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Aim 
 

The purpose of the STSM was to learn the technique of RNAi on plant parasitic 
nematodes and to set up a protocol to investigate the function of several Meloidogyne 
incognita expansin-like proteins. Previous to the start of the STSM, coding sequences 
for expansin-like proteins were collected from all available nematode genomic and 
EST sequence data. A molecular phylogenetic tree was constructed with the obtained 
sequences, and M. incognita members of the different clusters were selected for 
functional analysis.  
 
Performed Work and Results 
 
a. Determination of the Optimal Soaking Procedure 
  

The optimal soaking procedure was determined by incubation of pre-parasitic J2 
for one hour in an FITC solution (0.5 mg/ml), with different concentrations of 
resorcinol, with or without 25mM serotonin. After washing, FITC uptake by the 
nematodes was investigated by fluorescence microscopy. Nematode viability was 
verified by counting the relative proportion of moving nematodes 2 till 14 hours after 
soaking. A clear FITC staining of the pharynx and metacorpus with 2 and 5% 
resorcinol, while hardly any staining was observed with only 1% resorcinol. The 
highest nematode viability was found for a soaking in 1 or 2% resorcinol with 
addition of serotonin. Prolonging the duration of the soaking in resorcinol had very 
quickly detrimental effects on the viability of the nematodes. We therefore decided to 
perform future soakings for 1 h in 2% resorcinol with serotonin.  
 
 
b. dsRNA Synthesis and Nematode Soaking 
 

For the different expansin-like genes, 200 – 300 bp probes with a T7 RNA 
promoter site attached at both ends were synthesised by PCR. Probes of the 
Globodera rostochiensis ExpansinB1 gene (Gr-EXPB1, Kudla et al., 2005), for which 
no homology in the M. incognita genome was found, or GFP (data not shown) were 
used as negative controls. dsRNA was synthesised with the RiboMaxTM Express 
Large Scale Production System (Promega Corp, Madison, Wisconsin, USA). The 
quality of the dsRNA was verified by agarose gel electrophoresis and 
spectrophotometry. Soaking of pre-parasitic J2 was performed for 1 hour in M9 buffer 
containing 2mg/ml of dsRNA, 2% resorcinol, and 25mM serotonin. 

 



 
 
Fig 1: Mean normalised expression of targeted genes at several time points after RNAi. 
Experiment 1 & 2: Minc14116 (a & c) and Minc14117 (b & d) expression after soaking in a 
mixture of dsRNA from Minc14117 and 14116 or in dsRNA from Gr-EXPB1. Experiment 3: 
Minc09177 expression after soaking in dsRNA of Minc9177 or Gr-EXPB1 (e). Experiment 4: 
Minc09488 expression after soaking in dsRNA of Minc9488 or Gr-EXPB1 (f). 
 



 
Because Minc14116 and Minc17117 are highly homologous, we decided to 

perform a double RNAi by soaking the nematodes in a mixture of dsRNA of both 
genes, and compare the obtained results with the single RNAi treatments. For 
Minc09177 and Minc09488 a single RNAi was done.  
 
 
c. qPCR Analysis 
 

At several time points after soaking, nematodes from the different treatments 
were frozen at -80°C. Thereafter, total RNA of all samples was isolated 
simultaneously with TRIzol® Reagent (Invitrogen, Carlsbad, California, USA). 1.5 μg 
Total RNA of each sample was reverse transcribed with an oligo(dT) and Superscript 
III Reverse Transcriptase Invitrogen, Carlsbad, California, USA). First strand 
reactions were diluted 5 to 10 fold in water and for each qPCR reaction 5 μl was used. 
qPCR reactions were performed with the qPCR MasterMix Plus for SYBR® Green I 
(Eurogentec, Seraing, Belgium). For each sample, gene expression was measured in 
triplicate. EF-1α and β-tubulin were used as reference genes. Mean Normalized 
Expression was calculated according to Muller et al. (2002).  

