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MEMORANDUM OF UNDERSTANDING
FOR THE IMPLEMENTATION OF A EUROPEAN CONCERTED RESEARCH 

ACTION
DESIGNATED AS

COST ACTION 872

‘Exploiting genomics to understand 
plant–nematode interactions’

The Signatories to this ‘Memorandum of Understanding’, declaring their common intention to 
participate in the concerted Action referred to above and described in the ‘Technical Annex to 
the Memorandum’, have reached the following understanding:

1. The Action will be carried out in accordance with the provisions of document COST 
400/01 ‘Rules and Procedures for Implementing COST Actions’, or in any new 
document amending or replacing it, the contents of which the Signatories are fully 
aware of.

2. The main objective of the Action is to develop a coordinated approach to exploitation 
of genomics information that is appearing for plant parasitic nematodes and host 
crops.

3. The economic dimension of the activities carried out under the Action has been 
estimated, on the basis of information available during the planning of the Action, at 
approximately 44 million EUR in 2005 prices.

4. The Memorandum of Understanding will take effect on being signed by at least five 
Signatories.

5. The Memorandum of Understanding will remain in force for a period of four years, 
calculated from the date of the first meeting of the Management Committee, unless the 
duration of the Action is modified according to the provisions of Chapter 6 of the 
document referred to in Point 1 above.
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COST ACTION 872

Exploiting genomics to understand 
plant–nematode interactions

A. ABSTRACT

The wealth of information emerging from genomics projects on plant parasitic nematodes and 
their hosts, and developments in RNAi-based technologies, will be exploited in order to 
develop new tools for control based on an improved understanding of processes underlying 
nematode infection of plants and the resistant response of plants. This COST Action will 
coordinate research in this area ensuring that the publicly available genomic information and 
new techniques are exploited in an efficient manner.

Keywords: Functional analysis, genomics, nematode, parasitism, resistance.

B. BACKGROUND

Current state of the art

Plant parasitic nematodes cause significant damage to agriculture within the EU and 
throughout the world. The costs of this damage on a worldwide basis have been calculated as 
being in excess of US$70 billion per year (Sasser and Freckman, 1987). Control of nematodes 
is achieved through a combination of crop rotations, nematicides and resistant varieties.
However, resistance is often unavailable in commercially viable cultivars and many 
nematicides are damaging to the environment and are consequently being withdrawn. No 
genuinely novel methods for control have become available in the last 30 years, with current 
efforts aimed at optimising pre-existing control strategies.

The most economically important plant parasitic nematodes are the sedentary endoparasites, 
in particular the root-knot (Meloidogyne spp.) and the cyst-forming nematodes (including 
Heterodera and Globodera spp). These two groups of nematodes have similar life cycles. The 
eggs of cyst nematodes lie dormant in the soil within cysts formed from the body of the adult 
female. The second stage juveniles enclosed in the eggs hatch in response to host cues (Jones 
et al., 1998) and locate and invade roots of host plants. Root-knot nematodes tend to have 
much broader host ranges and therefore usually hatch spontaneously. Cyst nematodes enter 
and move through the root tissue, piercing cells using their sharp mouthpiece (stylet) until 
they reach the vascular system. Root-knot nematodes move intercellularly until they reach the 
cortex, move down the root and enter the vascular cylinder at the root apex. Both groups of 
nematodes secrete a cocktail of plant cell wall degrading enzymes to assist this migration 
process (reviewed in Vanholme et al., 2004). The nematodes then induce the formation of 
specialised feeding structures in the host tissue by altering the development of the root cells 
surrounding them. Cyst nematodes induce the formation of a syncytium, a large multinucleate 
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cell formed by breakdown of plant cell walls and fusion of adjacent protoplasts. Root-knot
nematodes induce giant cells, formed through repeated rounds of nuclear division and cell 
growth in the absence of cytokinesis (reviewed by Gheysen and Fenoll, 2002). Despite their 
different ontogeny, many of the functions and cellular features of the two types of feeding cell 
are similar. Both have multiple enlarged nuclei, small vacuoles and show proliferation of 
smooth endoplasmic reticulum, ribosomes, mitochondria and plastids. In both cases formation 
of the feeding site involves large changes in gene expression within the root tissue (Gheysen 
and Fenoll, 2002). It is thought that proteins secreted by the nematode into plant cells from 
subventral and dorsal oesophageal gland cells via the stylet play an important role in the 
induction and maintenance of the feeding sites. Nematode-secreted proteins are also known to 
have important roles in other aspects of the host–parasite interaction, including invasion, 
migration and protection from host defence responses. Once a successful compatible 
interaction is established the nematodes remain at the feeding sites and develop through a 
further three moults into adult males or females. Female cyst nematodes develop into cysts 
that contain several hundred eggs, whereas female root-knot nematodes exude egg masses 
containing several hundred eggs directly into the rhizosphere.

