
(-) 

Neg 
(-) 

Neg 
(-) 

Neg  
(-) 

Pos (+) Neg (-) 
Aspergillus niger M 1015D-2 Pos 

(+) 
Neg 
(-) 

Neg 
(-) 

Neg 
(-) 

 

Neg 
(-) 

Neg 
(-) 

Neg 
(-) 

Neg  
(-) Pos (+) Neg (-) 

Aspergillus oryzae M 1010 Pos 
(+) 

          
Aspergillus terreus M 16793 Pos 

(+) 
    

Neg 
(-) 

Neg 
(-) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Pos(+) 
Aspergillus terreus M 20542D-2 Pos 

(+) 
Neg 
(-) 

Neg 
(-) 

Neg 
(-) 

 

Neg 
(-) 

Neg 
(-) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Pos(+) 
Aspergillus ustus M 1041 Pos 

(+)       

Neg 
(-) 

Neg  
(-) Neg (-) Neg (-) 

Bacillus subtilis 
subsp. Spizizenii B 6633D-5 Neg  

(-) 
Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

Neg (-
) 

Neg 
(-) 

     
Bacillus subtilis 

subsp. Spizizenii B 6633   

Neg 
(-) 

Neg 
(-) 

       
Candida albicans Y 10231D-5 Pos 

(+) 
Neg 
(-) 

  

Neg (-
) 

Neg 
(-) 

 

Neg 
(-) 

Neg  
(-) Neg (-)  

Candida albicans Y 10231 Pos 
(+) 

 

Neg 
(-) 

Neg 
(-) 

       
Candida catenulata Y 10565 Pos 

(+) 
          

Candida glabralta Y 15545 Pos 
(+) 

          
Candida 

guilliermondii Y 90197 Pos 
(+) 

          



Candida krusei Y 28870 Pos 
(+) 

          
Candida lusitiniae Y 344449 Pos 

(+) 
          

Candida sphaerica Y 8565 Pos 
(+) 

          
Clostridium 
sporogenes B 11437FD

-5 Neg(-) Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

Neg (-
) 

Neg 
(-) 

     
Clostridium 
sporogenes B 11437   

Neg 
(-) 

Neg 
(-) 

       
Debaryomyces 

hanseii Y 10623 Pos 
(+) 

          
E.coli DH10BTM 

Compentent Cells B NEB  

Pos 
(+) 

Pos 
(+) 

Pos 
(+) 

       
Enterobacter 
aerogenes B 15038D-5  

Pos 
(+) 

Pos 
(+) 

Pos 
(+) 

       
Escherichia coli B 8739D-5 Neg(-) Pos 

(+) 
Pos 
(+) 

Pos 
(+) 

Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

    
Escherichia coli B 8739     

Pos 
(+) 

Neg 
(-) 

     
Escherichia coli 

Strain 2000-3039 B BAA-
2193D-5 

     

Neg 
(-) 

Pos 
(+) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Neg (-) 
Escherichia coli 

Strain 2002-3211 B BAA-
2219D-5 

     

Neg 
(-) 

Pos 
(+) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Neg (-) 
Escherichia coli 

Strain 2003-3014 B BAA-
2196D-5 

     

Neg 
(-) 

Pos 
(+) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Neg (-) 
Escherichia coli 

Strain 2006-3008 B BAA-
2215D-5 

     

Neg 
(-) 

Pos 
(+) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Neg (-) 
Escherichia coli 
Strain 99-3311 B BAA-

2192D-5 
     

Neg 
(-) 

Pos 
(+) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Neg (-) 
Escherichia coli 

Strain O111 B BAA-
2440D-5 

 

Pos 
(+) 

Pos 
(+) 

Pos 
(+) 

Pos 
(+) 

Neg 
(-) 

Pos 
(+) 

Neg 
(-) 

Neg   
(-) 

Neg (-) Neg (-) 
Geotrichum 
Candidum M 74170 Pos 

(+) 
          

Geotrichum 
capitatum M 28575 Pos 

(+) 
          

Klebsiella 
pneumoniae B 700721D-

5 
 

Pos 
(+) 

Pos 
(+) 

Pos 
(+) 

       
Lactobacillus 
acidophilos B 4357    

Neg 
(-) 

       
Lactobacillus 
acidophilus B 4357D-5  

Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

       
Listeria 

monocytogenes B 19115D-5  

Pos 
(+) 

Neg 
(-) 

        
Mucor racemosus M 22365 Pos 

(+) 
          

Penicillium 
chrysogenum M 10106D-2 Pos 

(+) 
Neg 
(-) 

 

Neg 
(-) 

   

Neg 
(-) 

Neg  
(-) Neg (-)  

Penicillium citrinum M 36382 Pos 
(+) 

          
Penicillium paxilli M 96516 Pos 

(+) 
          

Penicillum Citrinum M 36382 Pos 
(+) 

          
Pseudomonas 

aeruginosa B 9027D-5 Neg   
(-) 

Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

Neg (-
) 

Neg 
(-) 

     
Pseudomonas 

aeruginosa B 9027  

Pos 
(+) 

         
Pseudomonas 

syringae pathovar 
tomato 

B BAA-
871D-5 

 

Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

Neg (-
) 

Neg 
(-) 

    

 

Rhodotorula 
mucilaginosa Y 4557 Pos 

(+) 
          

Saccharomyces 
cerevisiae Y - Pos 

(+) 
          

Salmonella 
enterica serova 

Typhimurium LT2 
B 700720D-

5 
Neg   
(-) 

Pos 
(+) 

Pos 
(+) 

Pos 
(+) 

Neg (-
) 

Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Neg (-) 
Salmonella 

enterica subsp. B 700720     

Neg (-
) 

Pos 
(+) 

     



aureus 
Salmonella 

enterica subsp. 
houtenae (IV) 

B BAA-
1580D-5 

    

Neg (-
) 

Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Neg (-) 
Salmonella 

enterica subsp. 
salamae (II) 

B BAA-
1582D-5 

    

Neg (-
) 

Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

Neg  
(-) 

Neg (-) Neg (-) 
Salmonella 

enterica subsp. 
indica (VI) 

B BAA-
1578D-5 

    

Neg (-
) 

Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

Neg  
(-) Neg (-) Neg (-) 

Staphylococcus 
aureus subsp. 

Aureus 
B 6538D-5 Neg   

(-) 
Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

Neg (-
) 

Neg 
(-) 

    

 

Staphylococcus 
aureus subsp. 

aureus 
B 6538  

Pos 
(+) 

Neg 
(-) 

Neg 
(-) 

      

 

Trichoderma virens M 13213 Pos 
(+) 

          
Trichothecium 

Roseum M 90473 Pos 
(+) 

          
Vibrio cholerae B 39315D-5  

Pos 
(+) 

Neg 
(-) 

Pos 
(+) 

       
Yarrowia lipolytica M 18944 Pos 

(+) 
          

Yersinia pestis K25 B BAA-
1511D-5 

 

Pos 
(+) 

Neg 
(-) 

Pos 
(+) 

       
Species	 Type	 ATCC	#	 Total	

Y&M	 TAC	 TC	 TE	 E.	coli	 Sal	 STEC	 A.fla	 A.fum	 A.nig	 A.	terr	

Aeromonas	hydrophilia	 B	 7965D	 	 Pos	
(+)	

Pos	
(+)	

Pos	
(+)	 	 	 	 	 	 	 	

Aeromonas	hydrophilia	
Strain	CDC	359-60	 B	 7966D-5	 	 Pos	

(+)	
Pos	
(+)	

Pos	
(+)	 	 	 	 	 	 	 	

Aspergillus	aculeatus	 M	 24147	 Pos	(+)	 	 	 	 	 	 	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	
Aspergillus	brasiliensis	

WLRI	034	(120)	 M	 16404D-2	 Pos	(+)	 Neg	
(-)	 	 	 Neg	(-)	 Neg	

(-)	 	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Aspergillus	carbonarius	 M	 1025	 Pos	(+)	 	 	 	 	 	 	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Aspergillus	flavus	 M	 16870	 Pos	(+)	 	 	 	 	 Neg	
(-)	

Neg	
(-)	 Pos	(+)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Aspergillus	flavus	SN3	 M	 9643D-2	 Pos	(+)	 Neg	
(-)	 	 	 	 Neg	

(-)	
Neg	
(-)	 Pos	(+)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Aspergillus	fumigatus	 M	 16903	 Pos	(+)	 	 	 	 	 Neg	
(-)	

Neg	
(-)	 Neg	(-)	 Pos	(+)	 Neg	(-)	 Neg	(-)	

Aspergillus	fumigatus	
118	 M	 1022D-2	 Pos	(+)	 	 	 	 	 Neg	

(-)	
Neg	
(-)	 Neg	(-)	 Pos	(+)	 Neg	(-)	 Neg	(-)	

Aspergillus	janponicus	 M	 16873	 Pos	(+)	 	 	 	 	 	 	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Aspergillus	niger	 M	 15475	 Pos	(+)	 	 	 	 	 Neg	
(-)	

Neg	
(-)	 Neg	(-)	 Neg		(-)	 Pos	(+)	 Neg	(-)	

Aspergillus	niger	 M	 1015D-2	 Pos	(+)	 Neg	
(-)	

Neg	
(-)	

Neg	
(-)	 	 Neg	

(-)	
Neg	
(-)	 Neg	(-)	 Neg		(-)	 Pos	(+)	 Neg	(-)	

Aspergillus	oryzae	 M	 1010	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Aspergillus	terreus	 M	 16793	 Pos	(+)	 	 	 	 	 Neg	
(-)	

Neg	
(-)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Pos(+)	

Aspergillus	terreus	 M	 20542D-2	 Pos	(+)	 Neg	
(-)	

Neg	
(-)	

Neg	
(-)	 	 Neg	

(-)	
Neg	
(-)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Pos(+)	

Aspergillus	ustus	 M	 1041	 Pos	(+)	 	 	 	 	 	 	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	
Bacillus	subtilis	subsp.	

Spizizenii	 B	 6633D-5	 Neg		
(-)	

Pos	
(+)	

Neg	
(-)	

Neg	
(-)	 Neg	(-)	 Neg	

(-)	 	 	 	 	 	

Bacillus	subtilis	subsp.	
Spizizenii	 B	 6633	 	 	 Neg	

(-)	
Neg	
(-)	 	 	 	 	 	 	 	

Candida	albicans	 Y	 10231D-5	 Pos	(+)	 Neg	
(-)	 	 	 Neg	(-)	 Neg	

(-)	 	 Neg	(-)	 Neg		(-)	 Neg	(-)	 	

Candida	albicans	 Y	 10231	 Pos	(+)	 	 Neg	
(-)	

Neg	
(-)	 	 	 	 	 	 	 	

Candida	catenulata	 Y	 10565	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	
Candida	glabralta	 Y	 15545	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Candida	guilliermondii	 Y	 90197	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	
Candida	krusei	 Y	 28870	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Candida	lusitiniae	 Y	 344449	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	
Candida	sphaerica	 Y	 8565	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Clostridium	sporogenes	 B	 11437FD-5	 Neg(-)	 Pos	
(+)	

Neg	
(-)	

Neg	
(-)	 Neg	(-)	 Neg	

(-)	 	 	 	 	 	

Clostridium	sporogenes	 B	 11437	 	 	 Neg	
(-)	

Neg	
(-)	 	 	 	 	 	 	 	



Debaryomyces	hanseii	 Y	 10623	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	
E.coli	DH10BTM	
Compentent	Cells	 B	 NEB	 	 Pos	

(+)	
Pos	
(+)	

Pos	
(+)	 	 	 	 	 	 	 	

Enterobacter	aerogenes	 B	 15038D-5	 	 Pos	
(+)	

Pos	
(+)	

Pos	
(+)	 	 	 	 	 	 	 	

Escherichia	coli	 B	 8739D-5	 Neg(-)	 Pos	
(+)	

Pos	
(+)	

Pos	
(+)	 Pos	(+)	 Neg	

(-)	
Neg	
(-)	 	 	 	 	

Escherichia	coli	 B	 8739	 	 	 	 	 Pos	(+)	 Neg	
(-)	 	 	 	 	 	

