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Outline

m Motivate for using open source community
resources

m Overview of bcbio validated variant calling

m Integration goals with Arvados

m Science
= Human build 38 + HLA
= Cancer calling of low frequency variants
= Structural variation



We need to do science faster

-4 Karyn MeltzSteinberg Lo m
‘ KMS_Meltzy

My heart is breaking for friend whose 1 wk
old son has been diagnosed w a rare
genetic disorder w/o a cure. Motivation to
work harder.

;:-.-‘::-2: TE ﬁ

9:39 AM - 2 Nov 2015

https://twitter.com/KMS_Meltzy/status/661206070308794368


https://twitter.com/KMS_Meltzy/status/661206070308794368

We need to incorporate improvements faster

New human genome assembly (GRCh38) released!
Tuesday, December 24, 2013

On December 24th, the Genome Reference Consortium (GRC) submitted a new assembly for the
human genome (GRCh38) to GenBank. These data are now available in the Assembly database

Switch from hg19/build37 to hg20/build38?

(self.genome)
submitted 4 months ago by coopergm

I am curious to what extent there is interest among
people that routinely use the reference assembly and
associated data (variant datasets, functional genomic
annotations, conservation, what-have-you) to change
from hgl9 to hg20.

https://www.reddit.com/r/genome/comments/3b3s3t/switch_from_hg19build37_to_hg20build38/


https://www.reddit.com/r/genome/comments/3b3s3t/switch_from_hg19build37_to_hg20build38/

Daily bioinformatics work

m Install tools

m Put tools together
m Test and validate
m Improve algorithms
m Scale

m Read literature

m Do biology



Standard analyses not routine

Four major genome centers predicted
single-nucleotide variants (SNV5s) for The
Cancer Genome Atlas (TCGA) lung cancer
samples, but only 31.0% (1,667/5,380) of
SNVs were identified by all four.

http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.3407.html


http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.3407.html

Combining analyses

D Multiple variant callers
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Working together produces great things
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Solution

http://www.amazon.com/Community-Structure-Belonging-Peter-Block/dp/
1605092770


http://www.amazon.com/Community-Structure-Belonging-Peter-Block/dp/1605092770
http://www.amazon.com/Community-Structure-Belonging-Peter-Block/dp/1605092770

Large scale infrastructure development

m Shared problems — academic, industry, startups
m Community developed analyses

m Validation

m Scaling

m Supporting a community of users



White box software
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https://github.com/chapmanb/bcbio-nextgen
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https://github.com/chapmanb/bcbio-nextgen

Uses

m Aligners: bwa, novoalign, bowtie2, HISAT?2

m Variantion: FreeBayes, GATK, VarDict, MuTecT,
Scalpel, SnpEff, VEP, GEMINI, Lumpy, Manta,
CNVkit, WHAM

m RNA-seq: Tophat, STAR, Cufflinks, Sailfish
m Quality control: fastqc, bamtools, Qualimap

m Manipulation: bedtools, bcftools, biobambam,
sambamba, samblaster, samtools, vcflib, vt



Provides

m Community — collected set of expertise

m Tool integration

m Validation — outputs + automated evaluation
m Scaling

m Installation of tools and data



Quality differences between methods

Variant Calling Test ®Disouss

We compare combinations of variant calling pipelines across different data sets. Browse
our public facing reports to see how various aligner + variant caller combinations perform
against each other. Test your own combination of tools by creating your own report.

Below is a sample conconcordance view on our "lllumina 100bp Paired End 30x Coverage”
data set.

Variant Concordance - "illumina-100bp-pe-exome-30x"

@ Novoalign+Gatk_ UG~ @Bowtie2+Gatk_ UG~ @ Bwa+Gatk_UG

http://www.bioplanet.com/gcat


http://www.bioplanet.com/gcat

We made a pipeline — so what?