Understanding the nature of the compounds produced by nematodes that are responsible for 
successful parasitism of plants, in particular induction of the feeding site, and understanding 
the nature of the molecular changes accompanying feeding site development have been a 
focus for research in the EU for many years. Major progress was made in collaborations 
funded through three EU-RTD projects (ARENA (BIO4-CT96-0318), NONEMA (QLRT-
1999-01501) and DREAM (QLRT-1999-01462)). An earlier EU-funded Concerted Action 
Programme (AIR1-CT92-0695) was instrumental in allowing collaborative links between 
European groups to be formed that developed into the successful RTD awards described 
above. As a result of these programmes many nematode genes with important roles in the 
host–parasite interaction have been identified. Tools that allow validation of parasitism genes, 
in particular RNA interference (RNAi), have been developed by partners in this project and 
used to knock out genes in cyst and root-knot nematodes. Several classes of plant genes that 
are up-regulated in nematode feeding sites (NFS) have been identified and detailed analysis of 
these genes has provided insight into the molecular and cellular changes associated with 
feeding site development. Promoters that are strongly up-regulated in NFS are now available 
and can be used (as alternatives to constitutive promoters) to provide targeted expression of 
anti-nematode constructs in feeding sites. Collaborative projects under an EU framework have 
therefore generated important scientific developments in this field; over the last decade almost 
all major breakthroughs in the molecular understanding of the plant–nematode interaction 
have been made in the framework of EU-supported RTD projects. The COST Action will 
ensure that research in this area continues to be effectively linked, strengthening the 
competitive position of the EU in relation to the USA and other countries in this field.

The need for a new cooperative framework

Genome sequences for model plant (Arabidopsis thaliana) and nematode (Caenorhabditis 
elegans) species have been available for some years. However, the costs of sequencing are 
decreasing and this technology is now more accessible than it has ever been before. Genome
sequencing projects for a range of crop species are completed or underway (e.g. tomato, 
potato, rice). Funding has also been allocated for sequencing several plant parasitic nematode 
genomes (Meloidogyne hapla, M. incognita and Heterodera glycines) and is being sought for 
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others (e.g. G. pallida). In addition, information on many thousands of genes expressed by a 
wide range of crops and nematodes is available in public databases such as dbEST.
Techniques for functional analysis of individual genes and at the level of the entire 
transcriptome (e.g. microarrays) are available (or will become available) for crop-nematode 
pathosystems. The availability of this data and these novel techniques offer an opportunity for 
rapid scientific advances to be made and for a step change in the way that control of 
nematodes is approached. The major challenge for researchers is to exploit this wealth of 
information and the opportunities offered by developments in functional genomics in a 
coordinated way to ensure that practical and scientific benefits emerge from the investment 
that is being made.

The availability of genomics data and tools therefore opens a new dimension in the study of 
plant–nematode interactions. New links between plant nematology groups and workers in 
other areas, including animal parasitology and plant genomics, need to be developed. Links 
between scientists in academia and in industry will help ensure that research is prioritised in a 
way that allows practical benefits to emerge. The approaches that are used to examine the 
host–parasite interaction are likely to change and training visits that will enable young 
scientists to develop the skills needed in the post-genomics era will be required. It will be vital 
that important new techniques such as RNAi are available to as many laboratories as possible; 
short-term scientific missions will allow for exchange of such technologies. Regular meetings 
will be required to ensure that work is coordinated and suitable collaborations are established.
COST will allow links to be built, and opportunities to be exploited, in a coordinated manner.

C. OBJECTIVES AND BENEFITS

The main objective of the Action is to develop a coordinated approach to exploitation of 
genomics information that is appearing for plant parasitic nematodes and host crops.

Secondary objectives that will allow progress towards the main aim will include:

· Development and application of tools for functional analysis of nematode genes.
· Exploitation of the potential added value offered by use of comparative genomics as 

genomic information for nematodes accumulates.
· Analysis of the host response to nematode infection using genomics tools.
· Development of novel screens for germplasm carrying resistance loci using nematode 

avirulence effectors.

Scientific outcomes

The work that will emerge from the COST Action will be of relevance to the broader 
scientific community, as well as plant nematologists. For example, analysis of how nematodes 
re-programme plant gene expression as they induce feeding sites will be of relevance to our 
understanding of the basic processes underlying plant development as well as plant–nematode
interactions.

Comparisons of genomes of nematode species will provide an understanding of the evolution 
of genomes as they evolve in association with plants. Comparative genomics will also provide 
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a complete picture as to how horizontal gene transfer has shaped the genome of plant parasitic 
nematodes. Previous studies have shown that many parasitism genes have been acquired by 
this process and it is likely that plant parasitic nematodes are unique in this respect. Studying 
clusters of parasitism genes generated through gene duplication events will help us to 
understand the evolutionary forces driving host specialisation in nematodes. Similarly, insight 
into allelic diversity generated through mutations and intergenic recombination in parasitism 
gene loci will reveal mechanisms underlying the dynamics of virulence in populations of 
nematodes.

