





gPCR method 2 - A. niger and flavus species specific primers test with tested samples.



Appendix C

Limits of Detection study of gPCR Method #1 and
qPCR Method #2 by genomic DNA spiking study
for Aspergillus Genus and Species



qPCR Method #1: Aspergillus Genus Assay

Channel Ct Sample Number PCR Result Assay Result
FAM 16.08 | Aspergillus Niger gDNA 625,000 copies + .
Aspergillus Detected
VIC 23.45 | Aspergillus Niger gDNA 625,000 copies +
FAM 19.36 | Aspergillus Niger gDNA 62,500 copies + .
Aspergillus Detected
VIC 23.04 | Aspergillus Niger gDNA 62,500 copies +
FAM 23.69 | Aspergillus Niger gDNA 6250 copies + :
Aspergillus Detected
Vile 22.96 | Aspergillus Niger gDNA 6250 copies +
FAM 27.71 Aspergillus Niger gDNA 625 copies + .
Aspergillus Detected
Vile 22.80 Aspergillus Niger gDNA 625 copies +
FAM 31.38 Aspergillus Niger gDNA 62.5 copies + i
- - - Aspergillus Detected
VIC 22.84 | Aspergillus Niger gDNA 62.5 copies +
FAM 0.00 Aspergillus Niger gDNA 6.25 copies -
- - - No Aspergillus Detected
VIC 22.88 | Aspergillus Niger gDNA 6.25 copies +
FAM 14.93 Positive Control +
— Aspergillus Detected
VIC 22.40 Positive Control +
0.00 Negative Control -
FAM g : No Aspergillus Detected
VIC 25.95 Negative Control +

Results of qPCR method 1, genomic DNA evaluation of Aspergillus genus primers.
Green Highlighted Ct value is considered to be reasonable within qPCR range for positive results

qPCR Method #2: Aspergillus Genus Multiplex Assay
Channel Ct Sample Number PCR Result Assay Result
FAM 19.59 | Aspergillus Niger gDNA 625,000 copies + .
: : - Aspergillus Detected
VIC 27.98 | Aspergillus Niger gDNA 625,000 copies +
FAM 22.94 | Aspergillus Niger gDNA 62,500 copies + )
Aspergillus Detected
VIC 27.93 | Aspergillus Niger gDNA 62,500 copies +
FAM 26.63 | Aspergillus Niger gDNA 6250 copies + :
Aspergillus Detected
Vile 28.02 | Aspergillus Niger gDNA 6250 copies +
EAM 30.47 Aspergillus Niger gDNA 625 copies +
Aspergillus Detected
VIC 27.76 Aspergillus Niger gDNA 625 copies +
FAM 40.32 Aspergillus Niger gDNA 62.5 copies + Aspergillus Detected
VIC 27.74 | Aspergillus Niger gDNA 62.5 copies + (Questionable)
FAM 48.01 Aspergillus Niger gDNA 6.25 copies + Aspergillus Detected
VIC 30.62 | Aspergillus Niger gDNA 6.25 copies + (Questionable)
FAM 11.66 Positive Control +
— Aspergillus Detected
VIC 31.02 Positive Control +
0.00 Negative Control -
FAM g : No Aspergillus Detected
VIC 0.00 Negative Control -

Results of gPCR method #2, genomic DNA evaluation of Aspergillus genus primers.
Green Highlighted Ct value is considered to be reasonable within gPCR range for positive result
Yellow Highlighted Ct values is considered to be outside of qPCR range for a positive result




gPCR method #2: A. niger and flavus species specific primers test with genomic DNA.

qPCR Method #2: Aspergillus niger Species Assay

Channel Ct Sample Number PCR Result Assay Result
FAM 17.34 A. niger gDNA 625,000 copies + .
VIC 20.69|  A. niger gDNA 625,000 copies n Aspergiilus Detected

