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Background & objectives 
A sequencing project is currently underway for the potato cyst nematode Globodera 
pallida.  This is a collaborative project between SCRI, Leeds University, Rothamsted 
Research and the Wellcome Trust Sanger Institute, with the Sanger Institute carrying out 
the bulk of the sequencing and annotation of the genome.  The strategy being used 
combines deep sequencing of a relatively small insert Whole Genome Shotgun library 
coupled to more limited sequencing of a large insert library to aid assembly.  As part of 
this process a large insert (fosmid) library has been produced by SCRI and the WT 
Sanger Centre.   
While the bulk of the sequencing is done in a methodical manner, the Sanger Centre 
recognises that there are certain biologically important genes that are of greatest interest 
to the community working with each organism being sequenced.  It is therefore common 
for regions of the genome containing such genes to be identified and prioritised for early 
sequencing and finishing.  This is achieved by screening the large insert library being 
used in the sequencing project for clones bearing the genes of interest which are then 
prioritised in the sequencing pipeline.   
SCRI and other groups participating in COST 872 have an interest in characterisation of 
genes important in the pathogenicity process of plant parasitic nematodes, commonly 
known as effectors.  The aim of this STSM was therefore to screen the large-insert library 
being used in the genome sequencing project to identify fosmids containing genes 
encoding effectors.  It was anticipated that this work would provide information on the 
size of the gene families encoding a range of effectors and would allow identification of 
fosmids containing effector genes that can be prioritised for sequencing. 
 
Experimental procedures 
Sufficient clones to represent greater than 2 fold coverage of the G. pallida genome were 
picked into 384 well plates using a Genetix QBot.  The genome size of G. pallida is 
estimated at 80 Mb and the insert size for a fosmid library is constrained to 
approximately 40Kb.  We therefore picked twelve 384 well plates (4,608 clones) 
representing approximately 2.3 fold genome coverage.  Filters were then printed from 
these 12 plates using the QBot and the colonies were grown on the filters on LB-
Chloramphenicol plates overnight at 37oC.   
Three genes encoding effectors were chose for filter screening.  Fragments of genes 
encoding chorismate mutase (Jones et al., 2003), pectate lyase (Popeijus et al., 2000) and 
SPRYSEC proteins from G. pallida (Rehman et al., 2009) were amplified from plasmid 
stocks, gel purified using a gel purification kit (Qiagen) and quantified using a nanodrop 
spectrophotometer.  The SPRYSEC gene family is known to be very large in G. pallida 
(E. Grenier, V. Blok & J. Jones – unpublished) with over 30 members identified and 



 
Figure 1: Hybridisation of chorismate mutase probe to filter of G. pallida genomic library.  
Two fosmids (each spotted in duplicate) are recognized by the probe (arrows). 

sequenced before the start of this project.  Based on a phylogenetic analysis of the 
available G. pallida SPRYSEC sequences we selected five different genes that 
represented the full diversity of the SPRYSEC gene family.  We generated a mixed pool 
of these amplicons in order to identify as many different SPRYSEC genes as possible in 
the filter screens.  Since the G. pallida pectate lyase and chorismate mutase gene families 
are not thought to be as large or as divergent we used individual genes in these cases. 
Fifty nanograms of the purified PCR products were labeled with 32P dCTP using a 
random prime labeling kit (Amersham).  Filters were then hybridized with the labeled 
products, washed and exposed to X-ray film using standard protocols.   
 
Results 
Six filters were generated, each containing approximately 2.3 fold coverage of the G. 
pallida genome spotted in duplicate.  Probes for each of the selected genes were 
generated and labeled for use in the screening experiments. The results for each gene 
tested are described below. 
 
Chorismate mutase 
Two fosmids containing sequences that hybridized to the Chorismate mutase probe were 
identified (Figure 1).  Southern blotting experiments (V. Blok, unpublished) suggest that 
a small gene family (approximately 4 genes) of chorismate mutase genes is present in G. 
pallida.  This information, coupled with the filter screening results presented here, 
suggests that the chorismate mutase genes are clustered within the G. pallida genome. 

 



 
Figure 2:  Hybridisation of SPRYSEC probe to filter of G. pallida genomic library.  A total of 
92 fosmids are recognized by the probe. 

SPRYSECs 
In contrast to the results obtained for chorismate mutase, a very large number of fosmids 
were identified that hybridized to the SPRYSEC probe mixture (Figure 2).  A total of 92 
different fosmids showed hybridization to the probe. 

These data suggest that the SPRYSEC effectors are encoded by a substantial gene family.  
It is entirely possible that each of the 92 fosmids recognized by the probe contains more 
than one SPRYSEC encoding gene, should the gene family have increased in size as a 
result of gene duplication events.  Several hundred SPRYSEC genes may therefore be 
present within G. pallida.  This size of gene family is indicative of strong diversifying 
selective pressure such as that experienced by effectors that interact with host 
components and is consistent with the idea that the SPRYSECs may suppress host 
defences (Rehman et al., 2009). 
 
Pectate lyase 
Although these experiments were repeated three times with different filters we were not 
able to detect hybridization of the probe to the filters.  This may have been due to 
technical problems, although the other probe-filter combinations worked successfully.  It 
is also possible that the region(s) of the genome containing the pectate lyase genes are not 
represented on the filters.  Although sufficient fosmids were picked to generate over 2 
fold coverage of the genome on the filters, it is possible that some regions were 
represented more than twice with other regions absent.  If true, this implies that the 
pectate lyase genes are likely to be clustered within one or two regions of the genome.   
 
Future work 
We have sent details of the fosmids to be sequenced to the Sanger centre.  These fosmids 
will be sequenced in pools on a Solexa Illumina as part of the G. pallida genome project.  
It is anticipated that this data will be generated over the next few months, depending on 
the queue time for the Solexa machines. 
 
Projected outputs 
The data from this STSM will form part of a presentation at the forthcoming COST 872 
meeting.  It will also be used as part of the G. pallida sequencing project and to help 



current studies at SCRI on the role of the SRYSEC proteins.  Several joint publications 
are therefore likely to arise from this work. 
 
Training value to the applicant  
Dr Pylypenko has had the opportunity to learn a wide range of new techniques while at 
SCRI that will be of value to her and to her colleagues in Ukraine on her return.  Many 
research groups at Dr Pylypenko’s home institution still rely on very basic research 
techniques and the training that she has obtained will help these groups shift their focus 
and allow them to use new molecular biology tools in their work. 
Dr Pylypenko will be an author on any publications that emerge as a result of this work 
and this will also assist her career development. 
 
Further collaboration 
In addition to the work described above Dr Pylypenko has taken the opportunity to learn 
and apply a quantitative PCR test for PCN.  She has also met with workers from the 
Scottish Agricultural Science Agency (SASA) to discuss use of new diagnostic tests in 
quarantine and statutory testing labs as well as the implementation of the new EU PCN 
testing regime.  Since Dr Pylypenko runs a quarantine facility in Ukraine the training and 
discussions that she has taken part in during her STSM will allow her to inform her 
colleagues in Ukraine of the procedures for monitoring PCN currently used within the 
EU and will help her persuade the Ukrainian authorities of the value of applying similar 
systems within Ukraine.   
Dr Pylypenko will also continue to collaborate with the SCRI group in the main area of 
the STSM and will continue to participate in the activities of COST 872. 
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