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Summary of programme 
 

Day 1 
13.00-14.00 Registration and lunch 
14.00-15.45 Participants presentations I: 

Pasquer (Switzerland) 10 min 
Fernandez/Freire (France) 15 min 
De Giorgi (Italy) 10 min 
Blok (UK) 15 min 
Kolenda (Poland) 10 min 
Filipecki (Poland) 10 min 
Mota/Vieira (Portugal) 10 min 
Elashry (Austria) 10 min 

15.45-16.00 Coffee/tea break 
16.00-17.45 Participants presentations II: 

Favery (France) 15 min 
Lilley (UK) 15 min 
Koltai (Israel) 15 min 
Jacob (Belgium) 15 min 
Thurau/Ye (Germany) 15 min 
Fenoll/Escobar (Spain) 15 min 
Szakasits (Austria) 15 min 

17.45-18.00 Coffee/tea break 
18.00-19.00 Discussion and assignment of participants to 

working groups 
  
20.00 Dinner 
  

Day 2 
08.30-10.30 Parallel sessions: 

Working group I: Use of microarrays to study plant 
responses 
Working group II: Use of microarrays to study plant 
pathogenic nematodes 

10.30-11.00 Coffee/tea break 
11.00-13.00 Presentations of working groups, general 

discussion, and conclusions 
13.00-14.00 Lunch 

 



 
 
 
 

Abstracts and position papers 
 

Each group was asked to produce a position paper summarising their current 
and planned use of microarrays and (if possible) to provide ideas about where 
collaborative effort should be targeted.  The various groups interpreted the 
remit in differing ways and the articles provided in advance of the meeting are 
provided here. 

 



C.J. Lilley, University of Leeds, UK. 
 
We have used Affymetrix ATH1 arrays, representative of the complete Arabidopsis genome, 
to compare transcript abundance in small sections of root harbouring the syncytium of a 
female cyst nematode (Heterodera schachtii) at 21 days post inoculation with similar 
uninfected material. Nematodes were removed from the samples and the syncytium 
comprised the substantial proportion of the root mass of infected tissue. We found 1167 
genes changed in expression by >2-fold with 460 showing increased and 707 showing 
decreased expression in response to nematode infection.  
We have also characterized changes in giant cell-enriched tissues (galls) in Arabidopsis roots 
formed at 21 days postinoculation (dpi) using whole-genome 50mer oligonucleotide 
microarrays. 959 genes were significantly differentially expressed, with 258 showing 
increased and 701 showing decreased expression in response to nematode infection.  
A representative subset of genes showing differential expression for each plant: nematode 
interaction was confirmed as nematode responsive by qRT-PCR, corroborating the overall 
microarray results. The responses of a number of genes selected from a range of biological 
process groups and displaying differential expression in infected tissue were characterized 
further using GUS reporter plants infected with M. incognita and H. schachtii. Example genes 
for which expression patterns were investigated include biotin synthase, profilin, actin 
depolymerising factor ADF3, ammonium transporter AtAMT1;2 and the lateral organ 
boundary domain gene LBD41. 
Comparison of gene expression patterns in the two types of nematode feeding site structures 
provides further information about the similarities and differences in processes occurring 
during their maintenance stages. 
Cluster analysis of the expression profiles of genes expressed in syncytia identified a subset 
that were characterised by a lack of expression in most organs of uninfected plants. These 
genes, encoding myo-inositol oxygenases, are of particular interest. We have determined that 
a potato homologue is similarly upregulated upon infection with Globodera pallida. 
Those genes specifically induced or up-regulated in the feeding cell may be good targets for 
RNAi knock-out leading to impaired syncytial or giant cell function and reduced nematode 
success. 
 
All our microarray data is already available in public access databases. We would support the 
idea of community wide comparison of datasets. The variation in results between data sets 
supposedly measuring the same biological interaction indicates that differences in plant growth 
conditions and ecotype as well as platform type influence the outcome of such studies. 
Identification of genes important in the interaction can be enhanced by interpretation of multiple 
microarray experiments.  
Consolidation of the various microarray experiments that have been carried out to date will 
highlight any particular experiments that would still be worthwhile in terms of timepoints for 
each interaction, method of sample collection, etc. 
We see there may be more value in extending the work to other plant:nematode interactions 
as a wider range of microarrays becomes available. The potato/Globodera interaction would 
be an obvious priority. Investigation of other nematode species would provide more 
information about the similarities and differences in the induction and maintenance of the 
host:parasite interaction. 