20.73 A. niger gDNA 62,500 copies +
EAM .'.g § p! Aspergillus Detected
VIC 29.81 A. niger gDNA 62,500 copies +

23.98 A. niger gDNA 6250 copies +
kAN ’_g 8 p! Aspergillus Detected
VIC 29.71 A. niger gDNA 6250 copies +

29 31 A. niger gDNA 625 copies +
il .g g p. Aspergillus Detected
VIC 29.77 A. niger gDNA 625 copies +
FAM 580 A. niger gDNA 62.5 copies T Aspergillus Detected
VIC 29.22 A. niger gDNA 62.5 copies + (Questionable)
FAM 0.00 A. niger gDNA 6.25 copies - No Aspergillus
VIC 28.99 A. niger gDNA 6.25 copies + Detected
FAM 13.70 Positive Control +

= Control Detected
VIC 29.10 Positive Control +
0.00 Negative Control
Eal & !V No Control Detected
VIC 0.00 Negative Control -
qPCR Method #2: Aspergillus flavus Species Assay

Channel Ct Sample Number PCR Result Assay Result
FAM 14.085521 | A. flavus gDNA 625,000 copies + _
VIC 32.116604 | A. flavus gDNA 625,000 copies ¥ dspeiiiys Detected

16.654589 A. flavus gDNA 62,500 copies +
FAM flavus g p! Aspergillus Detected
VIC 32.88441 A. flavus gDNA 62,500 copies +
FAM 20.274805 A. flavus gDNA 6250 copies + )
VIC 32.940475 |  A. flavus gDNA 6250 copies ¥ fispergiiius DetScted
FAM 23.9684 A. flavus gDNA 625 copies + )
VIC 32.54495 A. flavus gDNA 625 copies + (Spergiiis Delte el

27.943314 A. flavus gDNA 62. i +
il e jlgvose 0 cop.es Aspergillus Detected
VIC 31.935144 A. flavus gDNA 62.5 copies +
FAM 31.996887 A. flavus gDNA 6.25 copies i Aspergillus Detected
VIC 32.047882 A. flavus gDNA 6.25 copies + (Questionable)
FAM 26.856306 Positive Control + Control Detected
VIC 37.56267 Positive Control +

0 Negative Control -

FAM cga !ve ontro No Control Detected
VIC 0 Negative Control -

Green Highlighted Ct value is considered to be reasonable within gPCR range for positive result
Yellow Highlighted Ct values is considered to be outside of gPCR range for a positive result

®



Appendix D

DNA Microarray Results - Independent Lab #1
& Lab #2 Results



Appendix D - Full table of DNA-Microarray Results

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

Slide 701700 701700 701700 701700 701700 701700 701700 701700 701700 701700 701700 701700
5007 5007 5007 5007 5007 5007 5007 5007 5007 5007 5007 5007
Sample ID Number N/A 1 N/A 2 3 4 5 6 7 8 NTC NTC
Well 5 6 8 5 6 4 4 1 2 2 10 6
Negative Control 1008 759 412 715 874 912 631 1064 608 859 632 758
9 (2889) (2889) (2889) (2889) (2889) (2889) (2889) (2889) (2889) (2889) (2889) (2889)
PCR Positive 63723 64164 56488 63943 63704 63528 63481 63445 63624 63862 63999 63735
Control - Fungi (2265) (2265) (2265) (2265) (2265) (2265) (2265) (2265) (2265) (2265) (2265) (2265)
Asperaillus flavus 940 643 546 645 1012 711 773 952 795 877 700 808
perg (2939) (2939) (2939) (2939) (2939) (2939) (2939) (2939) (2939) (2939) (2939) (2939)
Aspergillus 1321 947 736 1116 1083 1088 899 1194 841 1268 898 1051
fumigatus (3163) (3163) (3163) (3163) (3163) (3163) (3163) (3163) (3163) (3163) (3163) (3163)
Aspergillus niger 2000 811 671 912 42913 1572 28621 4242 4458 1098 1173 934
pergl g (2729) (2729) (2729) (2729) (2729) (2729) (2729) (2729) (2729) (2729) (2729) (2729)
Aspergillus terreus 1105 1010 849 982 3428 1044 747 908 854 871 903 585
perg! (1400) (1400) (1400) (1400) (1400) (1400) (1400) (1400) (1400) (1400) (1400) (1400)
N tive Control Not Not Not Not Not Not Not Not Not Not Not Not
egative Lontro Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
PCR Positive . Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
Control - Fungi
Aspergillus flavus Not Not Not Not Not Not Not Not Not Not Not Not
perg Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
Aspergillus Not Not Not Not Not Not Not Not Not Not Not Not
fumigatus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
9
A il ) Not Not Not Not Not Not Not
Spergiiius niger Detected Detected Detected Detected Detected Detected Detected Detected
Not Not Not Not Not Not Not Not Not Not Not Not

