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Outline

e Whatis ISB-CGC?
e How do users interact with the ISB-CGC platform?
e What resources can be used to interoperate with [ISB-CGC?

o What are the policy and security restrictions that users need to know?
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https://datascience.cancer.gov/data-commons

ISB-CGC is one of the NCI Cloud Resources

Democratize access to NCl-generated genomic and related data, and to create a cost-effective
way to provide scalable computational capacity to the cancer research community.

Provide:

* Access to large genomic data sets without need to download

* Access to popular pipelines and visualization tools

* Ability for researchers to bring their own tools and pipelines to the data

* Ability for researchers to bring their own data and analyze in combination with existing genomic data
* Workspaces, for researchers to save and share their data and results of analyses

| Access and analyze | '« Perform large scale " * dbGaP-authorized

11,000 TCGA samples analysis using the users can access

without having to elastic compute controlled TCGA data

download data power of commercial « Systems meet strict
« Upload your own data cloud platforms Federal security

for analysis guidelines

compue )
W #ncicloud
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ISB-CGC provides Data as a Service (DaaS) solutions to the
rapid growth of cancer data

NATIONAL CANCER INSTITUTE
THE CANCER GENOME ATLAS

Common problems of big data:
e Transfer speeds become

bottlenecks with scaling data size 2 5 N
Availability of data is tenuous
Data discovery is onerous

TCGA data describes
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Our mission at ISB-CGC

To make NCI multi-omics cancer data as well as high-performance compute
resources available via the Google Cloud Platform through multiple modes:

 Interactive web application for cohort building and data discovery

» Easily accessible and query-able tables for multivariate data analysis

« Advanced pipeline and workflow execution on Google Cloud virtual machines

https://isb-cgc.org
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Our Approach at ISB-CGC

Build an open platform for a broad range of users and use-cases

Use existing systems to minimize development and maintenance costs
Leverage the best existing Google tools and technologies

Collaborate with the research community

Provide a range of examples and tutorials

C) ISsB



How do users access data on ISB-CGC?

raw data
fastq, bam,
image files, etc

.

tabular data

clinical, molecular,
reference,
metadata

| Google Cloud
| Storage

.

: > Google BigQuery
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What is Google BigQuery and how does it enable —omics analyses?

e Cloud-based web service from Google Cloud used for handling and analyzing big data

¢ In the world of “omics”, it can facilitate high-throughput data analysis on the Cloud inexpensively
in the following ways:

e Storage:
o Store the results from large-scale pipelines/workflows in centralized BigQuery tables
o First 10 GB of storage per month are free. $0.02 per GB thereafter (e.g. store VCFs,
MAFs, tab-delimited files)

e Analysis:
o Use standard SQL to query large -omics data, the first TB of query data is free a month.
$5.00 per TB of queries thereafter.

o Preview or interrogate data without worrying about downloading data file by file

o Seamlessly integrate BigQuery tables with commonly used data analysis tools including R

and Jupyter notebooks C ISB



Attributes of Google BigQuery that make it ideal for use
In research

o Columnar database ideal for storing tabular data
e Query speed is automatically scaled by multiprocessing
o Powerful SQL language interface, including user defined functions

o Can join tables based on shared variables

client

|
root server I:I’

omasne 1
™
leaf servers S
thlocal [F][AI[FA]... °
s 1

‘ storage layer (e.g., GFS) |

query execution tree
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Tree architecture of Dremel
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ISB-CGC leverages Google BigQuery to improve
accessibility of GDC -omics data

>500,000 files for TCGA data alone are
hosted by the GDC

ISB-CGC combines data of a similar type into

single BigQuery tables
o For example: ~150 individual MAF files were
combined to generate a single table

Aggregate tables can be queried cheaply and
quickly on the Google Cloud

DNASeq
(MAF, VCF) Clinical & Biospecimen
DNA
methylation
- miRNAseq
Protein (RPPA)
SNP array

RNASeq
(gene, isoform,
exon, junction, etc)

(genotype calls,
allele- and segment-
copy-number values)
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Over 300 open access BigQuery tables hosted by ISB-CGC

e Derived (analyzed) molecular datasets (TCGA, TARGET, CCLE)
o  Expression (RNA, protein), copy number, mutations, methylation, clinical, etc.

e Genomic reference tables
o PanCancer Atlas, COSMIC, ClinVar, cytoBand, dbSNP, Kaviar, Ensembl, Reactome,
Gene Ontology, etc.

o« Metadata tables
o Indexes of files, Google Cloud file paths, case ID, etc.

C) ISsB



Multiple easy avenues for computing on data on
ISB-CGC

ISB-CGC enables full command line access to analyze cloud hosted data via a collection of powerful tools
and technologies along with the ability to install your own tools

Google Cloud Notebooks
VMs (Jupyter, RStudio)
e oo >
== ———— User GDC
e Data Data
[ | s |
User ISB-CGC
BigQuery Tables Google Buckets

C) ISsB



Some example use-cases of the three entry points to
ISB-CGC

Interactive web-based exploration
* Select a subset of TCGA samples based on clinical or molecular characteristics
* Compare one cohort to another
» Upload a small private dataset to analyze in conjunction with TCGA data
* efc...

