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Agenda

e Background

e Access multi-omics datasets in the CGC

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

e Use Case 2: microRNA biogenesis in cancer

e Questions/Discussion
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Explosion of genomics data with ease of sequencing

Growth of DNA Sequencing
W Recorded growth
B Double every 7 months (Historical growth rate)
@ Double every 12 months (lllumina Estimate)
W Double every 18 months (Moore's Law)

1Pbp

Cumulative Number of Human Genomes
Worldwide Annual Sequencing Capacity

1Tbp

2000 2005 2010 2015

B@“Data: Astronomigéf or Genomical? Stephens et al; PLoS Biol.
Year 2015 Jul; 13(7): €1002195.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494865/#

Increasingly large datasets bring challenges to data analysis

NATIONAL CANCER INSTITUTE

THE CANCER GENOME ATLAS

TCGA BY THE NUMBERS
TCGA produced over TCGA data describes ..including
2 | 5 -.ii R ﬁ& 33 10
PETABYTES R DIFFERENT  RARE
of data "H §

TUMORTYPES  CANCERS

..based on paired tumor and normal tissue sets

To put this into perspective, 1 petabyte of data collected from
s equal to I ‘ I I 0
s S DVDs

"‘ )) DIFFERENT
J DATA TYPES

www.cancer.gov/ccg
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Multi-omic data is critical for cancer research

A Metabolomics

Proteomics

Lipidomics

Immune system

Intercellular signaling

non-coding
transcriptomics
Gene expression
transcriptomics

Canceris a
complex disease!

Comprehensively
understanding the
full picture of a
research question
requires
examining multiple
modalities

Guillermo de Anda-Jauregui and Enriqgue Hernandez-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
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https://doi.org/10.3389/fonc.2020.00423

The Seven Bridges Cancer Genomics Cloud (CGC)

NCI Cancer Research Data Commons (CRDC)

A Cloud Resource @ @
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Research Data i @

Validation Tools Cancer Population  Immuno- Clinical
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Data Submission

Commons for secure

Analysis >
@
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Data Service Canine Deployment
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o
cancer datasets =
Legend o
- Available to researchers =

APIs NCI Cloud Web
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Oavelopment Resources Interface
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https://datacommons.cancer.gov/cancer-research-data-commons ﬁ?, @ @
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https://datacommons.cancer.gov/cancer-research-data-commons

Growth of the Cancer Genomics Cloud Ecosystem

TCGA Pilot
Program SIMONS FOUNDATION
announced , - sl ICGC Integrated with Integrated
q B P the Integrated with the
Awgfr?gelr\lm TCGA@ / S \§ TARGET CaninegData Cancer Data
Genormics Cloue Partnered wih <, PCAWG i) 8
(CGC) P||Ot JAX tO bu"d OFWHOLE GENOMES
contract NCI's PDXNet Integrated data with the
Data Genomics Data Commons
Wetlsl _ Commons (GDC)
G5t COLE grrcegere
2006 2014 2015 2020

Integrated with the

CPTAC
@ -
I:[ﬁuné:g%j d @ Gg'lsc?r:a(‘a Proteomics Data
e Project
@AN CER Commons (PDC) Logged 6000
IMAGING ARCHIVE user & >1400
L d 5000t & years of
th ogge user compute time
Logged 3000™ user & >1000 years of s ot
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Registered
1000 CGC user

450" year of compute
time on the CGC

compute time on the



The CGC democratizes complex analyses in a FAIR data ecosystem

e Astable, secure, and highly customizable cloud storage and computing platform

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

e A user-friendly portal for collaborative analysis of petabytes of public data alongside private data
e An optimized venue for reproducible data analysis using validated tools and pipelines

oG D mE

Easy data Secure Flexible & fully Optimized Scalable Extensible &
management collaboration & reproducible bioinformatics computation developer
managed billing methods algorithms friendly tools
CANCER GENOMICS CLOUD Wilkinson, M., Dumontier, M., Aalbersberg, |. et al. The FAIR Guiding Principles for scientific data management

SEVENERIDGES and stewardship. Sci Data 3, 160018 (2016) doi:10.1038/sdata.2016.18



Accelerating cancer research

e Detect aberrant splice junctions and splicing profiles across patient populations
e Identify neoantigens arising from novel gene fusion events
e Profile miRNA expression across patient populations

e Conduct HLA typing to identify neoantigens

e Compare viral infection patterns across patient populations
e Detect novel gene fusions from RNA-Seq data

e Identify cis-regulatory region variants across
patient populations

® ...and much more

CANCER GENOMICS CLOUD
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CGC provides an easy way to find and analyze data

Visually explore and access 3* PB of Use the 500" cloud- and cost-optimized
multi-omic public data through tools in our Public Apps library OR deploy

interactive query tools & APls. custom tools using Rabix Composer,
S S e Jupyter notebooks or R packages

= —— ° o
[ ] == =— A i
= El Jupyter R
= A Q

.............

Broast Invasive Carcinoma details
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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.

e Data harmonized and securely shared

e Developed standardized PDX DNA-seq and RNA-seq
workflows, available on the CGC

e Diverse models, metadata, and omics included

PDXNet Portal

PDXNet Portal

Powered by Seven Bridges

The PDXNet Portal provides a way for researchers to learn about the PDX models, sequencing

data (DNA and RNA), and PDX Minimum Information metadata tools generated by the network for
public use.

