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Pangenome graphs and variant-aware read mapping
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Mapping reads across structural variants

Structural variants (SVs) are genomic variants larger than 50
bp, e.g. insertions, deletions, inversions translocations.
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The vg toolkit is a complete, open source
solution for graph construction, read
mapping, and variant calling.

https://github.com/vgteam/vg

Garrison et al. Nature Biotech 2018

vg can genotype structural variants from short-read
sequencing datasets starting from public SV catalogs or
de novo assemblies.

Hickey et al. bioRxiv 2019, in press at Genome Biology

https://github.com/vgteam/vg
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Genotyping SVs from long-read sequencing studies

Ref. Project Samples

Chaisson et al. 2019
Human Genome Structural

3
Variation Consortium (HGSVC)

Audano et al. 2019 SVPOP 15

Zook et al. 2019 Genome in a Bottle (GIAB) 1
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SV genotyping accuracy for deletions and insertions

whole−genome non−repeat regions
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Combined SV catalogs from 3 long-read studies

Ref. Project Samples

Chaisson et al. 2019
Human Genome Structural

3
Variation Consortium (HGSVC)

Audano et al. 2019 SVPOP 15

Zook et al. 2019 Genome in a Bottle (GIAB) 1
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760 TOPMed samples genotyped in 5 days

Using BioData Catalyst as an alpha user.

Workflow in Dockstore.

TOPMed data imported from Gen3.

Genotyping and exploratory analysis on Terra using
workflows and notebooks.

∼$12 per sample (soon <$4 with new read mapper).
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TOPMed data available in Gen3

I selected the MESA cohort and exported the CRAM files to
Terra.
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WDL workflow for vg in Dockstore
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Genotyping and analysis on Terra
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SV genotyped in 760 diverse genomes
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Frequency estimates

Insertions slightly more frequent than deletions...

...especially for larger variants.

Hundreds of fixed SVs, especially insertions.
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Fixed insertions

736 insertions with allele frequency >0.99.

Two repeat expansions in coding regions of SAMD1 and
FOXO6.

Screenshots from https://gnomad.broadinstitute.org/
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Fine-tuning breakpoints of deletions

Although sequence-resolved, many deletions are extremely
similar and likely near-duplicates of the same real deletion.
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In >9K clusters, the 760 samples supported mostly one
variant.
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Coding deletions with fine-tuned breakpoints

95 of the fine-tuned deletions overlap coding regions.

Two near-duplicated deletions overlapped DRD4 gene.

Within long short tandem repeat...
96 bp or 97 bp deletion?
→ All samples supported the 96 bp deletion.
Known 2-copies version of the 48nt repeat (DRD4-2R).
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Conclusions

The vg toolkit can integrate and genotype SVs.
760 TOPMed samples genotyped in 5 days using the BioData
Catalyst ecosystem.
SV catalog from long-read studies annotated with frequencies and
better breakpoint resolution.

Future directions

Documented workflows for the BioData Catalyst community (and
GSP through NHGRI AnVIL).
More SVs genotyped in more TOPMed samples for association
studies.
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Genotyping variants in vg
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Results on HGSVC - Simulated reads

whole−genome non−repeat regions
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Deletion correctly genotyped by vg

deletion
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51 bp homozygous deletion in the 3’ UTR of the LONRF2 gene.
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Simple repeat/low complexity regions are challenging
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Frequency distribution vs variant size
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UMAP
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Genotype quality and samples with genotype calls
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