Escherichia	coli	Strain	
2000-3039	 B	 BAA-2193D-

5	 	 	 	 	 	 Neg	
(-)	

Pos	
(+)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Escherichia	coli	Strain	
2002-3211	 B	 BAA-2219D-

5	 	 	 	 	 	 Neg	
(-)	

Pos	
(+)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Escherichia	coli	Strain	
2003-3014	 B	 BAA-2196D-

5	 	 	 	 	 	 Neg	
(-)	

Pos	
(+)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Escherichia	coli	Strain	
2006-3008	 B	 BAA-2215D-

5	 	 	 	 	 	 Neg	
(-)	

Pos	
(+)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Escherichia	coli	Strain	
99-3311	 B	 BAA-2192D-

5	 	 	 	 	 	 Neg	
(-)	

Pos	
(+)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Escherichia	coli	Strain	
O111	 B	 BAA-2440D-

5	 	 Pos	
(+)	

Pos	
(+)	

Pos	
(+)	 Pos	(+)	 Neg	

(-)	
Pos	
(+)	 Neg	(-)	 Neg			(-)	 Neg	(-)	 Neg	(-)	

Geotrichum	Candidum	 M	 74170	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	
Geotrichum	capitatum	 M	 28575	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Klebsiella	pneumoniae	 B	 700721D-5	 	 Pos	
(+)	

Pos	
(+)	

Pos	
(+)	 	 	 	 	 	 	 	

Lactobacillus	
acidophilos	 B	 4357	 	 	 	 Neg	

(-)	 	 	 	 	 	 	 	

Lactobacillus	
acidophilus	 B	 4357D-5	 	 Pos	

(+)	
Neg	
(-)	

Neg	
(-)	 	 	 	 	 	 	 	

Listeria	monocytogenes	 B	 19115D-5	 	 Pos	
(+)	

Neg	
(-)	 	 	 	 	 	 	 	 	

Mucor	racemosus	 M	 22365	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	
Penicillium	

chrysogenum	 M	 10106D-2	 Pos	(+)	 Neg	
(-)	 	 Neg	

(-)	 	 	 	 Neg	(-)	 Neg		(-)	 Neg	(-)	 	

Penicillium	citrinum	 M	 36382	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	
Penicillium	paxilli	 M	 96516	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	
Penicillum	Citrinum	 M	 36382	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Pseudomonas	
aeruginosa	 B	 9027D-5	 Neg			(-)	 Pos	

(+)	
Neg	
(-)	

Neg	
(-)	 Neg	(-)	 Neg	

(-)	 	 	 	 	 	

Pseudomonas	
aeruginosa	 B	 9027	 	 Pos	

(+)	 	 	 	 	 	 	 	 	 	

Pseudomonas	syringae	
pathovar	tomato	 B	 BAA-871D-5	 	 Pos	

(+)	
Neg	
(-)	

Neg	
(-)	 Neg	(-)	 Neg	

(-)	 	 	 	 	 	

Rhodotorula	
mucilaginosa	 Y	 4557	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Saccharomyces	
cerevisiae	 Y	 -	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Salmonella	enterica	
serova	Typhimurium	

LT2	
B	 700720D-5	 Neg			(-)	 Pos	

(+)	
Pos	
(+)	

Pos	
(+)	 Neg	(-)	 Pos	

(+)	
Neg	
(-)	 Neg	(-)	 Neg		(-)	 Neg	(-)	

Neg	(-)	

Salmonella	enterica	
subsp.	aureus	 B	 700720	 	 	 	 	 Neg	(-)	 Pos	

(+)	 	 	 	 	 	

Salmonella	enterica	
subsp.	houtenae	(IV)	 B	 BAA-1580D-

5	 	 	 	 	 Neg	(-)	 Pos	
(+)	

Neg	
(-)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Salmonella	enterica	
subsp.	salamae	(II)	 B	 BAA-1582D-

5	 	 	 	 	 Neg	(-)	 Pos	
(+)	

Neg	
(-)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Salmonella	enterica	
subsp.	indica	(VI)	 B	 BAA-1578D-

5	 	 	 	 	 Neg	(-)	 Pos	
(+)	

Neg	
(-)	 Neg	(-)	 Neg		(-)	 Neg	(-)	 Neg	(-)	

Staphylococcus	aureus	
subsp.	Aureus	 B	 6538D-5	 Neg			(-)	 Pos	

(+)	
Neg	
(-)	

Neg	
(-)	 Neg	(-)	 Neg	

(-)	 	 	 	 	 	

Staphylococcus	aureus	
subsp.	aureus	 B	 6538	 	 Pos	

(+)	
Neg	
(-)	

Neg	
(-)	 	 	 	 	 	 	 	

Trichoderma	virens	 M	 13213	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	
Trichothecium	Roseum	 M	 90473	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Vibrio	cholerae	 B	 39315D-5	 	 Pos	
(+)	

Neg	
(-)	

Pos	
(+)	 	 	 	 	 	 	 	

Yarrowia	lipolytica	 M	 18944	 Pos	(+)	 	 	 	 	 	 	 	 	 	 	

Yersinia	pestis	K25	 B	 BAA-1511D-
5	 	 Pos	

(+)	
Neg	
(-)	

Pos	
(+)	 	 	 	 	 	 	 	

	
Table	3	Legend:	
B	=	bacteria,	M	=	Mold,	Y	=	yeast	

Note:		A	blank	cell	means	that	the	species	was	not	tested	with	that	assay	



A	filled	well	means	that	the	species	was	tested	with	the	assay	and	shows	results	of	the	
test.	

	
In-Silico	Inclusion	Analysis	
Since	Aspergillus	species	can	be	difficult	to	obtain	and	culture	and	those	that	can	be	purchased	from	
ATCC	do	not	always	have	genome	sequencing	available,	we	chose	to	also	perform	an	in-silico	analysis	
of	Whole	Genome	Shotgun	assemblies	in	NCBI.		
	
Four	different	Whole	Genome	Shotgun	assemblies	for	Aspergillus	flavus	were	downloaded	from	NCBI.	
PathoSEEK	®	positive	control	sequence	was	compared	with	BLAST	to	find	100%	identical	sequence	
to	3	of	the	strains.	The	single	SNP	found	in	one	of	the	genome	assemblies	was	NOT	under	any	
PathoSEEK	®	primer	or	probe	sequences	suggesting	all	4	of	these	subspecies	will	amplify	with	our	
primers.	The	variant	strain	was	isolated	from	peanuts	in	Georgia	but	was	a	draft	assembly	at	26X	
coverage	in	over	6,423	contigs.	It	is	very	likely	that	this	is	a	sequencing	error	in	this	reference	due	to	
low	coverage.	Other	genomes	were	sequenced	over	50X	and	in	less	than	900	contigs.		
	
This	analysis	was	repeated	for	Aspergillus	terreus,	fumigatus	and	niger.	Only	one	Aspergillus	terreus	
genome	assembly	showed	polymorphisms	in	the	positive	control	sequence	(isolated	from	the	
international	space	station	to	assess	microgravity	mutation	rates)	and	NONE	of	these	
polymorphisms	were	found	in	PathoSEEK	®		primers	and	probe	sequences	implying	identical	
amplification	should	occur.	

Table	4. In-silico BLAST analysis of Whole Genome Shotgun datasets in NCBI. 
 
A	similar	analysis	was	performed	with	our	Salmonella	Primers	and	Probe	sequences.	146	Salmonella	
Subspecies	were	identified	with	100%	identical	sequence.	34	are	shown	in	the	below	table	for	
reference.	
	
Table	5.	in-silico	Salmonella	BLAST	analysis	of	target	sequence	



 
	
Sample	Homogenization	
250mg	to	1g	of	homogenization	is	required	in	most	states.	Homogenization	of	250mg/1g	of	flower	in	
3.55ml/14.2ml	Tryptic	Soy	Broth	(TSB)	can	be	performed	in	a	WhirlPak	bag.	These	bags	have	a	
300um	mesh	filter	in	them	to	eliminate	large	debris	from	the	homogenization	process.	This	filter	is	
too	large	to	prevent	trichomes	(50-150um)	from	filtering	through	and	these	often	require	
centrifugation	to	fully	eliminate.	Lysis	buffer	should	be	added	before	any	centrifugation	steps	or	
bacterial	and	mold	cells	will	pellet	with	the	trichomes	and	residual	plant	debris.	
	
Homogenization	techniques	need	to	be	carefully	scrutinized.	Some	homogenization	protocols	used	
for	cannabinoid	and	terpenoid	testing	may	grind	the	plant	matter	and	microbes	into	an	unviable	
state	in	methanol	or	other	organic	solvents.	Liquid	nitrogen	or	other	forms	of	aggressive	
homogenization	can	alter	the	viability	of	the	microbes	and	present	false	negative	tests	for	culture	
based	techniques.	Extreme	homogenization	can	also	create	fine	powders	that	obstruct	or	saturate	
various	solid	phase	particles	or	surfaces	often	used	for	DNA	purification.	Filter	pore	sizes	need	to	be	
scrutinized	to	ensure	homogenization	debris	is	properly	filtered	while	bacterial	and	mold	cells	are	
not	omitted	from	the	sample.	
	
Commonly	used	phosphate	rich	buffers	and	broths	should	be	avoided	for	homogenization	and	
growth	if	your	microbial	quantification	method	requires	DNA	purification.	Most	DNA	isolation	
techniques	use	solid	phases	that	are	attracted	to	the	phosphodiester	bond	in	DNA.	Many	of	these	
DNA	isolation	techniques	actually	use	phosphates	to	elute	their	DNA	from	the	solid	phase.	As	a	
result,	the	use	of	phosphate	rich	homogenization	buffers	can	saturate	the	downstream	DNA	preps’	
solid	phase	with	phosphates	such	that	little	to	no	DNA	is	captured.		
	
Internal	DNA	purification	controls	are	advised	so	one	can	differentiate	a	DNA	purification	failure	
from	an	amplification	failure.	Some	kits	(PathoSEEK	®	)	target	amplicons	unique	to	the	cannabis	
plant	as	an	internal	purification	control.	If	this	signal	does	not	appear,	the	homogenization	and	DNA	
purification	should	be	scrutinized	and	repeated.	



	
Sampling	Bias	
Whether	using	culture	or	molecular	
methods	such	as	PCR,	neither	approach	
affords	assaying	the	entire	3.55ml	or	
14.2ml	homogenate.	Usually	a	small	
subsampling	of	this	total	homogenate	is	
plated	or	placed	into	qPCR.	This	
subsampling	needs	to	be	accounted	for	
or	single	CFU/g	measurements	cannot	
be	made	regarding	the	entire	cannabis	
sample.	For	example,	if	only	1/10th	of	
the	original	sample	is	plated	or	placed	
into	PCR	and	the	original	sample	was	at	
1	CFU/g,	90%	of	the	time	you	pipette	
that	subsampling	you	will	get	negative	
results	and	only	one	time	will	you	get	a	
positive	hit.		
	
For	this	reason	most	single	CFU	tests	
that	subsample,	use	an	enrichment	step	where	they	allow	the	E.coli	to	incubate	for	a	set	number	of	
doubling	times	to	compensate	for	the	subsampling.	Assuming	E.coli	doubles	every	half	hour	at	37C	in	
static	growth	with	TSB,	8	doublings		(2^8	=	256)	will	compensate	for	100	fold	subsampling.	This	
enrichment	step	will	also	ensure	that	molecular	methods	are	only	measuring	viable	cells.	Where	

possible,	growth	rates	should	be	measured	in	the	
presence	of	a	cannabis	matrix	and	the	broth	selected	due	
to	the	inhibitory	nature	of	certain	cannabis	matrix	
components	(Figure	6).		
	