ASp erg! illus terreus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected

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

701700 | 701700 | 701700 | 701700 | 701700 | 701700 | 701700 | 701700 | 701700 | 701700 | 701700 | 701700

Slide 5042 | 5042 | 5042 | 5042 | 5042 | 5042 | 5042 | 5042 | 5042 | 5042 | 5042 | 5042
Sample ID 9 10 11 12 13 14 15 16 17 18 NTC NTC
Number
Well 5 3 4 1 3 3 1 8 2 6 12 12
Negative Control | 739 805 908 769 1007 935 660 731 656 1160 872 872
(2889) | (2889) | (2889) | (2889) | (2889) | (2889) | (2889) | (2889) | (2889) | (2889) | (2889) | (2889)
PCR Positive 63738 | 63719 | 63788 | 63179 | 63563 | 64152 | 63916 | 63958 | 56353 | 63517 | 63730 | 63730

Control - Fungi | (2265) | (2265) | (2265) | (2265) | (2265) | (2265) | (2265) | (2265) | (2265) | (2265) | (2265) | (2265)

- 1146 | 20839 | 944 1079 1204 | 15280 | 1107 677 854 990 925 925
Aspergilus flavus | 0939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939)
Aspergillus 910 1070 1024 810 1924 1217 1007 958 1145 1317 1348 1348
fumigatus (3163) | (3163) | (3163) | (3163) | (3163) | (3163) | (3163) | (3163) | (3163) | (3163) | (3163) | (3163)
Aspergillus nigor | 1062 | 62564 | 1105 727 16764 | 1084 941 822 1097 | 50140 | 1112 1112
(2729) | (2729) | @729) | (2729) | (2729) | (2729) | (2729) | (2729) | (2729) | (2729) | (2729) | (2729)

Aspergillus 594 12003 | 683 734 1453 1127 822 1100 1191 1166 771 771
terreus (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400)

Not Not Not Not Not Not Not Not Not Not Not Not

Negative Control

PCR Positive
Control - Fungi

Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected

Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected

: Not Not Not Not Not Not Not Not Not Not
Aspergillus flavus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
Aspergillus Not Not Not Not Not Not Not Not Not Not Not Not
fumigatus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
p . Not Not Not Not Not Not Not Not Not
Asp ergl llus niger Detected Detected Detected Detected Detected Detected Detected Detected Detected
Aspergillus Not Not Not Not Not Not Not Not Not Not Not Not