H.Bohlmann, Szakasits & F. Grundler (BOKU, Austria) 
 
- system: Heterodera schachtii / Arabidopsis on Knop medium 
 
- which arrays: Affymetrix Arabidopsis ATH1 GeneChips  
 
- time points and sampling techniques: We have used microaspiration to collect syncytium 
material from 3, 5, 15, 21 dpi syncytia 
Controls were root segments at 0 dpi without root tips and secondary roots/root primordia 
In addition syncytia were cut from the roots with the surrounding tissues at 5 and 15 dpi 
 
- bioinformatic and statistical data analysis (cooperations?): 
Analysis was done in house using Genespring software and by Dr. D. Kreil (WWTF Chair of 
Bioinformatics, Department of Biotechnology, BOKU). Affymetrix CEL files were read into the 
R statistical analysis environment using the affy package of the Bioconductor suite 
(www.bioconductor.org). Chips were processed with current TAIR v8 probe-set annotation. 
  
- future plans: Analyse cut-out syncytia 
 
- cooperations or possible cooperations with other groups: Compare gene expression in 
syncytia and giant cells from Arabidopsis roots 
 
- suggestions for comparing data from different arrays/systems?: We would need 
bioinformatics support from a specialist to compare the data obtained with different systems. 
 
- other points that you think are important to consider: For basic science it would be ideal to 
concentrate on Arabidopsis as host plant and analyse the interaction with different nematode 
species. 
 



Position paper of Diana FERNANDEZ, IRD, France: 
 
- system (plant/nematode) 
Coffee (Coffea arabica) / Meloidogyne exigua and M. incognita 
 
- arrays (or other large-scale methods) used; 
No array available yet 
qRT-PCR of >100 genes from subtractive (SSH) libraries 
 
- sampling techniques; 
Resistant and susceptible plants : inoculated with Meloidogyne or untreated controls 
10 plants each experiment 
Sampling by cutting root tips (5mm)  
 
- time points; 
Time points were defined based on cytological examination of the hypersensitive reaction 
(resistance response) 
Meloidogyne exigua : 2, 3 and 5 days post-inoculation 
M. incognita :  5 and 6 dpi 
 
- bioinformatic and statistical data analysis; 
Hierarchical clustering (HCL) of the TIGR package MEV4.0 
 
- running cooperations or possible cooperations with other groups; 
Running : Embrapa-Cenargen, Brasil 
Possible : INRA Antibes France (Bruno Favery and Pierre Abad) 
Looking for collaboration with groups working on plant resistance to nematodes 
 
- future plans; 
Transcriptomic analysis of the plant responses to nematode infection : pyrosequencing 
planned. Funding requested by Brazilian partners 
Functional analysis of some selected genes (root transformation system available in coffee 
plants at IRD) 
 
- suggestions for comparing data from different arrays/systems; 
Select a set of candidate genes for compatible and incompatible interactions 
Select time-points based on a few typical stages of infection and/or plant resistance reaction 
 
- other points that you think are important to consider. 
Bioinformatic database of transcriptomic data available to several groups 
Selection of genes for functional analysis 
Standardization of a system for large scale functional analysis of selected genes 
 



Position paper Carolina Escobar & Carmen Fenoll, UCLM, Spain 
 

1. System (plant/nematode) 
Arabidopsis/Meloidogyne 
Tomato/Meloidogyne 
 
2. Arrays (or other large-scale methods) used 
TOMATO: TOM1, cDNA chip, Cornell University 
ARABIDOPSIS: 70 mer-oligonucleotides from the Operon Arabidopsis Genome Oligo Set 
Version 3 (Quiagen). 
 
