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Leveraging pangenome graphs to accelerate
genetic gain in breeding programs
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Reference 2

Types of genetic variation in the genome

ATGTTGTAGATCGTCGTAGC ACGATAGCGGGTTTCCCAGATCAGATGA

ATGTTGTAGATCGTCGTAGC ACGATAGCGGGTTTCCCAGATCAGATGA

ATGTTGTAGATCGTCGTAGCTGECGCPACGATAGCGGGTTTCCCAGATCAGATGA

ATGTTGTAGATCGTCGTAGCT&TACGATAGCGGGTTTCCCAGATCAGAT

ATGTTGTAGATCGTCGTAGOIGTACGATAGTAGCTACGGGTTTCCCAGATCAGATGA
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Challenges to study structural variations

* No alignment of short reads

ATGTTGTAGHTCGTCGT TGTACHATAGCF—————=——=—————~ TTTAdCAGATCAGRTGANAGCCGTATGGGTC
TGTTG AGHITCG GTAQCTG C[ATAG ! INDEL i TAJCAGA CAGQITGATA CGTATGGG
ATGTTG GITCGT TAdCTGT [JATAGC i CAGATC GATAGCCG  GGGTC
GTAGIITC CGTACCT TACJATAG | i  TQGQCAGA AGHTG CGTATGGGT
TGTTGT [MTCGTCG CTGTAC ] i CAGATC AGCCGTA GGTC
» Tagging SNPs via recombination
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k-mers capture variation without performing alighment

Capturing variation using k-mer size 5 GTACG
TGTAC
CTGTA
GCTGT
AGCTG

ATGTTGTAGATCGTCGTAGC ACGATAGCGGGTTTCCCAGATCAGATGA

= SNP variation ATGTTGTAGATCGTCGTAGC ACGATAGCGGGTTTCCCAGATCAGATGA

AGCT
gngT CGGTTT
TCTAC GTCGGT
CTACG AGTCGG
TAGTCG
ATAGTC
GATAGT
CGATAG
ACGATA
TACGAT
GTACGA
TGTACG
CTGTAC
GCTGTA
AGCTG
o TAGCT
= INDEL variation ATGTTGTAGATCGTCGTAGIGTACCATAGTAGGGTTTCCCAGATCAGATGA
ATGTTGTAGATCGTCGTAGCGGGTTTCCCAGATCAGATGA
TAGCG
AGCGG
GCGGG

CGGGT
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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

Step 1: Alignment of short reads to pan-genome graph
B Reference 1

Reference 2

GIGACCATCGCT

GGCTGACGATAC ACAGTGGCTATC
GCTGACGATACT ACAGTGGCTATC

Reference 3 =
. Reference 4 b
Reference 5
Reference 6

ATGTGACGATCG
TGTGACGATCGC

Graph nodes Step 3: GWAS
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Pan-genome graph captures haplotypic variation

Haplotype —> Genomic block inherited as a unit
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Pan-genome graph captures haplotypic variation
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Pan-genome graph captures haplotypic variation: Example in Pisum spp.

PsMLO1 locus
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Graph construction

using PGGB
Large structural variation

around PsMLO1 locus
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Graph visualization
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Node inference based on mapping short reads to graph

B Reference 1
Reference 2

Reference 3
. Reference 4
Reference 5

Reference 6

GCIGACGATCGCT

GGCTGACGATAC ACAGTGGCTATC
GCTGACGATACT ACAGTGGCTATC

CTGACGATTG
CGACAGTGTA

ATGTGACGATCG
TGTGACGATCGC

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

nature genetics

Article https://doi.org/10.1038/541588-024-01867-8

Reference genome sequence and population
genomic analysis of peas provideinsights
into the geneticbasis of Mendelian and other
agronomic traits

Stem length (Le/le)  psGA30xT (Pisum05G532700)
: \

-log,o(P value)

WGS data of 230 lines with 10x sequencing depth

—log10(pP)

Pangenome graph-based GWAS
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Pangenome GWAS for Mendel’s traits — Flower color

nature genetics

Aricl WGS data of 230 lines with 10x sequencing depth

Reference genome sequence and population
genomic analysis of peas provideinsights
into the geneticbasis of Mendelian and other

agronomic traits

Pangenome graph-based GWAS
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Pea root rot complex

* Disease complex of fungl and oomycetes
. * Fusarium ssp...« -
; Aphanomyces eute/ches
. * Rhizoctonia solan/
- * Phoma ssp.
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Pangenome GWAS for root rot: node inference from GBS reads

- GBS data of 250 lines
Association genetics and genomic prediction for resistance to root - GBS reads are mapped to almost 1 million nodes
rot in a diverse collection of Pisum sativum L. compared to 20000 markers using usual protocol

Daniel Ariza-Suarez®, Lukas Wille!, Pierre Hohmann?, Valentin Gfeller?, Michael
Schneider?, Matthew Horton?, Monika Messmer?, and Bruno Studer?

Pangenome graph-based GWAS
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JIC Pisum collection

nature > articles > article

Article Open access Published: 23 April 2025

Genomic and genetic insights into Mendel’s pea genes

Species
. P. fulvum

|:| P. sativum
l P elstis

[] unciassified

- 700 Pisum accessions '.g ue L a ik, O] » rueie
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sequenced with 20x Ivar: | A\ =\ B - e
depth

- Atrtificially lowered
sequencing depth to 1x




GWAS for a disease trait

k-mer GWAS (with 20x sequencing depth)

Pangenome GWAS (~1x sequencing depth+ imputation)
10 billion k-mer variants

100 million node variants
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Root rot revisited: Phenotyping of a RIL population

N. Trenk 7

RIL .
Phenotyping

Partially resistant Susceptible



-log(p-value)
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Genetic mapping for root rot
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GWAS for root rot

Pangenome GWAS (~1x sequencing depth+ imputation)

k-mer GWAS (with 20x sequencing depth)
100 million node variants

10 billion k-mer variants
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Pangenome graph provides a versatile framework for genomic analysis:

| - Allows the sequencing depth to be dramatically reduced V

-Huge reduction in computational burden and statistical noise

N

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

N
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