PCR	Efficiency	and	Limit	of	Detection	(LOD)	
In	order	to	achieve	concordance	with	CFU/g	one	needs	
to	measure	PCR	efficiency	and	the	limits	of	detection	
(LOD)	across	a	broad	dynamic	range.	To	achieve	this,	2	
fold	serial	dilutions	across	12	data	dilution	points	are	
performed	in	triplicate.		%RSD,	PCR	efficiency	and	R	
squared	can	be	calculated	from	the	replicated	dilutions.	
AOAC	guidelines	should	be	followed	for	proper	

concordance	with	limited	dynamic	range	techniques	like	plating	
(http://multimedia.3m.com/mws/media/241188O/3m-petrifilm-plate-certificates-recognitions-validations.pdf).	
	
Table	6.	

Assay Copies of STEC O111 DNA Cq Value (FAM) %RSD 
E.coli Specific 5,000 26.23 

0.50 E.coli Specific 5,000 26.00 
E.coli Specific 5,000 26.01 
E.coli Specific 2,500 26.68 0.16 

Figure	6-	E.coli	doubling	rate	in	TSB	
Whirlpak	bags	with	cannabis	matrix	
present.	

Figure	5-	Diagram	of	subsampling	for	SenSATIVAx	
DNA	purification	from	Flower.	
	



E.coli Specific 2,500 26.63 
E.coli Specific 2,500 26.72 
E.coli Specific 1,250 27.69 

0.28 E.coli Specific 1,250 27.66 
E.coli Specific 1,250 27.81 
E.coli Specific 625 28.55 

0.32 E.coli Specific 625 28.73 
E.coli Specific 625 28.63 
E.coli Specific 313 29.68 

0.54 E.coli Specific 313 29.99 
E.coli Specific 313 29.93 
E.coli Specific 156 30.93 

0.25 E.coli Specific 156 30.81 
E.coli Specific 156 30.94 
E.coli Specific 78 31.87 

0.26 E.coli Specific 78 31.74 
E.coli Specific 78 31.72 
E.coli Specific 39 32.67 

0.75 E.coli Specific 39 32.38 
E.coli Specific 39 32.87 
E.coli Specific 20 33.70 

0.60 E.coli Specific 20 33.78 
E.coli Specific 20 34.08 
E.coli Specific 10 34.24 

1.19 E.coli Specific 10 34.83 
E.coli Specific 10 35.03 
E.coli Specific 5 36.37 

1.86 E.coli Specific 5 35.15 
E.coli Specific 5 36.24 
E.coli Specific 2 36.15 

2.26 E.coli Specific 2 36.50 
E.coli Specific 2 37.74 
E.coli Specific 0 Not Detected 

Not 
Applicable 

E.coli Specific 0 Not Detected 
E.coli Specific 0 Not Detected 

 
 
Figure 7: E.coli qPCR Dilution Curves and qPCR Efficiency (E)  



	  
	

	
Correlation	of	these	results	with	plating	live	species	will	result	in	an	equation	that	enables	
conversion	of	Cq/g	to	CFU/g.	Each	assay	should	have	its	own	equation	and	the	equation	may	differ	
based	on	the	use	of	extract	versus	flower	due	to	the	impact	of	the	matrix	as	a	carbon	source	for	
growth	on	plates.	The	broader	spectrum	assays	like	TAC	and	TYM	will	have	lower	concordance	than	
the	more	specific	assays	since	95-99%	of	microbes	don't	culture	and	many	molds	don't	form	
colonies116.	Thus	the	broader	the	scope	of	the	test,	the	higher	likelihood	unculturable	organisms	will	
trigger	qPCR	signals	and	the	higher	likelihood	some	organisms	will	grow	that	do	not	PCR	with	ITS	or	
16S	primer	sequences.	While	the	unculturable	organisms	will	never	be	known	with	plating,	DNA	
sequencing	can	provide	a	list	of	thousands	of	organisms	your	primers	are	known	capture.	This	
cannot	be	underscored	enough	as	each	organism	ordered	from	ATCC	for	spike	in	assessment	on	
cannabis	is	$300	making	the	acquisition	of	a	list	of	spike	in	organisms	that	can	culture	in	the	present	
of	cannabis	matrix	very	expensive.	As	a	result	there	is	currently	no	peer	reviewed	published	
validation	data	regarding	what	organisms	derived	from	cannabis	can	grow	on	plates	or	3M	
Petrifilm®.	There	are	multiple	studies	using	PCR	and	DNA	sequencing	to	acquire	this	information	
with	and	without	culture.	
	
Since	many	regulators	are	looking	for	strong	correlations	with	Cq->CFU,	the	only	way	to	achieve	this	
is	to	design	primers	that	do	not	amplify	unculturable	molds.	Commonly	found	non-culturable	but	
harmless	molds	like	Botrytis	cinerea	and	Cannabis	derived	powdery	mildew	(CDPM)	can	be	designed	
to	not	amplify	with	certain	primer	sets.	It	is	recommended	that	species	specific	assays	exist	for	these	
common	molds	in	the	event	regulatory	bodies	decide	their	allergenic	potential	needs	to	be	
monitored	in	the	future.		
	
Table 7, Cq to CFU/g Equations for Flower, MIP/Extract and Gummy 

Matrix Microbial Test Cq to CFU/g Conversion Equation 
Plant Total Yeast and Mold CFU/g = 10[(36.671 – Cq Value)/3.1194]  
Plant Total Aerobic Count CFU/g = 10[(35.111 – Cq Value)/2.8883]  
Plant Total Coliform CFU/g = 10[(40.073 – Cq Value)/3.3417]  
Plant Total Enterobacteriaceae CFU/g = 10[(41.218 – Cq Value)/4.3708]  

MIP/Extract Total Yeast and Mold CFU/g = 10[(54.972 – Cq Value)/5.8485]  
MIP/Extract Total Aerobic Count CFU/g = 10[(38.076 – Cq Value)/3.2249]  
MIP/Extract Total Coliform CFU/g = 10[(41.935 – Cq Value)/3.6274]  



MIP/Extract Total Enterobacteriaceae CFU/g = 10[(38.407 – Cq Value)/3.3041] 

Gummy Total Yeast and Mold CFU/g = 10[(52.989 – Cq Value)/4.9718]  
Gummy Total Aerobic Count CFU/g = 10[(37.235 – Cq Value)/2.356]  
Gummy Total Coliform CFU/g = 10[(52.888 – Cq Value)/5.9643]  
Gummy Total Enterobacteriaceae CFU/g = 10[(44.81 – Cq Value)/4.9665] 

	
One	will	notice	significantly	altered	Cq->CFU	conversions	with	various	Extracts	or	MIPs.	To	better	
understand	this	we	performed	spike	in	platings	with	various	MIP	matrices	to	better	understand	the	
impact	of	these	carbon	sources	on	culturing	conditions.	
 
Marijuana	Infused	Products	(MIP)	interference	and	impact	on	validation	
MIPs	are	a	very	diverse	class	of	
matrices	that	behave	very	
differently	than	cannabis	flowers.		
Gummy	bears,	chocolates,	oils	and	
tinctures	all	present	different	
challenges	to	culture	based	
techniques	as	the	sugars	and	
carbohydrates	can	radically	alter	the	
carbon	sources	available	for	growth.	
Some	oil	loving	microbes	like	
Clostridium	botulinum	have	been	
found	in	cannabis	and	these	require	
anaerobic	conditions	to	culture.	
These	varying	matrices	also	present	
challenges	to	homogenization	and	
DNA	purification	techniques.	To	
address	this,	it	is	important	to	
understand	the	various	inhibitors	to	
your	plating	and	PCR	technologies.	
3M	Coliform	plates	list	citrate	as	an	
inhibitor	to	their	reporter	assay.	Citrate	is	commonly	used	in	cannabis	cultivation	in	the	form	of	Cal-
Mag	or	Calcium	and	Magnesium	citrate.	Citric	acid	is	commonly	used	as	a	foliar	spray	to	thwart	off	
plant	pathogens.	Likewise,	certain	terpenoids	have	been	listed	as	polymerase	inhibitors	suggesting	
direct	PCR	without	DNA	purification	may	present	variable	results	with	different	cannabis	
chemotypes117.	The	list	of	potential	additives,	chemotypes	and	their	impact	on	culture	is	a	near	
infinite	list.	An	ethanol	based	DNA	purification	step	simplifies	this	inhibitory	complexity	greatly.	
	
To	assess	the	impact	of	MIPs	on	CFU/g	enumeration,	we	spiked	in	live	E.coli	cells	into	various	MIPs	
to	measure	the	qPCR	signal	and	compared	these	to	the	colony	counts	with	and	without	MIPs	(Figure	
8).	To	our	surprise	E.coli	cells	spiked	into	many	of	the	MIPs	failed	to	grow	despite	growth	in	the	TSB	
controls.	This	implies	the	MIPs	are	interfering	with	the	reporter	assay	on	the	films	or	that	the	MIPs	
are	antiseptic	in	nature.	Many	MIPs	use	citric	acid	as	a	sour	flavoring	ingredient	and	can	cause	
interference	with	3M	reporter	chemistry.	qPCR	signal	was	constant	implying	there	is	DNA	on	the	
films	but	the	colony	formation	or	reporting	is	inhibited.	This	underscores	the	importance	of	

Figure	8-	MIP	inhibition	of	Petrifilm®	



revalidation	with	novel	matrices.	More	can	be	found	on	this	topic	at	
https://www.medicinalgenomics.com/mips-and-extracts-negative-impact-on-plating/.	
 
Precision	
Precision	contains	two	sub-tasks:	repeatability	and	robustness.	Repeatability	is	defined	as	the	
precision	under	the	same	operating	conditions	(intra-assay	precision).	Robustness	is	defined	as	the	
degree	of	precision	of	test	results	obtained	by	the	analysis	of	the	same	samples	under	a	variety	of	
typical	test	conditions,	such	as	different	days	and	analysts.	With	this	in	mind,	it	was	necessary	for	us	
to	display	the	repeatability	and	robustness	of	the	SenSATIVAx™	Flower/Leaf	DNA	Extraction	Kit	and	
the	SenSATIVAx™	MIP/Extract	DNA	Extraction	Kit	and	the	PathoSEEK®	qPCR	assays.		
	
Precision	of	Aspergillus	species-specific	and	multiplex	assays	
The	Aspergillus	multiplex	assay	combines	the	Aspergillus	A.	flavus,	A.	fumigatus,	A.	niger	and	A.	terreus	
detection	assays	together	in	one	reaction.	The	detection	probe	for	each	species	is	on	the	FAM	
channel;	therefore,	if	a	positive	result	were	to	occur,	the	only	way	to	determine	which	species	was	
present	would	be	to	run	all	four	individual	Aspergillus	assays	(presumably	on	many	fewer	samples	as	
Aspergillus	failure	rates	are	usually	under	3%	(personal	communication	with	Cannabis	testing	
laboratories).			
	
Live	Aspergillus	flavus,	fumigatus,	niger	and	terreus	organisms	were	grown	to	saturation	in	TSB.	The	
species-specific	assay	vs.	multiplex	assay	was	tested	by	adding	100	μL	of	the	species-specific	culture	
into	3.45	mL	of	TSB	with	0.25g	of	flower	present.		The	multiplex	assay	was	also	tested	by	adding	100	
μL	of	each	species	culture	to	3.15	mL	of	TSB	with	0.25g	of	flower	present.	For	each	matrix	tested,	a	
non-spiked	control	was	included	to	show	that	the	product	being	tested	was	clean	and	the	qPCR	
signal	was	from	the	spiked	live	organism.	This	was	followed	by	DNA	extraction	using	the	
SenSATIVAx™	Flower/Leaf	DNA	Extraction	Kit.		The	extracted	DNA	was	tested	using	the	PathoSEEK™	
Aspergillus	flavus,	A.	fumigatus,	A.	niger,	A.	terreus	and	or	Aspergillus	multiplex	assay	in	replicates	of	
six	for	the	single	species	spike-ins	and	in	triplicate	for	the	multiple	species	spike.	
	
The	data	presented	in	Table	26	shows	that	Aspergillus	flavus,	A.	fumigatus,	A.	niger	and	A.	terreus	can	
be	detected	at	similar	Ct	values	when	either	the	Aspergillus	species-specific	assay	or	the	Aspergillus	
multiplex	assay	is	used.		The	table	also	presents	the	repeatability	of	the	extracted	DNA	when	tested	
using	the	Aspergillus	flavus,	A.	fumigatus,	A.	niger,	A.	terreus	and	or	Aspergillus	multiplex	assays.	
 