3. Sampling techniques 
Hand-dissection of galls 
Laser Capture Microdissection of giant cells (Arcturus, in collaboration with Keith Lindsey, 
Durham, UK) 

 
4. Time points 
Early-medium stages of GC differentiation in tomato: 1, 3, 5, 7 and 15 days post-infection 
(dpin) 
Early stages of GC differentiation in Arabidopsis: 3 dpin 
 
5. Bioinformatic and statistical data analysis 
MAPMAN, Genevestigator, functional catalogue (FunCat) from mips, FatiGo, LIMMA 
package, etc… 
 
6. Running cooperations or possible cooperations with other groups 
On-going: We are collaborating with Bruno Favery in comparing the micro-array analysis 
with RNA from hand-dissected galls made at his lab with our array made with RNA from 
laser-micro-dissected giant cells, checking the common transcripts and identifying giant 
cells most specific transcripts. Several T-DNA lines from INRA are also being used to 
further validate the data. We are starting a collaboration with Lieve Gheysen in 
comparing expression patterns and functionality of some genes of interest between cyst 
and root-knot nematodes. 
See point 9 for possible cooperations 

 
7. Future plans 
In the microarrays field, mostly to exploit the information we have got this far. Specifically: 
• in silico comparisons with other transcriptomes. 
• in depth functional analyses of candidate genes and pathways (HSPs and HSFs, 

other TFs, redox processes, transfer cell-marker transcripts, genes selected by 
special expression patterns…) 

 
8. Suggestions for comparing data from different arrays/systems 
We have found serious difficulties in comparing arabidopsis/tomato transcriptomic data 
because of incomplete annotations in tomato  
 
9. Other points that you think are important to consider. 
Besides point collaborations, maybe we are mature to address macro-experiments that 
might render new scope/outcomes that each lab cannot achieve alone. This approach 
might help us to get joint funding in Genomics Programmes, both national and European, 
which we think is worth trying. Some ideas are: 
• Design a joint database for all microarrays data in NSF. For arabidopsis, what is the 

benefit over public releases? Explore the possibilities for other plant species: tomato 
(UCLM, Murdoch), soybean, Medicago. 

• Program experiments in every lab interested in a given system (i.e, galls or giant 
cells/Arabidopsis; galls or giant cells/tomato) following identical design, so data 
amongst labs can not just be compared but also used as biological replicates, in 
order to get sound, highly significative data. 



• From the data that each lab does have already or will get soon, programme a 
systematic iRNA approach for classes of genes with potential to be important in NSF 
development (using an inducible rather that a constitutive expression system –
anyone has tested a good inducible expression system?). This initiative will render a 
collection of arabidopsis lines that we can cross to make double or multiple knock-
outs. Criteria for target genes (to be discussed) could be either a given expression 
profile or belonging to particular functional gene groups, depending on each 
research group interests. 

• Explore strategies to exploit contact points between research in plant and nematode 
transcriptomes 

 



Position paper- Hinanit Koltai, Volcani Institute, Israel. 
 
- system (plant/nematode); basically any system. Most work was done on tomato, potato; 
future work may be done on any species of interest. 
 
- arrays (or other large-scale methods) used; cDNA arrays, preferably oligo-arrays 
 
- sampling techniques; 
- time points; 
 
- bioinformatic and statistical data analysis; species-specific and cross-species 
hybridizations, data filtration, transcriptomics scale as well as individual genes –
results 
 
- running cooperations or possible cooperations with other groups; cooperation with groups 
that either have or in the process of generating data-sets of plant-nematode interaction 
as biological models. Especially we are interested in data sets of hybridizations to 
oligo-arrays such as Agilent. These data sets may be analyzed for development of 
tools for improvement of microarray data analysis- especially for higher specificity.  
 
- future plans; development of bioinformatics tools for oligo-arrays, especially spotted 
arrays as those of Agilent. 
   
- suggestions for comparing data from different arrays/systems; increased data specificity 
and validity may facilitate this aim. 
 



