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SUMMARY/ABSTRACT:  

The wine and cherry industries of Oregon and Washington are important contributors to 
the Pacific Northwest (PNW) economy. Production of both these fruits can be hindered by plant-
parasitic nematodes (PPN). In wine grapes, the primary PPN is Meloidogyne hapla which in some 
cases can cause up to 20% yield loss. In cherries, Pratylenchus penetrans is the most important 
PPN and has been implicated in replant disease of cherry globally.  Chemical controls are the 
most relied upon tool for management of PPN, however, many traditional chemical controls are 
being phased out due to their negative impacts on the environment and human health. As heavily 
used nematicides are being phased out, there have been few new chemical controls available to 
replace them and uncertainty about how long these new controls will remain effective. In other 
systems, the impacts of environmental toxins are monitored by looking at gene expression in 
affected organisms after toxin exposure. qRT-PCR has been used to monitor gene expression in 
honey bees and harlequin fly larvae after exposure to insecticides and triclosan respectively. The 
goal of this study was to gain a better understanding of the gene responses that occur when PPN 
are exposed to nematicides and utilize this information to maximize nematicide efficacy. This was 
done by creating a gene expression (qRT-PCR) based nematicide monitoring assay for M. hapla. 
The assay has been evaluated in a lab setting and will continue to be tested on nematodes 
exposed in soil. Field samples from two field sites were collected and RNA extracted, however, 
they did not produce usable input for the qPCR assay, as there were too few nematodes in the 
sample collected. Although the assay was not able to be validated in the field, a standard curve 
correlating expression with nematode movement was established to provide physiological 
context to the assay results. This assay is suitable to help with nematicide discovery in a lab 
setting and will continue to be developed so that it can be tested in the field when new 
nematicide trials are available.  

OBJECTIVES: 



 1. Develop a gene expression (qRT-PCR) monitoring assay for nematicide efficacy in both P. 
penetrans and M. hapla; and, 

2. Deploy the qRT-PCR monitoring assay in two field trials where nematicides are being 
evaluated in long-term trials. 

PROCEDURES:  
 
Objective 1:  To develop the monitoring qRT-PCR assay, previously generated data from an 
RNAseq experiment was used to find common stress expressed genes across varying 
nematicide treatments. This data resulted in 10 possible candidate genes for the monitoring 
assay. Of these 10 candidate genes primers were designed for 7 genes to be tested first in M. 
hapla exposed in the lab to the nematicide fluazaindolizine for 24-hrs at a low and high doses 
and a water control. From the 7 tested genes, a gene encoding a cytochrome p450 was chosen 
as the final monitoring gene. In order to ensure that gene expression values detected in the 
qPCR assay correlated to nematode response to nematicide exposure a time course experiment 
was conducted. Meloiodgyne hapla J2 were exposed to two doses of the nematicide 
fluazaindolizine (50 ppm – a concentration found in soil, and 230 ppm a standard dose used in a 
previous RNAseq experiment) and a water control and nematode movement was observed 1, 3, 
7, and 14 days after exposure to determine the number of viable J2 in each treatment. RNA was 
then extracted from these nematodes and used in the qPCR assay.  
 
In addition to the lab-based experiments to validate the qRT-PCR monitoring assay, a small 
time-course in soil experiment was also conducted using M. hapla. Meloidogyne hapla were 
inoculated into sterilized soil and drenched with a low or moderate dose of the nematicide 
fluazaindolizine or a water control and incubated for 1,3, 7, and and 14 days. Nematodes were 
then extracted from the soil using the decant/sieve method at each time point and RNA 
isolated. This experiment was used to make sure the qRT-PCR monitoring assay would be 
effective in samples collected from soil.  
 
Objective 2: To deploy the qRT-PCR monitoring assay, field samples were collected from a 
vineyard infested with M. hapla and a cherry orchard infested with P. penetrans. The vineyard 
site has 4 replicates of each of the 2 nematicide treatment levels, full and half rates of 
fluazaindolizine, and the untreated control.   At the orchard site, there are 3 nematicide 
treatments, full and half rates of fluazaindolizine and a full rate of fluopyram, along with the 
untreated control. At each site, soil samples were collected 1, 15, and 30 days after nematicide 
application. At the cherry orchard site, an additional application of fluopyram was made 30 
days after the first application of fluopyram so additional samples were collected from treated 
and untreated trees, 7 and 30 days after the second application. A 100 g subsample of each soil 
sample was saved to determine nematode density. The nematodes from each sample were 
isolated using the decant/sieve method, enumerated, and frozen at -80°C. RNA was then 
isolated from each sample and used in the qRT-PCR monitoring assay.  
 