Comparison of the genome sequences of plant- and animal-parasitic and free-living 
nematodes will allow an understanding of the evolutionary history of parasitism in nematodes.
In addition, the application of comparative genomics to the data derived from bacterial, fungal 
and nematode plant pathogen genomes will provide opportunities for generic solutions to 
these problems.

Practical benefits

It is an unfortunate reality that there is currently no compound available that specifically 
targets nematodes. Fumigant nematicides, such as methyl bromide, act as soil sterilising 
agents and thus destroy all organisms in the soil. In addition, these compounds contribute 
significantly to ozone depletion. Non-fumigant nematicides, such as acetylcholinesterase 
inhibitors, target all soil organisms that use this enzyme, including insects and non-target 
nematodes. These compounds also present a potential hazard to farm workers that apply them.
New methods for controlling plant parasitic nematodes will therefore result in reduced 
damage to the environment. Recent analysis has shown that a reduction in application of 
insecticides produces significant benefits, both in financial terms to the farmer and in the form 
of a quantifiable reduction in the environmental footprint (Brookes and Barfoot, 2005). A 
reduction in the use of nematicides would be likely to produce similar benefits.

Genomics approaches will allow practical benefits to develop in many ways. Identification of 
new genes or nematode specific enzyme pathways will provide targets for novel, 
environmentally benign nematicides. Identification of genes important in the host parasite 
relationship will underpin new and durable GM strategies, including those based on RNAi. As 
an alternative to GM strategies, partners in this Action will exploit technologies such as 
TILLING or eco-TILLING in which screens for altered DNA sequences in important genes 
are sought by a survey of large collections of naturally existing populations or populations of 
plants treated with mutagenic agents. These screens will focus on detection of genotypes that 
carry mutations in candidate genes that are known to be essential for nematode feeding site 
formation (Henikoff et al., 2004). Improved pest management will also arise from an 
understanding of dormancy and improving pest monitoring based on virulence characteristics.
Finally, functional screens for nematode resistance in breeding lines based on avirulence 
effectors will shorten the time taken for new resistant cultivars to reach the market.

The Action will therefore contribute to the EU science base and offers real potential for 
significant practical benefits. The Action will add value to work already planned throughout 
the EU and ensure that optimum value for money is achieved. It will also contribute to the 
training and education of young scientists in a scientific field that is likely to continue to 
increase in importance.
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D. SCIENTIFIC PROGRAMME

Future priorities for research in this field can be envisaged as falling into three main areas and 
it is the intention that the structure of the COST Action mirrors these themes. The three 
working groups will, naturally, have strong links between them, reinforced by the fact that 
many of the research groups will want to participate in more than one area.

WG1: Functional genomics of plant parasitic nematodes
WG2: Comparative genomics of nematodes
WG3: Functional genomics of plant responses

WG1: Functional genomics of plant parasitic nematodes

The main objective of this Working Group will be to coordinate the development and 
application of tools for functional analysis of nematode genes.

The main sub-objectives of this WG that will allow this to be achieved are:

· 1.1 RNA interference: Coordinate developments in RNAi technology in order to 
ensure the availability of robust and versatile methods for gene knockouts in plant 
parasitic nematodes. 

· 1.2 Cell biology: Development of cell biological tools examining fate of nematode-
secreted proteins in plants.

· 1.3 Transcriptome monitoring: Development and application of microarrays of 
nematode genes.

1.1 RNA interference

One of the most important developments in functional molecular biology in recent times has 
been the discovery of RNA interference (RNAi). RNAi relies on the fact that exposure of an 
organism to double stranded RNA (dsRNA) from a gene of interest causes silencing of the 
endogenous gene and allows a null phenotype to be mimicked (Fire et al., 1998). In nature, 
RNAi is likely to protect organisms from transposable elements or viruses, some of which 
replicate via a dsRNA intermediate and is also part of a complex mechanism used to control 
gene expression using small dsRNAs known as microRNAs. In simpler terms this means that 
in order to investigate what a gene does in an organism all that is required is to expose the 
organism to dsRNA from the gene of interest. This procedure has the effect of removing 
activity of that gene from the organism and the effects can then be examined. RNAi has been 
used for genomics-scale studies in C. elegans (e.g. Maeda et al., 2001) but until recently could 
not be used with plant parasitic nematodes, as the invasive stage juveniles did not take up 
dsRNA from solution. Urwin et al. (2002) described a method that uses a neurotransmitter, 
octopamine, to induce feeding in invasive J2 of PCN allowing uptake of dsRNA from solution 
and used this method to knockout several genes, including one encoding a digestive protease.
This technique has now been used for functional analysis of pathogenicity genes in two plant 
parasitic nematode groups (Chen et al., 2005; Rosso et al., 2005). Despite this progress, 
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methods for RNAi in plant parasitic nematodes are not nearly as routine as they are for model 
organisms. This WG will aim to address these issues.