B. Favery, INRA Sophila Antipolis, France 
 
Previous work using microarray 
 
Genome-wide expression profiling of the host response to root-knot nematode 
infection in Arabidopsis (Jammes et al., 2005) 
 
We investigated the plant response to root-knot nematodes by carrying out a global analysis 
of gene expression during gall formation in Arabidopsis, using giant cell-enriched root tissues. 
Among 22,089 genes monitored with the CATMA gene-specific tag microarray, we identified 
3,373 genes that display significant differential expression between uninfected root tissues 
and galls at different developmental stages. Quantitative PCR analysis and the use of 
promoter GUS fusions confirmed the changes observed in mRNA levels in our microarray 
analysis. We showed that a comparable number of genes were found to be up- and 
downregulated, indicating that gene down regulation might be essential to allow proper gall 
formation. Moreover, many genes belonging to the same family are differently regulated in 
feeding cells. This genome-wide overview of gene expression during plant-nematode 
interaction provides new insights into nematode feeding cell formation and highlights that the 
suppression of plant defense is associated with nematode feeding site development.  
 
The data obtained in these hybridizations have been submitted to Array Express (accession 
number E-MEXP-233). 
 
Position 
I think that it could be interesting to share the data obtained (How? Format? Where?). 
I’m sure this comparison would allow us to best exploit our results. 
 



V. Blok, SCRI, UK 
 

- Genome of Globodera pallida is being sequenced (Sanger Centre, U of Leeds, SCRI, 
Rothamsted Research consortium) – BBSRC funding 

- G. pallida has a limited host range and its main economic importance is potato 
-  Tiling arrays will be produced 

 
Biological questions we are interested in 
 

- Impact of life stage on gene expression 
- Impact of host genotype of potato (susceptible/partial resistant/resistant) on gene 

expression 
- Effect of selection pressure on genome structure 
- Horizontal gene transfer – mechanisms, evolution of parasitism genes 
- Comparative genome evolution 

 
Experimental/technical aspects and applications 
 

- Microarrays versus 454, Illumina Solexa, and ABI SOLiD sequencing???? 
  

- Transcriptome mapping 
- Mapping transcription factors and other DNA-binding proteins  
-     Splicing variants 
- Copy number variation 
- Comparative genomics  
- Improved genome annotation 

 



Comparison of expression profiles between Arabidopsis and 
sugar beet leads to identification of possible key genes 

involved in nematode resistance 
    

Wanzhi Ye, Jan Menkhaus, Katrin Asbach, Tim Thurau and Daguang Cai 
 

Department of Molecular Phytopathology, Christian-Albrechts-University Kiel,  
Hermann-Rodewald-Str. 9, 24118 Kiel, Germany, dcai@phytomed.uni-kiel.de 

 
To identify genes involved in the nematode resistance response, expression profiles of sugar 
beet and Arabidopsis were generated. Root sections of resistant and susceptible beets were 
harvested 3, 6, and 12 days after nematode infection and RNA isolated from pooled roots. 
After suppressive subtractive hybridisation, a forward (for up-regulated genes)- and a reverse 
(for down-regulated genes) subtractive EST libraries were constructed. In total, 1560 ESTs 
from the forward- and 450 from the reverse-library were obtained, which represent 352 und 
105 unique genes respectively. Sequence homology search revealed most of the ESTs as 
molecules with known functions on the database of NCBI. From the forward library, 59% of 
the sequences could be classified into various functional groups whereas about 41% of them 
remain functionally unknown and unclassified. More than 30 genes from the forward library 
gave high homology to known genes which are involved in plant defence responses. In 
addition, we generated transcription profiles of Hs1pro-1- transgenic Arabidopsis. The 
transgenic Arabidopsis root sections, 3, 6, and 12 days after nematode infection were used 
for RNA isolation. Transcription profiling experiments were done with the Affymetrix ATH1 
GeneChip in which the vector-transformed Arabidopsis plants served as control. As a result, 
about 66% of total Arabidopsis transcripts on the ATH1 chip were detected with both 
samples, from which 711 transcripts were differentially expressed in the Hs1pro-1 transgenic 
Arabidopsis . Of these, 217 transcripts were up- and 492 transcripts down-regulated. The 
range of transcript change fold varied from +43 to –50. Database search revealed about 65% 
of the differentially expressed transcripts are genes with defined functions and about 35% of 
them remain functionally unknown and unclassified. Finally, we compared the Hs1pro-1-
initiated expression profiles in Arabidopsis with those in resistant sugar beet giving rise to an 
overall match between two expression profiles. Strikingly, 35 of 52 up-regulated defense-
related genes with extremely high change fold of >5 revealed by Arabidopsis GeneChips were 
also detected by the beet forward SSH library, strongly suggesting their roles as possible key 
genes involved in the Hs1pro-1-mediated nematode resistance. Molecular and functional 
characterization of the genes is in progress. 
Position paper Tim Thurau / Wanzhi Ye, Christian-Albrechts-
Universität Kiel, Germany 
 