SIGNIFICANT ACCOMPLISHMENTS:  



1. A monitoring gene was chosen and qRT-PCR primers were validated in M. hapla. 
The monitoring assay was validated (Fig. 1). Expression of the qPCR monitoring gene 
MhA1_Contig149.frz3.fgene2 decreased after 1 day by 97.8 and 99.9% in the 50 and 230 ppm 
treatments, respectively, compared to the untreated control. Additionally, it was demonstrated 
that the decrease in expression of this gene corresponded to the reduced mobility of M. hapla 
J2 at this time point. Movement decreased by 24.7 and 46.3% for the 50 ppm and 230 ppm 
treatments, respectively. Samples from the additional time points 3,7,and 14 days still need to 
be analyzed with the qPCR assay.  
 

 
2. Smaller scale lab and greenhouse experiments were conducted to validate qRT-PCR 

primers after of exposure of M. hapla to nematicides. 
In addition to the time course experiment conducted in the lab, a time course experiment was 
also performed with nematodes inoculated into nematicide drenched soil as described in 
objective 1. This experiment is being repeated twice more as previous attempts were not 
successful when moved to the qPCR stage of the assay. This is most likely due to inhibitors 
found in soil that the qPCR reagents could not overcome. Additionally, in the methodology that 
was used in the first trial of the soil greenhouse experiment, the ratio of soil to inoculated 
nematodes could have been too low that too few nematodes were extracted by the 
decant/sieving methodology. In the repeats of this experiment small volumes of soil and a 
larger number of nematodes are being used to ensure at least 200 nematodes are extracted so 
qPCR can be performed. In addition to using a higher number of nematodes, inhibitor-
resistance qPCR reagents will also be used to ensure the success of the soil experiments.  

Figure 1.  Lab Standard Curve Experiment. Meloidogyne hapla second-stage juveniles (J2) were treated at 
230 ppm and 50 ppm of the nematicide fluazaindolizine, along with a nontreated control for 14 days. After 
1, 3, 7, and 14 days nematode movement was observed and average viable (moving J2) were enumerated 
(Panel A). After movement of nematodes was observed, RNA was extracted, cDNA synthesized, and qPCR 
performed to determine gene expression in each treatment. Panel B shows the fold-change in expression of 
the target (M. hapla gene MhA1_Contig149.frz3.fgene2) compared to consitutively expressed Actin after 1 
day of exposure. 



 
3. One year’s worth of field samples from two nematicide trials were collected, RNA 

isolated, and the samples are ready to use in the qRT-PCR monitoring assay. 
Although soil samples have been collected and RNA extracted these samples were not 
successful in the qPCR assay. As shown in Fig. 2, population densities found at all sites were well 

below the 200 nematodes necessary to conduct qPCR effectively to detect gene expression. At 
some post nematicide application time points there were no nematodes recovered from 
collected samples.   
 
BENEFITS & IMPACT:  
The impact and benefits of this study are unfortunately difficult to access, particularly when 
trying to understand how this assay could be used to influence management decisions. Due to 
COVID-19, the experiments in the cherry field site and in the vineyard site were not continued 
in the following year. Additionally, the samples that were collected from both field sites had 
low nematode densities that were not sufficient for gene expression detection.  Beyond low 
nematode densities in the field, there was also difficultly getting the assay to work with 
nematode RNA extracted from soil, due to the presence of PCR inhibitors during the extraction. 
Both of these difficulties made it unfesible to truly access this assay. The goal of this assay is to 
provide a tool for growers that could allow them to decide if a nematicide application impacted 
nemaotdes or if other management strategies are necessary to control plant-parasitic 
nematodes. While this goal is not obtainable at the current time, the secondary goal to provide 
a tool monitor nematode response to nematicidal compounds is still viable. This qPCR assay can 
be used to quickly screen new compounds in a lab setting and determine whether nematodes 

Figure 2. The nematicide fluazaindolizine was applied at two field sites at two different rates. Fluopyram was 
applied at only the cherry field site at the labeled rate. After 1, 15, and 30 days post application, nematodes 
were extracted from 100 g of soil and RNA extracted. A separate 100g sample from was used to enumerated 
the number of nematodes per a sample. Panel A shows  the average number of nematodes per 100 g of at 
each time point after nematicide application at the cherry orchard (n = 4). Panel B A shows  the average 
number of nematodes per 100 g of soil at each time point after nematicide application at the vineyard field 
site (n = 4). 



exposed to novel nematicides are experiencing effects based on gene expression. Different 
qPCR methodology and materials are being explored to continue the development of this assay 
beyond the scope of this funding so that when future field tests of nematicies arise the assay 
will be ready to test.  
 
 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 
 
Additional funding was sought from Western SARE, but was not successful.  
 
FUTURE FUNDING POSSIBILITIES:  
 
None 

 