Direct Command line Access to VMs
* Test new algorithm on hundreds or thousands of BAM or FASTQ files
* Run novel image segmentation method across whole-slide images
> elc...

Interactive big data exploration and analysis
* Interactive data exploration in BigQuery
* Use R or Python to perform custom multivariate analyses
* Develop and customize bioinformatics tools and pipelines
> elc...

C) ISsB



We provide data exploration tools through our web app

DASHBOARD 'WORKBOOKS ~ ANALYSES ~ GENES & miRNAs v VARIABLES ~ COHORTS ~
Your Dashboard > Cohorts >
Create Cohort - Filters b it
TCGA DATA CCLE DATA TARGET DATA USER DATA
cAsE DATA MOLEC. Selected Filters Clear Al
» PROGRAM
@ BigQuery @ Featuresa » PROJECT SHORT NAME Program Detalls
m— - DISEASE CODE Total Number of Cases: 11353 Total Number of Samples: 33460
Saved queries BRCA (3366) -
LUAD (1781) Clinical Features
Job history
UcEc(1637) Disease Code Vital Status Sample Type Tumor Tissue Site Gender
Transfers KIRC (1615)
- il (i il Im E
Scheduled queries HNSEHEE
Bl Engine 27 more Check All / Uncheck All
Resources + ADDDATA ¥
» VITAL STATUS
foryour ablesand dta [ =
— ¥
o > Ggc-05-0050 E—
ssh.cloud.google.com/projects/ist -
0 a cious goagecamproc oo ¥ CXZEE & ey Swovien | O sohoduoquory - £ Hore - —
Query results & SAVE RESULTS i EXPLORE WITH DATA STUDIO

Query complete (18.8 sec elapsed, 12.7 GB processed)

[The programs includ

e e e Jobinformation  Results  JSON  Execution details
lindividual files in /usr/share/doc

Row  GTEX tissueType sample_barcode  TCGA project  corr
pebian GNU/Linux comes with ABSOLUY 1 Liver TCGADD-A39V-11A  TCGALIHC  0.9213023777251851
ernitted by applicable law.
I VM Last login: Thu Feb 6 22:31:46 20 2 Lver TCGADDAS9ZTIA TCGALIHC — 0.9189148155140473
| sl Liver TCGADDASAT-TIA TCGALIMC  0.917682740669065
| (1 filesl[ 2.9

GiB/ 2.9 GiB]
peration com GiB.
cd hg38_i
s /hg38_fasta$ ~/STAR/bin/Linux 64/STAR --runThreadN 4 --runMode genomeGenerate --genomeDir ~/hg3
rimary assembly.genome.fa --sjdbOverhang ReadLength-1 --genomeChrBinNbits 12
started STAR run
starting to generate Genome files
starting to sort Suffix Array. This may take a long time...
sorting Suffix Array chunks and saving them to disk

C1sB



Building cohorts using the ISB-CGC web app

TCGA DATA

CASE DATA MOLEC.
» PROGRAM
v PROJECT SHORT NAME

) TCGA-BRCA
] TCGA-LUAD
[J TCGA-UCEC
(] TCGA-KIRC
) TCGA-GBM
[J TCGA-HNSC

27 more Check All / Uncheck All

» DISEASE CODE

» VITAL STATUS

~ GENDER

[ Female
[ Male
) NA

~ AGE AT DIAGNOSIS

CCLE DATA TARGET DATA USER DATA
Selected Filters Clear All
Program Details
Total Number of Cases: 11,353 Total Number of Samples: 33,460
TCGA DATA CCLE DATA TARGET DATA USER DATA
Clinical Features
CASE DATA MOLEC. Selected Filters

Disease Code

» PROGRAM

~ PROJECT SHORT NAME

¥/ TCGA-BRCA
) TCGA-LUAD
[J TCGA-UCEC
) TCGA-KIRC
[J TCGA-GBM
() TCGA-HNSC

» DISEASE CODE

» VITAL STATUS

[ 10to0 39 + GENDER
] 40to 49
@ S EG ¥ Female
[ Male
O NA

~ AGE AT DIAGNOSIS

[ 10t0 39
() 40to 49

[ 504089

27 more Check All / Uncheck All

Clear All
Gender: Female % Project Short Name: TCGA-BRCA x
Program Details
Total Number of Cases: 1,085 Total Number of Samples: 2,269
Clinical Features
Disease Code Vital Status Sample Type Tumor Tissue Site Gender
Show More




ISB-CGC: Interac
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Integrated visualization methods for Big Data

o INtegrated genome viewer
File B (view read pile-ups)

caMicroscope
(view histology)

All Files

Build

HG19

» CASE

v

DATATYPE

v

DATA CATEGORY

EXPERIMENTAL STRATEGY

v

v

DATA FORMAT

PLATFORM

v

v

DISEASE CODE

IGV

File Listing

Pathology Images

Showing 1 to 25 of 39692 entries
Show | 25

Program

TCGA

TCGA

TCGA

TCGA

TCGA

A

a
v

entries Page

Case Barcode

TCGA-OL-A660

TCGA-OL-A660

TCGA-OL-A660

TCGA-OL-A660

TCGA-OL-A660

=1

File Name

SWEDE_p_TCGAb322_2...