There have been a number of previous efforts to create publicly available analysis
pipelines for high throughput sequencing data. Examples include Omics-Pipe,
bebio-nextgen, TREVA and NGSane. These pipelines offer a comprehensive, automated
process that can analyse raw sequencing reads and produce annotated variant calls.
However, the main audience for these pipelines is the research community. Consequently,
there are many features required by clinical pipelines that these examples do not fully
address. Other groups have focused on improving specific features of clinical pipelines.
The Churchill pipeline uses specialised techniq to achieve high performance, while
maintaining reproducibility and accuracy. However it is not freely available to clinical
centres and it does not try to improve broader clinical aspects such as detailed quality
assurance reports, robustness, reports and specialised variant filtering. The Mercury
pipeline offers a comprehensive system that addresses many clinical needs: it uses an
automated workflow system (Valence) to ensure robustness, abstract computational
resources and simplify customisation of the pipeline. Mercury also includes detailed
coverage reports provided by ExCID, and supports compliance with US privacy laws
(HIPAA) when run on DNANexus, a cloud computing platform specialised for biomedical
users. Mercury offers a comprehensive solution for clinical users, however it does not
achieve our desired level of transparency, modularity and simplicity in the pipeline
specification and design. Further, Mercury does not perform specialised variant filtering
and prioritisation that is specifically tuned to the needs of clinical users.

http://www.genomemedicine.com/content/7/1/68


http://www.genomemedicine.com/content/7/1/68

Sustainability

A piece of software is being sustained if people are
using it, fixing it, and improving it rather than
replacing it.

http://software-carpentry.org/blog/2014/08/
sustainability.html


http://software-carpentry.org/blog/2014/08/sustainability.html
http://software-carpentry.org/blog/2014/08/sustainability.html

Complex, rapidly changing baseline functionality

Whole genome, deep coverage v1

E Warnlnq: the material on this page Is conslidered out of date b!' the GSA team.
Best Practice Variant Detection with the GATK v2
E Warnlng: the material on this page Is considered out of date by the GSA team.

RETIRED: Best Practice Variant Detection with the GATK v3

Best Practice Variant Detection with the GATK v4, for release 2.0 [RETIRED]
‘ Mark_DePristo posts: 153
anl iz esefonys 1 The Best Practices have been updated
for GATK version 3. If you are running
an older version, you should seriously
consider upgrading. For more details



Jul 18, 2010 — Nov 2, 2015

Contributions to master, excluding merge commits

Contributions: Commits ~
20

2013

2014

2015

https://github.com/chapmanb/bcbio-nextgen
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https://github.com/chapmanb/bcbio-nextgen

Community: support

E Pull requests Labels Milestones Fllters = is:issue is:open E

O @ 770pen v 795 Closed Author + Labels + Milestones + Assignee Sort ~

1 @ polyphen is not available for this species or cache
#1092 opened an hour ago by pengxiac78

mark_duplicates command - error relating te a lack of bam indexes being generated for intermediary bam 2
#1091 opened a day ago by kevijp

1 (& Report is not generated (should it be?) with tumor-normal analyses [ J=F
#1082 opened 6 days ago by Ibeltrame

https://bcbio-nextgen.readthedocs.org


https://bcbio-nextgen.readthedocs.org

Community: contribution

] chapmanb / bebio-nextgen ®Unwatch~ 3

Validated, scalable, community developed variant calling and RNA-seq analysis
htps:/bebio-nextgen.readthedocs.org — Edit

2,717 commits, 1 branch 16 releases 18 contributors

Bl voenchmaster- | bebio-nextgen / +

Trimming overhaul, removal of decompression of FASTQ files.

& roryk authored 5 ho

ago latest commit 4249d607ef

I bebio Trimming overhaul, removal of decompression of FASTQ fles 5 hours ago
I config Documentation and configuration files for running whole genome struct. 4 days ago
I docs Disambiguate and fusion fields updated in docs 2 days ago

% Unstar 119 YFork 63

<> Code
© Issues 2

1 Pull Requests 5

4~ Pulse

Graphs

¥ Settings

https://github.com/chapmanb/bcbio-nextgen

b


https://github.com/chapmanb/bcbio-nextgen

Community: documentation

Getting started
Overview
Logging
Example pipelines
Test suite
Configuration

Paralle

Pipelines

Outputs

Presentations

Deprecated fun

Docs » Getting started © Edit on GitHub

Getting started

Overview

1. Create a sample configuration file for your project (substitute the example BAM and fastq
names below with the full path to your sample files)

bcbio_nextgen.py -w template gatk-variant projectl samplel.bam sample2_1.fq sample2 2.fq

This uses a standard template (GATK best practice variant calling) to automate creation of a full
configuration for all samples. See Automated sample configuration for more details on running
the script, and manually edit the base template or final output file to incorporate project
specific configuration. The example pipelines provide a good starting point and the Sample
information documentation has full details on available options.

