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Transparent and Public Data 
Resources

In 2016 we published the first 
Cannabis Flower Microbiomes 
studies

42 Cannabis genome public
Largest Cannabis DNA sequence 
repository. 10X larger than all 
previous submissions anything 
published before.

Published TYM qPCR primers that 
navigate cannabis ITS problems



Transparent and Public Data Resources

81 additional Psilocybe genomes

Most complete Psilocybe cubensis genome 
reference

Comparison of TYM qPCR to PDA, 
PDA with CAMP, DRBC via Whole 
Genome sequencing of 45 
genomes



AOAC certified Aspergillus and Sal/STEC
Flowers and MIPs

DRBC 5 day plating
>100 inclusion organisms on TYM
>40 exclusion organisms

Recalibrate on new media

Enumeration Tests in Validation



Non Trivial 





42 Cannabis Genomes 



What Can We Learn from the Cannabis Genome?

PM 
susceptible

PM 
Resistant



HiC + HiFi on a Cannabis Trio

The 33X coverage HiFi assembly delivered a higher 
N50 (5.2Mb) assembly 
BUSCO Primary (93.7%C, 82.8% single, 10.9% duplicate)
BUSCO Primary + Alts (97.4%, 41.2% single, 56.2% duplicate)

(NCBI accession number: JAATIP000000000) 



HiC + HiFi



HiCanu Telomeres



Genetic Map Concordance with HiC

JL scaffolds organized according to 
BLAST to Cs10 Chromosomes

Gao et al JL-China JL Hi-C mapped to Cs10 reference

63% AT rich
63% Long Terminal Repeats (LTR)
Lots of Simple Sequence Repeats (SSRs)



Genetic Map Concordance with HiC
85K SNP Chip - CannSNP90

Genetic Map was built 
with F2 from different 
cultivars: Oregon CBD

Genetic Map from 
Jamaican Lion F1 
underway

The genetic map and physical map was compared and most of the marker position was confirmed 
which are highlighted in colors.  



40 WGS with ILMN NovaSeq
5 cycles of PCR with NEB UMIs

58,262,496 Unique SNPs across 40 Genomes.

Mapped with DRAGEN and ParaBricks

TypeI = 10-14 SNPs
TypeIII = 12-17M SNPs



CNVs Galore (Copy Number Variation)

Pathogen Response GenesCannabinoids Genes



Functional Validation of Cloned Cannabis Genes



Aspergillus niger Growth in TSB
4X – 64X reduction with Cannabis Chitinase and Cannabis TLP

RT Control

37C Control

POS control

RT- TLP + Chitinase

37C- TLP + Chitinase

Declump and 
count 15 Spores Grow at 

RT and 
37C for 
22 hours

TLP 
&

Chitinase

qPCR

AOAC EUA TYM



Copy Number of THCAS and CBDAS across 42 genomes



2Mb CBCA deletion
Often co-deleted with Pathogen Response genes

Same 
Contig

Gibberillin transporter –NPF3
Viral Defense -RMT1
PAMP-induced secreted peptides -PIP1
Aquaporin/H2O2 defense -NIP1
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Differential WGS Coverage Validates Y 
chromosome



StrainSEEK: 3.2Mb &10Mb Agilent Panel
WGS & CannSNP90K data input

Blockchain based Genetic registry: The timestamps on your data are immutable



Type IV

Differential WGS Coverage Validates Y 
chromosome

CBDA in yeast makes ~20:1 CBDA:THCA

Type IV plant

1. No CBDAS gene.

2. Two Amino Acid Changing Mutations in THCAS

3. No CBCAS gene.

4. Zero THCA detected in 10%+ CBGA cultivar



Kannapedia.net reports

Comparison to other 
public datasets and 
blockchain time stamps

Relationships



StrainSEEK Sequence Coverage of the Bt:Bd allele 
predicts chemotype

Active THCAS Inactive CBDAS Active CBDAS

Type I
No Coverage on 
CBDAS
Good Coverage on 
THCA 

Sequencing Coverage

Type II
Good Coverage on 
CBDAS
Good Coverage on 
THCA 

Type III
Good Coverage on 
CBDAS
No Coverage on 
THCA 

Type IV
No Coverage on THCAS
No Coverage on CBDAS.





Type IV (CBGA) that contain a THCA gene



Many different tools





CannSNP90 bead chip
• Content
• Validation
• Applications

Molecular Breeding
• Evolution of Molecular Markers 
• Applications of Genotyping 
• Construction of Hemp Genetic Map 

Breeding Using CannSNP90 Bead Chip



CannSNP90 Case Study by Oregon CBD

Dr. Hsuan Chen

MLMM Autoflower MLMM Autoflower

v



vs.

CannSNP90 Case Study by Oregon CBD



Background in Open Source Fungal Genomics

Psilocybe cubensis is now in 
13 chromosomes

Pacific Biosciences HiFi assembly
N50 3.3Mb, 97.6% BUSCO complete

Phase Genomics Hi-C Chromatin Capture map of 
Psilocybe cubensis



Kannapedia.net: Open Source Fungal Genomics

81 Whole genome assemblies of Psilocybe
Damaging variants in the Pathway identified



Psilocybe Mating Type Loci identified on Chr. 1

Psilocybe has at least 4 genders
Mating Type Loci can guide which strains will make compatible crosses



Psilocydia- The Kannapedia fork for Psilocybe



Psilocybe microbomes



14 Viruses/Viroid assays
Released
1. Hop Latent Viroid
2. Lettuce Chlorosis Virus
3. Cannabis Cryptic Virus
4. Beat Curly Top Virus
5. Tobacco Mosaic Virus

Pipeline
1. Tobacco Streak Virus
2. Tobacco Ring Spot Virus
3. Arabis Mosaic Virus
4. Cucumber Mosaic Virus
5. Hop Mosaic Virus
6. Alfalfa Mosaic Virus
7. Tomato Ring Spot Virus
8. Rasberry Dwarf Virus
9. Hop Stunt Viroid



qPCR enables the detection of pathogens that 
don’t culture.

Triplex Virus/Viroid test
Hops Latent Viroid, 
Lettuce Chlorosis Virus, 
Cannabis Cryptic Virus 1



LCV Virus Phenotype More Pronounced in 
Flowering



Hop Latent Viroid is in the Roots, Stems 
and leaves



Jamaican Lion Becoming A Reference Standard

Doug Klier (IGBR)- Tissue 
Cultured Jamaican Lion 85K SNP array Mini-Exomes (5-10Mb Seq panels)

Vendors are consolidating on the Jamaican Lion references
Tissue Culture has been optimized for JL.
SNP Chips are Validated on JL. August 2020 Launch. 
Mini-Exomes are available targeting Cannabinoid, Terpene, Chitinase, Y-chromosome, TLP, Flowering, CannFlavin, Edestin
related genes. 



Consortium of the leading technology providers to solve 
the complexity of the world’s most valuable plant

• Blockchain experts and cryptocurrency

• Single Molecule Sequencing Pioneers

• Methylation, Enzymes and Sequencing Pioneers. Founded 
by Nobel Laureate Sir Richard Roberts

• Experts in qPCR and Hyb Capture

• Experts in GPU acceleration/AI

• Experts in Field Portable LAMP assays

• Cannabis Genomic Pioneers. Sequencing veterans. Leaders 
from the Human Genome Project



Yvonne Helbert
Lei Zhang
Heather Ebling
Anne Bennett
Juliana Silva
Liam Kane
Nathan Houde
Steve McLaughlin
Nick Lawson
Matthew Brown



We want to hear from you!

Scan the QR code below to provide your feedback on 
the presentation.
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