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FireCloud is powered by the Terra platform, a hub in the cloud data ecosystem
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Welcome to FireCloud

FireCloud is a NC| Cloud Resource project powered by
Terra for biomedical researchers to access data,
run analysis tools, and collaborate.

Find how-to's, documentation, video tutorials, and discussion
forums @'

Already a FireCloud user? Learn what's new. (4

Learn more about the Cancer Research Data Commons and
other NCI Cloud Resources [

View Workspaces View Examples Browse Data
Workspaces connect your Browse our gallery of Access data from a rich
data to popular analysis showcase Workspaces to ecosystem of data portals.
tools powered by the cloud. see how science gets done.

Use Workspaces to share
data, code, and results

easily and securely.

This project has been funded in whole or in part with Federal funds from the National Cancer
Institute, National Institutes of Health, Task Order No. 17X053 under Contract No.
HHSN261200800001E

POWERED BY %

. SN
G N
& FireCloud !79"1', Privacy Policy Terms of Service Security & Documentation & Copyright ©2021




A rich catalog of data hosted by various organizations
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CMG presented by NHGRI AnVIL

BROWSE DATA

NeMO

Neuroscience Multi-Omic Archive

BROWSE DATA

ENCODE Project

BROWSE DATA
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Therapeutically Applicable
Research to Generate Effective
Treatments (TARGET) presented
by the National Cancer Institute

BROWSE DATA

BROWSE DATASETS
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THE CANCER GENOME ATLAS -

The Cancer Genome Atlas
Presented by the National Cancer
Institute
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Framingham Heart Study
Teaching Dataset

BROWSE DATA

NHLBI

TOPMed

TopMed presented by NHLBI
BioData Catalyst

BROWSE DATA

HUMAN
CELL
ATLAS

Human Cell Atlas

BROWSE DATA

biobank”
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A powerful workflow management system for big data processing
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A highly flexible system of customizable cloud environments for interactive analysis

@Y Studio

Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

=

Detachable
persistent disk

D

Cloud compute profile
Processor / Local storage / Memory
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A set of foundational principles designed to benefit researchers

@ Open-source Standards-based

@
Modular Q:‘:B Community-driven
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Built secure to work with highly sensitive data

Human genomes

Clinical data
Many other data types

FISMA Moderate F l S I : I H
FedRAMP Authorized

FEDERAL INFORMATION SECURITY MANAGEMENT ACT

FedRAMP
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Thus equipped, FireCloud empowers the cancer research community at multiple levels
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Data access & analysis Publishable workspaces Analysis portals

Insight generation Reproducible methods Suitable interfaces for
Tool tutorials non-computational users
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E 0 Fi reCIOUd SR ’ Cloud Environment

DASHBOARD
O

None

S ER e WORKSPACES help-gatk/Introduction-to-Target-Dataset (read only)

DATA NOTEBOOKS WORKFLOWS JOB HISTORY @

ABOUT THE WOR

This workspace de

Practice retrieving
create a panel-of-r
CNV_Somatic_Pail

What is Targ

The Therapeuticall
Office of Cancer G
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E O FireCIOUd S ’ Cloud Environment

SGWERED By WORKSPACES help-gatk/Introduction-to-TCGA-Dataset (read only) Noes
DASHBOARD DATA NOTEBOOKS WORKFLOWS JOB HISTORY @
E—
ABOUT THE WORKSPACE ¢#' WORKSPACE INFORMATION
Practice accessing controlled-access TCGA data and run a simple MD5sum workflow on the data. CREATION DATE LAST UPDATED
5/31/2019 5/10/2021
What is TCGA? o e Reader
GOOGLE PROJECT ID
The Cancer Genome Atlas (TCGA), a landmark cancer genomics program, molecularly characterized over 20,000 primary help-gatk [7]
cancer and matched normal samples spanning 33 cancer types. This joint effort between the National Cancer Institute and
the National Human Genome Research Institute began in 2006, bringing together researchers from diverse disciplines and SWNERS

multiple institutions.

bshifaw@broadinstitute.org
Over the next dozen years, TCGA generated over 2.5 petabytes of genomic, epigenomic, transcriptomic, and proteomic

data. The data, which has already lead to improvements in our ability to diagnose, treat, and prevent cancer, will remain
publicly available for anyone in the research commmunity to use. TAGS ©

