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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.

Linear reference genome
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Variation graph

Introduction



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. bioRziv 2019, in press at Genome Biology

Introduction


https://github.com/vgteam/vg

Genotyping SVs from long-read sequencing studies

Ref. | Project Samples

. Human Genome Structural
Chaisson et al. 2019 Variation Consortium (HGSVC) 3
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
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Non-repeat regions: regions not overlapping segmental duplications or simple repeats
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Combined SV catalogs from 3 long-read studies

Ref. | Project Samples
. Human Genome Structural

Chaisson et al. 2019 Variation Consortium (HGSVC) 3
Audano et al. 2019 | SVPOP 15
Zook et al. 2019 | Genome in a Bottle (GIAB) 1
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71K deletions and 70K insertions include most of the common
deletions and insertions in the population.

SV genotyping with vg




760 TOPMed samples genotyped in 5 days

B i | BioData
A GEN O

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.

LA A A

~$12 per sample (soon <$4 with new read mapper).

'

SV genotyping in the BioData Catalyst ecosystem



TOPMed data available in Gen3

I selected the MESA cohort and exported the CRAM files to
Terra.

Logout B)

M) == | BioData [INIYRER = @ =4 B ©®
Powered by Gen3

Dictionary Exploration Query Workspace Profile

Data Files

GRS Export All to Terra 7' 5 Export to PFB & £ Export to Workspace &
( Medicat History | Diagnosis (TSI

Coltapseall
Projects Subjects
Project Id
1 4,879
[] parent-WHI_HMB-IRB_ 117676
(] parent-WHI_HMB-IRB-NPU_ 25538 Annotated Sex Race
] paren M no data no data
] parentARIC_HMB-RB_ 15608 100%
100%
| parent-FHS_HMB-IRB-MDS_ 13132
| topmed-COPDGene_HMB-M
] 10277
bs
[] parent-COPDGene_HMB_ 10099
Showing 1-20 of 4879 subjects
[ topmed-WHI_HMB-IR8 9001
Project Id DataFormat Race Annotated Sex Ethnicity ~ BP Diastolic ~ HDL LDL
] parent MESA_HMB_ 7440
] parent-CHS_HMB-IR8-MDS_ 5353 topmed- CRAMVCF
MESA_HMB
topmed-MESA_HMB 4879
topmed- CRAMVCF

| topmed-JHS_HME-IRB 4036 MESA_HME




WDL workflow for vg in Dockstore

Organizations Docs

4 H\ Il Search

2 Workflows

github.com/vgteam/vg_wdl/vg_map_call_sv_cram:svpack pe

Last Modified: 13 days ago
genome-graph  genomics  genotyping  structural-variant sv  variation-graph

5 | Launch with

B onastack »
X DNAnexus »
Source Code: github.com/vgteam/vg_wdl:supack

Info

ions Files

Workflow Information

Workflow Path: /workflows/vg_map_call_sv_cram.wdl H s

Test File Path: /params/vg_map_call_sv_cram_test.inputs.json

Checker Workflow: n/a
Descriptor Type: WDL Recent Versions

Dot: n/a
svpack Jan 28,2020

all versions

Workflow Version Information

supack Source Repositories

DOI: n/a GitHub [A

Author: Jean Monlong

E-mail: jmonlong@ucsc.edu Collections
Export as ZIP

Description structural Variant Calling
Read mapping and SV genotyping using vg. It takes a CRAM file and graphs containing the structural variants vg - Variation Graphs Toolkit

to genotype. The XG and GCSA graph indexes as required, as well as the original VCF used to create the
T + Add to mv collection




Genotyping and analysis on Terra

IEEREE CATALYST

Powered by Terra

DASHEOARD DATA NOTEBOOKS ~ WORKFLOWS  JOBHISTORY.

Workflow Submitted by Total Run Cost
cat-ts -usersivg_mar $115233
+/ Succeeded: 95 Feb,2020,7:34 AM
Data Entity Submission ID Call Caching
vo_map_call_sv_cram_2020-02-09T15-3 1a927b84-760d-49"
reads_390samples_b3_set

ol
| [[completion st v = = | BioData [INTYNES
= Powered by Terra
Datakntty 4 | LastChanged status RUNCost  Messige  PREVIEW(READONLY) 4 EDIT [l PLAYGROUNDMODE  §

View | 02d6ae72-8c2: Feb9,2020,8:48 P. o Succesdec $14.48 PCA
) . S 151 pen - preomgt )
View  02¢15f6c:2962-41. | Feb9,2020,741P. | o Succeeded 1193 7 Tioble(samplerromanes(pen. o3, PClepca aSx[.11, Pezepea.ofxl 21, Peampea.otal.3

