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I need access to 
different 

datasets, tools 
and workflows!

How do I identify 
the mutational 

burden (top 
mutated genes 

and somatic 
signature) in 
pancreatic 

adenocarcinoma 
cases?

I am worried 
about cloud 
costs and 

billing!

I am worried 
about security of 

analyzing my 
data in the 

cloud!My data is 
only 

available 
on XYZ 
cloud!

I need to share 
the results with 

my 
collaborators!

I need to re-run 
my analysis 

using a different 
set of 

parameters!

Image courtesy: https://portal.gdc.cancer.gov/



Agenda

● Background

● Access multi-omics datasets in the CGC

● Use Case 1: Identifying mutational burden in cancer - Analysis of TCGA 

datasets

● Use Case 2: microRNA biogenesis in cancer

● Questions/Discussion



Background



Explosion of genomics data with ease of sequencing

Big Data: Astronomical or Genomical? Stephens et al; PLoS Biol. 
2015 Jul; 13(7): e1002195.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494865/#


Increasingly large datasets bring challenges to data analysis

www.cancer.gov/ccg



Guillermo de Anda-Jáuregui and Enrique Hernández-Lemus, Computational Oncology in the Multi-Omics Era: State of the Art. Front. Oncol., 07 April 2020 | https://doi.org/10.3389/fonc.2020.00423  

Multi-omic data is critical for cancer research

Cancer is a 
complex disease! 

Comprehensively 
understanding the 

full picture of a 
research question 

requires 
examining multiple 

modalities

https://doi.org/10.3389/fonc.2020.00423


The Seven Bridges Cancer Genomics Cloud (CGC)

A Cloud Resource 

within the NCI Cancer 

Research Data 

Commons for secure 

storage, sharing & 

analysis of petabytes of 

public, multi-omic 

cancer datasets

https://datacommons.cancer.gov/cancer-research-data-commons 

https://datacommons.cancer.gov/cancer-research-data-commons


Partnered with 
JAX to build 

NCI’s PDXNet 
Data 

Commons

2017 20182006 2014 2015 2016

TCGA Pilot 
Program 

announced

Launched 
the CGC

Awarded NCI 
Cancer 

Genomics Cloud 
(CGC) Pilot 

contract

Logged 3000th user & 
450th year of compute 

time on the CGC

Registered 
1000th CGC user

...

Growth of the Cancer Genomics Cloud Ecosystem

2019

Integrated data with the 
Genomics Data Commons 

(GDC)

Logged 5000th user & 
>1000 years of 

compute time on the 
CGC

Integrated with the 
Proteomics Data 
Commons (PDC)

Integrated with 
the Integrated 
Canine Data 
Commons 

(ICDC)

2020

Integrated 
with the 

Cancer Data 
Service 
(CDS)

2021

Logged 6000th 
user & >1400 

years of 
compute time 
on the CGC



The CGC democratizes complex analyses in a FAIR data ecosystem 

● A stable, secure, and highly customizable cloud storage and computing platform 

● Promotes a Findable, Accessible, Interoperable and Reusable (FAIR) data ecosystem

● A user-friendly portal for collaborative analysis of petabytes of public data alongside private data 

● An optimized venue for reproducible data analysis using validated tools and pipelines

Wilkinson, M., Dumontier, M., Aalbersberg, I. et al. The FAIR Guiding Principles for scientific data management 
and stewardship. Sci Data 3, 160018 (2016) doi:10.1038/sdata.2016.18



Accelerating cancer research

● Detect aberrant splice junctions and splicing profiles across patient populations
● Identify neoantigens arising from novel gene fusion events
● Profile miRNA expression across patient populations
● Conduct  HLA typing to identify neoantigens
● Compare viral infection patterns across patient populations
● Detect novel gene fusions from RNA-Seq data
● Identify cis-regulatory region variants across 

patient populations
● ...and much more



CGC provides an easy way to find and analyze data
Use the 500+ cloud- and cost-optimized 
tools in our Public Apps library OR deploy 
custom tools using Rabix Composer, 
Jupyter notebooks or R packages 

Visually explore and access 3+ PB of 
multi-omic public data through 
interactive query tools & APIs.
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Empowering a coordinating center on the CGC
PDX Data Commons and Coordination Center 
JAX-Seven Bridges
Collaborative and large-scale development and pre-clinical testing 
of targeted therapeutic agents in patient-derived models to 
advance the vision of cancer precision medicine.