Institute (NCI) launched the PDX (patient-deri
earch Network (PDXNet) in September 2017
rese: DX models and sequencing data. The PDXNet e
and Trial Centers (PDTCs) and the PDX Data Commons and Coordinating Center (PDCCC). The
two PDTCs developing PDXs from minority patients. PDXNet
d Model Repository (PDMR) to ensure data are
at.

Collectively, the PDTCs and the PDCCC work together to test and advance
treatments from PDX studies to human clinical trials. PDXNet is an inclusive consortium
ions. Please contact us to discuss how we can

multi-agent cancer

work together to advance

S PDMR Data

& PDXNet Models

https://portal.pdxnetwork.org/

Data Summary
CONTRIBUTORS FILES (PDTC/PDMR) MODELS CANCER TYPES
a6 B2822/9492 4258 Z33

PDXNetModels | Sequencing Files  Portal Update Timeline

PDX Models by Contributor

2 a 10 20
Model Count per Contributor

®BCM @ HCI @ MDACC UCDavis @ WISTAR @ WUSTL

The Jackson
Laboratory

2
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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/

High impact publications on the CGC

nature communications

Genome Medicine

Explore our content v Journal information v

nature > nature communications > articles > article Home About Articles Submission Guidelines

Article | Of A Published: 02 2020 i
rticle | Open Access | Publishe June Research | Open Access | Published: 17 February 2020

AGO-bound mature miRNAs are oligouridylatedby 1},o pan-cancer landscape of prognostic germline

TUTs and subsequently degraded by DIS3L2 variants in 10,582 patients

Acong Yang, Tie-Juan Shao, Xavier Bofill-De Ros, Chuanjiang Lian, Patricia Villanueva, Lisheng Dai & Ajay Chatrath, Roza Pr. ka, Shashi Kiran, Zhangli Su, Shekhar Saha, Briana Wilson, Takaaki

Shuo Gu Tsunematsu, Ji-Hye Ahn, Kyung Yong Lee, Teressa Paulsen, Ewelina Sobierajska, Manjari Kiran, Xiwei

Tang, Tianxi Li, Pankaj Kumar, Aakrosh Ratan & Anindya Dutta &

Nature Communications 11, Article number: 2765 (2020) | Cite this article
Genome Medicine 12, Article number: 15 (2020) | Cite this article

2767 Accesses | 1 Citations | 11 Altmetric | Metrics
2844 Accesses | 1 Citations | 78 Altmetric | Metrics

CANCER RESEARCH Q

Oncogene
https://doi.org/10.1038/541388-020-01507-5

nature genetics

Explore our content v Journal information v

Home About Articles For Authors Alerts News COovVID-19 Search Q
ARTICLE

Tumor Biology and Immunology

Systematic Establishment of Robustness and Standards in Patient- ~ Genetic alterations of SUGPT mimic mutant-SF3B7 splice pattern in

Derived Xenograft Experiments and Analysis lung adenocarcinoma and other cancers

Iv::meskﬁvralm, A:I.Ij smnvas:'a\gat,‘Jelena Randjelovic; The NCI PDXNet Consortium, James H. Doroshow, Dennis A. Dean I, Samar Alsafadi 12, S(ephane Dayotz ki Malcy Tarin' « Alexandre Houy 2, Dorine Be"angef + Michele corne“a? .
Sy S:Moms. andalrgy Hathiang Michel Wassef** - Joshua J. Waterfall (2" - Erik Lehnert® - Sergio Roman-Roman' - Marc-Henri Stern
DOI: 10.1158/0008-5472.CAN-19-3101 Published June 2020 ) Gheck forupdates Tatiana Popova®
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nature > nature genetics > articles > article

Article | Published: 07 January 2021

Conservation of copy number profiles during
engraftment and passaging of patient-derived
cancer xenografts

Xing Yi Woo, Jessica Giordano, Anuj Srivastava, Zi-Ming Zhao, Michael W. Lloyd, Roebi de Bruijn, Yun-
Suhk Suh, Rajesh Patidar, Li Chen, Sandra Scherer, Matthew H. Bailey, Chieh-Hsiang Yang, Emilio
Cortes-Sanchez, Yuanxin Xi, Jing Wang, ickr Andrew V. /, Vito W.

Rebecca, Hua Sun, R. Jay Mashl, Sherri R. Davies, Ryan Jeon, Christian Frech, Jelena Randjelovic,
Jacqueline Rosains, Francesco Galimi, Andrea Bertotti, Adam Lafferty, Alice C. O'Farrell, Elodie Modave,

Diether Lambrechts, Petra ter Brugge, Violeta Serra, Elisabetta Marangoni, Rania El Botty, Hyunsoo Kim,
Jong-Il Kim, Han-Kwang Yang, Charles Lee, Dennis A. Dean Il, Brandi Davis-Dusenbery, Yvonne A.
Evrard, James H. Doroshow, Alana L. Welm, Bryan E. Welm, Michael T. Lewis, Bingliang Fang, Jack A.
Roth, Funda Meric-Bernstam, Meenhard Herlyn, Michael A. Davies, Li Ding, Shungiang Li, Ramaswamy
Govindan, Claudio Isella, Jeffrey A. Moscow, Livio Trusolino, Annette T. Byrne, Jos Jonkers, Carol J.
Bult, Enzo Medico 3, Jeffrey H. Chuang &, PDXNET Consortium & EurOPDX Consortium -Show fewer

authors

Nature Genetics 53, 86-99(2021) | Cite this article
618 Accesses | 42 Altmetric | Metrics

Abstract

Patient-derived xenografts (PDXs) are resected human tumors engrafted into mice for
preclinical studies and therapeutic testing. It has been proposed that the mouse host affects
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How do | get an account on the CGC?