Initial work will focus on the methods used to induce and monitor RNAi in plant parasitic 
nematodes. A variety of compounds have been used to induce the invasive stage juvenile 
nematodes to take up dsRNA from solution while other groups have found that inducing 
uptake is not necessarily required to obtain an RNAi effect. Optimised and reliable methods 
for inducing RNAi will therefore be developed. This will facilitate studies on individual genes 
and offers the prospect of studying gene function in a high throughput manner in plant 
parasitic nematodes. It is also not clear how long the RNAi effect persists in plant parasitic 
nematodes. This will be investigated through targeted disruption of genes expressed at various 
times after invasion of the host by the J2. Finally, standard methods for examining changes in 
gene expression induced by RNAi will be developed in order to ensure that data from 
different groups can be compared.

RNA interference – phenotyping

For C. elegans, scoring phenotype is often simple. However, for plant parasitic nematodes this 
procedure is more difficult. The nematodes develop deep within the roots of their hosts, often 
hidden from the view of even the best microscopes, and the only readily observable effect of 
disrupting many genes of interest is likely to be a failure of parasitism. In order to analyse 
phenotypes in more detail, and extract relevant functional information from RNAi 
experiments, it will be important to link groups with expertise in molecular biology with 
groups that have skills in microscopy and histology so that precise examinations of the effect 
of removing various genes can be made. An important goal of the COST Action will be to 
facilitate such links.

Once reliable methods for inducing an RNAi effect in plant parasitic nematodes and scoring 
phenotype have been developed it will be important for researchers in this area to maintain 
links so that functional analysis is performed in a coordinated manner. Progress in this field is 
likely to be rapid and annual meetings of the WG will be an important opportunity to discuss 
developments.

RNA interference – animal parasites

RNAi has also been used for studies of animal parasitic nematodes (Hussein et al., 2002; 
Aboobaker and Blaxter, 2003) and there is much to be gained from linking studies on animal 
and plant parasitic nematodes. Similar problems may be faced when working with animal and 
plant parasitic nematodes, particularly in terms of availability of material and scoring 
phenotype. Another objective of the COST Action will therefore be to allow links between 
animal and plant nematologists working in this area to be developed.

RNA interference – delivery through the host plant

In addition to providing a valuable tool for functional analysis of nematode genes, there is an 
obvious application of RNAi in producing plants resistant to nematode attack. These plants 
would be engineered to produce dsRNA targeting essential nematode genes. Currently, 
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numerous groups are working in this area on a variety of crops and nematodes. However, 
many of the technical issues that need to be overcome will be common and there is much to 
be gained through pooling knowledge and experience in this area. In order to avoid the need 
to produce transgenic plants for every construct being tested, systems for high throughput 
screening of dsRNAs in plants need to be developed. Suitable promoters that deliver high 
levels of dsRNA to the nematode via the feeding site need to be identified. The study of plant 
genes induced in susceptible plants (as outlined in WG3) will provide such promoters. The 
optimum method of delivering dsRNA to feeding nematodes and how these RNAs are 
processed within the plant will also be investigated.

1.2 Cell biology

Although RNAi will be a key technology for determining the function of nematode genes in 
the host–parasite interaction other techniques will also be required. As a result of genomics 
programmes a full suite of candidate parasitism genes will be available for functional analysis.
While clues as to the function of some of these are likely to be available from similarity 
searches many will have no similarity to genes of known function. For functional analysis of 
these genes in particular, cell biology may play an important role. The changes that are 
induced by nematodes when establishing feeding sites include re-programming of plant gene 
expression, changes in cytoskeleton structure and changes in various stages of the cell cycle.
Nematode proteins that are responsible for such changes may therefore be targeted to the 
nucleus (or nucleolus), cytoskeleton or other subcellular structures. Examination of where 
nematode proteins secreted into plant cells are localised, or their effects on subcellular 
structure, may therefore provide a route to functional characterisation of these proteins.
During the COST Action the utility of various tools for addressing this question will be 
examined.

Transgenic cell cultures harbouring reporter gene GFP constructs will be transfected with 
nematode proteins to study changes in expression and dynamics of marker proteins. A series 
of potentially informative marker plant genes for different processes involved in nematode-
induced feeding structures will be assessed. For example, marker proteins for cytoskeleton 
dynamics (e.g. microtubule associated protein MAP4: FP) can be examined in functional 
assays examining the role of nematode proteins.

Nematode proteins will also be cloned into plant virus vectors as fusions with fluorescent 
proteins. Examination of the fate of the fluorescent protein in plants infected with 
recombinant virus will allow the subcellular localisation of the nematode protein to be 
examined, as free GFP expressed from plant virus is cytoplasmic. This system may also be 
amenable for use in high throughput studies. As an alternative, transient expression of 
fluorescent nematode fusion proteins in plant cell cultures can be used to confirm the 
functionality of putative signals for subcellular localisation present in nematode proteins.

