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Pathogen detection and identification have been vastly improved with advances in 
genomics, however, knowledge gaps remain around efficacy and use in wood 
commodities, especially in regulatory settings. In part one of this project, we compared 
detection efficacy of different methods on common export and import forest products. 
In-situ detection was more sensitive than traditional isolation, with 100% detection rates 
for some methods. However, there were several false positives in control samples. False 
positive detection of quarantine pathogens on wood products could be a serious problem 
in trade. The goal of part two of this project was to determine the cause of the false 
positives. In addition, we continued to compare detection methods by looking at point of 
care detection with a portable qPCR system and using RNA assays to test pathogen 
viability. False positives were likely due to DNA contamination persisting through the 
various wood processing steps. These results confirm the need for additional 
confirmation of pathogen presence or viability after a positive DNA test. RNA assays failed 
to detect pathogen presence in most samples. Further testing is needed to determine 
optimal RNA extraction conditions to provide meaningful results. Point of care detection 
using portable tools was comparable to laboratory methods and would provide a useful 
tool for pre-screening commodities for the presence of quarantine pathogens. 
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1 INTRODUCTION 
With the widespread availability of genomics data as well as multiple platforms for running 
molecular assays, there are now many tools available for plant pest or pathogen detection and 
identification. Some of these tools can be used in the field providing nearly instantaneous results. 
This has provided scientists and regulators with a powerful toolbox for pathogen monitoring. 
However, this also raises questions about the efficacy and proper use of these tools in traded 
wood and forest commodities. There are knowledge gaps around their efficacy in different woody 
host tissues and species, regarding what are the most reliable or appropriate techniques and tools 
for specific applications or commodities, and on how to appropriately use the data in a regulatory 
setting. Understanding efficacy and the variables that influence detection will help with 
interpretation of results, decision making, and pest management. It will also help inform the best 
approach to pathogen detection and identification in scenarios where results can have a big 
impact such as in trade or forest health. This has led to a need for more information on the 
performance of different tools on complex substrates such as trees and wood products, especially 
before a case is made for their implementation or standardization for use in screening import and 
export products.  

In part one of this project, we compared the detection efficacy of different methods (culturing 
and molecular methods) on common export and import forest and wood products in a range of 
states (live trees to green sawn lumber) to get insight into how different levels of processing 
influence pathogen detection. We found that in-situ detection was more sensitive than traditional 
isolation, and for some methods, 100% of infected samples were positive. Traditional culture-
based detection resulted in a much lower detection rate with stem tissue from live trees giving 
the best result at 39% of infected samples testing positive. Detection in wood products ranged 
from no positive detection in air dried logs up to 11% detection in air dried sawn 2x4 samples. 
Real-time PCR was the most sensitive with 70% to 100% positive detection in tree and wood 
samples using a genus specific primer. However, there were several false positives in control 
samples suggesting some cross-amplification or contamination. False positive detection of 
quarantine pathogens on wood products could be a serious problem in trade, possibly resulting 
in the denial of imports or exports or requiring the addition of phytosanitary treatments that have 
economical and environmental impacts. 

The goal of part two of this project was to further investigate genomic detection methods using 
point of care detection with a portable qPCR system as well as assays designed for RNA detection, 
which can be used to test the viability of a pathogen. In addition, attempts were made to 
determine the cause of false positives in the real-time PCR and ampliseq tests from part one. 
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2 OBJECTIVES 
• Test the efficacy and suitability of point of care detection using real-time PCR in previously 

infected wood samples and compare with data generated for other genomic based 
detection methods gathered in part one of the project 

• Test the efficacy and suitability of RNA detection for assessing pathogen vitality in 
previously infected wood samples 

• Investigate the cause of false positives generated from in-situ detection in part one of the 
project 

3 STAFF  
Angela Dale  Senior Scientist 
Stacey Kus  Senior Technologist 

4 MATERIALS AND METHODS 
Infected wood tissue and DNA used for this project were generated during part one of the project 
(Dale et al. 2021). 

4.1 RNA Detection in Wood Samples  
Pathogen vitality was determined using molecular assays developed for detecting the presence 
of messenger RNA produced from live pathogens (Wong et al. 2020). Infected wood tissue, stored 
at -80°C from a subset of 46 samples that had been infected with Phytophthora cinnamomi, were 
extracted using the AllPrep DNA/RNA Mini kit (QIAGEN Inc. Germany) according to the 
manufacturer’s instructions and using manual disruption with a mortar and pestle and 
homogenization through a QIAshredder spin column. Concentration of RNA was measured with 
an Eppendorf biophotometer and samples were diluted in nuclease free water to 10 ng/µl. Ten 
nanograms of RNA was reverse transcribed to generate cDNA using the QuantiTect® Reverse 
Transcription kit (QIAGEN Inc. Germany). The cDNA samples were amplified following the method 
of Wong et al. (2020) with Taqman probes developed for detection of P. cinnamomi mRNA 
provided by Dr. Isabel Leal (Pacific Forestry Centre, Canadian Forest Service). 

