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Figure from Eisenstein 2023.


https://www.nature.com/articles/d41586-023-01300-w

EBERHARD KARLS

UNIVERSITAT
TUBINGEN

I {00 Data Flow
E——— Cptional Data Flow
Reporting Data Flow
— Main File Output
I Cptional Fie Output

— OMmunty Data Flow

Call Variants
vg deconstruct

Graph Induction
sequish

Smooth Graph
smoothxg

Remove Spare Nodes
glaffix

VCF Statistics
beftools

Reporting
MultiQc

ODGI Format
odgl build

O

Graph Statistics
odgi stats

=

nf-core/ ©

o

ibviz
odgi viz

o)

2D Layout 20 viz

odgl layout odgl draw

pangenome

of

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
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Clustering with the Leiden algorithm: Edge weight is mapped_length * mapped_identity

Leiden was applied in Guarracino et al., 2023. | 6
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Building a Lodderomyces elongisporus pangenome graph

e Ayeast fungi
e An underestimated pathogen!
e Genome length: ~15Mb

e 8 chromosomes + mtDNA

o ALPACA /PANGAIA Winter Wet Lab School 2023:

New Microbes New Infect. 2018 Nov; 26: 20-24. PMCID: PMC6141678

Published online 2018 Jul 18. doi: 10.1016/j.nmni.2018.07.004 PMID: 30245829

Lodderomyces elongisporus: a bloodstream pathogen of greater clinical significance

K. Al-Obaid, S. Ahmad,? L. Joseph,2 and Z. Khan? *

8 | Mycology | Research Article | 27 April 2023 f ¥ in

Genomic Analyses of a Fungemia Outbreak Caused by
Lodderomyces elongisporus in a Neonatal Intensive Care Unit in
Delhi, India

Authors: Anamika Yadav, Peeyush Jain, Kusum Jain, Yue Wang, Aditi Singh, Ashutosh Singh, Jianping Xu ]

Anuradha Chowdhary AUTHORS INFO & AFFILIATIONS

DOI: https://doi.org/10.1128/mbio.00636-23 - M) Check for updates

o 11 assemblies from Nanopore and lllumina data



https://www.pangenome.eu/alpaca-pangaia-winter-wet-lab-school/
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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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https://www.biorxiv.org/content/10.1101/2023.09.22.558964v1
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Reference-guided and assembly-guided communities
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https://www.biorxiv.org/content/10.1101/2023.09.22.558964v1
https://github.com/chfi/gfaestus
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Building a human 1KG chromosome 19 pangenome graph

e 1000 sequences of chr19 of the 1000 genomes project
e Chr19 length: ~69Mb

e Timings:
o wfmash map: 9h
o wfmash align: 100 * 2h
o seqgwish: 1d 13h
o smoothxg: 15h
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Building a human 1KG chromosome 19 pangenome graph

Sample Name Length Nodes Edges Paths Components A Cc T G N

chr19.1000 3395 721 041 2603 187 3514217 1000 1 20 122 867 17 366 413 20 359 662 17 872 099 3 320 000 000
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Building a 2146 sequences E. coli pangenome graph

e 2146 sequences from GeneBank including 133 plasmids
e E. colilength: ~5Mb

e Quadratic all versus all alignment problem!
o wfmash map: 1h 30min

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

o seqgwish: 2TB of scratch space did not suffice!

| 13
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Building a 2146 sequences E. coli pangenome graph

e Network storage I/O was too slow!

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

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

e 500GB RAM not sufficient for seqwish

e seqgwish transclose batch decreased by 2 orders of magnitude: 5 hours
e smoothxg: only one round of smoothing: 62 hours

| 14



Building a 2146 sequences E. coli pangenome graph

- Sample Name Length Nodes Edges Paths Components A Cc T G N
" ecoli_2146 358 911 871 6 393 864 9 558 161 2146 40 78846987 70759278 78416199 71085690 59 803 717
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depth

ODGl 1D visualization by uncalled
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ODGI 2D drawing

MultioC

A modular tool to aggregate results from bioinformatics analyses across many samples into a single report.

This report has been generated by the nf-core/pangenome analysis pipeline. For information about how to interpret these results, please see the documentation.