[GDC ID: 0686da7c-d103-...

SWEDE_p_TCGAb322_2...

[GDC ID: 4bd19f77-9aa7-4...

UNCID_2171596.c7f5714...

[GDC ID: b677€a35-d758-...

c61047b5e4ae38963735fc...
[GDC ID: 0a6db03e-748a-...

256cd674e76be0f163766b...
[GDC ID: 72a31a7e-99df-4...

Disease
Code

BRCA

BRCA

BRCA

BRCA

BRCA

Pathology Reports

Exp.
Strategy

Genotyping

array

Genotyping

array

RNA-Seq

WXS

WXS

Platform

Affymetrix
SNP
Array 6.0

Affymetrix
SNP
Array 6.0

lllumina

HiSeq

lllumina
HiSeq

lllumina
HiSeq

OHIF

(view radiology)

Data
Category

Simple
nucleotide
variation

Simple
nucleotide
variation

Raw
sequencing
data

Raw
sequencing
data

Raw
sequencing

Radiology Images

Choose Columns to Display ~

Data Type Data File Size
Format

Genotypes  TXT 20.9 MB
Genotypes  TXT 20.9 MB
Aligned BAM 7.8 GB
reads

Aligned BAM 49GB
reads

Aligned BAM 7.2GB
reads

CISB



ISB-CGC: Interactive image viewers

e ISB-CGC  Home Page  BigQuery Table Search) Documentation ~Community Notebooks ~ Need Help? ~ e Fabian + = Menu

+ v @ » o (]

Pan Length Annotate Angle Reset Next Play CINE Layout More~

1S8.CGC  Home Page mentation  Video Tutorisls  Feedback » @ Shela v =Menu

CORONALS

Topogram 3.0 T20s

s
h:d‘

N\

Ser: 603

/ )
& /

DELAYED
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The ISB-CGC BigQuery Table Search Ul

BigQuery Table Search

Explore and learn more about av

lable ISB-CGC BigQuery tables with this search feature.

Find tables of interest based on category, reference genome build, data type and free-form text search.

Status

CURRENT

Name

Program
Choose Programs
Category
CLINICAL BIOSPECIMEN DATA ©
FILE METADATA ©
GENOMIC REFERENCE DATABASE ©
PROCESSED -OMICS DATA ©
Reference Genome

ALL

Source

Reset All Filters

+ Show More Filters

Show 10

Name

©  CCLE 2016 - AFFYU133 MICROARRAY

©  CCLE2016 - COPY NUMBER SEGMENTS

©  CCLE2016- FASTQC METRICS

©  CCLE2016- FILE METADATA

©  CCLE 2016 - SAMPLE INFORMATION

©  CCLE 2016 - SOMATIC MUTATION

©  CCLEBIOSPECIMEN VO

©  CCLECLINIGALV1

©  CCLEHG19 METADATA RELEASE 14

©  CLINVAR 20180401 GRCH37

Program

coLe

coLE

coLE

coLE

coLE

coLe

coLE

coLE

CcoLE

Showing 1 to 10 of 214 entries (fitered from 327 total entries)

Have feedback or corrections? Please email us at feedback @i

Category

PROCESSED -OMICS
DATA
PROCESSED -OMICS
DATA
PROCESSED -OMICS
DATA
PROCESSED -OMICS
DATA
PROCESSED -OMICS

DATA

PROCESSED -OMICS
DATA

CLINICAL
BIOSPECIMEN DATA
CLINICAL
BIOSPECIMEN DATA
FILE METADATA
GENOMIC

REFERENCE
DATABASE

Source

BROAD

BROAD

BROAD

BROAD

BROAD

BROAD

BROAD

BROAD

BROAD.

CLINVAR

ISB-CGC BigQuery Documentation (7'

Data Type

GENE EXPRESSION

COPY NUMBER SEGMENT

FILE METADATA

FILE METADATA

BIOSPECIMEN SUPPLEMENT

'SOMATIC MUTATIONS

BIOSPECIMEN SUPPLEMENT

CLINICAL DATA|

FILE METADATA

'SOMATIC MUTATIONS

ISB-CGC BigQuery Access Info (7

Status

CURRENT

CURRENT

CURRENT

CURRENT

CURRENT

CURRENT

CURRENT

CURRENT

CURRENT

GURRENT

Google BigQuery Console (7

About BigQuery (7

© Columns~ & CSV Download Search:
Rows Created  Preview
17,525,476 22612016 @

760,192

1,249

1,915

116,708

954

1273

354,471

2272006 @
3282016 BB
3202016 BB
2262016 B
2262016 B

442019 @
6212019 @

a0t B

4172018 B

-23A5

Release Notes (7'

Open

https://isb-cgc.appspot.com/bg_meta search/

C1sB


https://isb-cgc.appspot.com/bq_meta_search/

More information on a table at the click of a button!

