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 Introduction 

Plant-parasitic nematodes form a serious threat for agricultural crops worldwide, leading to 

significant yield losses. Nematodes are traditionally controlled by the use of nematicides, but these 

products are often hazardous for both the environment and human health. The phase-out of certain 

nematicides has strongly stimulated the search for alternatives, including biological control 

organisms like arbuscular mycorrhizal fungi (AMF). AMF are obligate root symbionts colonizing more 

than 80% of all land plants and providing them with protection against several abiotic and biotic 

stress factors. It is well known that AMF-colonized plants are better protected against plant-

parasitic nematodes but more insight into the modes of action of this bioprotection is necessary to 

improve their use and to apply AMF in the field. 

 

 Purpose of the training 

We previously investigated the interaction tomato-AMF-nematode at the biological level, both in 

vivo and in vitro, to monitor and define the bioprotection-key points of this continuously changing 

interaction. A proteome analysis of the plant roots at the early nematode infection phase was 

performed during an earlier STSM funded by the ‘Plant proteomics in Europe’ COST action FA0603. 

This enabled us to identify plant defense-related proteins modulated during the interaction. A 

targeted transcriptome analysis was undertaken during the present STSM, to confirm and elaborate 

on the biological and proteomic data. The techniques acquired and the findings resulting from this 

STSM will provide a strong base for further investigations on the modes of action of mycorrhiza-

induced plant resistance against root-knot nematodes.  

The purpose of the STSM was twofold: (i) to study the expression of defense-related genes in 

tomato roots that are colonized by beneficial arbuscular mycorrhizal fungi (AMF) and infected with 

root-knot nematodes (RKN), and (ii) to establish a suppressive subtractive hybridization (SSH) 

library in order to further identify plant genes that may be involved in the bioprotection.  
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 Description of preparatory work  

Tomato seeds (Lycopersicon esculentum var. Marmande) were sown at K.U. Leuven in 200ml pots 

with a 2:1 mixture of sand and potting soil and grown under controlled conditions. Four treatments 

were considered: (i) non-inoculated control tomato plants; (ii) mycorrhizal treatment with Glomus 

mosseae (BEG 12) colonized plants; (iii) nematode treatment with Meloidogyne incognita infected 

plants; (iv) bioprotection treatment with G. mosseae colonized and M. incognita infected plants. 

For the mycorrhizal treatments, 50 g of mycorrhizal inoculum was added as a layer at sowing. Six 

weeks after sowing, plants were infected with 1000 freshly hatched 2nd stage root-knot nematode 

juveniles. Plant were harvested at 4 or 12 days after nematode inoculation, and either the whole 

root system or only the root tip fraction, the preferred site of nematode infection, was sampled for 

subsequent analysis. The experimental set-up is outlined in figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Schematic overview of the experimental set-up. The four treatments were harvested at two 

different time points, with sampling of the whole root system or only the root tips for subsequent 

RNA extraction. DAI = days after nematode inoculation; AMF = Arbuscular mycorrhizal fungi; RKN = root-knot nematodes.  

 

Roots were frozen in liquid nitrogen and RNA was extracted using the Qiagen RNeasy Plus Mini kit. 

In addition, root subsamples were stained by ink-vinegar or acid fuchsin to monitor microscopically 

the mycorrhizal colonization or nematode infection respectively.  

 

 Description of work carried out during the visit 

RNA samples were transported to INRA Dijon by dry shipper, their quality was checked and then 

they were reverse transcribed to cDNA. DNase treatment was not performed, since all samples 

proved to be free of genomic DNA contamination.  

Treatment 
Colonized by 

AMF 
Infected by 

RKN 

1. Control - - 

2. Mycorrhizal  + - 

3. Nematode - + 

4. Bioprotection + + 
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In the first phase, candidate housekeeping genes were selected based on literature (see table 1) 

and the designed primers were tested by qPCR. Several other tomato housekeeping genes were 

excluded beforehand, since they were found to be differentially regulated at the proteomic level. 

After analysis of the qPCR results, it was concluded that β-tubulin performed the best, and thus it 

was retained as the housekeeping gene for our qPCR experiments.  

 

Housekeeping genes tested Analysed tissue Reference 

Ubiquitin Tomato roots + AMF Fiorilli et al. 2009 

TC 163896 Tomato roots + RKN Schaff et al. 2007 

Β-tubulin Tomato leaves Lovdal & Lillo 2009 

Ribosomal protein L2 Tomato leaves Lovdal & Lillo 2009 

 

Table 1: Overview of housekeeping genes reported for analysis of tomato tissue, which were tested 

in our experimental conditions. AMF = arbuscular mycorrhizal fungi; RKN = root-knot nematodes.  

 

In the next step, tomato genes were selected based on the previously performed proteomic 

analysis, which was conducted with the same treatments. In total, seven genes were selected, 

which were previously found to be up or downregulated at the proteome level in one of the 

treatments and which could play a role in plant defense. Analysis of these results is still ongoing.  

In the second part of the training, a suppressive subtractive hybridization (SSH) experiment was 

conducted, using the Clontech PCR-select cDNA subtraction kit. Briefly, in this experiment the 

mRNA population of the bioprotection treatment was compared with the nematode-infected and 

the mycorrhiza treatments in two subsequent subtractions to significantly enrich the differentially 

expressed sequences linked to bioprotection. The subtracted cDNA library is still under 

construction, due to some practical problems. The training period has therefore been extended two 

more weeks to finish the library and obtain the sequencing results.  

 

 Future collaboration and projected publications/articles from the STSM 

In the near future the collaboration on the current project will continue with analysis of the 

obtained results, both for the qPCR experiments as well as for the SSH experiment. The knowledge 

techniques acquired during the training will allow continuation of the transcriptomic research in 

AMF-induced bioprotection against plant-parasitic nematodes in the beneficiary’s lab. Depending on 

the results, the qPCR results might be included in a projected article on the proteome analysis, and 

the SSH experiment can result in another article. 

 

Last but not least, I would like to thank the COST committee for this highly informative and 

inspiring opportunity.  