Geu-dt = iobie(saev-pen-orsaes, e Lengtnipes-oosier
View  03a83563-3153-4. Feb9,2020,8:08 P. o/ Succeedes 81259

he scaterlotusing e s 2 PGS and clorng it e i PG
View  09a08c17-2dd0-4. Feb9,2020,738D. | o Succeedec $1134
In (6] qu\w(lyt df, aas(x PC1, y=PC2, colour=PC3)) +
o point(

View  09fbcoSc-875b-4c. Feb9,2020,810P. o Succeedec 31077 sca\e colour. gvadxeumuo\m: c(*indianred2’, ‘darkblue')) +

thene

sdevdf % ritger(rea) o

View  0b195937-096-4. | Feb9,2020,7:29D. | o Succeedec $1153 ‘9gplot (aes (x=pC

These b
View = 106502¢4-a0a9-4. Feb9,2020,833P. | o Succeeded $1130 theme_bu()
View  10af4506-7d1b-4d.. | Feb9,2020,630P. | o Succeedes $1194 ow
View  112247cc-5576-4f. | Feb9,2020,643P. | o Succeedes $1200

View  13596885-9c60-4 Feb9,2020,8:55 P. o Succeedec 1573




SV genotyped in 760 diverse genomes
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Frequency estimates
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allele frequency

& Insertions slightly more frequent than deletions...

& ..especially for larger variants.

& Hundreds of fixed SVs, especially insertions.




Fixed insertions

& 736 insertions with allele frequency >0.99.

& Two repeat expansions in coding regions of SAMD1 and
FOXO6.

SAMD!1 sterile alpha motif domain containing 1 Dataset [ gnomaDv2.1.1 +|giomaDsvsv21 ~ |@©

Coverage

Include: ~ CDS WM~ UTR == Nom-coding tianscript

|ianserers @ I I = . I
sl e i O N —— b

Color varants by [ Consequence  Class.

FOXO6 forkhead box 06 Dataset [ gnomAD V211 + gnomADSVsv2.1 ~ @

Coverage

‘
!

Include: ~ CDS WM~ UTR == Noncoding tnscript
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Screenshots from hitps://gnomad.broadinstitute.org/




Fine-tuning breakpoints of deletions

& Although sequence-resolved, many deletions are extremely
similar and likely near-duplicates of the same real deletion.

Deletions ]
80007 ¢jyster size
2
sv I 2 2
catalog El 5
[ S .
""""""""""" _ ?_ADDO- ’
Sample ! 5
v
P — gauo
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 2
Sample 1 (— of, T n n T
vg proportion of samples supporting top variant
— clusters with variants called n at least 3 samples

& In >9K clusters, the 760 samples supported mostly one
variant.

across 760 samples



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...
e 96 bp or 97 bp deletion?
— All samples supported the 96 bp deletion.
« Known 2-copies version of the 48nt repeat (DRD4-2R).

Scale 200 bases| hg3s
chril: | 639,600 639,700 639,800 639,900 640,000 640,100 640,200 640,300 640,400

GENCODE v32 Comprehensive Transcript Set (only Basic displayed by default)
DRDA|

OMIM Genes - Dark Green Can Be Disease-causing
126452

Repeating Elements by RepeatMasker
RepeatMasker [ ] ||
Simple Tandem Repeats by TRF
CGCCGCCCTCCCG... [ ] CGCCCCCCGCGCC...




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.

e

Conclusions and future directions



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.
Structural Variation

TOPMed
L%r;g-éesad Ostugies GRCh38 Short reads } [Phenotypes}
HGSVC, SVPOP, GIAB === lA_H_

SV genotypes
011000010 /1011 00 011
111000 0/1 01 00 111 01

Short-read studies
gnomAD, TOPMed SV-WG

Human Pangenome
High-quality phased
assemblies

Association
Annotated SV catalog study

Conclusions and future dire
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Genotyping variants in vg
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& Genotyping is based on the path coverage.
& A snarl is a variant site in the graph, a “bubble”.



Results on HGSVC - Simulated reads

whole-genome non-repeat regions
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Non-repeat regions: regions not overlapping segmental duplications or simple repeats



Deletion correctly genotyped by vg

> reads

J
== _GRCh38 chr2

deletion

graph

51 bp homozygous deletion in the 3° UTR of the LONRF2 gene.



Simple repeat/low complexity regions are challenging

1.00 1 repeat class/family

SINE/Alu
LTR/ERV1
LINE/L1
Retroposon/SVA

0.75 1

Low_complexity

® 0 00

0.50 A Satellite

recall

Satellite/centr
Simple_repeat
é ple_rep
0.25 + ]
SV type
® INS

A DEL
0.00

0.00 0.25 0.50 0.75 1.00
precision

SV sequence annotated with RepeatMasker. Class assigned if covered >80% by a repeat element.



Frequency distribution vs variant size

allele frequency
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Genotype quality and samples with genotype calls
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