4.2 Point of Care Real Time PCR Detection 
Point of care or point of use detection was performed using the in-situ processing and efficient 
environmental detection (iSPEED) method described by Capron et al. (2020). A set of 28 samples 
were tested including fresh and dried samples of both artificially inoculated with Phytophthora 
and controls inoculated with blank malt extract agar plugs. DNA from the cultures were included 
as positive controls in each reaction set as well as nuclease free water for negative controls. Wood 
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samples had been stored at 4oC for 18 months prior to analysis. The surface of the sample was 
removed and approximately 2mg of wood shavings were aseptically removed with a scalpel from 
the freshly exposed surface and placed into 100 ul tubes. Samples were extracted using the 
simplified field method for Phytophthora ramorum (Capron et al. 2020). Prior to incubation, 
buffer was added to the wood samples and the samples were then crushed and mixed with a 
modified micro pestle attached to a cordless drill. DNA amplification was conducted following the 
protocols in Capron et al. (2020) using the premade lyophilized PCR strips with the TrnM 
mitochondrial primer for Phytophthora spp. (Bilodeau et al. 2014). Samples were run in duplicate 
on the Franklin portable real-time PCR instrument (Biomeme Inc. USA) using the threshold 
automatically generated by the software.  

4.2.1 Investigation of cause in false positives in in-situ detection  
To determine whether the control samples were true positives, contamination, or cross 
amplification of the primers causing false positives, the PCR products from the genus specific 
assay targeting the TrnM gene were sequenced. In addition, DNA was extracted from the second 
set of wood samples collected from the controls which had been reserved at -80°C after the end 
of the inoculation part of the experiment, using the Qiagen DNeasy extraction kit according to the 
manufacturer’s instructions (Dale et al. 2021). DNA from both the first and second set of control 
samples was sent to the University of British Columbia (UBC) for testing with the genus and 
species-specific assays as described previously in Part 1 of the study (Dale et al. 2021).  

DNA from both control sample sets was then amplified in a PCR targeting the internal transcribed 
spacer regions (ITS) one and two of the ribosomal DNA using primers ITS 6 (Cooke et al., 2000) 
specific to oomycetes as the forward primer with the universal primer ITS4 (White et al., 1990). 
Total reaction volume was 25 µL and contained 1X GoTaq PCR buffer (Promega Corporation, USA), 
2.0 mM magnesium chloride, 0.2 mM dNTPs, 0.5 µM of each primer, 0.7 units of GoTaq 
polymerase (Promega Corporation, USA) and 20 to 200 ng of DNA. Reactions were run with the 
following thermal cycler conditions: 95 °C for 2 minutes followed by 6 cycles of 94 °C for 60 
seconds, 58 °C for 60 seconds deceasing by 1 °C each cycle, 72 °C for 90 seconds and 35 cycles of 
94 °C for 60 seconds, 55 °C for 90 seconds, 72 °C for 90 seconds, and a 10 minute extension step 
at 72 °C. PCR products were electrophoresed through a 1% agarose gel stained with GelRed 
(Biotium Inc. USA) and visualized under UV light. Where there were multiple bands in a sample, a 
20 µl pipette tip was used to collect a small amount of the agarose containing each DNA fragment 
by stabbing each band two to three times. The agarose with the DNA was then used in a second 
round of PCR using the same conditions as above.  

PCR products were sent to the Plateforme de Séquençage et de Génotypage des genomes, Centre 
de Recherche du CHUL (Quebec, Canada) where they were purified using glass fibre filtration on 
a Biomek Fx (Beckman Coulter, USA) and sequenced on an ABI 3730xl DNA Analyzer (Applied 
Biosystems, USA. Sequence identities were obtained by querying the US National Center for 
Biotechnology Information (NCBI) non-redundant (nr) database using BLASTn searches (Altschul 
et al., 1990).  
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5 RESULTS AND DISCUSSION 
5.1 RNA Detection in Wood Samples  
Very few samples had enough copy DNA (cDNA) to detect after RNA extraction and reverse 
transcription. cDNA was detected more frequently in trees with three of six samples returning a 
positive; however, cycle threshold values were high. In the wood samples, among 21 samples 
tested, only three returned positive. Not all the samples that yielded a live culture in the isolation 
step were positive with the RNA assay suggesting that more positive samples would be expected. 
It is likely that the mixed RNA/DNA extraction kit used was not sensitive enough for small amounts 
of RNA. The pure culture samples amplified which was likely due to higher amounts of RNA in 
cultures versus in live trees and wood samples. More work would be required to determine the 
best conditions or extraction protocol for RNA in infected wood tissues. 