2. Run analysis, distributed across 8 local cores:

bcbio_nextgen.py bebio_sample.yaml -n 8

https://bcbio-nextgen.readthedocs.org


https://bcbio-nextgen.readthedocs.org

Integration with Arvados

m Replace bcbio internal workflow with CWL
m bcbio generates CWL

m Arvados/Crunch runs generated CWL with bcbio
Docker container

m Plug in sections of bcbio code into Arvados



Integration overview
Sample YAML

Allgnment
- /4 Variant Calling—> -

CWL — -J-Quallty Control /



Current status

m Standard command line interface to call bcbio
sub-function

m Docker container (bcbio/bcbio) with all tools
installed

m Generates CWL for small pipelines, with
sample-level parallelization

m Runs with cwltool

https://github.com/chapmanb/bcbio-nextgen/tree/master/cwl


https://github.com/chapmanb/bcbio-nextgen/tree/master/cwl

CWL ToDo — Arvados

m Run with CWL enabled Crunch
m Work on ways to integrate bcbio data with Keep

m Provide standard pipelines in bcbio as part of
Arvados

m Plug in sections of bcbio code to interoperate
with other tools



CWL ToDo - bcbio

m Advanced parallelization (split samples, genomic
regions)

m Port remaining bcbio functionality (define
inputs/outputs for each step)

m Testing with other CWL implementations
(Galaxy, Seven Bridges)



Outline: Science

m Human build 38 + HLA
m Low frequency somatic calling

m Structural variation



Currently: GRCh37/hgl9
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GRCh38 — graph based, many more alternative loci

Excitement about GRCh38 o Atloc
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http://wuw.slideshare.net/GenomeRef/transitioning-to-grch38


http://www.slideshare.net/GenomeRef/transitioning-to-grch38

GRCh38 — advantage for variant calling

Reference assembly influence
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http://wuw.slideshare.net/GenomeRef/transitioning-to-grch38


http://www.slideshare.net/GenomeRef/transitioning-to-grch38

Avoiding collapsed repeats

Distribution of variants on chromosome 1 GRCh37.p15
= lN\r‘\M
R T T
Position (mb)

Distribution of variants on chromosome 1 GRCh38.p2
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http://www.slideshare.net/kmsteinberg/

the- importance-of-high-quality-reference-genome-assemblies-to-personal-and-medical-genomics


http://www.slideshare.net/kmsteinberg/the-importance-of-high-quality-reference-genome-assemblies-to-personal-and-medical-genomics
http://www.slideshare.net/kmsteinberg/the-importance-of-high-quality-reference-genome-assemblies-to-personal-and-medical-genomics

Comparison

m Build 37 and 38

m Validation sets: Genome in a Bottle, [llumina
Platinum Genomes

m Lift-over methods: CrossMap/LiftOver, NCBI
Remap

m 38 builds: with/without alternative alleles
m Variant callers: FreeBayes, GATK
HaplotypeCaller
http://bcb.10/2015/09/17/hg38-validation/


http://bcb.io/2015/09/17/hg38-validation/

Reference materials

-
N\ CGenome in a Bottle
Consortium

: "ﬁ Global Alliance
%A= for Genomics & Health

ICGC-TCGA DREAM Mutation Calling challenge

http://www.genomeinabottle.org/
http://gadgh.org/#/benchmarking-team
https://www.synapse.org/#!Synapse:syn312572


http://www.genomeinabottle.org/
http://ga4gh.org/#/benchmarking-team
https://www.synapse.org/#!Synapse:syn312572

hg19/hg38 comparison: NA12878 Platinum Genomes
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GRCh37/hg38 comparison: NA12878 Genome in a Bottle
SNPs: freebayes
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Small variant results

m SNPs: build 38 more sensitive
m SNPs: build 38 reduces false positives
m Indels: build 38 detected more

m Indels: work on sensitivity and precision



Remapping results

Need conversion approaches for resources not yet
available on build 38

m CrossMap:

http://crossmap.sourceforge.net/

m NCBI remap:
http://www.ncbi.nlm.nih.gov/genome/tools/remap
m Both performed well

m NCBI remap has additional sensitivity, but
requires tuning


http://crossmap.sourceforge.net/
http://www.ncbi.nlm.nih.gov/genome/tools/remap

Major histocompatibility complex (MHC) — HLAs
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http://www.ebi.ac.uk/ipd/imgt/hla/

http://sciscogenetics.com/technology/human-leukocyte-antigen-complex/


http://www.ebi.ac.uk/ipd/imgt/hla/
http://sciscogenetics.com/technology/human-leukocyte-antigen-complex/

Alignment: bwa alternative allele support

Read: ATCAGCATC

ALT ctg 1: TGAAR COAATGCAAATGGTCAATCAGCATCGAACTAGT CACA
[T [T FEEEETTT
Chromosome: GCGTACATGATACGAATCEGCATCATGGTC CTAGTCACATCGTAATC
FEPEELTEEEEE PEETEE FEEEETTT
ALT ctg 2: TGATACGAATCECCATCATGGTCAATCECCAgCGAALTAGT CACA

4 potential hits: ATCAGCATC > ATCEGCATC » ATCgcCATC » ATCgcCAgC
2 hit groups: {ATCAGCATC,ATCgcCAgC} and {ATCgGCATC,ATCgcCATC}
Hits considered in mapQ: ATCAGCATC and ATCgGCATC (best from each group)

In the output SAM: ATCgGCATC as the primary SAM line with mapQ=@
ATCAGCATC as a supplementary line with mapQ:e
ATCgcChgC as a supplementary line with mapQ»e
ATCgcCATC in an XA tag, not as a separate line

https://github.com/1h3/bwa/blob/master/README-alt.md


https://github.com/lh3/bwa/blob/master/README-alt.md

HLA typing

m 1000 genomes: build 38 + IMGT /HLA-3.18.0
m bwa mem extracts HLA reads

m Map reads only to HLA sequences

m OptiType: Call HLA types

https://github.com/1h3/bwa/blob/master/README-alt.md#hla-typing
https://github.com/FRED-2/0ptiType


https://github.com/lh3/bwa/blob/master/README-alt.md#hla-typing
https://github.com/FRED-2/OptiType

HLA nomenclature

Hyphen used to separate Suffix used to denote
gene name from HLA prefix changes in expression
Separator | Field Separators
| | A
HLA-A*02:101:01:02N
: , [ ] [ ] A ' L\ 1
b v Y, J | '-.__[_.-' lﬁ_l,_- S '
HLA Prefix Gene Field 4; used to show
L differences in a
Field 1; allele group non-coding region

Field 2; specific HLA protein

Field 3; used to show a synonymous DNA
substitution within the coding region

© 5GE Marsh 04110
https://www.ebi.ac.uk/ipd/imgt/hla/
http://hla.alleles.org/alleles/p_groups.html


https://www.ebi.ac.uk/ipd/imgt/hla/
http://hla.alleles.org/alleles/p_groups.html

Validations

m Omixon example data

m Exome (1000 genomes) and deep targeted data
m P-group resolution

m HLA type | calls (A, B, C)

m Great results across exome and targeted

http://wuw.omixon.com/hla-typing-example-data/
https://gist.github.com/chapmanb/8£f994618a7fc5e88£893


http://www.omixon.com/hla-typing-example-data/
https://gist.github.com/chapmanb/8f994618a7fc5e88f893

HLA complexity

https://docs.google.com/presentation/d/
1hPZv6M3N3kQ2LYVHX1dpge - - bxvWWOXOPB5kM32(Q3Bbs


https://docs.google.com/presentation/d/1hPZv6M3N3kQ2LYVHX1dpqe--bxvWOXOPB5kM32Q3B5s
https://docs.google.com/presentation/d/1hPZv6M3N3kQ2LYVHX1dpqe--bxvWOXOPB5kM32Q3B5s