CANCER GENOMICS CLOUD HOME ABOUT RESOURCES POLICIES KNOWLEDGE CENTER HELP LOGIN

e  Sign up with your email CANCER GENOMICS CLOUD

SEVEN BRIDGES

o https://lwww.cancergenomicscloud.org/
e Option to connect with eRA Commons to access
controlled data .
Log in
e $300 of pilot funding to get your project started

. . . . PRAJ Log in with eRA Commons
e Comprehensive online documentation and training .

resources Log in with username and password

e Technical support from a team of scientists,
New to the CGC? Create an account

bioinformaticians, and engineers

CANCER GENOMICS CLOUD
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Access multi-omics datasets in the CGC



Access and search large public datasets on the CGC

IMAGING ARCHIVE

Dataset Description Experimental setup File types
TCGA Rich dataset of tumor and normal tissues from WES, RNAseq, miRNAseq, methylation, BAM, VCF, MAF, TXT, TSV, SVS,
11,000 patients, covering 33 cancer types genotyping, ATACseq, imaging, WGS, .. XML
& TARGET Dataset of genomic changes in childhood cancers | RNASeq, WGS, WES, miRNAseq BAM, MAF, TSV, VCF, XLSX,
TXT
@ANCER Imaging data from many 21 tumor types Imaging DCM

(CPTAC

Proteomics of 10 tumor types and associated
genomic data

Proteomics, WGS, WES, RNAseq

BAM, TSV, VCF, mzML.gz,
mzid.gz, raw, tar.gz

- e "a.‘:%é:

% 'gt,?mlm Consortium of many datasets, 20 studies on CGC | WGS, RNASeq BAM, VCF
§ CCLE g caie  Dataset of 1457 cancer cell lines WGS, WES, RNAseq BAM
; Genome sequencing of 130 populations WGS BAM, VCF

Personal
Genome
Project

Crowdsourced genomics, datasets from 10
individuals

WGS, WGBS, RNAseq, methylation

BAM, FASTQ, IDAT, TBI, VCF

HUMAN
CELL
ATLAS

Single-cell genomics of healthy tissues

CANCER GENOMICS CLOUD
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REPOSITORIES

NATIONAL CANCER INSTITUTE
Cancer Research Data Commons

Cancer Data Service (CDS)

Store and share NCI-funded data that are not
hosted elsewhere to further advance scientific

Clinical Trial Data Commons (CTDC)

Store and share data from NCI Clinical Trials.
The resource is expected to launch in 2020.

-

Genomic Data Commons (GDC)

Share, analyze, and visualize harmonized
genomic data, including TCGA, TARGET, and

CGC connects with several CRDC data repositories ~ Smnasoont.
NH)

discovery across a broad range of research CPTAC.

areas.

Imaging Data Commons (IDC) Integrated Canine Data Commons Proteomic Data Commons (FDC)

1
1
_— . | (IcDC) — . .

Share, analyze, and visualize multi-modal 1 ~~— Share, analyze, and visualize proteomic data,

imaging data from both clinical and basic cancer i Share data from canine clinical trials, including (%==== such as CPTAC and The International Cancer

research studies. L the PRE-medical Cancer Immunotherapy Proteogenome Consortium (ICPC).

______________________________________ e Network Canine Trials (PRECINCT) and the
M) soescrsmm oo @ Dot Wi Moty v v e momm meows| COMPparative Oncology Program. NI ) et ( D)

Home  About  Reposi Data  Analyze  Lleam  More

o
o

Harmonized Cancer Datasets
Genomic Data Commons Data Portal
Get Started by Exploring:

NATIONAL CANCER INSTITUTE
Integrated Canine Data Commons

8) Pocs N 58 oporner BT | Cancer Data

Service
(cDS)

NATIONAL CANCER INSTITUTE

b
i
| Proteomic Data Commons

i

Data Portal Summary  pata aeease 27.0- october 29, 2020

i)

Integrated
Canine

PROJECTS PRIMARY SITES CASES

fe7 & 68 & 84,392 Data
Commons
o - —
(596,758 ¥ 23,399 # 3,287,209 HOME  BROWSE  ANA

The Cancer Data Service (CDS) is a

under the Cancer (CRDC) infrastructure for storing cancer
he e

the cloud

— 24TB >357M

62 81,275 '
CANCER GENOMICS CLOUD D Studies & Data vorume@ Datafiles I— Spectra
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Use Case 1: Identifying mutational burden
in cancer - Analysis of TCGA datasets
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Typical User Flow

Find datasets of

interest
Organizational unit Many ways to find and Tools, workflows, and Specify how an
within the CGC bring in data: software packages analysis will be run
e Data Browser e  Public Apps e Task page
e Desktop Gallery e Notebooks in
uploader e Toolsor RStudio or
e Command line workflows JupyterLab
uploader wrapped in
e Volumes CWL

R packages
Python libraries

CANCER GENOMICS CLOUD
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Projects organize files, methods, and results

Project owner

—_—
=~

—_

]

]

=
_[
_[

—_—_——————eee e —— o

~
Praject owners
car add

/,
//collaborators to

the project and
define
permissions

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

)

