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Teagasc project team: Dr Dan Milbourne (Project Leader/PI)
Marialaura Destefanis
Istvan Nagy
Dr Denis Griffin

External collaborators: Beijing Genomics Institute, China (Sanwen Huang)
Center Bioengineering RAS, Russia (Boris Kuznetsov)
Central Potato Research Institute, Shimla, India (Swarup Chakrabarti)
Chinese Academy of Agricultural Sciences, China (Zhonghua Zhang)
Dundee University, United Kingdom (David Martin)
Institute of Biochemistry and Biophysics PAS, Poland (Robert Gromadka)
Instituto Nacional de Tecnología Agropecuaria, Argentina (Sergio Feingold)
Instituto de Investigaciones Agropecuarias, Chile (Boris Sagredo)
International Potato Center (CIP), Peru (Merideth Bonierbale, Marc Ghislain)
Italian National Agency for New Technologies, Energy and Sustainable
Development, Italy (Giovanni Giuliano)
Michigan State University, USA (Robin Buell)
New Zealand Institute for Plant & Food Research, New Zealand (Jeanne
Jacobs)
Scottish Crop Research Institute, United Kingdom (Glenn Bryan)
Universidad Peruana Cayetano Heredia, Peru (Gisella Orjeda)
Virginia Polytechnic Institute & State University, USA (Richard E. Veilleux)
Wageningen University, The Netherlands (Christian Bachem, Richard Visser)

1. Project background:
Potato breeding is a lengthy process, with approximately 12 to 15 years required to develop a cultivar.
During this period, selection is performed for over 50 traits. Initially, sexual crosses are performed between
over 100 parental plants, producing over 100,000 progeny genotypes, which are reduced to approximately
2,500 in the first four years of selection. However, for logistical reasons, many of the most important traits,
including disease resistance and tuber quality traits can only be selected for quite late in the breeding cycle,
at which point much of the genetic variation has been lost from the populations under selection. A
biotechnology-based approach called marker assisted selection, (MAS), based on selection using molecular
markers linked to the genes underlying these key traits, offers several routes which would circumvent the late
selection for these important traits. However, genetic markers of diagnostic value in breeding programmes
are very challenging to develop. The availability of the complete genome sequence of potato would radically
enhance our ability to develop genetic markers for potato breeding.

The potato genome consists of 12 chromosomes, containing a total of 840 million nucleotides (letters of the
genetic code). Sequencing such a large genome is a huge undertaking and, in order to achieve this goal, a
worldwide collective of 17 research groups (including Teagasc Crops Research Centre) formed the Potato
Genome Sequencing Consortium (PGSC), whose goal was to elucidate the complete genome sequence of
potato by the end of 2010.

2. Questions addressed by the project:
 Could Teagasc contribute directly to the sequencing of the potato genome by performing high

throughput genome sequencing on the two potato genotypes being sequenced by the PGSC?
 Could a very high quality, annotated sequence of the major disease resistance gene locus on potato

chromosome 4 be developed in order to provide a basis for the development of genetic markers
linked to disease resistance traits, for use in potato breeding?

3. The experimental studies:
As mentioned previously, the potato genome is approximately 840 million nucleotides long. In order to
sequence the genome, potato DNA was fragmented into smaller pieces called subclones, each of which was
sequenced individually. The overall sequence of the genome was subsequently reassembled from the
sequences of these subclones by looking for overlaps between them. This approach requires the sequencing
of a total length of DNA many times in excess of the length of the genome, and the final sequence of the
genome involved sequencing over 100 potato genome equivalents. Teagasc directly contributed by
sequencing approximately five genome equivalents.

http://www.rte.ie/tv/theinvestigators/s2prog2.html
http://www.irishtimes.com/newspaper/sciencetoday/2009/0625/1224249487291.html
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One region of potato chromosome 4 is of particular interest to the breeding programme at Teagasc Oak Park
Crops Research Centre, because it harbours an extensive cluster of genes that confer resistance to the main
pathogens of potato in temperate agricultural regions, namely late blight and potato cyst nematodes (PCN).
Previous work had shown that this region was responsible for blight and PCN resistance in germplasm from
the Teagasc Potato Breeding Programme. Because of this, the development of genetic markers in this
region of chromosome 4 was a high priority in order to deploy MAS in the breeding programme. The draft
sequence of the potato genome was produced using a largely automated computational approach. In
previous genome sequencing projects (for instance, in humans) this was followed by a “finishing” phase in
which extensive manual editing of the automated assemblies and gene predictions is undertaken. Finishing a
genome is a highly laborious task, and is not currently within the remit of the PGSC. Because of our interest
in this resistance gene region, which spans 1 million nucleotides on chromosome 4, we carried out a careful
manual reassembly and annotation of the region in order to develop a very accurate picture of the gene
content along this portion of the chromosome. This accurate picture is an incredibly useful tool for the
development of genetic markers linked to genes in the region.

4. Main results:
 The first publicly available draft of the potato genome sequence was released by the PGSC in

September 2009. This draft of the sequence can be accessed by all potato researchers worldwide,
and will form the foundation of all future basic and applied research in potato genetics, breeding and
biology.

 We have developed a high quality, manually edited and annotated sequence of the major disease
resistance locus on chromosome 4 of the potato genome which can be used to develop genetic
markers for MAS-based approaches for the production of blight and PCN resistant cultivars in the
Teagasc Potato Breeding Programme.

5. Opportunity/Benefit:

The primary stakeholder for this research is the Teagasc Potato Breeding Programme, the strategic nature of
the project means that the benefits of the project will be conferred to public stakeholders via the exploitation
of these results by the breeding programme. The benefits of the project will be realised in a commercial
setting via the use of the output of the project to develop superior potato varieties.
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Popular publications:
The Investigators (popular science TV documentary series), December 2008
Milbourne and Griffin appeared in an episode entitled “Crops for the Future”
http://www.rte.ie/tv/theinvestigators/s2prog2.html

Sequencing of the potato genome will mean better spuds
William Reville, The Irish Times Science Section Thursday, June 25, 2009
http://www.irishtimes.com/newspaper/sciencetoday/2009/0625/1224249487291.html
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