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1. PURPOSE OF THE VISIT 
 
Sedentary endoparasitic root-knot nematodes (Meloidogyne spp.) are an important 
pest of crop plant with drastic effects on crop yield and food production. Secretions of 
the nematode reprogram specific 3-7 cells from the xylem parenchyma transformed in 
specialized feeding cells called giant cells (GCs). The drastic changes in the plant 
gene expression induced in GCs and surrounding cells that constitute the visible gall, 
mostly based in the up-regulation and down-regulation of many promoters and genes 
(Reviewed in Gheysen and Fenoll, 2002). 
 
The main objective of the short term visit has been to identify the expression patterns 
of several genes by in situ mRNA localization in CGs and galls of tomato infected by 
Meloidogyne javanica. We focused on in situ reverse transcription-PCR to 
demonstrate the induction of specific genes with detailed spatial information inside the 
different gall tissues and confirmed the results obtained from a microarray 
hybridization of tomato galls and GCs already performed.  
 
In situ reverse transcription PCR has been applied in tomato by Dr. Hinnanit Koltai, 
(Gal, et al., 2006). She is highly experienced in tomato. In my short-term scientific 
mission in her laboratory I received intensive training on histology, molecular 
techniques and visualization of results. 
 



DESCRIPTION OF THE WORK CARRIED OUT DURING THE VISIT 
 
2. MATERIAL AND METHODS USED: 
 

2.1 Plant material and nematode infection 
 
Meloidogyne javanica populations were maintained under sterile conditions on 

cucumber roots grown in vitro. Lycopersicon esculentum Mill, cv. Moneymaker seeds 
were surface sterilized by soaking for 30 minutes in 20% commercial bleach with 0.1% 
v/v Triton® X-100, followed by eight washes with Milli-Q water. 40 seeds were 
germinated in vitro in Petri dishes (125 mm) on Gamborg B5 medium, supplemented 
with 20 g/L sucrose and 1.5% Daishin agar, pH 6.2.  Plates were kept in darkness at 
4°C for 48 hours and then placed vertically to allo w the root to grow along the surface, 
in darkness at 28°C and 65% humidity for three days . 8-10 seedlings were transferred 
to new Gamborg plates and root tips inoculated with M. javanica in J2 state in vitro. 
The growth of the root tips from non-inoculated and inoculated seedlings were 
monitored every 24 hours by labeling at the bottom of the plates. Plates were 
incubated at 28°C vertically in darkness during the  infection time course.  
 

2.2 Fixation and agarose embedding samples 
 
Single galls 3 and 7 days post-infection (dpi) as well as control uninfected root 
fragments equivalent in growth to galls, were individually hand-dissected. They were 
fixed immediately with: 63% ethanol, 5% AA, 2% formalin and 30% H2O solution 
inside 2ml eppendorf vials. The samples were incubated overnight (or more) at 4°C. 
Fixed solution was removed and tissue washed two times for 10 min each in washing 
buffer: 63% ethanol, 5% AA, 32% H2O. The solution was replaced and the fixed tissue 
covered with PBS buffer: 8 gr NaCl, 0,2gr KCl, 1,49gr Na2HPO4, 0,2gr KH2PO4. The 
samples were embedded by lowering them into molten 6% agarose in PBS and 
cooling them in small petri dishes. 
 
 

2.3 Sectioning Samples in Vibratome and Reverse Tra nscription 
 
Galls and control samples in small molds of agarose were used to obtain 70µm of 
longitudinal sections through a gall in a vibratome 1000 plus Sectioning System. 
Agarose was removed of sections and transferred individually to 0.2ml PCR tube 
rinsed with PBS buffer. PBS was removed by aspiration and replaced with 20µl of RT 
Mix (gene specific reverse primer, dNTP mix, MMLV-RT 5x buffer, M-MLV reverse 
transcriptase and RNase inhibitor) and incubated at 37°C for 1 hour. The reaction was 
then stopped by heating tubes at 70°C for 10 min. S amples were washed twice by 
aspiration with PBS buffer. A total of six genes from cDNA sequence of tomato were 
evaluated by in situ RT-PCR (Table 1). 
 
