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qPCR method 2 - A. niger and fl avus species specifi c primers test with tested samples.
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Limits of Detection study of qPCR Method #1 and 
qPCR Method #2 by genomic DNA spiking study 

for Aspergillus Genus and Species

Appendix C
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qPCR method #2: A. niger and fl avus species specifi c primers test with genomic DNA.

Green Highlighted Ct value is considered to be reasonable within qPCR range for positive result
Yellow Highlighted Ct values is considered to be outside of qPCR range for a positive result
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DNA Microarray Results – Independent Lab #1 
& Lab #2 Results

Appendix D
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Appendix D – Full table of DNA-Microarray Results

Lab #1: Slide 7017005007 RFU values. The bracketed number are the 1 CFU/gram cutoff values.

Lab #1: Slide 7017005042 RFU values. The bracketed number are the 1 CFU/gram cutoff values.
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Lab #2: Slide 7015006093 RFU values. The bracketed number are the 1 CFU/gram cutoff values.

Lab #2: Slide RFU values. The bracketed numbers are the 1 CFU/gram cutoff values. 
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An Overview of DNA Molecular methods 

Appendix E
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Molecular diagnostic tools, particularly DNA microarray technology, have been used in human 
diagnostics for years, but are still relatively new to regulatory testing. Recently, they have been 
accepted and adopted by several regulatory agencies, including the USDA and FDA, due to the 
2011 Food Safety Modernization Safety Act (Rasooly, 2008; McLoughlin, 2011). By employing the 
detection of DNA as opposed to the actual organisms, molecular diagnostics reduces the risk of 
systemic contamination of the laboratory with microorganisms, especially those that produce and 
disseminate airborne spores, such as Aspergillus species.

DNA-based microbial detection assays, and in particular 
DNA microarray microbial detection assays, have reduced 
the detection of certain organisms from days or weeks to 
hours, while delivering the fl exibility in screening multiple 
organisms in triplicate, and sensitivity to comply with a 
diverse range of microbial testing regulations. This allows 
for increased effi ciency in throughput at a fraction of the 
cost to other molecular methods. 

Although most states currently mandate a short list of 
target organisms, the ability to test hundreds of different 
primers and probes simultaneously for the same organisms 
provides increased specifi city that is not matched by 
single-plex or multiplex qPCR reactions. In addition, as 
the pathogen list increases over time and more microbial 
hazards are identifi ed, the increase in content is easily 
managed. 

All DNA-based microbial detection assays begin by 
extracting microbial organisms from pre-homogenized 
cannabis material. This is executed through vigorous 
surface washing in an aqueous medium (e.g. buffered 
peptone water, Butterfi eld’s solution, tryptic soy broth, or 
phosphate buffered saline). It is here where the DNA-based 
methods diverge. For the qPCR methods currently in use in 
cannabis testing, there is a period of enrichment, typically 
overnight, causing a delay in turnaround time and bias in 
terms of the microbial content. In the past, enrichment was 
commonly used for culture-based methods and was later 
incorporated into a number of molecular tests. However, 
experimental evidence indicates that enrichment can have 
bias either for or against the microbes of interest, and thus 
could provide a signifi cant frequency of false negative 
results (James B Pettengill, 2012; John Dunbar, 1997).

Figure 2: Process Pipeline for 
microbial testing using microarray
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The DNA-based microarray methodology is designed to be performed without sample enrichment—
thus eliminating enrichment bias. The sample (after surface washing only, or after washing and 
enrichment depending on state regulations) is then centrifuged to separate the cannabis material 
from the supernatant which is collected for DNA analysis. 

For qPCR methods, genus-level detection for Aspergillus spp. is initially conducted and followed 
by separate reactions for detection of each species if the genus-level detection provides a positive 
result. This means that if any or all the samples show detection at the genus-level, each must then 
be rerun for species-level detection. The DNA microarray detection platform includes the required 
species level in each sample well; therefore, it reduces the time to meaningful results at the specifi c 
species level, so the test can be run on a fi rst-pass. The results can be obtained more rapidly (in 
under 8 hours) using the DNA microarray approach. There is less opportunity for operator error, no 
need for sample retesting, and the approach is more conducive for a smoother high throughput fl ow. 
The microarray provides the necessary results during the fi rst run, while the qPCR methods require 
that an additional qPCR run is performed for the species-specifi c reactions, which can interrupt the 
testing process fl ow for maximal throughput, and increase the cost per test.

The DNA-based microarray assays are confi gured to use a two-tiered PCR approach that allows 
for an initial loci enhancement PCR that targets a specifi c DNA region and a subsequent nested 
PCR reaction that introduces a fl uorescence dye labeling of the resulting amplifi ed DNA (Figure 
2). The product of the two sequential PCR reactions is hybridized onto a matrix consisting of 
probes to specifi c organisms or genes without subsequent purifi cation for microarray analysis. On 
a DNA microarray, the matrix is defi ned as series of spots consisting of a single type of DNA probe 
(synthetic single stranded DNA) that is complementary to the labeled PCR reaction product. Each 
matrix contains PCR positive controls, numerous negative controls, and the specifi c probes are 
printed in triplicate to provide greater confi dence in the microarray results. In this microarray, 48 
different nucleic acid probes, each printed in triplicate resulting in 144 probes per microarray, are 
printed as a 12 x 12 matrix—12 identical matrices per 1”x 3” glass slide—thus allowing 12 samples 
to be analyzed in parallel. The presence or absence of organisms is determined using relative 
fl uorescence intensity (RFU) analysis of the pattern of spots formed as the unknown DNA binds to 
one or more of the 144 probes on the array, each being complementary to a microbial species.
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