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• Status of potato genomics resources

• Potato genome sequence
• Availability of potato genomics resources

• New research possibilities
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• Domesticated >4,000 years ago – South America.
• Diversified in the Altiplano > 5,000 landraces (2 to 5x).
• 9 to 1(4) species classical, molecular taxonomy.
• Escaped from SA 450 years ago, 3rd world food crop.
• > 1840, breeding started in response to LB devastation.
• However, it has unfavorable genetic characteristics:

– Tetraploid (2n=4x=48)
– Mainly out-breeder

– Inbreeding depression

– Highly heterozygote
– No mutant stocks

– 840 Mbp
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• RFLP marker genetic linkage maps

Bonierbale et al., (1988) Genetics 120: 1095-1103
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• SSR marker map 
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Ghislain et al. (2009) Mol Breed 23: 377-388
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• AFLP marker map:

– Ultra High Density map: with more than 10,000 
AFLP markers organized in Bins (SH83-92-488 
× RH89-039-16)

– Aiming at increasing marker density for fine 
mapping

– Being used to anchor potato gene / genome 
sequences

http://www.plantbreeding.wur.nl/potatomap/
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• Comparative maps:

– With tomato, pepper (macro-synteny), smaller (less repetitive 
sequences), await micro-synteny

– Many diploid potato maps developed (>30) but very few 
available for comparative studies
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https://research.cip.cgiar.org/cmap/
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• Databases of maps and markers:
– SOL Genomics Network (SGN) (http://sgn.cornell.edu): 

• Software tools and a database to store raw phenotype and genotype 
data from QTL studies

• SGN-curated datasets (markers, BACs, and unigenes). 
• QTL data from three F2 and two backcross populations; QTL studies on 

fruit morphology traits (up to 46 traits per population) are available at the 
SGN website for viewing but only one potato data set.

• Perform QTL analysis -R/QTL statistical software (http://www.rqtl.org). 
• Comparative Map Viewer 

(http://sgn.cornell.edu/cview/view_chromosome.pl)
• Users can identify peaks and flanking markers for QTLs for traits of 

interest; Users can compare predicted QTL regions to genetic maps of 
interest from the same or different Solanaceae species. 

• Using the emerging tomato genome sequence, users can also identify 
corresponding BAC sequences or locations on the tomato physical map, 
which can yield candidate genes for a trait of interest. 
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• DNA sequence: GenBank (NCBI):

30579Arabidopsis

18228Tomato

18784Potato

40978Rice

40349Wheat

97123Maize

UniGenes
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• Transcriptomics: potato EST

– TIGR project funded by NSF: cDNA libraries prepared at Cornell 
University, Wageningen University, and UC Davis, 126,000 EST 
sequences.

– The Canadian Potato Genome Project produced 101,000 EST 
sequences (80% made available). 

– Total of 246,182 sequences produced 46,345 unigenes
(Kloosterman et al., 2008, Funct Integr Genomics 8:329–340).
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• Derived tools for expression studies: 

– Gene expression resources (NCBI)
– Potato Oligo Chip Initiative (POCI):

• Based on 46,000 unigenes from various transcriptomics projects.
• 44k 60-mer oligo arrays.

• Used to identify genes involved in tuber initiation and growth.

Kloosterman et al., 2008, Funct Integr Genomics 8:329– 340
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• Proteomics: 

– Assess protein accumulation between different organs and / 
biological situations (stresses), incl. transformation.

– Fluorescence difference gel electrophoresis (DIGE) coupled with 
tandem mass spectrometry

• Metabolomics:
– Comparative analysis tool to assess “natural” phytochemical

variation deriving from environment, cropping system, incl. 
transformation. 