 

2.4 PCR –SYBR 
 
PBS buffer was removed by aspiration and replaced with 20µl of mix (AB solute Blue 
QPCR SYBR ROX mix and water). 10µM forward and reverse gene-specific primers 
were added to each sample. The thermal cycle was set for 3 min at 95°C and 40 



cycles of 93°C for 30s, 58°C for 30 s and 72°C for 1 min. Control reactions were 
performed replacing primers by water with the same procedure. Following PCR-SYBR 
reaction was removed and the tissue rinsed in PBS. 
 
The tissues were gently removed with a paint brush and stretched on glass superfrost 
plus slides in a drop of PBS, covered with a coverslip, sealed with nail polish and 
immediately observed using a confocal microscope (Olympus IX81, Tokyo, Japan) to 
detect the fluorescence signal (excitation and emission wavelengths: 578 and 603 nm, 
respectively). 
 
 
 

ID (TOM1)            Unigene               Name 
 
1-1-4.2.2.1  SGN-U144262  40S ribosomal protein 
1-1-7.4.20.18 SGN-U147181  HD-Zip transcription factor Athb-14   

[Arabidopsis thaliana] 
1-1-6.2.19.19 SGN-U150897  Receptor protein kinase-related protein  

[Arabidopsis thaliana] 
1-1-8.2.4.20  SGN-U145272  wound-induced protein Sn-1, vacuolar              
                                                                           membrane - pepper 
1-1-2.2.2.15  SGN-U148180  Putative serine /threonine kinase  
                                                                      similar to NAK [Oryza sativa (japonica  

cultivar-group)] 
1-1-8.3.20.3  SGN-U144123  Expansin precursor [Lycopersicon  

esculentum] 
 
Table 1. Genes description used in the in situ RT-PCR  
 
 
 
3. DESCRIPTION OF THE MAIN RESULTS OBTAINED 
 
 
Our previous data from microarray and qPCR experiments suggested that different 
tomato genes are induced exclusively in GCs, surrounding gall cells or both. The 
results obtained in this STSM with in situ localization have demonstrated the induction 
of specific genes with specific localization in GCs or surrounding cells on 3 and 7 dpi 
tomato gall tissue induced by Meloidogyne javanica.  
 
Experiment and controls from in situ RT-PCR detection of several genes in 
longitudinal galls sections are shown below as the merge of differential interference 
contrast and fluorescent microscopy images. The detection of transcripts is revealed 
as a green fluorescence dotted in the cell cytoplasm, and it indicates the positive 
signal expression and localization of mRNA for each gene (arrows). No fluorescence 
signal in the cytoplasm indicates that the transcripts of this gene are not detected and 
therefore its abundance is low. A  DNA from the nuclei are also stained with SYBR, as 
it binds to the double stranded DNA. 
 
 



In situ RT-PCR analysis of 40s Ribosomal Protein mRNA  
 
 
 
                     3dpi galls CONTROL                                      3dpi galls EXPERIMENT 
 

 
 
 
 
                       7dpi galls CONTROL                                       7dpi galls EXPERIMENT 
 

 
 
Figure 1. 40s ribosomal protein transcripts were visible with a good signal mainly in GCs of 
7dpi and a minor signal is detected in some adjacent cells (white and orange arrows in 7dpi 
galls experiments respectively). Signal was neither visible in 3dpi GCs nor in the surrounding 
tissue. No signal was detected in the negative control (3 and 7 dpi galls control).  
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In situ RT-PCR analysis of Receptor Protein Kinase-related protein mRNA 
 
 
 
              3dpi galls CONTROL                                        3dpi galls EXPERIMENT  
 

  
 
 
 
               7dpi galls CONTROL                                         7dpi galls EXPERIMENT 
 

  
 