1.3 Transcriptome monitoring

As genomics information for plant parasitic nematodes accumulates, microarrays on which 
the majority of nematode genes are represented will be made. However, these experiments are 
complex and the resources required are expensive; coordination of activities in this area will 
therefore be critical. Linking the various groups interested in this field through the COST 
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Action will make it feasible to purchase Affymetrix full-genome microarrays to perform 
global analysis of gene expression patterns. These arrays are widely regarded as a 'gold 
standard' in this field and would rarely be affordable by individual groups.

Microarrays will provide a valuable tool for functional analysis and will be used to identify or 
validate pathogen genes implicated in pathogenicity or virulence. When this approach is based 
on all putatively expressed genes in an organism (i.e. those identified from complete, 
annotated genome sequences) it allows the identification of the complete suite of nematode 
genes specifically expressed at different stages of the parasitic cycle and whose expression is 
associated with important developmental events such as sex determination and diapause.
Microarrays will also allow functional validation through identification of genes co-expressed 
with one another throughout the nematode life cycle.

Other tools for functional analysis

The techniques described above are likely to form the basis for studies in nematode functional 
genomics. However, other techniques are also likely to be important including biochemical 
analysis of recombinant proteins and expression of nematode-secreted proteins in plants. The 
latter may be particularly important if nematode-secreted proteins are thought to be 
mimicking naturally occurring plant proteins in order to exert their effect.

The plant targets of nematode-secreted proteins will also be sought. Experiments in this area 
will use yeast two hybrid systems or pull-down systems in order to identify plant proteins that 
interact with nematode proteins.

Outputs of WG1 will include:

· Robust techniques for RNAi useful in a range of plant parasitic nematodes.
· Validated methodology for assessing gene knockouts.
· Functionally characterised nematode pathogenicity factors.
· Methods for screening dsRNAs targeting nematode genes in plants.
· Optimised microarrays, standard formats and protocols.

WG2: Comparative genomics of nematodes

The main objective of this Working Group will be to exploit the potential added value 
offered by use of comparative genomics as genomic information for nematodes 
accumulates.

The main sub-objectives that will allow this to be achieved will be:

· 2.1 Genome annotation: Effective annotation of genomes of plant parasitic nematodes.
· 2.2 Comparative genomics of different plant parasitic nematodes.
· 2.3 Comparisons of plant parasitic nematode genomes with those of animal parasitic 

and free-living nematodes.
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· 2.4 Comparisons of plant parasitic nematode genomes with those of other plant 
pathogens.

· 2.5 Effective use of model systems: the application of C. elegans.

2.1 Genome annotation
Recently funding has been allocated for sequencing several plant parasitic nematode genomes 
(Meloidogyne hapla, M. incognita and Heterodera glycines) and is currently being sought for 
others (e.g. G. pallida). Perhaps the most important step in any genome project is analysing 
the raw sequence data in order to identify correctly all the genes present and to assign a 
preliminary identification to each of these genes. This task is largely performed by automated 
annotation software in genome sequencing centres, along with manual input from specialised 
annotators. However, the most effective and complete annotation of any genome will come 
from the community that exploits the sequence. One aim of the COST Action will therefore 
be to ensure that genome sequences that emerge are as accessible as possible to the 
community through forging links between annotators and the plant nematology community.
Partners of this COST Action will be directly involved in the manual annotation of the 
genome of the root-knot nematode M. incognita (10X coverage, GENOSCOPE sequencing 
programme) and the cyst nematode G. pallida (proposal under evaluation).

2.2 Comparative genomics of different plant parasitic nematodes

Once genome sequences are available from several plant parasitic nematodes from a range of 
taxonomic groups comparative genomics can be used to examine the molecular processes 
underlying the biology of these groups. At one level such comparisons may reveal regions of 
synteny within the genomes of different plant parasitic nematodes. This will be useful for 
further and more accurate annotation. In addition, genes that have undergone extensive 
duplication within species will be revealed through comparisons of homologous regions. Such 
genes may be under selective pressure and may encode candidate avirulence proteins.
Information of this type will be useful for the work described under WG3.

Recent studies have shown that many important pathogenicity genes were acquired by 
horizontal gene transfer from bacteria. Some of these genes appear to be present in root-knot 
and cyst-forming nematodes while others are present solely in root-knot nematodes (e.g.
Scholl et al.; 2003). Many of the genes acquired by horizontal gene transfer appear to have 
undergone extensive duplication within the nematode genomes. Comparisons of the genomes 
of various plant parasitic nematode species will allow details of how horizontal gene transfer 
has helped drive the evolution of plant parasitism in nematodes to be investigated. The COST 
Action will kick-start efforts in this area by helping to foster links between research groups 
working on genome sequences of different plant nematodes and between bioinformaticians 
with interests in each of these areas.