BigQuery Table Search |SB-CGC BigQuery Documentation (7 ISB-CGC BigQuery Access Info (7 Google BigQuery Console 7 About BigQuery (7 Release Notes (71

Explore and learn more about available ISB-CGC BigQuery tables with this search feature.
Find tables of interest based on category, reference genome build, data type and free-form text search.

Status Show 10 - |entries ©Coumns~ & CSVDownload  Search:
CURRENT
Name A Program Category Source Data Type Status Rows Created  Preview Open
Name ©  CCLE2016- AFFYU133 MICROARRAY coLe PROCESSED -OMICS ~ BROAD. GENE EXPRESSION CURRENT 17,525,476 22612006 B @
DATA
©  COLE2015-COPY NUMBER SEGVENTS cae PROCESSED.OMCS  BROAD COPY NUMBER SEGHENT CURRENT 780192 wrn0te @ a
DATA
Program
Choose Programs FullD  isb-cgoccle 201602 alpha.Copy_Number_segmens KSCOPY G OPEN
Dataset D clo_201602_lpha
Category TablelD  Copy_Number_segments
CUICAL BIGSRECRIGN DATKO Description Data was oxraciod om an older GOLE cataset abeuary 2016 Copy number sagrment daa are
Schema  Fiold Name e Mode Description
FILE METADATA © e Typ Mod o Lo
CoLe_rame STRNG NUWLE Cal TGT1_BONE, HUPTA_PANGREAS, s

GENOMIC REFERENCE DATABASE'®) Cell_line_primary_name STRING  NULLABLE The cell line primary name; e.g. TC-71, NIH:OVCAR-3, etc

PROCESSED -OMICS DATA & Platform STRING  NULLABLE Platform used to generate these data (Genome_Wide_SNP_6)
Chvomosome STRING  NULLABLE Chomosome, possile valos:chr-2,and chX
Reference Genome Start INTEGER NULLABLE Start position
L Ena INTEGER NULLABLE  End postion
Num_Probes INTEGER NULLABLE  Tho num_probes let speciies thenumberof probes o the SNP cip hat el nto estmating he mean copy number for i segment
5 Segment Mean FLOAT  NULLABLE  Provdos the og2(CN2) mean value estmate
ource
Labels data_type : copy_number_segment reference_genome_0 : hg1s category : processed_-omics_data | status : current |
Choose Sources
©  CCLE 2016 - FASTQC METRICS CCLE PROCESSED -OMICS ~ BROAD FILE METADATA CURRENT 1,249 3/28/2016 -] Q
Data Type DATA
Choo: VF ©  CCLE 2016- FILE METADATA CCLE PROCESSED -OMICS ~ BROAD FILE METADATA CURRENT 1915 312012016 ] Q
oATA
Experimental Strategy
©  COLE 2016 SAMPLE INFORMATION coLe PROCESSED-OMICS ~ BROAD BIOSPECIMEN SUPPLEMENT GURRENT 929 22612016 @ Q
Choose Experimental Strategy. DATA
©  CCLE 2016 - SOMATIC MUTATION coLe PROCESSED-OMICS ~ BROAD SOMATIC MUTATIONS GURRENT 116,708 22612016 B Q
DATA
Reset All Filters
©  CCLEBIOSPECIMEN VO coLe CLINICAL BROAD BIOSPECIMEN SUPPLEMENT CURRENT 954 auote B @
BIOSPECIMEN DATA
<+ Show More Filters
©  CCLE CLINICAL V1 CeLE CLINICAL BROAD CLINICAL DATA CURRENT 950 62112019 B Q
BIOSPECIMEN DATA
©  CCLEHG19 METADATA RELEASE 14 coLE FILE METADATA BROAD. FILE METADATA CURRENT 1273 amzote @ Q
©  CLINVAR 20180401 GRCH37 GENOMIC CLINVAR SOMATIC MUTATIONS CURRENT 354,471 4/17/2018 ® Q
REFERENCE
DATABASE
Showing 1 to 10 of 214 entries (filtered from 327 total entries) n 2 3 4 5 22 Next

Have feedback or corrections? Please email us at feedback@isb-cgc.org.

https://isb-cgc.appspot.com/bg meta_search/ C ISB
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Benefits of the ISB-CGC BigQuery Table Search

e No login required!
o Allows users to browse and learn more about available ISB-CGC BigQuery tables
o Each table has been curated to include detailed table and field descriptions as well as table labels

o Identify table(s) of interest by filtering (e.g. by reference genome build, data type, category) or via
free-form text search

o Get a snapshot of table contents by previewing the first few (~10) lines

e Found a table you're interested in? Simply click on the “open” button to jump directly to the GCP
BigQuery Console.