 
Figure 2. Receptor Protein Kinase mRNA was accumulated in the GCs of 7dpi and a visible 
signal was detected in surrounding cells to GCs, (white and orange arrows in 7dpi galls 
experiments respectively). No signal was detected in 3dpi GCs and surrounding cells. In 
negative control the transcripts were not detected (3 and 7 dpi galls control). 
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In situ RT-PCR analysis of HD-Zip Transcription Factor Athb-14   mRNA 
 
 
 
                     3dpi galls CONTROL                                      3dpi galls EXPERIMENT 
 

  
 
 
 
                     7dpi galls CONTROL                                      7dpi galls EXPERIMENT 
 

  
 
 
Figure 3. HD-Zip Transcription Factor mRNA was accumulated specifically in the GCs of 3dpi 
with lower signal than in 7dpi (white arrows in 3 and 7dpi galls experiments). A low signal was 
detected in cells adjacent to de GCs of 7dpi but no signal was detected in 3dpi, (orange 
arrows in 7dpi galls experiments). Transcripts of HD-Zip Transcription Factor were not 
detected in controls. 
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In situ RT-PCR analysis of LeEXPA5  and a putative serine /threonine kinase 
mRNA. 
 
 
 
                    LeEXPA5 3dpi galls                                  P. serine / threonine kinase 3dpi galls 
 

 
 
 
 
                      LeEXPA5 7dpi galls                               P. serine /threonine kinase 7dpi galls 
 

 
 
Figure 4. Transcripts of LeExp5 strongly accumulate in 3 and 7dpi GCs (white arrows in 3 and 
7dpi galls for this gene). A very low signal was detected in tissue adjacent to GCs in 7dpi galls 
but not in 3dpi galls (orange arrows in 7dpi galls for this gene). Putative serine / threonine 
kinase transcripts were localized mainly in 3 and 7dpi GCs, but not visible in the surrounding 
tissue (white arrows in 3 and 7dpi galls for this gene). In these genes no signal was detected 
in the control (not shown). 
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In situ RT-PCR analysis of Putative serine /threonine kinase mRNA in uninfected 
root fragments equivalent in growth to the galls.  
 
 
 
                     3 days CONTROL                                          3 days EXPERIMENT 
 

  
 
 
 
                       7days CONTROL                                      7days EXPERIMENT 
 

 
 
 
Figure 5. No signal associated with transcripts of putative serine / threonine kinase was 
visible in non infected vascular tissue. No signal was detected in experiment and control for 
uninfected root fragments equivalent in growth to galls for all genes.  
 



In summary, six genes were evaluated using in situ RT-PCR. Five were specifically 
expressed with clear signal of transcription products in GCs as is showing in table 2 
and figures 1, 2, 3 and 4. Wound induced Sn-1 transcripts were not detected in the 
tissue throughout the experiment, probably caused by some problems with the 
specificity of the primers. In the genes evaluated the level of expression increased 
along the infection time, as the dotted fluorescent signal was more abundant at 7 dpi 
GCs than at 3 dpi GCs.  
 
                                                                              In situ RT-PCR localization 
 Galls 3dpi GC 3dpi Galls 7dpi GC 7dpi 
Specific genes     
40s Ribosomal Protein - - + + 
Receptor Protein Kinase - - + + 
HD-Zip Transcription Factor - + + + 
Wound induced Sn-1 - - - - 
Putative serine /threonine kinase - + - + 
LeExp5 - + + + 
Table 2.  mRNA signal according to the localization in 3 and 7 dpi galls   
 
 
In conclusion, in situ RT-PCR is a good method to provide gene expression data with 
detailed spatial information. Thus, we validated most of the expression data from the 
micro-arrays in GCs and galls through this method, demonstrating the induction of 
some specific genes in galls.  
 
 
 
4. PROJECTED PUBLICATIONS/ARTICLES RESULTING OR TO RESULT FROM  
    THE STSM 
 
The results obtained will be crucial to complete the data for the publication of the main 
chapter-manuscript of my PhD. Both laboratories also had a fruitful collaboration that 
will be maintained along the COST project and a joint publication of the previous data 
obtained in my PhD together with the results obtained during this STSM.  
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