Genome graphs and variation

assembly graph
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http://wuw.nature.com/ng/journal/v46/n12/fig_tab/ng.3121_SF6.html


http://www.nature.com/ng/journal/v46/n12/fig_tab/ng.3121_SF6.html

vg — tools for working with variant graphs

POS ID REF ALT

1e . A T

21 . A ATTAAGA
LLTGGGAGAGA

mAf/ \\}T
\/
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/

5:TTAAGA

\

6:ACCCAGTGCTCTTTCTGCTCTA

https://docs.google.com/presentation/d/
1bb12zY4qWQOyYBHhoVuXb79HdgajRotIUa_VEn3kTpl


https://docs.google.com/presentation/d/1bbl2zY4qWQ0yYBHhoVuXb79HdgajRotIUa_VEn3kTpI
https://docs.google.com/presentation/d/1bbl2zY4qWQ0yYBHhoVuXb79HdgajRotIUa_VEn3kTpI

vg — future variant calling

LB,

Sample graph

. ]
- N S

Augmented graph

Read alignment Graph Pileup Variants
- GAM format - VG pileup format - VG format
- fromvg map - fromvg pileup - fromvg call

https://docs.google.com/presentation/d/
1hPZv6M3N3kQ2LYVHX1dpge - - bxvWWOXOPB5kM32(Q3Bbs


https://docs.google.com/presentation/d/1hPZv6M3N3kQ2LYVHX1dpqe--bxvWOXOPB5kM32Q3B5s
https://docs.google.com/presentation/d/1hPZv6M3N3kQ2LYVHX1dpqe--bxvWOXOPB5kM32Q3B5s

QOutline: science

m Human build 38 + HLA
m Low frequency somatic calling

m Structural variation



Cancer somatic calling

Amino acid
Tumor :gzg:: Chr. Position Mutation change
sample . iccerr 110379 C>T Ser > Asn
4 26081 G>A  Ag>Llys
Matched , cornn 2 16205 T>C  Glu>Asp
normal  arcercera 7 38252 G>T Gl=Tm
sample  GATTTCCTT
Comparative ; - —
whole-genome or exome  List of somatic or tumor-specific
sequencing mutations leading to amino

acid changes

http://www.nature.com/nmeth/journal/vi0/n8/fig_tab/nmeth.2562_F1.html


http://www.nature.com/nmeth/journal/v10/n8/fig_tab/nmeth.2562_F1.html

Cancer heterogeneity
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http://en.wikipedia.org/wiki/Tumour_heterogeneity


http://en.wikipedia.org/wiki/Tumour_heterogeneity

VarDict

m AstraZeneca
m SNP + Insertion/Deletions
m Works on very deep targeted data

https://github.com/AstraZeneca-NGS/VarDictJava


https://github.com/AstraZeneca-NGS/VarDictJava

DREAM synthetic dataset 4

in sifico 3 in silico 4

BWA Backtrack BWA MEM

SNV, SV (deletions, duplications, insertions, inversions) SNV, SV (deletions, duplications, inversions) & INDEL
& INDEL

100% 80%

50%, 33%, 20% 50%, 35% (effectively 30% and 15% due to cellularity)
Female Male

HCC1143 BL from TCGA Benchmark 4 CPCGO102R (Provided by ICGC)

https://www.synapse.org/#!Synapse:syn312572/wiki/62018


https://www.synapse.org/#!Synapse:syn312572/wiki/62018

VarDict sensivitity/precision before

SNPs: syn4-38-tumor

vardict | TP: 5951 FN: 4667

rmutect

TP: 8681 FN: 2937

| FP- 3999 |
ok
freebayes | TP: 6450 FN: 5168 | | FP- 4377 |
0% 5% 10% 15% 20% 25% 30% 35% 40% 0% 5% 10% 15% 20% 25% 30% 35% 40%
Indels: syn4-38-tumor
mutect TP: O FN: 10053

freebayes

FP- 908

0% 10% 20% 30% 40% 50% 60% 70%
False negative rate

.
b
|

FP- 1370
0% 10% 20% 30% 40% 50% 60% 70%

False discovery rate



VarDict sensivitity/precision after

SNPs: DREAM synthetic 4 (hg38)
vardict TP: 8578 FN: 3040

rmutect/scalpel

TP: 8681 FN: 263

o
freebayes | TP: 6450 FN: 5168 | | FP- 4377
0% 5% 10%15%20%25%30%05 %40 % 0% 5% 10%15%20%25%30%30 ¥40%
Indels: DREAM synthetic 4 (hg38)
vardict -N: 2676
rmutect/scalpel

freebayes

FP:- 760
0% 10% 20% 30% 40% 50% 60% 70%

FP- 838
False negative rate

P

FP- 1370
0% 10% 20% 30% 40% 50% 60% 70%

False discovery rate



How? Filter summary

((AF * DP < 6) &&

((MQ < 55.0 && NM > 1.0) ||
(MQ < 60.0 && NM > 2.0) ||
(DP < 10) ||
(QUAL < 45)))