● Data harmonized and securely shared
● Developed standardized PDX DNA-seq and RNA-seq 

workflows, available on the CGC
● Diverse models, metadata, and omics included

Enabled multiple high-impact publications
➔ Systematic Establishment of Robustness and Standards 

in Patient-Derived Xenograft Experiments and Analysis. 
Cancer Research, March 2020

➔ Conservation of copy number profiles during 
engraftment and passaging of patient-derived cancer 
xenografts. Nature Genetics, January 2021

https://portal.pdxnetwork.org/ 

https://portal.pdxnetwork.org/


High impact publications on the CGC
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Participating in open standards groups helps 
make us more FAIR



How do I get an account on the CGC?

● Sign up with your email

○ https://www.cancergenomicscloud.org/

● Option to connect with eRA Commons to access 

controlled data

● $300 of pilot funding to get your project started

● Comprehensive online documentation and training 

resources

● Technical support from a team of scientists, 

bioinformaticians, and engineers



Access multi-omics datasets in the CGC



Dataset Description Experimental setup File types

Rich dataset of tumor and normal tissues from 
11,000 patients, covering 33 cancer types

WES, RNAseq, miRNAseq, methylation, 
genotyping, ATACseq, imaging, WGS, ..

BAM, VCF, MAF, TXT, TSV, SVS, 
XML

Dataset of genomic changes in childhood cancers RNASeq, WGS, WES, miRNAseq BAM, MAF, TSV, VCF, XLSX, 
TXT

Imaging data from many 21 tumor types Imaging DCM

Proteomics of 10 tumor types and associated 
genomic data

Proteomics, WGS, WES, RNAseq BAM, TSV, VCF, mzML.gz, 
mzid.gz, raw, tar.gz

Consortium of many datasets, 20 studies on CGC WGS, RNASeq BAM, VCF

Dataset of 1457 cancer cell lines WGS, WES, RNAseq BAM

Genome sequencing of 130 populations WGS BAM, VCF

Crowdsourced genomics, datasets from 10 
individuals

WGS, WGBS, RNAseq, methylation BAM, FASTQ, IDAT, TBI, VCF

Single-cell genomics of healthy tissues scRNASeq FASTQ

Access and search large public datasets on the CGC



CGC connects with several CRDC data repositories Coming soon!



Use Case 1: Identifying mutational burden 
in cancer - Analysis of TCGA datasets



I need access to 
different 

datasets, tools 
and workflows!

How do I identify 
the mutational 

burden (top 
mutated genes 

and somatic 
signature) in 
pancreatic 

adenocarcinoma 
cases?

I am worried 
about cloud 
costs and 

billing!

I am worried 
about security of 

analyzing my 
data in the 

cloud!My data is 
only 

available 
on XYZ 
cloud!

I need to share 
the results with 

my 
collaborators!

I need to re-run 
my analysis 

using a different 
set of 

parameters!

Image courtesy: https://portal.gdc.cancer.gov/
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Typical User Flow

Tools, workflows, and 
software packages

● Public Apps 
Gallery

● Tools or 
workflows 
wrapped in 
CWL

● R packages
● Python libraries

Organizational unit 
within the CGC

Many ways to find and 
bring in data:

● Data Browser
● Desktop 

uploader
● Command line 

uploader
● Volumes

Specify how an 
analysis will be run

● Task page
● Notebooks in 

RStudio or 
JupyterLab

Create a Project Find datasets of 
interest

Bring/Build tools 
or workflows AnalyzeCreate a Project



Projects organize files, methods, and results
Also known as workspaces or sandboxes

Easily manage collaborators and permissions
Project owner

Project

Files Apps Tasks

File 1

File n

File 2

New 
file 1

App 1

App 2

Task 
1

...

...

...

A user 
selects the 
files, apps, 
and 
parameters 
to create 
tasks

Completed tasks 
generate new files 
that are stored in the 
project

Project owners 
can add 
collaborators to 
the project and 
define 
permissions Projects are configurable, e.g.

● Customizable billing group 
- where costs should be 
attributed

● Cloud resources (AWS or 
GCP)

● Spot (or preemptible) 
instances

● Memoization - 
Intermediate file retention

● Using S3 or Glacier 
storage



Collaborate and share results quickly and easily
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Billing groups 

Clear advantages for collaboration and 
interoperability. Aligned to temporal 
dynamics of research funding.