2.3 Comparisons of plant parasitic nematode genomes with those of animal parasitic and free-
living nematodes

In addition to the genome sequences available for various free-living nematodes, genome 
sequences for a variety of animal parasitic nematodes are either available (Brugia malayi) or 
currently being generated (e.g. Haemonchus contortus). Comparisons of the sequences of 
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plant and animal parasitic nematodes with those of free-living nematodes will be valuable in 
allowing details of how parasitism of both plants and animals has evolved within the Phylum 
Nematoda. In addition, it has been shown that plant and animal parasitic nematodes may use 
similar means of overcoming hurdles presented by the host during parasitism. For example, 
both animal and plant parasites produce antioxidant proteins on their surface that may 
neutralise active oxygen species produced by their hosts as part of the immune or defence 
response of animals and plants respectively (Jasmer et al., 2003). Comparative genomics of 
plant and animal parasites and free-living nematodes may therefore allow identification of 
groups of pathogen specific genes as well as providing an evolutionary history of parasitism 
within the nematodes.

2.4 Comparisons with other plant pathogens

Plants are parasitised by pathogens from a wide range of taxonomic groups including 
nematodes, fungi, oomycetes and bacteria. Genome sequences for representatives of many of 
these groups including Phytophthora, Peronospora and Erwinia are available or are being 
generated. In spite of the diverse range of organisms that parasitise plants, many of the 
features of plant parasitism are common to several of these groups. All need to overcome 
plant defence responses to establish a successful compatible interaction, and the available 
evidence to date suggests that the form of this defence response is similar in each case against
almost all plant pathogens. It is likely therefore that similar mechanisms may be used by the 
pathogens in attempting to overcome plant defence responses. In addition, many plant 
pathogens including some nematodes, oomycetes and fungi require a biotrophic phase in 
order to complete their life cycles. The mechanisms used by each of these pathogens to induce 
or maintain biotrophic structures are not known and it is possible that these mechanisms may 
be similar in each case.

Comparative genomics will allow genes and processes common to a variety of plant pathogen 
groups to be revealed. As well as providing valuable scientific information this information 
may allow the development of novel generic control strategies against a variety of plant 
pathogens. The high costs of taking a new chemical or GM variety to market mean that such 
strategies are extremely appealing to the agrochemical and agribiotech industries.

The COST Action will encourage interactions between plant nematologists and those working 
on genomics of other plant pathogens. These interdisciplinary interactions will allow benefits 
in one field to be shared across others.

2.5 Effective use of model systems

Expressed sequence tag (EST) projects have revealed numerous genes present in plant 
parasites, animal parasites and free-living nematodes but absent from other organisms.
Genome projects will reveal the full complement of such nematode-specific genes. Such 
genes may represent attractive targets for control of a range of nematode pathogens and may 
play fundamental roles in nematode biology. Although systems for functional analysis in plant 
and animal parasites are being developed there are likely to be some cases where functional 
testing of such genes in C. elegans is desirable. A wide range of mutant strains and RNAi-
silenced lines are available for this nematode and may be useful for looking at whether 
potential targets for control are essential. In addition, many techniques used for functional 
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analysis are extremely well refined in C. elegans and it may therefore be useful to perform 
initial experiments on nematode-specific genes in this species.

Outputs of WG2 will include:

· Genome sequences annotated in a format readily accessible to the scientific 
community that aims to exploit them.

· Identification of genes specific to cyst or root-knot nematodes.
· Comparative information on the strategies used by nematodes and other organisms to 

parasitise plants, offering the prospect of generic control strategies against these pests.
· An evolutionary history of the changes in genome structure that have allowed 

parasitism of plants by nematodes to evolve.
· Functionally characterised nematode-specific genes that may be targets for novel 

control strategies.

WG3: Functional genomics of plant responses

The main objectives of this Working Group will be analysis of the host response to 
nematode infection using genomics tools and the development of novel screens for 
germplasm carrying resistance loci using nematode avirulence effectors

The main sub-objectives that will allow this to be achieved will be:

· 3.1 Analysis of host responses in the compatible interaction
· 3.2 Analysis of plant resistance to nematodes
· 3.3 Identification of nematode avirulence factors and development of novel screens

3.1 Analysis of host responses in the compatible interaction

In compatible interactions, host 'susceptibility' factors are required for the establishment and 
maintenance of the infection process (de Almeida et al. 2005). Genome-wide expression 
profiling of the host response to root-knot and cyst nematodes have been recently investigated 
in Arabidopsis (Jammes et al., 2005; Puthoff et al., 2003). These global analyses highlighted 
the importance of a range of key biological processes, major changes in gene expression 
patterns and the (unexpected) role of gene down-regulation underlying the formation of 
feeding cells. The comparison of these data with those from similar experiments on other 
pathosystems (including susceptible responses to oomycetes, fungi and bacteria) should allow 
better discrimination of the key genes specifically involved in the formation of nematode 
feeding sites in plants. A full understanding of the role of these genes in feeding cell 
development will require integration of the data from these microarrays with those obtained 
from a gene expression analysis at the cellular level, from characterisation of knockout and 
mutant lines, and from biochemical data. 