terreus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected




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

Slide 70150 70150 70150 70150 70150 70150 70150 70150 70150 70150 70150 | 701500
06093 06093 06093 06093 06093 06093 06093 06093 06093 06093 06093 6093
Niger/T
Sample ID erreus
Number N/A 1 N/A 2 3 4 5 6 7 8 N/A Matrix
Spike
Well 1 2 3 4 5 6 7 8 9 10 11 12
Negative 84 223 0 39 3 0 0 51 84 128 0 0
Control (2889) | (2889) (2889) | (2889) | (2889) | (2889) | (2889) (2889) | (2889) (2889) (2889) (2889)
PCR Positive 62705 62855 62843 62769 62963 62973 62818 62846 62819 62464 62513 62372
Control - Fungi (2265) | (2265) (2265) | (2265) | (2265) | (2265) | (2265) (2265) | (2265) (2265) (2265) (2265)
Aspergillus 167 305 425 0 7800 579 0 118 166 103 0 0
flavus (2939) | (2939) (2939) | (2939) [ (2939) | (2939) [ (2939) (2939) | (2939) (2939) (2939) (2939)
Aspergillus 1502 485 758 565 270 129 222 1386 288 400 243 58
fumigatus (3163) | (3163) (3163) | (3163) [ (3163) | (3163) [ (3163) (3163) | (3163) (3163) (3163) (3163)
Aspergillus 861 38744 0 0 37987 27074 29323 1345 3527 207 0 52341
niger (2729) | (2729) (2729) | (2729) | (2729) | (2729) | (2729) (2729) | (2729) (2729) (2729) (2729)
Aspergillus 373 302 186 645 174 0 453 112 183 318 201 47586
terreus (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400) | (1400)
Negative Not Not Not Not Not Not Not Not Not Not Not Not
Control Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
PCR Positive . Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
Control - Fungi
Aspergillus Not Not Not Not Not Not Not Not Not Not Not
flavus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
Aspergillus Not Not Not Not Not Not Not Not Not Not Not Not
fumigatus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
Aspergillus Not Not Not Not Not Not
niger Detected Detected Detected Detected Detected Detected
Aspergillus Not Not Not Not Not Not Not Not Not Not Not
terreus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected

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

Slide 70150 70150 70150 70150 70150 70150 70150 70150 70150 70150 70150 7015006
06094 06094 06094 06094 06094 06094 06094 06094 06094 06094 06094 094
Flavus/F
Sample ID umigatus
Number 9 10 1" 12 13 14 15 16 17 18 N/A Matrix
Spike
Well 1 2 3 4 5 6 7 8 9 10 1 12
Negative 227 118 4 61 191 0 158 22 0 0 0 0 (2889)
Control (2889) | (2889) | (2889) | (2889) | (2889) (2889) | (2889) | (2889) | (2889) | (2889) | (2889)
PCR Positive 62705 62774 62785 62454 62628 62529 62688 62751 62688 62625 62679 62498
Control - Fungi | (2265) | (2265) | (2265) | (2265) | (2265) (2265) | (2265) | (2265) | (2265) | (2265) | (2265) (2265)
Aspergillus 115 10682 0 0 617 40479 321 0 0 0 0 62387
flavus (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) | (2939) (2939)
Aspergillus 567 175 312 152 1439 704 544 438 474 485 198 45662
fumigatus (3163) | (3163) | (3163) | (3163) | (3163) (3163) | (3163) | (3163) | (3163) | (3163) | (3163) (3163)
Aspergillus 31 43252 0 288 5254 0 62 0 0 37612 0 0 (2729)
niger (2729) | (2729) | (2729) | (2729) | (2729) (2729) | (2729) | (2729) | (2729) | (2729) | (2729)
Aspergillus 317 284 233 158 294 73 345 231 1 204 226 252
terreus (1400) | (1400) | (1400) | (1400) | (1400) (1400) | (1400) | (1400) | (1400) | (1400) | (1400) (1400)
Negative Not Not Not Not Not Not Not Not Not Not Not Not
Control Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
PCR Positive . Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
Control - Fungi
Aspergillus Not Not Not Not Not Not Not Not Not
flavus Detected Detected Detected Detected Detected Detected Detected Detected Detected
Aspergillus Not Not Not Not Not Not Not Not Not Not Not
fumigatus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected
Aspergillus Not Not Not Not Not Not Not Not Not
niger Detected Detected Detected Detected Detected Detected Detected Detected Detected
Aspergillus Not Not Not Not Not Not Not Not Not Not Not Not
terreus Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected Detected




Appendix E
An Overview of DNA Molecular methods



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 flexibility in screening multiple
organisms in triplicate, and sensitivity to comply with a
diverse range of microbial testing regulations. This allows
for increased efficiency 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 specificity that is not matched by
single-plex or multiplex gPCR reactions. In addition, as

the pathogen list increases over time and more microbial
hazards are identified, 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, Butterfield’s solution, tryptic soy broth, or
phosphate buffered saline). It is here where the DNA-based
methods diverge. For the gPCR 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 TIFF and
could provide a significant frequency of false negative Data Files
results (James B Pettengill, 2012; John Dunbar, 1997).