© CCLE CLINICAL V1 CCLE CLINICAL BROAD CLINICAL DATA CURRENT 950 6/21/2019 B
BIOSPECIMEN
DATA

C) ISsB



Mitelman database available through ISB-CGC

Manually curated open access database with critical information about chromosome aberrations and gene fusions in
cancer. These data are also available through BigQuery.

Home

Search Q

Cases Cytogenetics
Gene Fusions
Clinical Associations

Recurrent Chromosome
Aberrations

References

User Guide
About

e Z Mitelman Database
Chromosome Aberrations and Gene Fusions in Cancer

This site has been funded by:

. National Cancer Institute

@ Swedish Cancer Society

m Swedish Childhood Cancer Foundation

This website is built and maintained by the e 1B-CGC cloud project. * Photo credits: JJ Ying on Unsplash ‘ : I s B




Three entry points for exploring cancer data on ISB-CGC

ISB-CGC WebApp

Google BigQ

DASHBOARD WORKBOOKS ~ PROGRAMS ~

Your Dashboard > Cohorts >

Create Cohort - Filters

TCGA DATA

CASE DATA MOLEC. Selected Filters

@ BigQuery

Query history
Saved queries
Job history
Transfers
u e Scheduled queries

Bl Engine

Resources

» PROGRAM
@ FEATURES & 1NFQ

» PROJECT SHORT NAME Program Details

~ DISEASE CODE

BRCA (3366)
LUAD (1781)
UCEC (1637)
KIRC (1615)
GBM (1573)
HNSC (1573)

Clinical Features

Disease Code
kg

Check All/ Uncheck All

27 more

+ ADD DATA ¥

Google VMs

& hitps:/ssh.cloud.

i35 ~[hg38 fasta

ntral1-ajinstances/ ser=0&hl=en_GB&projectNumber='

Linu:

-11) x86_

IThe programs included with the Debi

the exact distribution terms for each
vidual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO
ermitted by applicable law.
Last login: Thu Feb 6 22:31:46 2020 from

-$ mkdir hg38_i
a/references/hg3s

pying gs://genomics-public:
44.7 MiB/s

[1 files][ 2.9 GiB/
peration completed over 1 ob:

/hg38_£
y.genome. fa --sjdboverhang

. started STAR run
rting to generai
rting to sort Suffix y

sorting Suffix Array chunks and

Feb 06 EHAE ooen
Feb 06 22
Feb 06 2
Feb 06 2

progran are des:

enomi.cs-publ i
mbly. genome..

runThreadN 4 --runMode genomeGenerate

. This may take a long time...

saving them to disk.

CCLE DATA

Total Number of Cases:

GENES & miRNAs.

11353

Vital Status

Sample Type

VARIABLES ~

TARGET DATA

Total Number of Samples: 33460

CCOHORTS ~

USER DATA

Clear All

Tumor Tissue Site Gender
- H
-

i

C) ISsB



VMs enable advanced bioinformatic workflows

Genomics
programs
+ scripts

Pipeline
Monitor VM

VM

Google
==sle @Container

docker Registry

- Cloud St
== Compute Engine @ i oNRgs e

ISB-CGC
hosted
TCGAData

UserData/
Outputs

Worker VMs — automatically launched and
shutdown by Google Pipelines service

Easily scalable to 1000s of cores

C1sB



Multiple PanCancer Atlas projects, including:

O O O O O O

Germline-variant calling

Fusion gene analysis

T-cell and B-cell receptor analysis
viral DNA screening

MYC pathway analysis (BQ)
8-oxoG filtering (MC3 project)

Other end-user projects include:

o

O O O 0O 0O O O O O O

SMC-RNA Dream challenge (supporting both the
organizers and many participants)
tumor-specific alternative polyadenylation

ML algorithm evaluation & benchmarking
RNA seq alignment to novel transcriptome(s)
mMRNA expression quantitation

targeted de-novo assembly

structural variations (WGS + SNP6 data)
metagenomics / cancer analysis

statistical meta-analysis of miRNAs in cancer
code/tutorial development

GDC hg38 TCGA miRNA QC (w/ BCGSC)

Some workflows we’ve enabled for ISB-CGC end-users

SCIENTIFIC

/EDITORIAL BOARD

REPLIRTS h,g}ﬁu%

/ABOUT

FOR AUTHORS

Sci Rep. 2016; 6: 39259,
Published online 2016 Dec 16. doi: 10.1038/srep39259

PMCID: PMC5158871

A cloud-based workflow to quantify transcript-expression levels in

public cancer compendia

PJ Tatlow' and Stephen R. Piccolo® 2

bioRyiv

beta

THE PREPRINT SERVER FOR BIOLOGY

Pan-cancer analysis reveals complex tumor-specific alternative

polyadenylation

101/160960

Human Mutation

Variation, Informatics, and Disease

INFORMATICS

Detection of homozygous deletions in
tumor-suppressor genes ranging from
dozen to hundreds nucleotides in
cancer models