Table 8, Precision of Aspergillus Assays 

Sample Organism Spiked qPCR Assay Cq %RSD 
Flower Aspergillus flavus Aspergillus flavus 25.20 

0.70 

Flower Aspergillus flavus Aspergillus flavus 25.06 
Flower Aspergillus flavus Aspergillus flavus 24.94 
Flower Aspergillus flavus Aspergillus flavus 24.88 
Flower Aspergillus flavus Aspergillus flavus 24.76 
Flower Aspergillus flavus Aspergillus flavus 25.19 
Flower Aspergillus flavus Aspergillus Multiplex 24.57 

0.90 

Flower Aspergillus flavus Aspergillus Multiplex 24.40 
Flower Aspergillus flavus Aspergillus Multiplex 24.47 
Flower Aspergillus flavus Aspergillus Multiplex 24.68 
Flower  Aspergillus flavus Aspergillus Multiplex 25.03 
Flower Aspergillus flavus Aspergillus Multiplex 24.58 
Flower  A. flavus, fumigatus, niger, terreus Aspergillus flavus 25.43 1.91 



Flower A. flavus, fumigatus, niger, terreus Aspergillus flavus 24.48 
Flower A. flavus, fumigatus, niger, terreus Aspergillus flavus 25.01 
Flower None Aspergillus flavus Not Detected 

Not Applicable Flower None Aspergillus flavus Not Detected 
Flower None Aspergillus flavus Not Detected 
Flower Aspergillus fumigatus Aspergillus fumigatus 18.60 

0.82 

Flower Aspergillus fumigatus Aspergillus fumigatus 18.60 
Flower Aspergillus fumigatus Aspergillus fumigatus 18.72 
Flower Aspergillus fumigatus Aspergillus fumigatus 18.47 
Flower Aspergillus fumigatus Aspergillus fumigatus 18.53 
Flower Aspergillus fumigatus Aspergillus fumigatus 18.90 
Flower Aspergillus fumigatus Aspergillus Multiplex 20.36 

3.84 

Flower Aspergillus fumigatus Aspergillus Multiplex 21.04 
Flower Aspergillus fumigatus Aspergillus Multiplex 20.32 
Flower Aspergillus fumigatus Aspergillus Multiplex 19.59 
Flower Aspergillus fumigatus Aspergillus Multiplex 18.82 
Flower Aspergillus fumigatus Aspergillus Multiplex 20.39 
Flower A. flavus, fumigatus, niger, terreus Aspergillus fumigatus 21.55 

0.15 Flower A. flavus, fumigatus, niger, terreus Aspergillus fumigatus 21.54 
Flower A. flavus, fumigatus, niger, terreus Aspergillus fumigatus 21.49 
Flower None Aspergillus fumigatus Not Detected 

Not Applicable Flower None Aspergillus fumigatus Not Detected 
Flower None Aspergillus fumigatus Not Detected 
Flower Aspergillus niger Aspergillus niger 26.66 

0.29 

Flower Aspergillus niger Aspergillus niger 26.56 
Flower Aspergillus niger Aspergillus niger 26.47 
Flower Aspergillus niger Aspergillus niger 26.65 
Flower Aspergillus niger Aspergillus niger 26.52 
Flower Aspergillus niger Aspergillus niger 26.52 
Flower Aspergillus niger Aspergillus Multiplex 26.97 

0.33 

Flower Aspergillus niger Aspergillus Multiplex 26.92 
Flower Aspergillus niger Aspergillus Multiplex 26.95 
Flower Aspergillus niger Aspergillus Multiplex 27.15 
Flower Aspergillus niger Aspergillus Multiplex 26.98 
Flower Aspergillus niger Aspergillus Multiplex 27.09 
Flower A. flavus, fumigatus, niger, terreus Aspergillus niger 32.06 

0.53 Flower A. flavus, fumigatus, niger, terreus Aspergillus niger 32.14 
Flower A. flavus, fumigatus, niger, terreus Aspergillus niger 32.39 
Flower None Aspergillus niger Not Detected 

Not Applicable Flower None Aspergillus niger Not Detected 
Flower None Aspergillus niger Not Detected 
Flower Aspergillus terreus Aspergillus terreus 25.43 

0.98 

Flower Aspergillus terreus Aspergillus terreus 25.35 
Flower Aspergillus terreus Aspergillus terreus 24.88 
Flower Aspergillus terreus Aspergillus terreus 24.91 
Flower Aspergillus terreus Aspergillus terreus 24.88 
Flower Aspergillus terreus Aspergillus terreus 25.07 
Flower Aspergillus terreus Aspergillus Multiplex 27.34 

3.65 

Flower Aspergillus terreus Aspergillus Multiplex 25.03 
Flower Aspergillus terreus Aspergillus Multiplex 25.21 
Flower Aspergillus terreus Aspergillus Multiplex 25.01 
Flower Aspergillus terreus Aspergillus Multiplex 25.26 
Flower Aspergillus terreus Aspergillus Multiplex 26.30 
Flower A. flavus, fumigatus, niger, terreus Aspergillus terreus 26.62 

0.94 Flower A. flavus, fumigatus, niger, terreus Aspergillus terreus 26.81 
Flower A. flavus, fumigatus, niger, terreus Aspergillus terreus 27.12 



Flower None Aspergillus terreus Not Detected 
Not Applicable Flower None Aspergillus terreus Not Detected 

Flower None Aspergillus terreus Not Detected 
Flower A. flavus, fumigatus, niger, terreus Aspergillus Multiplex 24.04 

5.73 Flower A. flavus, fumigatus, niger, terreus Aspergillus Multiplex 23.68 
Flower A. flavus, fumigatus, niger, terreus Aspergillus Multiplex 21.59 

	
	
Robustness	
Robustness	should	measure	day	to	day	variance	and	lab	operator	to	lab	operator	variance	for	both	
Flower	and	MIPs	and	preferably	itemize	homogenization	and	DNA	purification	related	variances	
from	qPCR	variance	with	spike	in	controls.	A	few	examples	are	provided	in	Table	9,10,11.	
 
 
Table 9, Sampling Repeatability:   

Sample qPCR Assay Cq 
Extract Sample 2 Total Coliform 21.07 
Extract Sample 2 Total Coliform 20.93 
Extract Sample 2 Total Coliform 20.80 
Extract Sample 2 Total Coliform 20.99 
Extract Sample 2 Total Coliform 21.07 
 

Cq Percent RSD 0.534 
 
Table 10, Sample Robustness: 

Sample & Well qPCR Assay Cq  
Extract Sample 1 Total Coliform 20.58 
Extract Sample 2 Total Coliform 20.47 
Extract Sample 3 Total Coliform 20.56 
Extract Sample 4 Total Coliform 20.62 
Extract Sample 5 Total Coliform 21.05 
Extract Sample 6 Total Coliform 20.81 
 

Cq Percent RSD 1.034 
 
Table 11, User-to-User Robustness: 

Sample  User  qPCR Assay Cq  
Extract 1 User 1 Total Yeast & Mold 23.95 
Extract 1 User 2 Total Yeast & Mold 22.14 
Extract 1 User 3 Total Yeast & Mold 21.90 
Extract 2 User 1 Total Yeast & Mold 24.45 
Extract 2 User 2 Total Yeast & Mold 24.59 
Extract 2 User 3 Total Yeast & Mold 25.21 
Extract 3 User 1 Total Yeast & Mold 32.13 
Extract 3 User 2 Total Yeast & Mold 32.18 
Extract 3 User 3 Total Yeast & Mold 33.70 

 



Extract 1 (3 users) 
Cq Percent RSD 4.94 

 
Extract 2 (3 users) 

Cq Percent RSD 1.63 
 
Extract 3 (3 users) 

Cq Percent RSD 2.73 
	
SenSATIVAX	condensed	Protocol	
	

Introduction	

SenSATIVAx™	is	a	proprietary	DNA	isolation	process	that	uses	magnetic	particles	to	isolate	and	
purify	both	plant	and	microbial	DNA	from	a	raw,	homogenized	plant	sample.	This	approach	is	
designed	for	ease	of	use	and	minimal	requirement	of	laboratory	equipment.	Large	centrifuges	have	
been	replaced	with	lightweight	mini-fuges,	magnetic	particles,	and	magnets.	The	use	of	magnetic	
particles	affords	8	tip	or	96	tip	automation,	enabling	both	minimal	entry	costs	and	high	throughput	
applications.	DNA	can	be	isolated	from	a	single	sample	or	a	large	batch	in	under	1	hour.	Hands-on	
time	is	less	than	45	minutes.	
	
To	enable	minimal	laboratory	overhead,	all	organic	solvents	have	been	replaced	with	non-caustic	
reagents	and	70%	EtOH.	Magnet	plates	are	available	for	purchase	from	Medicinal	Genomics	(part	
#420202).	
	 	

Process	Overview	

	
	

Kit	Specifications	

1. Add magnetic 
particles to lysed 
sample 

2. Magnetic 
particles bind 
to DNA 

3. Bound DNA is 
separated from 
sample by magnet 

4. Wash with ethanol 
to remove unbound 
cellular components 

5. Elute DNA in 
aqueous buffer 

6. Purified DNA is 
transferred to new 
container 

= Plant and cellular materials 

= Plant and Microbe DNA 

= Magnetic particles 



The	SenSATIVAx™	Plant/Microbial	DNA	Purification	Kit	contains	200	reactions	(Medicinal	Genomics	
#420001)	or	1000	reactions	(Medicinal	Genomics	#420206)	worth	of	reagents.	

Materials	Supplied	in	the	Kit	

• MGC	Lysis	Buffer	(Store	at	Room	Temperature,	20oC	to	28oC)	
• MGC	Binding	Buffer	(Store	at	2-8oC)	
• MGC	Elution	Buffer	(Store	at	Room	Temperature,	20oC	to	28oC)	

	
Materials	Supplied	by	the	User:	
Consumables	&	Hardware:	

• Whirl-Pak	bags	(Nasco	#B01385WA)	
• Solo	Cups	or	Beaker	(optional)	
• MGC	Enrichment	Broth,	store	at	2oC-8oC	(Medicinal	Genomics	#420205)	
• 1.5	mL	Eppendorf	tubes	(Multiple	Suppliers)	
• 96	well	plate	magnet	(Medicinal	Genomics	#420202)	
• 96	well	extraction	plate	(Perkin	Elmer	#6008290)	
• Adhesive	 optical	 seal	 for	 qPCR	 plates	 (Bio-Rad	 Microseal®	 #	 MSB-1001	 or	 USA	 Scientific	

TempPlate®	RT	Optical	Film	#	2978-2100)		
• Multi	channel	pipettes	P20	and	P300,	or	P50	and	P1000	(optional)	
• Single	channel	pipettes	P20,	P200,	&	P1000	
• Filtered	pipette	tips	for	P20,	P50,	P200,	&	P1000	
• Eppendorf	tube	rack	
• Scientific	scale	(milligram)	
• Incubator,	that	can	reach	37oC	(VWR®	Personal	Size	Incubator	#	97025-630,	or	similar)	

	
• Table	 top	 mini	 tube	 centrifuge	 (VWR®	 Mini	 Centrifuge	 #10067-588	 or	 6-place	 personal	

microcentrifuge	for	1.5/2.0	ml	tubes	#	2631-0006,	or	similar)	
	

				 		
	

• Table	top	Vortex	Genie	(Scientific	Industries	#SI-0236	or	Similar)	
	



	

Reagents:	
• 10%	Bleach	
• 70%	Ethanol	(EtOH)	(American	Bioanalytical	product	#	AB00844-01000)	

Extraction	#1	Protocol	(CFU	Threshold	Assays):	

1. Begin	with	a	10%	bleach	wipe	down	of	the	workspace,	including	the	bench	top	and	all	
equipment	being	used.	
	

2. Remove	the	MCG	Binding	Buffer	and	the	MGC	Enrichment	Broth	from	the	2-8oC	refrigerator	
(it	should	come	to	room	temperature	before	use).	
	