Allow users to distribute costs appropriately 
per function, topic, lab, etc

Use different funding sources (e.g. R24, 
Pilot Funds, credit card)

SB can reimburse for task failure due to 
external factors



Multi-cloud implementation on the CGC

Google US-west-1AWS US-east 1

CORE PLATFORM INFRASTRUCTURE

Access data
and run

computations

Web
Application API

Amazon 
EC2



Memoization allows use of previously computed results
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User Flow

Tools, workflows, and 
software packages

● Public Apps 
Gallery

● Tools or 
workflows 
wrapped in 
CWL

● R packages
● Python libraries

Organizational unit 
within the CGC

Many ways to find and 
bring in data:

● Data Browser
● Desktop 

uploader
● Command line 

uploader
● Volumes

Specify how an 
analysis will be run

● Task page
● Notebooks in 

RStudio or 
JupyterLab

Create a Project Find datasets of 
interest

Bring/Build tools 
or workflows AnalyzeFind datasets of 

interest



Different options to bring data



Find open access TCGA data with Data Browser



Easily connect cloud volumes



1. User starts on PDC/ICDC/SRA (for 

CDS) portal to identify cohort of files

2. User downloads files manifest of 

selected cohort

Enabling multi-omic research on the CGC through 
integrating with the PDC, ICDC, CDS

1. User moves to CGC, creates a project
a. Files → Add files → Import from a manifest

2. User prompted to upload the manifest 
from the PDC/ICDC/CDS

3. Data files from PDC/ICDC/CDS 
copied into user’s project

4. Additional metadata accessed via 
Data Cruncher notebook

Links to doc pages to import data from: PDC, ICDC, CDS

https://docs.cancergenomicscloud.org/docs/import-from-the-pdc
https://docs.cancergenomicscloud.org/docs/import-from-icdc
https://docs.cancergenomicscloud.org/docs/import-cds-data
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User Flow

Tools, workflows, and 
software packages

● Public Apps 
Gallery

● Tools or 
workflows 
wrapped in 
CWL

● R packages
● Python libraries

Organizational unit 
within the CGC

Many ways to find and 
bring in data:

● Data Browser
● Desktop 

uploader
● Command line 

uploader
● Volumes

Specify how an 
analysis will be run

● Task page
● Notebooks in 

RStudio or 
JupyterLab

Create a Project Find datasets of 
interest

Bring/Build tools 
or workflows AnalyzeBring/Build tools 
or workflows



Find the tools you need in the Public Apps Gallery

A curated collection of ~500 
bioinformatics tools & 
workflows

○ Optimized for speed & 
cost in the cloud

○ Fully parameterized & 
customizable

○ Accessible via the GUI & 
API

https://cgc.sbgenomics.com/public/apps 

https://cgc.sbgenomics.com/public/apps


Bring Your Pipelines to the Platform with Web Composer
● An intuitive and flexible software 

development kit for developing 
and porting custom tools to the 
platform

● Conformance with community 
standards to ensure pipeline 
portability & reproducibility
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Mutation Annotation Format (maftools)
https://bioconductor.org/packages/release/bioc/html/maftools.html

Mayakonda A, Lin D, Assenov Y, Plass C, Koeffler PH (2018). 
“Maftools: efficient and comprehensive analysis of somatic 
variants in cancer.” Genome Research. doi: 
10.1101/gr.239244.118.

https://bioconductor.org/packages/release/bioc/html/maftools.html
https://doi.org/10.1101/gr.239244.118


Maftools Workflow

1. Dockerize 
individual tools 

2. Wrap each tool in 
CWL 

3. Connect tools into 
a workflow and set 
parameters 
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User Flow

Tools, workflows, and 
software packages

● Public Apps 
Gallery

● Tools or 
workflows 
wrapped in 
CWL

● R packages
● Python libraries

Organizational unit 
within the CGC

Many ways to find and 
bring in data:

● Data Browser
● Desktop 

uploader
● Command line 

uploader
● Volumes

Specify how an 
analysis will be run

● Task page
● Notebooks in 

RStudio or 
JupyterLab

Create a Project Find datasets of 
interest

Bring/Build tools 
or workflows AnalyzeAnalyze



Powerful, collaborative, & reproducible interactive analysis

Users create interactive analysis sessions within a project - all files are available and over 
50 instances can be used (c3.xlarge to x1.32xlarge on AWS)

Files

Instance
Project
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PAAD Oncoplot

Top 3 mutated genes
• KRAS
• TP53
• SMAD4



I need access to 
different 

datasets, tools 
and workflows!

How do I identify 
the mutational 

burden (top 
mutated genes 

and somatic 
signature) in 
pancreatic 

adenocarcinoma 
cases?

I am worried 
about cloud 
costs and 

billing!

I am worried 
about security of 

analyzing my 
data in the 

cloud!My data is 
only 

available 
on XYZ 
cloud!

I need to share 
the results with 

my 
collaborators!

I need to re-run 
my analysis 

using a different 
set of 

parameters!

Image courtesy: https://portal.gdc.cancer.gov/



Hands-on 
Demo on 04/08 

(Thursday) 

● Learn how to perform cloud based loading of single cell data, quality control, normalization, PCA and 
clustering and biomarker identification.  