The availability of whole-genome sequences of plant parasitic nematodes will allow the 
generation of single 'pathosystem arrays' containing plant and nematode genes. These 
pathosystem arrays will allow identification of host and pathogen genes co-expressed at 
various stages of the interaction. In addition, generation and exploitation of further genomics 
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data from nematodes and crop plants will allow ideas developed from experiments using 
model systems to be transferred to crop–nematode interactions. 

The identification of genes implicated in the establishment of a functional feeding cell will 
allow these genes to be exploited in order to inhibit nematode propagation and feeding site 
development. Loss of function of such host genes is predicted to result in resistance against 
the pathogen. If these genes harbour resistant alleles without any pleiotropic effect, the 
appropriate allelic forms will be sought in natural populations and cultivars (eco-TILLING) 
(Comai et al., 2004). Alternatively, suitable alleles can be induced by mutagenesis to create 
durable resistance against parasitic nematodes (TILLING) (Henikoff et al., 2004).

3.2 Analysis of plant resistance to nematodes

Since the cloning of the first nematode R gene from sugar beet (Cai et al., 1997), others have 
been isolated from tomato (Milligan et al., 1998; Ernst et al., 2002) and potato (Van der 
Vossen et al., 2000; Paal et al., 2004). Current genomics initiatives on important crop plants in 
various European member states (e.g. GABI in Germany, CBSG in the Netherlands, 
GENOPLANTE in France) are likely to lead to the identification of further genetic loci 
associated with nematode resistance and downstream signalling molecules. However, R genes 
have been identified in few crop species, and many fundamental questions still remain 
unanswered with respect to the functional and evolutionary aspects of plant resistance against 
nematodes. The first stage of this work area will be to integrate the national efforts on the 
identification and mapping of new R genes in crop species in order to improve our 
understanding of distribution and evolution of plant R genes against nematodes. Important 
issues to be addressed will include synteny between plant species and/or genera and 
comparisons with genes conferring resistance to other plant pathogens. Functional studies will 
be carried out to analyse host cellular modifications during the incompatible interaction 
between resistant plant genotypes and avirulent nematodes using state-of–the-art imaging 
technology.

3.3 Identification of nematode avirulence factors and development of novel screens

Although the results of the R gene identification and mapping studies will be invaluable help 
for development of molecular markers that could be used for marker-assisted selection, a 
bottleneck for breeding nematode resistance into cultivars suitable for release to the market is 
the phenotype screening of mapping populations with segregating nematode resistance. The 
resistant response in host plants is thought to be triggered by direct or indirect interaction of 
nematode effectors with avirulence activity to corresponding plant resistance gene products, 
possibly in combination with other plant proteins that the pathogen is seeking to affect.

To date, very few nematode candidate Avr genes have been identified (Bekal et al. 2003; 
Neveu et al. 2003), and their functional validation remains to be provided. However, genomic 
information will increase the rate at which further candidates become available. An objective 
of this work area is therefore identification of new avirulence proteins recognised by plant 
resistance genes of value to commercial breeding programmes. Other key targets are likely to 
include avirulence proteins recognised by the H1 and Hero genes in potato to G. 
rostochiensis, and Mi-1 in tomato to M. incognita as these effectors are recognised by R genes 
that have been studied in some detail. A further objective will be to design, and provide proof 
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of principle, for a novel functional screen, using nematode effectors, for high throughput 
phenotyping of germplasm of important crop plants.

Both these work areas will require techniques for high throughput expression of nematode 
effector molecules in plants. Expression of nematode effector molecules in plants carrying a 
corresponding R gene should lead to a readily observable necrosis caused by the 
hypersensitive response. However, it is not yet known which of the systems available for 
transient expression will be best suited for this work. In this work area several different 
techniques for expression in plants will therefore first be compared including Agrobacterium 
tumefaciens infiltration and expression from plant virus vectors.

The aim will then be to transiently express identified nematode effector molecules in plant 
lines segregating for resistance in which information relating to the resistance status is already 
available. The correlation between resistance (as observed in traditional screens) and 
induction of a necrotic response as a result of transient expression will be examined. If 
successful the system has the potential to replace screening of breeding material with 
nematodes, removing a major bottleneck in the screening process.

Outputs of WG3 will include:

· Development of crop plant and pathosystem arrays.
· Agreed standards and protocols for microarrays in this area.
· Identification of key susceptibility genes involved in nematode feeding site 

formation.
· Molecular markers for R genes against important nematode species.
· Optimised system(s) for high throughput, transient expression of nematode 

proteins in plants.
· A novel functional screen, using nematode effectors, for high throughput 

phenotyping of germplasm.
· Identified nematode avirulence genes.

E. ORGANISATION

The Management Committee (MC) will have the following responsibilities within the COST 
Action:

· Making appointments of chairperson and vice-chairperson of the MC and of Working 
Group (WG) coordinators.