3. Before	weighing	out	the	sample	to	be	tested,	make	sure	that	the	entire	sample	is	broken	up	
and	thoroughly	homogenized.	A	well-homogenized	sample	will	ensure	more	accurate	testing.	

	
4. Label	a	new	Whirl-Pak	bag	with	the	“[sample	name]	[date]”.		After	homogenization,	weigh	out	

0.22-0.28g,	and	put	into	the	labeled	Whirl-Pak	bag.	Make	sure	to	add	all	of	the	sample	
material	to	one	side	of	the	mesh	layer	inside	the	Whirl-Pak	bag.	If	processing	multiple	plant	
samples,	be	sure	to	change	gloves	between	each,	to	ensure	there	is	no	cross	contamination	of	
flowers	during	the	weighing	process.	

a. Add	3.55mL	of	MGC	Enrichment	Broth	to	Whirl-Pak	bag.	
Note:	MGC	Enrichment	Broth	is	a	growth	medium	and	the	perfect	condition	for	microbes	
to	grow.	Due	to	this,	it	is	best	to	pour	the	approximate	amount	of	MGC	Enrichment	Broth	
into	another	sterile	tube	or	container	as	to	not	contaminate	the	whole	bottle.	Nothing	
should	go	into	this	bottle.	Return	it	to	the	2-8oC	refrigerator	immediately	after	use.	

i. Close	the	Whirl-Pak	bag	by	folding	the	top	over	three	times.	
b. Mix	the	homogenized	plant	material	in	MGC	Enrichment	Broth	for	at	least	1	minute	

with	your	fingers,	one	sample	at	a	time.		
	

				 			
	

5. Prepare	and	label	a	1.5mL	tube	with	the	“[sample	name]	[date]”.	Aspirate	285	μL	from	the	
side	of	the	filter	bag,	free	of	plant	debris,	and	dispense	into	the	1.5mL	tube.		



a. If	using	a	presence/absence	test	(E.coli,	Salmonella	or	Aspergillus),	save	and	incubate	
the	Whirl-Pak	bag	at	37oC	for	16-24	hours,	and	proceed	to	the	Extraction	#2	set	up.		
Incubate	a	full	24	hours	for	Aspergillus	testing.	

	

				 	
	

6. Add	15μL	of	MGC	Lysis	buffer	to	the	285μL	sample.	
a. Vortex	for	5	seconds,	and	incubate	on	the	bench	for	2	minutes.	

	
7. After	2	minute	incubation,	spin	for	at	least	30	seconds	in	a	bench	top	mini	centrifuge.			

	
8. Remove	the	200μL	of	supernatant	from	the	1.5ml	tube	containing	the	centrifuged	sample,	

being	careful	not	to	disturb	the	pellet	at	the	bottom	of	the	tube.	Place	the	200μL	in	a	labeled	
96	well	extraction	plate	labeled	with	“Extraction	Plate	Day1	[date]”	or	“Extraction	Plate	Day2	
[date]”.	

Note:	Pellet	size	will	vary	depending	on	trichome	density.	
	

9. Vortex	MGC	Binding	Buffer	thoroughly	before	use,	be	sure	that	the	magnetic	particles	are	
completely		

	 re-suspended	in	buffer	at	least	30	seconds.	
	

10. Add	200μL	of	MGC	Binding	Buffer	(this	liquid	is	very	viscous)	to	the	200μL	sample,	and	
pipette	tip	mix	15	times.		

a. Incubate	the	plate	on	the	bench	for	at	least	5	minutes.		
Note:	Be	careful	to	avoid	adding	too	many	bubbles	by	pipetting	gently	when	tip	mixing.	
This	is	extremely	important	as	to	not	contaminate	the	wells	in	proximity.		
	

11. Place	the	extraction	plate	onto	the	96	well	plate	magnet	plate	for	at	least	5	minutes.	
	

12. After	5	min	incubation,	remove	as	much	of	the	400ul	of	the	supernatant	as	possible.	Be	careful	
not	to	disturb	or	aspirate	the	beads.	

a. Add	400μL	of	70%	ethanol	(EtOH)	with	the	extraction	plate	still	on	the	magnet	plate.		
b. Wait	at	least	30	seconds,	and	remove	all	the	EtOH.	

Note:	Take	the	pipet	tip	to	the	bottom	center	of	the	well	to	remove	liquid.	
	



	 	 	
	

13. Again,	add	400μL	of	70%	EtOH	with	the	extraction	plate	still	on	the	magnet	plate.	Wait	at	
least	30	seconds	and	remove	all	the	EtOH.	
Note:	If	EtOH	still	remains	in	the	wells,	go	back	in	with	a	smaller	pipet	tip	to	remove	the	excess.	

	
14. After	all	the	EtOH	has	been	removed	let	the	beads	dry	at	room	temperature	on	the	magnet	

plate	for	at	least	15	minutes.	Be	sure	to	remove	all	EtOH,	as	any	leftover	can	inhibit	qPCR	
results.	

	
15. 	Remove	the	extraction	plate	from	the	magnet	plate,	and	add	50μL	of	MGC	Elution	Buffer.		

a. Tip	mix	approximately	15	times	or	until	the	beads	are	completely	re-suspended.		
Note:	The	re-suspensions	may	appear	varied	in	their	appearance,	but	the	result	will	be	
the	same.		
	

	
	

b. Incubate	the	plate	for	at	least	1	minute	on	the	bench	before	returning	the	plate	to	the	
magnet	plate.		

c. Let	the	plate	sit	on	the	magnet	for	at	least	1	minute	before	transferring	the	eluent	to	a	
new	extraction	plate	labeled	with	”Final	Extract	Day	1	[date]”	or	”Final	Extract	Day	2	
[date]”.	
Note:	To	save	space	and	consumables,	both	day	1	and	day	2	extracts	can	be	stored	in	
separate	wells	on	the	same	extraction	plate.	

	
16. 	Seal	the	plate	with	the	adhesive	seal,	making	sure	to	completely	seal	the	plate	wells	using	a	

pen	or	flat	object	to	slide	back	and	forth	along	the	seal.	Store	at	-20oC	until	ready	to	perform	
qPCR	protocol.		

Extraction	#2	Protocol	(Presence/Absence)	

After	an	16-24	hour	incubation	at	37oC	has	occurred	remove	285μL	from	the	side	of	the	filter	bag	
free	of	plant	debris,	and	put	into	a	1.5mL	tube	and	repeat	steps	5-16.	



Note:	If	using	the	Aspergillus	Specific	Detection	Assays,	you	must	incubate	for	the	full	24	hours	to	
insure	proper	growth.		
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
PCR	Conditions	
This	PCR	method	utilizes	a	published	decontamination	protocol	known	as	D.R.E.AM	PCR	118,	119.	
DREAM	PCR	utilizes	a	low	concentration	of	5-hydroxy	methyl	cytosine	in	PCR.	This	base	can	be	
targeted	by	5-hydroxy	methyl	cytosine	specific	endonucleases	like	AbaSI	to	specifically	digest	only	
PCR	amplified	DNA	and	thus	decontaminate	a	laboratory	of	post	PCR	products.	The	method	is	
analogous	to	the	use	of	uracil	in	PCR	but	more	compatible	for	sequencing	with	uracil-illiterate	next	
generation	sequencers.		
	
PathoSEEK™	Microbial	Safety	Testing	Platform	utilizes	a	novel,	contamination-free,	PCR-based	assay	
and	provides	an	internal	plant	DNA	control	for	every	reaction.	It	is	a	simple	two-step	protocol,	which	
is	flexible	and	automation	compatible.		
	
PathoSEEK™	microbial	detection	assays	use	a	multiplexing	strategy	with	an	internal	plant	DNA	
reaction	control	to	ensure	accurate	detection	of	microbial	species	for	every	reaction.	Unlike	other	



techniques,	this	multiplexing	strategy	verifies	the	performance	of	the	assay	when	detecting	
pathogens,	resulting	in	the	minimization	of	false	negative	results	due	to	reaction	set-up	errors	or	
failing	experimental	conditions.	
Process	Overview	
	
The	PathoSEEK™	process	includes	Real-time	quantitative	PCR	assays	using	a	multiplex	system	of	
primers	to	detect	potential	pathogens	within	the	plant,	extract	or	MIP	(Marijuana	Infused	Product)	
sample.		Below	is	a	simplified	depiction	of	the	qPCR	assays.	The	forward	and	reverse	primers	have	
universal	primer	tails	to	enable	potential	Next	Generation	Sequencing	of	resulting	products.	
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Kit	Specifications	
The	qPCR	Master	Kit	contains	125	reactions	(Medicinal	Genomics	#	420002).		Each	PathoSEEK™	
Detection	Assay	Probe	Mix	contains	200	reactions.	Each	PathoSEEK™	Positive	Control	contains	
60	reactions.	

The	Master	Mix	is	manufactured	in	a	GMP	facility	by	New	England	Biolabs	as	a	5X	solution.		
1X	Solution		
60mM	Tris-SO4	
20mM	(NH4)2SO4	
5mM	MgSO4	
3%	Glycerol	
0.6mM	dATP	
0.6mM	dTTP	
0.6mM	dCTP	
0.6mM	dGTP	
0.8mM	Hydroxymethyl	dCTP	
125	units/mL	LongAmp	Hot	Start	Taq	DNA	Polymerase	(pH	9.1	@25C)	

Materials	Supplied	in	the	Kit	
	
qPCR	Master	Kit,	store	at	-15	to	-20oC	upon	arrival	[Medicinal	Genomics	#420002].	

• Reaction	Buffer	(10x)	
• Decontamination	Enzyme	(10	Units/µL)	–	(Not	used	in	this	protocol)	
• qPCR	Master	Mix	(5x)	
• Nuclease	Free	Water	

	
PathoSEEK™	Detection	Assays	and	Positive	Controls,	ordered	separately,	store	at	-15oC	to	-20oC	upon	
arrival.	
	

• Salmonella	and	E.coli	Multiplex	Detection	Assay	(Medicinal	Genomics	#420113)	
o Salmonella	and	E.coli	Positive	Control	(Medicinal	Genomics	#420313)	

• Salmonella	 and	 Shiga	 Toxin	 producing	E.coli	 	 (STEC)	 Detection	 Assay	 (Medicinal	 Genomics	
#420122)	

o Salmonella	 and	 Shiga	 Toxin	 producing	 E.coli	 	 (STEC)	 Positive	 Control	 (Medicinal	
Genomics	#420322)	

• Yeast	&	Mold	Detection	Assay	(Medicinal	Genomics	#420103)	
o Yeast	&	Mold	Positive	Control	(Medicinal	Genomics	#420303)	

• Total	Aerobic	Count	(TAC)	Detection	Assay	(Medicinal	Genomics	#420106)	
o Total	Aerobic	Count	(TAC)	Positive	Control	(Medicinal	Genomics	#420306)	

• Total	Enterobacteriaceae	and	Coliform	Detection	Assay	(Medicinal	Genomics	#420114)	
o Total	 Enterobacteriaceae	 and	 Coliform	 Positive	 Control	 (Medicinal	 Genomics	

#420314)	
• Aspergillus	niger	Detection	Assay	(Medicinal	Genomics	#420109)	

o Aspergillus	niger	Positive	Control	(Medicinal	Genomics	#420309)	
• Aspergillus	flavus	Detection	Assay	(Medicinal	Genomics	#420111)	

o Aspergillus	flavus	Positive	Control	(Medicinal	Genomics	#420311)	



• Aspergillus	fumigatus	Detection	Assay	(Medicinal	Genomics	#420110)	
o Aspergillus	fumigatus	Positive	Control	(Medicinal	Genomics	#420310)	

• Aspergillus	terreus	Detection	Assay	(Medicinal	Genomics	#420129)	
o Aspergillus	terreus	Positive	Control	(Medicinal	Genomics	#420329)	

• Aspergillus	Multiplex	Detection	Assay	(Medicinal	Genomics	#420004)	
o Assay	Control:	Use	any	of	the	four	available	Aspergillus	Controls	