 
SYSTEM 
Heterodera schachtii / beet (sugar beet – Beta vulgaris; wild beet – Beta procumbens); 
transgenic Arabidopsis thaliana as a model system 
 
 
ARRAYS 
Affymetrix Arabidopsis ATH1 
 
 
SAMPLING TECHNIQUES, TIME POINTS 
Arabidopsis with and without resistance against H. schachtii; whole roots 3, 6, 12  days after 
inoculation 
 
 
BIOINFORMATICS 
TAIR, NCBI, we want to learn more about analysis on the workshop 
 



 
COOPERATIONS 
possible coorperations with other groups working on nematode resistance 
 
 
FUTURE PLANS 
Analyse expression data of a set of resistance-related candidate genes from wild beet in A. 
thaliana 
 
 
COMPARING DATA 
We want to compare Expression data from Beta vulgaris (resistant / susceptible) with our 
Arabidopsis data 
 
 

Some recent high throughput studies in the field of plant-nematode parasitism are 
directed to analyze the plant transcriptome changes in response to nematode infection. 
However, little is known about the transcriptome changes in the plant parasitic nematodes 
through their development. It would be very informative to follow these changes in the 
infective stages of nematodes and compare them to the noninfective stages. The 
differentially expressed genes through development can represent parasitism 
mechanism. However, the number of these genes might change based on developmental 
changes. It is hard to fully differentiate these two groups from each other without testing 
the relationship between the function(s) of each gene and a successful parasitism. One of 
the successful ways is to use RNAi against each gene of interest and perform 
pathogenicity test. 

We plan to perform a large scale analysis of H. schachtii transcriptome through 
development by pyrosequencing. We will use total cDNA extracted from noninfective J2 
and three time points after inoculation, 5, 10, and 15 dpi. This analysis can enrich the 
available H. schachtii cDNA database. Also, the quantitative power of the massive parallel 
sequencing of the pyrosequencing approach can lead us to follow the expressional 
changes through the life of H. schachtii. We will use RNAi against the genes of interest to 
differentiate the parasitism-related from the developmental-related transcripts.  
Furthermore, we will perform whole mount in situ PCRs on H. schachtii for genes of 
interest to localize their expression, which can guide us to further categorizing and 
defining transcripts in our dataset.  

We plan to compare our dataset with the dataset resulted from microarray analysis of 
expression changes of A. thaliana roots (Dr. Holger Bohlmann). This experiment was 
performed on similar time points after inoculation. Positive well-annotated hits that result 
from blasting our dataset to the available cDNA libraries can help us collect more 
knowledge about parasitism related pathways and to define putative bidirectional 
regulation. Especially, if these hits would belong to well known pathways. Our close 
collaboration will be performed with Dr. Pierre Abad group (Nice, France) and Dr. John 
Jones group (Dundee, Scotland). 

 
Position paper of Joachim Jacob, Ugent, Belgium 
 
- system (plant/nematode) 
Arabidopsis thaliana Colombia O / Heterodera schachtii  
Arabidopsis thaliana Colombia O / Meloidogyne  incognita 
Rice / Meloidogyne graminicola 
Medicago truncatula / Radopholus similis (burrowing nematode, migratory endoparasite) 
Also cultures of Pratylenchus coffeae and Ditylenchus africanus (migratory endoparasites) 
present in lab, but no infection tests on host plants. 
 
- arrays (or other large-scale methods) used; 
Arrays not used yet and no experience with it; ESTs of R. similis generated and analysed 
 
- sampling techniques; 
 



- time points; 
 
- bioinformatic and statistical data analysis; 
Perl programming, database querying, HMMER 
 
- running cooperations or possible cooperations with other groups; 
Setting up cooperation with John Jones (SCRI) to analyse the defence response of 
Arabidopsis overexpressing chorismate mutase of H. schachtii. 
 
