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e Chapter 1: Introduction
* Additional resources
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Chapter 1: Introduction

Genomics in the Cloud by Geraldine A. Van der Auwera and Brian D. O’Connor
(O’Reilly). Copyright 2020 The Broad Institute, Inc. and Brian O’Connor, 978-1-491-

97519-0.



GITC overview

e Essential genomics and computing technology background

* Basic cloud computing operations

* Getting started with GATK

* Three major GATK Best Practices pipelines for variant discovery

* Automating analysis with scripted workflows using WDL and Cromwell

 Scaling up workflow execution in the cloud, including parallelization and
cost optimization

* Interactive analysisin the cloud using Jupyter notebooks
* Secure collaboration and computational reproducibility using Terra




Tools and methods «Hiffi i = |2

Sequencing

 Genome Analysis Toolkit (GATK)
* https://gatk.broadinstitute.org/hc/en-us

* Workflow Description Language (WDL)
* https://openwdl.org

e Google Cloud Platform (GCP)
e https://cloud.google.com

* Terra
* https://terra.bio



https://gatk.broadinstitute.org/hc/en-us
https://openwdl.org/
https://cloud.google.com/
https://terra.bio/

Sequencing costs: from S3B to <$1,000 in 20 years

Cost per Human Genome
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National Human Genome
Research Institute

genome.gov/sequencingcosts
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https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost
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Growth of DNA Sequencing
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O Double every 12 months (lllumina Estimate)
B Double every 18 months (Moore's Law)

B Recorded growth
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10.1371/journal.pbio.1002195

https://journals.plos.org/plosbiology/article?id



Why cloud?

Traditional approach Cloud-centric approach
Bring data to researchers Bring researchers to data

. TOOLS TOOLS

- JES PR

TOOLS

Discourages shared research Facilitates collaboration
“Weakest link" security Centralized security controls
Huge infrastructure needed Accessible to all researchers
Pay for multiple copies Decreased cost of storage

Bespoke & unsupported tools Shared tool ecosystem




Reusable infrastructure

DATA REPOSITORIES DOCKSTORE

e & P -
g g - TERRA

Broad Institute  U. Chicago r WORKSPACE )
| | | |
> | | <
Metadata | Workflow
+file URIs C ../ +container

~N 7

S 7
< .

GOOGLE COMPUTE ENGINE




Making it FAIR
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https://www.go-fair.org/fair-principles/



Additional resources

e Source code and related materials
e https://github.com/broadinstitute/genomics-in-the-cloud

* Blog
* https://broadinstitute.github.io/genomics-in-the-cloud/

* Global Alliance for Genomics and Health
o httpS://WWW.ga4gh,Org Chapter Title Presenter Meeting  Date

0 Welcome KT 1 2020-11-30
1 Intro KT 2 2020-12-07

P C h t / t 2 Genomics 3 2020-12-14
a p e rS p rese n e rS 3 Computing 4 2020-12-21

. 4 Cloud intro 5  2020-12-28

° S SI k f | k — 5 GATK intro Mikhael 6 2021-01-04

ee ac oriin 6 GATK germline 7 2021-01-11

7 GATK somatic 8  2021-01-18

8 WDL 9 2021-01-25

9 WDL examples 10 2021-02-01

10 Cromwell 1 2021-02-08

1 Terra 12 2021-02-15

12 Jupyter Joris 13 2021-02-22

13 Terra workspace 14 2021-03-01

14 Reproducibilty ~ Matthieu 15 2021-03-08



https://github.com/broadinstitute/genomics-in-the-cloud
https://broadinstitute.github.io/genomics-in-the-cloud/
https://www.ga4gh.org/
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