Large-scale Cancer Genomics Analysis in the Cloud
with Butler
Wy '/// \,@

‘/ S f}""b o

2
' p 'a‘% *
. o,

\ =~
\ v \ . —
& — AN
Vol Va Yk "% '
> | % WX
1 e /. Q. §
P i d \7%\
. 4"' V Ny
(,,';:f/ \%
‘;33# A V “
g : ) R A

Sergei Yakneen
European Molecular Biology Laboratory (EMBL)

December 2017 E M BL .



Growth of Cloud Computing

The Rapid Growth of Cloud Computing, 2015-2020

Woldwide Spending on Public Cloud Computing, 2015-2020 ($B)
Average Compound Growth Rate, YE2015-YE2020, 19%

IT Spending Average Compound Growth Rate, 5138
YE2015-YE2020, 3% $117
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Source: IDC, 2016
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Cloud Computing Models
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Cloud Computing in bioinformatics

Computing environments
- AWS/GCP/Azure

- EMBL-EBI Embassy Cloud 5
* Open Science Data Cloud ’2 -
+ de.NBI 3.5 )
+ European Open Science 3 —| EIKGP
Cloud 2,5 | mPCAWG
. 2 1 S
- DNANexus, Seven Bridges | ] ICGC
' 15 HCA
Genomics, etc. 1 4 |
0,5 - —
O i

Best-practices and standards
* Docker ecosystem

* Global Alliance for Genomics
and Health

Data-set size log(TB)
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PCAWG

Donor Distribution by Primary Site
48 projects and 20 primary sites

300

2800
PATIENTS

Researchers are using cloud
computing to analyse 500 patient

2 samples, while academic data
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g centres are being used to analyse
c 2,117 samples, owing to
8 funding-agency restrictions
on the use of cloud
services.
100
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DATA CENTRES
For each patient, the |
; genomes of a tumour I 827
85 2,834 Donors B 70,313 Files S 729.00TB ) cell and a normal blood ’
Samples analysed cellzre compared. Samples analysed
so far so far
Data Type # Donors # Files Format Size u Ssz 0 0
SGV 2,834 8,865 VCF 502.33GB ; .
Cost of analysing Cost of analysing
¥
StGV 2,834 5908 VCF 7.06 GB cré eealple eris sdple
Aligned Reads 2,834 8721 BAM 728.42 TB ) 30
. ) . Samples analysed Samples analysed per
Simple Somatic Mutations 2,834 26,165 VCF 184.47 GB bl o MORtH per cantre
Copy Number Somatic Mutations 2,834 5911 VCF 131.74 MB
‘ + MONTHS
Structural Somatic Mutations 2,834 14,743 VCF 1.58 GB 3 B
Time taken to Time taken to
- - complete analysis complete analysis
The International Cancer Genome Consortium
(ICGC) Stein, Knoppers, Campbell, Getz & Korbel, Nature 2015
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PCAWG Data Centers
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PCAWG Data Processing
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Lessons Learned

Infrastructure fails

Bioinformatics tools fall

End user must be self-reliant é
%b&

Manual investigation =
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Analysis Lifecycle

Data Lifecycle
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Key Needs
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Enabling rapid cloud-based analysis of
thousands of human genomes via Butler

Sergei Yakneen, Sebastian Waszak, Michael Gertz, Jan O.

Korbel, PCAWG Germline Cancer Genome Working Group,
PCAWG Technical Working Group, ICGC/TCGA Pan-Cancer
Analysis of Whole Genomes Network

https://doi.org/10.1101/185736

2017

https://github.com/llevar/butler
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Provisioning with Terraform

Terraform

Cross-cloud API

Create clusters

Networking
CF‘-:._._
Security | S
. / > ol \vicrosof n w
Templating Al A openstack

Infrastructure-as-code
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Configuration Management with Saltstack

« Manage clusters up to 10,000 nodes

« QOperating System agnostic @
\y
* YAML-based \ ,

Salt Master
« Large and active OSS project
« ~8500 stars
« 1580 contributors

———

) Conflguratlon as code Minion Minion Minion
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Workflows with Airflow

Directed Acyclic Graph.
Python program.

Run on a random
machine.
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Workflow Execution Engine

Worker

R
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Keeping Track of Analyses

Workflow

workflow_id
workflow_name
workflow_version
last_updated_date
config_id

Configuration

-
I

config_id

config
created_date

last updated date

create_workflow
get_workflow_by id
set_configuration_for workflow

create_configuration
create_configuration_from_file
get_effective_configuration
merge_configurations

update configuration

: 4 T

AnalysisRun

Analysis

analysis_id
config_id
analysis_name
start_date
created_date

last updated date

-
-

analysis_run_id
analysis_id
workflow_id
config_id
run_status
created_date
run_start_date
run_end_date
last_updated_date
run_error_code

create_analysis
set_configuration_for_analysis
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create_analysis_run

set_configuration_for_analysis_run

get_analysis_run_by id

get_number_of _runs_with_status

get_run_status_from_string
set_status




Workflow Configuration

( Analysis > Workflow Execution
Context

Run

Effective
- Configuration
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Workflow Runtime Management
DAGs

Show 10 4 entries Search:

o DAG Schedule Owner Statuses Links

@ m delly = airflow @ 1 PR WA= 4+=D0
G m] freebayes (T3 airflow @ *R WA= 4+=0

Showing 1 to 2 of 2 entries prepare_metadataon 2016-09-16T20:24:28.645278 Previous Next

Task Details Task Instances

Run Force | Ignore Dependencies

[Past Future Upsh‘aamlDownst‘aaml
Past | Future | Upstream Downslraaml

Close
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Operational Management

Virtual Machine 0Byis
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Normal Operation
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Self-Healing
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EMBL/EBI Embassy Cloud
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Butler usage in PCAWG
— 1500 cores, 5.5 TB RAM, 750 TB disk

— Discovery and genotyping of 90M variants across 2834
high-coverage WGS T/N sample pairs — 6x 750 TB.
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www.eoscpilot.eu

- EMBL/EBI Embassy Compute Canada Cyfronet

vCPU 1000 1000

RAM 4TB 4TB 2.6 TB

Disk 1PB 150 TB 200 TB

Data 448 samples from 224 422 samples from 211 2081 samples from
prostate cancer donors  pediatric brain tumour 1000 Genomes

donors Project

71 TB raw data 62 TB raw data 50 TB raw data

Status  Alignment complete Alignment in-progress Alignment in-
Variant calling in- progress
progress

EMBL



Recap

* Clouds facilitate sharing of data and methods.

 Bioinformaticians need a wide array of technical skills to
operate effectively on clouds.

 Butler provides functionality in four key areas —
Infrastructure provisioning, configuration management,
workflow, operations management.

* Running real large-scale analyses shows that
operational management tools have the biggest
Impact on how long it takes to finish the job.
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