Filter: mapping quality and number of mismatches

t-nm
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Filter: low depth

350
300
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100

50

0

variable = t-dp | class = tp
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Filter: low quality

400
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100
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0

variable = qual | class = tp
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How can we improve?

m Incorporate machine learning methods
m Generalize with additional datasets
m AML3L: http://aml31.genome.wustl.edu/


http://aml31.genome.wustl.edu/

QOutline: science

m Human build 38 + HLA
m Low frequency somatic calling

m Structural variation



Structural variants critical in cancer
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http://www.nature.com/nature/journal/v518/n7540/full/nature14169.html

Improvements in speed, sensitivity and precision

Lum PY:. https://github.com/arq5x/lumpy-sv

= Manta: https://github.com/I1lumina/manta
= CNVkIt https://github.com/etal/cnvkit
= WHAM: https://github.com/zeeev/wham

MetaSV: https://github.com/bioinform/metasv


https://github.com/arq5x/lumpy-sv
https://github.com/Illumina/manta
https://github.com/etal/cnvkit
https://github.com/zeeev/wham
https://github.com/bioinform/metasv

Last year: Somatic deletions

Deletions sensitivity precision

450 to 2000bp
sv-ensemble _ED 6% (83 103) | BRI
T e —
gy _79 6% (82 / 103) | BENTIE)
sy T : = o/ 05 | EstRES

2000 to 4000bp

Ie— 0 DR | EEUEEAES)
o I 5 T
«y [T - - 20 [ EESRAEN

4000 to 20000bp
sv-ensemble _399""'I (301/372) | ERUTAES)
wharn | 5= 2 (131 1372) [ pEyEmc)
- _75 505 (2024 372) _BD.Z% (292 1 485)
ey _75.3% (2801372) | [EEhEm



Results: Germline deletions

Deletions sensitivity precision

100 to 450bp
wham [ = <+ (1237 /1482) | = 7 (1237 / 1571)
metasv [N ¢ : = (1242 1 1482) [ ¢ o7 (1252 | 1974)
mant | - 3 0 (1230 /1462) [ 52 = (1230 / 1974)
ooy I~ 2+ 1026/ 1552, |+ o (1025 1155)
cnvkit (0.0% (0/1482) 0%

450 to 2000bp
wharmn [ - = (269 / 453) I 7o 7 (269 362)
metasy NN o < (414 1 453) | 1 <= (414 / 757)
manta (I - =+ (393 (453) [ 75 1% (393  523)
wmpy | 50 5% (409 / 453) | 5> 15 (405 | 648)

cnvkit LS 5% (72 1 453) I < c°: (72 169)
2000 to 4000bp
wharn [ 7 0% (145 / 196) [ s 2 (145 / 169)

metasv [ >+ (123 / 125) [ = = (153 | 250)
manta [N ¢ - 2+ (169 / 196) | 7 57 (159 / 218)
wumpy | ¢ 7-5% (172 /195) | /6 57 (172 { 224)
enviie [N 26.0% (511 196) [ 71.8% (51 { 71)
4000 to 20000bp

wham [ 7 25 (146 / 189) I /¢ 1% (146 / 167)
metasv I - 7 (175 / 159) N - - - (175 | 262)
manta [ ¢ <+ (167 /159) | /¢ ©-: (157 | 218)
wumpy [ o1 0% (172 169) | 75 1+ (172 / 229)

cnwiit [T 19-0% (36 / 189) I 72 0% (361 50)
20000 to 60000bp
wham [N < 4% (8 | 18) I :: 8/ 21)

metasv [N ¢5 57 (15 / 18) I 1 75 (15 / 36)

manta [ NG : > (15 18) I 5o v (15 / 30)

iy, I > > (1515 [ 5 (15 (25)

cnviit [ 35 55 (77 18) I o o (77 14)
60000 te 1000000bp

wham [ 100 0% 3/ 3) |12 5% (3 1 24)

metasv (R 0 0 (> / 3] [ L.0% (3 / 20)

mants [ 100 0% (3 /3) [lla 6% (31 35)

wmpy [ I 1 0.0 (3 / 3) | 57 5% (3 / 6]