5.1.1 Point of Care Real Time PCR Detection 
Point of care detection relies on a rapid extraction protocol using a small amount of starting 
material, whereas full scale real-time PCR detection uses the full extraction protocol. When 
compared to the full-scale real-time PCR, the point of care detection was very comparable. 
Samples that tested positive or negative with real-time PCR usually tested the same with the point 
of care (Table 1). Interestingly, there were no positive results in the point of care testing for the 
negative control samples despite testing positive with the full real-time PCR assay. It is difficult to 
ascertain why point of care would be less sensitive to false positives at this time. Further testing 
would need to be done to determine the sensitivity of the method compared to full-scale real 
time PCR.  

Table 1. Point of care (aka portable) PCR testing with rapid extraction protocol compared to full 
DNA extraction and qPCR. 

 

Results from 
previous full 

scale PCR test 

Number of 
samples 
tested 

Point of care/portable qPCR 

Positive Negative 

Artificially 
infected with 
live pathogen 

Positive 8 7 1 

Negative 9 2 7 

Controls  
(no pathogen) 

Positive 4 0 4 

Negative 7 0 7 

 

5.2 Cause in False Positives in In-situ Detection 
Several reasons for the false positives in the blank inoculated control samples were investigated, 
but no one specific cause could be found. Only fungal cultures, no Phytophthora species, were 
isolated from the inoculation points on any of the control samples. However, when the TrnM gene 
was amplified with the qPCR, several samples were positive (Table 2). When those samples were 
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sequenced, they matched with Phytophthora sequences, specifically clade one Phytophthora 
species. Interestingly, when the second set of wood samples was extracted and ran with the qPCR 
assays, different samples were positive with the TrnM assay than in the first set. When the ITS 
was amplified from the positive control samples, several different species of fungi were found, 
but no Phytophthora species were found (Table 2). 

Taken together, these results suggest that the original control samples were likely not infected 
with Phytophthora either previously or naturally as one would expect to see the same results in 
both the first round of extractions and in the second, as well as from amplifying and sequencing 
the ITS. This hypothesis is supported by the fact that none of the control samples had lesions 
around the inoculation points typical of Phytophthora infection, whereas all the inoculated test 
samples did produce lesions.  

One hypothesis is that there is cross amplification with fungi for the TrnM gene and for some of 
the ampliseq targets. However, for the TrnM, blast searches on the genome of some of the 
contaminating fungi did not result in any significant matches. Furthermore, searches of the TrnM 
gene on the NCBI nr database did not result in any fungal hits. In the ampliseq panel, several of 
the targets are barcoding genes which are present in both Phytophthora and fungi, so cross 
amplification is possible, which may explain the higher frequency of positive results in the controls 
from ampliseq than from qPCR. In the Phytophthora specific targets in the ampliseq, amplification 
could indicate contamination or other sources of non-target amplification such as amplification 
of primer dimers and PCR artefacts. Primer dimers and PCR artefacts can cause problems in 
specificity in PCR and can sometimes result in detection curves which are indistinguishable from 
low copy template reactions (Schoenbrunner et al., 2017). 

Contamination between infected and non-infected wood could potentially occur in the wood 
processing steps. Although multiple steps were taken to minimize cross contamination between 
samples, it is possible that DNA was transferred and persisted during de-barking and sawing. 
Lower quality sequences found in the controls that tested positive in the ampliseq could suggest 
that fragmented DNA was transferred from sample to sample. This suggests that in practice, DNA 
and potentially live pathogen material could easily be transferred from infected to non-infected 
commodities or materials during processing.  

The results from this experiment highlight the importance of not relying solely on the presence of 
DNA in the testing of imported and exported commodities for quarantine pathogens. Most 
practitioners and scientists support the idea of DNA detection as a screening tool followed by 
traditional isolation techniques. This study supports the need for a follow-up method after a 
positive obtained through DNA detection. However, the results also suggest that isolation alone 
is not sufficient to positively identify infected samples given the difficultly in culturing 
Phytophthora species. In the case of quarantine pathogens, it would be prudent to treat wood 
commodities by kiln drying or fumigation when exporting from regions known to harbour invasive 
pathogens.  
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Table 2.. Comparison of results for detection and identification in control samples, inoculated with sterile agar.  
First 