• Single	Copy	Control	Gene	(SCCG)	Positive	Control	(Medicinal	Genomics	#420326,	for	use	with	
Medicinal	Genomics	SenSATIVAx	for	MIP/Extract	DNA	Extraction	Kit)	

	 	



Materials	Supplied	by	the	User	

Consumables	&	Hardware	
• Agilent	 AriaMx	 Real-Time	 PCR	 System	 G8830A	 Option	 010	 FAM,	 ROX,	 and	 HEX	 (Contact	

Agilent)	
• Agilent	HP	650	Notebook	PC	option	650	(Contact	Agilent)	
• 96	well	optical	qPCR	plates	(Agilent	AriaMx	96	well	plates,	Agilent	#	401490,	401491,	or	

401494	or	Fisher	Scientific	96-Well	Armadillo	PCR	Plate,	Fisher	#	AB2396)	
• Adhesive	optical	seal	for	qPCR	plates	(Agilent	adhesive	plate	seals,	Agilent	#	401492	or	USA	

Scientific	TempPlate®	RT	Optical	Film	#	2978-2100)	
• Multi-channel	pipette	P50	or	P20	(optional)	
• Single	channel	pipette	P10,	P20	and	P200	
• Filtered	pipette	tips	for	P10,	P20,	P50,	and	P200	
• Crushed	ice	or	cold	racks	(96	well	PCR	Cryogenic	Rack,	VWR	#89004-570	and	1.5µL	Tube	

Benchtop	Cryogenic	Racks,	VWR	#89004-558	or	similar)	
• Freezer,	-20oC	
• Table	top	mini	plate	centrifuge	(Fisher	Scientific	#14-100-143	or	similar)	

	
• Table	 top	 mini	 tube	 centrifuge	 (VWR®	 Mini	 Centrifuge	 #10067-588	 or	 6-place	 personal	

microcentrifuge	for	1.5/2.0	ml	tubes	#	2631-0006,	or	similar)	

	
• Table	top	Vortex	Genie	(Scientific	Industries	#SI-0236	or	Similar)	

	

Reagents	
• 10%	bleach	

Real-Time	Quantitative	PCR	(qPCR)	Protocol	
	
1. Using the 10% bleach solution, wipe down the workspace, including the bench top and all 

equipment being used (except the Agilent AriaMX Instrument). 
2. Remove qPCR reagents including qPCR Master Mix, water, reaction buffer and assay probe 

mixes to be used from the -20oC freezer.  Place qPCR master mix on ice.  Allow remaining tubes 
to thaw at room temperature. Once thawed, immediately place tubes on ice 

3. Remove positive control tubes needed from -20oC freezer.   Allow tubes to thaw at room 
temperature. Once thawed, place tubes on ice.   



4. Before preparing the reaction, invert or vortex and spin-down the reagents. 
4.1. Assay probe mix tubes, reaction buffer, positive controls and water – Vortex quickly followed 

by a pulse spin-down in a microcentrifuge. 
4.2. qPCR Master Mix – Invert the tube 5 times (do not vortex), followed by a pulse spin-down in 

a microcentrifuge.  
4.3. Return all reagents to the ice.  

	 Note:	Do	not	vortex	the	qPCR	Master	Mix	at	any	point	during	the	protocol.		
	
5. Make a separate master mix in a 1.5mL tube for each assay type being run.  All probe mixes 

contain the internal plant control, SCCG probe mix, and the probe for the microbial targets.  
Label each tube with [Assay Name] MM.  Always prepare enough master mix for 1 or 2 
additional reactions over the total number of tests to account for pipetting and dead volumes.  

 
Note:	It	is	best	to	add	the	largest	volume	reagent	first,	in	this	case	water.	
	

Reagents	 1	Reaction	
24	reactions	
(plus	1	excess	

rxn)	

48	reactions	(plus	2	
excess	rxn)	

qPCR	Master	Mix	 3.75µL	 93.75µL	 187.5µL	
Assay	Probe	Mix	
(Assay	Specific)	 1µL	 25µL	 50µL	

Reaction	Buffer	 0.8µL	 20µl	 40µl	

Water	 8.2	 205µL	 410µL	
Total	 13.75µL	 343.75µL	 687.5µL	

 
5.1. Once combined gently tip mix or invert the tube 5 times to combine the assay master mix. 
5.1.1.   Pulse spin-down tube in microcentrifuge. 
5.1.2.   Place MM tubes on ice until used. 
5.1.3.   For the positive control(s), make a 1:10 dilution of each assay being run 

5.1.3.1. 1µL of Positive Control dilute with 9µL of water (found in the kit) 
5.1.3.2. For the negative control, use water (found in the kit). 

 
Note:	It	is	best	to	add	the	largest	volume	reagent	first,	in	this	case	the	9	µL	water	then	the	1	µL	of	
positive	control,	pipette	mix	well	to	ensure	control	DNA	is	in	solution	
	
	
	
	

 
 
 
 
 
 
 
 



Below is an example plate setup.  This will vary depending on which assays are being tested.  

	
 

6. Place the Extraction Plate on the magnet.  This is to ensure no magnetic beads are transferred 
into the qPCR reactions if there are some left over from the extraction elution process. 

7. Use a new 96-well optical qPCR plate and label the plate “qPCR Plate_[date]”.  
8. Carefully remove the seal from the Extraction Plate and transfer 5µL of each sample into the 

corresponding well on the qPCR plate.  Keep the extraction plate on the magnet when aspirating 
the 5µL.  
8.1. Add 5µL of the diluted Positive Controls to their corresponding wells.  Then add 5µL of 

water to the corresponding Negative Control wells.  
 Note:  ALWAYS use a fresh tip for every liquid transfer into the qPCR plate 
 

9. Add 13.75µL of specific Assay Probe MM to each corresponding sample well, positive control 
well, and negative control well in the qPCR plate.  Gently tip mix a few times after each addition 
of qPCR master mix.  Be careful to not introduce bubbles during this mix. 
 

	 	 Note:	It	may	be	helpful	to	label	each	of	the	corresponding	column	wells	to	accurately	dispense	
	 	 the	correct	samples		

 
9.1. Seal the plate with the adhesive seal, making sure to completely seal the plate wells using a pen 

or flat object to slide back and forth along the seal.   
10. Spin-down for at least 1 minute in plate microcentrifuge.  
	 	
	 Note:	Check	for	bubbles	at	the	bottom	of	the	wells	(minimal	bubbles	on	the	surface	of	the	liquid	
	 is	acceptable).	If	bubbles	remain	in	the	bottom	of	the	wells,	spin-down	for	another	minute.	

 
11. Place the sealed plate onto the Agilent AriaMX instrument, positioning the A1 well in the top left 

corner 
12. Create a New Experiment on the Agilent qPCR instrument. 

12.1.1. Select “Quantitative PCR” from Experiment Types. Under Setup>Plate Setup, select 
FAM, HEX and ROX channel collection.  ROX is only necessary if running multiplexed 
assays, E. coli/Salmonella or  Coliform/Entero. 

 



 
 

 
12.2. Change the well types to reflect your plate set up. Add Target names to include “pathogen 

name” for FAM or ROX and SCCG (single copy control gene) for HEX. 

 



 
12.3. Under Setup>Thermal Profile, create the following PCR thermal profile. 

 
• Hot	start	at	95oC	for	5	minutes,	followed	by	40	cycles	of	95oC	for	15	seconds	and	65oC	

for	90	seconds.	
 

 
 

12.4. Close the lid and click “Start Run”. 
12.5. Save the experiment with the [User] and [date] 
12.6. When run is complete, immediately dispose of the plate.  Do not open the plate seal 

 after the run to avoid contamination in the lab.  
	

	

Glossary	and	Definitions	
Deoxyribonucleic	acid	(DNA)	is	a	molecule	that	encodes	the	genetic	instructions	used	in	the	
development	and	functioning	of	all	known	living	organisms.	

Polymerase	Chain	Reaction	(PCR)	is	a	technology	in	molecular	biology	used	to	amplify	a	single	
copy	or	a	few	copies	of	a	piece	of	DNA	across	several	orders	of	magnitude,	generating	thousands	
to	millions	of	copies	of	a	particular	DNA	sequence.	

A	fluorophore	is	a	fluorescent	chemical	compound	that	can	re-emit	light	upon	light	excitation.	
The	Negative	Controls	are	the	reactions	where	no	Cq	is	expected.	It	helps	to	ensure	that	all	Assay	
specific	reactions	are	clean	of	contaminates.		

The	assay	specific	Positive	Controls	are	the	reactions	where	a	Cq	is	expected.	It	helps	ensure	
that	all	Assay	specific	reactions	are	working	correctly.	The	Assay	specific	Positive	Control	is	
targeting	the	pathogen	using	the	FAM	flourophore.	



The	Internal	Control	is	added	to	every	sample	reaction	where	a	Cq	is	expected.	It	ensures	the	
effectiveness	and	efficiency	of	each	reaction.	The	internal	control	is	targeting	a	Single	Copy	
Control	Gene	or	SCCG,	using	the	HEX	flourophore.		

	
	
	
	 	



Troubleshooting	Guide:	

Symptom	 Reason	 Solution	

Clumpy/Grainy	Beads		

	
Over-

manipulation	of	
plant	with	MGC	
Enrichment	
Broth	
	

	
Over	manipulation	of	the	plant	can	
cause	the	release	of	extra	cellular	
debris	therefore	clogging	the	
beads	with	extra	material.	To	
ensure	this	does	not	occur,	only	
manipulate	the	plant	material	for	
1	minute.	
	

	
Too	many	
tricomes	
and/or	

insufficient	
spinning	

	

	
Some	plants	produce	more	
tricomes	than	others	resulting	in	
carry-over	into	extraction	plate.	
To	ensure	this	doesn’t	happen,	it	
may	be	necessary	to	spin	the	tube	
for	longer	than	the	recommended	
30	seconds.	Also,	be	sure	not	to	
disturb	the	pellet.	If	the	pellet	is	
disturbed	or	tricomes	are	still	
visible,	re-centrifuge	the	tube	and	
try	again.	
	

Bead	Loss	

Insufficient	time	
on	the	magnet	

	
Make	sure	the	supernatant	has	
fully	cleared	before	removing.	
Failure	to	do	so	will	result	in	bead	
loss,	which	will	result	in	DNA	loss.	
	

Insufficient	
pipetting	

	

	
Make	sure	no	beads	are	aspirated	
during	supernatant	removal;	
dispense	back	supernatant,	and	
attempt	again	with	a	smaller	
volume	after	beads	have	re-
settled..	
	

Extra	elution	volume		
Insufficient	
removal	of	
Ethanol	

	
Make	sure	ALL	ethanol	is	removed	
before	drying.	This	may	require	a	
second	or	third	aspiration.	Carry-
over	ethanol	can	cause	inhibition	
in	qPCR.			
	



