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Starting with clean, tested stock is a critical step in growing a successful crop. Among cannabis
pathogens, hop latent viroid and Fusarium are by far the most economically damaging infections.
Beginning a run with mother stock infected with either of these two pathogens can lead to
catastrophic failure of a harvest and potentially facility-wide spread. This assay detects both of these
pathogens simultaneously to allow economical screening of the most dangerous cannabis pathogens
in a single sample. 

Hop Latent Viroid (HLVd) is a small, circular, infectious agent. As opposed to viruses and other
pathogens, HLVd lacks an outside protein and is only composed of genetic material (RNA). Viroids
generally spread via mechanical transmission on unsterilized cutting tools and equipment. HLVd has
been detected in most geographical locations around the world and identified in cannabis plants
throughout the United States. Common symptoms of HLVd include stunted growth, brittle stems, leaf
malformation and reduced flower mass. However, plants may initially appear asymptomatic or with
subtle symptoms making detection by eye difficult. 

Fusarium is a root-infecting fungal pathogen. Fusarium infection can result in both root rot and
dampingoff (i.e. stunted growth with dark green or yellow curled leaves and root lesions, especially
at root tips). In an indoor growing environment, introduction of diseased plant material such as
cuttings, stock plants or seeds can result in inoculation and eventual spread of the fungus. Infected
growing medium that has not been adequately sterilized can also be a source of infection. Once
established, Fusarium can spread via unfiltered, recirculated water, in air, on tools/equipment and
potentially by workers

Background

General Information

TUMI Genomics’ Mother Stock Screening diagnostic assay is for the detection of infection in cannabis
and hemp plant tissue. The assay uses a duplex TaqMan qPCR to detect the presence of Fusarium
DNA/RNA sequences and hop latent viroid RNA sequences. The primer/probe sets target the pathogen
genomes as well as an endogenous plant transcript as a positive control. Because this assay detects a
target that is in all cannabis tissues, it provides confirmation of sample integrity, successful nucleic
acid extraction, and activity of reaction components in every sample.
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Test Validation

Technical validation: Technical validation consists of experiments performed by TUMI Genomics to
determine the technical (in lab) limits and characteristics of the assay. 

Limit of Detection (LoD): A limit of detection study determines the sensitivity of a test. The limit of
detection is defined as the lowest concentration of pathogen where the test can still detect 95% of
the true positive samples. A limit of detection can help you understand how well a test can find low-
level/early infections. 

The LoD (lowest concentration of pathogen detected by this assay) was determined by testing serial
dilutions (500 copies – 415copies) of genomic material spiked into negative cannabis plant extract and
tested with ten replicates per concentration. 

The smallest amount of both Fusarium and hop latent viroid reliably detected by the assay was
determined to be ~ 30 genomic copies per reaction. 

The table below shows the results of tests to determine the limit of detection (i.e. the smallest
amount of pathogen this assay can identify). The limit of detection is highlighted in green. The limit
of detection was confirmed for each individual species of Pythium as well. 

Cross Reactivity: A cross reactivity analysis determines the specificity of a test. Specificity means
whether the test detects only the target pathogen versus giving a non-specific signal or throwing a
positive result due to the presence of an unrelated pathogen. A specific test should be 100% specific
for the target pathogen (i.e. hop latent viroid) and less than 80% specific for potential contaminating
pathogens (like other viruses). 

Cross-reactivity was evaluated using in silico analysis of primer sequences compared to genome
sequences from microorganisms that are commonly found in the roots, stems, and leaves of Cannabis,
hops, and hemp plants. Genomic sequences for the microorganisms were acquired from the National
Center for Biotechnology Information database (NCBI) and the alignments were performed with the
Basic local alignment search tool (BLAST). For each organism, percent cross-reactivity was determined
by dividing the number of nucleotide sequences that matched with the organism by the total number
of nucleotides in the Pythium primer/probe set. 

Cross-reactivity is defined as greater than 80% similarity between the primer/probes set and any
sequence present in the targeted microorganism. As expected, primer probe sequences matched
sequences from the Pythium genome 100%. No cross-reactivity above 80% was found with any other
tested microorganism. 

For details from this analysis please reference the following two documents: Hop latent viroid triplex
TaqMan qRT-PCR validation Fusarium duplex TaqMan qPCR validation

Sample 
Concentration

Fraction 
Positive 

Mean CT 
Plant Control

Standard 
Deviation

Mean CT HLVd 
(Target #1)

500 copies/reaction 10/10 28.72 +/- 1.04 26.81 +/- 0.13 27.68 +/- 0.32

250 copies/reaction 10/10 29.07 +/- 1.32 27.08 +/- 0.11 28.13 +/- 0.21

125 copies/reaction 10/10 29.56 +/- 1.57 28.38 +/- 0.16 29.61 +/- 0.23

31 copies/reaction 10/10 30.24 +/- 0.14 30.44 +/- 0.87 31.05 +/- 0.15

15 copies/reaction 10/10 29.65 +/- 0.07 31.41 +/- 0.29 32.06 +/- 0.71

Standard 
Deviations

Mean CT
HLVd

(Target #2)

Standard 
Deviations

7.5 copies/reaction 10/10 29.42 +/- 0.16 32.01 +/- 0.122 33.03 +/- 0.45

3.8 copies/reaction 3/10 29.23 +/- 0.15 32.71 +/- 1.53 33.93 +/- 0.73

0 copies/reaction 0/30 28.76 +/- 1.16 NaN NaN NaN NaN
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Inclusivity: An inclusivity analysis determines how well a test can detect different known sequence
variants of a given pathogen. An acceptable inclusivity analysis should show that an assay has been
designed in a way that can reasonability detect all, or the vast majority, of known variants of the
target pathogen. 

This analysis indicated that the primers and probes used in this assay reliability detect 98% of known
hop latent viroid variants (152/155) with little to no reduction in amplification efficiency and will
identify 100% of all known hop latent viroid variants in a yes/no diagnostic assay. 

To ensure inclusivity of the assay, all Fusarium primer and probe sequences were designed specifically
against reference genomes identified from infections in cannabis (reviewed in Gwinn et. al, 2022). All
accessions identified from pathogenic cannabis tissue can be amplified using the primer sequences. 

*Gwinn, Kimberly et. al, Diseases of Cannabis sativa Caused by Diverse Fusarium Species. Frontiers in
Agronomy, Jan 18, 2022. https://doi.org/10.3389/fagro.2021.796062
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