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Background & objectives 
RNA interference has been used to investigate the function of pathogenicity genes in a 
number of plant parasitic nematodes (e.g. Chen et al., 2005; Bakhetia et al., 2008).  In 
addition to allowing the functional role of individual genes to be investigated, RNAi 
allows the potential utility of nematode genes as targets for novel control strategies to be 
investigated.  For example, genes that give rise to a lethal phenotype when knocked out 
by RNAi are likely to be better targets than those whose removal generates a less 
dramatic effect.  
Ongoing Expressed Sequence Tag and genome sequencing programmes have led to the 
identification of large numbers of candidate effectors, many of which have no 
homologues in other organisms.  RNAi may be particularly useful for studying the 
function of these pioneer genes. 
The aims of this STSM were: 

1. To provide training in RNAi to Dr Lee Robertson so that the technique can be 
used at his home institution. 

2. To use RNAi to investigate the function of pioneer genes identified from G. 
pallida. 

 
Experimental procedures 
Genes 
Two G. pallida genes were investigated during this STSM.  Both encode secreted 
proteins that have no matches in databases.  The mRNA encoding one of the genes (Gp-
svg-7) is expressed in the subventral gland cell while the mRNA encoding the other (Gp-
dgl-9) is expressed in the dorsal gland cell. 
 
Expression analysis 
A G. pallida microarray containing probes from each of the ESTs generated from this 
nematode to date has been produced by SCRI and has been screened with cDNA from 
eggs, J2 and 7dpi parasitic nematodes.  Normalised expression levels of the two genes 
were compared at each of these life stages. 
 
RNAi 
PCR products for each of the genes were prepared incorporating T7 promoter sequences 
at the 5’ end of the sense or antisense strand.  dsRNA was then prepared from purified 
template using a megascript RNAi kit (Ambion).  dsRNA was prepared from the gene 
encoding GFP for use as a control.  Nematodes were soaked in 1 mg/ml ds RNA 
overnight at room temperature in 0.25X M9 buffer supplemented with 50mM 
octopamine, 0.05% gelatin and 3mM spermidine (Chen et al., 2005).  After a series of 



 
Figure 1:  dsRNA from GFP, Gp-svg-7 
and Gp-dgl-9 before (left panel) and after 
(right panel) being used for soaking. 

rinses in SDW, 150 nematodes were inoculated on to the roots of each of 10 potato plants 
grown in root trainers for each dsRNA treatment and the remaining nematodes were 
frozen in liquid nitrogen.  The solution of dsRNA in which the nematodes had been 
soaked was examined after soaking in order to ensure the integrity of the dsRNA. 
 
Testing for gene silencing 
mRNA was extracted from the frozen nematode samples using a Dynabeads mRNA 
Direct kit and this was converted to 1st strand cDNA using a Superscript III kit 
(Invitrogen).  Semi quantitative PCR was then performed using primer sets for the 
targeted genes and for a control gene (actin) in the samples treated with GFP dsRNA 
(controls) or the dsRNA against the target genes.  Aliquots of the PCR reactions were 
removed after 22, 26, 28, 30 and 35 cycles of PCR and examined on agarose gels.  cDNA 
levels in the PCR reaction were adjusted so that actin bands appeared at the same 
intensity and at the same cycle number in all samples.  This allowed comparison of the 
expression levels of the test gene in the GFP and target gene treated samples. 
 
Phenotyping 
Plants were harvested and the roots stained in acid fuschin two weeks after inoculation 
with nematodes.  The numbers of nematodes on each plant were counted and the 
developmental stage of the nematodes noted. 
 
Results 
Expression analysis 
Probes from both genes were present on the G. pallida microarray.  In addition, other 
ESTs similar to the genes were identified and probes from these genes were also present 
on the microarray.  Gp-svg-7 and all similar genes were strongly up regulated in J2s 
compared to eggs (100 – 1000 fold upregulated) but all were strongly downregulated in 
7dpi parasitic nematodes compared to J2 (10 fold downregulated compared to J2).  A 
similar pattern was found with Gp-dgl-9 and its orthologues, with strong (500-1000 fold) 
up regulation in J2 compared to eggs and a strong (10 to 50 fold) down regulation in 7dpi 
parasitic  nematodes.  These data suggest a role in the early stages of the host parasite 
interaction for both genes.  The similar expression profiles for both genes is intriguing, 
given that they are expressed in different gland cells. 
 
RNAi 
Ds RNA was produced successfully from both 
genes and remained intact after being used for 
soaking (Figure 1).   
 
After exposure to dsRNA expression of the test 
genes was reduced in nematodes soaked in the 
test dsRNA as compared to nematodes soaked 
in dsRNA derived from GFP (Figures 2& 3).  
Expression of Gp-dgl-9 was not affected in 
nematodes exposed to dsRNA from Gp-svg-7 and vice versa (not shown).  These 
experiments indicated that expression of the appropriate genes was reduced in response to 



 
Figure 2:  Amplification of actin (left 
panel) and Gp-svg-7 (right panel) from 
GFP ds RNA treated (left lanes) or svg-7 
dsRNA treated (right lanes) samples.  
Actin expression is equal in both samples, 
Gp-svg-7 is reduced in the svg-7 dsRNA 
treated nematodes as compared to the GFP 
treated nematodes. 

 
Figure 3:  Amplification of actin (left 
panel) and Gp-dgl-9 (right panel) from 
GFP ds RNA treated (left lanes) or dgl-9 
dsRNA treated (right lanes) samples.  
Actin expression is equal in both samples, 
Gp-dgl-9 is reduced in the dgl-9 dsRNA 
treated nematodes as compared to the GFP 
treated nematodes. 

the test dsRNA and that these effects were specific.  In all cases expression was reduced 
rather than being completely ablated. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Phenotyping 
At the time of writing this report the phenotyping studies have not been completed.  
Plants will be harvested in the next few days, roots will be stained and nematodes 
counted by SCRI staff as Dr Robertson’s STSM is over.  In addition, the numbers of 
nematodes developing into females and males will be counted.  These experiments will 
provide information on the establishment of nematodes and any effects on sex ratio after 
treatment with the dsRNAs. 
 
Other studies (subcellular localisation of the nematode proteins in plants) are currently 
underway at SCRI.  The work described here may be combined with data from these 
experiments to form part of a joint publication. 
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