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Types of genetic variation in the genome
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▪ Tagging SNPs via recombination
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Challenges to study structural variations
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Capturing variation using k-mer size 5
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k-mers capture variation without performing alignment



Application of 
k-mer GWAS to 

understand genetic 
basis of disease 

resistance in crops



Case study: k-mers captured large insertion associated with disease resistance
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Drawbacks of k-mer based methods

Requires relatively deep sequencing (>10x) to cover k-mer space 

Huge number of k-mer variants add computational burden

Genomic context of k-mers is not known a priori, making it 
unsuitable for population genetics analysis, genomic 
prediction, advanced GWAS methods



Graph-based methods for pan-genomic analysis



Pan-genome graph captures haplotypic variation
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Pan-genome graph captures haplotypic variation

Haplotype –> Genomic block inherited as a unit



PsMLO1 locus

Large structural variation 
around PsMLO1 locus

Pan-genome graph captures haplotypic variation: Example in Pisum spp.

Graph construction 
using PGGB

Graph visualization 
using Bandage



Node inference based on mapping short reads to graph
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Since we have captured most of the species haplotypic 
variation in the pangenome graph, we can map short reads to 
the graph and tag each haplotypic variant



Pangenome GWAS for Mendel’s traits – Stem length

WGS data of 230 lines with 10x sequencing depth

Pangenome graph-based GWAS



Pangenome GWAS for Mendel’s traits – Flower color

WGS data of 230 lines with 10x sequencing depth

Pangenome graph-based GWAS



Pea root rot complex

• Disease complex of fungi and oomycetes
• Fusarium ssp.
• Aphanomyces euteiches
• Rhizoctonia solani
• Phoma ssp.

• Yield losses typically 10 % (up to 70 %)
• Pathogen build-up in soil and survival for years
• Limited chemical control available
• No qualitative resistance



Pangenome GWAS for root rot: node inference from GBS reads

- GBS data of 250 lines
- GBS reads are mapped to almost 1 million nodes 
compared to 20000 markers using usual protocol

Pangenome graph-based GWAS



JIC Pisum collection

Landraces

Cultivars

Wild accessions

Genetic stocks

- 700 Pisum accessions 
sequenced with 20x 
depth

- Artificially lowered 
sequencing depth to 1x



GWAS for a disease trait

k-mer GWAS (with 20x sequencing depth)
10 billion k-mer variants

Pangenome GWAS (~1x sequencing depth+ imputation)
100 million node variants



Root rot revisited: Phenotyping of a RIL population
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Genetic mapping for root rot

Marker position (cM)
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GWAS for root rot

k-mer GWAS (with 20x sequencing depth)
10 billion k-mer variants

Pangenome GWAS (~1x sequencing depth+ imputation)
100 million node variants



Summary

- Allows the sequencing depth to be dramatically reduced 

- Allows genetic analysis requiring genomic context of variants 
to be known, such as genomic prediction

- Huge reduction in computational burden and statistical noise

Pangenome graph provides a versatile framework for genomic analysis:
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