Results: Somatic deletions

Deletions sensitivity precision

450 to 2000bp
wam | ; o°: (50 / 138) I 7 75 (80 [ 103)
metasv | NG ¢5 2 (20 / 138) I o 05 (90 231)
manta | 5 7 (63 / 138) I 1 00-0% 163 6
ey = + 71 /136 I = < 111451
cnvkit |0.0% [0/138) 0%

2000 to 4000bp
wnar R - : (273 325) I 5+ 773 755
metasv [N 75 % (248 | 328) D - ¢ (245 283)
manta [N o == (196 / 328) I 1 00 0% (1961
ey | 5 0 (21 /326 I -0 5% (210 737)
cnvkit |0.0% [0 /328) 0%

4000 to 20000bp
wnern I " 7 ¢55 1551 I - < 4%/
metasv [N 5 5% (531 / 691] I o 2 (531 562)
manta [N - 1 =:: (425 / 691) I 1 00 0% (425 ) £
ey N -+ (438 1691 I -+ % (435 454
cnvkit [1.3% (9 1691 [ 5 0% (91 20)

20000 to 60000bp
wnarm | 75 0 (5 /) I < 7 5/ 7)
metasv [ : 0o 0% (= /5) | .7 (5 | 12)
manta [N - o: (5 / 5) I 0 0 (55
wmpy [ ¢ 2 57 (5 1 6) I -1 2 (5 16)
cnvkit |0.0% (0 /8) 0.0% (0/2)



Results: Somatic insertions

Inversions sensitivity

wham
metasv
manta
lumpy
cnvkit

wham
metasv
manta
lumpy
cnvkit

wham
metasv
manta
lumpy
cnvkit

wham
metasv
manta
lumpy
cnvkit

precision

450 to 2000bp

I 5 (5 50
I (52 /55
I - -+ 52 56
I -+ ¢/ 50

0.0% (0/58)

I, - 1% (35 / 38)
I -5 5 (42 1 44)
I 00 0 (32 1 3:
[ 1 00 0% 134 3¢
0%

2000 to 4000bp

[ 70 85 (114 / 161}
[, 75 4% (123 1 161)
¢ 67 (112 /161
R - - (105 161)

0.0% (0/161)

I 1 % (114 /1
I 100 0% (123 /1
I 1 % (112 /1
I 100 C% (105 /1
0%

4000 to 20000bp

[ 72 2% (564 { 781
[, 5. 4% 659 1 781)
I 1 7 (560 / 781
[ EEABHESH

0.0% (0 /781)

I - % (564 | 5€
I, ¢ o (659 / 66
I, - < (550 / 56
[ o0 8% (515 / 51
%

20000 to 60000bp

I 5+ 1729
[ .0 201 29)
- - (17 /29)
I cv (15 29)

0.0% [0/29)

[ 5+ 4% (17 1 18)
I - 2 (20 21)
I, 1 00-0% (17 /13
I, 1 00 0% (13 /12

0%



Prioritize in previously known regions

BB B bedtools + post-processing [l
1 > =

Raw calls Prioritized calls

Priority database

/N

Regions to bin Known variations
(transcripts)



Public cancer variant databases

m CIVIC: https://civic.genome.wustl.edu
m IntOGen: http://www.intogen.org

CANCER

http://www.amazon.com/The-Biology-Cancer-Robert-Weinberg/dp/0815340761


https://civic.genome.wustl.edu
http://www.intogen.org
http://www.amazon.com/The-Biology-Cancer-Robert-Weinberg/dp/0815340761

Summary

m Open source community resources

m bcbio validated variant calling

m Science
= Human build 38 + HLA
= Cancer calling of low frequency variants
= Structural variation

http://bcb.io


http://bcb.io
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