Figure 2: Process Pipeline for
microbial testing using microarray



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 gPCR 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 specific
species level, so the test can be run on a first-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 flow.
The microarray provides the necessary results during the first run, while the gPCR methods require
that an additional qPCR run is performed for the species-specific reactions, which can interrupt the
testing process flow for maximal throughput, and increase the cost per test.

The DNA-based microarray assays are configured to use a two-tiered PCR approach that allows
for an initial loci enhancement PCR that targets a specific DNA region and a subsequent nested
PCR reaction that introduces a fluorescence dye labeling of the resulting amplified DNA (Figure

2). The product of the two sequential PCR reactions is hybridized onto a matrix consisting of
probes to specific organisms or genes without subsequent purification for microarray analysis. On
a DNA microarray, the matrix is defined 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 specific probes are
printed in triplicate to provide greater confidence 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
fluorescence 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.



References

Amin Forootan, R. S. (2017). Methods to Determine Limit of Detection and Limit of Quantification in
Quantitative Real-Time PCR (pPCR). Biomolecular Detection and Quantifiction, 1-6.

Amira Souii, M. B.-G. (2016). Nucleic acid-based biotechnologies for food-borne pathogen detection
using routine time-intensive culture-based methods and fast molecular diagnostics. Food
Science and Biotechnology, 11-20.

Herold, A. R. (2008). Food Microbial Pathogen Detection and Analysis Using DNA Microarary
Technologies. Foodbourne Pathogens AND Disease, 531-550.

J, H. (2011). Rapid detection, characterization, and enumeration of foodborne pathogens. APMIS, 1-24.

James B Pettengill, E. M. (2012). Using Metagenomic Analyses to Estimate the Consequences of
Enrichment Bias for Pathogen Detection. BMC Research Notes.

John Dunbar, S. W. (1997). Genetic Diversity through the Looking Glass: Effects of Enrichment Bias.
Applied and Environmental Microbiology, 1326-1331.

Kevin McKernan, J. S.-L. (2016). Metagenomic analysis of medicinal Cannabis samples; pathogenic
bacteria, toxigenic fungi, and beneficial microbes grow in culture-based yeast and mold tests.
F1000 Research.

Ku, I.-H. C. (2017). Current Technical Approaches for the Early Detection of Foodborne Pathogens:
Challenges and Opportunities. International Journal of Molecular Sciences.

Mahboob Nemati, A. H. (2016). An Overview on Novel Microbial Determination Methods in
Pharmaceutical and Food Quality Control. Advanced Pharmaceutical Bulletin, 301-308.

McLoughlin, K. S. (2011). Microarrays for Pathogen Detection and Analysis. Briefings in Functional
Genomics, 342-353.

P. Rajapaksha, A. E. (2018). A review of methods for the detection of. Royal Society of Chemistry.

Patrick Bastien, G. W. (2008). Quantitative Real-Time PCR is Not More Sensitive that "Conventional”
PCR. Journal of Clinical Microbiology, 1897-1900.

Ricchi, P. K. (2017). A Basic Guide to Real Time PCR in Microbial Diagnostics: Definitions, Parameters,
and Everything. Frontiers in Microbiology, 1-9.

Yousef Gargani, P. B. (2011). Too Many Mouldy Joints - Marijuana and Chronic Pulmonary
Aspergillosis. Mediterranean Journal of Hematology and Infectious Diseases.