Completed tasks
generate new files
that are stored in the
project

CANCER GENOMICS CLOUD
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Also known as workspaces or sandboxes
Easily manage collaborators and permissions

Create a project x

Name

Purdue-Bioinformatics-Class I

Project URL:
https://cgc.sbgenomics.com/u/sailakss/purdue-bioinformatics-class +

Billing Group

Pilot Funds (sailakss) ¥
Location @

AWS (us-east-1) v

Execution settings:
Spot Instances ©

on @
off (D

Memoization (WorkReuse) ©

[ This project will contain [LIGEITLE Data. @

Projects are configurable, e.g.

e Customizable billing group
- where costs should be

attributed

e Cloud resources (AWS or
GCP)

e Spot (or preemptible)
instances

e Memoization -
Intermediate file retention

e Using S3 or Glacier
storage

—




| whoo o k0 part weh Federa

Collaborate and share results quickly and easily

Dashbossd Files  Apps  Tasks mhmliCMI o Intersctive Analysin  Setings Notes

Description ® Tegn Mermbers B Emal notfications

Welcome 1o your new ' s G

Projects are T core bulding tlocks of Bhe CGC Platiorm. Each project comesponds 10 & distingt
Soertfic MAsigaton, serving as a cont; for its data, ysis ppeines, and results. Projects
e shared only by designated peogect mermbers Don't work slone.
The Best research happons In Meams.

Within your project, you can
o Stan erporng pubiic detasets straight awsy
o Instal your Wools on e CGC and ceate workliows & Fvie new meerbery

o Uplcad your own private data and analyze it along with pubic datasets
» Colaborate securwly with other rosearchens .
Shate your oo, deea and Geas Wit coladorsion
Please recosd he detads of your project dere, such as its ams, expenmental context, and any
ofor iSeas il you'd Bke 10 share with your propect members. Remembee hat details of each
Ppoine axocution you run on the CGC are logged on the task page. Tha sctopad s ust for your

own notes
Analyses . O
You can aiso e markdosn hare 10 add fomatting 10 your notes.
Good luck with your resesrch] ¥ you get stuck, take 8 0ok ot e Koowledge Center Tasks Oata Cruncher
The Seven Bridges COC Toars
Your esocutons wil sppear here.
Belore you Stan, earn mone about hem,
Cravon

TCparts agree 10 ackrowledge e ndng for Be CGC n al pebications and extema ,

preserviations. as folows

The Sever: Bedpus Cancer Reseaxch Dats Commons Cloud Resowrse has bean Anded in

he Netonal Cancer insfitide, Natona/ Instéufes of

N0 Agreement No. 17X146 under Condract o

of No. MMS
A0000 N b

0




Bllllng groups Billing Group settings: Pilot Funds
(sailakss)
Info
Clear advantages for collaboration and
interoperability. Aligned to temporal e B
dynamics of research funding. eetey pites
Primary contact Seven Bridges Genomics
Address One Broadway, 14th FI. , Massachusetts, United States
Allow users to distribute costs appropriately
per funCtion, tOpiC, Iab, etC Remaining credits $ 298.02
Pilot funds $ 300.00
Use different funding sources (e.g. R24, Total charges $1.98
Pilot Funds, credit card) Analvai
nalysis usage Storage usage
. . nalysis charges $0. orage charges $1.
SB can reimburse for task failure due to e r e o
exte rn al fa Cto rS Data Cruncher analyses $0.40 Downloaded $0.00
Storage deduction $0.00
ITr:)st:':\ien:it:Zirtsof instances that can be run in parallel Current egie:0 o800

CANCER GENOMICS CLOUD
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Multi-cloud implementation on the CGC

Web
Application

CORE PLATFORM INFRASTRUCTURE

Access data
and run
computations

G} CANCER GENOMICS CLOUD
SEVEN BRIDGES



Memoization allows use of previously computed results

covrLeten . Whole Genome Sequencing - BWA + GATK 4.0 (with Metrics) # & Get support |+ View stats & logs

Executed on Aug. 23, 2020 22:12 by sinan.yavuz_demo
Preemptible Instances: On Memoization (WorkReuse): On Price: $3.45 Duration: 9 hours, 14 minutes

~ App: Whole Genome Sequencing - BWA + GATK 4.0 (with Metrics) - Revision: 0

@ Precomputed outputs were used for some jobs. View task logs for more details.

Search apps jo)

0Os 1h 23m 20s 2h 46m 40s 4h 10m 5h 33m 20s 6h 56m 40s 8h 20m
T

= T
| I

GATK_HaplotypeCaller_1
[

CANCER GENOMICS CLOUD
SEVEN BRIDGES



User Flow

Create a Project

Organizational unit Many ways to find and Tools, workflows, and Specify how an
within the CGC bring in data: software packages analysis will be run
e Data Browser e  Public Apps e Task page
e Desktop Gallery e Notebooks in
uploader e Toolsor RStudio or
e Command line workflows JupyterLab
uploader wrapped in
e Volumes CWL
R packages