Report generated on 2023-10-12, 10:00 UTC based on data in: /home/heumos/git/pangenome/work/c5/ca240d49b3c543e39a2bb7Td30986¢

© Welcome! Not sure where to start?

(6:06)

ODGl

ODGl is an optimized dynamic graph/genome implementation, for efficient analysis and manipulation of pangenome graphs structured in the variation graph model.

Detailed ODGI stats table.

i Copy table Configure Columns || JliPlot | Showing '/, rows and '%, columns.
Sample Name Length Nodes Edges Paths Components A Cc T
DRB1-3123 22973 4762 6522 12 1 6 547 4983 5912

4587

944



ODGI Compressed 1D visualization

This image shows a 1D rendering of the built pangenome graph. The graph nodes are arranged from left to right, forming the pangenome sequence. Summarization of path coverage across all paths. A heatmap color-coding from https://colorbrewer2.org
J#type=diverging&scheme=RdBu&n=11 is used. Dark blue means highest coverage. Dark red means lowest coverage. The path names are placed on the left. The black lines under the paths are the links, which represent the graph topology.
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ODGI 1D visualization

This image shows a 1D rendering of the built pangenome graph. The graph nodes are arranged from left to right, forming the pangenome sequence. The colored bars represent the paths versus the pangenome sequence in a binary matrix. The path names
are placed on the left. The black lines under the paths are the links, which represent the graph topology.
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ODGl 1D visualization by path position

This shows a 1D rendering of the built pangenome graph where the paths are colored according to their nucleotide position. Light grey means a low path position, black is the highest path position.
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ODGI 1D visualization by path orientation

This image shows a 1D rendering of the built pangenome graph where the paths are colored by orientation. Forward is black, reverse is red.
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ODGl 1D visualization by node depth

This shows a 1D rendering of the built pangenome graph where the paths are colored according to path depth. Using the Spectra color palette with 4 levels of path depths, white indicates no depth, while grey, red, and yellow indicate depth 1, 2, and greater

than or equal to 3, respectively.
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ODGI 1D visualization by uncalled bases

This shows a 1D rendering of the built pangenome graph where the paths are colored according to the coverage of uncalled bases. The lighter the green, the higher the 'N' content of a node is.
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ODGI 2D drawing

This image shows a 2D rendering of the built pangenome graph.
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Downstream analyses with ODGI

i
Exploratory Analysis

Sorting and Layouting

Translate GFAv1 to ODGI format

Highlight different graph features in 1D
Create 1D visualization of a particular region Sort DRB1-3123 graph

Metrics of sorted and unsorted graph
Compare 1D visualizations

2D layout of DRB1-3123 graph

2D drawing of DRB1-3123 graph

gfaestus for interactive visualization

Detect Complex Regions

Download human chr8 pangenome
Calculate depth over pangenome
Plot the depth

Explore the centromer's organization

Navigating and Annotating Graphs

Path to graph position mapping

Path to path position mapping

Graph to path position mapping
Graph offset to path position mapping
Graph to reference position mapping
Graph to graph position mapping
Node annotation for Bandage

Extract Selected Loci

Extract a subgraph of LPA graph
Visualize subgraph

Extract MHC locus of human chré
Visualize MHC locus
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Downstream analyses with ODGI

Remove Artifacts and Complex Regions

Identify problematic regions
Remove identified regions
Display graph stats

soion 100000 156000

Generate 1D visualization
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Core Facility Cluster - hardware specifications

e 28 nodes
e Parallel BeeGFS Filesystem (SFS9) with a total capacity of 400TB
e 24 Regular nodes each:
o 32Cores/64Threads (2* AMD EPYC 7343), 512GB RAM, 2TB NVME
e 4 HighMem nodes each:

o ©64Cores/128Threads (2* AMD EPYC 7513), 2048GB RAM, 4TB NVME
e | can occupy at most 1228 CPU Threads ~19 nodes.

| 22



This is the annotated mtDNA graph.

D=LODELOB2_p59220Name=cob-GENE;

Nodes are colored by annotation. B-LG0ELORD paa A= R.GENE;

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

The black links are the edges in the graph.

70;MName=nad3-GENE;
D=LODELOB2_p59280;Name=nad4-GENE;




Annotated chrCchrGchrH pangenome graph.

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

cross each other. | /
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