(From TCGA project site on the National Cancer Institute site) nel e

The NClI's TCGA program involved a collaboration of scientists from 16 nations that has discovered nearly 10 million cancer-

related mutations before the sequencing aspect ended after its decade long run (Ledford 2015). The program set out to Google Bucket

characterize the molecular changes that occur within cancer cells and types. Additionally, it built a comprehensive model Name: fc-0269d0d7-6919-4c6b-887.. []
demonstrating a better understanding of protein pathways as well as their importance in the treatment of cancer. Their Location: # multi-region: US
findings have improved the consolidation of data that helps diagnose, treat, and prevent cancer. This comprehensive Open in browser &

understanding across cancer types has allowed researchers to use mutation, gene expression, and methylation data to create a




— \ * Workspaces >
= FireCloud WORKSPACES

POWERED BY

DASHBOARD DATA NOTEBOOKS WORKFLOWS JOB HISTORY

fc-product-demo/CRDC-Dynamic-Queries-for-NIH-Genomic-Data-Commons-Projects (read ...

’ Cloud Environment

None

ABOUT THE WORKSPACE #*

This workspace shows you how to take a query result from the NC| Genomic Data Commons (GDC) data portal and use it as the input to a workflow (or Notebook) in
FireCloud.

To get started with this tutorial, make sure you "clone" this workspace so you have your own copy to work with.
Note: Hold down the control button — or the command key on a Mac computer — to open any links below in a new tab.

Overview of the NCI Cancer Research Data Commons projects

The National Cancer Institute launched the Cancer Research Data Commons to provide researchers the means to accelerate discovery through the connection and
harmonization of datasets with analytical tools in cloud native environments. From this, repositories of data known as data commons, were born. The number of data
commons and the type of data being collected continue to grow, with new data commons launching almost yearly. Among the data cormmons, and their associated
datasets, are:

» Genomics Data Commons (GDC): Supports hosting, standardization, and analysis of genomic, clinical, and biospecimen data. The GDC harmonizes raw sequencing data,

identifies and applies bioinformatics methods for generating mutation calls, structural variants and other high-level data.

e Proteomics Data Commons (PDC): Advances the understanding of the role that proteins play in the cancer lifecycle. In-depth analysis of proteomic data allows the study
of both how and why cancer develops and informs ways of tailoring treatment for patients.

* |Imaging Data Commons (IDC): Connects researchers with publicly available cancer imaging data, often linked with other types of cancer data. IDC provides the tools to
search and visualize cancer imaging data, define cohorts and use those cohorts to better understand the disease.

Other data commons within the CRDC, like the Integrated Canine Data Commons launched in 2020, will have similar workspaces when there is sufficient data and
infrastructure to support dynamically querying and pointing the data to a workspace. The workspace in particular will focus on accessing data in GDC.

GDC data access

Account Linking

To use datasets from the Genomics Data Commons CDC in your FireCloud workspace you need to first link your GDC account with FireCloud. Go to your Profile page and
Innle fAar "NICT CDDC Eramawnwinrle Sanvicac" 1indar "IDENTITV 2 EXTEDNIAI CSEDV/EDQ" Clicrlk tha linle tn lanin ticina vniir oaDA Cammeanc 1D hahich yvimii ehninild bhave alraady ifvimi

WORKSPACE INFORMATION

CREATION DATE

3/29/2021

LAST UPDATED

3/29/2021

SUBMISSIONS ACCESS LEVEL
1 Reader

GOOGLE PROJECT ID

fc-product-d.. [%)

OWNERS
akuan@broadinstitute.org
bshifaw@broadinstitute.org

boconnor@broadinstitute.org
cara@broadinstitute.org

TAGS ©

CRDC GDC Genomic Data Commons
NCI

Google Bucket

Name: fc-232922f4-e6a3-466a-8¢39-.. [
Location: =8 multi-region: US

Open in browser




Case 1: Research paper ‘

Example of a typical study
done in part on FireCloud




Subtype Heterogeneity and Epigenetic Convergence
in Neuroendocrine Prostate Cancer (NEPC)

. — Paloma Cejas et al., https://doi.org/10.1101/2020.09.13.291328

= Goal: Understand molecular basis of NEPC in order to design
more efficient targeted therapeutic options

- Neuroendocrine prostate cancer (NEPC)

» High grade tumors with aggressive clinical behavior and a poor prognosis
Treatment emergent phenotype from prostatic adenocarcinomas after anti-AR therapy
» Improvements in anti-AR therapy has increased prevalence of NEPCs

\/

— Approach: Epigenetic profiling of a range of Neuroendocrine Carcinomas to
understand how the common phenotype is maintained across tumor types
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The analysis involved a wide range of data types and computational tools