extraction 
sample 1 

Second extraction 
sample 2 

Ampliseq Culture 
barcoding 

First extraction PCR ITS 6&4 Second extraction PCR ITS 6&4 

  
TrnM1 TrnM Pcin Pcry Best match L2 e value % 

ID Best match L2 e 
value % ID 

2x4 bottom 
Rep A - -  - - +   

 
   Heterobasidion 

occidentale 848 0 95 

2x4 bottom Rep 
B - - - - +   

 
   Penicillium 

glabrum 652 0 88 

2x4 bottom Rep 
C - 37.379 - - +   Heterobasidion 

occidentale 730 0 93 Heterobasidion 
occidentale 1096 0 100 

2x4 top 
Rep A 34.963 - - - +   

 
   Trichoderma 

sulphureum 734 0 89 

2x4 top  
Rep B - - - - +   

 
   Trichoderma 

asperellum 56.5 0.002 97 

2x4 top  
Rep C 37.911 - - - +   

 
   Heterobasidion 

occidentale 1068 0 99 

2x4 wane 
Rep A 38.259 39.429 - - +   

 
   Penicillium 

cosmopolitanum 708 0 86 

2x4 wane 
Rep B 38.179 37.261 - - -   Diplodia sp. 616 6E-172 89 Penicillium thomii 662 0 92 

2x4 wane 
Rep C - - - - +   Akanthomyces 

lecanii 122 2E-23 29 Trichoderma sp. 959 0 95 

Air dried log edge 
of inoculation 
point Rep A 

- -  - - - 

  

   Pestalotiopsis 
chamaeropis 1037 0 100 

Air dried log edge 
of inoculation 
point Rep B 

38.052 negative - - + 
  Pragmopora cf. 

bacillifera 830 0 88 Trichoderma sp. 652 0 90 

Air dried log edge 
of inoculation 
point Rep C 

36.645 - - - + 
  Talaromyces 

funiculosus 
579 9E-161 84% Coniophora 

puteana 
1203 0 98 
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First 

extraction 
sample 1 

Second extraction 
sample 2 

Ampliseq Culture 
barcoding 

First extraction PCR ITS 6&4 Second extraction PCR ITS 6&4 

  
TrnM1 TrnM Pcin Pcry Best match L2 e value % 

ID Best match L2 e 
value % ID 

Fresh log 
edge of 
inoculation point  
Rep A 

- 38.209 - - - 

  

Trichoderma sp. 544 

 
  

Coniophora 
puteana 

109 
bp 2E-44 98 

Fresh log 
edge of 
inoculation point 
Rep B 

n/a  - - - -  

  
   

  
  
  

Hymenogaster sp. 148 2E-31 81 

Pseudotsuga 
menziesii  148 3E-31 82 

Fresh log 
edge of 
inoculation point 
Rep C 

- - - - + 

  
   

  
Pleurotus 
ostreatus 226 1E-54 86 

Tree Foliage  
rep A  - - - - n/a   

   
       

Tree Foliage  
rep B - n/a - - n/a   

   
       

Tree roots 
rep A 28.647 30.491 - - n/a   

   
  Dactylonectria 

novozelandica 854 0 95 

Tree roots  
Rep B 30.345 34.392 - - n/a Mortierella 

elongata 

   
       

Tree stem  
rep A - - - - n/a   

   
  Leptosphaeria sp. 878 0 97 

Tree stem  
Rep B - - - - n/a   

   
       

1 lowest CT value when more than one repeat reaction amplified; 2 L is the length of the sequence with a blastn match. 
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6 CONCLUSION 
In-situ detection of pathogens using environmental DNA (eDNA) is highly sensitive and increases 
the rate of detection over traditional isolation techniques, particularly for difficult to isolate 
microorganisms such as Phytophthora species. Although detection based on the presence of 
DNA is highly sensitive, the tools are also highly sensitive to contamination. In most cases, such 
as in a laboratory, the presence of contaminating DNA can be controlled through sterilization 
between steps. In some instances, it may not be possible to completely eliminate all sources of 
contamination. It was hypothesized in this study that when processing wood commodities by 
debarking and sawing, DNA was spread between wood samples. In practice, contamination 
would not be controlled during the processing of wood commodities. In a regulatory setting, if 
screening for quarantine pathogens using eDNA, it would be prudent to always use a follow up 
method after detection to confirm presence.   

Point of care detection using portable technologies was comparable to the results obtained 
from the full-scale laboratory set-up. This tool would be useful for screening in field set-ups, for 
instance during inspections or for on-site testing of commodities.  

RNA detection on wood commodities requires more investigation. Increasing the yield of RNA at 
the extraction step would be necessary to use this tool effectively. 
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