Lun-Ching Chang, Suleyman Vural, Dmitriy Sonkin

First published: 23 August 2017 Full publication histon

DOL: 10.1002/humu.23308  View/save citation

rren, Ewan A. Gibb, Daniel MacMillan, Johnathan Wong, Readman
ammond, Catherine A. Ennis, Abigail Hahn, Sheila Reynolds, Inanc

nd has not been peer-reviewed [what does this mean?].

with many other manuscripts
and grants currently in
progress or submitted

C1sB



Three entry points for exploring cancer data on ISB-CGC

ISB-CGC WebAp

DASHBOARD WORKBOOKS +

GENES & miRNAs ~ CCOHORTS ~

PROGRAMS ~

ANALYSES ~

Your Dashboard > Cohorts >

Create Cohort - Filters

CCLE DATA TARGET DATA

Selected Filters

Saved queries

TCGA DATA
cAsE DATA MOLEC.
@ BigQuery @ FeATuREssiNFO [ sHoRTCUTS
Sl Query editor

GIEX_topsK AS
T

Job history ELE
gene_id,
" Transfers gene_description,
1 STDDEV(gene_exp) AS sigmaExp
I Scheduled queries 11 FRoM
12 Tisb-cge.GTEx_v7.gene_median_tpm"
Bl Engine 13 croue BY
1 1y
Resources + ADDDATA v 15 2
16 ORDER BY
Search for your tables and data 1 signakxp DESC

s://ssh.cloud.google.com/projects/i

[The programs included with the Det
lthe exact distribution terms for ¢
in /usr/share/doc

mes with ABSOLL
ermitted by applicable law.

G oo Ie VM S [Last login: Thu Feb 6 22:31:46
[copying gs://genomics-public

[1 files][ 2.9 GiB/ 2.9 GiB]
peration completed over 1 ob

/hg38_£a:

rimary assembly.genome.fa --sjdbOverhang
[Feb 06 22:33:26

starting to

> isboge x

sort Suffix

» cgc-05-0050 o

i Save view

& SAVE RESULTS

Query results

Query complete (18.8 sec elapsed, 12.7 GB processed)

Jobinformation  Results  JSON  Execution details

Row  GTE_tissueType
1 Liver

2 Liver

Liver
st inux
ReadLength-1 --genomeChrBinNbits 12

enome files
Array. This may take a long time...

sorting Suffix Array chunks and saving them to disk.

sample_barcode
TCGA-DD-A39V-11A
TCGA-DD-A39Z-11A

TCGA-DD-A3AT-T1A

64/ runThready 4 ode genomeGenerate

+ COMPOSE NEW QUERY

[ HIDEEDITOR [ I FULL SCREEN

© Schoduloquary ~ | £ More - Tis qery it process 127 GB when . (@

i EXPLORE WITH DATA STUDIO

TCGA project  corr
TCGA-LIHC  0.9213023777251851

TCGA-LIHC ~ 0.9189148155140473

0.917682740669065

TCGA-LIHC

enomeDiz ~/hg3

USER DATA

Clear All

Gender

C1sB



BigQuery integrates with a variety of commonly used

analysis tools

by RStudio

€

bigrquery and googleAuthR
bigQueryR
Bioconductor

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Pre-built VM images

N

Shiny

/IPy

IPython
_—
Jupyter

Cloud notebooks
and workspaces.

N

/

~

Cloud Datalab




Analyze correlation between TCGA samples & GTEX tissue types quickly and

cheaply!

@ FEATURES & INFO

@ BigQuery

Query history
Saved queries
Job history
Transfers
Scheduled queries
Bl Engine

Resources + ADD DATA v

Search for your tables and data

» cgc-05-0050

» isb-cge  §

[ sHorTCUTS
Query editor

5 GTEx_top5K AS (

7 SELECT
gene_id,
gene_description,
STDDEV(gene_exp) AS sigmaExp

1 FROM
*isb-cgc.GTEx_v7.gene_median_tpm"

GROUP BY

1;
2

6 ORDER BY

1 sigmaExp DESC

8 LMIT
5000 ),

% SAVE RESULTS

il Saveview (O Schedulequery ~ %% More ~

Query results i EXPLORE WITH DATA STUDIO

-+ COMPOSE NEW QUERY

[%) HIDE EDITOR T J FULL SCREEN

This query will process 12.7 GB whenrun. @

Query’ ete (18.8 sec elapsed, 12.7 GB processed)

Job information Res JSON Execution details

Row  GTEx_tissueType

1 Liver
2 Liver
3 Liver

Job information Results

Row GTEx_tissueType

1 Liver
2 Liver
S Liver

Query complete (18.8 sec elapsed, 12.7 GB processed)