((l‘( [

Data Types
Whole exome sequence (WES)

Epigenetic profiling
(ATAC-seq, CHIP-seq, RNA-seq)

Data Origins
Tissue samples from patients

¢) TCGA data (PRAD & LUAD)

) Used in study

> step 1
> step 2
> step 3

Automated workflows

(') WES variant calling & annotation
(Mutect, VEP, Oncotator)

Single-cell ATAC-seq & RNA-seq
data processing (CellRanger)

Bulk RNAseq
data processing (VIPER)

Bulk ATAC-seq & CHIP-seq
data processing (ChiLin)

Interactive analysis

R tools
Bioconductor, Seurat

Python tools
MACS2

Online services
Cistrome Data Browser

Other visualization
IGV
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Recent updates increase range of analyses that can be done in FireCloud

Single-cell
RNAseq
(FASTQ)

Gene.Bam
Calculat‘eMetrics
MergeC'Metrics

checkO.usInput

Fastq I’essing

#wdl}  Optimus workflow
(Human Cell Atlas)

&
Stéiign Moyt
TagGe.mction Ta’es
Prediisort
GorreciMitools
PreCOUtSort
Cell‘Bam CreateSpa.ountMatrix
Calculat.IMetrics Merge.ntFiles
Merge'/letrics RunEr.Drops PreN‘Son
Optimusl_u&eneratiun Mer’rted

P Count matrix

(genes/cells)
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Low dimension
representation

Bioconductor
environment
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Cell type discovery
and classification
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Done today, the majority of the work could be done in FireCloud

((l‘( [

Data Types
Whole exome sequence (WES)

Epigenetic profiling
(ATAC-seq, CHIP-seq, RNA-seq)

Data Origins

Tissue samples from patients

¢) TCGA data (PRAD & LUAD)

) Used in study

> step 1
> step 2
> step 3

Automated workflows

(') WES variant calling & annotation

(Mutect, VEP, Oncotator)

@) Single-cell ATAC-seq & RNA-seq

CO

@

(‘) Available out of the box

data processing (CellRanger)

Bulk RNA-seq
data processing (VIPER)

Bulk ATAC-seq & CHIP-seq
data processing (ChiLin)

(‘) Can be added by user

Interactive analysis

PO R tools

Bioconductor, Seurat

)Y Python tools
MACS2

Online services
Cistrome Data Browser

(‘) Other visualization
IGV
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Case 2: PANOPLY ‘

Example of an analysis
framework built on FireCloud




‘ ) PANOPLY: A cloud-based platform for automated and
| reproducible proteogenomic data analysis

. aid W D.R. Mani et al., https://doi.org/10.1101/2020.12.04.410977
https://terra.bio/panoply-framework-for-cancer-proteogenomics/

- Goal: Make it easier to transform multi-omic data from cancer samples
into biologically meaningful and interpretable results

= Proteogenomics = integrative analysis of genomic, transcriptomic, proteomic and
post-translational modification data produced by high-throughput sequencing and
mass spectrometry-based proteomics

- Approach: Standardize & make available a comprehensive collection

of algorithms from CPTAC landmark proteogenomic studies
» CPTAC = Clinical Proteomic Tumor Analysis Consortium

EZBROAD
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https://doi.org/10.1101/2020.12.04.410977

Sample Metadata

Overview of the PANOPLY framework

Data Preparation

Data Analysis

. Clinical. Modules Analysis-Ready Modules
annotation
{ * Phenotype labels Data
* Mutation status Association . .
| i Outlier Analysis
ﬂ, a Analysis
—_— Normalized |
Sample QC and CNA Correlation | CMAP Analysis
RNA Filtered
= Sxprassion Data | RNA-Protein
g F Tables | Correlation Immune Analysis
o 8 Copy Analysis
g = numbgr
% & alteration Consensus Multi-omics
L5 (CNA) : External .
o 9 Filtering and i Clustering NMF Clustering
- & a
© o Normalization
5= ex’:r";::m . (Pathway PTM Signature Gene Set
(proteomics Dgs' CMAE Enrichment Enrichment
PTM-site data) abasen) Analysis Analysis
shundance (PTM-SEA) (GSEA/ssGSEA)
= Report Modules ﬂ
Parameters
| (yaml) Report Generation and Interactive Visualizaion

https://github.com/broadinstitute/PANOPLY




PANOPLY framework implementation: Workspaces & associated resources

@j@j A h A

[CRERCH Y, U,

Modules workspace Pipelines workspace Tutorial workspace
Separate workflow per module Unified pipelines for standard use cases Pre-run clone of the Pipelines WS
Maximum flexibility Maximum reproducibility Includes preconfigured dataset (BRCA)
Can compose new pipelines Can run exactly as published Job history shows execution results
Can add new modules reproducing parts of Mertins et al, 2016*
o