● Using open data
● The workflow makes tables and an html report
● Also learn to use cloud based RStudio to dive deeper into the data

Want to learn more? 



Use Case 2: microRNA biogenesis in cancer
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Using the CGC to understand microRNA biogenesis in cancer

Restricted

● I Collaborative 
application

● Joint efforts on 
QuagmiR development

● TCGA data analysis with 
QuagmiR

● QuagmiR publication
● QuagmiR tool available 

on CGC 

● II Collaborative 
application

● Subsequent research 
publication

● Third research 
publication

● Currently working with 
Case Explorer and other 
tools available through 
CGC

Xavier Bofill de Ros - Research Fellow
Gu Lab, Center for Cancer Research NCI

Collaborative Project program to advance your research

• Submit a proposal for up to $10,000 in cloud credits to cgc@sevenbridges.com 
• Get additional access to our CGC team and bioinformatics support
• Projects have resulted in dozens of papers, many users submit multiple papers from one project
• We encourage applications from students and postdocs

https://academic.oup.com/bioinformatics/article-abstract/35/9/1576/5123434
https://www.sciencedirect.com/science/article/pii/S2211124718319843
https://www.nature.com/articles/s41467-020-16533-w
mailto:cgc@sevenbridges.com


Case study - microRNAs & isomiRs
● microRNAs regulate gene expression
● Isoforms of miRNA (isomiRs) are correlated with cancer progression
● isomiRs very difficult to study because they are so heterogeneous

Canonical miRNA

isomiR1

isomiR2

isomiR3
isomiRNA4

isomiRn

Image Courtesy: https://www.sigmaaldrich.com/life-science/functional-genomics-and-rnai/mirna/learning-center/mirna-introduction.html

https://www.sigmaaldrich.com/life-science/functional-genomics-and-rnai/mirna/learning-center/mirna-introduction.html


Case study: QuagmiR

miRNA

“motif”

Identify potential isomiRs

Tune 5’ and 3’ filtering

Reports 

QuagmiR tool

Canonical miRNA

isomiR1

isomiR2

isomiR3
isomiR4

isomiRn

● QuagmiR: a tool that pulls specific reads and aligns them 
against a consensus sequence in the middle of a miRNA, 
allowing mismatches on the ends to capture 3′ isomiRs

● Initial idea: reprocess all TCGA miRNAs with QuagmiR
● The CGC enabled an efficient and highly scalable 

analysis, hence more research projects resulted from 
the initial one

● Xavier used the fact that miRNA data tends to be smaller in 
size and leveraged CGC capabilities to easily analyze up to 
70 samples per task across dozens of tasks 



Quantify and visualize isomiR differences 
Gu-Lab-RBL-NCI/QuagmiR

Check out CGC March Webinar recording at 
https://www.cancergenomicscloud.org/webinars 

https://github.com/Gu-Lab-RBL-NCI/QuagmiR
https://www.cancergenomicscloud.org/webinars


Support and Resources
CGC Knowledge Center 

https://docs.cancergenomicscloud.org/ 

Contact CGC Support: cgc@sevenbridges.com 

Office Hours: Every week on Thursdays 

https://www.cancergenomicscloud.org/officehours

CGC Monthly Webinar Series

Learn about CGC platform features that you can 
use in your projects.

Variety of research and technical topics in the 
field of cancer research using the CGC

Resources: Upcoming webinar info, slides and 
recordings are available at: 
https://www.cancergenomicscloud.org/webinars 

Save the date/time: 4th Wednesday of each 
month at 2pm ET

https://docs.cancergenomicscloud.org/
mailto:cgc@sevenbridges.com
https://www.cancergenomicscloud.org/officehours
https://www.cancergenomicscloud.org/webinars


6000 users

>80 countries

1,600,000+ computational tasks

1400+ years of total compute time

66,800+ workflows

500+ public apps

Interactive Analysis
The ability to perform custom, 

interactive analysis and 
visualization on the platform 

using Python, RStudio.

Collaborate on the cloud
Collaborate with other researchers around 

the world in a secure workspace
Access to high-throughput, cost-effective 

cloud computing resources and storage on 
demand and at cost.

Tools and Workflows 
Standard bioinformatics 

pipelines
Bring your own analysis tools 

directly to the platform
Connect multiple tools together 

using our interactive custom 
workflow builder

Support & Resources
Access comprehensive online 

documentation and training 
resources; Technical support 
from a team of >200 expert 

scientists, bioinformaticians, and 
engineers.

Data Access 
Immediately access petabytes 

of Open and Controlled TCGA, 
CPTAC, TCIA, and other omics 

datasets 
Bring your own private cohorts 

alongside public data.

In Summary



Questions?