- future plans; 
Analyzing the defence reaction of the plant upon nematode infection by measuring gene 
expression by Q-PCR. 
 
- suggestions for comparing data from different arrays/systems; 
It would be very interesting to compare micro-array data from other host/pathogen system 
(bacteria/fungi vs nematodes; migratory vs sedentary nematodes) to be able to discern 
general defence responses of the plant and responses specific for nematode-infection. Those 
latter responses could be indicative of a regulatory influence of the nematode on the plant’s 
gene expression. 
 
- other points that you think are important to consider. 
Sound statistical analysis of micro-array data, and methods for comparing and normalization 
between the data from different experiments. 
Maybe in some cases, macro-arrays might be of more value compared to chips with the 
whole transcriptome (e.g. macro-arrays with defence response genes and defence 
biosynthetic genes)? 
 
 
Position paper- Frederique Pasquer, UCW, Switzerland 
 
- system (plant/nematode): quarantine nematodes. 
 
- arrays (or other large-scale methods) used: oligo-arrays 
 
- sampling techniques: 8 individuals from 3-6 geographically well separated populations 
per species 
 
- bioinformatic and statistical data analysis; species-specific and cross-species 
hybridizations, data analysis using Excel or GeneSpring depending on probe number 
of the array 
 
- running cooperations or possible cooperations with other groups; accessibility to 
sequence information of different species/ individuals 
 
- future plans; development of bioinformatics tools for oligo-arrays 
   
- suggestions for comparing data from different arrays/systems; setting up of a database 
containing all relevant information (length of probe, type of slide, buffers for spotting, 
hybridization, temperature…) on-line (?) 
 
- other points that you think are important to consider. 
 



Position paper of Kolenda Daniel, Warsaw, Poland 
 
Transfer cells wall ingrowths in leaf minor veins and syncytia of Arabidopsis thaliana. 
 

Plant transfer cells are cells with secondary wall ingrowths which enhance plasma 
membrane transport capacity by contain of functional transport protein (e.g. SUT) and 
amplification of plasma membran surface area. Tranasfer cells are ubiquitous and occur in all 
plant taxonomic groups. They play roles in nutrient distribution (loading and unloading of the 
vascular pipelines, e.g. leaf minor veins of Arabidopsis), maternal/filial interface in seeds, 
secretion (e.g. glands), development of reproductive organs and others functions. They may 
be involved in symbiotic associations, plant parasite interactions and nematode infection 
where they facilitate mutually beneficial exchange of nutrients or nutrients loss. 
 
Aims of the study 

 Observation of wall ingrowths in leaf minor veins of Arabidopsis and various stages of 
syncytium development in Arabidopsis roots infected with Heterodera schachtii. 

 Identification and activity indication of membran proteins involved in formation of wall 
ingrowths (i.a. WAKs, AGPs). 

 Identification and activity indication of wall ingrowths membran proteins involved in 
transmembrane nutrient transport (i.a. SUT, H+-ATPase). 

 Analysis of genes expression involved in functioning of leaf minor vein/syncytium wall 
ingrowths (i.a. RT-PCR, microarreys). 

 
System 

Arabidopsis thaliana/Heterodera schachtii 
Arrays (or other large-scale methods) used; 

Arrays not used yet and no experience with it. 
Sampling techniqeues 

- microscopical analysis (light microscopy, TEM). 
- immunolocalisation of membrane proteins. 

Time points 
- early and medium stages of syncytium development of Arabidopsis: 1, 3, 5, 7, 10, 15 

and 21 days post infection (dpi), 
- transfer cells in mature leaf minor veins of Arabidopsis 

 
Bioinformatic and statistic data analysis 

I want to learn about microarrays and analysis durning the workshop. 
 
Cooperation 

Possible cooperations with other groups working on Arabidopsis/Heterodera (or other 
model) interactions. 
Comparing data 

I want to compare expression data obtained from syncytia and leaf minor vein of 
Arabidopsis 
 