+ Jupyter Notebook in all WS providing step-by-step configuration and launch instructions Jupyter

* Mertins, P. et al. Proteogenomics connects somatic mutations to signalling in breast cancer. Nature 534, 55-62 (2016) g BROAD
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Case 3: MOAImanac ‘

Example of an analysis portal
built on FireCloud




to guide precision cancer medicine

% Clinical interpretation of integrative molecular profiles

|

Brendan Reardon et al., https://doi.org/10.1101/2020.09.22.308833

Goal: Enable integrative interpretation of genomic and transcriptional
cancer data for point-of-care treatment decision-making and
translational hypothesis generation

> |Individual tumor molecular profiling is routinely used to detect single gene-variant (“first-order”’) genomic alterations that may
inform therapeutic actions

> |nteractions between such first-order events (e.g., somatic-germline) and global molecular features (e.g. mutational
signatures) are increasingly associated with clinical outcomes, but these “second order” alterations are not yet generally
accounted for in clinical interpretation algorithms and knowledge bases

Approach: Provide a clinical interpretation method that evaluates
individual patient molecular profiles based on associations between
genes involved and cancer in published data sources

> Key challenge: Make it accessible to non-computational researchers/physicians

E
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Overview of the Molecular Oncology Almanac framework

Patient DNA Patient RNA
Somatic and germline mutations Somatic mutations
Copy number alterations Fusions
9 Established Molecular Oncology Almanac
Databases

Annotate & evaluate
first-order genomic relationships

722 action-alteration relationships
asserting sensitivity, resistance, and

claims
(434 ) s

==

l

Annotate & evaluate
second-order genomic relationships

Integrated Genome wide Inferred

Sequencing Microsatellite Mutational
concordance stability burden

Somatic & Mutational

germiine overtap Ancoplotly signatures

l

b

Perform patient-cell line similarity
with first-order genomic features

O
B <~

Y

Produce patient actionability report

[ TARGET
b
58 genes retained 63 genes removed
158 derived 276 additional
assertions " assertions i 2
Therapeutic Sensitivity Resistance

Molecular Oncology Almanac

(2]

Evidence behind Molecular Oncology Almanac's

Therapy types of Molecular Oncology Almanac's
722 alteration-action relationships

539 sensitivity and resistance relationships
415
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MOAImanac framework implementation: Audience-specific channels

IEE

Knowledge base

Curated collection of putative
alteration/action relationships
based on published literature

Web browser interface + API

Data available for download

Pipeline workspace

MOAImanac method workflow
Includes preconfigured dataset

Can run as published

Interpretation portal

Simplified interface to run MOAlImManac
method with standard configuration

Suitable for non-computational
researchers

Leverages the Firecloud API



Required fields

Add your de-identified sample name, tumor type from Oncotree, and select a billing project. The following inputs are required.

De-identified sample name: Tumor type: @ Terra billing project: @

de-identified-sample-name Glioblastoma benchmarking-test-project L

Only letters, numbers, underscores, and are dashes allowed.

Optional fields

Add a description or upload any combination of the file types below. The following inputs are optional.

Analysis description: @

Single nucleotide variants: @ Insertions or deletions: @ Somatic bases covered: @

No file chosen No file chosen No file chosen
Suggested method: MuTect 1.0 Suggested method: Strelka Suggested method: MuTect 1.0

Copy number alterations: @ Fusions from RNA: © Single nucleotide variants (RNA): @
No file chosen No file chosen No file chosen
Suggested method: GATK CNV Suggested method: Star Fusion Suggested method: MuTect 1.0

Cancel Begin analysis




Take-home: FireCloud empowers the cancer research community at multiple levels
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Data access & analysis Publishable workspaces Analysis portals

Insight generation Reproducible methods Suitable interfaces for
Tool tutorials non-computational users
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Get started today

https://firecloud.terra.bio/

https://terra.bio/resources/getting-started

User Guide and video tutorials:
https://support.terra.bio

YouTube channel

Contact Us:

support@terra.bio



https://terra.bio/resources/getting-started
https://support.terra.bio
https://www.youtube.com/channel/UCkXAqpR5Hk1ZmNd2-1K2l5Q
mailto: support@terra.bio