Python libraries

CANCER GENOMICS CLOUD
SEVEN BRIDGES



Different options to bring data

Add files to "Purdue-Bioinformatics-Class" x
Case Explorer and Data Browser Public Files Projects Your Computer FTP/HTTP Data Tools Volumes Import from a manifest file
Files
© Search Category:All ¥ Type:Allv  Sample ID:All ¥ Tags: All v oo
O ~ * Name Size Type
[l 1000G_omni2.5.b37.vcf 7
u igassiBs ek
R 2 * -
Ll 1000G_omni2.5.hg19.sites.vcf ¢
o 1e01MB  VOF Public files
i *
[ L4 1000G_omni2.5.hg38 et wssmB  VOF Case Explorer & Data Browser
U
* .
] 410000, phaset.ndets3.vc mermie ver Projects (that you are a member of)

GATK_RESOURCE_BUNDLE | | SUGGESTED

L4l 1000G_phase1.indels.hg19.vef P & FTP/ HTTP (SignEd URLS)

O "
4l 1000G_phase.snps.high_confidence.b37.vcf Data tools

[GATK_RESOURCE_BUNDLE| [SUGGESTED) 6.8 GiB VCF .
- Command Line Uploader

O

[l 1000G_phase1.snps.high_confidence.hg19.sites.vcf -
6.9GiB VCF

[l 1000G_phase1.snps.high_confidence.hg38.vcf

- Desktop Uploader
- SBFS: Seven Bridges File System

6.9 GiB VCF
ZSE.iSr;tervals 0.0 KiB INTERVALS

C835.HCC1143.2.converted.pe_1.fastq 5
(Wes) (TumoR sawpiE) 7168 FASTQ

C835.HCC1143.2.converted.pe_2.fastq "
(wes) 7.1GB FASTQ

[= C835.HCC1143.2.converted.realigned.base_recalibrated.bam
(wEs)

O C835.HCC1143.2.converted.realigned.base_recalibrated.bam.bai 2.9 MiB BAI
(WES) (TUmoR sawPiE) :

C835.HCC1143_BL.4.converted.pe_1.fastq =
(W) (NORWAL sAwPLE) 6.2GiB FASTQ

Ul e

0O|/0|0O

- APl upload
*Volumes
* Import from manifest: ICDC/PDC

o0

5.3 GiB BAM

O




Find open access TCGA data with Data Browser

S TCGAGRCh38  New query Edied

Create new query Queries v Q Search by ID 2] Copy files to proje:

Investigation
File

Investigation name

Pancreatic Adenocarci... Access level

Open

Data type
Masked Somatic Mutation

nvestigation

< Export ¥ Ll Analytics
File Details for Connections
TCGA.PAAD. icsniper.0ca0083b-4¢11-47f2-b672-d74911f50b89.DR-10.0.somatic.maf...
shs x Inbound: [§eEEEY 183
TCGA PAAD.somaticsniper.0ca0083b-4c11-47f2-b672-d74911f50b89.DR-10.0.somatic.m... TCGA GRCh38
< 01775b06-5836-469c-8537-120ch8cc94e9
TCGA.PAAD.mutect.fea333b5-78e0-43c8-bf76-4c78dd3fac92.DR-10.0.somatic.maf.gz
Access level @ Open
. Created dateti ) 2017-12-01T23:52:47.832Z 31f-4486-8df8-5b851f2e92bd
TCGA.PAAD.muse.93c525cc-655¢-4c1c-b590-18d851473168.DR-10.0.somatic.maf.gz feated CRICHne S D2l
Data category @ Simple Nucleotide Variation Outbound:
TCGA.PAAD.varscan.d5737b1c-afc7-4fe7-8a30-e1bc9b44fa26.DR-10.0.somatic.maf.gz
Data format @ MAF
No outbound connections
Data type @ Masked Somatic Mutation
Experimental strategy @ WXs

Forum Terms Privacy Data Use © 2021 Seven Bridges Genomics o
S~



Easily connect cloud volumes

Control read/write

BeTilsslons With 1AM Volume Project files SB storage

l Import

SB_file

* Alias __/’—_:
Output_X

> i Output_Y

»
>

A

Amazon/Google
buckets

torage by defaul
yort with API i o

 Userstorage = = SBresources ey e vaime

CANCER GENOMICS CLOUD
SEVEN BRIDGES



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

== NATIONAL CANCER INSTITUTE

Integrated Canine Data Commons

2. User downloads files manifest of

selected cohort

Proteomic Data Commons
Service
m) NATIONAL CANCER INSTITUTE (CDS)

1

1. User starts on PDC/ICDC/SRA (for
CDS) portal to identify cohort of files

2

CANCER GENOMICS
CLOUD

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

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

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

Additional metadata accessed via
Data Cruncher notebook

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

CANCER GENOMICS CLOUD

EEEEEEEEEEEE



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

User Flow

Create a Project Find datasets of

interest
Organizational unit Many ways to find and Tools, workflows, and Specify how an
within the CGC bring in data: software packages analysis will be run
e Data Browser e  Public Apps e Task page
e Desktop Gallery e Notebooks in
uploader e Toolsor RStudio or
e Command line workflows JupyterLab
uploader wrapped in
e Volumes CWL

