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The birth of garden strawberry ≈ 300 years ago
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Base population

Selection breeding

New Strawberry variety(s)

• Contain important genes
• Heritable genetic variation

• 8- 10 years
• Most plants get dropped out
• Costly

• New characteristics

✓Crossing
✓Backcrossing

WHAT IF???

Breeding

4

Pre-breeding

1. Progenitor species, wild
relatives, and local accessions

2. Implementing modern genomic
tools such as GWAS and Genomic
prediction
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Reconstructed strawberry population (ReC)

Step: 1

Step: 2
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Credits: Jakob Junkers

Reconstruction approach of strawberry pre-breeding

298 Rec individuals
genotyoped with 50K array



Photo credit: Aram
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Fruit 

characteristics

Plant 

characteristics

Phenotypic diversity in 
ReC population

Floral sex 

characteristics
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Population structure analysis

• ReC population is structured into 4 sub-populations.

• SNP based population structure analyses are in agreement with known pedigree information. 

• GWAS was performed by accounting for population structure.
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What is a GWAS?

Genome Wide Association Study

Link genetic differences to phenotypic differences



GWAS and Population structure

Individuals within a population / sub-population are often

more related than those between populations.
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PCA
K-matrix

Here, flowers in a population share not only causative 

variants, but also non-causative variants that are more 

common in the population (genetic background).

We take this background into account in GWAS to try 

to reduce the significance of non-causative variants. 

PCA represents overall grouping while the K-matrix 

represents this background relatedness.
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✓In total, 39 QTL regions for eight traits distributed across 20 chromosomes
✓21 of these QTL regions were novel, rest were confirmed from previous studies

Main Results
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Winter Survival GWAS

• 6 NOVEL QTL regions were identified for winter survival
• 19 plausible candidate genes were identified for winter survival in strawberry
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Same genomic region controlling Male and Female fertility

• Chromosome 6A and 6D harbor important loci associated with 
fertility traits in garden strawberry

• Previous studies have reported SDR (sex-determining region) 
on chromosome 6. 
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Photo: Marja Rantanen
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Were the QTLs any good for breeding?
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Resistance to Powdery mildew in ReC population
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✓ In total, 6 QTLs for Leaf and 2 QTLs for Fruit PM were discovered.

Main Results

Why different GWAS models? 
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A major NOVEL QTL on Chr 3B for PM resistance in strawberry
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Stacking of multiple alleles can help select against PM
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Concluding remarks

• Reconstrution of strawberry provides a wide diversity for genetic studies and breeding in
challenging climates.

• The ReC material is a potential resource for novel alleles for multiple breeding traits.
• Our GWAS results open new avenues for genome-informed breeding and deeper analysis of

studied traits.
• Developing and testing KASP markers would be next potential step.
• Strategies must be devised to use ReC genotypes for next steps in breeding.
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Thank you for your attention!
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