 
Two independent soakings in dsRNA were performed with mixed dsRNA 

probes of Minc14116 and Minc14117, and Gr-EXPB1 (Fig 1 a – d), and one soaking 
with dsRNA probes of Minc09117, Minc09488, and Gr-EXPB1 (Fig 1e, f). Gene 
expression was measured at several time points starting 2 hours till 2.5 days after 
dsRNA soaking. For each gene, a large variation in expression between the different 
time points was observed. While in the first experiment, at most time points some 
reduction of the Minc14117 gene expression in the Minc14117 + Minc14116 RNAi 
experiment compared to the Gr-EXPB1 RNAi was observed, opposite results were 
found in the second experiment. Also, a higher expression of the Minc09177 and 
Minc09488 gene in the Minc09177 and Minc09488 RNAi respectively compared to 
Gr-EXPB1 RNAi was found.  

 
 

d. Nematode Infection and Development on Tomato Plants 
 

Half of the nematodes of the second RNAi with Minc14117 + 14116 were used 
for an infection experiment. Two hours after soaking, nematodes were inoculated on 1 
month old tomato plants (500 nematodes/ plant). Three days after nematode 
inoculation, the roots from a part of the infected tomato plants (7 plants) were 
harvested, stained with acid fuchsin and the number of penetrated nematodes were 
counted. A 5 to 7 times more nematodes after Minc14117 +14116 or Minc14117 
RNAi treatment than in Gr-EXPB1 RNAi was found (Fig 2a).    

 
The other part of the infected plants (13 plants) were removed from soil 8 days 

after nematode inoculation, roots were washed clean, the number of developing galls 
were counted and plants were replanted in fresh soil. About twice as much galls were 
found for the Minc14117 + 14116 and Minc14117 RNAi treated nematodes compared 
to the Gr-EXPB1 RNAi treated nematodes.   

 
 



 

 
Fig. 2: Number of nematodes (a) or galls (b) per plant respectively 3 and 8 days after RNAi 
for Minc14116 +14117, Minc14117 or Gr-EXPB1. Treatments that showed a significant 
difference (p<0.05) with Gr-EXPB1 RNAi are marked with ***.  
 
 
e. Conclusion 
 

Although a clear uptake of FITC was observed with our soaking protocol, we 
could not demonstrate a reduced expression of the targeted genes after RNAi.  On the 
contrary, in 3 out of the 4 RNAi experiments an even higher expression of the 
targeted gene after the RNAi than in the negative control was observed. Whether this 
is due to inaccuracies in the qPCR protocol (e.g. RNA quality) is still under further 
investigation. Experiments were done in Sophia Antipolis shortly after the STSM in 
order to analyse the variability of Q-PCR results in absence of soaking. It appeared 
that three independent biological replicates are necessary when studying gene 
expression in the nematode. The large fluctuations in the expression of the analysed 
expansin-like genes and the variability observed between biological replicates suggest 
that a time-coarse qPCR experiment is preferable over measurement at a single time 
point, and that at least three biological replicates should be analysed.     

 
A significantly larger number of nematodes and developing galls were found in 

inside the roots after RNAi treatment for Minc14117 and Minc14116 compared to the 
negative control. Additional repeats of this experiment are necessary to verify the 
reproducibility. Although Minc14117 and 14116 show significant homology to a 
previously functionally characterized nematode expansin (Qin et al., 2004), it is still 
possible that both proteins fulfil another role than plant cell wall degradation. 
However, because we are not sure yet about the accuracy of the qPCR measurements, 
it is to early to interpret these results. For counting the nematodes inside the roots, we 
prefer the method of removing the plants from soil, counting galls and replanting back 
to soil because it allows to follow-up nematode development through time, to better 
synchronise the infection and to avoid penetration of nematodes after the RNAi 
silencing as stopped.  Also, counting galls instead of migrating nematodes partially 
corrects for the large number of nematodes that follow each other on the migratory 



path through the root tissue. The latter is quite important in case of analysing the 
function of cell wall degrading enzymes.    
 
Future collaborations 
 
Collaboration for functional analysis of these expansin-like nematode proteins by 
RNAi will continue. Additional experiments are currently being performed to 
investigate our unexpected results of observing a higher expression of the targeted 
genes after RNAi compared to the negative controls. Thereafter, more infection 
experiments after RNAi will done.  
 
Expected publications 
Our results on the diversity, expression and functional analysis of the expansin-like 
proteins in plant-parasitic nematodes will be published as soon as the RNAi 
experiments are finished.  
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