JSON Execution details

sample_barcode

TCGA-DD-A39V-11A
TCGA-DD-A39Z-11A

TCGA_project
TCGA-LIHC
TCGA-LIHC

TCGA-DD-A3A1-11A TCGA-LIHC

corr

0.9213023777251851

0.9189148155140473
0.917682740669065

GISB



Tables can be joined in BigQuery using SQL to draw connections amongst data

@ BigQuery

Query history

saved queries

Job history

Transfers [

Resources

Search for you

isb-project-zero

isb-cge

isb-cge-02-0001

Go to Classic Ul

=+ ADDDATA v

BigQuery interface
for building and
experimenting with
queries

Query editor

1 select case_barcode, name,t.age_at_diagnosis,s.dx_age
from -project-zero as s
JOIN -project-zero as x ON s.patient_id
JOIN -cgc.TCGA_bioclin_v0 in: 1" as t ON x.icd_10_code =
Processing location: US
& save query i Saveview %% More v
Query results & SAVERESULTS v i EXPLORE IN DATA STUDIO

Query complete (0.015 sec elapsed, cached)

Jobinformation  Results ~ JSON  Execution details

Row case_barcode project_short_name age_at_diagnosis  dx_age

23001 TCGA-E3-A3E2  TCGA-THCA 34 n
23002 TCGA-E8-A414  TCGA-THCA 45 64
23003 TCGA-KS-A4ll  TCGA-THCA 37 50
23004 TCGA-FK-A3S3  TCGA-THCA 43 84
23005 TCGA-DE-A4MC  TCGA-THCA 43 50
23006 TCGA-EL-A3GO  TCGA-THCA 31 40
23007 TCGA-EM-A3AL  TCGA-THCA 45 57
23008 TCGA-DC-6683  TCGA-READ 43 63
23009 TCGA-EL-A4K4  TCGA-THCA 33 74
23010 TCGA-EM-A3FK TCGA-THCA 30 n
23011 TCGA-BJ-A28T  TCGA-THCA 34 66
23012 TCGA-CL-5918  TCGA-READ 90 46
23013 TCGA-BJ-A45K  TCGA-THCA 33 43
23014 TCGA-DJ-A3VD  TCGA-THCA 32 63
23015 TCGA-DJ-A4UW TCGA-THCA 34 27
23016 TCGA-EM-A303 TCGA-THCA 83 37
23017 TCGA-EM-A4FK  TCGA-THCA 33 51

CODE @I TEXT 4 CELL % CELL

*3bigquery
lect * from

t isb-project-zero df

import pandas as pd
project_id = 'isb-project-zero

df = pd.io.gbg.read gbq( "'’
select dx_age
from
“isb-project-zero.SEER.SEER view02”
''",project_id="isb-project-zero", verbose=False, dialect='standard')

de.head(),

d.plot.hist(alpha=0.5,color="k' ,bins=20)

<matplotlib.axes._subplots.AxesSubplot at 0x7£0871bdc9es>

1500000 -
00000
1200000

. 1000000

df2 = pd.io.gbg.read gbq(' "'
select age_at_diagnosis
£rom

“isb-cgc.TCGA bioclin v0.Clinical
"' project_id="isb-project-zero', verbose-False, dialect='standard’)

d£2.head()

d£2.plot (kind="'hist',alpha=0.5,bins=20),

<matplotlib.axes._subplot at 0x7£086£1d6£28>

ege_at_dagnosis

a0

b-project-zero.SEER.SEER view02" where dx_year >=2000 and dx_age <=40 LIMIT 10

Jupyter notebook to
visualize and share
analysis

C1sB



Use Google BigQuery to easily connect your research to
public datasets

ISB-CGC and Other
Public Datasets

\
@) SQL
A

Private User Data

and Derived Results
C)ISB



A typical work setup across multiple browser tabs

Google web interface Notebook (R or Python)

Google Cloud Platform |

Searchable web docs

» SETUP

@ Bigouey (OGN (NN

il Query editor & 3 cells hidden

Saved queres

W WY

SEND FEEDBACK

> Docu

Gdbgle Bigduery documentation

— ~ BigQueries!

Sehoduted queries

i) ] # sample counts, by sin
resouces + avooama «
ntor ot " cwiur av SELECT

o o b S=elain it BigQuery is Google's fully managed, petabyte scale, low cost analytics data warehouse. BigQuery is NoOps—there is no infrastructure to

FRON
- B easagecein by €0€-02-0001. brca_single cell RWA.gse75689_sample_info' manage and you don't need a database administrator—so you can focus on analyzing data to find meaningful insights, use familiar SQL,
B troa.sc join —

L and take advantage of our pay-as-you-go model.