· Planning of MC meetings.
· Planning of scientific meetings.
· Production of annual reports on COST activities; integration of reports from the three 

WGs.
· Ensuring that relevant links between WGs are in place.
· Appointment of a person responsible for generating and maintaining a dedicated web 

site for the COST Action; monitoring of content to ensure that it serves the needs of 
the COST participants and promotes dissemination of research outputs.

· Assessment of applications for short-term scientific missions.
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· Appointment of relevant people to act as contacts with other COST Actions as 
required.

· Critical appraisal of progress within each WG towards defined objectives.

The WG coordinators will have the following responsibilities:

· Planning of WG scientific meetings (in close collaboration with the MC).
· Coordinating WG activities to ensure progress towards defined objectives.
· Facilitating joint research projects.
· Reporting on WG activities to the MC.

Short-term scientific missions, particularly involving younger scientists, will be an important 
part of the COST Action. New skills will be required as researchers adapt their activities to 
reflect the availability of genomics data and tools and new collaborative links will also be 
required. Regular meetings will also be necessary to ensure that work is coordinated and 
suitable collaborations are established. It is expected that joint meetings will be held for all 
WGs in some years to ensure integration of activities while in other years more specialised 
meetings or workshops will be held.

The research groups that have indicated an interest in participating in the COST Action each 
have an excellent track record within this field. Linking these groups together using COST 
will allow the critical mass, needed to make progress in the post-genomics era, to be obtained.

F. Timetable

The duration of this COST Action is four years.
Genomics projects for plant parasitic nematodes will take several years to complete. In 
addition, many of the tasks are ambitious and justify a time scale of four years.

The timetable shown in Table 1 and Figure 1 is punctuated with annual meetings of the MC 
and the individual WGs. A start-up and final meeting for all WGs are planned and in addition 
an inter-WG meeting will be held after two years. Where appropriate the annual meetings of 
individual WGs after years 1 and 3 may be combined in order to facilitate exchange of 
information.
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Table 1: Timetable of the Action
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RNAi – Development of methods
RNAi – development of methods for phenotyping
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RNAi – delivery from the plant for functional studies and resistance
Cell biology studies

Nematode microarrays
Genome annotation – plant parasitic nematodes

Comparative genomics of different plant parasitic 
nematodes
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Comparative genomics – plant parasitic nematodes and 
other plant pathogens
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Analysis of host responses in the compatible interaction
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Identification of nematode avirulence genes and 
development of functional screens

Figure 1 An approximate indication of the timing of each of the WG activities. 

G. ECONOMIC DIMENSION

The following 11 COST countries have actively participated in the preparation of the Action 
or otherwise indicated their interest: Belgium, Netherlands, France, Austria, Israel, Italy, 
Ireland, Poland, Portugal, Spain, United Kingdom.
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.On the basis of national estimates provided by the representatives of these countries, the 
economic dimension of the activities to be carried out under the Action has been estimated, in 
2005 prices, at approximately EUR 44 million.

This estimate is valid on the assumption that all the countries mentioned above but no other 
countries will participate in the Action. Any departure from this will change the total cost 
accordingly.

H. DISSEMINATION PLAN

Information that emerges from the Action is likely to be of relevance to scientists, various 
sectors of the agricultural industry and policy makers.

Advances that emerge from the Action activities of relevance to scientists will be presented at 
relevant international and national meetings at the earliest opportunity. This will allow fellow 
scientists to build on advances in this field with the minimum delay. Following this, original 
research will be published in international peer-reviewed journals. Many of the partners in the 
Action have successful track records in publishing collaborative research in a variety of 
journals. In addition, where appropriate, review articles that summarise progress in specific 
areas will be produced. It is also possible that one or more books, possibly based on 
presentations made at annual meetings of the various working groups, could be produced if 
appropriate.

In addition, training of students will allow dissemination of knowledge and techniques. 
Students and young scientists from outside the groups participating in this COST Action who 
wish to train in any of the areas will be welcomed.

Representatives from industry are likely to be made aware of developments from 
presentations at scientific meetings and via publications as described above. In addition, many 
of the partners have excellent links with various sectors of the industry ensuring that relevant 
information reaches these sectors. Some industrial partners have also indicated their 
willingness to participate in the Action.

For policy makers, information will be conveyed via appropriate direct contacts and through 
articles in non-specialist publications. In addition, a web site accessible to all describing the 
aims and scope of the COST Action will be established. As data emerges, links to 
publications or summaries of the research will be added.

Towards the end of the COST Action a technology transfer platform will be prepared. The 
main aim of this platform will be to set the research agenda in this field for the following 5-10 
year. One of the main instruments will be a meeting to which researchers and other 
stakeholders, including funders, representatives of food-related companies and interest groups 
will be invited.

Effective communication within the COST Action will be ensured through the use of e-mail 
networks and through use of the web site. Annual meetings of relevant parties and short-term 
training missions will ensure that new developments are shared at the earliest opportunity.

_____________