PathoSEEK	condensed	Protocol	

PathoSEEK™	Analysis	Quick	Reference	Tables:	

FLOWER	
	
Table	1:		Flower	Samples	ONLY	–	No	Decontamination	Step	

PathoSEEK™	Assay	
Cq	Value																									
(High	CFU	
count)	

Fluor	 Negative	
Control	(Cq)	

CFU	threshold	
(CFU/g)	

Aspergillus	 ≤	40	 FAM	 >	40	 Presence/Absence	
E.	coli	 ≤	40	 FAM	 >	40	 Presence/Absence	
STEC	E.	coli	 ≤	40	 FAM	 >	40	 Presence/Absence	
Salmonella	 ≤	40	 TXR	 >	40	 Presence/Absence	
Total	Aerobic	Count	 ≤	20.7	 FAM	 >	30	 100,000	(105)	
Total	Coliform	 ≤	30.5	 FAM	 >	40	 1,000		(103)	
Total	
Enterobacteriaceae	 ≤	28.1	 TXR	 >	40	 1,000	(103)	
Total	Yeast	and	Mold	 ≤	24.2	 FAM	 >	40	 10,000	(104)	
		 		 		 		 		
Internal	Control*	 ≤35	 HEX	 *Internal	control	verifies	the	

presence	or	absence	of	plant	DNA	Assay	Positive	
Controls	 ≤35	 FAM/TXR	

	

NON	–	FLOWER	Matrices	
	
Table	2:		All	Concentrates,	MIP	Samples	–	No	Decontamination	Step	
(Except	gummy,	see	table	3)	

PathoSEEK™	Assay	
Cq	Value																									
(High	CFU	
count)	

Fluor	 Negative	
Control	(Cq)	

CFU	threshold	
(CFU/g)	

Aspergillus	 ≤	40	 FAM	 >	40	 Presence/Absence	
E.	coli	 ≤	40	 FAM	 >	40	 Presence/Absence	
STEC	E.	coli	 ≤	40	 FAM	 >	40	 Presence/Absence	
Salmonella	 ≤	40	 TXR	 >	40	 Presence/Absence	
Total	Aerobic	Count	 ≤	25.2	 FAM	 >	35	 10,000	(104)	
Total	Coliform	 ≤	34.7	 FAM	 >	40	 100		(102)	
Total	
Enterobacteriaceae	 ≤	31.8	 TXR	 >	40	 100	(102)	
Total	Yeast	and	Mold	 ≤	37.4	 FAM	 >	40	 1000	(103)	
		 		 		 		 		



Internal	Control*	 ≤40	 HEX	 *Internal	control	verifies	the	
presence	or	absence	of	spiked	plant	
positive	control	(SCCG)	

Assay	Positive	
Controls	 ≤35	 FAM/TXR	
	
	

GUMMY	
	
Table	3:		Gummy	–	No	Decontamination	Step	

PathoSEEK™	Assay	
Cq	Value																									
(High	CFU	
count)	

Fluor	 Negative	
Control	(Cq)	

CFU	threshold	
(CFU/g)	

Aspergillus	 ≤	40	 FAM	 >	40	 Presence/Absence	
E.	coli	 ≤	40	 FAM	 >	40	 Presence/Absence	
STEC	E.	coli	 ≤	40	 FAM	 >	40	 Presence/Absence	
Salmonella	 ≤	40	 TXR	 >	40	 Presence/Absence	
Total	Aerobic	Count	 ≤	27.8	 FAM	 >	35	 10,000	(104)	
Total	Coliform	 ≤	40	 FAM	 >40	 100		(102)	
Total	
Enterobacteriaceae	 ≤	34.9	 TXR	 >	40	 100	(102)	
Total	Yeast	and	Mold	 ≤	38.1	 FAM	 >	40	 1000	(103)	
		 		 		 		 		
Internal	Control*	 ≤35	 HEX	 *Internal	control	verifies	the	

presence	or	absence	of	spiked	plant	
positive	control	(SCCG)	

Assay	Positive	
Controls	 ≤35	 FAM/TXR	
	
	 	



Detailed	Assay	Data	Analysis	
	
1. Presence	/	Absence	Multiplex	Assay:	E.	coli	&	Salmonella	

1.1. The	Data	Analysis	window	will	open	automatically	when	the	run	is	complete.		
1.2. Highlight	well(s)	of	interest.	

• The	graph	will	appear	above.		
• The	Cq	values	will	appear	to	the	right.	

1.3. To	analyze	the	results		
• Start	by	turning	the	graph	to	Log	Scale	and	manually	moving	the	threshold	lines	to	102	for	

the	FAM	and	TEXAS	RED	fluorophores.		Also	manually	move	the	threshold	line	for	the	HEX	
fluorophore	half	way	between	102	and	103.			

o To	turn	the	graph	to	Log	Scale,	click	on	the	box	at	the	bottom	right	of	the	graph.	
o To	adjust	the	threshold,	click	on	the	horizontal	lines,	and	move	them	to	the	

specified	value	mentioned	above	on	the	y-axis.	

	
• Controls	

o Assay-specific	Positive	Controls,	on	the	FAM	and	TEXAS	RED	fluorophores,	has	a	
Cq	value	≤	35.	

§ Visually	confirm	with	the	curve	on	the	graph.	
o Assay-specific	Negative	Control,	on	the	FAM	and	TEXAS	RED	fluorophores,	has	no	

Cq	value.	
§ Visually	confirm	with	the	curve	on	the	graph.	

• Unknown	E.	coli	Target	(FAM	fluorophore	detects	E.	coli)	
o Internal	Control,	on	the	HEX	fluorophore,	has	a	Cq	value	≤	35	for	flower	samples,	≤	

40	for	all	other	matrices.	
§ Visually	confirm	with	the	curve	on	the	graph	

o A	“presence”	result	for	the	unknown	E.	coli	target.	
§ Any	Cq	value	for	the	FAM	fluorophore	≤	40.	
§ Visually	confirm	with	the	curve	on	the	graph.		

• It	is	very	important	to	confirm	with	the	amplification	curve	when	a	
presence	result	occurred.	Sometimes	the	background	amplification	
will	give	a	false	positive	reading,	especially	when	Cq	reading	is	less	
than	15.	(See	troubleshooting	guide	below	for	more	details.)	

o An	“absence”	result	for	the	unknown	E.	coli	target.	
§ No	Cq	value	for	the	FAM	fluorophore.	
§ Visually	confirm	no	curve	on	the	graph.	

Threshold	Line	
	
	
Log	Scale	



• Unknown	Salmonella	Target	(TEXAS	RED	fluorophore	detects	Salmonella)	
o Internal	Control,	on	the	HEX	fluorophore,	has	a	Cq	value	≤	35	for	flower	samples,	≤	

40	for	all	other	matrices.	
§ Visually	confirm	with	the	curve	on	the	graph	

o A	“presence”	or	failing	result	for	the	unknown	Salmonella	target.	
§ Any	Cq	value	for	the	TEXAS	RED	fluorophore	≤	40.	
§ Visually	confirm	with	the	curve	on	the	graph.		

• It	is	very	important	to	confirm	with	the	amplification	curve	when	a	
presence	result	occurred.	Sometimes	the	background	amplification	
will	give	a	false	positive	reading,	especially	when	Cq	reading	is	less	
than	15.	(See	troubleshooting	guide	below	for	more	details.)	

o An	“absence”	or	passing	result	for	the	unknown	Salmonella	target.	
§ No	Cq	value	for	the	TEXAS	RED	fluorophore.	
§ Visually	confirm	no	curve	on	the	graph.	

	
2. Presence	/	Absence	Singleplex	and	Multiplex	Assay:	Aspergillus	(all	species	specific	and	

multiplex	assays)	
2.1. The	Data	Analysis	window	will	open	automatically	when	the	run	is	complete.		
2.2. Highlight	the	well	of	interest.	

• The	graph	will	appear	above.		
• The	Cq	values	will	appear	to	the	right.	

2.3. To	analyze	the	results		
• Start	by	turning	the	graph	to	Log	Scale	and	manually	moving	the	threshold	to	102	for	the	

FAM	fluorophore.	Also	manually	move	the	threshold	for	the	HEX	fluorophore	half	way	
between	102	and	103.			

o To	turn	the	graph	to	Log	Scale,	click	on	the	box	at	the	bottom	right	of	the	graph.	
o To	adjust	the	threshold,	click	on	the	horizontal	lines,	and	move	them	to	the	

specified	value	mentioned	above	on	the	y-axis.	

	
• Controls	

o Assay-specific	Positive	Control,	on	the	FAM	fluorophore,	has	a	Cq	value	≤	35.	
§ Visually	confirm	with	the	curve	on	the	graph.	

o Assay-specific	Negative	Control,	on	the	FAM	fluorophore,	has	no	Cq	value.	

Threshold	Line	
	
	
		Log	Scale	



§ Visually	confirm	with	the	curve	on	the	graph.	
• Unknown	Aspergillus	Target	(FAM	fluorophore	detects	all	4	Aspergillus	species	in	

multiplex	assay)	
o Internal	Control,	on	the	HEX	fluorophore,	has	a	Cq	value	≤	35	for	flower	samples,	≤	

40	for	all	other	matrices.	
§ Visually	confirm	with	the	curve	on	the	graph	

o A	“presence”	or	failing	result	for	the	unknown	Aspergillus	target.	
§ Any	Cq	value	for	the	FAM	fluorophore	≤	40.	
§ Visually	confirm	with	the	curve	on	the	graph.		

• It	is	very	important	to	confirm	with	the	amplification	curve	when	a	
presence	result	occurred.	Sometimes	the	background	amplification	
will	give	a	false	positive	reading,	especially	when	Cq	reading	is	less	
than	15.	(See	troubleshooting	guide	below	for	more	details.)	

o An	“absence”	or	passing	result	for	the	unknown	Aspergillus	target.	
§ No	Cq	value	for	the	FAM	fluorophore.	
§ Visually	confirm	no	curve	on	the	graph.	

	
	
3. CFU	Threshold	Assay:	Total	Aerobic	Count		

3.1. The	Data	Analysis	window	will	open	automatically	when	the	run	is	complete.	
3.2. Highlight	the	well	of	interest.	

• The	graph	will	appear	above.	
• The	Cq	values	will	appear	to	the	right.	

3.3. To	analyze	the	results.	
• Start	by	turning	the	graph	to	Log	Scale	and	manually	moving	the	threshold	to	102	for	the	

FAM	fluorophore.	Also	manually	move	the	threshold	for	the	HEX	fluorophore	half	way	
between	102	and	103.	

o To	turn	the	graph	to	Log	Scale,	click	on	the	box	to	the	bottom	right	of	the	graph.	
o To	adjust	the	threshold,	click	on	the	horizontal	lines,	and	move	them	to	the	

specified	value	mentioned	above	on	the	y-axis.	

	
• Controls		

o Assay-specific	Positive	Control,	on	the	FAM	fluorophore,	has	a	Cq	value	≤	35	
§ Visually	confirm	with	the	curve	on	the	graph.		

Threshold	Line	
	
	
Log	Scale	



o Assay-specific	Negative	Control,	on	the	FAM	fluorophore,	has	a	Cq	value	of	>	30	or	
no	Cq	value.		

§ Visually	confirm	with	the	curve	on	the	graph.	
• Unknown	Aerobic	Count	Target	(FAM	fluorophore	detects	Total	Aerobic	Count	

Bacteria)	
o Internal	Control,	on	the	HEX	fluorophore,	has	a	Cq	value	≤	35	for	flower	samples,	≤	

40	for	all	other	matrices.	
§ Visually	confirm	with	the	curve	on	the	graph.	

o A	high	CFU	count	result	for	the	unknown	TAC	target.	
§ Passing	Sample	Result:	Check	Cq	Value	on	the	FAM	Fluorophore.		See	

Tables	1-3	for	Cq	cutoff	value	depending	on	matrix	being	tested.		
§ Visually	confirm	with	the	curve	on	the	graph		

• It	is	very	important	to	confirm	with	the	amplification	curve	when	a	
high	CFU	count	occurred.	Sometimes	the	background	amplification	
will	give	a	false	positive	reading,	especially	when	Cq	reading	is	less	
than	15.	(See	troubleshooting	guide	below	for	more	details.)	

o A	low	CFU	count	result	for	the	unknown	TAC	target.		
§ Failing	Sample	Result:	Check	Cq	Value	on	the	FAM	Fluorophore.		See	

Tables	1-3	for	Cq	cutoff	value	depending	on	matrix	being	tested.		
§ Visually	confirm	with	the	curve	on	the	graph.	

	
	

	
4. CFU	Threshold	Assay:	Total	Yeast	&	Mold		

4.1. The	Data	Analysis	window	will	open	automatically	when	the	run	is	complete.	
4.2. Highlight	the	well	of	interest.	

• The	graph	will	appear	above.	
• The	Cq	values	will	appear	to	the	right.	

4.3. To	analyze	the	results.	
• Start	by	turning	the	graph	to	Log	Scale	and	manually	moving	the	threshold	to	102	for	the	

FAM	fluorophore.	Also	manually	move	the	threshold	for	the	HEX	fluorophore	half	way	
between	102	and	103.	

o To	turn	the	graph	to	Log	Scale,	click	on	the	box	to	the	bottom	right	of	the	graph.	
o To	adjust	the	threshold,	click	on	the	horizontal	lines,	and	move	them	to	the	

specified	value	mentioned	above	on	the	y-axis.	