Deplace et al. (2009) J. of Exp. Bot. 60:1273–1288
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• Potato Genome Sequencing:
– Consortium started in 2006 by the Wageningen Agricultural 

University. 
– Based on one parent (RH89-039-16) of the UHD genetic linkage 

map
– 78,000 BAC clones fingerprinted to align them in ~7,000 physical

map contigs and anchored to the UHD genetic map of potato. 
– BAC-by-BAC sequencing strategy following minimum tilling path. 
– Whole genome shotgun sequencing approaches using both 454 

GS FLX and Illumina GA2 instruments; Whole Genome Sequences 
(WGS), KeyGene is underway. 

http://www.potatogenome.net



��
	
����
���������
��
• Potato Genome Sequencing:

– RH89-039-16:
– Assembly and annotation of the sequence data is underway but:

• Uneven heterozygosity
• Non random distribution of AFLP markers
• Numerous IN/DEL

M

http://www.potatogenome.net
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• Potato Genome Sequencing:
• In 2008, CAAS and CIP demonstrated the advantages of using a 

homozygous genotype (DM1-3 516R44): 
– DM is a spontaneous doubled monoploid obtained from leaf disk 

regeneration of a monoploid obtained from anther culture of a diploid 
accession of the Group Phureja (Richard Veilleux – Univ Virginia Tech).

S. Huang
Institute of Vegetable and Flowers
CAAS
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• Potato Genome Sequencing:
• In 2008, CAAS and CIP demonstrated the advantages of using a 

homozygous genotype (DM1-3 516R44): 
– Segregating populations to develop a DM-derived genetic linkage map 

(backcross to a landrace of the Goniocalyx Group).

– DArT and SSR markers

http://www.potatogenome.net

DM 1-3 516R44 
CIP 801092

X

DM x DI
CIP 305156.17 X

DM / DI // DI   
CIP 3083 28.1 

.
308328.232

DI (Goniocalyx)
CIP 703825

DI (Goniocalyx)
CIP 703825
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• Potato Genome Sequencing:
• DM1-3 516R44: 

– More than 80% of DM 
genome sequenced (>95% 
sequence identity). 

– The inclusion of DM has 
drastically increased the 
speed of assembly 
resulting in the first draft 
of the potato genome 
announced in October 2009.

http://www.potatogenome.net



http://potatogenomics.plantbiology.msu.edu/
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• Genomics data are usually in public domain: potato EST, gene 
sequences, potato genome sequence.

• Many genomics tools are proprietary and exploited as service: 

– Diversity Arrays Technology Pty Ltd (DArT arrays)
– KEYGENE (Whole Genome Sequencing)
– Agilent (POCI oligo array)

– 454 GS FLX Titanium series (Roche), SOLiD (Applied Biosystems), 
Illumina Genome Analyzer (high throughput sequencing) 

• Decrease in sequencing cost and DNA sequence template 
available, will render approaches based on genome sequence 
affordable

“Complete Genomics, which offers DNA analysis services to 
drugmakers and other companies, will begin in June to sequence 
human genomes for $5,000, a far cry from the $2.3 billion the 
first sequencing cost in 2003.”
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• Genome evolution: speciation, domestication, genetic 
changes (‘chaos’) from breeding:
– Potato-tomato BAC-end sequence and EST comparison 

confirmed >repetitive sequence in tomato (950Mbp).
– Genome-wide polymorphism survey will point at candidate loci 

(genes) involved fixed by early and late breeders.

Andersson and Georges, Nature Reviews of Genetics 5:  202-212 (2004)
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• Genome evolution: natural transgenic events:
– Endogenous pararetroviral sequences (EPRVs) are a 

class of repetitive sequences broadly distributed in the 
plant kingdom. 

– Contribution of EPRVs to plant pathogenicity
or, conversely, to virus resistance is just 
beginning to be explored

Staginnus et al. (2007) BMC Pl Biol 7:24 
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• Understanding polygenic traits:
– Many QTL maps but most in 1rst generation segregating population

– Major genes isolated when reliable phenotypic assays available
– Combined use of genomics techniques will help following gene networks 

and pathways during plant development and under biological stresses. 

– Genomics-assisted breeding in potato?

» Transgenics / intragenics / cisgenics become faster and 
even more precise, increasing genetic diversity