R packages
Python libraries

CANCER GENOMICS CLOUD
SEVEN BRIDGES



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

Find the tools you need in the Public Apps Gallery

v Data ~ Public Apps Public projects ~ Automations Developer Staff ~

A curated collection of ~500
b i Oi nfo rm ati CS to O | S & Search workflows and tools I Category: Differential-Expression ~ | Toolkit v X Reset search

kfl Q Search categories X Clear selected
WOIKTIOWS @ Baligo @ cufflinks
Alignment Analysis Annotation N
Ballgown 2.8.4 Cufflinks 2.2.1
Assembly BED-Processing CWL1.0
Bal'l'gown is ?r ChiP-seq Characterization Converters Cut"ﬂlnks asselmbles transcn!)ts and
. . facilitate flexib estimates their abundances in RNA-seq
O O ptl I I I Ize d fo r S p ee d & analysis of RN Copy Number Variant Copy-Number-Analysis DNA samples. It accepts aligned RNA-seq
Calling reads an...
t . th I d DNA-Methylation Differenti p ion Enri
COS I n e C O u FASTA-Processing FASTQ-Processing Fusions
F | I t . d DIFFERENTIAL  GATK-4 Genomics HLA-typing
O u a ra e e rl Ze Imaging Indexing Metagenomics
y param & voory [
. b I MIiRNA Microsatellites Other
. . €@ Cuffnorm @ Cuffquant €@ CummeRbundQC
o Accessible via the GUI &
A P | Cuffnorm normalizes the read counts Cuffquant performs preparations on CummeRbundQC assesses the quality of
across RNA-seq libraries to control for SAM/BAM files for differential expression a differential expression analysis
read depth and allow comparisons. It analvsis of RNA-sea data. It computes performed with Cuffdiff. It accepts

@ CANCER GENOMICS CLOUD
SEVEN BRIDGES


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

Bring Your Pipelines to the Platform with Web Composer

e An intuitive and flexible software
development kit for developing
and porting custom tools to the
platform

e Conformance with community
standards to ensure pipeline
portability & reproducibility

COMMON
e [Reproducible Analysis for Bioinformatics]
LANGUAGE epro uciole nay5|s or bloiNTormatics
docker

CANCER GENOMICS CLOUD
EEEEEEEEEEEE



https://bioconductor.org/packages/release/bioc/html/maftools.html
Mutation Annotation Format (maftools)

Visualization Input MA Analysis
Oncoplot (oncoplot) }e; d.maf Driver gene detection
Oncostrip (oncostrip) readGistic* (oncodrive)
Compare two cohorts (coOncoplot, - Mutual ex(gl,";;;; Zggecrg-;;::;;"s e
Jorestiion] MAF object
X Differentially mutated genes
Lollipop plot o 1 ‘
(lollipopPlot) v > (mafCompare)
: 3 ; X De-novo Mutational Signature analysis
DIV plok iy, protTiTv) Set operation (trinucleotideMatrix, extractSignatures)
Rainfall plot (rainfallPlot) Subset (subsetMaf) APODHE entichnsent estimaiion
Genecloud (geneCloud) (trinucleotideMatrix)
GISTIC plots (gisticBubblePlot, < ‘ = Pan Cancer comparison
gisticChromPlot, gisticOncoPlot) 1 (pancanComparision)
] MAF object Sopvivil afiglve ”
APOBEC and Signature plots 1 urvival analysis (mafSurvival)
(plotApobecDiff, plotSignatures) NariantAnpotations Heterogeneity estimation
MAF summary (plotmafSummary) Variant annotations via oncotator API (nfertiaterogeieity; math.score)
(oncotate) Pfam domain summarization
; ‘amDomains
Annovar output to MAF conversion (pf )
Mayakonda A, Lin D, Assenov Y, Plass C, Koeffler PH (2018). (annovarToMaf) MutSig gene symbol correction
“Maftools: efficient and comprehensive analysis of somatic ICGC simple somatic to MAF (prepareMutSig)
variants in cancer.” Genome Research. doi: (icgeSimpleMutationToMAF) Enrichment Analysis
Ll o (clinicalEnrichment, signatureEnrichment)

CANCER GENOMICS CLOUD

SEVEN BRIDGES


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

Maftools Workflow

signatures_plot

signature_heatmap

summary_plot

maf
maftools_read_and_summary

somatic_signatures

cophenetic_plot

oncoplot

oncoplots

CANCER GENOMICS CLOUD
SEVEN BRIDGES

Dockerize
individual tools
Wrap each tool in
CWL

Connect tools into
a workflow and set
parameters



User Flow

Create a Project Find_datasets of Bring/Build tools
interest or workflows
Organizational unit Many ways to find and Tools, workflows, and Specify how an
within the CGC bring in data: software packages analysis will be run
e Data Browser e  Public Apps e Task page
e Desktop Gallery e Notebooks in
uploader e Toolsor RStudio or
e Command line workflows JupyterLab
uploader wrapped in
e Volumes CWL
R packages

Python libraries

CANCER GENOMICS CLOUD
SEVEN BRIDGES



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

Project
Instance

Jupyter
——eo

CANCER GENOMICS CLOUD

SEVEN BRIDGES




PAAD Oncoplot

Altered in 156 (87.64%) of 178 samples.