	
• Controls	

o Assay-specific	Positive	Control,	on	the	FAM	fluorophore,	has	a	Cq	value	≤	35	
§ Visually	confirm	with	the	curve	on	the	graph.		

o Assay-specific	Negative	Control,	on	the	FAM	fluorophore,	has	no	Cq	value.		
§ Visually	confirm	with	the	curve	on	the	graph.	

• Unknown	Yeast	and	Mold	Target	(FAM	fluorophore	detects	Total	Yeast	&	Mold)	
o Internal	Control,	on	the	HEX	fluorophore,	has	a	Cq	value	≤	35	for	flower	samples,	≤	

40	for	all	other	matrices.	
§ Visually	confirm	with	the	curve	on	the	graph.	

o A	high	CFU	count	result	for	the	unknown	Y&M	target.	
§ Passing	Sample	Result:	Check	Cq	value	on	the	FAM	Fluorophore.		See	

Tables	1-3	for	Cq	cutoff	value	depending	on	matrix	being	tested.		
§ Visually	confirm	with	the	curve	on	the	graph		

• It	is	very	important	to	confirm	with	the	amplification	curve	when	a	
high	CFU	count	occurred.	Sometimes	the	background	amplification	
will	give	a	false	positive	reading,	especially	when	Cq	reading	is	less	
than	15.	(See	troubleshooting	guide	below	for	more	details.)	

o A	low	CFU	count	result	for	the	unknown	Y&M	target.		
§ Failing	Sample	Result:	Check	Cq	value	on	the	FAM	Fluorophore.		See	

Tables	1-3	for	Cq	cutoff	value	depending	on	matrix	being	tested.		
§ Visually	confirm	with	the	curve	on	the	graph.	

	
	
		
	
	
5. CFU	Threshold	Multiplex	Assay:	Total	Coliform	and	Enterobacteriaceae	

5.1. The	Data	Analysis	window	will	open	automatically	when	the	run	is	complete.	
5.2. Highlight	the	well	of	interest.	

• The	graph	will	appear	above.	
• The	Cq	values	will	appear	to	the	right.	

5.3. To	analyze	the	results.	

Threshold	Line	
	
	
Log	Scale	



• Start	by	turning	the	graph	to	Log	Scale	and	manually	moving	the	threshold	to	102	for	the	
FAM	and	TEXAS	RED	fluorophore.	Also	manually	move	the	threshold	for	the	HEX	
fluorophore	half	way	between	102	and	103.	

o To	turn	the	graph	to	Log	Scale,	click	on	the	box	to	the	bottom	right	of	the	graph.	
o To	adjust	the	threshold,	click	on	the	horizontal	lines,	and	move	them	to	the	

specified	value	mentioned	above	on	the	y-axis.	

	
• Controls		

o Assay-specific	Positive	Control,	on	the	FAM	fluorophore,	has	a	Cq	value	≤	35	
§ Visually	confirm	with	the	curve	on	the	graph.		

o Assay-specific	Negative	Control,	on	the	FAM	fluorophore,	has	no	Cq	value.		
§ Visually	confirm	with	the	curve	on	the	graph.	

• Unknown	Coliform	Target	(FAM	fluorophore	detects	Total	Coliform)	
o Internal	Control,	on	the	HEX	fluorophore,	has	a	Cq	value	≤	35	for	flower	samples,	≤	

40	for	all	other	matrices.	
§ Visually	confirm	with	the	curve	on	the	graph.	

o A	high	CFU	count	result	for	the	unknown	coliform	target.	
§ Passing	Sample	Result:	Check	Cq	Value	on	the	FAM	Fluorophore.		See	

Tables	1-3	for	Cq	cutoff	value	depending	on	matrix	being	tested.		
§ Visually	confirm	with	the	curve	on	the	graph		

• It	is	very	important	to	confirm	with	the	amplification	curve	when	a	
high	CFU	count	occurred.	Sometimes	the	background	amplification	
will	give	a	false	positive	reading,	especially	when	Cq	reading	is	less	
than	15.	(See	troubleshooting	guide	below	for	more	detail.)	

o A	low	CFU	count	result	for	the	unknown	coliform	target.		
§ Failing	Sample	Result:	Check	Cq	value	on	the	FAM	Fluorophore.		See	

Tables	1-3	for	Cq	cutoff	value	depending	on	matrix	being	tested.		
§ Visually	confirm	with	the	curve	on	the	graph.	

	
		
	
	
	

• Unknown	Entero	Target	(TEXAS	RED	fluorophore	detects	Entero)	

Threshold	Line	
	
	
Log	Scale	



o Internal	Control,	on	the	HEX	fluorophore,	has	a	Cq	value	≤	35	for	flower	samples,	≤	
40	for	non	flower	matrices.	

§ Visually	confirm	with	the	curve	on	the	graph.	
o A	high	CFU	count	result	for	the	unknown	Entero	target.	

§ Passing	Sample	Result:	Check	Cq	Value	on	the	TEXAS	RED	Fluorophore.		
See	Tables	1-3	for	Cq	cutoff	value	depending	on	matrix	being	tested.		

§ Visually	confirm	with	the	curve	on	the	graph		
• It	is	very	important	to	confirm	with	the	amplification	curve	when	a	

high	CFU	count	occurred.	Sometimes	the	background	amplification	
will	give	a	false	positive	reading,	especially	when	Cq	reading	is	less	
than	15.	(See	troubleshooting	guide	below	for	more	detail.)	

o A	low	CFU	count	result	for	the	unknown	Entero	target.		
§ Failing	Sample	Result:	Check	Cq	value	on	the	TEXAS	RED	Fluorophore.		

See	Tables	1-3	for	Cq	cutoff	value	depending	on	matrix	being	tested.			
§ Visually	confirm	with	the	curve	on	the	graph.	

	

Table	4,	Cq	to	CFU	Conversion	Equation	Table	(No	Decontamination	Step)	
	

Matrix	 Microbial	Test	 Cq	to	CFU/g	Conversion	Equation	
Flower	 Total	Yeast	and	Mold	 CFU/g	=	10[(36.671	–	Cq	Value)/3.1194]		
Flower	 Total	Aerobic	Count	 CFU/g	=	10[(35.111	–	Cq	Value)/2.8883]		
Flower	 Total	Coliform	 CFU/g	=	10[(40.073	–	Cq	Value)/3.3417]		
Flower	 Total	Enterobacteriaceae	 CFU/g	=	10[(41.218	–	Cq	Value)/4.3708]		

MIP/Extract	 Total	Yeast	and	Mold	 CFU/g	=	10[(54.972	–	Cq	Value)/5.8485]		
MIP/Extract	 Total	Aerobic	Count	 CFU/g	=	10[(38.076	–	Cq	Value)/3.2249]		
MIP/Extract	 Total	Coliform	 CFU/g	=	10[(41.935	–	Cq	Value)/3.6274]		
MIP/Extract	 Total	Enterobacteriaceae	 CFU/g	=	10[(38.407	–	Cq	Value)/3.3041]	
Gummy	 Total	Yeast	and	Mold	 CFU/g	=	10[(52.989	–	Cq	Value)/4.9718]		
Gummy	 Total	Aerobic	Count	 CFU/g	=	10[(37.235	–	Cq	Value)/2.356]		
Gummy	 Total	Coliform	 CFU/g	=	10[(52.888	–	Cq	Value)/5.9643]		
Gummy	 Total	Enterobacteriaceae	 CFU/g	=	10[(44.81	–	Cq	Value)/4.9665]	

	
Please	Contact	support@medicinalgenomics.com	for	an	easy	to	use	conversion	spreadsheet	
	
	
6. Export	the	Data	

6.1. Exporting	the	Cq	values	into	an	Excel	spreadsheet.	
• To	export	the	Cq	values	to	an	Excel	spreadsheet,	right-click	on	the	chart	on	the	bottom	

right	of	the	screen.	
• Choose	Export	To	Excel…	



	
	
	
	

6.2. Saving	a	visual	of	the	graph	
• 	To	save	a	picture	of	the	graph,	right-click	the	graph	on	the	top	left	of	the	screen.	
• 	Choose	Save	Image	As	

	
	

	

Troubleshooting	Guide	
Symptom	 Reason	 Solution	

Internal	control	
(SCCG	Primer)	failure	

Extraction	
Failure	

Repeat	SenSATIVAx™	and	PathoSEEK™	
by	following	the	protocol.	

Residual	ethanol	
in	elution	

Ethanol	is	an	inhibitor	to	PCR.	Return	to	
the	SenSATIVAx®	protocol	and	repeat	all	

steps.	



Symptom	 Reason	 Solution	
Mix-up	in	

Reaction	Setup	
Repeat	the	qPCR	by	following	the	

protocol.	

Missing	
Fluorophore	on	
plate	set	up	

In	the	Data	Analysis	window	click	
“View/Edit	Plate	Setup”	from	the	Settings	
drop	down.	All	wells	should	have	both	
FAM	and	HEX,	Multiplex	Samples	should	
also	have	Texas	Red.	Once	completed	and	
the	window	is	closed,	the	analysis	should	

automatically	update.		

Internal	Control	(SCCG)	Positive	
result	on	positive	or	negative	

control	samples	or	samples	that	do	
not	contain	plant	DNA	

Plant	DNA	
contamination	in	

a	reagent	

Troubleshoot	which	reagent	was	
contaminated;	use	new	reagents,	

thoroughly	clean	all	pipettes	and	bench	
areas	with	10%	bleach	solution.	

qPCR	bench	too	
close	to	

extraction	area	

Designate	separate	benches,	pipettes	etc.	
for	extractions	and	qPCR	setup	

Positive	Negative	Control		

Small	Cq	value	
<15	

Visually	confirm	that	there	is	an	
amplification	curve.	If	not,	this	is	low	
level	background	and	is	to	be	expected.	

Carry	over	 Repeat	the	qPCR	by	following	the	
protocol.	

Insufficient	pre-
setup	bleaching	

	

Wipe	down	the	lab	workspace	and	all	
equipment	with	10%	Bleach.	Repeat	

qPCR.	

Negative	Positive	Control	 Mix-up	in	
Reaction	Setup	

Repeat	the	qPCR	by	following	the	
protocol.	

Total	run	failure	
Excessive	vortex	
of	the	qPCR	
Master	Mix	

Repeat	the	qPCR	by	following	the	
protocol.	

Background Amplification 

 

Unclear 

This is usually seen with a very low Cq reading 
(<15).  The curve is usually missing an 

exponential growth phase, but rather appears 
as a gradual increase of fluorescent signal. 
Visual analysis of the graph is necessary to 

determine if signal is real or background.  This 
is usually a negative result. If still unclear after 

visual analysis, it is suggested to re-run the 
assay. 

	 	



	
	
	
State	to	state	differences	
Each	state	relies	on	a	patchwork	of	different	suggested	regulations	from	AHP,	USP,	AOAC,	AOCS	or	
others.		AOAC	recommendations	for	other	foods	require	many	replicates	and	dilutions	to	manage	the	
limited	dynamic	range	of	a	petri-dish.	Most	labs	in	operation	today,	do	not	have	BL2	laboratories	and	
are	assuming	the	manufacturers	validation	is	valid	in	a	novel	matrix.	This	assumption	of	a	historical	
gold	standard	is	dangerous	and	spike-in	experiments	with	these	organisms	onto	cannabis	matrices	
and	MIP	matrices	is	required	for	accurate	risk	assessments.	
	
Summary	
There	are	an	estimated	42	million	cannabis	users	in	the	USA.	This	number	is	predicted	to	rise	with	
further	legalization.	As	cannabis	legalization	continues,	and	medical	use	expands,	accurate	and	
validated	methods	are	required	to	assess	exposure	and	risk	across	diverse	route	of	administration	
and	matrices.	Molecular	methods	are	required	to	meet	many	of	these	demands.	
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