Processig ecat U5
reso = runquery ( bgclient, sql, dryRun=False )

reso = runquery ( bgclient, sql, dryRun=False )

\ reso ; :
irc_summed._sc.join @ averwae @® Quickstarts B How-to guides <> APIs & reference
B eiion Schems et Provin SSTGER m in 5 minutes erform speci APl we and command-line
R o B i e o i Pl e e the results for this query were previously cached
e T rr— st w2 scosst soon o i @ e
5 2 Toomme TeosMmasIA GO s s oo %0 .
e = 2 0 ;5 sc
ST = z s . 0 @ Concepts B Tutorials |8 Resources
B v —— e w0 s ek % .
- 5 TCGAKIRC TCGAMMASSIOIA CLECZL 20015750853 2501 acoses  cusca 00 1 We have 515 single cell RNA profiles, and 13 Bulk RNA profiles. adeep ding o cing,
' AR TCGAKIRC  TCGAMMASE3OIA RP11139601313 00 1 BCOSSA  RPI1139601313 00 1 y other
s sss B o Toommmsea e w157 o7 s o % . R o .
~ cge0s-0002 X 9 TCGAKIRC TCGAMMASS3DIA Cl90rfST 11286 5574348 6225 BCOS94  C1%0r(ST 00 [ - ‘ v
Ll - SELECT
G e T TooNRG TooRMMASSTA oS womarrsoss s st on % i COUNT(sample) AS n,
. : S
o o oo o s [wonst Jwora e
13 TCGAKIRC TCOAMMASSIOIA CTSL 193254866779 10182 BCOS94  CTSL 27 14853 index2
P ¥ e e I e
o T oo commmcson ssmius o sosw v e e T R TR TSR e S
15 TOGAKIRC TCGAMM-AS63-01A COKSRAPT 108555215719 12087 BCDS.94  CDKSRAP! 159.0 18690 GROUP BY
- - - - 2,3,4

Built in syntax
checking Integrate with notebooks to
generate your own publication
quality visuals

C) ISsB



What you need to know to interoperate with ISB-CGC

Thin layer on top of Google Cloud Platform - full access to all Google tools and technologies
o Can run any type of workflow
o Come in with own GCP or AWS
o |ISB-CGC APIs + any and all Google APIs
Authentication & Authorization (A&A) once using service accounts
Store and compute on data in BigQuery
o BigQuery metadata tables of manifests of GDC data (find out URLs for files to compute
on)
Compiled Derived data in BQ (including reference tables)
No waiting in queue
Access to sudo in your VMs
Highly scalable in cores and RAM - use only what you need
Data backups automatically managed
Easily manage access to your data by other groups

o O O O O O

C) ISsB



Managing security and permissions via service accounts

e Service Account is the Authentication and Authorization method that researchers’ computes run
under, works for all members of Google Cloud Project (shared “Workspace”)
e Applications assume the identity of the service account to call Google APIs, so that the users aren't
directly involved
e |SB-CGC users create a Google Cloud Platform (GCP) project that comes automatically configured
with a “Compute Engine default service account”
e Users must register their service accounts with ISB-CGC to access controlled-data
e Service accounts allow management of controlled data in
o Files
o Directories (even mimicked in object storage)
o Data Structures
e Researchers with validated Service Account use all Google cloud resources natively and
seamlessly, very familiar environment

C) ISsB



Google Cloud Platform Free Tier lets you compute without entering a
credit card!

Cloud Run Firestore Compute Engine COMPUTE
2 million 1GB 1
DATA ANALYTICS Fecasia e orth i
: Compute Engine
BigQuery v 2 v 1
1 T B i F1-micro instance per month
2 million
Queries per month nvocations per month Scalable, high-performance virtual machines.
Fully managed, petabyte scale, analytics data < S &
1 f1-micro instance per month (US regions
warehouse. : N
EEEEEEEEEEEEEEEEEEEEEE only—excluding Northern Virginia [us-east4])
Google Kubernetes Engine {8 g Stackdriver
) Clusters 28 50 GB 30 GB-months HDD
1 TB of querying per month Al stz clusters nstance hours pr day With 30-day retention
— s 5 GB-months snapshot in select regions
10 GB of storage v v v
1 GB network egress from North America to
e e all region destinations per month (excluding
BigQuery Vision Al Speech-to-Text
1TB 1,000 60 China and Australia)




Some example typical ISB-CGC use-cases...

1) Fire up VMs to run pipelines using any workflow language of your choice

2) Build cohorts on the web-app and download file manifests with locations of
files to use for analyses

3) The ISB-CGC Gold Standard Use-Case (featured in our demo)

Generate beautiful figures

L)

a) Use BigQuery to identify useful public data
b) Transition to notebooks to perform multivariate analysis
c) Leverage public data analysis tools (i.e., bioconductor)
d) Combine your own data with public data seamlessly

)

C) ISsB



Questions?



ISB-CGC Team

C) ISB

Bill Longabaugh
Suzanne Paquette
David Gibbs
Jennifer Dougherty
Bill Clifford
Elaine Lee
Lauren Hagen
Boris Aguilar
Mi Tian
Lauren Wolfe
llya Shmulevich

GENERAL DYNAMICS
Information Technology

David Pot
Madelyn Reyes
Kawther Abdilleh

Ron Taylor

Fabian Seidl
Deena Bleich
Mark Backus
Derrick Moore
Owais Shahzada
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