13304

Top 3 mutated genes

« KRAS
« TP53

. SMAD4 | |" '

RNF43 I m 7% M

GNAS | | | 6% W

RYR1 | | r | |I 5% M

ARIDIA | | [ | | 5% M

PCDH15 I | r | | I 5% N

RREB1 | ] | 5% [l

USH2A | | TN | | 4% B

FLG | | | 4% [l

ATM [ I | I 14 N

HEcwz | i1 4% i

RNF213 il 1 I. | |l l4a% B

AMTS12 | | 4% Nl

TGFBR2 | | I i [ | 4% N

CSMD2 | Niiiiiim I 0 4% N

® Nonsense_Mutation = Splice_Site

® In_Frame_Ins In_Frame_Del
= Missense_Mutation ® Frame_Shift_Ins
® Frame_Shift_Del ® Multi_Hit

CANCER GENOMICS CLOUD
SEVEN BRIDGES



Cases by Major Primary Site

| P N

T E——————— ———, Y ’ \
= | //’ =<, r\\
e /I need access to J
How do | identif \ ! difterent
the mutationaly gl ‘;.. datasets, tools ./
burden (t ( and workflows! ~ i--°
urden (top R
mutated genes “ \ e
and somatic R AN
signature) in /" Ineed to share
pancreatic .'\' the results with \
adenocarcinoma >~- my N
\ ) ! ‘r”
cases? collaborators!
\\\~__—>\ //\___f
W ) ,’—_~\/’,—-\7,"‘\/,""\\\
) ) Co /|l am worried
o Y o --\about security of N
e L) O . i . o
PN ~ . \ analyzing m ,
T veried L o datainthe
/| am worrie K Ry ' ! ~ T Ty T T
-\ ! s - hd \\\\ /’
: about cloud A / Ineedtore run . : |\/|y data is cloud!
‘.. costsand ~ / o my ana_IyS|s A P only AR N
\.__ billing! j7 . usingadifferent | . available _ !
N i set of CTooonXYZ L
- \ parameters! ' . cloud! '
- .’\__,_ . Ry
CANCER GENOMICS CLOUD RRETTIAN L RN

SEVEN BRIDGES ~e_o- - Image courtesy: https://portal.gdc.cancer.gov/



Want to learn more?

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

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

(( ;} Projects v Data ¥ Public Apps Public projects ~ Developer ~ Staff L~ sailakss ¥

Public apps
Clustering and Gene Marker Identification with Seurat 3.2.2 revison 1 - [EEY)
Created by admin on Feb. 2, 2021 10:41 « Last edited by admin on Feb. 2, 2021 10:43
Basic Information
Description CWL Version V1.1
The workflow performs clustering and gene marker identification analysis starting from gene-cell UMI or read counts. Contributors: admin CANCER GENOMICS CLOUD

SEVEN BRIDGES

The Clustering and Gene Marker Identification with Seurat 3.2.2 workflow is based on the Seurat 3.2.2 R package [1] and it can be p— GNU Public License (GPL 3.0)
used to process gene-cell UMI or read counts produced with the following tools available on the Seven Bridges Platform: Cell Ranger u :
counts, Salmon Alevin, Kallisto BUStools Workflow, zUMIs, Single-Cell Smart-seq2 Workflow v3.0.0, and STAR (STARsolo option).

Category: Transcriptomics, Single-Cell,

A list of all inputs and p with correspondir iptions can be found at the bottom of this page. CWL1.1 H a n d s -o n

Please note that any cloud i) costs ing from app and pipeli i i ing the use of public apps, are

the sole responsibility of you as a user. To avoid excessive costs, please read the app description carefully and set the app App Id: admin/sbg-public-data/clustering-

P and i i ingly and-gene-marker-identification-with- D e m o O n 04/0 8
seurat-3-2-2

Common Use Cases ik R (T h u rs d ay)

s o i Documentation

Depending on the quantification method used, the Input type parameter needs to be specified adequately and the Gene-cell count s Coda

matrices input port needs to be provided with one of the following files: i
Publication

- « Cell Ranger counts: filtered or unfiltered feature_bc_matrix.tar.gz file (from the Count Matrix TAR output port); _

« Salmon Alevin: alevin_output.tar.gz file (from the Compressed output directory output port); Workflow steps >
« Kallisto BUStools Workflow: Rdata file (from the Counts table output port); °




Use Case 2: microRNA biogenesis in cancer



Using the CGC to understand microRNA biogenesis in cancer

Collaborative Project program to advance your research

« Submit a proposal for up to $10,000 in cloud credits to cqc@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

Xavier Bofill de Ros - Research Fellow m NATIONAL CANCER INSTITUTE
Gu Lab, Center for Cancer Research NCI GentertorCancer:Research
2017 2018 2019 2020
> 4 > 4

e | Collaborative e QuagmiR publication e |l Collaborative e Third research

application e QuagmiR tool available application publication
e Joint efforts on on CGC e Subsequent research e Currently working with

QuagmiR development publication Case Explorer and other
e TCGA data analysis with I : nature —

QuagmiR Bioinformatics Ce“ Reports COMMUNICATIONS N—

CANCER GENOMICS CLOUD
SEVEN BRIDGES


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

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

| [ isomiR1 |
[ TisomiR2 ]
Canonical miRNA | > [ isomiR3 [ |
[LisomiRNA4 [
[_isomiRn [

miRNA Pathway

SQQEEEGEENOMICS cLoub 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

Bioinformatics, 2018, 1-3

Sequence analysis

QuagmiR: a cloud-based application for isomiR
big data analytics

Xavier Bofill-De Ros', Kevin Chen’, Susanna Chen', Nikola Tesic?,
Dusan Randjelovic?, Nikola Skundric?, Svetozar Nesic?,

Vojislav Varjacic?, Elizabeth H. Williams?, Raunaq Malhotra?,
Minjie Jiang" and Shuo Gu ®"*

