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Its getting warmer….

…and rainfall patterns change.
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Projected changes in potential potato yield due to c limate change 

(period 2040–2059)

Changes in potential yield (%)

Country Without adaptation With Adaptation

China -22,2 -2,5

India -23,1 -22,1

Russia -24,0 -8,8

Peru -5,7 +5,8

USA -32,8 -5,9

Hijmans RJ (2003) The Effect of Climate Change on Global Potato Produ ction.
American Journal of Potato Research 80. 271–280.



���
����������������
����
����������������
����
����������������
����
����������������
����
��� ���
������
������
��� ��������
����
�����������
����
�����������
����
�����������
����
���
������
�������
�������
�������
�

Variability of natural climate stress events 
Difficult selection under natural stress conditions

Tolerance traits are polygenic and epistatic
Heritability? Combining ability?

Gene x environment interactions
Tolerance traits/genes might not be effective over different 
environments
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Breeding for improved 
drought and heat stress 

tolerance 

Identify clones with 
improved tolerance

Identify 
tolerance

traits

Trait
heritability

Genetic and 
physiol. 
basis of 

tolerance 
traits

Simple but reliable 
screening methods



Materials: Breeding clones & landraces from CGS

Methods: Replicated plots
Irrigation suspended 5-6 w after planting
Harvest  after 110 days
Yield under stress / control 

Results: Identification of 192 drought-tolerant 
clones

Identify clones with 
improved tolerance
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Identify 
tolerance

traits

Plant vigor
Harvest index
Quality
Yield under high/low irrigation regimes
Capacity for regeneration after stress
Resistance/susceptibility indices

drought stress/control

Test panel 
exhibiting difference 
in drought tolerance
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Identify 
tolerance

traits

Drought reduces leaf area
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Total water transpiration vs Leaf area
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Identify 
tolerance

traits

Stomatal resistance (s cm-1) 
37 days after drought
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Osmotic potential (MPa)  
39 days after drought
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Identify 
tolerance

traits
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Identify 
tolerance

traits

Gene expression profiling Candidate genes/traits

Mapman, Rotter et al. Plant Methods. 2007; 3:10
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Identify 
tolerance

traits

Functional category      genes   examples
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Identify 
tolerance

traits

Biochemical analysis

Metabolites accumulating under drought

Amino acids Ornithin, proline, trigonelline

Polyamins Spermine

Sugar alcohols Galactinol

Hormons ABA, ethylene

Sugars

AOS detoxification

Osmotic adjustment

Regulation
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Vigor, early growth

ABA

????AOS detoxification, 
membrane and protein 
protection….

yieldDrought susceptibility

Photosynthesis analyzer, 
13/12C

Transpiration efficiency

Remote sensing methods

Harvest indexMorphological 
adaptations

Screening methodTrait

In vitro screening, 
QTL
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Some tolerance traits are difficult to screen for on ph enotypic level

Validation (field)

Test Panel SNP markers 
in candidate genes

Association Genetics Analysis
QTLs for AOS detoxification, membrane protection…

Allele selection system for traits 
that are difficult to screen for

(In vitro) screening 
and phenotyping

Alleles associated with tolerant phenotypes
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Use pedigree information + multi-trait evaluation d ata to determine
breeding parameters 

Variance, heritability, breeding value (BLUP-GCA), family effects (SCA)

Selection of crossing parents

Phenotyping Genotyping 
(Allele selection system)

Pre-breeding clone set
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Controls
Assess traits, where the genetic

variance remains high 
under stress

(TE, ABA, AOS detoxification…)

Improving 
genetic gain

Crossing and 
progeny selection

Improved response 
to selection

Breeding 
Population

Abiotic stress 
tolerance
enhanced

BP
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