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Every base everywhere all at once - Pangenomes

Figure from Eisenstein 2023.

https://www.nature.com/articles/d41586-023-01300-w
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Core workflow taken over from PGGB: Garrison, Guarracino et al., 2023.

https://www.biorxiv.org/content/10.1101/2023.04.05.535718v1
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Clustering with the Leiden algorithm: Edge weight is mapped_length * mapped_identity
Leiden was applied in Guarracino et al., 2023.

https://www.nature.com/articles/s41598-019-41695-z
https://www.nature.com/articles/s41586-023-05976-y


 |  6

Clustering with the Leiden algorithm: Edge weight is mapped_length * mapped_identity
Leiden was applied in Guarracino et al., 2023.

https://www.nature.com/articles/s41598-019-41695-z
https://www.nature.com/articles/s41586-023-05976-y
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● A yeast fungi

● An underestimated pathogen!

● Genome length: ~15Mb

● 8 chromosomes + mtDNA 

● ALPACA / PANGAIA Winter Wet Lab School 2023:

○ 11 assemblies from Nanopore and Illumina data

Building a Lodderomyces elongisporus pangenome graph

https://www.pangenome.eu/alpaca-pangaia-winter-wet-lab-school/
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nf-core/pangenome in 
community mode

● 9 communities: Each community 

contains one chromosome!

● Most chromosomes are linear

● Thin tails → unmapped sequence

●  chrB and chrH are a mess!
Layout generated with PG-SGD: Heumos, Guarracino et al., 2023.
PNG generated with ODGI: Guarracino, Heumos et al., 2022.

https://www.biorxiv.org/content/10.1101/2023.09.22.558964v1
https://academic.oup.com/bioinformatics/article/38/13/3319/6585331
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Reference-guided 
community detection

● One nf-core/pangenome run 

per community

● More linear chromosomes

● chrB looks beautiful now

● chrH is still a mess
Layout generated with PG-SGD: Heumos, Guarracino et al., 2023.
PNG generated with ODGI: Guarracino, Heumos et al., 2022.

https://www.biorxiv.org/content/10.1101/2023.09.22.558964v1
https://academic.oup.com/bioinformatics/article/38/13/3319/6585331
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Reference-guided and assembly-guided communities

Layout generated with PG-SGD: Heumos, Guarracino et al., 2023.
PNG screenshot generated with gfaestus.

https://www.biorxiv.org/content/10.1101/2023.09.22.558964v1
https://github.com/chfi/gfaestus
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● 1000 sequences of chr19 of the 1000 genomes project

● Chr19 length: ~59Mb

● Timings: 

○ wfmash map: 9h

○ wfmash align: 100 * 2h

○ seqwish: 1d 13h

○ smoothxg: 15h

Building a human 1KG chromosome 19 pangenome graph
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Building a human 1KG chromosome 19 pangenome graph

Blue: Highest node 

coverage

Red: Lowest node 

coverage
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● 2146 sequences from GeneBank including 133 plasmids

● E. coli length: ~5Mb

● Quadratic all versus all alignment problem!

○ wfmash map: 1h 30min

○ wfmash align: 1000 x 20min: ~666GB of PAF files!

○ seqwish: 2TB of scratch space did not suffice!

Building a 2146 sequences E. coli pangenome graph
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● Network storage I/O was too slow!

● wfmash sparse map factor: only retain ~0.03% of all mappings

● wfmash align: 100 x 5min - previously: 1000 x 20min

● 500GB RAM not sufficient for seqwish

● seqwish transclose batch decreased by 2 orders of magnitude: 5 hours

● smoothxg: only one round of smoothing: 62 hours

Building a 2146 sequences E. coli pangenome graph
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Building a 2146 sequences E. coli pangenome graph

Blue: Highest 

node coverage

Red: Lowest 

node coverage
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MultiQC Report
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Downstream analyses with ODGI
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Downstream analyses with ODGI
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● 28 nodes 

● Parallel BeeGFS Filesystem (SFS9) with a total capacity of 400TB

● 24 Regular nodes each: 

○ 32Cores/64Threads (2* AMD EPYC 7343), 512GB RAM, 2TB NVME

● 4 HighMem nodes each:

○ 64Cores/128Threads (2* AMD EPYC 7513), 2048GB RAM, 4TB NVME

● I can occupy at most 1228 CPU Threads ~19 nodes.

Core Facility Cluster - hardware specifications



This is the annotated mtDNA graph. 

Nodes are colored by annotation. 

As will be the case for the following 2D plots. 

The black links are the edges in the graph.



Annotated chrCchrGchrH pangenome graph. 

Shown is the complex region in the middle, where all chromosomes 

cross each other.



The complex region of chrB again with 

annotation.