'RNA Mediated Gene Regulation Section, RNA Biology Laboratory, Center for Cancer Research, National Cancer
Institute, Frederick, MD, USA and 2Seven Bridges Genomics Inc., Cambridge, MA, USA

ics/bi
er
i o OXFORD

[ Canonical miRNA

e 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

e 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

CANCER GENOMICS CLOUD
SEVEN BRIDGES

| [ isomiR1

[ [isomiR2

[ isomiR3

[ isomiR4

[ isomiRn |

—

QuagmiR tool

miRNA

“motif”

Identify potential isomiRs

Tune 5’ and 3’ filtering

Reports




QuagmiR on the Seven Bridges Cancer Genomics Cloud (CGC)

Xavier edited this page on Jul 19, 2018 - 10 revisions

Create a CGC account and project
1. Create an account on the CGC.
2. Create a project.
Import data into your project.
3. Import data into your project using one of the following approaches:

* Upload your own data using the CGC Uploader (recommended) or other a

|

| ~
CCANCER GENOMICS CLOUD & B @ & O
Sevensces
| Upload Fles  Ugload wia Virifest Pause Aemom | Setirgs Repon Logou:
Name Destration Size Progress Speed Status
O e T TR T S -
= E3VYoulube Search
Tapss & orive (NG souRNAL [ DALY JOURNAL G APES Book W' APES Praciice (3 APES Albert @ Grades (< COC () Quagmin . farna i sunction O Text editor I Trackeye £ pra

Add apps o “example”

Q quegnir cotgoy Tockt PR T

@ Quagmir

QuagmiR s 3 pyhon ol o magoing of
RNA sequances and dtcton w00
Quantfcston of dferet somie ot

=] > - |

‘oo 1t 1

ra

> ) 100

How to use QuagmiR in less than 2 minutes

123 views - Oct 5,2018 i1 # SHARE =i SAVE

Xavier B like this
n 1 subscriber SUBSCRIBE -

QuagmiRis written in Python and can be obtained freely from Github
(https:/github.com/Gu-Lab-RBLNCI/Qua... QuagmiR can be run from command-ine on local
machines, as well as high performance servers. A web-accessible version of the tool has also been

‘SHOW MORE

[ PR Y

@ File Edit Code View Plots Session Build Debu
QO -0 &- 7 Go to file/function it

©logicR « O appR

; Q -

# Copyright (C) 2019 Seven Bridges Genomics Inc. All

ik

2

3 # This document is the property of Seven Bridges Genol
4 # Tt is considered confidential and proprietary.

5 #

6 # This document may not be reproduced or transmitted
7 # in whole or in part, without the express written pe
8 # Seven Bridges Genomics Inc.

£)

10 libpath <- "/sbgenomics/workspace/rpkgs/"
11 .libPaths(libpath)

13  library("shiny")
14 library("shinydashboard")

Console  Terminal

~[isomir-browser/

You are welcome to redistribute it under certain conditions.

Type 'license()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and

"citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
"help.start()' for an HTML browser interface to help.
Type 'qQ)" to quit R.

>

N
o

Total isomiRs

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

IsomiRs by sample type - hsa-let-7c-3p

Primary Tumor Solid Tissue Normal

Sample Type

sampleType [l Primary Tumor [T solid Tissue Normal

e rewss rsemmyes e seeneer -

@] New Folder | © | Upload € Delete -] Rename = {3 More ~

) 2 Home > isomir-browser - server L
A Name size Modified
L T
R Script = @7 logic.R 2.3KB Mar 26, 2019, 7:07 AM
=0

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 i

CGC Monthly Webinar Series CGC Knowledge Center
https://docs.cancergenomicscloud.ora/

Learn about CGC platform features that you can

Jee e s Contact CGC Support: cgc@sevenbridges.com

Office Hours: Every week on Thursdays
Variety of research and technical topics in the

el @ G T EeEEh Vel (e GEE https://www.cancergenomicscloud.org/officehours

Resources: Upcoming Webinar info’ Slides and HOME ABOUT RESOURCES POLICIES KNOWLEDGE CENTER HELP
recordings are available at:

https://www.cancergenomicscloud.org/webinars

RELEASE NOTES TROUBLESHOOTING

PUBLIC APPS OFFICE HOURS

EVENTS CONTACT US

Save the date/time: 4th Wednesday of each Leers ropieiied

month at 2pm ET FAST E R

CANCER GENOMICS CLOUD

SEVEN BRIDGES



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

In Summary

Data Access
Immediately access petabytes
of Open and Controlled TCGA,
CPTAC, TCIA, and other omics
datasets
Bring your own private cohorts

alongside public data.

/Q Tools and Workflows h

£ Standard bicinformatics ®« *
pipelines
Bring your own analysis tools
directly to the platform
Connect multiple tools together

workflow builder

using our interactive custom

CANCER GENOMICS CLOUD
SEVEN BRIDGES

N

20
@ 4:)
).

‘Collaborate with other researchers around
the world in a secure workspace
Access to high-throughput, cost-effective
cloud computing resources and storage on

Collaborate on the cloud @

demand and at cost.

/

CANCER GENOMICS CLOUD
SEVEN BRIDGES

6000 users
>80 countries

1,600,000+ computational tasks

1400+ years of total compute time

66,800+ workflows
500+ public apps

(R0 i
@ Interactive Analysis
The ability to perform custom,
interactive analysis and
visualization on the platform

using Python, RStudio.

\ Y,
/2 Support & Resources

Access comprehensive online
documentation and training
resources; Technical support
from a team of >200 expert
scientists, bioinformaticians, and

k engineers. /
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Questions?



